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Preface 

Under the old and new subtitle "Prognostic Factors and Treatment Strategies" this 
6th volume of ACUTE LEUKEMIAS, again, provides new updates from major multi
center clinical trials under the aspect of both, the effects of different treatments test
ed and different biologic characteristics of the individual diseases. Thus, intensified 
chemotherapy, the use of growth factors, the induction of differentiation, and the 
transplantation of stem cells are addressed. Among biologic characteristics, cyto
morphology, cytogenetics, molecular genetics, immunophenotypes and minimal 
residual disease are evaluated according to their prognostic relevance as well as 
potential therapeutic consequences. Beyond the anti-leukemic treatment strategies, 
prevention and treatment of opportunistic infections representing an important 
part of the management for acute leukemias is updated in an own section. In addi
tion, new data from laboratory work on leukemia cell biology and pharmacology 
contribute to the basis of further clinical research and progress against acute 
leukemias. 

The high quality of inputs by scientists from around the world together with 
the special concept of the series ACUTE LEUKEMIAS, again, helped to make this 
book a useful state of the art report for both, clinical oncologists and basic scien
tists. 

The editors wish to thank Beate Kosel for her excellent contribution as a coor
dinator of the editorial work. 

September, 1996 T. BUCHNER' W. HIDDEMANN . B. WORMANN 
j. RITTER' U. CREUTZIG 
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Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et aJ. (cds) 
'0 Springer-Verlag Berlin Heidelberg 1997 

Chromosome Translocations Playa Key Role in Leukemogenesis 

J.D. Rowley 

Introduction of Janet Rowley F. Lampert 

Dear organizers, colleagues, ladies and gentle
men, it is an honor, a pleasure and a privilege to 
introduce to you Janet Davison Rowley, physi
cian and scientist, oncocytogeneticist and pro
fessor, author of many superb research articles 
and book chapters, coeditor of over 10 presti
gious journals, many times honorary doctor and 
adviser to famous institutions, 1993 president of 
the American Society of Human Genetics, recip
ient of over 15 awards, including the first Kuwait 
Cancer Prize in 1984 and the General Motors 
Foundation's Charles Mott Prize in 1989 - and 
also a wife and mother of 4 sons. What a re
markable personality! 

Although she was born in New York City, 
and had a year's training in radiobiology 
(1961-1962) and a year's sabbatical (1970-1971) 
in Oxford Janet Rowley lived, studied and 
worked most of her life in the city of Chicago. At 
the University of Chicago, her alma mater, she 
has moved from research assistant to professor 
in the Department of Medicine. 

Like many physicians looking through the 
microscope, Dr. Rowley was fascinated by the 
little worm-like bundles you see in cell divisions 
- the chromosomes. By applying chromosome 
banding techniques, which were first developed 
by Lore Zech in Sweden, she examined the dif
ferent cell populations of human leukemia and 
found and defined many clinically important 
non-random chromosome rearrangements. She 
opened our eyes to leukemia aetiology at the cel
lular and, now, at the molecular level. 

Dr. Janet Rowley's most popular publication, 
a "citation classic" with over 1000 citations, 
appeared in 1973 (Nature 243: 290-293: "A new 
consistent chromosomal abnormality in chronic 
myelogenous leukemia identified by quinacrine 
fluorescence and Giemsa staining"). Even in 
1993, with 61 citations, this 4-page letter includ
ing 5 illustrations and 1 table was cited more 
often than any other of her many publications in 
that year. This famous Nature paper shared the 
fate of many other important publications: it 
was first rejected. It was finally accepted in a 
revised and improved version including the 
results of 9 (instead of 5) patients with chronic 
myelocytic leukemia, clearly demonstrating the 
translocation (not deletion) of material from 
chromosome 22 to chromosome 9. 

That chromosome alterations cause the 
transformation of a normal cell into a malignant 
cell, and thus generate cancer, was postulated 
over 80 years ago by the Wiirzburg zoologist 
Theodor Boveri in his famous 64-page booklet 
zur Frage der Entstehung maligner Tumoren, 
which was published in 1914, shortly before his 
untimely death at the age of 53. Boveri foresaw 
many facts now familiar to the oncologist: 
the cellular nature and the unicellular origin of 
cancer, risk factors such as age and chronic irri
tation, the two-step triggering, and even 
growthrepressing versus growth-stimulating 
chromosomal elements. But his book ended 
with a question: Is there a way, are there means, 
to prove the validity of this hypothesis? 

I think the time has come now to firmly 
underline the chromosome theory of cancer ori-

Departments of Medicine and of Molecular Genetics and Cell Biology, University of Chicago, Chicago, [L 60637-
1470, USA 
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gin, and there is no one more capable of provid
ing the convincing answers than Janet Rowley! 

Abstract. The recurring cytogenetic abnormali
ties seen in the leukemias, lymphomas, and sar
comas are frequently translocations or, less 
often, inversions which are closely associated 
with particular morphologic subtypes of these 
tumors. Rearrangements involving chromosome 
band 11q23 are common in acute leukemia, 
both lymphoblastic and myeloid (monoblastic), 
and are less common in lymphoma. Although 
several different genes have been cloned from 
llq23 translocation breakpoints, the great 
majority involve the MLL (ALLl, Htrx, HRX) 
gene. The central part of the gene codes for mul
tiple zinc fingers which show homology to the 
Drosophila trithorax gene. About 70% of infants 
with acute leukemia will have MLL rearrange
ments. MLL is involved in five common trans
locations as well as in at least 25 uncommon or 
rare translocations, insertions and deletions. 
The translocation breakpoints occur within an 
8.3 kb region which can be detected with a 
0.74 kb cDNA probe which is useful for diag
nosis and for monitoring patients during the 
course of their disease. Patients who have previ
ously received drugs that inhibit topoisomerase 
II often develop acute leukemia with transloca
tions involving 11q23 which break MLL in the 
same 8.3 kb region. The translocation leads to a 
fusion gene on the derivative 11 chromosome 
with a chimeric transcript, consisting of 5' MLL 
and the 3' segment of the other gene. The 
molecular dissection of these rearrangements 
will provide insights into the biology of MLL 
and into the interaction of MLL with topoiso
merase II inhibitors. 

Introduction 

The molecular analysis of recurring structural 
chromosome abnormalities in human neoplasia 
has led to the identification of a number of 
genes involved in these rearrangements [1,2]. 
Translocations and other rearrangements 
involving chromosome band 11q23 are of par
ticular scientific interest because they occur fre
quently in a variety of hematologic neoplasms, 
including acute lymphoblastic (ALL) and acute 
myeloid leukemias (AML), as well as in mixed 
lineage leukemias and in lymphomas [1-4]. In 
addition to leukemias that occur de novo, bal-
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anced 11q23 translocations are also observed in 
therapy related leukemias, most commonly of 
the myeloid lineage [5]. 

11q23 translocations occur in about 7% of 
ALL and in up to 80% of ALL in children under 
the age of 1 year. 11q23 translocations are also 
seen in 6-8% of AML and in about 60% of 
infants with AML [6]. The t(4;11) is most com
mon in ALL and the t(9;11) and t(11;19) are the 
most common in AML [4,7]. The t(11;19) is 
complicated because two translocations have 
been identified involving different breakpoints 
in 19p with different phenotypic features. About 
65% of patients have a t(1l;19)(q23;p13.3) and 
ALL; it is most common in infants and young 
children. One-third have a t(11;19)(q23;p13.1) 
and they are generally older children or adults 
with AML-M4 and M5 [8]. Patients with both 
ALL and AML often present with high leukemic 
blast cell counts and have a poor prognosis. This 
involvement of llq23 in both the lymphoid and 
myeloid leukemias as well as in biphenotypic 
leukemias has led to the hypothesis that re
arrangements of the involved gene may affect a 
pluripotential progenitor cell capable of either 
myeloid or lymphoid differentiation. However, 
before the gene at the translocation breakpoint 
was cloned, it was unclear whether several genes 
might be involved in the different transloca
tions. 

Mapping and Cloning the MLL Gene 

Pulsed field gel electrophoresis (PFGE) and fluo
rescence in situ hybridization (FISH) have both 
been used to map the region containing the 
11q23 breakpoints in leukemias [7]. Using FISH, 
we showed that a yeast artificial chromosome 
that contained a 330 kb insert of human DNA 
with the CD3 gene cluster at the centromeric end 
of the YAC, spanned the breakpoint region in 
leukemias with the t(4;11), t(6;11), t(9;11), and 
t(11;19) [7] (Fig. lA, B). Subsequently, we iden
tified a gene named MLL for myeloid-lymphoid 
leukemia or mixed lineage leukemia that spans 
the breakpoint in these translocations [9]. The 
gene is transcribed from centromere to telomere 
(Fig. lB). It is also called ALL-l,[10] Htrxl [11], 
or HRX [12] because of homology of some 
regions to the trithorax gene of Drosophila 
melanogaster. The designation MLL is currently 
accepted by the Human Genome Nomenclature 
Committee and it will be used here. The gene is 
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Fig, 1. A A partial map of IIq23 showing the location of nearby genes. Below, partial restriction map of YAC 
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the eDNA with the position of the 0.7 kb probe and the general location of important motifs. D Representation 
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novo acute leukemia patients. N NotI; S SFiI; B Bam HI; trx trithorax, der(1l), derivative 11 chromosome; 
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estimated to be over 100 kb in size. There are 
multiple sized cDNAs, some of which are seen 
only in specific tissues; the largest of these is a 
15 kb cDNA which should code for just over 
3900 amino acids and a protein of about 430 
kDa [10,12]. The MLL gene is expressed in a 
wide variety of human tissues, including spleen, 
liver, brain, and in both T and B cell lines. 

Although the function of the normal MLL is 
unknown at present, it has several motifs sug
gesting that it is a transcription factor. There are 
DNA binding motifs called AT hooks which are 
at the amino-terminal portion and are related to 
high mobility group (HMG) proteins. We have 
recently shown that the AT hook region of the 
MLL protein binds to cruciform DNA [13]. The 
DNA sequence also encodes a series of zinc fin
gers which could also bind DNA. This region is 
homologous to the trithorax gene; however, the 
trithorax gene does not contain the AT hook 
domain. We have also identified a repression 
domain and a separate activation domain on 
functional studies. 

We have identified a 0.7 kb BamHI cDNA 
fragment which detects rearrangements in 
BamHI digested DNA in all 21 cases of the 
t(4;11), all 7 t(6;11), all 11 t(9;11), and in 7 cases 
with both types of t(I 1;19) (involving breaks in 
19p13.1 and 19p13.3) that we have examined [6] 
(Fig. Ie). We also detected rearrangements in 16 
rare llq23 translocations with the other break
point at bands Ip32, lOp 1 1, lOpl3, lOq22, ISqlS, 
17q21, 17q2S, and 22q12 in patients with AML, 
lq21 and 2p21 in patients with ALL and in three 
patients with lymphoma [6]. We have thus 
delineated an 8.3 kb breakpoint cluster region in 
all of the common and most of the rare trans
locations, insertions and inversions involving 
11q23. These observations have been confirmed 
by others [17, 14]. 

This 0.74 kb cDNA probe that spans the 
breakpoint region should have broad applica
tion in clinical diagnosis because it detects all of 
the rearrangements in DNA digested with a sin
gle enzyme. This should allow the rapid detec
tion of leukemia in children and will be 
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especially important in leukemic infants under 1 
year of age in whom the single most common 
chromosomal abnormality is a translocation 
involving llq23. The importance of identifying 
leukemic infants with an l1q23 translocation is 
emphasized by a number of recent studies of 
these patients. Chen et al. showed that 70% of 
infants with ALL had an MLL rearrangement 
and they had a 15% projected event-free sur
vival at a median follow-up of 46 months com
pared with 80% in infants with normal MLL 
[15]. Pui et al. found that 68% of infants with 
ALL had MLL rearrangements, especially those 
under 6 months of age; the leukemic cells 
expressed myeloid antigens, and the patients 
had an almost fivefold increased risk of an 
adverse event [16]. In addition, this cDNA probe 
should be effective for monitoring response to 
chemotherapy and for evaluation of minimal 
residual disease following treatment. It has been 
shown by a number of studies that the use of 
reverse transcriptase PCR (RT-PCR) is an effec
tive means for detecting cells with the transloca
tion, even when it is not found by cytogenetic 
analysis [17]. 

We have also used this same probe to study 
the location of llq23 translocations in patients 
with t-AML [18]. We studied patients with 
t-AML, 12 of whom had detectable 11q23 
rearrangements. Ten of the 12 had received prior 
treatment with topoisomerase II (topo II) inhib
itors, usually the epipodophyllotoxins, and nine 
had MLL rearrangements. All of the patients who 
had MLL rearrangements had received prior 
treatment with topo II inhibitors. The use of 
FISH showed that the one patient with topo II 
exposure who had no MLL rearrangement had a 
break in l1q23 centromeric to MLL. 

In our series of 58 de novo acute leukemia 
patients with MLL rearrangements we found 
that 16 had only a single rearranged band using 
the 0.74 kb cDNA probe [6]. To determine 
which derivative chromosome was represented 
by each of the rearranged bands on Southern 
blot analysis, we developed probes that could 
distinguish the centromeric and telomeric por
tions of the 0.74 kb cDNA fragment [19]. On 
Southern blot analysis, the centromeric probe 
detected the germline band and one of the 
rearranged bands which corresponded to the 
derivative 11 [der(l1)] chromosome containing 
the 5' portion of the MLL gene. The telomeric 
probe identified the germline band as well as the 
derivative chromosome of the other transloca-
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tion partner. In cases with two rearranged 
bands, both derivative chromosomes were pres
ent, whereas in those with only one rearranged 
band, it was identified only by the centromeric 
probe [19] (Fig.ID). 

Although about 95% of llq23 translocations 
involve MLL, breakpoints in other transloca
tions may involve other genes on llq23 and the 
antigen receptor loci on chromosome 14 (both 
14qll and 14q32) or a new gene, PLZF, at 
the breakpoint in a t(lI;17)(q23;qI2) seen in a 
few patients with atypical acute pro myelocytic 
leukemia [20]. Therefore, band llq23 contains 
breakpoints for at least four different cancer
related translocations [7]. 

Mapping of Breakpoints Within the 8.3 kb BamHI 
Breakpoint Cluster Region 

In an effort to understand the mechanism asso
ciated with these translocations, we have 
mapped the location of the MLL breakpoints in 
DNA from 31 patients with de novo leukemia 
(including one cell line and one non-Hodgkin 
lymphoma patient), and 8 t-AML patients [21]. 
We divided the 8.3 kb BamHI fragment that 
contained all of our breakpoints into two 
regions defined by the restriction enzyme XbaI; 
the centromeric half is 4.57 kb (53%) and is 
region I, and the telomeric half of 3.87 kb (47%) 
is region II. DNA from all patients demonstrated 
the expected germline bands as well as one or 
two rearranged bands with the various MLL 
probes. In region I, 23 (74%) de novo patient 
breakpoints mapped uniformly throughout the 
region, whereas the breakpoints in eight 
patients (26%) mapped to region II (p = 0.02) 
(Fig. 2). In our 8 t-AML patients, one breakpoint 
mapped within the 1.6 kb EcoRIIBgIII fragment 
between exons 6 and 7, near the centromeric 
portion of the breakpoint cluster region, and 
one mapped near the middle of the breakpoint 
cluster region; breakpoints in six t-AML patients 
mapped to region II (p = 0.1). These patients 
were all treated with topo II inhibitors for a 
prior neoplasm and most of them received one 
of the epipodophyllotoxins, e.g. etoposide or 
teniposide [18]. We found no association 
between region I or II breakpoints and leukemia 
phenotype, translocation partner or telomeric 
MLL deletions. 

A total of 107 de novo patient breakpoints, 
which map either within or just outside the 
breakpoint cluster region, have been reported in 
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the literature [21] (Fig. 2). Including our 
patients, a total of 138 patient breakpoints have 
now been studied. Forty-three patients reported 
on by others were studied using the XbaI 
restriction enzyme, and we can thus compare 
the breakpoint distribution directly with our 
results. For 57 patients only EeaRI or EeaRV 
were used and thus region I contained an addi
tional 822 bp or ll96 bp telomeric of the XbaT 
restriction site respectively. Comparison of our 
data with this second group of patients is there
fore general rather than exact. For those 43 
patients whose DNA was digested with XbaI, 38 
breakpoints (36%) mapped in region I and 5 in 
region II. Pooling these data with our XBa 
results, we find 61 patient breakpoints mapping 
in region 1 and 13 mapping in region II 
(p:( 0.005). Of the 57 patients whose DNA was 
digested with EeaRI, 50 breakpoints (47%) 
mapped in region T, whereas 20 mapped in 
region II. In addition, 2 breakpoints (1.8%) 
mapped centromeric to region I, and 5 (4.6%) 
mapped telomeric to region II. In all of the stud
ies, region T appears to be a genomic hotspot for 

breakage associated with translocations in de 
novo leukemia. 

This distribution of breakpoints is very dif
ferent from that seen in the t-AML patients. In 
our 8 t-AML patients, we observed 2 break
points in region I and 6 in region II (p = 0.1). 
Domer et al. (personal communication) mapped 
8 t-AML patient breakpoints in the 8.3 kb 
BamHT fragment and also observed that 2 
mapped to region I and 6 to region II. At pres
ent, too few t-AML patient breakpoints have 
been mapped to assess the significance of the 
difference in the distribution of their break
points between region I and II compared with 
de novo patients. Thus, the critical question of 
whether the mechanism of translocation is simi
lar in t-AML patients and de novo patients is 
still unanswered. But even with this small sam
ple size we observe a potentially important 
trend showing 3 times as many t-AML patient 
breakpoints in region II as in region I. Clearly 
these AML patients, both de novo and therapy 
related, provide an important resource for 
resolving this issue. 
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Chromatin Structure Model of the Breakpoint Cluster 
Region 

We and others had assumed, because of the very 
close association of MLL rearrangements in 
t-AML patients with prior exposure to drugs tar
geting topo II, that the breakpoints in all of the 
MLL translocations would occur in topo II 
consensus cleavage sites. Because no genomic 
breakpoints in t-AML patients have been 
sequenced, we cannot relate the breakpoints to 
topo II sites. It is clear from the data obtained 
from mapping the breakpoints in the de novo 
AML patients that the great majority map in a 
region that is largely devoid of topo II consensus 
cutting sites [21]. This analysis is complicated 
by the correct definition of a topo II consensus 
binding and cleavage site. Using high stringency 
criteria, only one breakpoint maps to a topo II 
site. On the other hand, eight of 13 breakpoints 
map to Alu domains. Our present information 
suggests that Alu sequences playa more impor
tant role than topo II sites, at least in the 
rearrangements in de novo patients. However, 
at present, it is unclear how these elements con
tribute to MLL rearrangements. 

Molecular Consequences 
ofthe MLL Translocation 

In reciprocal trans locations, the identification of 
the derivative chromosome containing the criti
cal junction is essential. Based on data from 
Southern blot analysis, FISH, and cytogenetic 
analysis of complex translocations, we proposed 
that the der( 11) contains the critical junction 
[6,7]. Based on all of the data, we propose the 
following model. As a result of the translocation, 
5' MLL sequences on the der(1l) are joined to 
the 3' sequences from a large number of other 
chromosomal breakpoint regions - 22 detected 
in our laboratory alone [6] and seven additional 
breakpoints detected by others in patient sam
ples or cell lines for a total of 29 different break
points presumably representing different genes. 

Analysis of the eDNA from cell lines and 
patient samples has revealed that at least for 11 
different llq23 translocations cloned at present, 
the rearrangement results in a fusion gene with 
an in-frame fusion mRNA on the der(1l) 
chromosome [7,10,12]. Thus it seems likely that 
there will be at least 29 (and probably more) 
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different fusion genes all with essentially the 
same region of MLL at the 5' end. 

The genes on the other translocation partners 
have variable motifs, although some of them 
share some sequence homology, especially 3' 
serine and proline rich regions, suggesting that 
they may have similar biological functions 
[10,12]. Adding to the complexity is the fact that 
some partner genes are localized to the nucleus, 
whereas a few are present in the cytoplasm. At 
present, we have relatively little functional 
information about MLL or the other fusion part
ners. Finally, several patients have been identi
fied whose cells do not have a translocation but 
rather have trisomy 11 or, in one case, a normal 
karyotype. In these patients, molecular analysis 
has revealed a tandem duplication of exons 2 
through 6 or 2 through 8, leading to an in-frame 
fusion MLL protein [22,23]. All of our interpre
tation is based on motifs identified from analy
sis of the DNA sequences of these genes. MLL 
has two different DNA binding motifs. We have 
recently shown that the 5' AT hook region binds 
cruciform DNA similar to the HMG proteins 
[13]. The contribution of the gene on the 
partner chromosome is unknown. It should be 
emphasized that essentially the same segment of 
MLL is present in the 5' part of the fusion gene 
and that the t(4;11) patients have primarily ALL 
with some myeloid features, whereas the t(9;11) 
patients generally have myeloid leukemia with 
some lymphoid features. This indicates that the 
predominant phenotype of the leukemic cell is 
closely associated with the genes contributed by 
the partner chromosome, emphasizing that 
in chromosome translocations, especially those 
leading to fusion genes, both partners are essen
tial components of the resulting phenotype. 

Biological Consequences 
of Consistent Chromosome Abnormalities 

The cloning of many of the chromosome 
translocation breakpoints and the identification 
of the involved genes has had a major impact on 
our understanding of at least one critical event 
in the transformation of a normal cell to a 
leukemic cell. The translocations in the lym
phoid leukemias and lymphomas that involve 
the immunoglobulin genes in B lineage tumors 
and the T cell receptor genes in T lineage tumors 
result in inappropriate expression of the other 



gene in the translocation with no alteration in its 
protein structure. In contrast, all of the translo
cations cloned to date in the myeloid leukemias 
result in a fusion mRNA and a chimeric protein. 
Fusion genes are also formed in the 9;22, 1;19, 
4;11 and 11;19 translocations in ALL [7]. 

Cloning of the translocation breakpoints has 
led to the identification of a number of new 
genes. It has been pointed out repeatedly that all 
of the genes cloned from the breakpoints in 
acute leukemia have been transcription factors 
[24]. In fact, one could argue that cloning these 
junctions is a very effective method for identify
ing new transcription factors. 

Our new sophistication regarding the genetic 
changes in hematologic malignant diseases pro
vides us with some very critical new diagnostic 
tools. Standard Southern blot analysis of tumor 
DNA can reveal clonal rearrangements of genes 
using the appropriate probes. PCR can increase 
the sensitivity of detection of these aberrations; 
sometimes the sensitivity is too great to be clini
cally applicable. The fusion genes are especially 
suited for RT-PCR, a technique in which the 
fusion mRNA is copied into cDNA and then, 
with appropriate primers from each gene, the 
fusion gene is amplified by PCR. Rased on the 
position of the primers, the size(s) of the expect
ed fusion product is known and can be com
pared with that actually obtained. Our increasing 
precision in identifying the genetic changes in 
the malignant cells comes at a most opportune 
time, because physicians will soon be in a posi
tion to use targeted therapy aimed at the specific 
genetic defect in the malignant cells. To use this 
targeted therapy effectively requires a precise 
genotype of the malignant cells. Although a 
number of genes will be involved and they will 
undergo various types of genetic changes, those 
reflected in chromosomal changes may be 
amongst the easiest to monitor clinically. Thus 
the leukemias with chromosomal translocations 
provide an attractive model system for begin
ning specific gene therapy in tumors. 
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Fifty-nine Cases of Acute Myeloid leukemia with Inversion inv(16) (p13q22): 
Do Additional Chromosomal Aberrations Influence Prognosis? 

C. Schoch', T. Buchner', M. Freund', H. Link" H. Bartels', T. Haferlach", H. LOmer", c. Sauerland', 
and C. Fonatsch7 

Abstract. The influence of additional chromo
some aberrations on the clinical outcome of 
patients with inv(l6) is unclear. We analyzed 59 
cases of acute myeloid leukemia carrying a peri
centric inversion 16; 56 were de novo AML and 3 
were secondary AML after treatment with cyto
toxic drugs for a primary tumor. Additional 
chromosome aberrations were observed in 17 
patients (29%). Eight of them showed an addi
tional chromosome 8, 3 an additional chromo
some 22. Different structural rearrangements in 
addition to inv(16) were found in 6 patients. In 
all three patients suffering from secondary AML, 
additional chromosome anomalies were ob
served. Clinical follow-up data were available for 
51 patients. Seven patients (14%) died within I 
month after diagnosis of AML due to infection 
or bleeding; 20 (39%) are alive 3-109 months 
after diagnosis (median follow-up 36 months). 
Secondary clonal chromosome abnormalities in 
patients with a pericentric inversion 16 had no 
negative influence on prognosis. 

Introduction 

The pericentric inversion inv(16)(pI3q22) rep
resents one of the most common structural 
rearrangements in acute myeloid leukemia 
(AML). Ii occurs in 2%-7% of patients with 
AML [1-5]. Nearly all cases show a morphology 

consistent with AML FAB group M4 with bone 
marrow eosinophilIa [6-8]. A related chromoso
mal abnormality is a translocation between the 
two homologous chromosomes 16, t(16;16) 
(p13;q22). While morphological and clinical 
characterisitics are identical in patients with 
inv(16)(p13q22) and with t(16;16)(p13;q22), 
cases with rearrangements involving only the 
breakpoint in 16q22 seem to belong to a differ
ent entity [9,10]. Therefore, rearrangements of 
chromosome 16 with breakpoints at both 16p13 
and 16q22 seem to be specific aberrations most 
closely associated with AML M4eo. Recently 
Claxton et al. showed that the molecular conse
quences of t(16; 16) are similar to those of 
inv(16), both resulting in the generation of a 
chimeric messenger RNA transcript by fusing 
the CBFB (core binding factor B gene encoded at 
16q22) to MYH11 (smooth muscle myosin heavy 
chain gene encoded at 16p13) [11]. 

Patients with a inv(16) in their leukemic 
blasts show a high complete remission rate and 
are thought to have the longest survival of all 
AML entities [2, 3,12-14]. 

Usually inv(16) is the sole cytogenetic abnor
mality. The reported incidence of clonal chro
mosome aberrations in addition to inv(l6) 
varies between 24% and 57% [1, 3, 9, 10, 15-18]. 
The influence of additional chromosome aberra
tions on the clinical outcome of patients with 
inv(16) remains unclear. 

tAG Tumorcytogenetik, Medizinische Universitiit zu Lubeck, Ratzeburger Allee 160,23538 Lubeck, Germany 
2Medizinische Universitiitsklinik A, Munster, Germany 
'Abt. Hiimatologie/Onkoiogie der Universitat Rostock, Germany 
4Abt. HamatologieiOnkoiogie, Medizinische Hochschule Hannover, Germany 
'Stadtisches Krankehaus Sud, Lubeck, Germany 
"2. Medizinische Klinik, Universitat Kiel, Germany 
7Institut fUr Medizinische Informatik und Biomathematik, Munster, Germany 
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Materials and Methods 

Chromosome analyses were performed on short 
term (4 h, 24 h, 48 h, 72 h) cultures of blood 
and/or bone marrow cells. For methods of cell 
cultivation, chromosome preparation and stain
ing see Stollmann et al. 1985 [19]. A modified 
GAG banding [20] was used to classify the chro
mosomes according to the ISCN [21]. 

Patients were treated according to the proto
cols of two German cooperative AML study 
groups (AMLCG, using 6-thioguanine, cytosine 
arabinoside, daunorubicin and mitoxantrone, 
and the AML study of the Siiddeutsche Hamo
blastose-Gruppe, treating with cytosine arabi
noside, daunorubicin, etoposide, amsacrine and 
mitoxantrone), except patients 46, 56 and 59, who 
suffered from secondary AML and received only 
palliative treatment. Patient 48 was treated with 
idarubicin, cytosine arabinoside and amsacrine. 

Six patients received allogeneic bone marrow 
transplantation (BMT) (4 in 1st CR, 2 in 2nd 
CR); 2 patients underwent autologous BMT (1 in 
1st and 1 in 2nd CR). 

For 49 patients appropriate cytomorphologi
cal data were available, all were classified as 
AML M4eo according to FAB criteria. 

Results 

Of fifty-nine cases of AML carrying a pericentric 
inversion 16 were studied cytogenetically; 56 
occurred de novo, 3 were observed secondarily 
after treatment with cytotoxic drugs for a pri
mary tumor. Patient 46 was treated for a high
grade B-cell non-Hodgkin's lymphoma, patient 
56 for breast cancer and patient 59 for a low
grade non-Hodgkin's lymphoma. 

Clinical and cytogenetic data are summarized 
in Tables 1 and 2. Thirty-four patients were 
female, 25 were male. The mean age was 40 with 
a range of 20-72 years at initial diagnosis. The 
mean leukocyte count was 42 900/111, with a 
range of 1000-272 000/111. 

Additional chromosome aberrations were 
observed in 17 patients (29%) (Table 2). Eight of 
them showed an additional chromosome 8, 
while in 3 patients an additional chromosome 22 
was observed. Different structural rearrange
ments in addition to inv(16) were found in 6 
patients. In all three patients suffering from sec
ondary AML, additional chromosome anomalies 
were observed. 
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Figure 1 shows the G-banded karyotype of 
patient 49 with an inv(16)(p13q22) and gain of 
chromosomes 8 and 21 in addition. 

In Fig. 2 the G-banded karyotype of patient 
54 with an inv(16)(p13q22) and a balanced 
translocation between the short arm of chromo
some 2 and the long arm of chromosome 13 is 
presented. 

Clinical follow-up data were available for 51 
patients. CR was achieved in 80.4%. The median 
survival time was 22 months after initial diagno
sis. Seven patients (14%) died within 1 month 
after diagnosis of AML due to infection (4), 
intracerebral bleeding (2) or cardiac arrest (1); 3 
additional patients died within 3 months because 
of spesis (2) or pulmonary insufficiency (1). 
Death occurred in 3 patients due to persitence of 
leukemia and in 17 patients due to relapse 5-46 
months after initial diagnosis. One patient died 
in first complete remission of unknown cause. 
Twenty patients (39%) are alive 3-109 months 
after diagnosis (median follow-up 36 months). 

Patients with secondary clonal chromosome 
abnormalities showed no worse outcome than 
patients with only a pericentric inversion 16. 
Seven out of 12 patients with additional chro
mosome aberrations for whom clinical follow
up data are available are alive 9-79 months after 
initial diagnosis. All 3 patients suffering from 
secondary AML and showing additional chro
mosome anomalies died shortly after diagnosis. 

Figure 3 shows the survival of patients with 
and without clonal chromosome aberrations in 
addition to inv(16). 

Discussion 

Patients with an inv(16) in their leukemic blasts 
show a high CR rate but only sparse data are 
available on long term outcome. The second fol
low-up of the Fourth International Workshop 
on Chromosomes in Leukemia [13] reported on 
13 patients with inv(16), 4 of them surviving 
longer than 9 years. Plantier et al. [14] followed 
19 patients with inv(16), 14 remaining in first 
remission, II of them with a follow-up greater 
than 44 months. 

The main objective of our study was to inves
tigate the long term outcome in a larger group 
of patients with AML and inv(16)(p13q22) and 
to examine whether the occurrence of additional 
chromosomal aberrations has an influence on 
prognosis. 



Table l. Clinical data of 42 patients with inv(l6)(pI3q22) without additional chromosomal aberrations 

Patient Sex Age Leukocyte Bone marrow Cause of death Outcome, 
count (Ill) transplanatation months 

20 65900 Pneumonia Dead < 1 
2 20 32600 Allogeneic in 1 st CR Alive 36+ 

21 77 000 Relapse Dead 12 
4 21 132900 Alive 3 + 
5 m 22 120000 Relapse Dead 15 
6 23 187600 Pneumonia Dead< 1 
7 25 164800 Autologous in 1st CR Relapse Dead 22 
8 m 27 Allogeneic in 1st CR Alive 82+ 
9 27 51200 Relapse Dead 5 

10 27 85700 Sepsis Dead 3 
11 29 77 600 Sepsis Dead 3 
12 m 30 Relapse Dead 25 
13 m 30 32900 Allogeneic in 1st CR Alive 20+ 
14 31 22000 Relapse Dead 35 
15 31 29000 Allogeneic in 2nd CR Relapse Dead 17 
16 31 35000 Allogeneic in 2nd CR Alive 37+ 
17 31 96000 Alive 32+ 
18 34 72 000 Alive 7+ 
19 36 123000 Autologous in 2nd CR Relapse Dead 22 
20 m 37 57000 Alive 28+ 
21 38 42900 Relapse Dead 12 
22 40 49800 Intracerebral bleeding Dead 1 
23 43 Relapse Dead 13 
24 44 7800 Pneumonia Dead 1 
25 m 46 157000 Relapse Dead 19 
26 m 47 50200 Relapse Dead 29 
27 m 48 272 000 Intracerebral bleeding Dead< 1 
28 48 40000 Alive 26+ 
29 49 100000 Relapse Dead 19 
30 m 52 38500 Pneumonia Dead 1 
31 53 87000 Alive 70+ 
32 55 40000 Alive 61 + 
33 56 12000 Relapse Dead 17 
34 57 19800 Relapse Dead 43 
35 m 58 21400 Relapse Dead 37 
36 60 28000 Relapse Dead 46 
37 m 60 26500 Alive 109+ 
38 m 64 15900 Cardiac arrest Dead 1 
39 f 64 93400 Alive H8+ 
40 m 31 197000 Allogeneic in 1st CR 
41 m 34 
42 m 41 50000 

We could confirm a high CR rate in patients 
with inv(I6), but the long term outcome in our 
collective is dissatisfying. Compared to patients 
with t(8;21)(q22;q22) studied at our institution, 
patients with inv(l6)(p13q22) show a worse out
come, mostly due to a higher early death rate 
but also to a higher relapse rate. 

Seventeen of 59 patients (29%) showed addi
tional clonal chromosome aberrations, a low 
rate compared the to 57.2% stated by Johansson 
et a1. [18], who compiled 229 cases of AML with 

inv(l6)(p13q22) reported in the literature. As in 
our collective, gain of chromosomes 8 and 22 
occurred most frequently. 

We did not observe a negative influence on 
prognosis of additional chromosome anomalies. 
This is in line with data from Holmes et al. [16] 
and Campbell et al. [i7J, who each studied 
25 patients with inv(l6) and found no effect 
of additional chromosome aberrations on prog
nosis. However, if a higher rate of long term 
remission can be reached, certain secondary 
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Table 2. Clinical data of 17 patients with donal chromosomal aberrations in addition to inv(16)(pI3q22) 

Patient Sex Age Leukocyte Additional clonal Cause of death Outcome. 
count (iiI) aberrations months 

43 m 34 37.000 -1 + 8 Alive 20+ 
44 f 51 15.000 + 8 Alive 35 + 
45 f 37 3.900 + 8 Alive 38+ 
46 m 50 25.900 + 8 Pulmonary insufficiency Dead 3 
47 f 51 115.000 + 8 Persistence ofleukemia Dead 5 
48 f n \.000 + 8.+ 21 Alive 9 + 
49 m 23 10.700 + 8/+ 8. + 21 
50 m 20 100.000 -1 +9 
51 f 50 2.990 + 221 + 13,+ 22 
52 m 31 68.700 - 1+22 Alive 74 + 
53 m 33 2.000 -1 + 22 Unknown in 1st CR Dead 7 
54 m 57 125.800 - It(2; 13)(p24;q 14) 
55 f t(3; 17)(p23;q21 - 23). + 8 
56 f 48 2.000 r(7)(pI5q l 1.2-21) Persistence ofleukemia Dead 7 
57 m 25 7.000 del(9)(q22) Alive 19+ 
58 m 27 - Itt 13;18)(q2 1;q21) Alive 79 + 
59 m 67 26.000 del(20)(qll) Persistence of leukemia Dead 3 

i) l) It Ir 
2 3 4 5 

)1 .,1 )il )( )\ :, 
6 7 8 \ 9 10 11 12 

t( ,. 'f ) ¢ r " 13 14 15 16 17 18 

I' ••• , . (. 
19 20 21 \ 22 XY 

Fig. I. G-banded karyotype of patient 49: 48,XY, +8,inv(16)(p13q22).+21 

chromosome aberrations might turn out to be of 
prognostic value. 
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Abstract. The phenotype of the (pre)leukemic 
stem cell in AML and MDS has not been identi
fied as yet. We have investigated whether cells 
with a stem cell-like immunophenotype 
(CD34+/CD38-) are involved in the leuke
mogenic process. In 12 patients with AML and 
in one patient with MDS the identification of 
(pre)leukemic cells was performed by classical 
cytogenetics. Highly purified (96-98% purity) 
cellular subpopulations were generated by fiuo
resence activated cell sorting according to the 
expression of CD34 and CD38. Following brief 
incubation with a cytokine cocktail (EPO, G
CSF, GM-CSF, IL-3, SCF) the sorted subpopula
tions were processed for chromosome analysis. 
In 9/12 AML patients clonal karyotype abnor
malities were observed in the unsorted material. 
In 7/9 cases the chromosomal changes found in 
unsorted specimens were also detected in the 
immature stem cell-like population (CD34+1 
CD38-). In 9/9 cases the karyotype abnormali
ties were diagnosed in the population of com
mitted progenitors (CD34+ ICD38+). Additional 
secondary abnormalities were also demonstrable 
in both subpopulations in a case of M4Eo with 
inv(16). In a patient with secondary MDS RA, 2 
subpopulations, CD34+/CD38- and CD34+1 
CD38+, were sorted together (CD34+1 38+ -) 
because of the rarity of available cells. 
Cytogenetic analysis revealed a mosaic of nor
mal and abnormal cells with 5 different depen
dent cell clones. All abnormal cell clones were 
demonstrable in the CD34+, sorted cell popula
tion. The relevance of our findings for pathogen-

esis, autologous stem cell transplantation and 
targeted gene therapy are discussed. 

Introduction 

In MDS and secondary AML the hematopoietic 
stem cell supposed to be the cellular target for 
leukemia initiating genetic defects [1]. However, 
as yet, no direct proof of genetic defects in 
leukemic stem cells is available. In de novo AML 
with a differentiated phenotype, the leukemic 
transformation is thought to occur in cells at the 
maturational stage of the bulk leukemic popula
tion. The phenotype of the (pre)leukemic stem 
cell in AML and MDS has not been identified as 
yet. However, in normal human bone marrow 
immature hematopoietic precursors can be iden
tified by the expressional pattern of the cell sur
face marker molecules CD34 and eD3S [2]. The 
antigenic profile of the early hematopoietic mat
urational pathway is well conserved in myeloid 
blasts [3]. We have investigated whether cells 
with a stem cell-like immunophenotype (CD34+ 
ICD38 - ) are involved in malignant transforma
tion in de novo AML, secondary AML and MDS. 

Materials and Methods 

Patients 

Bone marrow aspirates from 12 patients with 
AML and one patient with MDS were analyzed. 
According to the FAB classification [4,5], diag-

:Dept. ofHematolo~ and O~cology, Universi~y of Gii~ting~n, Robert-Koch-Str. 40, 37075 Giittingen, Germany 
Tumor Cytogenelics Workmg Group, Medical UmvefSlty of Liibeck, Ratzeburger Aile 160, 23538 Liibeck, 
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noses were MO (1 case), Ml (1 case), M2 (1 case), 
M2 following MDS (1 case), M4 (3 cases), M4 
following PNH (1 case) and M4Eo (4 cases). The 
patient with MDS had RA without excess of 
blasts secondary to an ovarian cancer 3 years 
before MDS, treated surgically with subsequent 
chemotherapy (carboplatinl cyclophosphamide 
and treosulfan). 

Immunophenotyping and Cell Sorting 

Immunological characterization was carried out 
at diagnosis by multiparameter flow cytometry 
[2] (Fig. 1). The maturational profile was analyzed 
by a set of monoclonal antibodies directed against 
CD34, CD38 and HLA-DR. Subpopulations of 
cells with the antigenic profile of early (CD34+ I 
CD38-) and committed (CD34+/CD38+) he
matopoietic progenitor cells were isolated with a 
fluorescence-activated cell sorter (FACS Vantage, 
BOIS) equipped with a 488 nm laser. In the case 
of secondary MDS, due to the small number of 
positively stained cells, CD34+/CD38- and 
CD34+/CD38+ cells were sorted together. 

In Vitro Culturing and Cytogenetics 

The FACS-isolated cells as well as an unsorted 
bone marrow specimen were incubated for 

FSC~SC-+Wtllht -) 

24-72 h in RPM I 1640 supplemented with a 
cytokine cocktail (100 Vlml G-CSF, 100 Vlml 
GM-CSF, 100 Vlml IL-3, 1 Vlml Epo, 50 ng/ml 
SCF). Chromosome preparation and modified 
GAG-SSC staining was performed as described 
[6]. The karyotypes were classified according to 
the International System of Chromosome 
Nomenclature, ISCN [7]. FISH of one aspirate 
with trisomy 8 was performed as recommended 
(Imagenetics, manual). Mitotic indices were 
determined in 7 patients with AML by counting 
the mitotic figures within 1000 cells. 

Results 

Cellular Yield 

In AML the frequency of cells with the immuno
phenotype of early progenitors (CD34+1 
CD38 - ) ranged from 0.05% to 12.1 % (see Table 
1). In the case of MDS-RA it was 0.03%. The fre
quency of committed progenitors (CD34+1 
CD38+) ranged between 0.13% and 66.7% in 
AML (Table 1) and was 0.28% in the patient 
with MDS. The absolute number of CD34+1 
CD38 - cells available after cell sort ranged 
between 4.5 x 103 to 6 X 105• The number of 
CD34+/CD38+ cells ranged from 4.5 x 103 to 

U31 PFArtAf'L982 

1 ~ 

Fig. 1. Four-dimensional flow cytometric analysis of the bone marrow from a patient (PO with AML M4Eo. 
1Q4cells were acquired in list mode on a FACScan with four gates (Rl-R4) showing the four different matura
tional subpopulations (Rl, CD34+/CD38-; R2, CD34 +/CD38+; R3; CD34-/CD38+; R4; CD34-/CD38-) 
that were sorted in accordance with their light scatter characteristics (R5, R6) 
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Table 1. Yield of cellular subpopulations after sorting procedure 

Patient FAB type Number of cells after the sort( x 10') Relative frequency 
agel sex 

CD34+/38- CD34+/38+ CD34+/38 (%) CD34+/38+(%) 

Wi/32/m MO 4.5 4.5 0.18 0.42 
No/46/m M1 55 60 12.14 6.02 
Ko/8/m M2 12 50 0.15 1.12 
Mo/60/m M2 30 70 0.60 1.42 
Re/711f M4 100 1000 1.21 17.72 
Wo/73/m M4 5 100 0.05 6.76 
TE/60/f M4 45 52 0.14 0.13 
Mu/58/f M4 50 500 1.01 15.97 
Ha/51/m M4Eo 20 200 3.88 53.91 
Mi/34/f M4Eo 30 100 5.80 66.70 
Gr/30/f M4Eo 600 2000 6.86 56.58 
Pf/81/m M4Eo 70 390 1.13 35.56 

2 X 106• In the case of MDS, 2.5 x 104 and 2 x 105 control population, 17 in the CD34+/CD38-
sorted CD34+ /CD38 - and CD34+/CD38+ populations and 33 in the CD34+/CD38+ popu-

cells, respectively, were available. The mean lations (Table 2). 

mitotic index in AML was < 1 in the unsorted 

Table 2. Cytogenetic findings and mitotic activity in sorted cellular subpopulations 

Patient fAB typel Karyotype Number of analyzed Mitotic index 
prephase metaphases (related to 1000 cells) 

Un- CD34+1 CD341 Un- CD34+1 CD34+1 
sorted CD38 -- CD38+ sorted CD38 - CD38+ 

Wi MO Normal 2 5 <1 50 
No M1 Normal! 16 0 2 6 

2q+ IS 2 8 
Ko M2 Normal! n.d. 2 n.d. n.d. n.d. 

- 7 n.d. 18 
Mo M21 Norma1l 7 0 n.d. n.d. n.d. 

MDS +S 17 
normal (FISH) n.d. 10 2 
+8 (I'ISH) n.d. 32 14 

Re M4 Normal 21 9 17 <I 8 73 
Wo M41 Normal! 16 19 11 1 224 58 

PNH del(6)(pI2p23) 11 10 
Te M4 Normall 13 2 13 <1 14 24 

+4 10 II 
Mu M4 Normal 25 24* 4 n.d. n.d. n.d. 
Ha M4Eo Normal! 4 n.d. n.d. n.d. 

inv(I 6)(p 13q22) 10 1 
Mi M4Eo Normal! 2 0 < 1 40 33 

inv(16) 4 5 
Gr M4Eo Normall 2 2 0 <I 40 33 

inv(I6) 4 34 36 
Pf M4Eo Normal! 0 0 0 <I 17 35 

+ S,inv(l6)1 IS 22 19 
+S, - 12,inv(l6) 3 

* = after colony assay; n.d., not done; -, no metaphases available; 0, metaphases availahle, hut not in this cell pop-
ulation with the respective karyotype 
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Cytogenetics 

Nine of 12 patients with AML and one patient 
with MDS had clonal karyotype abnormalities 
(2q+ in AML Ml; -7 in M2; +8 in M2; 6p - in 
M4; +4 in M4; inv(l6) in 3 cases of M4Eo; 
inv(l6), +8,+12 in a further case with M4Eo 
(Fig. 2, Table 2) and 5q - and complex abnor
malities in MDS-RA) (Table 3, Figs. 3-5). In 
AML, in 7/9 cases the chromosomal changes 
diagnosed in the unsorted bone marrow were 
also found in the immature stem cell-like popu
lation (CD34+/CD38-). In MDS, likewise all 5 
abnormal cell clones initially characterized in 

the unsorted material were detectable in the 
CD34+ population. In 9/9 cases of AML the 
karyotype abnormalities occurred in the sub
population of committed progenitors (CD34+1 
CD38+). Additional, secondary karyotypic ab
normalities were found in the CD34+ /CD38-
population in a case of M4Eo. In the MDS speci
men karyotype evolution was observed in the 
unsorted control population as well as in the 
CD34+ population. A mosaic of normal and 
abnormal metaphases was found in the imma
ture cell populations in 5 cases with AML and in 
the committed progenitors in 4 patients with 

Table 3. Cytogenetic findings in a case of secondary MDS and RA 

Karyotype 

46, XX 
Clone A:46, XX,del (5)(q15q33) 
Clone B:46, XX,5q - ,del{l7)(p 12) 
Clone C:46, XX,5q - ,17p - der(l7)(?) 
Clone D:46, XX,5q -, 17p - der 17, - 20 
Clone E:46, XX, 5q - ,-7,17p - der17 

11, Number of completely analyzed metaphases 

20 

11=47 
unsorted 

21.3% 
6.4% 
4.3% 
6.4% 

53.2% 
8.5% 

11=36 
CD34+ 

o 
5.6% 

11.1 % 
2.8% 

58.2% 
22.2% 
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Fig.5. Giemsa-banded karyogram of a flow-sorted CD34+ bone marrow cell from a patient with secondary MDS 
RA from clone E 

AML. In the patient with MDS, normal cells 
were found only in the unsorted specimen. 

Discussion 

While MDS [1] and secondary AML are consid
ered as stem cell diseases, de novo AML are not. 
Our cytogenetic analyses of highly purified 
progenitor and stem cell-like cells, obtained by 
FACS, revealed an abnormal karyotype in 10 
of 13 patients examined. In all 9 informative 
AML cases with metaphases in the CD34+1 
CD38- population and in the patient with MDS 
(CD34+/CD38+ -), the abnormalities charac
terized in the unsorted controls were likewise 
demonstrable in the stem cell-like population. 
Secondary abnormalities and karyotype evolu
tion in MDS were also found in the stem cell 
compartments. It is noteworthy that in some 
patients there was a mosaic of normal and 
abnormal cells within the immature progenitor 
population. The observation that not only 
disease initiation but also disease progression 
occur at the level of immature progenitors is of 
pathogenetic relevance. The presence of both 
normal CD34+ ICD38 - cells and abnormal 
CD34+/CD38- cells in the same patient might 
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translate into future therapeutic autologous 
transplantation strategies if a discrimation 
of both CD34+ ICD38 - subpopulations can be 
achieved. 

While our findings strongly support the con
cept of the pluripotent origin of the leukemic 
clone in MDS and secondary AML, they are sur
prising in the patients with de novo AML, espe
cially in M4Eo with inv(l6). It can be derived 
from our data that in AML, independent of the 
phenotype of the bulk leukemic population, the 
leukemogenic event occurs on the immature 
progenitor level (M3 may be an exception). This 
would imply that the maturational level of the 
leukemic cell population is not a reflection of 
the phenotype of the initial leukemic mother cell 
but is determined by the genetic abnormality 
itself, regularly occurring at the level of the 
immature stem cell. 
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Karyotypic Abnormalities in Secondary leukemia of Children 

J. Harbott\ 1. ReinischI, J. Ritterbach1, U. Creutzig2, W.-D. Ludwig', P. Gutjahr" A. BorkhardtI, and F. Lampere 

Abstract. Over a period of 10 years the bone mar
row of 38 children with secondary leukemia was 
cytogenetically analyzed. After comparison of all 
karyotypes, chromosomes 5, 7, and 11 were 
found to be most frequently involved in numeri
calor structural aberrations. Whereas in ANLL 
chromosomes 5 and 7 predominated, chromo
some 11 was found in all groups, but mainly in 
ALL. The breakpoints of different rearrange
ments were always located in band 11 q23. 

In 4 of 6 children with secondary ALL the 
chromosomal abberrations were one of the 
immunophenotype-specific abnormalities. In 
ANLL, however, a FAB-type-specific anomaly 
was found only once. In 5 of 6 patients with 
ANLL after a prephase of MDS the original 
karyotype of MDS appeared also in ANLL. In 3 
of these 5 additional abnormalities appeared, 
confirming the progress of the disease. 

Introduction 

With the improvement in survival, which has 
been achieved for many childhood neoplasms by 
the use of multiple agent chemotherapy com
bined with radiation, the appearance of secondary 
hematological malignancies has increased. Chro
mosomal analyses may give more information 
about the origin of this disease through the evalu
ation of specific breakpoints and the localization 
of specific genes. Cytogenetics will also help to 
distinguish (late) relapses and secondary leu-

kemias by the comparison of the karyotypes with 
that of initial diagnosis. 

Therefore, we analyzed the leukemic kary
otypes of 29 children with secondary leukemia 
and MDS whose bone marrow was sent to our 
laboratory over a period of 10 years. In addition, 
the cytogenetic results of 6 children with AML 
after a prephase of MDS were compared. 

Materials and Methods 

Bone marrow and blood samples which were 
mailed to our laboratory were prepared directly 
and/or incubated in RPMI 1640 + 20% FCS (106 

cells/ml) for 24 and 48 h. The cell suspension 
was then brought to hypotonic solution (KCl, 15 
min) and fixed in methanol-acetic acid (3:1). 
After washing several times, the cells were 
dropped on to a cold wet slide to spread the 
metaphases. G-banding was performed after a 
trypsin pretreatment (10-15) 3-5 days later. 
Karyotyping was done according to the Third 
International Workshop on Leukemia 1980 [1] 
and the ISCN 1985 and 1991 [2,3]. 

Results 

Of 29 children with secondary hematological 
malignanacies, 19 had AML (Table 1). The laten
cy period between primary and secondary malig
nancy ranged from II months to 11 years, with a 

lUniversity Children's Hospital, Feulgenstrasse 12,35385 Giessen, Germany 
'University Children's Hospital, 48129 Miinster, Germany 
'Robert-Rossle-Klinik, Dept. Oncology/Molecular Biology, 13122 Berlin, Germany 
'University Children's Hospital, 55101 Mainz, Germany 
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Table 1. Karyotype of 19 children with secondary AML. LOF, Lost to follow-up. The karyotype of primary malig
nancy was only analyzed in patient 8, 15, and 17 (see text). The latency period is years; months 

Patient Primary Secondary malignancy 
no. malignancy 

Diagnosis Latency Diagnosis 

1 NBL 3;4 AML-M2 
2 PNET 4;5 AML-M2 

3 ALL 4;3 AML 
4 ALL 11;1 AML 
5 NHL 1;8 AML-MO 
6 Hepatoblastoma 2;3 AML-M5 
7 c-ALL 8;7 AML-M4 
8 c-ALL4 4;10 AML-M2 
9 Hodgkin lIB 2;7 AML-M4 

10 ALL 1;8 AML-MI 
11 Hodgkin 4;3 AML-Ml 
12 Hodgkin 2;3 AML-M5 
13 ALL 6;3 AML-Ml 

AML-MI 
14 NHL (B-cell) 0;11 AML-M5 
15 c-ALL 4;6 AML-M4 
16 Synovial Sarcoma 4;4 AML-M4 
17 c-ALL 1;3 AML-M4 
18 Wilms tumor 0;0 AML-M2 

19 Rhabdomyosarcoma 5;0 AML-M4 

median of 3 years, 4 months. One child with 
Wilms tumor was diagnosed as having AML in 
the same month. The child died 1 month later. 
To date, only 3 of these children are known to be 
alive, while 3 others are lost to follow-up. The 
survival time, after the diagnosis of secondary 
AML, ranged from 0 to 32 months with a median 
of 6 months. The F AB type of 17 children was 
known: 6 of them had M4, while Ml (n=3), M2 
(n=4), and M5 (n=3) were found less often. M3, 
M6 and M7 were not detected as a secondary 
malignancy, and only one patient had MO. 

Unfortunately, the karyotype of the primary 
disease was only known from 3 patients, where 
c-ALL was diagnosed. Two had no sub-type
specific abnormalities, while the third had a 
hyperdiploid karyotype with more than 50 chro
mosomes. 

Chromosomal abnormalities of the secondary 
AML were detected in 14 children; 4 had a nor
mal karyotype, and one had no result. Only 2 
patients showed numerical changes exclusively, 
e.g., -7, + 11, whereas in the majority structural 
abnormalities were found, at times accompa
nied by the loss or gain of a whole chromosome. 

Chromosomes 5, 7 and 11 were most fre
quently involved in the aberrations. In chromo-

Cytogenetics Outcome 

45,XX,del(S)(q31 ),add( 17)(pll),-19 Alive 12/94 
45,XX,add(2)(q35),inv(3)(p2Ip27), - 5, Alive 1195 
add(l2)(pI3),mar 
45,XX,-7 LOF 
46,XY,t( 4;11)( q21;p23)inc Died 7/93 
46,XY,t,( I 0;12)(p 13;q21) Died 6/86 
46,XY Died 7/92 
46,XY Died 4/92 
46,XY Died4191 
46,XX,del(5)( q 13q3l) Died 5/87 
46,XX,t(9;11 )(p22;q23) Died 1/90 
47,XY,t(10;2l)(pI2;q22),+ 19 CR 
47,XY,t( 1;11 )(p32;q23),+8 LOF 
46,XY,r(7)(p22q22) Prelapsed 
46,XY,-7 LOF 
46,XX Died 9/84 
near tetraploid Died 11191 
47,XY,+ II Died 4/89 
no result Died 9/91 
46,der( 1 p ),add(5)(p 15.1 ),del(5)( q22), 
del(7)(q22) Died 8/87 
Imar Died 1/85 

somes 5 and 7 the breakpoints were located in 
various bands of the long arms, while in chro
mosome 11 the breaks always occurred in the 
band llq23. 

Secondary ALL was less frequent (n=6) 
(Table 2). The median latency period was 5 
years, 11 months, ranging from 1 year, 3 months 
to 20 years, 7 months. Four children had c-ALL, 
one had pre-pre-B-ALL, and the immunophe
notype of the last one remained unclear. Two 
children died 3 and 15 months, respectively, 
after being diagnosed with secondary ALL, and 
4 are in complete remission between 4 and 8.5 
years. The karyotype of these patients showed 
aberrations of chromosome l1q23 in 3 of 5 
cases. 

Three of 4 patients with secondary MDS had 
an abnormal karyotype (Table 3). All showed 
abnormalities involving chromosome 7: twice a 
-- 7 and once a partial monosomy of the long 
arm (7q22). Three of the 4 children are alive; the 
outcome of one is unknown. 

The karyotype of 6 children with AML after a 
prephase of MDS was analyzed successfully dur
ing MDS as well as during leukemia (Table 4). 
Two patients had a normal karyotype of MDS 
with additional chromosomal abnormalities. 
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Table 2. Karyotypes of 6 children with secondary ALL 

Patient Primary Secondary malignancy 
no. malignancy 

Diagnosis Latency Diagnosis Cytogenetics Outcome 

1 c-ALL 5;11 ALL 46,XX Unknown 
2 Nephroma 9;7 c-ALL 46,XY,t(2;16)(p 13;q24),t(9;22)( q34;q 11) Died 1/89 
3 ALL 8;5 c-ALL 51,XY, T( 1; 19)( q23;P13),t(2; 11) Died 5/88 

(q13;q23),+6,+7, 
+ 13, +der(l9)t(l;19),tder(l9)t(l:19) 

4 Medulloblastoma 3;6 c-ALL Hyperdiploid> 50 2ndCCR 
5 NBL 20;7 c-ALL 46,XX,del(11)(q23) CCR 
6 NBL 1;3 pre-pre-B- 46,XY,t(4;II)(q21;q23) CCR 

ALL 

Table 3. Karyotypes of 4 children with secondary MDS 

Patient Primary Secondary malignancy 
no. malignancy 

Diagnosis Latency Diagnosis Cytogenetics Outcome 

Lymphoma 8;8 MDS 44,XY,-4, del(5)(q13q22),-7,-12, LOF 
(T-cell) der(17)t(l2;17)(pll;pll), +mar 

2 T-ALL 2;5 CMML 46,xx,add(7)(q22)[3]/idem, 
add(3)(q26?[8], add(5)(q35)[6],-1O[3], CCR 
+2mar[3][cp21] 

3 NBL 4;3 AML-Ml 46,XY Alive 11194 
4 Germ cell tumor 2;5 MDS 45,XX,t(4;11)(q21;q23),-7 Alive 2/95 

Table 4. Karyotypes of 6 children with AML and a prephase of MDS 

Patient no. Diagnosis Cytogenetics Latency Outcome 

MDS-RA 45,XY,-7 2;6 Died 4/94 
AML-M4 45,XY,r( 6)(p23;q21), - 7 

2 MDS 47,der( 11 )t( 1; 11)( q21;q23), +mar 2;1 Died 2/94 
AML 47,der( 11 )t( 1; 11)( q21;q23), +mar/48,XY ,idem, 

+2mar 
3 CMML 46,XY 0;5 Died 

AML-Ml 48,XY,+8,+21 10/90 
4 MDS 46,XY,der( 10)( q26),der( 15)t( 1; 15)( q21;p 11 ),inv( 16) 

(p13q22) 0;1 LOF 
AML-M4 47,XY,der( 10)( q26),der( 15)t( 1; 15)( q21;p 11 ),inv( 16) 

(p13q22),+mar 
5 CMML 46,XY 0;2 Died 

AML-MS 46,XY 10/92 
6 MDS-RAEB-T 46,XY 0;10 LOF 

AML-M2 46,XY 

Discussion 

During a period of 10 years the bone marrow 
karyotype of 25 children with secondary hema
tological malignancies were analyzed (Fig. 1). By 
comparing the results it could be shown that the 

band llq23 was most frequently involved. A 
rearrangement of this band was found in ALL as 
well as AML and MDS. In patients with AML 
and MDS, however chromosomes 5 and 7 were 
far more often involved in aberrations. 
Abnormalities of the latter were never found in 
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Fig. 1. Chromosomal breakpoints of secondary 
malignancies 
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children with ALL. It is interesting to note that 4 
of 5 ALL patients with an abnormal karyotype 
showed one of the subtype-specific abnormali
ties: t(9;22), t(I;19), t(4;11), and hyperdiploidy 
> 50. On the other hand 3 of 5 had an aberration 
involving llq23, which seems to be typical for 
this type of disease [4-6]. 

In children with AML, only one had a t(9;11); 
not, as expected, in M5, but in Ml. Other FAB
type-specific aberrations like t(8;21) or inv(16) 
were not detected. These results are in accor
dance with other authors who describe a fre
quency of chromosome 5 and 7 abnormalities of 
60%-70% in secondary AML, while specific 
aberrations are found in only 10% of cases 
[7-10]. Partial or complete monosomies of the 
chromosomes 5 and 7 are normally rare in child
hood AML and more frequent in adults [11,12]. 

For comparsion with the cytogenetic results 
of secondary malignancies, 6 children with AML 
after a prephase of MDS were analyzed. In 4 of 
them a karyotypic evolution could be detected: 
three times the original aberrations of MDS 
were found in AML, as well as the appearance of 

additional abnormalities as described by others 
[13,14]. Three patients had a normal karyotype 
in the MDS marrow and one of them switched to 
abnormal. The remaining two showed no evolu
tion. Only one child had an 11q23 aberration 
and another one a monosomy of chromosome 
7(-7). Both abnormalities, however, were detect
ed in MDS and AML as well. These findings 
confirm that AML is a progression of the same 
disease and not a secondary malignancy. 
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Deletion of Chromosome 6p as Primary Karyotypic Anomaly 
in Secondary Acute Nonlymphocytic Leukemia 

s. Metzke l , M. Herold', G. Anger', and U. Claussen l 

Abstract. Various structural rearrangements on 
the short arm of chromosome 6 have been 
repeatedly reported in therapy-related hemato
logical malignancies, but very rarely as solitary 
anomaly. Here we report a case of acute non
lymphocytic leukemia (ANLL) after radio
chemotherapy for Hodgkin's disease, with a 
deletion of chromosome 6 (p21 pter). This is the 
first case of deletion 6p as a solitary chromoso
mal anormaly reported in therapy-related 
ANLL. This case strongly supports the nonran
dom involvement of chromosome 6p in induced 
leukemias. 

Introduction 

Structural rearrangements on the short arm of 
chromosome 6 with involvement of p21pter 
have been repeatedly reported in therapy-relat
ed acute nonlymphocytic leukemias (ANLL), 
myelodysplastic and myeloproliferative syn
drome (MDS, MPS) and malignant lymphomas 
(ML) [1-81. Most often 6p rearrangements have 
been observed in complex karyotypes including 
aberrations of chromosomes 5 or 7, or both. 
Only occasionally have 6p rearrangements been 
described as a single anormaly [2,7J; no isolated 
deletion of 6p has been described in therapy
related ANLL. The associations of 6p rearrange
ments with both clinical history of exposure to 
mutagens and complex aberrations with abnor
malities of chromosomes 5 or 7 have suggested 
that the 6p region may contain a chromosomal 

region that is preferentially rearranged in 
induced hematologic malignancies [7]. 

Here we report a case of ANLL after treatment 
for Hodgkin's disease (HD) with combination 
radiochemotheraphy, associated with an isolated 
deletion of the short arm of chromosome 
6 which occurred as the only cytogenetic event. 

Materials and Methods 

Cytogenetic study was performed at the time of 
diagnosis of leukemia on bone marrow (BM) 
cells, using short term (24-48 h) cultures, with
out addition of mutagens. Chromosomes were 
identified using conventional Giemsa staining 
and GTG-banding method and were designated 
according to the International System for 
Human Cytogenetic Nomenclature [11]. FISH 
was performed with a directly labeled painting 
probe specific for chromosome 6 (VYSIS, 
Framingham, no. 30-608314). 

Case Report 

A 41-year-old man referred to us in Febraury 
1987 with a 6-week history of fever, weight loss 
and fatigue. Physical examination showed 
enlargement of supraclavar lymph nodes, histo
logically diagnosed as Hodgkin's disease (HD), 
nodular sclerosis, stage lIb. Radiological exami
nation showed a mediastinal tumor mass. Liver 
and spleen were not palpable. 

lInstitute of Human Genetics and Anthropology, 07740 Jena, Germany 
'Department of Internal Medicine, Klinikum Erfurt, 99012 Erfurt, Germany 
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From February to October 1987, the patient 
received polychemotherapy, including six cycles 
ofCMT [total dose (TO) vinblastine 10 mg, CTX 
1.2 g, procarbazine 100 mg, prednisolone 60 mg, 
daunorubicin 40 mg, vincristine 2 mg, Cyto
stasan 50 mg, bleomycin 15 mg i.m] . 
Supraclavar and cervical as well as mediastinal 
radiotherapy (25 Gy total, involved fields) was 
administered from May to June 1987. Despite 
these treatments only partial remission (PR) was 
achieved. Therefore, from October 1987 to July 
1988, the patient received six cycles of CLMP 
(TO CCNU 100 mg, chlorambucil 20 mg, MTX 
7.5 mg, prednisolone 50 mg). A complete re
mission (CR) was achieved but the patient 
relapsed (cervical nodes) 9 months later. From 
April to November 1989 he was treated with six 
cycles CLMP (TO CCNU 120 mg, chlorambucil 
20 mg, MTX 7.5 mg, prednisolone 50 mg) and 
from October to November 1989 cervical radio
therapy was also administered (20 Gy total, 
involved field). CR was achieved. 

In May 1992, owing to the patient's fever and 
podagra, a complete blood count was per
formed, but showed no abnormalities. In August 
1992,33 months after final treatment, the blood 
count showed anemia, thrombopenia and a 
white blood cell (WBC) count of 5.9 x 109/1 with 
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30% blasts. BM analysis showed 80% blasts, and 
ANLL-M2 was diagnosed according to the 
French-American-British (FAB) criteria. The 
patient was treated thereafter with Ina-Ara-C 
and Ham and remained in PR until the time of 
writing. 

Results 

Of 38 analyzed BM cells, 27 showed a 46, 
XY,del(6)(p21pter) karyotype (Fig. 1). The par
tial deletion of 6p was confirmed by fluores
cence in situ hybridization (FISH) using a 
chromosome 6 specific painting probe (Fig. 2) 

Discussion 

Involvement of the short arm of chromosome 6 
in structural rearrangements, other than t(6;9), 
have been observed in ANLL, MOS, MPS, and 
ML [1-8]. The almost constant involvement of 
segment p21 pter appears to be particularly fre
quent among iatrogenically induced ANLL or 
MOS. More than 80% of the cases with 6p 
rearrangements described in the literature had 
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Fig.!. Karyotype of patient 1 at time of diagnosis of therapy-related ANLL. 46,XY,del(6)(p21pter) 
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an antecedent history of therapeutic or environ
mental exposure to carcinogens. In nearly all 
cases, these rearrangements of 6p were observed 
in complex karyotypes, mostly associated with 
aberrations of chromosomes 5 and 7, which typ
ically occur in secondary leukemias [1-8]. 

Only very rarely have rearrangements of 
chromosome 6p been reported as a single anor
maly. Mancini et al.[7] reported a case of thera
py-related ANLL after treatment for HD with an 
unbalanced t(6;?1l) (6qter ...... 6p23::?llqI3 ...... ?1l
qter). The deletion 6p (p21pter) described here 
was confirmed by FISH and seems to be the only 
cytogenetic event. The association of 6p involve
ment with both a clinical history of exposure to 
mutagens and/or abnormalities of chromo-

Fig. 2a,b. Flourescence in situ hybridization showing 
that no material of chromosome 6 is rearranged to 
other chromosomes. a Chromosomes 6-specific paint
ing probe; b DAP! counterstain 

somes 5 and 7 has been interpreted as a hint that 
the region 6p21 pter may contain critical sites 
that are preferentially rearranged in induced 
hematologic malignancies [7]. The exclusive 
involvement of 6p in our patient fits well with 
this hypothesis and strongly supports the idea 
that a rearrangement of 6p is the initial specific 
karyotypic anomaly. Rearrangements of this 
region may playa role in early steps of muta
gen-related disorders. Consequently, 6p21 may 
contain a gene responsible for repair of damage 
by ionizing radiation and/or DNA-damaging 
agents. A comparable situation has been des
cribed by Thacker et al. [9] for the human 
XRCC2 gene at 7q36.1. Loss of heterozygosity of 
this gene by deletion of this region may cause 
higher sensitivity to mutagens and may lead to 
secondary hematologic malignancies. 
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Molecular Cytogenetic Analysis of 7q Abnormalities 
in Acute leukemia 

S. Tosi,,5, J. Harbott', M. Fitchett', F. Ross" A. Biondi" and L. Kearnei 

Abstract. Abnormalities of the long arm of chro
mosome 7 are commonly observed in acute 
myeloid leukemia (AML) and myelodysplastic 
syndromes (MOS). These often involve deletions 
of 7q. We applied fluorescent in situ hybridiza
tion (FISH) using a chromosome 7 paint and a 
7q telomere-specific probe for a better character
ization of 7 q abnormalities in a series of patients 
with acute leukemia. Of the six patients studied, 
five had structural abnormalities of 7q involving 
band q22: four of these were deletions and one 
had additional material on 7q. Only one patient 
had a breakpoint of 7q31. Four patients had a 
complex-karyotype: only two had chromosome 7 
aberrations as the sole abnormality. The use of 
FISH revealed the presence of an interstitial dele
tion in only two patients analysed so far. A fur
ther two patients with reported 7q deletions were 
shown to have unbalanced translocations, with 
additional material present on 7q. The remaining 
two patients with other abnormalities of 7q were 
also identified as having unbalanced transloca
tions. We are continuing these studies in con
junction with FISH using locus-specific probes 
from 7 q to define the critical deleted region in
volved in abnormalities of7q in acute leukemia. 

Introduction 

The application of conventional cytogenetic 
techniques such as chromosomal banding and, 

more recently, molecular methods has allowed 
the identification of recurrent chromosomal 
aberrations in approximately 80% of patients 
with de novo AML [1]. Among the unbalanced 
chromosomal aberrations in AML and MOS, the 
complete or partial loss of chromosome 5 or 7 is 
very common [2]. The loss or deletion of chro
mosome 7 has been associated with a variety of 
myeloid disorders of both adults and children 
and is a frequent finding in therapy related MOS 
and AML [1, 3, 4, 6]. Monosomy 7 and deletions 
of the long arm of chromosome 7 are not 
restricted to any FAB subtype and they generally 
confer a very poor prognosis, with poor response 
to the therapy and low survival times [5,6]. 
Chromosome 7 abnormalities have also been 
reported in acute lymphoblastic leukemia (ALL), 
although translocations are more commonly 
observed than deletions [7]. The reported cyto
genetic breakpoints in 7 q deletions are variable; 
however, there appear to be two distinct critical 
regions: 7q22 and 7q32-34 [8]. Both terminal 
and interstitial deletions have been described [7]. 

The aim of the present study was to obtain an 
improved interpretation of the karyotype in a 
series of patients with acute leukemia carrying 
abnormalities of 7q using FISH. The reported 
abnormalities included interstitial and terminal 
deletions, as well as uncharacterised add(7 q) 
chromosomes present both as part of a complex 
karyotype and as the sole cytogenetic abnor
mality. 

'MRC Molecular Haematology Unit, Institute of Molecular Medicine, John Radcliffe Hospital, Oxford, UK 
'Oncocytogenetic Laboratory, Children's Hospital, Giessen, Germany 
'Department of Medical Genetics, Churchill Hospital, Oxford, UK 
"Wessex Regional Genetics Laboratory, Salisbury, UK 
'Clinica Pediatrica dell'Universita' di Milano, Ospedale S. Gerardo, Monza, Italy 

33 



Materials and Methods 

Patient Material 

Archival methanol-acetic acid-fixed chromo
some preparations from bone marrow cells of 6 
patients with acute leukemia and abnormalities 
of the long arm of chromosome 7 were selected 
for our study. The patient material was collected 
from three different centres where the cyto
genetic analysis was previously performed 
(patients 1 and 2: Children's University Hos
pital, Giessen, Germany; patient 3: Churchill 
Hospital, Oxford, UK; patients 4, 5 and 6: 
Wessex Regional Laboratory, Salisbury, UK). All 
the patients considered in our study were suffer
ing from acute leukemia: 5 out of 6 had AML 
and 1 had ALL. Two of the 6 patients analysed 
were children and 4 were adult (Table 1). 

Probes 

The probes utilized were (1) a commercially 
available biotinylated chromosome 7 a satel
lite/7q telomere probe (Oncor, Gaithersburg, 
Md), and (2) a chromosome 7 paint which 
was obtained by degenerate oligonucleotide 
primer-polymerase chain reaction (DOP PCR) 
amplification of flow sorted chromosomes [9]. 

Fluorescence In Situ Hybridization 

The chromosome 7 centromere-7q telomere 
probes were used following the manufacturers' 
instructions. The chromosome 7 paint was 
applied by competitive in situ suppression 
hybridization as previously described [10]. In 
both cases the detection was performed using 
avidin-fluorescein in isothiocyanate (FITC) and 
biotinylated anti-avidin antibody (Vector Lab-

oratories). Slides were mounted in antifade 
medium (V ectashield, Vector Laboratories) 
containing propidium iodide and 4, 6-dia
midinophenylindole (DAP!) as counterstain. 
Cells were examined under epifluorescence, and 
images were captured and stored using a Bio-Rad 
MRC600 confocal laser scanning microscope. 

Results 

The clinical and cytogenetic features of the 6 
patients analysed in our study, together with the 
FISH results, are summarized in Table 1. 

Cases 1 and 3 

Previous conventional cytogenetic analysis of 
these two patients revealed the presence of one 
chromosome 7 carrying a terminal deletion with 
breakpoint at band q22. In the first patient the 
karyotype was complex, with the presence of 
structural abnormalities involving other chro
mosomes, whereas in patient 3 the del(7) was 
present as the sole abnormality. In both cases 
chromosome painting revealed that the chromo
some described as del(7) was only partially 
painted and, in patient 1, hybridization signals 
specific for 7q telomere were present only on the 
normal chromosome 7. These results suggest the 
presence of an unbalanced translocation with 
loss of 7 q telomeric sequences, rather than the 
reported terminal deletion. 

Cases 2 and 4 

A complex karyotype was reported in both 
of these cases. In patient 2 the presence of 
an undefined der(7)(q22) was described, and in 

Table l. Clinical and cytogenetic features of the six patients analyzed 

Patient no. Age (years)/sex Diagnosis Reported abnormalities 7paint 7q telomere 

10 IF c-ALL del(7)(q22)' Partially painted Deleted 
2 13 IF AML-MO der(7)(q22)' Fully painted ND 
3 44 IF t-AML del(7)(q22)b Partially painted ND 
4 76 IF AML del(7)(q22q36)' Fully painted Retained 
5 74 IF AML add(7)( q22)b Partially painted Deleted 
6 241M AML add(7)( q31)' Partially painted Deleted 

c-ALL, acute lymphoblastic leukemia, common type; t-AML, therapy related acute myeloblastic leu
kemia; ND not determined 
'Part of a complex karyotype 
bpresent as sole abnormality 
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patient 4 an interstitial deletion, del(7)(q22q36), 
was observed. In these two cases both chromo
somes 7 appeared fully painted by FISH, and, in 
case 4, it was possible to demonstrate that the 7 q 
telomere was retained on the del(7) (Fig. 1 A). 
These results suggest the presence of an intersti
tial deletion in this case. 

Cases 5 and 6 

In these two cases the cytogenetic analysis 
revealed the presence of add(7) with break
points at band q22 (patient 5) and band q31 
(patient 6). In both cases the chromosome 7 
paint revealed one chromosome fully painted 
and one partially painted, with additional mate
rial present on 7q. The chromosome 7 telomere 
probe identified, in each case, two chromosomes 
with a chromosome 7 centromere, only one of 
which had 7q telomere present: the telomeric 

sequences did not appear to be present on any 
other chromosome (Fig. 1 C, D). These results 
confirmed the cytogenetic findings and suggest
ed the presence of an unbalanced translocation 
with loss of material from chromosome 7. 

Discussion 

In the present study we applied FISH with a 
chromosome 7 paint and 7q telomere probe in a 
small series of patients in whom prior cytoge
netic analysis identified structural abnormalities 
of 7q. These were interpreted by banding analy
sis as terminal deletions (cases 1 and 3), intersti
tial deletions (case 4), or der(7) and add(7) 
(cases 2, 5 and 6). The present study has allowed 
more precise definition of the karyotype: in 4 of 
6 cases (cases 1, 3, 5 and 6), structural abnor
malities defined as del(7q), der(7) or add(7) 

Fig. 1. FISH results using A,C chromosome 7 a satellite/7q telomere probe and B,D chromosome 7 paint on 
patients 4 and 6. A,B In patient 4 both chromosomes 7 are fully painted and hybridization signals are seen on 
both 7q telomeres. C,D In patient 6 the abnormal chromosome 7 is only partially painted and lacks 7q telomere 
signals. Arrows indicate hybridization spots on 7q telomeres 
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were reinterpreted as unbalanced translocations 
with deletion of the telomeric sequences, while 
the remaining 2 patients (cases 2 and 4) had 
"true" deletions, at least one of which (case 4) 
was interstitial since the telomeric sequences 
were retained on the del(7). In all the cases loss 
of material from chromosome 7q was con
firmed. 

Abnormalities of 7q are often observed as 
part of complex karyotype. However, in the 
present series, correct cytogenetic interpretation 
did not appear to be dependent on whether the 
del(7) was present as part of a complex karyo
type or as the sole abnormality. In fact in the 
only case (no. 3) in which the del(7) was appar
ently the sole chromosomal aberration, FISH 
revealed the presence of an unbalanced trans
location. This study demonstrates the impor
tance of using FISH for a better characterization 
of chromosomal abnormalities: the use of paints 
may enable the detection not only of transloca
tions or insertions, but also of evident loss or 
gain of chromosomal material. The application 
of probes specific for telomeres is essential in 
order to define whether a deletion is terminal or 
interstitial. The technique of FISH with whole 
chromosome paints is now being applied not 
only for the study of hematological malignan
cies [11, 12] but also for the analysis of solid 
tumors [13], and it seems that, in both fields, 
this relatively simple technique may lead to a 
general revision of the chromosomal assessment 
even in those cases with apparently simple 
rearrangements. 

The region of interest in 7q deletions has not 
been defined in size, nor have the breakpoints 
been accurately characterized, although it has 
been reported that one of the most common 
breakpoints is at band 7q22 and that the critical 
deleted region always comprises band 7q32 to 
7qter [6, 8]. It is not yet established whether true 
terminal deletions exist, or whether all deletions 
are interstitial. In the present series, at least one 
of the reported del(7q) cases was an interstitial 
deletion. However, all of the unbalanced trans
locations identified also had deletions of 7q 
which included the telomere. 

This preliminary characterization obtained 
using chromosome paint and probes specific for 
chromosome 7 centromere and 7q telomere, in 
combination with probes for specific loci in the 
long arm of chromosome 7, will help in future 
studies to narrow down the deleted region in 
those patients with unbalanced chromosome 
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aberrations. Such a molecular cytogenetic defini
tion of chromosomal rearrangement involving 
7q may allow a better correlation between clini
cal groups and karyotype. A precise definition of 
deletion breakpoints and the minimum size for 
deletions may eventually lead to a better defini
tion of prognostic groups and to the develop
ment of more appropriate treatment strategies. 
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Unusual Karyotype 46,XX,inv(8)(p21 q24),del(20)(qll q13) 
in a Case of Acute Leukemia M6 in a Child 

S. Donskaya', S. Andreeva2, A. Galantha2, 1. Sclysarenko3, and N. Derbenyova1 

Introduction 

Specific structural chromosome abnormalities 
are connected with different types of acute 
myeloid leukemia and have proved to be helpful 
in establishing the precise diagnosis and the 
prognosis of disease. For FAB M6 subtype, many 
karyotype changes have been described and 
classified as minor and major karyotype abnor
malities (MIKA and MAKA) [1]. Here we report 
the combination of two clonal chromosome 
changes in a child with M6 AML. 

Patient and Cytogenetic Study 

The patient, a 5-year-old girl, was admitted to 
the hospital in June 1994 because of hepato
splenomegaly. She had lost weight and had suf
fered weakness in the previous two months. 
Physical examination showed liver and spleen 
enlargement (6.0 em and 5.0 em below the costal 
margin, respectively) and general lymphadeno
pathy (0.5-1.0 em in diameter). Initial hemato
logic data were: Hb 10.6 g/dl; RBC 3.4 x 1012/1; 
WBC 12.8 x 109/1 with 10% of blast cells; 
platelets 74.0 x 109/1. Bone marrow aspiration 
showed 52.6% of erythroblasts among all nucle
ated cells and 32.8% myeloblasts for all nucleat
ed cells (69.2% for all nonerythroid cells), and 
F AB M6-AML was diagnosed. 

'Kiev Institute of Medical Training, Kiev, Ukraine 

Chromosome analysis was carried out on 
unstimulated bone marrow cells which were 
incubated in RPMI 1640 and 20% FCS for 24 h. 
The cell suspension was brought to hypotonicity 
with KCI (20 min) and fixed in methanol-acetic 
acid (3:1). Then the suspension was washed four 
or five times. The cells were pipetted onto cold 
wet slides to spread metaphases. G-banding was 
done, after trypsin pretreatment (1-3 s), 7 days 
later. The subsequent karyotyping followed the 
recommendations of the ISCN [2]. 

At diagnosis 100 metaphases were counted 
and 10 were karyotyped. Chromosome analysis 
showed the existence of three clones: 46,XX, del 
(20)(q llq13); 46,XX,inv(8)(p2l p24), del(20) 
(qllq13) (Fig. 1). The existence of the third 
clone was revealed by the presence of 8.0% of 
tetraploid metaphases (Fig. 2). 

The patient was treated according to protocol 
BFM-AML-78 but did not achieve remission 
after the induction course: control bone marrow 
showed 76.4% of erythroid cells and 44.4% of 
erythroblasts with atypical features and 14.8% 
myeloblasts; liver and spleen were still enlarged 
(4.0 and 5.0 em below the costal margin respec
tively). 

After prolongation of treatment only short 
episodes ofleukopenia with stable persistence of 
blasts in peripheral blood were registered, and 
after 2 months palliative treatment with low
dose Ara-C was begun. The child died of disease 
progression 5.5 months after diagnosis. 

'Kiev Institute of Hematology and Blood Transfusion, Kiev, Ukraine 
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Fig. 1. Karyotype of G-banded bone mar
row cells from a 5-year-old girl with M6 
AML with inv(8) (p21q24), deJ(20)(qllq13) 

Fig.2. Hypotetraploid metaphase 
from bone marrow of a 5-year-old 
girl with M6 AML 

"~-----I~---------

8 der(8) 20 der(20) 



Discussion 

The cytogenetic characteristics in M6 AML are 
very heterogeneous. One anomaly registered in 
our case, inv(8)(p21q24), was described earlier [3] 
as connected with the M6 variant of AML. In the 
literature, involvement of the short arm of chro
mosome 8 is very rare among different types of 
chromosome 8 aberrations in AML variants [4]. 

The other karyotyping abnormality, del(20) 
(qllqI3), has not been previously described in 
AML but has been seen as a karyotype marker of 
polycythemia vera [5]. 

It is interesting that one clone presented 
del(20)(qllq13) and another two abnormalities 
connected with pathologic erythroblasts. This 
could be connected with a specific clinical pic
ture at presentation, because our patient had no 
initial anemia syndrome, which is known as one 
of the typical features for such variant AML. We 
propose that such a combination of cytogenetic 
anomalies could be responsible for the initial 
chemoresistance of the leukemic clone. 
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Acute Myeloblastic Leukemia M2 with the 8;21 Translocation 
Associated with Granulocytic Sarcoma 
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Abstract. A 13-year-old girl presented with 2 
compact painless subcutaneous tumors of 3 cm 
on the scalp in June 1993. Peripheral blood 
count was Hb 95g/l, Er 3.2 time x 10'2/leuko
cytes- 21 x 109/1: blasts 74%, neutrophils 9%, 
lymphocytes 14%, monocytes 3%. After bone 
marrow puncture, AML F AB M2 was diagnosed. 
Cytogenetic analysis of bone marrow showed 
two clones: 1, 46 XX (20%) and clone 2,46 XX 
t(8;21} (q22;q22) and t(1;17} (q21;p13) (80%). 
CSF examination revealed 9 cells/ml WBC with 
blasts on the cytocentrifuged specimen. A tumor 
mass in the spinal canal (L2-L3) compressing 
the spinal cord was also revealed by CT scan. A 
complete remission was achieved after induc
tion chemotherapy acccording to the BFM
AML-87 protocol. The patient received the 6 
week consolidation phase, but intensification of 
treatment with high-dose Ara-c and VP-16 was 
omitted due to the lO-fold increase in hepatic 
enzymes. Then the patient received mainte
nance therapy. Two months after completion of 
consolidation the patient was admitted with 
urine retention. Three separate large masses 
were palpable in the abdomen. Laparoscopy dis
closed tumor masses in the uterus and both 
ovaries. Bone marrow examination revealed 
more than 50% of blasts. Relapse treatment con
sisted of: one course of Ara-C 1000mg/m2 every 
12 h for 4 days, VP-16 100mg/m2 per day for 4 
days and mitoxantrone 8 mg/m' per day for 3 
days; one course of the same doses of Ara-C for 
4 days plus amsacrine 100 mg/m2 per day for 3 
days and L-asparaginase 6000 TU/m' 6 h after 
the last dose of Ara-C. After the treatment the 

second remission was achieved in January 1994. 
Autologous BMT without ex vivo purging was 
performed in July 1994 after conditioning with 
melphalan 190 mg/m2. After bone marrow 
reconstitution, immunotherapy with IL-2 (5 
MU/m' S.c. for 5 days every 2 weeks) was begun 
and is being continued. The second remission 
has lasted for 12 months. 

Conclusion 

Patients with AML M2 with t(8;21) who have 
granulocytic sarcoma may be at high risk of 
early relapse. A thorough search for GS must be 
recommended in patients with AML M2 with 
t(8.21}. Those who have such an association can 
not be included in the low risk prognostic group 
and require intensive systemic chemotherapy. 

Introduction 

The incidence of acute myeloid leukemia (AML) 
meeting the morphological criteria of M2 type 
according to the French-American-British 
(FAB) classification is reported as 28% [1). 
Cytogenetically, approximately 40% of patients 
with M2 t(8;21) while over 90% of patients with 
t(8;21) have a diagnosis of M2 [2). Over 50% of 
patients with t(8;21) have additional changes 
[3]. A critical event in the pathogenesis may be 
the formation of a novel chimeric gene and mes
sage as the result of the two genes' fusion - eto 
from chromosome 8 and AMLl from chromo-

Russian Institute of Pediatric Hematology, Moscow, Russia 
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some 21 [4,5]. It is generally believed that char
acteristic features of the M2 with t(8;21) include 
a high complete remission rate and the longest 
relapse-free survival durations with convention
al chemotherapy [6]. Other favorable prognostic 
features that emerged from the AML-BFM-83 
study and are currently in use in the AML-BFM-
93 protocol are a WBC count less than 20,000/fll 
[7] and the presence of Auer rods. 

Granulocytic sarcoma (GS) or chloroma is 
observed in 3-7% cases of AML both as a prima
ry manifestation and in relapse [8]. These 
tumors are discrete extramedullary collections 
of immature leukemic cells that may occur any
where but most often arise adjacent to cranial, 
facial and spinal bones [9]. Evidence is accumu
lating that GS is frequently associated with 
t(8;21) - up to 38% in some series of adult 
patients with AML [9]. To date, only 18 such 
cases in children have been reported and little is 
known about the prognostic significance of the 
association. We describe here the disease course 
of a pediatric patient with AML and t(8;21) who 
developed GS. 

Case Report 

A 13-year-old girl presented in June 1993 with 
high-grade fever, nausea, dizziness, weakness in 
the lower extremities and urine retention. At 
admission, the clinical examination revealed a 
painless subcutaneous mass in the right tempo
ral region. Liver, spleen, and lymph nodes were 
not enlarged. The bladder was distended to the 
umbilicus. A tumor mass in the spinal canal (L2-
L3) compressing the spinal cord was revealed by 
computed tomography. Examination of the CSF 
showed leukemia cells. Needle aspiration of the 
subcutaneous mass demonstrated a granulocytic 
sarcoma. The peripheral blood count was Hb 
95g/1, Er 3.2 x 1012/1 leukocytes 21 x 109/1: blasts 
74%, neutrophils 9%, lymphocytes 14%, mono
cytes 3%. The bone marrow showed AML FAB 
M2 with Auer rods. Karyotype analysis showed 2 
clones: abnormal clone 46, XX t(8;21)(q22;q22), 
t(1;17)(q21;p13) (80%) and normal 46 XX 
(20%). A complete remission was achieved after 
induction chemotherapy according to the BFM
AML-87 protocol. The patient received the 6-
week consolidation phase, but intensification of 
treatment with high-dose Ara-C and VP-16 was 
omitted due to acute hepatitis C development. 
Then the patient received maintenance therapy. 
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Two months after completion of consolidation 
the patient was admitted with complaints of 
urine retention. Three separate large masses 
were palpable in the abdomen. Laparoscopy dis
closed tumor masses in the uterus and both 
ovaries. Bone marrow examination revealed 
more than 50% of blasts. Relapse treatment con
sisted of one course of Ara-C 1000 mg/m' every 
12 h for 4 days, VP-16 100 mg/m'/day for 4 days 
and mitoxantrone 8 mg/m'/day for 3 days; one 
course of the same doses of Ara-C for 4 days 
plus amsacrine 100 mg/m'/day for 3 days and L
asparaginase 6000 IU/m' 6 h after the last dose 
of Ara-C. After the treatment the second remis
sion was achieved in January 1994. Autologous 
BMT without purging was performed in July 
1994 after conditioning with melphalan 190 
mg/m'. After bone marrow reconstitution, im
munotherapy with 1L-2 (5 MU/m' s.c. for 5 days 
every 2 weeks) was begun. The second remission 
has lasted for 12 months. 

Discussion 

This case demonstrates that the prognostic 
significance of the translocation t(8;21) is debat
able. As patients are usually easily brought into 
remission with conventional treatment, those 
who have GS in association with this cytogenetic 
abnormality may be at high risk of early relapse. 
As long as GS may not be widely recognized 
a thorough search for such lesions in patients 
with t(8;21) is recommended. The subgroup of 
patients with GS probably requires more inten
sive systemic therapy, such as allogeneic or 
autologous stem cell transplantation. Besides, 
local radiotherapy may be of no use as the dis
ease may recur at any other site. 
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Abstract. Specific cytogenetic aberrations in acute 
myeloblastic leukemia (AML) have been found 
to have important, independent prognostic sig
nificance. Consistent incidence of variations of 
the cytogenetic subtypes have been related to 
age, ethnic origin, geographical area, and expo
sure to environmental factors. In our pediatric 
AML population treated from 1988 to 1994, of 
the 40 patients (4 with t-AML) with successful 
karyotypes, 85% had clonal aberrations. Inci
dence of chromosomal abnormalities in 
decreasing order was t(8;21) in 20%, t/del 
(l1q23) in 15%, t/inv(3q) in 7.5%, and t(15;17), 
t(3;5), del(9q) and t(6;9) in 5% (patients) each. 
Isolated trisomy 8, monosomy 7, t(8;19) variant 
of t(8;16), t(10;11;12) were also found in one 
patient each. No inv/del(16q) was detected in 
this cohort. Outcome with a short follow-up did 
not differ in general to that previously reported. 
To confirm this unique cytogenetic profile of a 
relatively high incidence of the favorable t(8;21) 
together with a high incidence of relatively rare, 
nonrandom, unfavorable aberrations, the study 
should be extended to a larger group of chil
dren. 

Introduction 

Nonrandom cytogenetic abnormalities have 
repeatedly been specifically associated with the 
type and specific lineage subtype of leukemia 
[1-5]. The frequency of some of the aberrations 

iDepartment of Pediatric Hematology and Oncology 
'Cancer Cytogenetic Laboratory 

has also been nonrandomly correlated with age; 
for example, a higher frequency of t/del(llq23), 
t(8;21), inv(16q), and -7/7q-or-5/5q- in 
acute myeloblastic leukemia (AML) is observed 
in infancy, childhood, adulthood, and old age, 
respectively [2,4,6]. A consistent difference in 
the cytogenetic profile of AML has been noted 
among various ethnic groups, such as a higher 
proportion of t(8;21) and t(15;17) in blacks and 
Orientals than in whites [2,7]. These consistent 
variations may reflect genetic factors, although 
they do not preclude exogenous environmental 
factors. Specific chromosomal abnormalities 
have been reported to be related to specific types 
of carcinogens, such as balanced translocation 
of llq23, or 21q22 with topoisomerase II 
inhibitors, and -717q- and -S/Sq- with 
alkylating agents and pesticides in secondary or 
therapy-related AML (t-AML) [8-11]. 

The specific chromosomal aberrations in 
AML have a significant prognostic value 
[5,12-19]. Their different response to chemo
therapeutic agents has recently been introduced 
in the planning of treatment stratification [19]. 
When comparing results from different geo
graphic areas and planning a new treatment 
design, these epidemiological differences should 
be taken into consideration. 

We present the cytogenetic profile of the 
pediatric AML population treated from 1988 to 
1994 by the AML BFM-87 protocol at the 
Schneider Children's Medical Center of Israel 
(SCMCI). 

3Flow-Cytometry Laboratory, The Schneider Children's Medical Center of Israel, Beilinson Medical Campus, 
Petah Tiqva 49202, and Sadder Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel 
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Materials and Methods 

Between July 1988 and December 1994,47 chil
dren less than 20 years of age with AML (de 
novo and therapy-related) were admitted to the 
Pediatric Hematology-Oncology Department of 
the SCMCI. The diagnosis of AML was based on 
standard FAB morphologic and cytochemical 
criteria [20], including staining with periodic 
acid-Schiff reagent, acid phosphatase, myeloper
oxidase, Sudan black, chloroacetate esterase, 
and alpha-naphthyl acetate esterase. 

Cytogenetic studies were performed on bone 
marrow samples obtained at diagnosis. Direct or 
24- to 48-h unstimulated cultures, with or with
out methotrexate synchronization, were pro
cessed according to standard methods; briefly, 
colcemid (final concentration 0.05 !1g/ml) incu
bation for 25-40 min, exposure to hypotonic 
solution (KCl 0.075 molll) for 30 min, and then 
G banding of slide metaphase preparation with 
trypsin and Giemsa staining. Chromosome 
abnormalities were identified and classified 
according to the ISCN [21]. 

Adequate cytogenetic analysis was achieved 
in 40 children (in five children analysis was not 
done, and in two others metaphases could not 
be obtained). Thirty-six children had de novo 
AML, one of whom (referred from abroad) was 
in first relapse; four others had t-AML. All chil
dren, except for one, were treated with the AML 
modified BFM-87 protocol [22], with the addi
tion of IT triple injections, but without cranial 
irradiation. In higher risk patients, allogeneic 
bone marrow transplantation (BMT) was per
formed in patients with matched donor, and 
in the last year autologous BMT was also per
formed. 

Results 

Cytogenetics 

Of the 40 adequately banded patients, six (15%) 
had an apparently normal karyotype (Table 1). 
In the remaining 34 patients (85%), clonal chro
mosomal abnormalities could be identified. The 
majority (22/34) of the cases were pseudo
diploid; among the others, one had 51 chromo
somes, two had 47 chromosomes (+ 19 and 
isolated +8), and eight had 45 chromosomes. 
Hypodiploidy was due to loss of sex chromo
some in four patients [in three it accompanied 

t(8;21)], loss of chromosome 7 in three patients 
(in one as the sole aberration and in two accom
panying 3q aberrations), and loss of 9 or 22 in 
one patient (no. 25). Complex karyotype was 
found in two patients (nos. 13, 15), and in five 
patients (nos. 7,9, 12, 16,24) additional clones 
evolving from the original one could be identi
fied already at diagnosis. Most of the chromoso
mal abnormalities were of the known consistent 
nonrandom aberrations, although a few of them 
are known to occur very rarely. Results of chro
mosome analysis and clinical findings on 
patients 17, 33 [23] and 30 [24] have been pub
lished previously. 

Of the major karyotypic subgroups detected 
in our series, t(8;21) was the most common, 
occurring in eight patients (20%); tldel (l1q23) 
was found in six patients (15%), and rearrange
ment involving 3q21 of q26 in three (7.5%). 
Translocation t(15;17) was found in only two 
patients. Trisomy 8 and monosomy 7, both as 
sole aberrations, could be identified in one 
patient each. The rare aberrations t(3;5), del 
(9q) (as the sole aberration), and t(6;9) or its 
variant were found in two patients each. The 
t(8;19) variant of t(8;16) and t(10;11;12), the 
variant of t(10;11)(p13;13), were found in one 
patient each. No inv/del(16q) and t(9;22) were 
observed. 

Clinical Presentation and Outcome 

Of the 40 patients successfully analyzed, 30 were 
of Jewish origin and 10 of Moslem origin; 24 
were male and 16 were female (Table 2). 

In the t(8;21) subgroup, three out of the eight 
patients were Moslem; median age was 6 years, 
(range 3.8-16.8), and median WBC was 
24 x 109/1. All were uniquely characterized by 
blast cell morphology of FAB-M2, most of them 
with Auer rods. However, one child (no. 6) had 
preceding myelodysplastic syndrome (MDS) 
and presented with refractory anemia with 
excess of blast in transformation (RAEB-T). By 
immunophenotype (results not shown), all eight 
patients were strongly positive for HLA-DR and 
CD34 and frequently mildly positive for CD13 
andlor CD33; three patients were weakly posi
tive for T-cell marker CD7, two for NK-cell 
marker CD56, and only two for the B-cell mark
er CDI9. All achieved remission after one induc
tion course of the AML BFM-87 protocol, 
including the girl who presented in relapse after 
24 months (no. 3). Two children have relapsed 
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Table 1. Chromosomal findings in childhood AML (40 patients) 

Chromosome Patient no. Karyotypes 
group 

t(8;21) 1 46,XX,t(8;21)(q22;q22)[3] 
2 46,XX,t(8;21)(q22;q22)[6] 
3' 46,XX,t(8;21)( q22;q22) [11]/46,XX[3] 
4 46,XX,t(8;21)(q22;q22)[5] 
5 45,X,-Y,t(8;21)(22;q22) [14] 
6 45,X,-Y,t(8;21)(q22;q22)[15]/46,XY[2] 
7 46,XX,t(8;21)( q22;q22) [22]/46,idem,add(2)( q35) [17]1 

46,idem,del(9)( q22),del( 11 )(p 13) [7] 
8 45,X-Y,t(S;21)( q22);q22) [19] 

t/del(lI)(q23) 9 51,XY,+4, +8, + 13,+ 16,+ 19,t(9;11)(p22;q23)[12]1 
52,idem,+del(I)(p2)[2] 

lOb 46,XY,t(9;11 )(p21;q23) [21]/46,XY[ I] 
lIb 46,XY,t(9;ll )(p22;q23) [17] 
12 46,XY,t( 1;11)( q21;q23) [17]/46,idem,add( 19)(p 13?) [7] 
13 46,XX,del( 6)( q21q24),add( 11)( q230r24),der( IS?) [15] 
14 46,XY,del( 11)( q23) [16]/46,XY[ 1] 

t/inv(3q) 15 45,XY,-I,der(l)t(I;7)(pll;q 11),add (3)(q261),-7,-II, 
der(l1)t(l;II)(p?;pll 1),-13, +marl, +mar2, +mar3 

16 46,XX,t(3;21)(q21;q22)[9]/46,idem,add(2)(q?),add(4)(q231)[7]1 
46,idem,add(I)(p36),add(4)(q23)[3] 

17b 45,XX,inv(3)(q21;q26),-7[3]/46,XX[2] 

t(3;5) IS 46,XY,t(3;5)(q25;q35)[9]/46.XY[I] 
19 46,XX,t(3;5)(q25;q34)[20] 

t(15;17) 20 46,XX,t(15;17)(q22;q21)[16]/46,XX[3] 
21 46,XY,t( 15;17)( q22;q21 ),inv(l2q 12q?) [17]/46,XY[2] 

del(9q) 22 46,XY,del(9)(q13q22)[5] 
23 46,XY,del(9)( q 13q22) [18 ]f46,XY[2] 

t(6;9) 24 46,XY,t(6;9)(p23;q34)[6]/46,idem,del(16)(q21)[3]/46,XY,[3] 
25 45,XX,del(6)(p23),-9,-22, +mar[17] 

Miscellaneous 26 46,XY,del(6)(q?)[5]f46,XY[3] 
27 46,XY,t(2;X)( q 13orI4;q26or25) [7]/46,XX[ 1] 
28 47,XY,add(7)(pllorI5), + 19[14]/46,XY[ 6] 
29 45,XY,-7[ II ] 146,XY [9] 
30 46,XX,t(8;19)(p II;q 13) [6]/46,XX[ IS] 
31 47,XY,+S[2] 
32 46,XY,t( 10;11; 12)(pI2or13;q 13orI4;q 12) [10] 
33b 46,XYadd(1l)(pI5)[1I] 
34 45,X,-X,add(14)(q32) [2] 

Normal 35-40 

'Presented at relapse 
bTherapy-related leukemia (t-AML) 

8 and 9 months after diagnosis, including the 
child with preceding MDS. Two patients under
went bone marrow transplantation (BMT) in 
first remission, and one of them (no. I) died of 
infection. Four of the eight patients are alive in 
first continuous complete remission (CCR) at 
10-31 months since diagnosis. 

Among the tfdel(l1q23) subgroup, all were 
ofJewish origin. Three patients had t(9;11), one 
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de novo AML, and two were young adults with 
t-AML appearing 1.9 and 3.3 years after the 
diagnosis of Ewing's tumor and Hodgkin's lym
phoma treated with ifosfamide, VP-16, vin
cristine, actinomycin D, cyclophosphamide and 
doxorubicin (IV -V ACA) and with four courses 
of cyclophosphamide, vincristine, procarbazine, 
prednisone - adriamycin, bleomycin, vinblas
tine, decarbazine (COPP-ABVD), respectively. 
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One boy presented with pancytopenia, and 
the other with hyperleukocytosis and CNS 
involvement. All had FAB M5 morphology. 
Other abnormalities of 11q23 occurred in three 
patients, including two infants with M2 and M4 
blasts. Immunophenotype in two patients was 
positive for myelomonocytic CD33, CDl5, and 
CD11B antigens, and for the NK CD 56 and T cell 
CD7 or CD4 antigens. Response to treatment 
was poor in the two t-AML patients, with slow 
or no remission. One of them underwent BMT 
and is alive in CCR more than 10 months later. 
Another two de novo patients relapsed 6 and 12 
months after diagnosis, and another two are 
alive in first CCR 1 and 24 months after diagno
SIS. 

The aberrations tlinv(3q) were observed in 
three children. In one with inv(3)(q21q26) and 
monosomy 7, t-AML developed 5 years after 
high doses of alkylating agents were adminis
tered for neuroblastoma; this patient has 
been described elsewhere [23]. The other two 
children were an infant with t(3;21) and few 
evolving clones, with de novo Ml leukemia, and 
a young boy with complex karyotype including 
add(3q), unbalanced t(I;7), -7 and presence of 
markers. The latter patient presented with 
supraclavicular myeloblastoma, high thrombo
cyte count and dysmegakaryopoiesis in bone 
marrow. Blast cell morphology of the tlinv(3q) 
was Ml, M2, and immunophenotype was posi
tive in addition to the myeloid CDI3, CD33 to 
the T-cell marker CD7. Response to treatment 
was poor, and all patients relapsed and died of 
leukemia. 

The t(15;17) aberration occurred in two ado
lescents presenting with or subsequently devel
oping severe disseminated intravascular 
coagulopathy (DIC) and fatal bleeding. One of 
them had the microgranular variant, and both 
had low expression ofHLA-DR antigen and pos
itive reaction to CD2. Both died within a few 
weeks of bleeding, during induction; one was 
treated with retinoic acid, and the other received 
low dose cytarabine. In two children with 
prominent myelodysplastic features in bone 
marrow, one with erythroleukemia, t(3;5) was 
detected, and responded to the AML-BFM-87 
protocol. In two young boys del(9q) was found; 
one of them had presented with preceding MDS 
which progressed to AML, M2 blasts with Auer 
rods. One child responded slowly to induction, 
the other relapsed within a few months. In two 
children, t(6;9) or its suspected variant was 

associated with M4leukemia without basophilia; 
one had myelodysplastic features. Response to 
treatment and remission achievement was slow 
in one patient, and the other responded only to 
allogeneic BMT. 

In one girl t(8;19) variant of the t(8;16) was 
associated with M4leukemia and autophagocytic 
vacuoles [24]. She is alive in first CCR following 
autologous BMT 19 months after diagnosis. In 
one 4-month-old infant t(10; 11;12) was associ
ated with M5 leukemia with extensive 
extramedullary involvement of the eyes, CNS, 
testicles, and skin, which preceded BM infiltra
tion. He responded poorly and relapsed after a 
few months following autologous BMT. 

Discussion 

The incidence of clonal chromosomal abnor
malities in childhood AML is relatively high in 
comparison to adults (Table 3) [25-36]. In our 
series, a successful yield was achieved in 95% of 
the analyzed karyotypes, and of these, 85% 
abnormal clones were detected. The most fre
quent nonrandom aberration in pediatric 
patients is t(8:21) which, in our series, occurred 
in 20%, comparable to the pediatric BFM and 
Johannesburg series [29,36], and lower than 
Chicago and Moscow series [26,31]. This trans
location was found in a higher proportion of the 
black and Oriental patients than in the white 
ones, both in adults and children [2,7,29]. 
Although t(8;21) is very specific to AML M2 type 
with Auer rods, one child in our series had pre
ceding MDS, which is rarely reported [37]. We 
could not confirm the high incidence of CD 19 
expression in this type of leukemia, as claimed 
by others [38]. Favorable prognoses have been 
observed for patients with t(8;21) on previous 
and more recent AML protocols [1,5,12-17,34]' 
and they seem to benefit from very high dose 
cytarabine [18,19]. In our series all children 
achieved remission after one course of induc
tion, and only two of the seven newly diagnosed 
children have relapsed; however, follow-up, as 
yet, is too short to draw conclusions. 

The second most frequent aberration in our 
series was t/del(ll q23), similar to other pedia
tric series, where it rates second or third, occur
ring much more often in children than in adults 
(Table 3). Rearrangement of IIq23 is the most 
common aberration in infants with mixed and 
myeloid leukemias, and in childhood t-AML fol-
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lowing topisomerase II inhibitors [34,39,40]. 
Most have M5 or M4 leukemia, with a relatively 
high incidence of CNS involvement and high 
blast count. Prognosis in infants and in t-AML is 
very grave, much poorer than in adults and in 
de novo leukemia [34,40-42]. Lately, different 
molecular breakpoints of the MLL or HRX gene 
on llq23 have characterized de novo AML ver
sus t-AML, and childhood and adults versus 
infant de novo AML [41,42], which may explain 
the different biological course. 

In our series, the two children with t-AML 
had a grave prognosis, with one responding only 
to allogeneic BMT. Among the de novo patients, 
two, including the infant, relapsed within a year, 
and the other two are alive in first CCR, one of 
them following BMT, with short follow-up. 

The second or third most frequent aberration 
in pediatric series in inv/del(16q), associated 
with M4 leukemia, usually with eosinophilia, 
and a favorable prognosis. This was the most 
prevalent aberration in the St. Jude series and 
the Australian series [33-35]. In our series it was 
not detected, and more cases have to be studied 
to eliminate technical artifacts. The promyelo
cytic M3-specific t(15;17) was detected only in 
two young adults (5%), a rate comparable to 
that of the BFM series and lower than in other 
pediatric and adult series. It occurs more fre
quently among black and Oriental pediatric 
AML patients [29], and clusters ofM3, including 
the variant form, have been reported in north
ern Italy [43] and in South America [43]. 
Although considered to have a favorable prog
nosis, the two patients in our series died on 
induction from bleeding. 

It is noteworthy that a group of rare, nonran
dom aberrations, t/inv(3q), t(3;5), del(9q), t(6;9) 
[ 44-49], which were reported only anecdotally 
in other pediatric series, were found in a rela
tively high proportion of our series - in two 
patients each, altogether eight (15%) of the 36 de 
novo patients. These aberrations have been 
associated either with MDS or myelodysplastic 
features, and bear a very poor prognosis 
[19,44-49]. The children in our series had a 
grave outcome; three responded slowly to 
induction, and four relapsed. Only two are alive 
in first CCR after more than a few months. 

It would be a challenge to explore the genetic 
and/or environmental factors which may predis
pose individuals to these specific rare cytogenet
ic subtypes of myeloid leukemia in our pediatric 
population. Moreover, effective chemotherapeu-

tic agents should be tailored to this relatively 
large group of children with poor prognosis. 

Acknowledgment. This work is supported by the 
Israel Cancer Association. 

Addendum. In a recent childhood AML de novo 
study from Chicago by Rowley's group [50], dif
ferent AML subtype incidences from the previ
ous study [26] were noted. Out of 120 patients 
115 had adequate samples for analysis. Normal 
karyotype was found in 15%, t(8;21) in 8%, 
t(11) (q23) in 18%, inv{l6) in 8%, t(15; 17) in 10% 
and -7/del(7q) in 5%. 
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FISH Analysis in Acute Leukemia with Initially Abnormal Karyotypes 
and Normal Karyotypes in Relapse 

1. Chudoba" s. MetzkeP, K. Blumenstengel', H.-J. Fricke', K. Junkerl, C. Bleckl, K. H6ffken', and U.Claussen l 

Abstract. In acute leukemias the finding of cyto
genetically completely different results at differ
ent phases of the disease is a recurrent 
phenomenon. The question arising from these 
findings is whether cytogenetic investigations 
may not be sensitive enough to detect the malig
nant cell clone at certain stages of the disease. 

We present three cases with aberrant karyo
types at initial diagnosis prior to therapy and 
with normal cytogenetic results in hematologi
cal relapse. Bone marrow (BM) samples with 
numerical aberrations intitially and normal 
karyotypes in relapse were analyzed by fluo
rescence in situ hybridization (FISH). This 
method provides higher sensitivity, and the 
examined cell population is enlarged by cells 
with no mitotic activity. In case 1, at the initial 
phase of AML-Ml a trisomy 21 was diagnosed. 
In FISH analysis on interphase nuclei in remis
sion as well as in relapse the trisomic cell line 
was not detectable any more. The chromosomal 
analysis in remission revealed a minor constitu
tional mosaicism 46, XY/47, XYY, confirmed by 
FISH. In case 2, ac-ALL with the abnormal 
karyotype of 47,XX,4p-,der (9)t(l;9)(qll;pI2), 
i(l7q),~20,+21,+mar[6]/46,XX[5] was diag
nosed. Again the chromosome 21-specific probe 
was chosen in order to characterize the malig
nant cell clone. Whereas an abnormal finding 
with an additional chromosome 21 was con
firmed in the first BM sample by FISH, all subse
quent investigations of BM samples (in 
remission and in relapse) revealed no cells with 
trisomy 21 any more. In case 3, a trisomy 8 was 
found at the initial chromosome analysis in a 

BM sample from a patient with AML-M2. FISH 
analysis confirmed the trisomy 8 in the first BM 
sample. In remission and a subsequent relapse 
no cells with trisomy 8 were found any more. 

In all three cases the FISH investigations 
yield results consistent with the cytogenetic 
findings of a normal karyotype in the later stage 
ofthe disease. 

Introduction 

Different approaches have been made to reveal 
that acute myeloid leukemia (AML) is a clonial 
disorder. The monoclonality of the leukemic cell 
population was demonstrated by conventional 
cytogenetic [1] as well as biochemical [2] and 
molecular [3] studies. Therefore, it is generally 
assumed that at a certain stage of hematopoiesis 
one single normal cell has been transformed and 
serves as the ancestral cell from which leukemia 
arises. 

The detection of the same chromosomal ab
normality in at least two cells in conventional 
cytogenetic preparations of a bone marrow sam
ple is regarded as proof of the malignancy of the 
examined cells. But not in all cases are chromoso
mal changes detectable. In AML, however, about 
45%-55% of cases reveal no cytogenetic aberra
tions [4] and in acute lymphoblastic leukemia 
(ALL) the range is 20%-30% [5]. Nevertheless, 
once clonal chromosomal aberrations are identi
fied, patients who achieve complete remission 
(CR) generally lose their karyotypic anomalies 
[6]. A patient entering a subsequent acute leu-

lInstitute of Human Genetics and Anthropolgy, Jena, Germany 
'Hospital ofInternal Medicine II, Jena, Germany 
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kemic phase after CR is referred to as having a 
relapse. A relapse would imply that the malignant 
clone from the initial disease was not eradicated 
by the therapy and again dominates the bone 
marrow (blasts> 30%). Hence, a chromosomal 
aberration diagnosed initially should be identifi
able at relapse. We present three cases of acute 
leukemias with chromosomal anomalies found at 
the initial cytogenetic examination carried out 
prior to therapy and with normal karyotypes at 
relapse. 

Materials and Methods 

Conventional cytogenetic examinations as well 
as fluorescence in situ hybridization (FISH) were 
carried out on bone marrow (BM) samples from 
patients diagnosed as having acute leukemias. 
The bone marrow was processed according to 
standard procedures, and at least 20 metaphases 
were analyzed, preferably from two different cell 
cultures. In 5 of 13 examinations a low mitotic 
index did not allow the evaluation of 20 cells. 
FISH was carried out according to the pro
ducer's recommendations (Oncor) using a chro
mosome 21-specific DNA probe (D21S65) 
hybridizing on 21q22 (Oncor), Y chromosome
specific alpha satellite DNA cocktail (DYZI and 
DYZ3j One or) and an alpha satellite chromo
some 8-specific DNA probe (D8Z2j Oncor). 

Results 

Case 1 

BM of a 42-year-old male with an AML-Ml has 
been investigated with conventional cytogenetic 

methods. The initial chromosome analysis 
revealed the abnormal karyotype of 47,XY,
+21[20]. Two months later, at a second cyto
genetic examination and after chemotherapy, 
only normal metaphases (n = 21) were observed. 
A third cytogenetic examination was processed 
17 months after the initial investigation (still in 
remission) and revealed an additional Y chro
mosome in 5 of 74 metaphases. The additional 
chromosome was confirmed by FISH to be the Y 
chromosome. After these findings the first chro
mosome preparation was reexaminedj the addi
tional chromosome again was clearly identified 
as a chromosome 21. In addition FISH was car
ried out with the Y chromosome-specific DNA 
probe, showing only 1 signal in 73 scored 
metaphases. 

Three months later (20 months after initial 
diagnosis) the patient relapsed. The chromoso
mal analysis of the BM displayed only normal 
metaphases (n = 20). In order to enlarge the 
examined cell population and to check cells 
which did not enter mitosis, FISH examinations 
with a chromosome 21 cosmid probe and a 
Y chromosome-specific centromer probe were 
carried out. The data are shown in Table 1 and 
Fig. 1. Unfortunately, FISH examination with 
the chromosome 21 probe was not possible 
on the first BM due to the lack of cells. Never
theless, for comparison the results of the con
ventional cytogenetic investigation and the FISH 
results are shown in Fig. 1. The data demon
strate that the initially diagnosed trisomy 21 
could not be refound in later BM preparations, 
or even in relapse, by conventional cytogenetics 
or by FISH. FISH analysis with the Y chromo
some-specific probe of the first and the third 
examination were processed on meta phases 
only. A detection rate of 2.7% (series 3) means 

Table 1. Results of the conventional cytogenetic investigations and FISH analysis of case I 

Clinical Time Karyotype Probe Nuclei Frequency [signals/nuclei in % J 
diagnosis (months) scored 

3 4 

AML-MI 0 47, XY,+21 [20J DYZ1I3 73(M) 100 0 0 0 
Remission 2 46,XY[24J 21 200 2.5 93.5 3.5 0.5 

DYZ1I3 374 87.2 12.2 0.6 0 
Remission 17 46, XY[72]! 21 368 2.7 94.3 3.0 0 

47,XYY[4j 
DYZ1I3 7S(M) 97.3 2.7 0 0 

Relapse 20 46,XY[20J 21 313 2.6 93.0 4.5 0 
DYZ1I3 300 97.4 2.6 0 0 

M, Metaphases scored only 
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Fig.!. a Results of cytogenetic and FISH analysis applied to chromosome 21 of patient 1 at different stages of the 
disease. b Results of cytogenetic and FISH analysis applied to the Y chromosome of patient 1 at different stages 
of the disease 

that in 2 of 75 metaphases analyzed a second Y 
chromosome was clearly identified. Together 
with the results of the conventional cytogenetic 
investigation (5 of 74 metaphases with "+ Y") 
the existence of a second cell line with an addi
tional Y chromosome besides the normal cell 
line is evident in the BM sample in remission. 
The FISH investigation on interphase nuclei of 
the second BM sample also indicates the exis
tence of a cell line with "+ Y" (12.2% nuclei with 
two signals). Cells with "+ Y" were detected only 
in remission. We interpret these findings as a 
minor constitutional mosaicism 46, XY/47XYY. 
Furthermore, the data clearly show that in later 
BM samples a cell line with an additional chro
mosome 21 could not be detected. The 
3.0%-4.5% of nuclei showing three signals 
would be interpreted as method-related arti
facts. 
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Case2 

Conventional cytogenetic investigation of the 
BM of a 19-year-old female with a c-ALL 
revealed an abnormal karyotype in about 55% of 
the cells (47,XX,4p-, der(9)t(1;9)(qll;p12), 
i(17q), - 20, +21,+mar[61/46,XX[5J). After com
plete hematological and cytogenetic remission 
the patient relapsed twice. Finally, only partial 
hematological remission was achieved and bone 
marrow transplantation was carried out. The 
patient died 30.5 months after the initial diagno
sis because of severe GvH disease. Other con
ventional cytogenetic investigations performed 
later on in remission as well as in relapse 
revealed only normal metaphases. In FISH 
analysis trisomy 21 was chosen to characterize 
the karyotypic abnormal cell clone. The results 
are shown in Table 2 and Fig. 2. The prep onder-



Table 2. Results of the conventional cytogenetic investigations and FISH analysis of patients 

Clinical Time Karyotype Probe Nuclei Frequency (signals/nuclei in %) 
diagnosis (months) scored 

2 4 

c-ALL 0 47, XX,4p-,der (9) 21 235 n.s. 39.1 59.6 1.3 
t(l;9)(qll;pI2), 
i(l7q),-20,+21, 
+ mar[6]/46,XX[5] 

Remission 18.5 46,XX[24] 21 260 77 83.1 9.2 0 
1st relapse 21 46,XX[5] 21 214 7.9 83.7 5.6 2.8 
Remission 22 46, XX [1 3] 21 229 3.5 92.1 4.4 0 
2nd relapse 25 46,XX[20] 21 224 2.2 94.6 2.7 0.5 
Relapse 28 46,XX[2Ij 21 219 5.0 91.8 3.3 0 
Death 30.5 

n.s., Not scored 

2 

Fig. 2. Results ofFISH analysis applied to chromosome 21 of patient 2 at differen t stages of the disease 

ance of the abnormal cell line in the first BM 
sample was confirmed by FISH. Furthermore, 
FISH analysis confirmed all conventional cyto
genetic results. 

Case 3 

At the age of 74 a woman was diagnosed as hav
ing AML-M2. Chromosomal analaysis of the BM 
revealed an abnormal karyotype trisomic for 
chromosome 8 in 8 I % of the cells examined. 
Twenty months later conventional cytogenetic 
investigation in remission showed only cells 
with a normal karyotype. The patient relapsed 4 
months later (24 months after initial diagnosis) , 
and again only normal metaphases could be 
detected in the BM. Retrospective FISH analysis 
of the cell preparation of the BM from the initial 

acute phase confirmed the trisomy 8, but the 
additional chromosome 8 was detected in only 
46.8% of instances. Furthermore, the normal 
karyotypes obtained with conventional cytoge
netic methods were confirmed as well. In remis
sion and in relapse the trisomic cell line was no 
longer detectable (Table 3, Fig. 3). 

Discussion 

We applied FISH investigations to BM samples 
processed for conventional cytogenetic exami
nations. The patients revealed clonal abnormal 
chromosome findings in their BM examined in 
the first phase of acute leukemia, whereas in 
relapse only normal karyotypes were detected. 
The advantage of FISH over conventional cyto-
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Table 3. Results of the conventional cytogenetic investigations and FISH analyses of patient) 

Clinical Time 
diagnosis (months) 

AML 0 
Remission 20 
Relapse 24 

Frequency (') 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
o 

Karyotype 

47,XX,+S[ 17j/46,XX[4j 
46,XX[20j 
46,XX[20j 

2 J 

S'gnal& nuclei 

Probe Nuclei Frequency (signals/nuclei in %) 
scored 

2 3 4 

DSZ2 1159 9.7 42.7 46.S O.S 
DSZ2 797 9.8 89.0 1.2 0 
D8Z2 419 9.1 90.2 0.2 0.5 

Fig. 3. Results of FISH analysis applied to chromosome 8 of patient 3 at differnt stages of the disease 

genetics is that known chromosomal aberra
tions can be checked on interphase nuclei. In 
this manner a large number of cells can be eval
uated, even if the chromosome morphology and 
spreading do not allow chromosomal analysis. 
Also, cells which have not entered mitosis and 
possibly represent a distinct biological entity 
can be included in the examination. In our cases 
FISH analysis confirmed the results obtained 
with conventional cytogenetic methods and 
revealed their reliability. Still, FISH analysis is 
undoubtedly more sensitive than conventional 
cytogenetics [7]. However, the results presented 
here raise more questions than they give 
answers. We found that the primarily detected 
chromosomally abnormal cell clones were no 
longer present, or at least were not part of the 
malignant cell clone in relapse. A possible expla
nation is that the chromosomally abnormal cell 
clones represent derivative cell clones. They 
might have emerged from the primarily trans
formed cell or cell clone and show karyotypic 
evolution. In this case, they are thought to have 
a stronger proliferation potential but are proba-
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bly more sensitive to chemotherapy. After thera
py the cytogenetically abnormal clones were 
eradicated, whereas the primarily transformed 
clones resided. 

Another possibility is that the acute phase 
referred to as relapse actually represents thera
py-related leukemia. This is unlikely, however, 
because clonal chromosomal aberrations are 
observed in 95% cases of therapy-related AML 
[8] and we found only metaphases in relapse in 
all three cases. 

A further explanation might be the recur
rence of leukemia. The therapy could have suc
cessfully eradicated the malignant cell clone and 
independent transformation of another cell 
could have taken place. In this case an intraindi
vidual predisposition might exist, which could 
explain why a rather rare event should occur 
twice in the same patient. Alternatively, a possi
bly external leukemogenetic effect is able to 
transform more than one cell. In a primary 
phase the cell clone with the higher proliferation 
rate overgrows all other cells. This cell line 
chraracterized by the abnormal karyotype could 



be destroyed by the first chemotherapy while a 
second cell clone resists the therapy and 
emerges at a later time. 

References 

1. Bloomfield CD, de la Chapell A: Chromosome 
abnormalities in acute nonlymphocytic leukemia: 
clinical and biological significance. Semin Oncol 
(1987) 14: 372 

2. Fialkow ER, Singer JW, Raskind WH et al: Clonal 
development, stem cell differentiation and clinical 
remission in acute nonlymphocytic leukemia. N 
Engl J Med (1987) 317: 468 

3. Bartram CR, Ludwig WD, Hiddemann et al: Acute 
myeloid leukemia: analysis of ras gene mutations 
and donality by defined, X-linked loci. Leukemia 
(1989) 3: 247 

4. Poter A, Watmore AM: Cytogenetics in myeloid 
leukemia. In: Human cytogenetics, a practical 
approach, Volume II. Edited by; Rooney DE and 
Czepulkowski BH, 1992. IRL Press 

5. Gibbons B, Czepulkowski BH: Cytogenetics in acute 
lymphoblastic leukemia. In: Human cytogenetics, a 
practical approach, Volume II.Edited by: Rooney 
DE and Czepulkowski BH, 1992. IRL Press 

6. Bain BJ, The role of cytogenetics in the assessment 
of hematological disorders. In:Human cytogenetics, 
a practical approach, Volume II. Edited by; Rooney 
DE and Czepulkowski BH, 1922. IRL Press 

7. Flactif M, Lai )L, Preudhomme C, Fenaux P: FIou
rescence in situ hybridization improves the detec
tion of monosomy 7 in myelodysplastic syndromes. 
Blood (1994) 8: 1012-1018 

8. Arthur DC, Bloomfield CD: Banded chromosome 
analysis in patients with treatment-associated acute 
non lymphoblastic leukemias. Cancer Genetics and 
Cytogenetics (I 984) 13: 189-198 

59 



Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et a!. (eds) 
© Springer-Verlag Berlin Heidelberg 1997 

Cytogenetic Findings of Acute leukemias in the Ukraine 

S. Andreeva\ S. Donskaya', A. Galanthal , O. Ryzak2, and A. Nadgornaya3 

Introduction 

The role of specific structural abnormalities in 
the definition of subvariants in acute leukemias 
and estimation of prognosis for individual 
patients is well known [1, 2]. The value of 
numerical karyotypic characteristics, especially 
hypo- and hyperdiploidies as important criteria 
for prognosis in All and AML is also known [3]. 

There are some data about the incidence of 
near-tetraploidy in patients with different forms 
of acute leukemias. Our aim was to estimate the 
frequency of such phenomena among our 
patients with ALL and AML. 

Materials and Methods 

Bone marrow and peripheral blood specimens 
of 26 children and 9 adult patients with acute 
leukemias from the Kiev region were examined 
cytogenetically at diagnosis and, for 3 children, 
in relapse. Pediatric patients' ages ranged 
between 0.3 and 13 years (mean, 7.3), and the 
male: female ratio of 18:11. Adult patients' ages 
ranged between 23 and 73 years (mean, 48.8). 
Different ALL subvariants were identified by 
cytochemical investigation and immunopheno
typing. F AB variants of AML were established 
using mainly morpho-cytochemical procedures. 

Chromosome analysis was carried out on 
unstimulated bone marrow and peripheral blood 
cells, which were incubated in RPM I 1640 and 

20% FCS for 24 h culture. The cell suspension 
was brought to hypotonicity with KCI (20 min) 
and fixed in methanol-acetic acid (3:1). Then the 
suspension was washed four or five times. The 
cells were pipetted onto cold wet slides to spread 
metaphases. G-banding was done after trypsin 
pretreatment (1-3 s) 7 days later. 

The investigation was based on the analysis 
of at least five metaphases. The subsequent 
karyotyping followed the recommendations of 
the ISeN [4]. To be accepted as clonal, a chro
mosomal rearrangement or gain had to be 
detected in two cells, and monosomies had to be 
present in three cells. The percentage of hypo
tetraploidy was determined by scanning at least 
50 metaphases with calculation of mean range. 

Results 

Five of the pediatric patients with newly diag
nosed ALL (nos. 3,5,6,7, 14) showed a normal 
karotype. In three patients with common ALL 
mosaic chromosomal patterns were found: a 
hyperdiploid and a normal clone (nos. 4, 8, 19) 
(Table 1). The technical quality did not allow 
identification of all of the supernumerary chro
mosomes. In two patients with B-ALL (nos. 2, 
16) t(8;14)(q24;q32) were detected (Fig. 1). One 
of them (no. 16), had an additional abnormality 
- deletion of the long arm of chromosome 6, 
which was found as a sole change in one case of 
pre-B-ALL (no. 9). A patient with O-ALL (no. 10) 
showed t(4;11)(q21;q23). 

IKiev Research Institute of Hematology and Blood Transfusion, Kiev, Ukraine 
'Kiev Institute of Medical Training, Kiev, Ukraine 
'R.E. Kavetsky Institute of Experimental Patology, Oncology and Radiobiology, Academy of Sciences, Ukraine 
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Fig. 1. Partial G-banded karyotypes from patients with ALL 

In five cases of the total ALL group (27.0%) 
(nos. 4, 12, 17, 21, 23) we found a hypotetraploid 
clone and the fluctuation was from 10.4% to 
47.1% (mean: 21.5%)(Fig. 2; Table I). Eight pa
tients with AML in the pediatric group had M2, 
M3, M4 and M6 FAB variants (Table 1). 
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In one case of M2 AML (no. 24) a specific 
structural abnormality, t(8;21)(q22;q22) (Fig. 3), 
was shown. Both patients with M3 (nos. 13, 20); 
showed t(15;17)(q22;qIl), one of them (no. 20) 
had an additional clone with trisomy 8. One 
patient with M4 (no. 25) had del(16)(q22) and 
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Fig. 2. Hypotetraploid G-banded karyotype of bone marrow cell from an AML patient with 90, XXYY, - 3, - 18 

was classified as M4eo. A patient with M6 
(no. 22) showed a combination of two structural 
abnormalities which was discussed separately. 

In four cases of AML (50.0%) (nos. 11, 18,22, 
24) a hypotetraploid clone was found. The fluc
tuation was from 8.0% to 21.4% (mean: 4.2%). 

The adult AML group consisted of three 
patients with M2, one with M3 and five with M4 
disease (Table 2). 

One case of M2 (no. 4) showed two clones 
with hypodiploidy and hypotetraploidy; in 
the other (no. 7), deJ(5)(q31q33) was registered. 
The patient with M3 had typical t(l5;17) 
(q22;qll), and among the M4 cases two showed 
anomalies of chromosome 16:del{I6) (q22) 
(no. 5) and inv (l6)(p13q22) (no. 2); one dis
played t(6;9) (p23; q34), ?l7 (no. 6), and one had 
normal karyotype (no. 8). 

In four of all nine cases (nos. 1,3,4,9) 
(44.4%) a hypo tetraploid clone was found with 
fluctuation from 6.7% to 14.0%(mean:9.4%). 

Relapse 

We also investigated three cases of ALL in 
relapse (Table I). The first one (late bone mar
row relapse; no. 28) showed t(9;22)(q34;qll). In 
the second (early bone marrow relapse; no. 27) 
the mosaic karyotype was detected: normal and 
hyperdiploid clones. The third one (early bone 
marrow relapse; no. 29) had a complex 
rearrangement: del(l)(q23), i(I7q), robertsonian 
translocation-der(l3;21)( q 10;q 1 0) and an addi
tional hypotetraploid clone. 
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Fig. 3. Partial G-banded karyotypes from patients with AML 

Treatment 

Children with non-B-ALL were treated accord
ing to a modified BFM-ALL-90 protocol, except 
one infant with O-ALL, who received no cytosta
tic therapy. All those treated achieved complete 
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remission, and only one child (no. 4) had late 
bone marrow relapse and died during treatment 
according to the BFM-ALL-Rel. protocol. 

B-ALL was treated using the B-NHL-BFM-90 
protocol, and all patients achieved remission. 



Table 2. Results of chromosomal analysis and clinical outcome of adult patients with AML at diagnosis 

Patient Code Sex Age Karyotype Percentage Remission Overall Variant of 
no. (years) of near- survival disease 

tetraploidy (months) 

1993 

318 23 46,XXt(l5; 17)( q22;q 11) 11,0 0 M3AML 
2 322 70 46,XX,inv( 16)(p 13q22) 0 + 14,0 M4AML 

1994 

408 73 46,XX 6,7 2,0 M4AML 
4 410 33 33-38 14,0 1,0 M2AML 
5 411 m 27 46,XY,del(l6)( q22) 0 1,5 M4AML 
6 418 m 66 46,XY,t( 6;9)(p23;q34),?l7 0 1,0 M4AML 
7 420 38 46,XX,del(5)( q31 ;q33) 
8 423 55 46,XX 
9 425 54 46,XX,del(11)(q21q23) 

The pediatric group of AML received a stan
dard scheme of cytostatic therapy following the 
BFM-AML-78 protocol. Complete remission was 
achieved in six patients: one girl (no. 22) with 
M6 was completely resistant to chemotherapy 
and died of leukemia progression. One patient 
with M3 (no. 20) died after achievement of com
plete remission of hemorrhagic complications, 
and in one case of M2 (no. 26) only partial bone 
marrow remission was achieved after the induc
tion course. 

All adult patients were treated by combina
tions of Ara-C anthracyclines (in medium 
doses): ("7+3" scheme), but remission was 
achieved only in one case (no. 2). 

Discussion 

Robertsonian translocation t( l3;21)( q 1 O;q 10) in 
a child with common ALL is a very rare abnor
mality in hematopoietic malignancy [5]. This 
investigation revealed a very high incidence of 
hypotetraploidy among newly diagnosed cases 
of acute leukemia. It was connected with ALL of 
children and AML of both children and adults. 
In some cases the hypotetraploidy was regis
tered in the clone with specific structural abnor
malities, but in the others it was seen as an 
additional clone. 

We could not conclude that this type of cyto
genetic abnormality had a prominent influence 
on remission rate and overall survival because 
of the small numbers of patients in each group; 
but we intend to prolong observation and to add 
additional patients. 

0 0,1 M2AML 
0 1,0 M4AML 
6,0 0 M2AML 

In the literature, the usual frequency of near
tetraploidy among patients with acute leukemias 
< 1.0% in pediatric ALL patients [6] and 2.0% in 
adults [7]. Near-tetraploidy in children has been 
associated with a reduction in therapy suc
cess[8]. Our investigation has shown very high 
incidences of such karyotype abnormality in 
both groups of patients. Additonally, near
tetraploidy is tending to increase in frequency 
from year to year (1992-1994). 

Published data on chromosomal analysis in 
blast -transformed peripheral blood lymphocytes 
show that the frequency of near-tetraploidy in 
people living near Tchernobyl is higher than 
that in people living further from Tchernobyl 
[9]. All our patients lived near the Tchernobyl 
catastrophe zone. 
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Detection of Minimal Tumor Cell Populations by FICTION 

j. Deerberg, A. Rosenwald, K. Weber-Matthiesen, and B. Schlegelberger 

Abstract. Sensitive techniques for the detection of 
minimal tumor cell populations are gaining in 
importance. In hematological disorders they are 
required for monitoring residual disease after 
therapy, detection of minimal bone marrow 
infiltration by malignant lymphoma cells and 
exclusion of tumor cell contamination after 
leukapheresis. The applicability of the combina
tion of immunophenotyping and interphase 
cytogenetics, the FICTION technique, to detec
tion of minimal tumor cell populations IS 

demonstrated in a case of Hodgkin's disease. 

Introduction 

Sensitive techniques for the detection of mini
mal tumor cell populations are gaining in 
importance. In hematological disorders they are 
required for monitoring residual disease after 
therapy, detection of minimal bone marrow 
infiltration by malignant lymphoma cells and 
exclusion of tumor cell contamination after 
leukapheresis. 

The use of the sensitive PCR technique is re
stricted to tumors with defined structural chro
mosome aberrations. Its application depends on 
the availability of DNA primers specific for the 
chromosome aberration to be analyzed. Since 
only primers for some common structural chro
mosome aberrations are available to date, this 
technique is restricted to a limited number of 
cases. 

Fluorescence in situ hybridization (FISH) [1] 
appears suitable for tracing tumor cells with 

numerical chromosome aberrations. However, 
the sensitivity of FISH is limited: its detection 
limit ranges from 1-2% for cells with chromo
some gains to 10-20% for cells with chromo
some losses. The reason is that also a 
considerable portion of normal control cells 
contain irregular hybridization signal numbers 
due to artificial hybridization. Therefore, reli
able results cannot be obtained using the FISH 
technique in cases with a low number of malig
nant cells, as found in minimal residual disease. 

A solution to this problem could be to selec
tively analyze cells with tumor cell-associated 
immunophenotype by FISH. Physical enrich
ment of tumor cells with a certain immunophe
notype, e.g., by FACS sorting, and subsequent 
FISH analysis is possible but too time consum
ing in routine diagnostics. 

We suggest our new technique of combined 
immunophenotyping and interphase cytogenet
ics analysis (FICTION) [2-5] as a reasonable 
and less intricate alternative. By FICTION, cells 
with a tumor cell-associated immunophenotype 
are recognized by fluorescent immunostaining 
and, at the same time, studied for certain 
chromosome aberrations by FISH. If the im
munophenotype of the tumor cells differs con
siderably from that of the normal cell 
population, tumor cells can be analyzed exclu
sively. In this way the detection limit of FISH 
may be overcome. 

The applicability of FICTION was demon
strated in a case of Hodgkin's disease. Similar to 
minimal residual disease, the portion of tumor 
cells was very low ( < 0.5% of total cells). 

Department of Human Genetics, University of Kiel, Germany 
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Materials and Methods 

Cytospin slides were prepared from a lymph 
node biopsy of a 23-year-old woman with 
Hodgkin's disease, lymphocyte predominant 
subtype, and stored at - 70°C. After thawing, 
cytospin slide preparations were fixed in ace
tone for 10 min at room temperature and incu
bated with monoclonal anti-CD30 antibody 
(Dakopatts, Hamburg). CD30 was visualized by 
a three step sequential incubation with Cy3-con
jugated secondary antibodies (Jackson, West 
Grove, Pa.). All incubations were followed by 
three 2 min washes in phosphate buffer (0.1 M 
NaH,PO., 0.1 M Na,HPO., pH 8). Polyclonal 
antibodies were diluted 1:200 in PNM buffer 
(5% non-fat dry milk, 0.02% Na azide in phos
phate buffer). For preserving the immunostain
ing, slides were fixed for 1 min in 1 % 
paraformaldehyde and 10 min in ice-cold 
Carnoy's fixative (methanol:glacial acetic acid, 
1:3). After a brief wash in phosphate buffer, the 
slides were dehydrated in a 70%, 85% and 100% 
ethanol series. For in situ hybridization, 1 III 
hybridization mixture (I ng ofbiotinylated chro
mosome 12 probe Dl2Z1, 50 ng sonicated 
salmon sperm DNA and 10% dextran sulfate in 
60% formamide, I x SSC) was placed on the cell
containing area of the slide and covered with a 
round coverslip (8 mm diameter). After sealing 
with rubber cement, the slides were denatured 
at 73°C for 5 min and hybridized at 37 °C for 
2 h. Hybridization was followed by three 
5 min washes in 50% formamide, 2 x SSC, pH 
7.4 at 45°C. After equilibration in phosphate 
buffer, the detection of the biotinylated probe 
was performed with FIIC-conjugated avidin 
(Jackson). Detection can be amplified with a 
biotinylated goat anti-avidin antibody (Jackson) 
in the first step and FITC-conjugated avidin in 
the second step, and further by repetitive em
ployment of steps one and two. Each step was 
followed by a brief wash in phosphate buffer. 
The antibodies were diluted 1:200 in PNM 
buffer. Finally, the slides were mounted in 
antifade solution (90% glycerol in phosphate 
buffer containing 23 mg/ml DABCO, Sigma, 
Deisenhofen, Germany). Microscopic evaluation 
was carried out with a Zeiss Axiophot micro
scope with appropriate filter sets for the fluores
cence dyes (00 for Cy3, 09 for FITC). 
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Results 

We performed FICTION analysis in a case of 
Hodgkin's disease to demonstrate that tumor 
cell populations ofless than 0.5% can be detect
ed by this method. Results are shown in Figs. 1 
and 2. The CD30-positive Hodgkin and Reed
Sternberg (HRS) cells are clearly marked by the 
(red) Cy3 fluorescence. Thus, single CD30-posi
tive cells against a background of bystander 
lymphocytic cells are easily detected. CD30-pos
itive and -negative cells can clearly be distin
guished. The (green) hybridization signals 
corresponding to the centromeric region of 
chromosome 12 are visible within the nuclei. 
The CD30-positive cells contain four copies of 
chromosome 12. All hybridization signals could 
be detected at microscopic analysis by focus
sing. Since some hybridization signals are at dif
ferent focus levels, not all signals could be 
photographically documented. Background 
staining was minimal in our preparations. 

Discussion 

By means ofFISH with centromeric DNA probes, 
numerically aberrant tumor cells can be identi
fied by the number of hybridization signals. This 
holds particularly true in cases of Hodgkin's dis
ease, since the malignant HRS cells often contain 
complex aberrations with irregular chromosome 
numbers [6]. On the other hand, the number of 
HRS cells is often far below 1 % of total cells. 
Even if single cells with irregular hybridization 
signal numbers can be identified by the FISH 
technique within an overwhelming mass of reac
tive or normal cells they need not necessarily be 
malignant: even in normal tissue, cells with 
irregular hybridization signals (up to 2%) due to 
artificial hybridization can be found by FISH. 

In Hodgkin's disease this problem can easily 
be overcome, since the malignant HRS cells 
strongly express the CD30 antigen, which is only 
rarely expressed on lymphocytic bystander cells. 
With the simultaneous demonstration of im
munophenotypical and cytogenetic features 
(FICTION), even very low numbers of malig
nant cells ( < 0.1 %) can selectively be studied. 

We presented the application of our FIC
TION technique in a case of Hodgkin's disease 
to clearly demonstrate that FICTION is a power
ful tool for detecting minimal tumor cell popu
lations with a certain tumor-associated antigen. 
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Fig. 1. FICTION technique in a case of Hodgkin's disease, lymphocyte predominant subtype. Cytocentrifuge 
slides were prepared from a lymph node suspension. Immunostaining against C030, interphase cytogenetic 
analysis with centromeric chromosome 12 probe. In Hodgkin's disease, the malignant Hodgkin and Reed
Sternberg (HRS) cells strongly express the C030 antigen. They usually make up much less than 1 % of the lymph 
node cells. The microphotograph shows two HRS cells (arrows), positively immunostained for C030, which are 
surrounded by more than 500 C030-negative lymphocytes (DAPI-stained nuclei). At this low magnification the 
hybridization signals for chromosome 12 within the nuclei are not visible. The upper HRS cell is shown at higher 
magnification in Fig. 2 

Fig. 2. C030-positive HRS cell from Fig. 1 at higher magnification. Both immunophenotype and hybridization 
signals for chromosome 12 (arrows) are clearly visible. The HRS cell contains four chromosomes 12, whereas the 
bystander lymphocytes show exclusively regular signal numbers. Note that some signals are out of focus 
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Fig. 3. CDl9-positive lymphocyte from a case of ALL with the Philadelphia translocation t(9;22). The strong 
immunostaining of the cell for CD19 is clearly visible. Surrounding lymphocytes stained negative. Hybridization 
was performed with cosmid DNA probes for chromosomes 9 and 22. The cell contains one copy of chromosome 
9 and one copy of chromosome 22 (open arrows). The filled arrow points at the Philadelphia chromosome t(9;22) 
composed of parts from chromosomes 9 and 22 

This situation mostly pertains in some cases 
of minimal residual disease: tumor cells in com
mon acute lymphatic leukemia (c-ALL), for 
example, which typically have a hyperdiploid 
karyotype with gain of different chromosomes, 
are usually CDlO-positive. This antigen is not 
expressed on peripheral blood cells. Thus, 
employing FICTION with an antibody against 
CDIO and a DNA probe for a numerically aber
rant chromosome, minimal fractions of malig
nant cells can be detected within smears or 
cytospin slides prepared from peripheral blood. 

New developments in the field of interphase 
cytogenetics have extended the applicability of 
FISH to the detection of structural chromosome 
aberrations. This is true for the highly specific 
DNA probes, e.g., cosmids or YAC (yeast artifi
cial chromosome)-generated DNA probes that 
enable the identification of structural chromo
some aberrations like t(9;22) in chronic myeloid 
leukemia and some cases of acute lymphatic 
leukemia (ALL) (Fig. 3), or t(14;18) in cb-cc 
lymphoma within interphase cells. Using these 
DNA probes suitable for the detection of struc
tural chromosome aberrations, FICTION can 
also be applied in cases of CML or cb-cc lym
phoma to detect small tumor cell populations 
after therapy. 
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A Cloning Strategy to Identify Genes that Functionally Interact 
with Bcr-Abl for Transformation 

S. Mahlmann ', D.E.H. Afarl, J. McLaughlin', A. Gaga', and O.N. Witte '·2,] 

Abstract. We have developed an expression 
cloning system to identify genes which function
ally interact with Bcr-Abl for transformation. 
This system is based on a complementation 
strategy we used recently to define the signaling 
pathways activated by the Bcr-Abl tyrosine 
kinase. Point mutations were generated in 
domains of Bcr-Abl that may playa role in con
necting its tyrosine kinase signal to downstream 
effector molecules. Hyperexpression of c-Myc, a 
gene known to act downsteam of a Bcr-Abl sig
nal, was able to rescue one of these mutants. 
Based on this complementation, we developed 
an expression cloning strategy to identify un
known downstream genes in the complex 
signaling network of Brc-Abl. A lymphoid 
progenitor eDNA expression library was con
structed in a retroviral vector and introduced 
into fibroblasts stably expressing a Brc-Abl 
point mutant. eDNA clones capable of comple
menting a mutant for transformation should 
result in colony formation in soft agar. We have 
obtained numerous colonies in several assays. 
PCR analysis of the genomic DNA from trans
formed fibroblasts revealed different eDNA 
inserts varying in size between 0.5 and 3 kb. 

Introduction 

Since the discovery of oncogenes as mutated 
forms of normal cellular counterparts, it has 
been suggested that cancer is the result of an 

alteration of a normal signal. A key to under
standing cancer is to elucidate how signaling 
molecules functionally relate to each other with
in the cell to cause oncogenesis. For instance, 
signal pathways induced by the Bcr-Abl tyrosine 
kinase oncogene are involved in the pathogene
sis of Philadelphia chromosome-positive leuke
mias [I]. Bcr-Abl is the result of a reciprocal 
translocation of chromosomes 9 and 22, which 
results in the fusion of two cellular genes encod
ing Bcr and Abl [2-4]. The resulting fusion gene 
encodes an activated protein tyrosine kinase. 
Two fusion proteins are detected in nature, P210 
Bcr-Abl and PISS Bcr-Abl. In general, P210 is 
associated with chronic myelogenous leukemia 
(CML) and PISS, which exhibits higher tyrosine 
kinase activity than P210, is associated with the 
more aggressive acute lymphocytic leukemia [5]. 

We describe here an expression cloning sys
tem to identify genes which functionally interact 
with Bcr-Abl for transformation. This sytem is 
based on a complementation strategy we used 
recently[ 6] to define the signaling pathways acti
vated by the Bcr-Abl tyrosine kinase. Point 
mutations were generated in domains of Bcr
Abl that may playa role in connecting its tyro
sine kinase signal to downstream effector 
molecules. The mutants were introduced into 
rat-I cells by retroviral infection [7]. Single 
point mutations in the Src-homology (SH2) 
domain, the major tyrosine autophosphoryla
tion site of the kinase domain, and the Grb-2 
binding site in the Ber region impaired the 

I Department of Microbiology and Molecular Genetics, University of California-Los Angeles, Los Angeles, 
CA 90095-1662, USA 
2 Molecular Biology Institute, University of California-Los Angeles, Los Angeles, CA 90095-1662, USA 
'Howard Hughes Medical Institute, University of California-Los Angeles, Los Angeles, CA 90095-\662, USA 
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transformation of fibroblasts by Bcr-Abl. 
Hyperexpression of c-Myc, a gene known to act 
downstream of a Bcr-Abl signal [8], was able to 
rescue only the SH2 mutant for transformation. 
Transformation resulted in colony formation in 
a soft agar assay [5]. 

The ability of c-Myc to differentially comple
ment the Bcr-Abl point mutants signified that at 
least two different signaling pathways are gener
ated by Bcr-Abl. In principle, every downstream 
gene in the complex signaling network of Bcr
Abl should complement at least one Bcr-Abl 
mutant for transformation. Colony formation in 
soft agar can therefore be used as a functional 
assay in an expression cloning approach to 
screen for novel genes complementing a Bcr-Abl 
mutant for transformation. This approach 
involves cDNA library transfer into fibroblasts 
and phenotypic selection of these cells over a 
period of several weeks. Traditionally, expres
sion cloning techniques rely on cDNA trans fec
tion methods [9-11]. The most significant 
limitation in the use of stable transfection meth
ods in fibroblasts [12-16] are the low efficiencies 
of eDNA tranfer and expression. To circumvent 
these problems, we adopted a retroviral cloning 
strategy orginally described by Rayner and 
Gonda [17]. Retroviral vectors have been shown 
to transfer and express cDNAs in mammalian 
cells with high efficiences [17, 18]. This includes 
gene transfer into fibroblasts [ 19]. We therefore 
constructed a retroviral lymphoid progenitor 
cDNA library. Retroviral stocks were generated 
and used to infect rat -1 cells, which express a 
transformation-defective mutant of Bcr-Abl. 
The infected cells were plated in soft agar and 
screened for colony formation. We obtained 
numerous colonies in several assays, indicating 
a panel of complementing cDNAs. This retrovi
ral cloning system should also be useful for 
identifying downstream genes in signal path
ways initiated by other oncogenes. 

Material and Methods 

cDNA Synthesis and Cloning 

'Poly (At RNA was prepared from lymphoid 
progenitor cells using guanidium thiocyanate, 
cesium chloride centrifugation, and oligo (dt) 
cellulose chromatography [20]. cDNA was syn
thesized [21] from 5 Ilg poly (A)+ RNA using 
oligo (dt) primers. The blunt-ended eDNA was 
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ligated to Eco RI adaptor (Promega) using the 
RiboClone Eco RI Adapter Ligation System 
(Promega) and following the recommendations 
of the suppliers. The cDNA was passed through a 
Sephary S-400 spin column (Pharmacia) to select 
for eDNA fragments greater than 500 bp. The 
size-selected cDNAwas ligated into the Eco RI 
side of the retroviral vector pSRaMSVtk. 
Construction of pSRaMSVtkneo has been 
described elsewhere [8]. The neofragment was 
removed by Xbal digestion and vector religation. 
After ligation, the reaction mixture was phenol
extracted and ethanol-precipitated in the pre
sence of 20 Ilg glycogen (Boehringer). After 
washing the pellet was resuspended in 10 III 
10 mM MgCl, in preparation for electroporation. 

Amplification ofthe Library 

Aliquots of 1 III (ca. 5 ng) of the resuspended lig
ation mixture were electroporated in to E. coli 
DA5a using a Gene Pulser apparatus (Bio Rad). 
The electroporated cells were grown for 1 h at 
37°C in 1 mt SOC medium [20], plated out on 
150-mm LB-ampicillin plates (100 Ilg ampicillin 
per milliliter), and grown overnight at 37°C. The 
cell density was 5000 per dish and 200 dishes 
were plated. Every ten dishes were pooled, and 
the cells were pelletized. supercoiled plasmid 
DNA was prepared from the pellet by alkaline 
lysis followed by purification on a CsCI 
Buchstabe gradient [20]. 

Preparation of Virus Stocks 

Retrovirus stocks were prepared by transient 
transfection of 293T cells as described (22). 
Supernatant of 293T cells was collected at a rate 
of 5 ml every 8 h from 36 h after transfection 
until 60 h after transfection. 

Generation of Indicator Lines 
and Soft Agar Colony Assay 

Rat-1 cells expressing a Bcr-Abl mutant were 
generated as described [6]. Briefly, rat-1 cells 
were infected with helper-free retrovirus con
taining a Bcr-Abl cDNA mutant. The cells were 
selected in G418 (0.5 mg/ml) for 3-4 weeks. All 
indicator lines were maintained continuously in 
G418 to prevent the growth of cells that might 
have deleted the retroviral construct. The indi
cator lines were plated at a density of 2 x 105 

cells per IS-em' dish overnight. The cells were 



then infected with the retroviral eDNA stocks. 
Infection was performed for 3 h at 37°C, using 
3 ml virus stock with 8 ug/ml polybrene. Forty
eight hours later, infected cells were plated 
in agar [23] at a density of 106 per 1O-cm2 dish in 
triplicate, dishes were refed at 1 week and scre
ened for colonies at 4 weeks. 

Recovery of Complementing Retrovirus 

Transformed colonies were expanded in liquid 
culture and superinfected with replication-com
potent Molony murine leukemia virus as 
described [24]. The rescued retrovirus was used 
to reinfect the indicator cell lines, which are 
subsequently plated in agar as described above. 

Genomic DNA Isolation 

Genomic DNA was isolated from cells using a 
proteinase K-sodium dodecyl sulfate procedure 
essentially as described by Hughes et al. [25]. 

Polymerase Chain Reaction 
of Genomic DNA Polymerase Chain Reactions 

(PCRs) with Illg genomic DNA were performed 
essentially as described by Saiki [26]. The 
primers used for amplification were CTC TGA 
GTG ATT GAC TAC CCA C, which corresponds 

to vector 5' LTR (position 549-570), and CCC 
CGA CTG CAT CTG CGT GTT C, which corre
sponds to the thymidine kinase promoter region 
(position 153-164). The reactions were per
formed in a Perkin Elmer Thermocycler for 30 
cycles, and the cycling parameters were denatu
ration at 94°C for 1 min, annealing at 58°C for 
1 min, and extension at 72°C for 3 min. The 
reaction mixtures were denatured at 94°C for 5 
min before cycling commenced, and a final 10 
min extension was added after cycle 30. 

Protein Analysis 

Expression of Bcr-Abl proteins was measured by 
Western analysis using the monoclonal anti
body pex5. Cell pellets were lysed in 10 mM Tris 
(ph 7.4) and 1% SDS at 100°C and analyzed as 
described [7]. 

Results and Discussion 

Outline of the Protocol 

An outline of the cloning strategy is shown in 
Fig. 1. It begins with the cDNA synthesis from a 
tissue that is appropriate for the isolation of the 
gene in question. The cDNA is cloned into a 
retroviral vector and amplified in E. coli. The 
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Fig. 1. Outline of the strategy for identi
fying eDNA clones that complement 
Ber-Abl mutants for transformation (see 
text for details) 
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retroviral vector encoding the eDNA library is 
cotransfected with Psi( -) ecotropic packaging 
vector into 293T cells to generate helper-free 
retrovirus. Viral stocks are used to infect rat-l 
cells, which express a transformation-defective 
mutant of Bcr-Abl. The infected cells are plated 
in soft agar and screened for colony formation. 
Colonies are expanded in culture and superin
fected with a helper virus to rescue the comple
menting retrovirus. The rescued retrovirus is 
used to rein feet native rat -1 cells and rat -1 cells 
expressing a transformation-defective mutant of 
Bcr-Abl. In this way a complementing gene can 
be distinguished from an activated oncogene or 
just background colonies. The complementing 
genes are recovered by PCR from the retroviral 
DNA integrated in the original cell population. 

Generation of a Lymphoid Progenitor eDNA Library 

The cDNA was synthesized from a lymphoid 
progenitor cell line. This cell line can be trans
formed by Bcr-Abl [27]. The eDNA was cloned 
into the Eco RI side of the pSRaMSVtk vector 
(for details see Materials and Methods). We elec
troporated the retroviral vector containing the 
eDNA into E. coli. Electroporated cells were 
grown for 1 h at 37°C in LB medium and plated 
out on LB-ampicillin plates. With this method 
we were able to generate a library of 2 x 106 

recombirants (1.5 x 107 ciones/llg DNA). Insert 
analysis revealed an insert frequency of 86%, the 
insert size varied between 500 bp and 6 kb. To 
amplify the library the transformed cells were 
plated on 15 em LB-ampicillin plates and grown 
overnight at 37°C. The bacteria had a density of 
5000/plate. The library was not further amplified 
in liquid culture, because these conditions would 
favor the growth of cells harboring plasmids 
with small or no inserts. Colonies from every ten 
dishes were scraped into LB medium, pooled, 
and plasmid DNA was prepared. In this way, we 
pooled the plasmid DNA of 50 000 independent 
colonies. Twenty different pools were generated. 

Generation of Retrovirus in 293T Cells 

The human embryonic kidney cell line 293T [28] 
is a retroviral packaging cell line analogous to 
COS cells. This cell line expresses the SV 40 large 
T antigen, which allows the amplification of 
plasm ids containing the SV 40 origin of replica
tion. The retroviral eDNA was cotransfected 
with Psi( -) ecotropic packaging vector into 293T 
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cells to generate helper-free retrovirus. We did 
independent transfections with retroviral eDNA 
from each pool to generate independent viral 
stocks. Each eDNA pool was used at least four 
times and we generated 80 different viral stocks. 
We used 293T cells for several reasons: (i) 293T 
cells are highly transfectable [22]; we routinely 
observe 80%-90% transfection efficiencies, 
compared to 10%-15% efficiencies for COS cells 
[7]. (ii) Viral titers generated in 293T cells after 
transient transfection are very high (106-107 

infectious units per milliliter of cell super
natant). By Western bolt analysis we have deter
mined that the highest viral titers for these cells 
are generated during the period from 36 h after 
transfection to 60 h after transfection (Fig. 2). 
Therefore, for 36 h after transfection, super
natant from 293T cells was collected at a rate of 
5 ml every 8 h. The supernatants from each col
lection were pooled and frozen. The viral titers 
were assessed by slot hybridization [20]. Viral 
RNA was prepared and deposited at different 
dilutions onto a nitrocellulose membrane in a 
filtration manifold. The blot was probed with an 
L TR probe and the auto radiographic signals 
were compared to a signal generated by v-Abl 
RNA of a viral stock with a titer of 106 infections 
per milliliter. As shown in Fig. 3, the cDNA-con
taining retroviral stocks have nearly the same 
titer as the v-Abl viral stock. 

The Bioassay 

Previously we have shown that hyperexpression 
of c-Myc efficiently restores transformation 
activity to the Bcr-Abl SH2 mutant [6]. The 
complementation of signaling-defective point 
mutations by downstream genes is the basis of 
our bioassay. Theoretically, every retroviral 
eDNA that codes for a downstream protein in 
the signaling network of Bcr-Abl should com
plement at least one Bcr-Abl mutant for trans
formation and should lead to colony formation 
in soft agar. However, in the original comple
mentation experiment, rat-l cells which express 
a transformation-defective mutant of Bcr-Abl 
were infected with a viral stock containing only 
the c-Myc eDNA. Therefore c-Myc is orders of 
magnitude more highly represented than any 
clone of interest in a retroviral sub library. Our 
initial concern was therefore whether the agar 
assay is sensitive enough to screen for single 
genes in a complex library. To test this, we start-



Fig. 2. Time course of virus production 
from 293T cells as determined by retro
viral expression of Bcr-Abl in infected 
rat-I cells. 293T cells were cotransfected 
with PI8S Bcr-Abl plasmid DNA and a 
Psi( -)ecotropic packaging vector. Super
natant was collected at different time 
points after transfection as indicated. 
Supernatant from each collection period 
was independently used to infect rat-\ 
cells. Rat-l cells were harvested 48 h 
after infection and analyzed by im
munoblotting with monoclonal anti
body to Abl (anti-Abl, pexS). Molecular 
size markers are indicated in kilodal
tons. The positions of PI8S Bcr-Abl and 
Pl4S C-Abl are indicated 

VIRAL STOCK 
NUMBER 

1 234 5 6 7 8 

P185 BCR·ABL ~ -----_ .. ·205 KD 

P145C.ABL~'-~ e. e _. -_. __ 

a. roIi __ ... _. _ ·116 KD 

VIRUS STOCK 
1=(NEO) 
2 
3 
4 
5 
6 
7 
8 

v-abl [A_ B_ 
c_ 

1 

2 

3 

4 

5 

6 

7 

[ A. 
B
e-

[
A_ 

B
C -

[~ 
[~ 
[~ 
[~ [: 

----
• --• -• -

COLLECTION PERIOD 
AFTER TRANSFECTION (HRS) 

36-41 
41-46 
46-56 
56·61 
61-66 
66·71 
71·76 

8 

9 

Negative Control 

A= UNDILUTED VIRUS 
B= 1:5 DILUTION 
C= 1 :20 DILUTION. 

PROBE IS A L TR 
SEQUENCE 

Fig. 3. Slot blot analysis of viral mRNA concentrations of independent stocks. The blot was probed with an LTR 
probe. The v-Abl stock that was used as a positive control had a titer of 10' infections/per milliliter. Each viral 
RNA was blotted in different concentrations as indicated 

ed with a pilot experiment. As an indicator cell 
line we used rat-l cells which express P 185 with 
a deletion in the SH2 domain. This mutation 
behaves in an identical fashion to P 185 with a 

point mutation in the phosphotyrosine binding 
site of the SH2 domain, but is less likely to revert 
back to wild-type Bcr-Abl than a point mutant. 
After G418 selection, rat-l cells expressing ~SH2 
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were infected with a c-Myc-containing retro
virus at different dilutions. An infection with the 
c-Myc virus stock diluted 1:1000 resulted in 
7 ± 3 colonies in soft agar after 4 weeks. In con
trast, infection with undiluted c-Myc virus 
resulted in more than 300 colonies after 3 weeks 
and led to acidification of the culture medium. 
Rat-l cells expressing P 185 LlSH2 which were 
superinfected with a retrovirus containing neo
eDNA did not form colonies in soft agar even 
after a cultivation period of 2 months. These 
data indicate that low representation of a com
plementing gene is still sufficient to lead to 
colony formation in soft agar. However, there is 
no final proof that complementation induced by 
rare messages can be detected in this way. On 
the other hand, the data show that expression of 
the Bcr-Abl mutant alone did not result in back
ground colonies. 

After this pilot experiment we tested the 80 
viral stocks in independent agar assays. Each 
assay was done in triplicate. As shown in Fig. 4, 
in most of the assays no colony growth was 
observed. However, in some assays between one 
and four colonies were detected. In these cases 
colonies grew at least in two of the three plated 
assays. 

We obtained a total of 50 colonies. They were 
isolated from the agar plates, grown in liquid 
culture, and some of them analyzed for the 
presence of a cDNA insert. To rescue the eDNA 
inserts we used a peR approach, as outlined in 
Fig. 5. The primers used were complementary to 
sequences in the 5' LTR and the TK promoter of 
the retroviral vector. peR fragments between 
3 kb and 500 bp were amplified. These data 
strongly indicate the utility of this retroviral 
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cloning approach to identify genes that function
ally interact with Bcr-Abl for transformation. 

Functional Identification of Complementing Genes 

To recover complementing retrovirus from 
transformed colonies and to determine the func
tion of the cDNA insert, transformed cells 
expanded in liquid culture will be superinfected 
with replication competent Moloney murine 
leukemia virus [24). Since only cDNAs from the 
library are contained within the retroviral 
genome, only library-derived eDNA will be res
cued by the helper virus. The rescued retrovirus 
will be used to re-infect rat-I cells expressing the 
SH2 mutant of Bcr-Abl, rat-l cells expressing 
the other P 185 point mutants and native rat-I 
cells. The strategy is outlined in Fig. 6. The 
advantage of this approach is that it provides a 
functional test for the genes of interest. In theo
ry, if the retrovirus encodes only a complement
ing gene for the SH2 mutant, the rescued virus 
should only transform cells in conjuction with 
the SH2 mutant. If the rescued virus can also 
transform cells expressing the other point 
mutants, then the retrovirus may encode a gene 
that is downstream of several signaling path
ways. If, however, the rescued virus is also capa
ble of transforming native rat -I cells, then the 
retrovirus most likely encodes an activated 
oncogene. 

Alternatively, the function of the eDNA 
clones can be determined after subcloning and 
sequencing of the peR fragments. Every clone 
with an open reading frame can be reintroduced 
in the retroviral vector and probed for comple
mentation with a Bcr-Abl mutant. 

Fig.4. Colony formation induced by different 
virus stocks. Rat-I cells stably expressing Pl8S 
I1SH2 were superinfected with retroviral stocks, 
each of them containing fractions of the eDNA 
library Eighty virus stocks were tested. The rat-I 
cells were plated in soft agar 48 h after infection 
and screened for colony formation after 4 weeks 



With the identification of downstream genes 
involved in Bcr-Abl signaling, we hope to gain 
an understanding of oncogenic signaling that is 
crucial to the development of therapeutic inter-

Fig. 5. Outline of the strategy for recov
ering complementing eDNA clones (see 
text for details) 

vention. Furthermore, the described method 
should be useful for delineating signaling path
ways generated by other oncogenes and signal 
transduction molecules. 
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Abstract. The elucidation of the genetic basis of 
various entities of acute leukemias has provided 
insight into the physiologic function in lympho
hematopoiesis and the transforming potential of 
genes involved in malignant transformation. 
Furthermore, specific genetic alterations/ chro
mosomal translocations are associated with dis
tinct biologic and prognostic characteristics and 
serve as criteria for stratification to risk adapted 
therapy in acute lymphoblastic leukemia (ALL). 
The t(4;11) leukemias are characterized by a 
unique epidemiology and specific biologic fea
tures. t(4;11) Pre-pre-B-ALL has an incidence of 
50%-60% in infant ALL with a preponderance 
in females, and an incidence of 5%-10% in pedi
atric and adult ALL. Immunophenotypically, 
this translocation is almost exclusively associat
ed with a pre-pre-B-ALL phenotype and coex
pression of the myeloid lineage-associated 
antigens CD15 and CDw65. Induction of differ
entiation into the myeloid lineage has been 
described, and it has been hypothesized that a 
common lymphoid and myeloid progenitor is 
transformed in t(4;11) pre-pre-B-ALL. Prog
nosis in infants has been dismal with 
chemotherapy alone. With intensification of 
postremission chemotherapy, prognosis may be 
more favorable in adults. MLL (ALL-I, Htrx, 
HRX) on 11q23, a potential DNA-binding pro
tein with homology to Drosophila trithorax, and 
AF4 (FEL) on 4q21, a gene encoding a serine/
proline-rich protein of unknown function, are 
fused by the 4; 11 translocation. MLL has been 
found to form fusion transcripts with at least 30 
other translocation partners in both ALL and 

AML and it has been termed the most promiscu
ous potential oncogene in leukemia. 11q23 
rearrangements occur in both de novo and sec
ondary acute leukemias, the latter especially 
upon exposition to topoisomerase II inhibitor 
treatment. The common feature of all MLL 
fusion transcripts in the disruption of 5' protein 
domains out of the physiological configuration 
and deletion of all or most of the zinc finger 
domains, which most likely transfers transform
ing potential to the fusion gene product. 
Genomic breakpoints within the MLL gene clus
ter within a small region of 8.3 kb. Various 
mechanisms may be involved in inducing MLL 
breaks such as recombinase, Alu-rich sequences, 
and inhibition of topoisomerase II. The latter 
mechanism mey be relevant in secondary acute 
leukemias upon topoisomerase II inhibitor 
treatment, as MLL breakpoints have been found 
to be localized preferentially in the vicinity of 
topoisomerase II binding sites in secondary 
leukemias. In the present overview, data will be 
presented regarding immunophenotyping of 
t( 4; 11) leukemias, the detection of the MLL-AF4 
transcript by RT-pcr. An analysis of MLL-AF4 
fusion transcripts in our series as well as in the 
literature shows that fusion transcripts are het
erogeneous due to various exon usage and dif
ferential splicing. MLL exon usage may differ 
between adult and infant t(4;11) ALL, with 
infants fusing 3' MLL exons rather than 5' exons 
to AF4. Whether these differences are associated 
with a different biology and prognosis in differ
ent age groups has to be investigated in a homo
geneously treated patient population. 

Division of Hematology, Department of Internal Medicine, University of Giittingen, Robert Koch Str. 40, 37075 
Giittingen, Germany 
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Introduction 

Acute lymphoblastic leukemias (ALL) represent 
a variety of heterogeneous biologic disease enti
ties which can be subdivided by the expression 
pattern of characteristic stage-associated differ
entiation antigens and by specific genetic aberra
tions detected by cytogenetic and molecular 
biology methods [1,2]. Pre-pre-B-ALL carrying a 
t(4;11) (q21;q23) is a biologically well-defined 
subset of ALL [3]. Epidemiologically this type of 
leukemia makes up about 50% of all ALL cases in 
infants under the age of 1 year, the incidence in 
children over the age of 1 year is estimated to be 
5%-6% and the incidence in adults about 10%. 
There is a preponderance of female patients in 
t(4;11) ALL [4-7]. Biologically t(4;11) leukemias 
are characterized by the coexpression of B-lym
phoid differentiation antigens and the myeloid 
differentiation antigens C015 and CDw65 [1,2]. 
The cell line RS4;11, which was the first t(4;11) 
cell line described, can be induced to differenti
ate into the myeloid cell lineage [8]. These data 
led to the hypothesis that a common B-lymphoid 
and myeloid progenitor cell undergoes malig
nant transformation in t( 4;11) leukemias. 

The genes involved in the t(4;11) transloca
tion have been characterized recently. The gene 
MLL (HRX, Htrx, ALL-I) is located on chromo
some llq23 and forms a fusion transcript with 
the gene AF-4 on chromosome 4q21. Both genes 
most likely represent DNA binding and transac
tivating genes whose physiologic function in 
normal human embryogenesis and lymphohe
matopoiesis remains to elucidated. The MLL 
gene contains functional domains as AT hooks 
for minor groove DNA binding and zinc fingers 
in the amino-terminal part of the protein. MLL 
is highly conserved between Drosophila, mouse, 
and man. In Drosophila it is involved in thoracic 
segmentation; in the mouse MLL may have a 
function in osteogenesis. The function of MLL 
in human embryogenesis and hematopoiesis is 
unknown. AF4 is a serine-proline-rich potential 
DNA-binding protein of unknown function 
[9-12]. 11q23 translocations occur in at least 30 
different fusion partterns, some of which have 
been characterized and sequenced, such as AF4 
at 4q21, AF-6 at 6p27, ENL at 19p13.3, ELL at 
19p13.1, AF-9 at 9p22, AF-17 at 17q25, and AF-X 
at Xq13 [13]. In addition to de novo acute 
leukemias, 11q23 translocations have been 
found in patients after topoisomerase II 
inhibitor therapy [14, 15] Interestingly, an intra-

genic duplication of MLL fusing exon 6 to a 
duplicated exon 2 to 6 cassette has been found 
in a significant number of AML cases [16]. The 
common feature of all fusion transcripts in 
disruption of 5' protein domains out of the phy
siologic configuration, which may lend trans
forming potential to the MLL fusion gene 
product. MLL fusion genes are not restricted to 
specific hematopoietic cell lineages; for example, 
the t(4;11) has been observed both in AML and 
ALL. Furthermore, MLL fusion genes do not 
show restriction to specific stages of differentia
tion; for example, MLL-AF4 fusion genes have 
been described both in pre-pre-B-ALL and in 
rare cases if c-ALL and pre-B-ALL. This review 
covers some of the biologic and molecular 
aspects oft(4;11) leukemias reported in the liter
ature and studied by our group (Table 1) with a 
focus on the various types of MLL-AF-4 fusion 
genes described so far. 

Composite Immunophenotype 
of MLL -AF4 Positive ALL 

T(4;11) leukemias almost invariably express the 
immunophenotype of pre-pre-B-ALL, i.e., coex
pression of B-Iymphoid differentiation antigens 
C019, CD22, and lacking surface expression of 
CDlO [2]. Furthermore, coexpression of CD15 
had been reported [1]. There is evidence that 
t(4;11) ALL frequently coexpresses the CDw65 
differentiation antigen [2,17]. In the latter study 
18 pre-pre-B-ALL carrying the MLL-AF4 fusion 
transcript and 26 pre-pre-B-ALL without the 
MLL-AF4 fusion transcript were stained with 
monoclonal antibodies detecting the CDw65, 
CD13, and CD33 antigens. Twelve of 18 MLL
AF4 positive pre-pre-B-ALL were CDw65 posi
tive, while 24 of 26 MLL-AF4 negative pre
pre-B-ALL were negative for the CDw65 antigen. 
None of the 18MLL-AF4 positive pre-pre-B-ALL 
coexpressed the myeloid differentiation antigens 
CD13 and CD33, while 3 of 26 MLL-AF4 negative 
pre-pre-B-ALL expressed these antigens. These 
studies suggest a good predictive value of 
CDw65 expression in pre-pre-B-ALL for the 
presence ofthe t(4;11) (Table 2). 

In our own series of pre-pre-B-ALL [18] 
(Table 1) 21 samples were stained with anti
CDw65; all 17 t(4;11) pre-pre-B-ALL were posi
tive for CDw65, while none of the 4 MLL-AF4 
negative pre-pre-B-ALL expressed the CDw65 
differentiation antigen. Twenty-three pre-pre-B-
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Table 2. Association of myeloid antigens and of 
CDw6S and CDIS with MLL-AF4 Fusion transcripts 
(from [27]) 

MLL-AF4+ MLL-AF' 

Myeloid antigens 
CDw6S- 12118 2/26 
CDB' 0118 3/26 
CD33+ 0/18 3/26 
CDw6S and CDlS 
CDw6S' 17117 0/0 
CDw65 0/0 4/4 
CDlS- 16/20 4120 
CDlS- 3/3 0/0 

'Selected for pre-pre-B-ALL. 
bSelected for pre-pre-B-ALL co expressing CDIS and 
CDw65 , 

ALL were stained with anti-CD 15: of the 20 
CDlS+pre-pre-B-ALL only 16 carried the t(4;11), 
while 4 of 20 CDlS+pre-pre-B-ALL were nega
tive for the MLL-AF4 transcript Furthermore, 
in three pre-pre-B-ALL negative for CDlS sur
face expression the MLL-AF4 transcript was 
detected (Table 2). In conclusion, our data sug
gest that CDw6S is a better discriminator for the 
presence of the t(4;II)/MLL-AF4 fusion tran
script than CDIS expression. The different 
results may be due to the fact that three-color 
flow-cytometry allowed us to lower the thresh
old for detection of a positive leukemic popula
tion to 5%. 

Detection of Fusion Genes in pre-pre-8-ALL 
Without Demonstration of t(4;11) 

In our series of 13 pre-pre-B-ALL with cytoge
netic demonstration of t(4;11) (group A) we 
detected a fusion transcript in all cases using an 
MLL exon 5 primer and an AF-4 exon c primer. 
Thus this primer combination may be able to 
detect all MLL-AF-4 fusion transcripts with high 
sensitivity (see Table I) 

Group B consisted of nine adult and one 
infant pre-pre-B-ALL selected upon pre-pre-B
ALL phenotype and coexpression of CDIS 
and/or CDw65 in whom either karyotype analy
sis was not carried out, no metaphases were 
obtained, or cytogenetics did not pick up the 
t(4;11) translocation. In nine of ten leukemias 
reverse-transcriptase polymerase chain reaction 
analysis demonstrated the transcription of a 

MLL-AF-4 fusion gene. Molecular methods thus 
detect the presence of t( 4; 11) in a significant 
number of pre-pre-B-ALL which are not detect
ed by cytogenetics in a multicenter setting. 
These results are in line with other large multi
center trials in which detection of a MLL 
rearrangement in cytogenetically normal ALL 
was found to be in the range of 30%-50% 
[4-6,19,20 J. 

Types of Fusion Transcripts 

The genomic breakpoints within the MLL gene 
are clustered in a small area of 8.3 kb between 
introns 5 and 9. Various genomic breakpoints 
and differential splicing leads to a number of 
various fusion transcripts that were observed 
both in our series (Tables 3, 4) and in those of 
others (Table 5). Of special interest is the fact 
that differential splicing of transcripts may 
occur in one individual leukemia, leading to 
more than one transcript. Differential splicing 
led to the detection of two MLL-AF4 transcripts 
in cases lA, 17, and RS4;11 and to that of three 
transcripts in case 1.2 (Table 4). The most fre
quently observed fusion sites were MLL exon 7 
in 10, exon 6 in 7, and exon 8 in 2 MLL-AF4 
transcripts. AF4 exon usage was not evenly dis
tributed, as exon a was found to be involved in 
16 MLL-AF4 fusion transcripts, while exon b 
was found only in 3 cases. Exon c usage seems to 
be rare; in our series no pre-pre-B-ALL was 
found to have this fusion. 

Interestingly, MLL exon usage in fusion sites 
was not evenly distributed with respect to age. 
All infant ALL MLL-AF4 transcripts used either 
exon 7 or exon 8, while 7 of 13 adult ALL used 
exon 6 (Table 3). No obvious age-related bias was 
detected relative to AF4 exon usage (Table 3). 

Table 3. Distribution ofMLL and AF-4 Fusion sites 

MLL e6 e7 e8 Total 

Infants 0 4 6 
Adults 7 6 0 13 
Total 10 19 

AF4' a b Total 

Infants 6 0 0 6 
Adults 10 0 13 
Total 16 0 19 

'AF4-exon assignment accouding to [18], [25], and 
this manuscript. 
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Table 5. Distribution ofMLL and AF4 Fusion sites (from [II, 17-23]) 

MLL Infants Children Adults Total 

n % n % n ~/o n % 

e6 10 34 2 28.5 18 51 30 42 
e7 5 17 3 43 16 46 24 34 
e8 14 48 2 28.5 3 17 24 
Total 29 41 10 

AF4 

ea 20 69 6 86 
eb 8 28 14 
ec 3 0 0 

Total 29 41 7 10 

A review of the literature analyzing MLL 
usage in all sequenced MLL-AF4 fusion tran
scripts reveals a trend toward 3' MLL exon 
usage in infant ALL, as 66% of all infant pre-pre
B-ALL cases use either exon 7 or exon 8, while 
51 % of all adult pre-pre-B-ALL show exon 6 
fusion sites. The difference in the usage of exon 
8 is striking, as 48% of all infant ALL display an 
exon 8 fusion while only 3% of adult ALL had an 
exon 8 fusion (Table 5) [11, 18-23]. Whether 
different exon usage reflects different genomic 
breakpoints cannot be answered at this time. 
However, the hypothesis that genomic break
points differ in infant and adult ALL is of inter
est in light of the significant differences in 
clinical outcome. Specifically, genomic break
points in infant pre-pre-B-ALL may be localized 
in the 3' area of the breakpoint cluster region in 
the vicinty of topoisomerase II binding sites and 
therefore may be similar to breakpoints 
observed in topoismerase II inhibitor induced 
secondary leukemias (see Rowley, this volume) 

Prognosis of Leukemias and Possible 
Relationship to Induction Mechanisms 

The prognosis of infant pre-pre-B-ALL carrying 
a t(4;11) seems to be dismal with chemotherapy 
alone [4, 5]. Pre-pre-B-ALL represents a high 
risk factor in the German adult ALL study. Since 
1993 adults diagnosed with pre-pre-B-ALL 
receive an intensive induction regimen with 
high-dose arabinose-C starting at week 5, and 
the prognosis of adult pre-pre-B-ALL carrying a 
t(4;11) has considerably improved [24]; see also 
Hoelzer, this volume). Whether different types 

35 49 71 100 

29 83 55 77 
5 14 14 20 

3 2 3 

35 49 71 100 

Table 6. Survival of MLL-AF4 , ALL and type of 
fusion transcript 

e6 
e7 
e8 

Infants 

3/5 
Oil 
3111 

Children 

1/2 
1/2 
011 

Adults 

5110 (5116) 
4/13 
010 

of MLL-AF4 fusion transcript may be associated 
with different outcomes is presently unclear. 
Therefore we asked whether 3' MLL exon usage 
("infant type" fusion transcript) is associated 
with a poorer prognosis than 5' MLL exon usage 
("adult type" fusion transcript). While 3 of 5 
infant pre-pre-B-ALL individuals with MLL 
exon 6 fusion transcripts were long-term sur
vivors, 8 of 11 infant ALL with MLL exon 8 
fusions died. Of 16 ALL adults carrying MLL 
exon 6 fusion transcripts to were treated after 
1991 and received high-dose arabinose-Co Five 
of these 10 ALL adults were long-term survivors 
(Table 6). These very premilinary data warrant a 
thorough analysis of treatment outcome relative 
to the types of fusion transcripts in a homoge
neously treated population. 
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Abstract. p16/MIS1 (multiple tumor suppres
sor)/CDK4I (cyclin-dependent kinase 4 inhi
bitor) is a putative tumor suppressor gene 
involved in carcinogenesis in a wide variety of 
tissues. Io study the involvement of the p16 
gene in leukemogenesis, we performed Southern 
blot analyses in chilhood acute lymphoblastic 
leukemia (ALL) DNA sample from 110 children 
with primary ALL (22 I-ALL, 88 precursor-B 
ALL) revealed homozygous deletions in 29/110 
cases (26%), and showed a significant associa
tion with the I-lineage [17/22 I-ALL (77%) ver
sus 12/88 precursor-B ALL (14%); 0.001]. 
Additionally, hemizygous deletions were obser
ved in 2 cases of I-ALL and 9 of precursor-B 
ALL. None of 19 cases with p16 deletions 
showed evidence of germline alterations. This 
study demonstrates that homozygous loss of the 
p16 gene represents the most frequent genetic 
alteration in childhood ALL, and suggests that 
inactivation of p 16 is a critical event in leuke
mogenesis. 

Introduction 

Significant progress has been made in our 
knowledge of the regulatory system of the cell 

cycle. Cyclin-dependent kinases (CDKs) phos
phorylate substrates that are critical for the 
transition between different cell cycle phases 
[1,2]. Numerous stimulatory and inhibitory sig
nals for cell division are coordinated by CDKs in 
co-operation with cyclins or CDK inhibitor pro
teins. One of the CDKs, CDK4, forms complexes 
with cyclin D1, and drives cells through G1 into 
S via phosphorylation of the Rb protein in late 
G1 phase [3]. A 16 kDa protein, p16, competes 
with cyclin Dl, inactivates the kinase function of 
CDK4, and thus regulates the cell cycle negative
ly [4]. Ihe p16 gene was mapped to chromo
some 9p21, where cytogenetic aberrations 
frequently occur in ALL [5] as well as various 
solid tumors [6-8]. In fact, the p16 locus is 
homozygously deleted or mutated in the majori
ty of tumor cell lines investigated thus far 
[9, 10]. This result suggests that the loss of pl6 
plays a pivotal role in carcinogenesis. Along the 
same line, homozygous deletions or mutations 
of the pl6 gene were recently reported in several 
types of primary tumors [11-14]. 

We report on Southern blot and polymerase 
chain reaction - single strand conformational 
polymorphism (PCR-SSCP) analyses of the p16 
gene in primary childhood ALL, and discuss the 
relation between the mutational pl6 status and 
clinical characteristics. 
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Materials and Methods 

Cells 

Bone marrow (BM) and peripheral blood (PB) 
were obtained after informed consent from 110 
children with ALL enrolled in the multicenter 
ALL trials ALLlNHL-BFM 86 and ALL-BFM 90 
of the German Berlin-Frankfurt-Miinster (BFM) 
study group. These patients were selected by the 
availability in the central laboratory of cryopre
served cell samples from initial diagnosis and 
partly complete remission for immunopheno
typing in addition to the needs of routine pro
grams. Cell-surface and cytoplasmic antigens 
were detected by a standard indirect or direct 
immunofluorescence assay, and the ALL sam
ples were classified according to their immu
nophenotypes, as previously described [15, 16]. 
The definitions for the immunophenotyping and 
subclassification of the ALL samples in this 
study were as follows: 10 precursor-B ALL (TdT 
and CDl9;+), 61 common ALL (TdT,CD19 and 
CDI0;+, cy-IgM;-), 17 precursor-B ALL (TdT 
CD19 and cy-IgM; +,CDlO; +1-, s-IgM;-), 7 
early T-ALL(TdT,CD7 and cy-CD3;+,CDl and s
CD3; -), 14 intermediate T-ALL (TdT,CDl and 
CD7;+), 1 mature T-ALL (TdT;+I-, s-CD3 and 
CD7; +,CDl; -). Leukemia cell samples con
tained more than 90% of blasts. 

Southern Blot Analysis 

High-molecular-weight genomic DNA was pre
pared from BM or PB cells. Ten micrograms of 
each DNA were digested with EcoRI, separated on 
0.6% agarose gel, and transferred onto nylon mem
branes (Nytran 13N; Schleicher & Schuell, Dassel, 
Germany). After hybridization the filters were 
washed and exposed on X-ray film using intensify
ing screens. A Kpnl fragment from the 3' half of 
exon 2 was isolated from a full length p16 cDNA 
and used as a probe [4]. The blots were hybridized 
with a 1.9-kb EeoRI fragment of Tal-l gene to 
ensure that equal amounts of DNA were applied 
on each lane [17]. Southern blot analysis was con
firmed by quantification of au-toradiographic sig
nals using a laser densitometer (illtrascan XL; 
PharmacialLKB, Freiburg, Germany). 

Polymerase Chain Reaction-Single Strand 
Conformational Polymorphism 

Each PCR reaction contained 25 ng DNA, 0.7 
pmol primers, 5 pmol dNTP, 0.5 U Taq DNA 
polymerase, 3 /lCi (a-"P)dCTP in 20 /ll speci
fied buffer with 1.5 mM MgCI2• Samples were 
amplified by 35 cycles of denaturing for 40 s at 
94°C, annealing for 30 s at 55°C, and extending 
for 2 min at 72°C in a programmable thermal 
controller. Primers for amplification of p16 were 
as follows: pI6-XIS4 (GGAGAGGGGGAGAACA
GACAACGG) and pI6-XIMTSAI (GCGCTAC
CTGATTCCAATTC) for exon p16X2S2 (ACCCT 
GGCTCTGACCATTCTGTTCT) and p16X2IAl 
(CAGGCATCGCGCACGTCCAG) for the 5 half 
of exon 2 and p16X2ISl (CTTCCTGGACAC
GCTGGTGGTGCTG) and p16X2A2 (GTA
CAAATTCAGATCATCAGTCC) for the 3 half of 
exon 2. One microliter of each reaction was 
added to 9 /ll formamide, denatured at 95°C for 
5 min, and subjected to electrophoresis through 
MDE gels O.T. Baker Inc, Phillipsburg, N], USA). 
The gel was dried and exposed on X-ray film. 

Statistical Analysis 

Differences in the distribution of variables 
among patients who did and those who did not 
have homozygous deletions of the p16 were ana
lyzed using Fisher's exact test for catergorical 
variables and the Wilcoxon rank sum test for 
continuous variables. 

Results 

Southern blot analysis showed that 17 of the 22 
T-ALL patients (77%, i.e, 6/7 early T-ALL and 
11/14 intermediate T-ALL) and 12 of the 88 pre
cursor-B ALL patients (14%) had homozygous 
deletions of the p16 gene (Fig. 1, Table 1). 
Hemizygous deletions of the p16 gene were 
found in 2 T-ALL and 9 precursor-B ALL sam
ples. The PCR-SSCP analysis of exon 1 and exon 
2 revealed that none of 54 samples exhibited p16 
point mutations. The matched normal DNAs 
obtained from these 54 ALL patients after suc-

91 



29 
R 0 

55 54 SO 18 
RDRDRDRD 

15 
R 0 

2 
R 0 

-PU 

-TAL1 

Fig.1. Southern blot analysis of the p16 gene in depresentative samples from children with acute 
lymphoblastic leukemia. Filters were hybridized consecutively with p16 and TAL-l probes. Homozygous dele
tions of the p 16 gene are observed in samples nos. 16, 36, 55. Hemizygous deletions are seen in samples nos. 2 
and 15. D, DNA obtained at initial diagnosis; R, DNA obtained in complete remission 

Table 1. Southern blot analysis of p16 gene in samples from 110 children with primary acute lymphoblastic 
leukemia (ALL) 

No. with homozygous 
p 16 deletion 

n % 

T-ALL 17 77 
Precursor B-ALL 12 14 
Total 29 26 

cessful induction of remISSIOn showed a 
germtine status of the pl6 gene. 

The clinical characteristics of the 97 patients 
from the multicenter ALL trials ALLlNHL 86 
and ALL-BFM 90 were compared with the muta
tional status of the pl6 gene (Table 2). 
Homozygous deletions of the pl6 gene were sig
nificantly more frequent in T-ALL samples (16 
of 20) than in precursor-B ALL samples (11 of 
77; p < 0.001). Patients with homozygous dele
tions of the pl6 gene were also older (p=0.03), 
had increased white blood cell counts (WBC) at 
diagnosis (p = 0.04), and more frequently had a 
mediastinal mass at presentation (p < 0.00l). 
However, logistic regression analysis revealed 
that only the T-cell phenotype was independent
ly associated with homozygous pl6 deletions. 
No statistically significant associations were 
found between homozygous deletions of the pl6 
gene and either gender or clinical course. 
Concerning the treatment outcome of these 97 
patients, 17 did not respond to therapy (relapse 
or failure remission): 5 of 27 patients with 
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No. with hemizygous No. withp16 Total 
p 16 deletion germline 

n % 

2 9 3 22 
9 10 67 88 

11 10 70 110 

homozygous deletions, 2 of 8 patients with hem
izygous deletions, and 10 of 62 without deletions 
ofp16 gene. 

Discussion 

A much lower frequency of p16 mutations was 
initially reported in primary tumors than in 
tumor cell tines, leading to speculation that p16 
mutations represent secondary events in tumor 
cell lines [18, 19]. Recent studies, however, have 
demonstrated that the p16 gene was also deleted 
or mutated in several types of primary tumors 
[11-14]. Here we show that homozygous dele
tions of the p16 gene are found in 29 (26%) of 
110 primary ALL samples. A remarkably high 
incidence (77%) is observed in T-ALL patients. 
None of 19 cases with pl6 deletions showed evi
dence of germline alterations of the p 16 gene. 
The frequency of homozygous p16 deletions is 
much higher than that of the interferon-o:, -~I 
genes which are also located in 9p21[20, 21]. 



Table 2. Clinical characteristics of97 patients with ALL and their mutational status of their p16 gene 

No. with No. with No. with p value 
Homozygous hemizygous p16 germline (homozyg. deletion 
p16 deletion p16 deletion vs germline) 

Total 27 8 
Sex 

Male 14 3 
Female 13 5 

Age (median, years) 6.3 4.6 
WBC median, x 10'/1 32.4 32.0 
T-ALL 16 
Precursor-BALL 11 7 
Mediastinal mass present 13 0 
Response ( ;;;, 10001~1 

blasts on day 8) 3 
Nonresponse or relapse 5 2 

Mutations of known tumor suppressors such as 
the p53 gene and Rb gene occur infrequently in 
ALL [22,23]. Cytogenetically, chromosomal 
deletions have been observed in ALL at 6q, 9p, 
12p, and 19p with frequencies of 8%-17%, 
7%-16%, 10%, and 9%, respectively [24]. Taken 
together, our data show that deletions of the p 16 
gene are the most frequent genetic alteration in 
primary ALL cells, particularly in T -ALL, report
ed to date, and suggest that inactivation of p16 
represents an important step in leukemogenesis. 

Eleven of 110 ALL samples had hemizygous 
p16 deletions. However, we found no point 
mutations at the second p16 allele in these cases. 
This suggests that the p16 might not be the sole 
target gene for the deletion event of chromo
some 9p, and an unknown tumor suppressor 
gene may lie near the p1610cus on 9p. 

The association of p16 deletions with various 
clinical and laboratory features was analyzed in 
97 patients. However, only the correlation 
between I-ALL and a homozygous deletion of 
the p 16 gene was statistically significant; the 
association of a deletion of p16 with increased 
age and an increased WBC at diagnosis might be 
due to the correlation of T-ALL with increased 
age and WBC at diagnosis. 

After completion of our investigation, 
homozygous deletions of the p16 gene were 
reported in four of 14 ALL samples by Ogawa 
et al. [25]. In the study of Hebert et al. [26], the 
p16 gene was homozygously deleted in 20 of 24 
T-ALL and 2 of 31 B-lineage ALL samples. 
Taken together, these data suggest that homozy
gous loss of the p 16 gene plays a crucial role in 
childhood ALL. 

62 

27 N.S. 
35 

4.3 0.03 
15.8 0.04 
3 <0.001 

59 
1 <0.001 

3 n.s. 
10 n.s. 
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CDKN2 Deletions in leukemia-Derived Cell lines: Detection by Fluorescence 
In Situ Hybridization with Interphase Cells 
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Abstract. Hemizygous and homozygous deletions 
of chromosomal band 9p21 have been detected 
in various tumor types as well as in more than 
20% of acute lymphoblastic leukemia. Recently, 
the CDKN2 gene (p16INK4A, MTS I, CDK4I) has 
been proposed as a candidate tumor suppressor 
gene because it is frequently deleted in cell lines 
derived from multiple tumor types. We exam
ined 18 leukemia-derived cell lines (13 T-ALL, 3 
B-cell-precursor ALL,I AML,I CML-blast crisis) 
by polymerase chain reaction and Southern blot 
analysis to further define the frequency and size 
of 9p deletions in hematological malignancies. 
Homozygous CDKN2 deletions were detected in 
16 cell lines (89%). Interphase fluorescence in 
situ hybridization (FISH) is a powerful method 
to detect chromosomal rearrangements, includ
ing submicroscopic deletions. Using a cosmid 
contig of the CDKN2 region, we performed 
interphase FISH in nine cell lines to study the 
accuracy of this method in detecting 9p dele
tions. Interphase FISH determined accurately all 
deletions of the tumor suppressor region previ
ously detected by Southern blot or PCR. In six 
cell lines the cosmid contig was completely 
deleted. In one cell line, the intensity of the 
hybridization signals was significantly reduced, 
indicating a partial deletion of the hybridization 
region. One cell line had a hemizygous deletion 
which is difficult to detect by molecular tech
niques. Genomic deletions seem to be the pre
dominant mechanism of CDKN2 inactivation in 
acute leukemias. Interphase FISH will play an 
important role in defining the frequency of 
CDKN2 deletions in primary tumors, because it 

is able reliably to analyze clinical samples that 
are contaminated by normal cells. 

Introduction 

Cytogenetic deletions of chromosomal band 
9p2I have been observed frequently in lymphoid 
malignancies and in various solid tumors [1-3]. 
Our group as well as others have observed 
homozygous deletions of the interferon typeI 
(IFN) gene cluster, which maps to 9p21-22, in 
different tumor types [4-8]. Recently, the 
CDKN2 gene (p16INK4A, MTS I, CDK4I) has been 
proposed as a candidate tumor suppressor gene 
because it is deleted in cell lines derived from 
multiple tumor types [3, 9, 10]. The reported 
incidence of CDKN2 deletions in leukemic cell 
lines ranges between 25% and 64% [1,10]. 
p15(MTS2, CDKN2B), a TGF-~ regulated mem
ber of the p16 family which maps 20 kb cen
tromeric to CDKN2, is often deleted as well 
[3,11]. We analyzed 18 leukemia-derived cell 
lines to further define the frequency and size of 
9p deletions. In nine of these cell lines, we per
formed fluorescence in situ hybridization 
(FISH) Fish with interphase cells to determine 
the accuracy of this method in detecting 9p dele
tions. Interphase FISH is a well-established 
method for identifying genetic alterations at sin
gle cell level. It reliably detects hemizygous dele
tions as well as deletions in subpopulations of 
cells. Thus, this method is especially suited to 
analyze clinical samples which have admixtures 
of normal cells. 
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Materials and Methods 

Cell Lines 

Eighteen cell lines were studied: 13 T-ALL, 3 B
cell precursor ALL, 1 AML, and 1 cell line 
derived from a CML-blast crisis. The cell lines 
were obtained from the investigator who had 
established them or from the American Type 
Culture Collection (Rockville, MD). 

Southern Blot Analysis 

High-moleculer-weight DNA was isolated as 
previously described [12]. The purified DNA 
was treated with restriction enzyme(HindIII), 
electrophoresed on a 1 % agarose gel, and trans
ferred to a nylon membrane (Gene Screen plus, 
NEN, Boston). The filters were hybridized with 
32P-labeled probes from 9p21 and exposed to x
ray film [13]. The chromosomal localization of 
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the 9p probes REY24,M1.4 (the 3' untranslated 
region of methylthioadenosinephosphorylase), 
CDKN2(cDNA), plS(exon 1), D9S966, and 
D9S963 is shown in Fig. 1 [1, 14, IS]. Equal DNA 
loading was verified by visual inspection of 
ethidium-bromide-stained gels and by control 
hybridizations to a transferrin receptor probe 
located on chromosome 3 [16]. 

Polymerase Chain Reaction 

The IFN gene cluster, 1063.7, CDKN2 exon 1-3, 
and the sequence-tagged sites D9S96 and 
D9S963 were amplified by polymerase chain 
reaction(PCR) as previously described [3, 10, 
14, 17]. pIS exon 1 was amplified with 10% 
DMSO using the previously published primers 
(94°C-30 s; S2°C-4S s, nOC-4S s) [3]. The 
position of the molecular markers is shown in 
Fig. 1. 
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Fig. 1. Deletions of 9p in leukemia cell lines. Homozygous deletions are shown as white bars, hemizygous dele
tions as gray bars 
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Fluorescence In Situ Hybridization 

Nine cell lines and normal peripheral blood cells 
were grown in short-term culture and harvested 
using standard cell culture techniques [18). A 
contig of six cosmids (COSp16) encompassing a 
200-kb region around CDKN2 and piS was 
assembled by screening a flow-sorted human 
chromosome 9 library (Lawrence Livermore 
Laboratories) with probes from a YAC contig of 
the region [15, 19). YAC 284D6(320 kb), later 
referred to as YAC 10/2, from chromosomal 
band 8q22 was used as a control probe [20] . 
pHuR98, a variant satellite 3 sequence, was used 
to determine the copy number of chromosome 
9 [21] . FISH probes were prepared using 
sequence-independent amplification (SIA) as 
described previously [22]. The copy number of 
chromosome 8 was determined by a centro
meric FISH probe CEP 8 Spectrum Orange 
(Imagenetics, Framingham, Mass). Two-color 
FISH with a YAC or cosmid probe and a cen
tromeric probe was performed as previously 
described [23]. Briefly, the hybridization solu
tion contained approx. 0.1 Ilg of each probe, 1 
Ilg human Cotl-DNA (BRL), 0.6 Ilg human pla-

cental DNA, and 3 Ilg salmon sperm DNA/slide 
in a 10 III volume. The biotinylated probes were 
detected with fluorescein-isothiocyanate(FITC)
conjugated avidin. The slides were coun
terstained with 4',6' -diamidino-2-phenylin
dole dihydrochloride(DAPI), and were analyzed 
using epifluorescence and a single pass filter 
(Chroma Technology) to avoid superimposition 
of the centromeric and the cosmid signals. 

For each cell line, 250 single, intact cells were 
analyzed. For Fig. 2, separate gray scale images 
of DAPI-stained cells and fluorescence signals 
were captured using a cooled charge-coupled 
device camera (Photometries, Tucson, Ariz) and 
were merged using the NIH Image or Abode 
Photoshop software. 

Results 

Homozygous 9p deletions were detected in 16 
eelllines (89%, Table 1). In 8 cell lines (44%), 
the proximal IFN gene cluster, whieh is approxi
mately 500 kb telomeric to the CDKN2 gene, was 
deleted (Fig. 1). Eleven deletions (61%) included 

Fig.2A-C. Interphase !'ISH with COSp16 and pHuR98. A CEM, a tetraploid cell line with homozygous 9p dele
tion. An interphase cell with four centromere 9 signals (lower panel) and no COSp16 signal (upper panel) is 
shown. B HL60, a near-diploid cell line with hemizygous 9p deletion. One COSp16 signal (upper panel) and two 
centromere 9 signals (lower panel) are detectable. C SUP-T I, a tetraploid cell line with a small homozygous 9p 
deletion. An interphase cell with four centromeric (lower panel) and four faint COSp16 signals (arrows, upper 
panel) is shown 
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Table 1. Homozygous 9p deletions in 18 leukemia cell lines (%) 

REY 24b 1063.7' CDKN2b,2 piS' 
exon 2 

p1Sb 

exon 1 
D95966b" D95963b" 

44 50 61 

'Published by Diaz et al, [4], 
bsouthern blot. 
'Polymerase chain reaction, 

89 89 

MTAP1.4, and 14 deletions (78%) involved piS, 
These two molecular markers flanked the small
est region of deletion, which included CDKN2 as 
well as 1067.9, which is 30 kb further telomeric. 

As most of the 9p deletions extended over 200 
kb and more, we tested the accuracy of inter
phase FISH to detect 9p deletions using a cosmid 
contig of the CDKN2 region (COSp16, Fig. 1). In 
at least five test hybridizations of peripheral 
blood cells from normal individuals, both cos
mid contig and YAC control probes showed an 
almost identical distribution of signals per cell, 
comparable to previously published results for 
centromeric probes. In 500 nuclei scored, two 
signals were detected in 92%-97% of the cells. 

In nine cell lines selected on the basis of the 
availability of cell material, FISH with inter
phase cells was able to diagnose accurately all 
deletions of the tumor suppressor region detect
ed by molecular techniques. In six cell lines the 
cosmid contig was completely deleted. In 99.7 ± 
0.1% of the cells there was no COSp16 signal, 
while only 0.16 ± 0.10% of the cells showed no 
signal of the control YAC (Fig. 3). In one cell 

Fig. 3. Cells without hybridization signal (%) 

98 

78 67 44 22 

line, the intensity of the hybridization signals 
was significantly reduced, indicating a partial 
deletion of the cosmid contig (Sup-TI, Fig. 2). 
This result was later confirmed by the Southern 
blot analysis of this cell line (Table 1). In anoth
er cell line (HL60) interphase FISH identified a 
hemizygous deletion which was not detectable 
by PCR (Fig. 3). However, in the Southern blot 
analysis the intensity of the bands of the 9p 
probes was significantly reduced in comparison 
to the control probe. 

Discussion 

Our results underline the importance of CDKN2 
deletions in leukemia-derived cell lines. In 89% 
of the studied cell lines, we detected a homozy
gous deletion of the CDKN2 region. The initial 
studies reported a significantly lower frequency 
of 9p deletions (25-64%) [3, 10, 24]. However, 
these studies included only a small number of 
leukemic cell lines. The high frequency of 9p 
deletions in our study may also reflect the fact 

p16 
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that the majority of cell lines were derived from 
ALL, especially T-ALL. Recently, other groups 
have shown that 9p deletions are rather rare in 
myeloid leukemias, whereas most T-ALL cell 
lines have CDKN2 deletions [24,25]. 

The deletion analysis confirms that CDKN2 is 
included in the minimal deletion region on 9p 
which is flanked by the molecular markers MI.4 
and pIS. Both exons of pIS were retained in two 
cell lines with 9p deletions. However, as 1063.7 
is included in all deletions, our deletion map
ping does not exclude the possibility that genes 
telomeric to CDKN2 may contribute to the 
malignant phenotype. 

If CDKN2 is the target of 9p deletions in 
leukemia-derived cell lines, the remaining allele 
in HL60, a cell line with hemizygous 9p dele
tions, should be inactivated as well. In fact, our 
group as well others detected a point mutation 
in exon 2 of CDKN2 (M.H.Dreyling et aI., 
unpublished material) [26]. Therefore, our data 
strongly suggest that the inactivation of CDKN2 
is a critical event in leukemia-derived cell lines. 

In contrast, point mutation of CDKN2 rarely 
occurs in various primary solid tumors [27-30]. 
Recently, Quesnel et al. [31] detected only one 
CDKN2 point mutation in 88 cases of ALL. 
These data indicate that homozygous genomic 
deletions are the predominant mechanism of 
inactivation of CDKN2 in primary tumors. It 
may well be that the deletion of either pIS or 
other genes in the region may contribute to the 
malignant phenotype as well. Large homozygous 
genomic deletions would inactivate both genes 
in one step. 

So far, it has been difficult to evaluate the 
importance of CDKN2 deletions in clinical sam
ples, because conventional molecular techniques 
like peR and Southern blot analysis are not able 
to identify deletions in subpopulations of cells. 
Interphase FISH is a well-established technique 
for identifying genetic alterations at a single-cell 
level. It is especially suited to detecting losses of 
one allele or to analyze clinical tumor samples 
which have admixtures of normal cells. 
Stilgenbauer et al. [32] were able reliably to 
detect RB deletions in eLL using a phage contig 
of the RB region. In our study, we used a cos mid 
contig probe of the CDKN2 region which was 
generated by sequence-independent amplifica
tion [22,23]. In contrast to FISH probes generat
ed by Alu-peR, this technique does not rely on 
the presence of any particular sequence in the 
template DNA and therefore generates probes 

which represent the template evenly [34,35]. 
Thus, in one cell line (Sup-T1) we were able to 
detect a partial deletion of the cosmid contig 
which was later confirmed by Southern blot 
analysis. 

Interphase FISH analysis is able reliably to 
detect hemizygous 9p deletions. Using a similar 
cosmid contig of the CDKN2 region we were 
able to detect hemizygous deletions in six cases 
of primary ALL (M.H.Dreyling et aI., unpub
lished material). Southern blot analysis failed to 
detect these deletions because only subpopula
tions of cells (43%-86%) were involved. Further 
analysis of point mutations in these cases may 
help to illuminate the role of CDKN2 in hemato
logical malignancies. 

In conclusion, our study shows that inter
phase FISH using a cosmid contig is a reliable 
method to detect 9p deletions. It will play an 
important role in defining the frequency of 9p 
deletions in primary malignancies because the 
method is especially well suited to the analysis 
of clinical samples. 

Acknowledgments. We thank Janet D. Rowley for 
her generous support of this project, Lise Sveen, 
Fitsum Hagos and Donna Fackenthal for techni
cal assistance, and David Beach for providing 
the CDKN2 and pIS cDNAs. The work was sup
ported in part by the J.S. McDonnell Foundation 
grant no.92-S1 (0.1.0.), DOE grant DE-FE02-
86ER60408 (Janet D. Rowley), and a training 
grant from the Deutsche Forschurgsgemein
schaft (M.H.D.). 

References 

1. Chilcote, R.R., Brown, E., and Rowley, J.D. Lympho
blastic leukemia with lymphomatous features asso
ciated with abnormalities of the short arm of 
chromosome 9.N Engl J Med, 313: 286-291,1985. 

2. Murphy, S.B., Raimondi, S.c., Rivera, G.K., Crone, 
M., Dodge, R.K., Behm. F.G., Pui, C.H., and 
Williams, D.L. Nonrandom abnormalities of chro
mosome 9p in childhood acute lymphoblastic 
leukemia. Blood, 74: 409-415, 1989. 

3. Kamb, A., Gruis, N.A., Weaver, F.J., Liu, Q., 
Harshman, K., Tavtigian, S.V., Strockert, E., Day 
III, R., Johnson, B.E., and Skolnick, M.H. A cell 
cycle regulator potentially involved in genesis of 
many tumor types. Science, 264: 436-40, 1994. 

4. Diaz, M.O., Ziemin, S., Le Beau, M.M., Pitha, P., 
Smith, S.D., Chilcote, .R.R., and Rowley, J.D. 
Homozygous deletion of the (X- and ~-interferon 
genes in human leukemia and derived cell lines. 
Proc Nat! Acad Sci USA, 85: 5259-5263, 1988. 

99 



5. Diaz, M.O., Rubin, C.M., Harden, A., Ziemin, S., 
Larson, R.A., LeBeau, M.M., and Rowley, J.D. 
Deletions of interferon genes in acute lymphoblas
tic leukemia. N Engl J Med, 322: 77-82, 1990. 

6. James, C.D., J., c., Caarlbom, E., Nordenskjold, M., 
Cavenee, W.K., and Collins, V.P. Chromosome 9 
deletion mapping reveals interferon A and inter
feron B gene deletions in human glial tumors. 
Cancer Res, 51: 1684-1688, 1991. 

7. Olopade, OJ., Jenkins, R.B., Ransom, D.T., Malik, 
K., Pomykala, H., Nobori, T., Cowan, J.M., Rowley, 
J.D., and Diaz, M.O. Molecular analysis of dele
tions of the short arm of chromosome 9 in human 
gliomas. Cancer Res, 52: 2523-2529, 1992. 

8. Olopade, OJ., Buchhagen, D.L., Malik, K., 
Sherman, )., Nobori, T., Bader, S., Nau, M.M., 
Gazdar, A.F., Minna, ).D., and Diaz, M.O., 
Homozygous loss of the interferon genes defines 
the critical region on 9p that is deleted in lung can
cers. Cancer Res, 53: 2410-2415,1993. 

9. Serrano, M., Hannon, G.J., and Beach, D. A new 
regulatory motif in cell-cycle control causing spe
cific inhibition of cyclin D/CDK4. Nature, 366: 
704-707,1993. 

10. Nobori, T., Miura, K., Wu, D.)., Lois, A., 
Takabayashi, K., and Carson, D.A. Deletions of 
the cyclin-dependent kinase-4 inhibitor gene in 
multiple human cancers. Nature, 368: 753-756, 
1994. 

11. Hannon, G.J. and Beach, D.pI5 INK4B is a potential 
effector ofTGF-~-induced cell cycle arrest. Nature, 
371: 257-261, 1994. 

12. James, C.D., Carlboom, E., Dumanski, J.D., 
Hansen, M., Nordenskjold, M., Collins, V.P., and 
Cave nee, W.K. Clonal genomic alterations in 
glioma malignancy stages. Cancer Res, 48: 
5546-5551,1988. 

13. Feinberg, A.P., and Vogelstein, B. A technique for 
radiolabeling DNA restriction endonuclease frag
ments to high specific activity. Anal Biochem, 132: 
6-l3,1983. 

14. Bohlander, S.K., Dreyling, M.H., Hagos, F., Sveen, 
L., Olopade, OJ., and Diaz, M.O. Mapping of a 
putative tumor suppressor gene on chromosome 9 
band p21-22 with microdissection probes. 
Genomics, 24: 211-217,1994. 

15. Olopade, OJ., Pomykala, H.M., Hagos, F., Sveen, 
L.W., Espinosa III, R., Dreyling, M.H., Gursky, S., 
Stadler, W.M., Le Beau, M.M., and Bohlander, S.K. 
Construction of a 2.8 megabase Y AC contig and 
cloning of the methyladenosine phosphorylase 
(MTAP) gene from the tumor suppressor region 
on 9p2. Proc Nat! Acad Sci USA, in press. 

16. Schneider, c., Owen, M.J., Banville, D., and 
Williams, J.G. Primary structure of the human 
transferrin receptor deduced from the mRNA 
sequence. Nature, 311: 675-678, 1984. 

17. Henco, K., Brosius, J., Fujisawa, J.I., Haynes, J.R., 
Hochstadt, J., Kovacic, T., Pasek, M., Schambock, 
A., Schmid, S., Todokoro, K., Walchli, M., Nagata, 
S., and Weissmann, C. Structural relationship of 
human interferon alpha genes and pseudogenes. ) 
Med Bioi, 185: 227-260, 1988. 

100 

18. Le Beau, M.M. Cytogenetic analysis of he rna to log i
cal malignant diseases. In: M.J.Barch, The ACT 
cytogenetics laboratory manual, pp.395-445. New 
York: Raven Press, 1994. 

19. Dreyling, M., Olopade, 0.1., and Bohlander, S.K. A 
method for screening arrayed cosmid libraries 
with mega insert yeast artificial chromosomes. 
Nucl Acids Res, in press. 

20. Erickson, P., Gao, J., Chang, K.S., Look, T., 
Whisenant, E., Raimondi, S., Lasher, R., Trujillo, J., 
Rowley, J.D., and Drabkin, H. Identification of 
breakpoints in t(8;21) acute myelogenous 
leukemia and isolation of a fusion transcript 
AMLI/ETO, with similarity to drosophila segmen
tation gene, runt. Blood, 80: 1825-831, 1992. 

21. Moyzis, R.K., Albright, K.L., Bartholdi, M.F., Cram, 
L.S., Deaven, L.L., Hildebrand, C.E., Joste, N.E., 
Longmire, J.L., Meyne, J., and Schwarzacher
Robinson, T. Human chromosome-specific repeti
tive DNA sequences: Novel marker for genetic 
analysis Chromosoma, 95: 375-386, 1987. 

22. Bohlander, S.K., Espinosa III, R., Fernald, A.A., 
Rowley, ).D., Le Beau, M.M., and Diaz, M.O. 
Sequence-independent amplification and labeling 
of yeast artificial chromosomes for fluorescence in 
situ hybridization. Cytogenet Cell Genet, 65: 
108-110,1994. 

23. Rowley, J.D., Diaz, M.O., Espinosa III, R., Patel, 
Y.D., van Melle, E., Ziemin, S., Taillon-Miller, P., 
Lichter, P., Evans, G.A., Kersey, ).H., Ward, D.C. 
Domer, P.H., and Le Beau, M.M. Mapping chro
mosome band l1q23 im human acute leukemia 
with biotinylated probes: Identification of llq23 
translocation breakpoints with a yeast artificial 
chromosome. Proc Natl Acad Sci USA 87: 
9358-9362, 1990. 

24. Ogawa, S., Hirano, N., Sato, N., Takahashi, T., 
Hangaishi, A., Tanaka, K., Kurokawa, M., Tanaka, 
T., Mitani, K., Yazaki, Y., and Hirai, H. Homozy
gous loss of the cyclin-dependent kinase 4-
inhibitor (pI6) gene in human leukemias. Blood, 
84:2431-2435,1994. 

25. Nakamaki, T., Tobler, A., Schwaller, J., Tsuruoka, 
N., Miller, C.W., and Koeffier, H.P. pl6-alterations 
in myeloid leukemias. Blood, 84(Suppl 1): 48a, 
1994( abstract). 

26. Gombart, A.F., Shintaku, I.P., Said, I.W., Miller, 
C.W., and Koeffier, H.P. Alterations of the 
CDK4/MTSI (cyclin-dependent kinase 4 inhibitorl 
multiple tumor suppressor 1) gene in uncultured 
B-cell lymphoma. Blood, 84 (Suppl I): 445a, 
1994(abstract). 

27. Cairns, P., Mao, L., Merlo, A., Lee, D.)., Schwab, D., 
Ebry, Y., Tokino, K., van der Riet, P., Blaugrund, 
).E., and Sidransky, D. Rates of pl6 (MTSI) muta
tions in primary tumors with 9p loss. Science, 265: 
415-416, 11994(letter). 

28. Giani, C. and Finocchiaro, G. Mutation rate of the 
CDKN2 gene in malignant gliomas. Cancer Res, 54: 
6338-6339, 1994. 

29. Jen, J., Harper, J.W., Bigner, S.H., Bigner, D.O., 
Papadopoulos, N., Markowitz, S., Willson, J.K.V., 
Kinzler, K.W., and Vogelstein, B. Deletion of pl6 



and p15 genes in brain tumors. Cancer Res, 54: 
6353-6358, 1994. 

30. Okamoto, A., Demetrick, D.J., Spillare, E.A., 
Hagiwara, K., Hussain, S.P., Bennett, W.P., 
Forrester, K., Gerwin, B., Serrano, M., Beach, D.H., 
and Harris, c.c. Mutations and altered expression 
of p161NK4 in human cancer. Proc Nat! Acad Sci 
USA, 91: 11045-11049, 1994. 

31. Quesnel, B., Preudhomme, c., Philippe, N., 
Vanrumbeke, M., Dervite, I., Lai, J.I.., Bauters, F., 
Wattel, E., and Fenaux, P. p16 gene homozygous 
deletions in acute lymphoblastic leukemia. Blood, 
85: 657-663,1995. 

32. Stilgenbauer, S., Dohner, H., Bulgay-Morschel, M., 
Weitz, S., Bentz, M., and Lichter, P. High frequency 
of mono allelic retinoblastoma gene deletion in 
B-cell chronic lymphoid leukemia shown by 
interphase cytogenetics. Blood, 81: 2118-2124, 
1993. 

33. Bohlander, S.K., Espinosa III, R., Le Beau, M.M., 
Rowley, J.D., and Diaz, M.O. A method for the 
rapid sequence-independent amplification of 
microdissected chromosomal material. Genomics, 
13: 1322-1324, 1992. 

34. Nelson, D.I.., Ledbetter, S.A., Corbo, 1.., Victoria, 
M.F., Ramirez-Solis, R., Webster, T.D., Ledbetter, 
D.H., and Caskey, C.T. Alu polymerase chain 
reaction: A method for rapid isolation of human
specific sequences from complex DNA sources. 
Proc Nat! Acad Sci USA, 86: 6686-6690,1989. 

35. Tocharentanaphol, c., Cremer, M., Schrock, E., 
Blonden, 1.., Kilian, K., Cremer, T., and Ried, T. 
Multicolor fluorescence in situ hybridization on 
metaphase chromosomes and interphase Halo
preparations using cosmid and Y AC clones for the 
simultaneous high resolution mapping of deletions 
in the dystrophin gene. Hum Genet, 93: 229-235, 
1994. 

101 



Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et a1. (eds) 
© Springer-Verlag Berlin Heidelberg 1997 

Diversity of the TcR-d Gene Rearrangements Indicates Subclone Formation 
in Acute B Cell Precursor leukemias 

E.R. Panzer-Griimayer\ D. Ghali\ S. Panzer', S. Fischer\ A. Argyriou-Tirita', O.A. Haas ', 
H. Kovar\ and H. Gadner' 

Abstract. Acute B cell precursor leukemias (B
ALLs) have been demonstrated by Southern blot 
hybridization to be oligoclonal at the IgH gene 
level in up to 40% of cases. In contrast, oligo
clonality as deduced from diversity of the TcR-d 
gene rearrangements of the immature types has 
not been reported so far. In 4 of 20 cases of 
childhood BCP-ALL we detected oligoclonality 
characterized by the coexistence of different 
junctional regions varying in size by 3-25 
nucleotides of identical Vd2-Dd3 rearrange
ments. No variation was found in the IgH and 
TcR-g gene status. Two cases displayed the vari
ants in an unequal proportion, while in the last 
two, in which similar quantities of the coexisting 
rearrangements were detected, single-cell nuclei 
(PCR) revealed two separate leukemic popula
tions. The variants arose independently of each 
other as deduced from their individual 
sequences. We postulate that in these leukemic 
cell populations TcR-d gene diversity arose after 
rearrangements of the IgH genes, resulting in 
apparent clonality at the IgH gene level. 
However, cells are oligoclonal if the TcR-d gene 
rearrangements are taken into account. 

Introduction 

Precursor B-ALLs are thought to represent the 
clonal expansion of a precursor cell arrested at 
an early stage of differentiation [1]. TcR-d genes 
have one or two alleles rearranged in about 50% 
of precursor B-ALLs [2, 3]. By Southern blot 

studies, the number of rearranged bands of the 
TcR-d genes have therefore been used in addi
tion to IgH gene rearrangement to study clonali
ty in these leukemias, and discrete faint TcR-d 
rearrangements in addition to more prominent 
bands have been described on Southern blots, 
suggesting oligoclonality [3, 4]. Preferential us
age of the V d2-Dd3 rearrangement in 72%, and 
of the most "immature" Dd2-Dd3 re-arrange
ment in 10% of all rearrangements in precursor 
B-ALLs has been reported [3, 5]. This limited 
recombinatorial repertoire is compensated by 
an extensive diversity of the junctional region 
[6, 7]. Oligoclonality resulting from identical 
rearranging of TcR-d regions has not been 
reported so far. 

Materials and Methods 

Samples from 20 children consecutively diag
nosed as having precursor B-ALLs were ana
lyzed in this study. Bone marrow samples at 
diagnosis contined > 95% leukemic blasts. All 
children were treated according to the BFM-90 
protocal. 

Chromosome preparations were performed 
according to standard routine cytogenetic tech
niques. Slides were R- and C- banded with chro
momycin A3 and distamycin A/DAPI. 

High-molecular-weight DNA was extracted 
from MNC. Southern blotting and hybridization 
of high-molecular-weight DNA digested to com
pletion with the restriction enzymes EcoRI, 

'Children's Cancer Research Institute, St. Anna Kinderspital, Vienna, Austria 
'Department of Blood Group Serology, University of Vienna, Vienna, Austria 
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HindIII, Bam HI, BglII, or a combination of 
BamHI/HindIII (Boehringer Mannheim, Mann
heim, Germany) were performed according to 
standard methods. TcR-d chain gene configura
tion was investigated with the TCRDJI probe 
(provided by Dr. J.J.M. van Dongen, Rotterdam, 
Netherlands). The status of the TcR-b genes was 
analyzed with a cDNA C region probe (provided 
by Dr. T.W. Mak, Toronto, Canada) and of the 
TcR-g genes with a Jg1.3 probe (provided by Dr. 
J.G. Seidman, Boston, Mass). Rearrangements of 
IgH genes were detected with a IgHJ6 probe (Dr. 
J.J.M. van Dongen, Rotterdam, Netherlands). 

Polymerase chain reaction (PCR) was essen
tially performed as described by Saiki et al.[Sj. 
Primers are listed in Table I (I and 2 for the first 
round, nested primers 3 and 4 for the second 
round). PCR products were electrophoresed on 
a 15% nondenaturing polyacrylamide gel and 
stained with ethidiumbromide. Isolation of rele
vant DNA fragments from polyacrylamide gel 
was performed in an elution buffer. DNA was 
precipitated in ethanol and redissolved in Tris, 
10 mM, pH7.4, O.lmM EDTA, pHS.O, Hp. 

Direct dideoxynucieotide sequencing of dou
ble-stranded PCR products was performed 
using the fmolTM DNA sequencing system 
(Promega Corporation, Woods Hollow Road, 
Mass) with internal sequencing primers (prim
ers 5 and 6). 

Microdissection was performed as described 
by Meltzer et al. [IOj. 

Results 

Configuration ofTcR-d Genes 
in 20 Precursor B-ALL samples 

At diagnosis, 15 of 20 precursor B-ALLs showed 
a TcR-d chain gene rearrangement as evaluated 
by Southern blot hybridization. Fourteen of the 
15 leukemias with a rearrangement showed only 
one rearranged band: a Vd2-Dd3 rearrangement 

Table 1. Sequence of oligomers used for PCR analysis 

1." 5' ACC CAA GGA AGA ACA GCA GTG AG 3' 
2.' 5' ACC TGG TAC AGG AAG ACC CAA GG 3' 
3.' 5' TCA GCA GCT GTG GTC ATC TCC CT 3' 
4.' 5' GGA CAT CTA TGG CCC TGG TTT CA 3' 
5. 5' GCA CTT TTG CCC CTG CAG TTT TTG 3' 
6. 5' TGA TAT TGC AAA GAA CCT GGC TGT ACT3 ' 

' As published previously [9]. 

in 12 cases and a Dd2-Dd3 in two. In one 
leukemia, two rearranged bands were visible, 
representing a Vd2-Dd3 and a Dd2-Dd3 re
arrangement. Seven leukemias presented with a 
germline band in addition to a Vd2-Dd3 
rearrangement. One of these germline bands 
was very weak, reflecting about 5% of normal 
cells. 

Sequence Analysis of Rearranged TcR-d Chain Genes 

The Vd2-Dd3 and Dd2-Dd3 rearrangements in 
all IS leukemias were amplified by PCR and the 
amplification products were used for direct 
sequence analysis. The sequence of the junction
al region was sufficiently readable for II leuke
mias confirming their homogeneity in the TcR-d 
gene. In the remaining 4 leukemias with a V d2-
Dd3 rearrangement, however, the sequence of 
the junctional region could not be analyzed. 
Consequently, amplified DNA was electro
phoresed through a 15% high-resolution poly
acrylamide gel. All four leukemias now showed 
two (leukemia #1, #2, #4) or three (leukemia #3) 
bands of different size varying from approxi
mately 30 to 40 bp (Fig. I) . The densities of 
bands obtained from each of the two PCR prod
ucts were similar for leukemias #1 and #2, 
whereas those of the three bands of leukemia #3 
and the two bands of leukemias #4 were differ
ent. The separated PCR products were isolated 
for sequencing and the results are shown in 
Table 2. 

'47bp -
114bp-
1I0bp-

1 2 3 4 
~ --.. - .-

5 

-
Fig. 1. Polyacrylamide gel electrophoresis (PAGE) 
analysis of PCR-amplified Vd2-Dd3 rearrangements 
from the four leukemias at diagnosis. Lane 1, Single 
PCR product of a monoclonal leukemia; lanes 2-5, 
PCR products of leukemias #1 to #4 

Bioligoclonal Vd2-Dd3 Rearrangements 
Result from Subclone Formation 

The different PCR products from Vd2-Dd3 
rearrangements in precursor B-ALLs may have 
resulted from (i) bioligoclonal leukemias as 
defined by IgH gene rearrangements, (ii) two or 
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more Vd2-Dd3 rearrangements in a clonal pop
ulation including hyperdiploid leukemias, or 
(iii) formation of subclones. These possibilities 
were differentiated by evaluation of TcR-b, TcR
g and IgH gene configuration by Southern blot
ting (Table 3), by cytogenetic analysis and 
measurement of DNA content (Table 4). All 
leukemias were clonal by the above methods. By 
Southern blot analysis we found three re
arranged IgH bands of similar density in 
leukemia #2, compatible with the presence of 
three chromosomes 14 in cytogenetic analysis. A 
weak band corresponding to the germline con
figuration of the IgH genes resulted presumably 
from normal hematopoietic cells (Table 3). 
Single-cell peR was performed in leukemias #1 
and #2 to differentiate whether the presence of 
two different Vd2-Dd3 peR products resulted 
from biallelic rearrangements or separate sub
clones. The results indicate the presence of two 
different cell populations (Fig. 2). 

Discussion 

We demonstrated subclone formation leading to 
bioligoclonality in precursor B-ALLs at the TcR
d gene level. This bioligoclonality resulted from 
identical Vd2-Dd3 rearrangements but diverse 
junctional regions. Therefore, it was only 
detectable after peR amplification of the 
rearranged TcR-d gene segments and separation 
of the peR products by polyacrylamide gel elec
trophoresis. 

Previously, Southern blot analysis of Ig and 
TcR gene rearrangements has been used to 
define clonality. It has been assumed that both 
rearrangements of alleles and bioligoclonal 
rearrangements can be differentiated by the 
number and the density of the rearranged bands 
[11]. Therefore, bioligoclonal populations in 
leukemias are associated with three or more 
bands, which cannot be explained by chromoso
mal translocations or extra copies of chromo
somes, whereas biallelic rearrangements are 
thought to be represented by two bands of 
similar densities in the absence of a germline 
band [11]. According to this interpretation, our 
four leukemias were clonal at the IgH gene level. 

In precursor B-ALLs about 50% of all recom
binatorial events are V d2-Dd3 rearrangements. 
Therefore, bioligoclonal rearrangements are 
likely to be composed of the same rearranging 
segments and will therefore be missed by 



Table 3. IgH and TcR gene patterns in four precursor B-ALLs 

Leukemia Southern blot analysis No.ofVd2-Dd3 
PCR products no. 

IgH TcR-b TcR-g TcR-d 

1 G"/R G G/R G"/R 2" 
2 G"/R/R/R G G G'/R 2" 
3 R/R G G R 3' 
4 R/R G G/R R 2' 

G, Germline; R, rearrangement. 
" Weak germline bands resulting from normal hematopoietic cells. 
b PCR products of similar densities. 
, PCR products of different densities. 

Table 4. Clinical, immunophenotypic, and cytogenetic data, and DNA content of four patients with oligo clonal 
precursor B-ALL 

Leukemia Age Sex WBC Immuno- Cytogenetic DNA Clinical outcome 
no. (years) ( x \0'11) phenotype analysis content" 

1 2.4 F 24.3 Pre U-ALL 46,XX, [4] 1.00 CCR 32 months 
2 3.9 F 18.2 CALLA' 56,XX, + X,del(l) 1.00"+ 1.23 CCR 20 months 

(p34),+4,+6,+ 7, +8, 
~ 14,+ 15,+ 18,+21, +22,[6] 

1.8 M 1.3 CALLA' n.d. 1.00 CCR 33 months 
4 2.4 M 15.8 CALLA ' 46,XY,[8] 1.00 CCR 25 months 

CCR, Complete continuous remission; n.d., not done. 
'Ratio of diploid cells (1.00) to cell populations with aneuploid DNA content. 
bDiploid population of about 8% resulting from normal hematopoietic cells. 

190bp -

147bp-

I 2 3 4 5 6 

Fig. 2. PAGE analysis of PCR-amplified Vd2-Dd3 
rearrangements of single cell nuclei from leukemias #1 
and #2 at diagnosis. Lanes 1-3: leukemia #1; lanes 4-6; 
leukemia #2; lanes 1,4: peR products from un selected 
cells; lanes 2,3,5,6: PCR products of single cell nuclei. 
The two single bands resulting from single cell nuclei 
peR can be assigned to the two bands seen in the 
whole leukemic population 

Southern blot analysis. These rearrangements 
could be detected after peR amplification, how
ever, provided the junctional regions vary in 
size. In the presence of multiple rearrangements 
the peR becomes competitive [12], with a sensi
tivity for detection of about 5%, comparable to 
that of Southern blot analysis. 

We have performed titration experiments to 
define the detection limits for subclones. 

Biclonality of the V d2- Dd3 rearrangement after 
two rounds of peR amplification was dis
cernible with a sensitivity comparable to that of 
Southern blot analysis (5%-20%). By this 
approach, we were able to assign subclone for
mation to leukemias #3 and #4. In the remaining 
two leukemias, #1 and #2, the densities of bands 
were similar, compatible with either a biallelic 
rearrangement, as no germline band was visible 
by Southern blot analysis, or with subclone for
mation. In particular, in leukemia #2 we expect
ed that the two Vd2-Dd3 rearrangements would 
represent a biallelic rearrangement in a leuke
mic cell population, which is characterized by a 
trisomy 14 and three rearranged IgH genes. By 
peR from single cell nuclei, we were able to 
demonstrate that these rearrangements oeeured 
in individual cells. Two alleles of the TcR-d 
genes were deleted in each cell. These results 
confirm the presence of different clones. 
Subclone formation was also demonstrated 
by single cell-nuclei peR in leukemia #1, where 
one allele of the TcR-d gene was deleted in each 
cell. In leukemia #3 we found three bands, two 
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with similar density and one of higher density. 
These bands could have been derived from 
either three subclones, each with an individual 
Vd2-Dd3 rearrangement, or from two subclones 
with a biallelic rearrangement in the smaller 
clone. 

There are conflicting data about the influence 
of oligoclonal leukemias on the prognosis in 
these children [13-15]. Whether the differences 
in oligoclonality/subclone formation between 
the IgH and the TcR-d gene level occur in 
leukemias with different immunophenotypes 
needs to be investigated in larger series of 
leukemias. All four patients were regarded as 
being at higher than standard risk for relapse 
and responded well to chemotherapy. 
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Molecular Genetic Detection of Chromosomal Abnormalities at 11 q23 
in Patients with De Novo and Secondary Acute leukemia 
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Abstract. The MLL gene on chromosome llq23 
undergoes chromosomal translocations in a 
substantial proportion of patients with acute 
lymphoblastic leukemia (ALL), acute myeloge
neous leukemia (AML), as well as in cases of 
biphenotypic and secondary acute leukemias. 
Abnormalities at l1q23 have generally been con
sidered to carry a poor prognosis in both AML 
and ALL. By the RT-PCR technique we investi
gated 89 patients with ALL, AML, and secondary 
leukemia for the presence of a chimeric mRNA 
known to be the equivalent of the various chro
mosomal translocations involving llq23. We 
found eight different MLL fusion mRNAs, corre
sponding to the chromosomal translocations 
t(1;11), t(4;1I), t(6;11), t(9;11), t(10;11), t(11;17), 
t(11;19) and t(X;11). This indicates that the RT
PCR technique is suitable to identify such gene 
rearrangements and can prospectively be used 
in order to define patients with acute leukemia 
belonging to a higher risk group. 

Introduction 

Cytogenetic studies have previously identified 
abnormalities of chromosome band lIq23 in a 
substantial part of de novo and secondary acute 
leukemias. Most of these abnormalities are recip
rocal translocations between chromosome 11 
and a variety of partner chromosomes (for 
review see [1]). These chromosomal transloca
tions involving 11q23 are mostly associated with 
a poor clinical prognosis despite the improve-

ments in present -day chemotherapy protocols. 
Many chromosomal breakpoints at II q23 affect a 
Drosophilatrithorax gene homologue called MLL, 
or HRX, or ALL-l [2]. The translocations result 
in a formation of a chimeric gene which is part 
MLL and part a gene on the reciprocating chro
mosome. The resulting fusion mRNA enables the 
molecular genetic detection of these aberrations 
by RT -PCR. In the view of their biological, clini
cal, and prognostic relevance, the detection of 
MLL gene fusions is of paramount importance in 
the clinical setting. In the present study, we used 
the RT-PCR approach in order to detect the mol
ecular equivalents of various translocations 
involving lIq23, i.e., t(1;l1)(p32;q23), t(4;11) 
(q21;q23), t(6;1 I)(q27;q23), t(9;11), (p22, q23) 
t(10;1l)(pI2;q23), t(1I;17) (q23;q21), t(1I;19) 
(q23;pI3) and t(X;lI) (qI3;q23). 

Material and Methods 

Bone marrow or peripheral blood samples were 
most frequently sent by mail to the Central 
Cytogenetic Laboratory of the BFM and CoALL 
study group, i.e., our laboratory in Giessen, 
Germany. All patients' samples were fractionat
ed on a Ficoll gradient and cryopreserved before 
use. The permanent leukemic cell lines were 
used directly. The selection of these leukemic 
cell lines was based on publications by Drexler 
et al. [3,4].Total RNA was prepared by the guani
dium thiocyanate method as described previous
ly [5]. In a total volume of 20 Ill, 10 Ilg of RNA 

Department of Pediatrics, University Hospital, Feulgenstr. 12,35385 Giessen, Germany 
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was reverse transcribed to cDNA with random 
hexamer primers (Boehringer, Mannheim, 
Germany) by a standard protocol [6]. For PCR 
amplification 2 III of the cDNA conversion mix
ture was used. PCR primers were synthesized on 
a Applied Biosystems oligonucleotide synthesiz
er (Applied Biosystems, Weiterstadt, Germany) 
and purified by high-performance liquid chro
matography. To achieve maximal sensitivity and 
specificity, a nested PCR protocol was used. The 
PCR primers were selected as described previ
ously and in accordance with the published 
cDNA sequence data [7-15]. PCR amplification 
was generally performed with the "hot-start" 
technique. After an initial melting step (5 min at 
94°C) the taq polymerase (Perkin Elmer, Langen, 
Germany) 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 III final volume containing 
4 pmol of each primer during the first round of 
the nested PCR. One microliter of the first round 
product was subjected to the second round of 
PCR. This differed from the first round in the 
number of cycles, which was reduced to 25, and 
the amount of primer (20 pmol each). Cycling 
was performed in a Bio-Med Thermocycler (Bio
Med, Theres, Germany) using a GeneAmp kit 
(Perkin Elmer). PCR products were analyzed on 
a 2% agarose gel and visualized by ethidium bro
mide staining. As a positive control template for 
the various MLL rearrangements we used in 
vitro synthesized chimeric RNA generated for 

each specific MLL rearrangement by a method 
published recently [16]. 

Results 

To estimate the frequency of the various MLL 
rearrangements we retrospectively analyzed 89 
patients with de novo and secondary acute 
leukemia as well as a panel of permanent 
leukemic cell lines (Fig. 1). The cell lines which 
were identified as having a MLL rearrangement 
are MV4;ll, RS4;ll, (both MLLlAF4 rearrange
ment), ML-2 (MLLlAF6 rearrangement), THP-l, 
Mono-Mac6 (both MLLI AF9 rearrangement), 
and Karpas 45 (MLLlAFX rearrangement). We 
did not find a permanent cell line expressing a 
MLLlAFlp, MLLlAF1O, MLLlAF17, MLLIENL, 
or MLLIELL fusion transcript. The results of the 
screening procedure performed on the patient 
samples are summarized in Table l. 

After identification of the cell lines with the 
different MLL gene rearrangements we evaluat
ed the sensitivity of our nested PCR protocol by 
dilution series of the corresponding cells mixed 
with an increasing amount of HL60 cells. Our 
PCR assay was shown to be able to detect at least 
one MLL rearranged cell in 10 000 unrearranged 
HL60 cells. In the case of the MLLI AF4 and 
MLLlAF9 rearrangement, moreover, even one 
rearranged cell per 100 000 unrearranged cells 
was detectable (data not shown). 

2% Agarose Gel 

217ebF _ 
11'116bF -

1230bp -
1ClSSbF -

&53bF_ 

511bF = 
~bF-
281bp-
234bp-

I I I I 
1 2 3 4 5 6 7 • II 10 11 12 13 14 15 16 17 1. 111 20 

Fig. 1. peR products of different MLL gene rearrangements separated over an 2.0% agarose gel. Lane 1 molecu
lar weight marker VI (Boehringer, Mannheim, Germany). Lanes 2,4,6, and 9 show a MLLlAF4 rearrangement. 
Lanes 5 and 19 MLLlENL rearrangement. Lanes 7 and 8, 9 MLLlAF9 rearrangement. Note the identical splicing 
sites in these lanes. Lane 10 MLLlAFlp rearrangement. Lane 14 MLL/AF6 rearrangement, Lane 20 MLLIAFIO 
rearrangement. Lane 16MLLI AFX rearrangement as amplified from cDNA of the Karpas 45 cell line 
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Table 1. Numbers of the different MLL fusion transcripts found in our patients 

Disease MLLI MLLI MLLI MLLI MLLI MLLI MLLI MLLI MLLI 
AFIp AF4 AF6 AF9 AFIO AFI7 ENL ELL AFX 

ALL(n=34) 0 2 0 0 0 0 0 0 
Infant ALL 
(n= 18) 0 6 0 0 0 0 4 0 0 
AML 
(n=24) 0 2 0 0 
Secondary 
leukemia 
(n= 13) 2 0 0 0 0 0 

ALL, Acute Lymphoblastic leukemia; AML, acute myeloblastic leukemia. 

Discussion 

Different groups have cloned and sequenced the 
MLL gene at l1q23 as well as the various partner 
gene on chromosomes 1,4,6,9,10,17,19, and 
X. In this report, we have shown that the RT
PCR technique is suitable for diagnosis of these 
rearrangements as a fusion mRNA, transcribed 
from MLL and the corresponding partner gene, 
is expressed in the leukemic cells. This enables a 
rapid and sensitive diagnosis of these particular 
rearrangements. In our series we found 27 
patients with different MLL rearrangements, 
with a remarkably high incidence in infant and 
secondary leukemias. In the light of the high fre
quency and the prognostic significance of MLL 
rearrangements we recommend prospective 
screening for MLLI AF4 and MLLlENL re
arrangements in infants with ALL at diagnosis. 
The MLL rearrangement can also be identified 
by Southern blotting [II}, but the partner gene 
remains unknown with this technique. Heerema 
et al. recently reported that the specific translo
cation t(4;11} and not an l1q23 per se may be 
associated with a poor prognosis in infants with 
ALL [171. This finding further emphasizes the 
need for an identification of the translocation 
partner of 11 q23. 

It should be kept in mind that two different 
chromosomal regions at chromosome 19p have 
been described cytogenetically. The breakpoint 
at 19p13.3 was found in patients suffering from 
ALL, biphenotypic leukemia, and infants or very 
young children with AML. The other break
point, at 19pI3.1, was found in older children or 
adults having AML of the myelomonocytic or 
monoblastic subtype. 

The gene that fuses to MLL in patients with 
t(Il;19)(q23;pI3.1) was named ELL [13]. The 

corresponding MLLlENL mRNA has not been 
detected in any of our patients so far. 

In secondary leukemias it has previously 
been shown that especially patients previously 
treated by topoisomerase II-reactive drugs, i.e., 
teniposide or etoposide, have an increased risk 
of seondary acute leukemia with aberrations at 
Ilq23 [18]. Our data indicate that the MLL 
rearrangements in these patients were identical 
to those commonly found in de novo ALL or 
AML cases, at least on the eDNA level. Whether 
the exact breakpoints of MLL on the genomic 
DNA level differ significantly between de novo 
and secondary leukemia however, remains 
unknown to date. 

In summary, we have shown that RT-PCR is a 
rapid and sensitive tool to detect the molecular 
equivalents of chromosomal translocations 
involving the breakpoint llq23. The high sensi
tivity ofRT-PCR enables the monitoring of min
imal residual disease by amplification of the 
MLL fusion transcripts. 
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Sequence Analysis of the GAP-Related Domain of the NFl-Gene 
and All Three RAS Protooncogenes in Patients with Secondary Acute Leukemia 

S. Brettreich, A. Borkhardt, J. Hammermann, A.K. Borkhardt, J. Kreuder, R. Repp, and F. Lampert 

Abstract. We analyzed the N-RAS, K-RAS, H-RAS 
and FLR exon of the neurofibromatosis 1 (NFl) 
gene in 11 patients at the time of diagnosis of a 
secondary acute leukemia. Eight of these 
patients suffered from secondary acute myelo
geneous leukemia (AML) and three patients had 
a secondary acute lymphoblastic leukemia 
(ALL). After isolation of genomic DNA we selec
tively amplified codons 12,13 or 60,61 of the 
RAS genes and the FLR exon of NFl by poly
merase chain reaction (PCR). Afterwards, all 
PCR products were directly sequenced by the 
chain termination method. We found only one 
point mutation in codon 13 of the K-RAS gene 
(GGC to GAC) leading to an amino acid 
exchange from glycine to aspartic acid. All other 
RAS genes as well as the FLR exon of NFl were 
found to be of wild-type DNA sequence. We 
conclude that the RAS protooncogenes and the 
NFl gene do not playa major role in the devel
opment of secondary leukemias. 

Introduction 

Although the RAS protooncogenes are frequently 
described as having mutated in a wide range of 
human malignancies, the frequency with which 
mutations are found varies enormously. A cen
tral role of RAS genes in the malignant transfor
mation process was described in about 30% of 
primary AML and in about 5%-10% of ALL[l]. 
Point mutation within the hotspots of the RAS 
genes prevents hydrolysis of the active guanosine 
triphosphate-bound state of RAS (RAS-GTP) to 

the inactive guanosine diphosphate-bound state 
(GDP-RAS), leading to permanent activation of 
the pathway. Another oncogenic mechanism 
interacting with the RAS-mediated signaling 
pathway was recently demonstrated [2-4]. The 
neurofibromatosis 1 gene (NFl) encodes for neu
rofibromin, a GTPase-activating protein that is 
capable of down-regulating RAS by stimulating 
its intrinsic GTPase activity. Loss of function of 
the NFl gene may result, therefore, in the same 
effect as point mutation of the RAS genes. While 
both RAS genes and the GTPase activating 
domain of NFl (GAP) have already been ana
lyzed in primary myeloid leukemias, no analysis 
of the involvement of these genes in secondary 
leukemias after radio and/or chemotherapy has 
been reported. In 11 children with secondary 
acute leukemia here we investigated all three RAS 
genes (K-RAS, H-RAS, and N-RAS) as well as 
the so-called FLR exon of NFl, in which muta
tions have previously been described in lout 
of 28 patients with a myelodysplastic syndrome 
[5]. 

Materials and Methods 

Patients 

Eleven children who fulfilled the criteria for 
diagnosis of secondary acute leukemia were 
enrolled in the present study. All bone marrow 
samples were taken at diagnosis of secondary 
leukemia and the amount of blast cells was gen
erally higher than 70%. The clinical data of the 
patients are summarized in Table 1. 
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DNA Extraction and PCR Amplification 

DNA was extracted from the bone marrow of 
the 11 children with secondary leukemia with 
the help of a Quiagen 20 column (Diagen, 
Dusseldorf, Germany) according to the manu
facturer's protocol. In order to improve sensitiv
ity and specificity, we followed a nested PCR 
protocol for amplification of the RAS genes. 
Primer sequences for selective amplification of 
gene fragments spanning codon 12, 13 or 60, 61 
of H-RAS, K-RAS, and N-RAS have been 
described previously [6]. 

For amplification of the NFI-FLR exon we 
used primers described by Li et al. [5] and per
formed only a single PCR run. PCR was carried 
out in a Biomed 60 thermocycler (Biomed, 
Theres, Germany) and was essentially per
formed as described by Saiki et al. [7]. In order 
to enable the purification of PCR products by 
magnetic bead technology (Dynal, Oslo, 
Norway), we labeled the downstream PCR 
primers within biotin. 

Direct DNA Sequencing 

Direct sequencing of all PCR products was per
formed by solid-phase sequencing [8]. Briefly, 
double-stranded PCR products amplified by 
biotin-labeled primers were captured using 
streptavidin-coated magnetic beads and a 
neodymium-iron-boron permanent magnet, 
MPC 96 (Dynal, Oslo, Norway). After immobi
lization, the DNA was converted to single 
strands by O.2M NaOH. The supernatant with 
the nonbiotinylated DNA strand was precipitat
ed and both DNA strands were subjected to the 
chain termination reaction [9]. The sequencing 
procedure was carried out with the help of a 
Sequenase PRISM kit and the automatIC 
sequencing system 373A from ABI (A.ppl~ed 
Biosystems, We iter stadt, Germany). By dilutIOn 
experiments we proved that we were able to 
detect 10% of mutated cells in 90% of wild-type 
sequences. 

Results 

Only one of our II patients (9%) with secondary 
leukemia revealed a heterozygous point muta
tion in codon 13 of the K-RAS protooncogene 
(GGC-GAC). The mutation leads to an amino
acid exchange from neutral glycine to aspartIC 

acid in the corresponding RAS protein. This 
patient suffered from secondary AML occuring 
17 months after diagnosis of a Ewing sarcoma. 
All other patients revealed wild-type sequenes of 
N-RAS, K-RAS, or H-RAS, as well as in the GAP
related domain of the neurofibromatosis 1 gene 
(Table 1). 

Discussion 

The comparatively low frequency of RAS gene 
mutations and the absence of mutations of the 
FLR exon of NFl led to the conclusion that these 
genes do not playa major role in the develop
ment of secondary leukemia. 

Secondary malignant tumors occurring after 
treatment of a primary malignant disease are 
one of the most important side effects of chemo
andlor radiotherapy. Among secondary leuke
mias, more than 90% have been reported to be 
myelogeneous, whereas only a small subset of 
secondary leukemias belong to the lymphoid 
lineage [10-12J. In our series, in which the selec
tion of cases was based only on the availability 
of cryopreserved bone marrow samples, we also 
found predominantly secondary AML cases (8 
outofll). 

In de novo AML cases, RAS protooncogenes 
mutations are one of the most commonly 
observed molecular alterations, with the report
ed incidence ranging from 20% to 30% in AML 
[1, 13]. Studies in de novo AML, furthermore, 
suggest that a mutational status of RAS may b.e a 
predictor for improved survival, correlatll1g 
with a better cytogenetic category and a lower 
leukemic cell burden [14 J. The rare occurrence 
as well as the extraordinarily poor prognosis of 
patients with secondary AML, however, makes it 
difficult to study the biologic influence of RAS 
gene mutations in these patients. 

It has also been suggested that RAS gene 
mutations found in hematologic ally normal 
patients after chemotheraphy for childhood A~L 
may be predictive of early secondary leukemIa 
[15]. OUf data show that RAS gene mutations 
are a rare event in secondary leukemias and 
therefore do not support this hypothesis. 
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Molecular Genetic Screening of Children with Acute leukemia by RT -PCR 

S. Schlieben, I. Reinisch, A. Borkhardt, F. Lampert, and j. Harbott 

Introduction 

A variety of oncogenes are activated by specific 
chromosomal translocations, which are associ
ated with distinct subtypes of leukemia. The 
identification of these rearrangements provides 
critical diagnostic and prognostic information 
which may contribute to the selection of specif
ic antiIeukemia therapy. Of clinical importance 
are t(9;22) (2-5% of c- and pre-B-ALL) [1], 
t(4;11) (60% of infant and pre-pre-B-ALL) [2], 
t(11;19) (1% ofbiphenotypic leukemia) [3], and 
t(9;11) (20-30% of ANLL-MS) [4], which are 
characterized by a poor prognosis, whereas 
t(8;21) (40% of ANLL-M2) and inv(16) (8% of 
ANLL-M4eo) [6] seem to be more favorable 
[S,6]. 

Molecular analysis of these chromosomal 
translocations occurring in human leukemias 
shows the interruption of two different genes 
and their fusion, forming a new chimeric gene. 
Genes fused in these rearrangements are BCR 
with ABL (t(9;22)), MLL with AF4 (t(4;11)), MLL 
with LTG19 (t(11;19)) or with LTG9 (t(9;11)), 
AMLI with ETO (t(8;21)), and finally CBF/3 with 
MYH11 (inv(16)). 

We used RT-PCR to detect these six re
arrangements. The application of this sensitive 
strategy has introduced a new standard for the 
diagnosis and monitoring of leukemia patients. 
The enormous sensitivity makes it necessary to 
establish precautions to minimize the danger of 
false positive results caused by contamination or 
false negative results caused by RNA degrada
tion, focal disease, or limited sensitivity. 

Patients 

Heparinized bone marrow and/or blood sam
ples of 942 children participating in one of the 
German multicenter therapy trials were sent in 
before treatment by more than 70 pediatric 
oncologic centers in Germany. 

Molecular Detection of the Fusion Transcripts 

Mononuclear cells were obtained by Picoll cen
trifugation and stored at ~ 70DC prior to use. 
Cell lines K S62, SUP BlS, MV 4;11, MM6 Kasum 
( ~ 1, and ME 1 were used as positive controls. 

Total RNA was extracted from nucleated cells 
using the method of Chomczynski and Sacchi 
[8]. In vitro reverse trasnscnptlOn was per
formed with random hexamer priming using 
standard techniques. 

Amplifications were performed using a 
Perkin Elmer thermocycler (9600) with primers 
synthesized from Roth, Karlsruhe, Germany. 
The sequences of the oligomers are summarized 
in Table 1. 

Two amplifications were performed on each 
cDNA sample: 

1. Control amplification of the ABL gene 
2. Diagnostic amplification (nested or seminest

ed) of fusion products. 

The first round of nested PCR contained I III 
eDNA, I x reaction buffer, 0.2 mM dNTP 
(Boehringer, Mannheim, Germany), 0.08 11M of 
each external primer, 0.5 U Taq polymerase 

Oncogenetic Laboratory, Department of Pediatrics, University Hospital, Feulgenstr. 12, 35392 Giessen, Germany 
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Table 1. Sequences of the primers used for the detection of rearrangements 

Number Position Sequence 5'--->3 

5' external-ABL ccagtagcatctgactttgagcct 
2 3' external-ABL ccagactgttgactggcgtgatt 
3 5'internal-ABL tgagtgaagccgctcgttggaact 
4 3'internal-ABL ttccacccattccccattgtgatt 
6 5'internal-m-BCR atgacgagggcgccttccatggag 
7 5'external-M-BCR cctctgactatgagcgtgcagatg 
8 5'internal-M-BCR agaagtgtttcagaagcttctccct 
9 5' external-MLL ctgaatccaaacaggccaccactc [9] 

10 3' external-AF4 gtcactgagctgaaggtcgtct [9] 
11 5'internal-MLL ggtctcccagccagcactggtc [9] 
12 3'internal-AF4 agcatggatgacgttccttgctga [9] 
13 3'ext-int-LTGI9 gacgaagagtcgtcctcgtcggact [10] 
14 3'ext-int-LTGI9 accatccagtcgtgagtgaacccct [10] 
15 3'ext-int-LTG9 tcgtgatgtaggggtgaagaagcag [4] 
16 5' external-AMLI agcttcactctgaccatcac [11] 
17 5'internal-AMLI ttcacaaacccaccgcaagt [11] 
18 3' ext-int-ETO tgaactggttcttggagctcc [11] 
19 5' ext-int-tBF~ caggcaaggtatatttga [12] 
20 3'internal-MYH11 ctcctcttctcctcattctgctc [12] 

5 5' external-m-BCR caacagtccttcgacagcagcagt 

(GibeD BRL, Eggenstein, Germany) and sterile 
double-distilled water to 20 Ill. First amplifica
tion was obtained with 35 cycles at 94°C for 15 s, 
65°C for 45 s and 72°C for 45 s. Nested PCR was 
carried out under the same conditions but with 
30 cycles in the presence of 0.4 11M internal 
primers using 1 III amplification product of the 
first round. The samples were analyzed by gel 
electrophoresis (1% agarose) and visualized by 
ethidium bromide staining. 

[13]. Immunophenotyping was performed in 
two central laboratories (Berlin and Hamburg) 

For cytogenetic investigations the samples of 
bone marrow or peripheral blood were prepared 
and GTG-banded using standard techniques [7]. 
Karyotyping followed the criteria of the ISCN 

Results 

Bone marrow and blood samples of 942 children 
treated by the protocol of one of the German 
multicenter therapy trials were analyzed in a 
prospective PCR study for chimeric transcripts 
(Fig. 1). The results are shown in Table 2. In 774 
patients ALL de novo was diagnosed, 168 ALL 
patients were investigated at relapse, and a fur
ther 105 cases, first diagnosed as ALL, later 

8 8 ®0@0® 
1\ 1\ J J J J J 

rT-PCR FISH FISH 
rT-PCR rT-PCR rT-PCR rT-PCR rT-PCR itypM'- rT -PeR itypM'-
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Fig. 1. Techniques in oncogenetic diagnosis 
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Table 2. Incidence of the investigated rearrangements in children with ALL and ANLL 

Diagnosis No. of BCRJABL MLLlAF4 

Pre-pre-B-ALL 42 
c-ALL 529 18 
Pre-B-ALL 112 2 
B-ALL I 
T-ALL 69 I 
AHL 12 2 
Unclear 20 
ALL (infants) 21 8 
ANLL-MlIM2 32 
ANLL-M4eO 3 
ANLL-M5 6 

changed to another type of malignant disease. 
Forty-one patients with ANLL-Ml,-M2, -M4eo, 
and -MS were also screened as well for the 
appropriate rearrangement. Figure 2 demon-

MLLlLTG19 AMLI/ETO MLLlLTG9 CBF~JMYHI 
Patients 

6 

2 

strates a screening gel for all fusion transcripts. 
Altogether 96% of the samples were analyzed 
successfully. Of these successfully analyzed 
patients 3.3% with ALL de novo transcribed the 

-- --M1234M1234M1234M1234 

M1234M1234M1234M1234 

Fig. 2. Gel electrophoresis of the analyzed gene rearrangements 

II 123Il0l>_ 
1.2 ........ ,-........ 
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chimeric BCR/ ABL gene, whereas 10.9% at 
relapse and 2 patients with AHL showed the 
fusion transcript. 

In 8 of 21 infants (age < 1 year) with ALL 
and in one of 21 older children with pre-pre-B
ALL the MLLlAF4 transcript was detected. 
Further screening for other aberrations in llq23 
as MLLILTGI9 was positive in 2 patients one 
with common ALL and one with pre-pre-B-ALL, 
and the MLL/L TG9 chimeric gene could be 
shown in 2 of 6 patients with ANLL-M5. The 
screening of 25 children with ANLL-MI/M2 for 
the AMLI/ETO rearrangement detected 5 
patients with the fusion transcript, whereas in 1 
of 3 analyzed patients with ANLL-M4eo the 
CBF~/MYHll transcript was demonstrated. 
Chimeric gene products detected by RT-PCR 
were confirmed by cytogenetics and/or a PCR 
analysis in an external laboratory (Fig. 3). 

Discussion 

The present study is a prospective analysis of 
the incidence of special rearrangements in 
children. We found an overall prevalence of 
the BCR/ABL fusion gene transcript detected 
by PCR of 3.3%; this is within the published 
range of 2%-5% [1, 14], whereas at the time of 

900 samplealyear 

.f. 
diagnosis? 

cell count 

/ " 

relapse the incidence increased up to 10.9%. 
BCR/ABL-positive patients present a homoge
neous immunophenotype. The majority were 
found to have c- or pre-B-ALL, whereas the 
transcript was not detected in pre-pre-, B-, T
ALL, and myeloid cases. The predominance of 
the ela2 (m-BCR/ABL) transcript in children 
with ALL has previously been noted [16], but 
seems not to be associated with special clinical 
features [15]. 

Studying other rearrangements such as 
MLLI AF4, this has an occurrence of 39% in 
infants and is less frequent in older children. 
Another chimeric transcript with prognostic rel
evance [5], AMLl/ETO, was detected in 20% of 
patients with AML-MlIM2. Screening for fur
ther rearrangements as MLLILTGI9, MLLlLTG9, 
and CBF~/MYHll did not result in statistically 
evaluable data because of the short time of 
screening. 

Further prospective studies are therefore 
necessary, to determine the incidence and clini
cal outcome of the different rearrangements in 
children with ALL or AML. 
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Detection ofthe Wilms Tumor Gene (wt-l) mRNA in Complete Remission 
of AMl Frequently Precedes Relapse 

J. Brieger, E. Weidmann, U. Maurer, P.S. Mitrou, D. Hoelzer, and L. Bergmann 

Abstract. Leukemic blast cells taken from 83 
patients with AML at time of diagnosis and 20 
patients during follow-up in complete remission 
were examined for the expression of wt-I 
mRNA. For this purpose blast cells were isolated 
from bone marrow or peripheral blood and total 
RNA was extracted. The wt-I transcription was 
subsequently studied via RT-PCR. Mononuclear 
cells and bone marrow from healthy persons 
were used as controls. Wilms' tumor mRNA was 
detectable in 67 out of 83 cases of AML (81%). 
None of the 13 healthy controls expressed wt-I. 
After achieving cytological Complete Remission 
(CR) 14/20 patients studied lost wt-I expression. 
In 7/8 patients in CR persistence or reappear
ance of wt -I expression preceded relapse of the 
disease. Response to therapy and survival did 
not correlate with wt-I mRNA expression in 
newly diagnosed AML before therapy. Our data 
show that expression of wt-I mRNA is widely 
spread in AML and may be a useful marker for 
detection of minimal residual disease (MRD) in 
acute leukemia. The follow-up data strongly 
suggest that analysis of wt -I gene expression via 
PCR in CR may be a sensitive technique for the 
early detection of relapse. Analysis of wt-I 
expression accompanying routine bone marrow 
aspiration may be useful to define the quality 
of remission and early prediction of relapse of 
the disease. Its relevance to outcome, follow-up, 
and detection of MRD, however, as well as its 
potential role in the pathogenesis of acute 
leukemia, remain to be confirmed by ongoing 
studies. 

Introduction 

Early detection of relapse during complete 
remission (CR) from leukemia may be impor
tant for the initiation of appropriate therapy. 
Various translocations have been considered as 
genetic markers for different types of acute mye
locytic leukemia (AML), but all have the disad
vantage of only accompanying restricted groups 
of AML subtypes. Moreover, the sensitivity of 
the usual detection systems is not always satisfy
ing [I, 2]. Therefore, we recently investigated the 
Wilms' tumor gene (wt-I) a proposed tumor 
suppressor gene [3, 4], as a molecular marker 
detectable with the sensitive PCR technique 
[5,6). The Wilm' tumor gene (wt-I) is generally 
expressed in the fetal kidneys, gonads, spleen, 
and in Wilms' tumor, a tumor of the kidneys. 
The gene encodes a zinc finger DNA binding 
protein that functions as a transcriptional sup
pressor of different growth and differentiation
related genes, such as insulin-like growth 
factor-2 (IGF-2) [7], platelet-derived growth fac
tor a-chain (PGF)[8], and transforming growth 
factor ~1[9]. Moreover, wt-I is homologous to 
the early growth response genes I and 2 (EGRI,-
2) [10-12] two other growth-related genes. 
Additionally, PGF gene expression can be up reg
ulated by the wt-I gene product [13]. Therefore, 
it seems likely that the mutated wt-I gene prod
uct is involved in carcinogenesis [14, IS]. 
Recently the expression of wt-I predominantly 
in blasts with immature phenotypes of the 
myeloid lineage has been demonstrated [16, 17]. 

Department of Internal Medicine, Division of Hematology and Oncology, Johann Wolfgang Goethe University, 
Frankfurt am Main, Germany 

120 



We initiated this study to evaluate the prog
nostic value of detecting the reappearance of wt-
1 mRNA in CR from AML. For this purpose we 
analyzed wt-I gene expression in untreated 
AML, in complete remission (CR), and in 
healthy persons. Patients with untreated AML 
expressed high levels of wt-I mRNA, whereas wt-
1 expression was undetectable or reduced in 
bone marrow cells of AML patients achieving 
CR. In several cases, relapse was preceded by 
reappearing and further increasing mRNA levels. 

Materials and Methods 

Samples 

Blast cells from 83 patients with newly diag
nosed AML, 20 AML patients in CR, and 13 
healthy persons were analyzed for wt-I mRNA 
expression. For this purpose bone marrow or 
peripheral blood mononuclear cells containing 
35%-95% blast cells were recovered from 
heparinized bone marrow aspirated at time of 
diagnosis or heparinized peripheral blood. After 
density gradient sedimentation using Ficoll
Hypaque, the cells were washed twice with phos
phate-buffered saline (PBS) and used for RNA 
extraction (Table 1). 

Leukemias were classified using the morpho
logical and cytochemical criteria of the French 
American-British (FAB) study group classifi
cation [18]. 

Table 1. Proportions of patients expressing wt-I 
mRNA 

wt-I-positive patients 

No. % 

AML de novo 57/70 81 
AML secondary (MDS) 8/11 73 
AML first relapse 2/2 100 

FAB subtype 
MO 111 100 
MI 5/5 100 
M2 20/27 74 
M3 5/5 100 
M4 22/26 85 
MS 5/9 56 
M6 2/2 100 

Age > 60 years' 43/52 81 

Age < 60 years' 24/30 80 

'Patients' median age: 51 years (range 21-75 years). 

PCR and Southern Blot 

Aliquots of 5 ~g total RNA were reverse tran
scribed and used for amplification with wt-! 
specific oligonucleotides, according to published 
sequences [19]. Amplification was performed as 
follows: 35 cycles starting with 5 min at 94°C 
before adding the enzyme. The cycles were initi
ated by denaturing the DNA at 94°C for 30 s, fol
lowed by an annealing reaction for 30 s at 64°C 
and extending at noc for 45 s. After the last 
cycle, we applied a final extension reaction at 
noc for 7 min. The amplification products (857 
bp) were separated by electrophoresis and clas
sified as not amplified (- ) or weakly ( + ), mod
erately (+ +), or strongly amplified (+ + +), as 
described earlier [5, 6]. 

The specifity of amplification of representa
tive samples was verified by chemoluminescent 
detection of the blotted and hybridized product 
according to the manufacturer's instructions 
(Tropix, Bedford, MA). 

Results 

Total mRNA from 83 patients with AML were 
analyzed by PCR for wt -I-specific transcripts. 
Mononuclear cells separated from healthy per
sons' bone marrow and peripheral blood were 
used as controls. None of the 13 healthy volun
teers expressed detectable levels of wt-I tran
scripts, whereas 67/83 (81 %) of the studied AML 
samples expressed wt-I (Table 1). No difference 
between de novo AML and AML after myelodys
plastic syndrome could be determined (Table 1). 

We correlated wt -1 expression at time of diag
nosis and response to therapy. The achievement 
of CR was not related to the detection of wt-I 
gene transcripts prior to treatment (Table 2). 

Next, we studied the wt-I expression during 
CR of patients who had been wt-I-positive 
before treatment. In 14 out of 20 cases evaluat
ed, wt-l mRNA was undetectable by ethidium 
bromide staining of the amplificates after 
achievement of CR. In three cases wt-l expres
sion was reduced and in two patients wt-I dis
appeared after 3 months in CR. Only one patient 
had unaltered wt-! m-RNA levels despite mor
phological and clinical CR. All patients in stable 
CR had very low or undetectable wt-l mRNA 
levels, whereas seven of eight patients expressed 
wt-I mRNA prior to morphologically detectable 
relapse or in partial remission. One of these 
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Table 2. Expression levels' ofwt-l mRNA in patients' blast cells in relation to FAB subtype and achievement of 
complete remission 

CR,all 
CR,denovo 
Age (years) 

FAB subtype 
MO 
Ml 
M2 
M3 
M4 
MS 
M6 

Undefined 
MDS 
First relapse 

o 

13/19 (68%) 
12/18 (67%) 
52 (32-75) 

7 

6 
3 

+ 

9/19 (47%) 
9/17 (53%) 
45 (24-75) 

2 
6 
2 
5 

++ 

10119 (53%) 
8/15 (53%) 
52 (19-73) 

4 
2 
5 
1 

+++ 

16/22 (73%) 
16/21 (76%) 
49 (17-72) 

5 
6 
1 
4 
2 

3 

'0 No expression, + weak, + + moderate, and + + + strong expression MDS myelodysplastic syndrome 

patients remained wt-I-positive in CR, but 
relapsed early. One other was wt-I-negative des
pite subsequent recurrence of disease (Table 3). 

The most common abnormalities are a gain of 
chromosome 8 and a loss of chromosome 7, 
accounting for approximately 20% found in 
AML; other aberrations are rare, and most 
patients have a normal karyotype [20]. An 
important problem for the success of chemo
therapy and autologous stem cell transplanta
tion is the detection of minimal residual disease 
(MRD). The various chromosomal aberrations 

Discussion 

In AML some chromosomal aberrations have 
been described as being related to prognosis. 

Table 3. Course ofwt-l expression in CR 

Patient At diagnosis After 
Chemo
therapy 

S.c. + 0 
H.A. +++ + 
E.R. + 0 
B.G. + 0 
T.J. +++ + 
B.T. ++ 0 
E.K. + + 
J.A. ++ 0 
C.S. ++ 
D.E. +++ 0 
G.E. ++ 0 
M.F. ++ 0 
V.H. ++ 0 
H.A. +++ 0 
B.P. +++ 0 
M.P. ++ + 
O.D. + + 
P.F. +++ 0 
R.T. +++ 0 
J.G. +++ 0 

PR, Partial remission; R, relapse. 
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may be used for detection of MRD on an indi
vidual basis, but they cannot generally be used 
as a common marker for AMLs as these various 
genetic markers occur only in a small propor
tion of AMLs. 

As the Wilms' tumor gene (wt-l) is expressed 
in about 80% of AMLs, the present study was ini
tiated to evaluate whether the detection of wt-l 
mRNA may be helpful for the early detection of 
relapse in AML patients clinically in CR [5, 15, 
16]. For this purpose we used a wt-l RT-PCR 
assay earlier established and determined the inci
dence and strength of wt -1 expression in un treat -
ed AMLs and after achievement of CR [5, 6]. 

We found the expression of high levels ofwt-
1 mRNA to be associated with a higher CR rate 
of 76%, compared to 53% in patients with weak 
or moderate expression and 67% in those with
out detectable mRNA by PCR. However, the dif
ferences are not yet statistically significant 
(Table 2). Patient outcome was not related to the 
pretreatment wt-l gene expression level, and so 
far there has been no difference in the probabili
ty of overall survival and disease- free survival in 
correlation to the mRNA levels in our series [6]. 
This is not surprising, because wt-l seems to be 
a marker for malignant activity of the tumor, 
and in CR few leukemic blasts are present and 
active. Thus, the pretreatment activity-indicat
ed by wt-l-is not necessarily related to the 
posttreatment expression of wt-I. However, it 
should be pointed out that the quantitation of 
PCR products is only semiquantitative and, 
therefore, has to be interpreted cautiously. 

For the follow-up, wt-l expression may be 
useful for early prediction of relapse. In 14120 
patients evaluable so far, the wt -1 signal disap
peared immediately after achieving CR. The 
significance of persistance or intermittent reap
pearance of low levels wt-l in CR for long-term 
remission is not yet defined. Here, prospective 
controlled trials are required to define the clini
cal relevance of these observations, especially, 
whether minimal residual blasts may be elimi
nated by autologous antileukemic activities 
[21, 22]. The reoccurrence of wt-l expression, 
however, is highly associated with a following 
relapse. In our study. Meanwhile, seven out of 
eight patients in CR relapsed morphologically 
3-6 months after reappearence of wt-l tran
scripts. 

In conclusion, the reported data strongly sug
gest wt -1 to be a useful marker for detection of 
MRD in acute leukemias. Analysis of wt-J 

expression accompanying routine bone marrow 
aspiration may be useful to define the quality of 
remission and for early prediction of relapse of 
the disease. Its relevance to outcome, follow-up, 
and detection of MRD in autologous stem cell 

transplantation has still to be evaluated by 
ongoing studies, as does its potential role in the 
pathogenesis of acute leukemias. 
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CBF~/MYH11 Rearrangement in M4Eo with Inversion 16: A Novel Marker 
for Diagnosis of Minimal Residual Disease by RT -PCR 

E. Koller l, M. Pfeilstocker\ B. Pavlova!, H. Miihlbergerl, H. Nowotny', H. Kasparu2, R. Heinzl, E. Pittermann\ 
and H. Karlicl 

Abstract. The inversion of chromosome 16(pI3-
q22) is a characteristic cytogenetic marker for 
acute myelogenous leukemia subtype M4Eo. 
Recently the fusion gene product of this peri
centric translocation was characterized. The 
CBF~ gene is translocated from 16q in the 
region of MYHII, a smooth muscle gene on the 
short arm of chromosome 16. This may result in 
altered regulation of transcription and subse
quent leukemic transformation. We wanted to 
evaluate the potential of this rearrangement as a 
new target for minimal residual disease (MRD) 
diagnosis, which is routinely carried out by RT
PCR. BM and PB samples from six patients with 
M4Eo were analyzed at diagnosis, in clinical 
remission, and during relapse. The detection of 
inv(l6) always correlated with a CBF~/MYHll 
rearrangement. Five patients showed a type A 
transcript and one patient a type B fusion. PCR 
negativity in remission was observed in one 
patient who has been relapse-free for more than 
20 months. Samples from three other patients 
investigated in clinical and cytogenetic remi
sion remained PCR-positive; two of them have 
relapsed so far. We conclude that the CBF~/ 
MYHII rearrangement is highly sensitive, and 
residual leukemia can be detected during remis
sion. The value of for MRD evaluation needs 
confirmation in a larger study of prospectively 
analyzed patients. 

Introduction 

The inversion of chromosome 16(p13q22) is the 
characteristic marker for acute myelogenous 
leukemia subtype M4Eo. Recently the fusion 
gene product of this translocation was charac
terized on the molecular level [I]. It has been 
shown that CBF~/PEBP2~, a gene encoded at 
16q22, is translocated to the region of MYHII, a 
smooth muscle gene, encoded at 16p13. The 
joining of a transcription factor with a house
keeping gene may result in altered regulation 
and subsequent leukemic transformation in 
these patients. We present data from RT-PCR 
analyses of chimeric transcripts consisting of 
upstream CBF~ fused to downstream MYHll 
which present a novel diagnostic target for 
refined definition and minimal residual disease 
(MRD) evaluation ofM4Eo [2]. 

Material and Methods 

Cytogenetic analyses using the tristaining tech
nique for simultaneous detection of R- and 
C- bands [3] and preparation of mRNA and 
cDNA using a commercially available system 
(Pharmacia) were performed during routine 
investigations according to institutional guide
lines. PCR protocols were carried out as previ
ously described using reagents from Boehringer 
Mannheim alld a Techne PHC3 PCR processor 

lLudwig Boltzmann Institute for Leukemia Research and Hematology, Hanusch Hospital, Pav.4/4, Heinrich 
Collinstrasse 3D, A-1l40 Vienna, Austria 
2Krankenhans Elisabethinen, Linz, Austria 
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Table 1. Patient data 

Patient Age/Sex Karyotype Status Material Date PCR Transcript type 

F.J. 191M 46,XY, inv(I6) Diagnosis BM 14 Apr 93 + A 
CR PB+BM 4 Mar 93-

B.J. 391M 46,XY, inv(I6) Diagnosis BM 3 Jan 92 + B 
First CR BMbuffy 9 Sep 92 +1-
Second CR PB 4 Mar 94 + 

R.A. 251M 46,XY, inv{l6) Diagnosis BM 18 Aug 89 + A 
First CR PSC 18 Nov 89 + 
Second CR BMbuffy 23 Apr 90 + 

S.F. 46/M 46,XY, inv(16),+8 Relapse PB 22 Feb 94 + A 
R.T. 66/F 46,XX, t(4; 17), Diagnosis BM 10 June 94 + A 

inv(I6), del(20q) PR BM 26 July 94 + 
S.M. 44/F 46,XX, inv(I6) Relapse BM 3 May 94 + A 

Second CR PB 14 June 94 + 

CR, Complete remission; PR, partial remission; BM, bone marrow; PB, peripheral blood. 

[2,4]. Aliquots ofPCR products were sequenced 
on an Applied Biosciences Inc. automated 
sequencer. 

Results and Discussion 

At the time of diagnosis or relapse, detection of 
inv(16) correlated with a rearrangement of 
CBF~/MYHll in all six cases (see Table 1). 
Seven cases had a type A transcript, which has 
been shown to occur in the majority of patients 
reported so far [2]. One patient had a type B 
fusion. Five of our patients could be monitored 
during clinical and cytogenetic remission. In 
two cases enriched stem cells from BM or PB 
could be evaluated in addition. To date one 
patient with a negative RT -PCR result after 
chemotherapy has been in continuous complete 
remission for more than 20 months. Samples of 
three other patients investigated in remission 
remained PCR-positive at the MRD level (1 
leukemic cell in 105 cells); two of them have 
relapsed so far. Our data confirm current obser-
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vations by showing that RT-PCR is highly sensi
tive for the detection of leukemic cells during 
morphological and cytogenetic remission in 
M4Eo [2]. The CBF~/MYHll rearrangement 
may widen the panel of MRD markers in acute 
leukemia, but prospective studies in a larger 
number of patients are needed for confirmation. 
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Detection of Minimal Residual Disease on Bone Marrow Smears 
by Reverse Transcriptase Polymerase Chain Reaction 
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Abstract. The polymerase chain reaction (PCR) is 
now often used for the identification of the three 
most common chromosomal aberrations, t(8; 
21), t(15; 17) and inv(16), in adult AML, which 
account for 30%-40% of chromosomal aberra
tions in de novo AML. In addition, the high sen
sitivity of this technique has provided a way to 
detect residual leukaemia at previously unob
tainable levels. For primary diagnosis one bone 
marrow aspirate smear is sufficient for the 
reverse transcriptase (RT) PCR assay. This 
source has the advantage that no special han
dling and transport of the specimen is neces
sary. The aim of the present study was to detect 
minimal residual disease on bone marrow 
smears and to compare the results with the 
detection of the fusion transcript in bone mar
row aspirates. In 21 patients with AML or ALL 
in complete clinical and haematological remis
sion (7 Patients with t(15; 17), 4 Patients with 
t(8; 21), 7 Patients with inv(I6) and 3 Patients 
with t(9; 22)) bone marrow smears as well as 
3 ml bone marrow aspirate were investigated. 
The normal gene could be detected from the 
glass slide smear and the bone marrow aspirate 
in every case. The specific translocation as a 
marker for minimal residual disease was 
observed in 10 of the 21 cases from the bone 
marrow smear. In the control with the bone 
marrow aspirate the specific translocation was 
detectable in only 7 of these 10 cases. These 
results demonstrate that bone marrow smears 
are a suitable source for RT-PCR-based detec-

tion of minimal residual disease. Further studies 
should evaluate this possibility. 

Introduction 

Molecular analysis of chromosomal aberrations 
has become widespread in the diagnosis of hae
matopoietic malignancies. RT -PCR assays have 
been developed for the three most common 
chromosomal abnormalities in AML, trans
locations (8; 21) [1-8] and (15; 17) [9,10] and 
inversion (16) [11, 12], defining subgroups with 
a good response to chemotherapy and a good 
prognosis. In ALL the PCR-based identification 
of the Philadelphia chromosome [t(9; 22)] is well 
established [13-15]. For the detection of these 
chromosomal aberrations, one bone marrow 
glass slide smear is a sufficient source [16-19]. 

In this study we compare bone marrow slide 
smears as a source for the detection of minimal 
residual disease with the standard procedures. 
We used a method for dissolving RNA directly 
on the glass slide and adapted the procedure to 
safely avoid cross contaminations between the 
samples [18]. 

Material And Methods 

Patients and Samples 

Bone marrow aspirates and bone marrow 
smears were obtained from 21 patients with 
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AML or ALL in complete clinical and haemato
logical remission. At primary diagnosis seven 
patients were classified according to the FAB 
classification as FAB M3 with t(15; 17), four as 
FAB M2 with t(8; 21), seven as FAB M4eo with 
inversion (16) and three had Philadelphia-chro
mosome-positive ALL. In every case 3 ml bone 
marrow aspirate and one unstained bone mar
row smear were investigated. 

RNA Preparation 

The bone marrow aspirate was isolated on Ficoll
Hypaque. The RNA was extracted from the 
mononuclear cell fraction with a buffer contain
ing guanidinium thiocyanate and phenol 
(RNAzol), followed by chloroform purification 
[20). From the bone marrow smear RNA was dis
solved directly on the glass slides with the 
described RNAzol buffer [18). For both sources 
the RNA pellet was precipitated once in iso
propanolol and a second time in ethanol and 
afterwards dissolved in 15 fJ.l DEPC-treated water. 
The first-strand eDNA synthesis was carried out 
with 7 fJ.l of the RNA solution with AMV-reverse 
transcriptase (eDNA-Kit Serva) using random 
primers in a total reaction volume of 15 fJ.l. The 
reaction was performed for 45 min at 42°C. 

peR Amplification 

PCR was performed with 1 ill of the eDNA 
product. In every case a single-step PCR of the 
B-Actin gene was performed as a control for sat
isfactory sample eDNA. For t(15; 17) an amplifi
cation of the RARa gene was used additionally. 
The RARa gene and the PML-RARa fusion gene 
were amplified with primers as published [9]. 
For t(8; 21) the AML gene as a control and the 
AML-ETO fusion gene were used [1,21]. The 
CBFB-MYHll fusion transcript, the counterpart 
of the inv(16), was detected with the primers 
published in [11]. For t(9; 22) the c-ABL gene 
and the BCR-ABL fusion gene were amplified as 
described [13). PCR was performed with Taq
polymerase (Boehringer, Mannheim) in a total 
reaction volume of 20 ill at standard conditions 
with an annealing temperature between 50°C 
and 60°C, depending on the primers used. The 
PCR product was diluted 1: 100 in water and 1 
ill of this solution was used for a second step of 
amplification with a second set of primers. The 
PCR products of the first and second steps were 
run on a 1.5% agarose gel, stained with ethidium 
bromide and visualised under UV light. Num
erous precautions were taken to avoid contami
nations [22]. 

Table 1. Detection of minimal residual leukaemia by RT-PCR in 21 patients with AML or ALL in complete clini
cal and haematological remission 

Patient Age (years) FAB subtype Bone marrow aspirate Bone marrow smear 

T.A. 61 AMLM3 + + 
J. T. 25 AMLM3 0 0 

R.H. 34 AMLM3 0 0 

A.M. 33 AMLM3 0 0 
K.E. 38 AMLM3 0 0 

A.U. 66 AMLM3 0 + 
A.M. 47 AMLM3 0 0 

P. L. 18 AMLM2 0 0 

L.M. 29 AMLM2 0 0 
H.B. 66 AMLM2 + + 
B. R. 29 AMLM2 0 0 

M.H. 60 AMLM". + + 
S.G. 22 AMLM". + + 

AfterBMT 0 0 

S.A. 28 AMLM". 0 0 

T.S. 50 AMLM". 0 + 
H.U. 45 AMLM". 0 0 

S.A. 41 AMLM". 0 + 
H.A 31 AMLM". 0 0 

+, Correct amplification, 0, no amplification product. 
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Results 

In every case the ~-Actin gene was detected as a 
control of intact RNA from the bone marrow 
aspirate and the bone marrow smear (Table 1). 
In the first group, consisting of seven patients 
with t(15; 17) at primary diagnosis, the RARa 

gene was detected in every sample. In one case 
the PMLlRARa fusion transcript was amplified 
in the bone marrow aspirate and the bone mar
row smear. Interestingly, the second case 
showed the fusion gene in the material obtained 
from the bone marrow smear only; the bone 
marrow aspirate was PCR-negative in this case. 
In all other patients, there was no PML-RARa 
fusion transcript amplification in the bone mar
row aspirates or in the bone marrow smears. 

In the second group, consisting of four 
patients t(8; 21), the aspirate and smear results 
were completely concordant: the AMLIETO 
fusion gene was found in while, in one case, 
both sources the three remaining cases showed 
no AML-ETO fusion gene. 

In four patients with inv(16) minimal resid
ual leukaemia was detected. In each case the 
CBF~/MYHll fusion transcript was amplified 
from the bone marrow smear. In only two of 
these cases was the fusion gene detectable from 
the bone marrow aspirate. One patient was PCR
negative in both sources after allogeneic bone 
marrow transplantation. 

In all three cases of ALL the BCR-ABL fusion 
gene was detected concordantly from both 
sources. In one case no BCR/ABL fusion tran
script was visible after allogeneic bone marrow 
transplantation. 

Discussion 

RT-PCR-based assays for a translocation-specif
ic fusion message can be used as a disease-spe
cific marker in patients with cytogenetic 
aberrations. In AML t(15; 17)(q22; qIl-22) 
[9,23], t(8; 21)(q22;q22) [1,3-6,8]' t(9,11) 
(p21-22; q23) [24], t(6; 9)(p23; q34) [25] and 
inv(l6)(p13; q22) [11,12] can be detected by 
PCR-based analysis. These techniques allow 
detection of minimal residual disease at previ
ously un obtained levels. Protocols for collection 
and processing of the samples for this approach 
have not yet been standardised [10,26]. Usually 
3-5 ml bone marrow aspirate are used. For pri-

mary diagnosis sufficient material can be 
obtained from one smear of a bone marrow 
aspirate or of peripheral blood [17-19]. In this 
study we investigated the possibility of detecting 
minimal residual disease using material 
obtained from unstained glass slide smears of 
bone marrow aspirates. Two sources for the 
detection of minimal residual disease were 
therefore compared: one unstained bone mar
row smear and, according to the usual proto
cols, 3 ml bone marrow aspirate. In the method, 
developed the dried bone marrow aspirate was 
directly dissolved on the glass slide. The advan
tage of this procedure, compared to other proto
cols in which the material is scraped from the 
glass slide, is that it safely avoids cross-contami
nations between the samples and minimises the 
loss of material [16-18]. 

In this small study we were able to demon
strate that material obtained from bone marrow 
smears gives comparable or even better results 
than bone marrow aspirates in the detection of 
residual leukaemia. Because of the small num
ber of patients investigated, it is not yet possible 
to say if glass slide smears are a suitable source 
in every case. Smears could be an interesting 
alternative as a sample and would have several 
advantages over bone marrow aspirates: For one 
thing, the collecting and processing of the sam
ples is much easier. It is not yet clear why glass 
slide smears are such an extraordinarily good 
source for PCR-based investigations. One expla
nation may be that the rapid inhibition of 
enzymes due to air drying on the glass slide pre
vents the RNA from degradation. 
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Abstract. We used the polymerase chain reaction 
(peR) as a novel and sensitive technique to eval
uate posttransplant chimerism. Tandemly repet
itive core sequences of regions with a variable 
number of tandem repeats (VNTR) served as 
genetic markers. Polymorphism of such loci 
results from allelic differences in the number of 
repeats. Primers flanking the repeat region of 
each of the corresponding VNTRs were used for 
amplification. Recipient and donor pretrans
plant DNA were amplified. The resultant frag
ments were analyzed after gel electrophoresis. 
Evaluation of four available cases indicated 
complete chimerism in three cases and mixed 
chimerism in one. The sensitivity of the method 
was determined by mixing various proportions 
of recipient and donor DNA; the limit of detec
tion of the minor component in a mixture was 
1 %. peR amplification of VNTR has advantages 
over other methods such as red blood cell 
phenotyping: high sensitivity, use of small 
amounts of blood or bone marrow, and the abil
ity for early detection of posttransplant engraft
ment. 

Introduction 

Hypervariable regions (HVR) of human genome 
or regions with a variable number of tandem 
repeats (VNTR) can be used as highly polymor
phic markers in human genome investigations. 
VNTRs can be characterized as highly polymor
phic regions of human DNA consisting of 
tandemly repeated core sequences. The number 

of copies is variable and results from allelic dif
ferences in the number of repeats. These mark
ers are inherited in a mendelian fashion and can 
be very informative when a locus has multiple 
alleles. These multiallele polymorphisms can be 
successfully used for the identification of DNA 
of different persons. 

The recent development of DNA amplifica
tion based on polymerase chain reaction 
(peR) has provided a powerful tool for analysis 
of human polymorphisms in many settings 
including the monitoring of engraftment in 
patients after allogeneic bone marrow trans pla
nation (BMT) [1,2]. This method is ideal for 
evaluating hematopoietic chimerism after allo
geneic BMT between sibling pairs because sever
al polymorphic loci can be analyzed, giving a 
high probability of having at least one informa
tive locus. 

Another advantage of the peR method is its 
high sensitivity. It permits evaluation of a minor 
cell populations of DNA of donor or recipient 
origin, such as 1 %. 

The main goal of our study was to determine 
the genetic marker to distinguish donor and 
recipient cell populations and to provide long
time follow-up of engraftment dynamics after 
BMT. 

Materials and Methods 

Patients 

Eight patients who underwent BMT for acute 
leukemia from histocompatible siblings at the 

National Research Centre for Hematology, Moscow, Russia 
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National Research Centre for Hematology, 
Moscow, were investigated. Only these who sur
vived for more than 90 days after BMT were 
included in the study. The conditioning regi
mens consisted of cyclophosphamide 120 mg/kg 
and total body irradiation 12 Gy in six fractions 
or cyclophosphamide and busulfan 16 mg/kg. 
Posttransplant bone marrow or peripheral 
blood were obtained on days +30, +60, +90 
and every 3rd month after BMT during the 1st 
year. The longest period of observation was 
3 years after BMT. 

Isolation of Genomic DNA and PCR Amplification 
ofVNTRs 

High-molecular-weight DNA was extracted from 
blood or bone marrow as previously described 
[3]. In one case DNA was extracted from the 
patient, granulocytes isolated by Ficoll density 
centrifugation (this patient was treated by donor 
lymphocyte transfusions for posttransplant 
relapse). For our study we selected the following 
three VNTR regions: apolipoprotein B 3'hyper
variable region (Apo B), DXS52 locus of X chro
mosome (DXS52), and VNTR in intron 
40 of von Willebrand factor gene (vWF). The 
primers were synthesized and all reactions were 
performed according to methods previously 
described [3,7]. After amplification PCR prod
ucts were separated by electrophoresis in 
6%-12% polyacrylamide gel and tested under 
UV light after ethidium bromide staining. 

01 RI 02 R2 03 R3 D4 R4 
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Results 

We tested donor/recipient eight pairs in order to 
evaluate marrow engraftment after BMT. 
Informative differences were found for four 
donor/recipient pairs. The others were non
informative. The results observed are usual for 
BMT when the donors and recipients are sib
lings and the number of the markers tested are 
less than 5. 

The observed heterozygosity of the selected 
loci is shown in (Figs. 1,2.) 

The sensitivity of the method was determined 
using previous experiments by mixing of differ
ent proportions of recipient and donor DNA. 
The limit of detection of the minor component 
in a mixture was 1% (without using radiolabel
ing). The results are shown in (Fig. 3.) 

Evaluating the results we used the following 
terms: 

1) Complete chimera: only donor-type genetic 
markers detected in post-BMT samples 

2) Mixed chimera: genetic markers of both 
donor and recipient detected 

Evaluation of four available cases indicated three 
cases of complete chimerism. Two cases were 
detected using the ApoB genetic marker, one 
case using DXS52 (Figs. 4, 5). In all these cases 
the patients were in complete remission accord
ing to clinical and routine laboratory data. 

In the case of mixed chimerism (Fig. 6) we 
detected both donor and recipient DNA from 
day +28 after BMT. On day +90 this patient 

450 

- 520 
- 600 

Fig. 1. Pre-BMT screening of four 
donor/recipient pairs by the PCR-VNTR 
method. Each lane contains the amplified 
DNA products using primers for ApoB 
Paris 1 and 3 are informative 



Fig. 2. Analysis of amplified DNA prod
ucts for four donor/recipient pairs using 
primers for the vWF locus 

Fig. 3. Sensitivity of the peR approach. The 
respective proportions of donor and recipient 
DNA are 20: 1,50: 1, 100: 1 and 200: 1 

Fig. 4. A case of complete chimerism. 
DNA from recipient, donor and post
transplant DNA was amplified using 
ApoB primers. From day + 28 after trans
plantation, only donor-specific fragment 
can be identified 

01 RI 02 R2 03 R3 D4 R4 

20:1 50:1 100:1 200:1 

R 0 +28 +60 +90 +122 

)60 
- 147 
-130 
-110 
-100 

l33 



R D +28 +60 +92 +120 

D R +28 +60 +91 +109 +112 

relapsed and was treated by donor lymphocyte 
transfusions as immunotherapy. In this case the 
recipient DNA was isolated from the granulo
cytes of the patient after Ficoll density centrifu
gation. Mixed chimerism was observed during 
the whole course of treatment. This patient died 
of relapse on day + 121 after BMT. 

Discussion 

Assessment of engraftment and chimerism after 
BMT requires the identification of both host and 
donor cells. This can be done by analysis of a 
number of different markers, including red cell 
antigen typing, karyotyping, and so on [8-10]. 
However, these methods have disadvantages 
during the early posttransplant period. In the 
very early stages of engraftment the peripheral 

134 

)986 
-1700 

.IIS 
-no 

Fig. 5. The case of complete chimerism 
detected using DXS52 primers. Only donor· 
specific DNA is present after day + 28 

Fig. 6. The case of mixed chimerism. From 
day + 28 both recipient and donor fragments 
are detectable. On days + 91 and + 109 the 
investigation was performed after transfu· 
sions of donor lymphocytes 

blood and bone marrow are very hypocellular 
and it may be difficult to recover enough cells to 
perform karyotyping or any other method of 
chimerism detection. The polymerase chain 
reaction, which allows the amplification of spe
cific DNA sequences, offers a way to overcome 
these problems, but it requires suitable poly
morphic regions for amplification. We used the 
VNTR regions as highly polymorphic genetic 
markers, as described previously [4, 11). 

Our results indicate that the PCR-VNTR tech
nique can be used successfully for high sensitivi
ty of the method reduces the number of cells 
required for analysis and allows detection of 
host cell repopulation in the early post-BMT 
period. In some cases it can predict relapse of 
the disease, as was demonstrated in our study. 
Surely, unlike the use of clonal markers such as 
bcr-abl [12] and T-cell receptory genes [13], this 



method detects the presence of any recipient 
DNA, regardless of the lineage of the cell con
taining this DNA. That is why it is so difficult to 
analyze the cases of mixed chimerism and to 
connect its occurrence with the probability of 
relapse [14]. 

An additional advantage of the PCR is the 
rapidity of the technique compared with the 
cytogenetic analysis, with results obtained with
in 24 h. In addition, compared with red blood 
cell phenotyping, the PCR-VNTR technique 
demonstrates the possibility of early detection 
of marrow engraftment, and is independent of 
erythrocyte transfusions. 

We conclude that the PCR has already proved 
its value for monitoring the hemopoietic status 
of patients after BMT, and has important impli
cations for studying engraftment kinetics. 
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Truncated Granulocyte - Colony Stimulating Factor Receptors 
in Severe Congenital Neutropenia Terminating in Acute Myeloid leukemia 

F. Dong and I.P. Touw 

Abstract. Severe congenital neutropenia (SCN) is 
a heterogeneous disease condition with a vari
able family history and a propensity to progress 
towards acute myeloblastic leukemia (AML). In 
collaboration with the SCN International 
Disease Registry, a study has been initiated 
aimed at the identification of abnormalities of 
G-CSF-R function in SCN. Among a series of 20 
cases analyzed thus far, 5 patients have been 
found with point mutations in the G-CSF-R 
gene. These mutations were confined to cells of 
the myeloid lineage. They were all nonsense 
mutations, resulting in the truncation of the C
terminal cytoplasmic region, a subdomain that 
is crucial for G-CSF-mediated maturation sig
naling. In all cases, both the mutated and the 
normal allele were expressed. Three patients 
acquired cytogenetic abnormalities and devel
oped AML. Of the two other patients, who are 
still neutropenic, one acquired a cytogenetic 
abnormality (monosomy 7). None of the 15 
patients without G-CSF-R mutations (including 
5 Swedish patients wIth a family history of neu
tropenia, the syndrome originally described by 
Kostmann) showed cytogenetic or clinical signs 
of progression to AML. Coexpression of mutant 
and wild-type G-CSF-R in murine maturation
competent myeloid cell systems indicated that 
the truncated G-CSF-R proteins interfered with 
G-CSF-induced maturation in a dominant nega
tive fashion. We conclude that SCN patients 
with mutations in the G-CSF-R gene, resulting 
in the truncation of the C-terminal maturation 
domain, are predisposed to develop AML. 

Severe Congenital Neutropenia 

Severe congenital neutropenia (SCN) is a 
hematopoietic disorder characterized by pro
found absolute neutropenia and a maturation 
arrest of myeloid progenitor cells at the promye
locyte-myelocyte stage. As a result, patients 
suffer from life-threatening opportunistic infec
tions and frequently die at under 10 years of age. 
The diagnosis of SCN is made in early infancy. 
SCN was originally described in 1956 by Kost
mann [1] as an autosomal recessive disorder in 
several Swedish families. Subsequently, a num
ber of other reports appeared in which a family 
history of SCN was not apparent [2]. Marrow 
cells from SCN patients often display a reduced 
responsiveness to granulocyte colony stimulat
ing factor (G-CSF) in vitro, although neu
trophilic colony formation can usually be 
induced with elevated G-CSF concentrations. 
Elevated levels of biologically active G-CSF 
(150-910 pg/ml) are frequently found in the 
serum of SCN patients. The administration of G
CSF in most cases improves granulopoiesis in 
vivo and is of therapeutic benefit [3, 4]. In agree
ment with in vitro observations, a considerable 
elevation of G-CSF levels is required to over
come the neutropenia in G-CSF-responsive SCN 
patients [3]. SCN patients have an increased 
probability of developing myelodysplastic syn
drome or AML [3-7J. 
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G-CSF Receptor 

G-CSF induces both proliferation and differenti
ation of myeloid precursor cells via activation of 
a single receptor (R) that belongs to the super
family of hematopoietin receptors [8]. Acti
vation of these receptors by their respective 
ligands is mediated through the formation of 
dimeric or oligomeric complexes of receptor 
structures. Some hematopoietin receptors form 
heteromeric receptor complexes, e.g., IL-2R, IL-
3R, IL-5R, GM-CSF-R [9]. In contrast, G-CSF-R 
forms homodimeric complexes [10]. The extra
cellular region of the G-CSF-R is composed of 
an immunoglobulin (Ig)-like domain, the 
cytokine receptor homology (CRH) domain, and 
three fibronectin type III (FNIII) domains 
[11,12]. The intracellular part of human G-CSF
R comprises 183 amino acids [12, 13]. Like other 
cytokine/hematopoietin receptors, the cytoplas
mic domain of G-CSF-R lacks a kinase domain. 
Several stretches of amino acids in the G-CSF-R 
cytoplasmic domain show limited sequence 
homology to other members of the hematopoi
etin receptor superfamily. Two of these stretch
es, referred to as "box I" and "box 2", are 
positioned in the membrane-proximal region of 
G-CSF-R. Box 1 and box 2 are also present in 
several other hematopoietin receptors [10, 14]. 
The membrane-distal cytoplasmic region of the 
G-CSF-R contains a third segment, called "box 
3", which is shared only with the IL-6 signal 
transducer gp130 [10]. 

The membrane-proximal cytoplasmic region 
is primarily involved in proliferative signaling 
[10]. The C-terminal (membrane-distal) region, 
on the other hand, is essential for transduction 
of maturation signals [IS, 16]. Deletion of the C
terminus of G-CSF-R not only destroys the mat
uration signaling capacity but also removes a 
negative regulatory element inhibiting prolifera
tive signaling [15]. Experiments by Fukunaga 
et al. [16] with a panel of G-CSF-R deletion 
mutants and chimeras of growth hormone 
receptor and G-CSF-R indicated that mutations 
in the membrane-proximal cytoplasmic region 
could also result in the abrogation of maturation 
induction by G-CSF. These data demonstrate 
that maturation signaling, although primarily 
controlled by the C-terminal region of G-CSF-R, 
is not independent of the function of the mem
brane-proximal region. 
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Defective Cytokine Receptors 
and Hematopoietic Disorders 

Structure abnormalities of cytokine/hematopoi
etin receptors have been shown to contribute to 
different human diseases. A mutation in the 
receptor for erythropoietin (EPO-R), causing a 
truncation of a C-terminal negative-regulatory 
region, has been genetically linked to familial 
erythrocytosis [17]. Truncation of the common 
y chain of the receptors for IL-2, IL-4, IL-7, and 
IL-15 is associated with X-linked severe com
bined immunodeficiency [18]. Finally, muta
tions in the receptor for growth hormone, also a 
member of the cytokine receptor superfamily, 
have been described in patients with Laron 
dwarfism [19-22]. Evidence for a possible role of 
abnormal cytokine receptors in leukemogenesis 
has been obtained in mice. A mutation in the 
extracellular domain of the murine EPO-R, 
causing constitutive homodimerization and 
activation of the EPO-R mutant protein, could 
be directly associated with the development of 
erythroleukemia [23]. Souyri et al. [24] found 
that myeloproliferative leukemia virus (MPL V) 
encodes a fusion product of virus envelope pro
tein and the C-terminal part of the hematopoi
etin receptor structure MPL, recently identified 
as the receptor for thrombopoietin [25-27]. 
More recently, it was shown that a mutant form 
of the common-~ chain (~) of the human IL-
3/GM-CSF/IL-5 receptors, containing a duplica
tion of 37 amino acids in the extracellular 
domain, confers growth factor independence on 
murine IL-3-dependent FDC-Pl cells [28]. The 
FDC-Pl transfectants expressing the mutant 
~c protein gave rise to leukemic outgrowth upon 
injection into syngeneic mice, whereas FDC-PI 
transfectants expressing the wild-type ~c pro
tein, which remained factor-dependent, were 
non tumorigenic. 

G-CSF-R Defects in SCN 

Based upon the observation that G-CSF respons
es are frequently disturbed in SCN, it had been 
anticipated for some time that G-CSF-R dys
function might be involved in the pathogenesis 
of the disease. This idea gained significant sup
port when a somatic mutation in the G-CSF-R 
gene was found in a case of SCN [29]. This non
sense mutation resulted in the deletion of the C-



terminal domain of G-CSF-R that been function
ally linked to maturation signaling [15]. Indeed, 
upon its ectopic expression in murine myeloid 
cell lines, the mutant receptor protein was 
unable to transduce maturation signals. Because 
the normal allele was also expressed in the gran
ulocytic cells of the patient, it appeared likely 
that the truncated receptor protein functioned 
in a dominant negative manner over the wild
type protein (Fig. 1). This notion was confirmed 
in cotransfection experiments in which truncat
ed and wild-type G-CSF-R proteins were 
expressed at equal levels. These findings provid
ed the first in vivo evidence that signals trans
duced by the G-CSF-R C-terminus are 
indispensable for the normal development of 
myeloid progenitor cells. Significantly, the 
mutation was found in the granulocytes of the 
patient (who received G-CSF treatment), but not 
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in monocytes, erythroid colony cells, T and B 
lymphocytes, or skin fibroblasts. Apparently, 
progenitor cells committed to the granulocyte 
lineage had been the target population for the 
somatic mutation. Because committed progeni
tor cells are normally incapable of sustained 
self-renewal, the question arose how the affected 
progenitor cell population could persist in the 
patient. Given the fact that the truncated G-CSF
R protein, apart from lacking maturation signal
ing abilities, also lacks the C-terminal element 
that negatively regulates proliferation, it was 
suggested that expression of this mutant recep
tor contributed to immortalization/enhanced 
self-renewal capacity of the myeloid progenitor 
cells. On this basis, the neutropenia in this case 
was believed to reflect a preleukemic condition. 
In support of this notion, it was shown that the 
leukemic cells from two AML patients with a 

I \ 

++ ++ 

Fig. 1. Dominant negative action of truncated G-CSF-R on the maturation function of full-length (wild-type) G
CSF-R delection mutant interferes with maturation signaling by forming heteromers with wild-type G-CSF-R. Ig
like: Immunoglobulin-like domain; CRH: cytokine receptor homology domain; FN[]]: Fibronectin-I1I domain. 
The hatched regions in the cytoplasmic domain mark boxes 1 (membrane-proximal) to 3 (membrane-distal) 
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history of SCN also had mutations in G-CSF-R, 
again truncating the C-terminal maturation
inducing region [30,31]. In one of these 
patients, it could be demonstrated that the 
mutation was already present in the neutropenic 
phase of the disease. In collaboration with the 
SCN International Disease Registry, 20 patients 
With SCN have so far been studied for the pres
ence of mutations in the G-CSF-R gene, includ
ing 5 cases with a family history of neutropenia 
(Fan Dong et aI., in preparation). Mutations in 
the G-CSF-R, all resulting in the truncation of 
the C-terminal maturation domain, were found 
in 5 patients. Three of these had developed 
AML, whereas one had acquired a monosomy 7, 
a cytogenetic abnormality associated with 
myelodysplastic syndrome. These findings sug
gest that defects in the G-CSF-R are associated 
with disease progression from SCN towards my
elodysplastic syndrome and AML. 

G-CSF-R Abnormalities in De Novo AMl 

IN 25 cases of de novo AML that have been stud
ied thus far, nonsense mutations in the G-CSF-R 
similar to those detected in SCN, and AML pre
ceded by SCN, were not observed. In contrast, a 
different type of G-CSF-R mutation was found 
in the leukemic blasts of one de novo AML 
patient [32]. This mutation was discovered after 
performing reverse transcriptase-polymerase 
chain reaction (RT-PCR) analysis on the blast 
cells of 40 nonselected patients. The AML blasts 
of this patient showed high expression of a new 
mRNA splice variant, in which the C-terminus 
was altered due to a change in the reading 
frame. Analysis of cDNA and corresponding 
genomic sequences revealed a G-to-A transition 
next to a (cryptic) splice donor site involved in 
the alternative RNA splicing. The splice variant 
appeared unable to transduce proliferation and 
maturation signals upon transfer to murine cell 
systems [32]. In agreement with this, the prima
ry AML blast cells of the patient failed to 
respond to G-CSF in proliferation assays, where
as the responsiveness to IL-3 or GM-CSF was 
maintained. This observation, although as yet 
anecdotal, further highlights G-CSF-R dysfunc
tion, either caused by structural defects in the G
CSF-R itself, or by abnormalities in the 
maturation signaling function, as an important 
potential mechanism of neoplastic transforma
tion in human AML. 
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BCR/ABL and Signal Transduction Pathways 

R. Salgia, K. Okuda, N. Carlesso, and J.D. Griffin 

Abstract. BCR/ABL transforms hematopoietic 
cells in vitro and in vivo and exerts a wide vari
ety of biological effects, including induction of 
factor independence, reduction of apoptosis, and 
altering adhesion of CML cells to marrow stro
ma. However, at a biochemical level, the mecha
nisms by which BCRt ABL transforms myeloid 
cells are poorly understood. p210BCR/ABL has 
elevated ABL tyrosine kinase activity, relocates 
to the cytoskeleton, and phosphorylates several 
cellular proteins, including c-BCR, pl20rasGAP, 
c-CBL, p52SHC, p93FES, p95VAV, pI25FAK, 
p68paxillin, and p72SH PTP2. In addition, 
BCRt ABL has been shown to bind directly to 
GRB2 at YI77 of BCR, therefore potentially acti
vating p2lras. However, it has been difficult to 
determine the significance of any of these poten
tial BCR/ABL substrates, in part due to the com
plexity of studying a large protein with many 
potential signaling motifs, and in part due to the 
fact that there are so many BCRt ABL substrates 
in these cell lines. One approach to simplifying 
BCRt ABL biology has been to examine primary 
human CML cells, rather than cell lines made to 
overexpress BCRtABL. Interestingly, in primary 
leukemic cells, there are only a few proteins 
which either intereact with BCRt ABL or are 
phosphorylated by BCRt ABL. This suggests that 
studies in primary CML cells, rather than tissue 
culture cell lines, may be more reliable in terms 
of identifying important signaling pathways. 
One of the major tyrosine phosphoproteins com
plexed with BCRI ABL in CML neutrophils has 
recently been identified as CRKL, an SH2ISH3 
"adapter" protein. CRKL binds to BCRt ABL at 
least partly through its SH3 domain, and in cell 

lines may link BCRtABL to some cytoskeletal 
proteins. The hypothesis hypothesis is set forth 
that BCRtABL functions in part to disrupt sig
nals going to, or coming from integrins in 
hematopoietic cells, and that this event is impor
tant in the pathogenesis of stable phase CML. 

Chronic Myeloid Leukemia 

CML was the first neoplasm associated with a 
specific chromosomal translocation, the 
Philadelphia chromosome, t(9;22)( q34;q 11) [I]. 
The molecular basis for CML has been worked 
out in elegant detail by a number of laboratories 
(for reviews see [2, 3]), and it is now clear that 
virtually all cases are the result of fusion of the 
c-ABL tyrosine kinase with BCR, a ubiquitously 
expressed gene probably normally involved in 
regulating p21rac activity. Two major translo
cations exist, producing two related fusion pro
teins,a shorter form associated with Ph( +) ALL, 
p190BCR/AB\ and the more common p21OBCR/ABL 
associated with CML. The difference between 
the two forms is in the amount of BCR fused 
with ABL. The p190BCR/ABL form has several-fold 
higher tyrosine kinase activity than p21OBCR/AB\ 
and both forms have higher tyrosine kinase 
activity than c-ABL[4]. 

CML is characterized by massive expansion 
of myeloid cells in the marrow and blood, sple
nomegaly, extramedullary hematopoiesis, baso
philia, hypermetabolism, and a high propensity 
to convert to acute leukemia. In many respects, 
the "stable" phase of CML is a preleukemic dis
order, but it appears that virtually all patients 
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with CML will progress to acute leukemia if they 
do not succumb to an intervening illness. 
"Transformation" to acute phase is an event of 
dire significance as CML "blast crisis" is an 
aggressive acute leukemia with uniformly short 
survival. The blast crisis phase is characterized 
by the emergence of poorly differentiated primi
tive subclones, which typically have acquired 
new genetic mutations in addition to the Ph 
chromosome. 

The BCR/ABl Oncogene 

BCR/ ABL is unique to CML and Ph( +) ALL, and 
does not transform most nonhematopoietic cells 
effectively, even in tissue culture [5 J. The activa
tion of the tyrosine kinase of ABL is critical for 
transformation [6J, but the actual mechanism of 
transformation is largely unknown. c-ABL is 
ubiquitously expressed, both as a nuclear and a 
cytoplasmic protein [7, 8J. Recent studies sug
gest that nuclear c-ABL is likely to function as a 
negative regulator of growth, possibly through 
binding to known growth regulatory proteins in 
the nucleus such as Rb[9J, although the signifi
cance of these observations is unknown. In con
trast, p210BCRIABL is exclusively cytoplasmic, with 
about 70% of the protein associated with the 
cytoskeleton [10]. Two groups have shown that 
p210BCRIABL has a specific actin-binding domain 
[11-13], and studies from our laboratry show 
that p210HCRIAHL colocalizes with vinculin and 
paxillin in focal adhesion plaque-like stuctures 
in myeloid cells (R. Salgia and J. Griffin, unpub
lished, 1995). 

Many domains in p210BCR/ABL have been 
shown to playa functional role in transforma
tion, dependent on the type of assay used to 
measure function. BCR has been shown to be 
important for cytoplasmic localization, multi
mer formation [14], activation of the ABL kinase 
[15], and has also been shown to have some 
unique activities, including a serine/threonine 
kinase activity [16], and a domain which binds 
to the ABL SH2 domain in a phosphotyrosine
independent manner [17J. The racGAP domain 
of HeR is not part of the BCR/ ABL fusion pro
tein. In ABL, the tyrosine kinase domain is 
required for transformation, but not for actin 
binding [I1J. The SH3 domain of ABL is 
inhibitory to kinase activity, and deletion of the 
SH3 domain makes c-ABL transform, suggesting 
that an unknown cellular protein or proteins 

bind to the SH3 domain and downregulate c
ABL. One potential ABL-SH3 binding protein 
has been identified [18J. The SH3 domain is 
deleted in v-ABL. The C-terminus of c-ABL is 
not strictly required for transformation, but is 
required for actin binding [11,13J. Deletion of 
sequences distal to ABL aa 585 does not prevent 
transformation by an SH3-deleted c-ABL. The 
ABL SH2 domain binds to cellular phosphopro
teins in ABL-transformed cells [19], and may be 
important for transformation in some assays 
[12,13,20]. A point mutation in the conserved 
FL VRES motif in the SH2 domain inhibits trans
formation of Rat -1 cells and auto kinase activity 
[21]. BCR/ABL and v-ABL are heavily tyrosine 
phosphorylated, but only some of the sites are 
known. For example, BCR/ABL has over 40 
tyrosines and systematic mutagenesis of the 
tyrosines has not been undertaken. Tyr 177 has 
been shown to be part of a binding site for the 
5H2 domain of GRB2, and this site has been 
shown to be important for transformation in 
some assays [22,23]. The major phosphoryla
tion site within the kinase domain of p190 is 
important for transformation [6, 21J. There is a 
penta-lysine nuclear localization sequence C
terminal to the 5Hl domain which is likely to be 
important in c-ABL function in the nucleus [8,9, 
24], but activated ABL oncogenes are universally 
in the cytoplasm, membrane, or cytoskeleton. 

There are many fundamental biological ques
tions about BCR/ ABL that have not yet been 
answered. These include: (1) How does BCR 
increase the kinase activity of ABU (2) Is 
autophosphorylation of BCR/ ABL important 
and at which sites? (3) Which of the signaling 
proteins bound to BCR/ABL, if any, are impor
tant? (4) Which substrates of the BCR\ABL 
kinase (other than itself) are important for 
leukemia? (5) Which signaling pathways are 
important for stable phase? For blast phase? (6) 
What actually causes stable phase CMU A mito
genic signal? Decreased adhesion and early 
release from the marrow? Reduced apoptosis 
and prolonged life span? (7) What are the differ
ences between p190 and p210BCR/ABL? Why is 
p 190 primarily associated with acute lymphid 
leukemias and p210 rarely or never associated 
with acute lymphoid leukemias (until evolution 
to blast crisis)? As noted above, progress in 
understanding stable phase disease has been 
hampered by the fact that existing animal mod
els are not ideal and transformation of cell lines 
generally produces a phenotype more similar to 
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acute leukemia. No cell lines exist which have 
the phenotype of stable phase CML cells. In part, 
this is due to the fact that activated ABL onco
genes are associated with a high rate of muta
tions in cell lines [25]. For example, new 
chromosomal abnormalities occur extremely 
rapidly following the introduction of BCR/ ABL 
[25]. 

Biological Effects of BCR/ABL 

It has been remarkably difficult to determine 
exactly what the biological effects of BCR/ ABL 
are. The stable (early) phase of CML differs from 
virtually all other human leukemias in that there 
is no apparent block in cell differentiation. In 
this phase, CML might more accurately be called 
a clonal myeloproliferative disorder. There is a 
striking tendency of CML to evolve, however, 
and acute leukemias will eventually supervene 
in most patients. The actual causes of the mas
sive accumulation of myeloid cells characteristic 
of CML remains unclear. CML progenitor cells 
are actively cycling, probably more so than nor
mal progenitor cells, but are entirely factor
dependent for proliferation in vitro [26, 27]. 
There are some reports of decreased sensitivity 
to inhibitory cytokines, such as MIPla, but the 
significance of these observations remains 
unclear. In tissue culture, introduction of 
BCRI ABL into factor-dependent cell lines or 
murine marrow cells typically generates cell 
lines which evolve from hypersensitivity to 
growth factors to full factor independence, but 
again, the significance of this prominent tissue 
culture effect for the pathogenesis of CML is 
unclear [28]. Even modest hypersensitivity to 
growth factors is not a common feature of CML 
progenitor cells, except in more advances stages 
of the disease (J.D. Griffin, unpublished). 

Several other biological effects have been 
reported and may be important. First, BCR/ABL 
may affect the sensitivity of CML cells to apop
tosis [29,32]. Normal hematopoietic cells are in 
a delicate balance of life and death. Most of the 
known hematopoietic growth factors induce 
cells to proliferate, differentiate, and/or activate 
but almost all factors also support viability. In 
the absence of growth factors, hematopoietic 
cells die at a very rapid rate, up to 1 %-2% per 
hour. Most factor-dependent cell lines, such as 
32Dcl3 or FDCPl cells, also die rapidly, starting 
at about 18 h after removal of growth factors 
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such as IL-3 or GM-CSF. BCRlABL has a strong 
antiapoptotic activity in myeloid and lymphoid 
cells, and recent studies from several groups, 
including our own, suggest that this a primary 
and potentially important activity of this onco
gene [29-33]. In an effort to generate cell lines 
which were biochemically more similar to pri
mary CML cells, we made mutants of BCR/ABL 
which were temperature-sensitive for ABL 
kinase activity [33]. The best mutant, p210BCR/ 
ABLts-l, has two point mutations (aa 457 R-H 
and aa 469 Y-H) and has low kinase activity at 
the non-permissive temperature (39°C) and high 
kinase activity at the permissive temperature 
(33°C). At the nonpermissive temperature, the 
cells are wild-type (IL-3-dependent for growth 
and viability/while at the permissive tempera
ture the cells require IL-3 for proliferation, but 
no longer need IL-3 for viability. Thus, 
BCR/ABL dramatically reduces cell death in the 
absence of growth factors, at least in cell lines. 
Similar results were obtained by several groups 
with its mutants ofv-ABL[30] and with primary 
CML neutrophils and progenitor cells [29]. 

Recent studies have also shown that CML 
cells have altered adhesion to marrow stromal 
cells and some extracellular matrix proteins, 
notably reduced adhesion of fibronectin [34]. 
The potential significance of this is substantial, 
as CML cells leave the marrow when immature, 
circulate in the blood in high numbers, and pro
liferate actively in tissues such as the spleen and 
liver which are not normally hematopoietic in 
adult humans. This phenomenon is likely to be 
explained in part by changes in adhesion mole
cule expression or function in CML progenitor 
cells, and there is growing evidence that CML 
cells have altered integrin expression and func
tion. 

It has recently been proposed that IFN-a 
may overcome the defective adhesion of CML 
progenitors to stromal cells by altering the neu
raminic acid composition of stromal layer [35], 
and an in vitro culture system has been estab
lished to study this phenomenon [36], or by 
increasing the expression of the adhesion 
molocule LFA-3, which is decreased in CML 
cells [37]. Verfaillie et al. have shown decreased 
adhesion to stroma and fibronectin but 
increased adhesion to the basement membrane 
components laminin and collagen type IV of 
malignant progenitors in CML [34]. Defects in 
~1 integrins have been described and also 
shown to be corrected by IFN-a [38]. CML prog-



enitors express a2 and a6 integrin chains, 
receptors for laminin and collagen, respectively, 
whereas these receptors are absent from normal 
progenitors. These observations suggest that the 
premature release of malignant CML progeni
tors may be caused by loss of adhesive interac
tions with stroma and/or fibronectin and 
acquisition of adhesive interactions with base
ment membrane components. 

Integrins and Adhesion of Myeloid Cells 

Integrins are expressed on almost every cell type 
and are important in linking the extracellular 
matrix to the cytoskeleton [39]. Each integrin 
consists of noncovalently linked, heterodimeric a 
~ chains. Integrins are typicallu grouped accord
ing to the subunits. The ~2 leukocyte integrins 
(CDIS ~ chain) have been demonstrated to be 
important in neutrophil functioning [401. There 
are three a subunits which are associated with 
CDIS: CDlla (LFA-I), CDllb (Mac-I, Mo-I), and 
CDllc (pI50,95). The significance of the ~2Ieuko
cyte integrins has been characterized in leukocyte 
adhesion deficiency (LAD) type I syndrome, in 
which there is a partial or total absence of expres
sion of the ~2 chain (CDIS) in leukocytes [41]. 
There are several ligands for ~2 integrin family 
members, including ICAM-I (intercellular adhe
sion molecule I), fibrinogen, coagulation factor X, 
and iC3b. CDllb/CDIS is upregulated by tumor 
necrosis factor, C5a, platelet activating factor, 
fMLP, and phorbol esters. 

There is a rapidly growing body of evidence 
showing that integrins send signals back to the 
cell when they in are contact with an appropri
ate ligand [39, 42-44J. For example, cross-link
ing of CDllb/CDlS in normal neutrophils leads 
to rapid tyrosine phosphorylation of several new 
cytoplasmic proteins. Recent studies have sug
gested that one biological effect mediated by 
integrin-initiated signaling may be inhibition of 
apoptosis for some cell types, and augmentation 
of apoptosis for others. Integrin signaling and 
control of integrin expression and function are 
poorly understood events. It is clear that in 
adherent cells, integrins and probably other 
adhesion proteins are not dispersed equally over 
the cell surface, but congregate in "patches" or 
groups at sites of attachment to the extracellular 
matrix [45]. On the inside of the cell membrane, 
specialized structures termed "focal adhesion 
plaques" (FAP) contain a unique set of proteins 

which are believed to be involved in linking the 
cytoskeleton to integrins and in sending and 
receiving messages from integrins [45]. 

Focal Adhesions, FAP Components, 
and Integrin Function 

Focal adhesions are the site at which actin fibers 
are linked to integrins, and are essential for cell 
adherence to extracellular matrix components 
[46,47]. Actin filaments form the cortical actin 
network, actin stress fibers, and membrane ruf
fles. New stress fibers and membrane ruffles are 
known to be stimulated by various growth fac
tors in fibroblasts, such as platelet -derived 
growth factor and epidermal growth factor. 
Focal adhesions or focal contacts were first iden
tified when electron micrographs revealed elec
tron-dense areas of plasma membrane where 
tissue culture cells contacted the surface. In 
vivo, many types of cells are believed to form 
specialized regions that are structurally and 
functionally similar to focal contacts. A growing 
number of focal adhesion components have 
been identified [42, 46, 47]. These components 
are either extracellular (such as the extracellular 
matrix (ECM) proteins fibronectin and vitro
nectin), transmembrane (integrins), or cytoplas
mic (such as actin, vinculin, tensin, paxillin, and 
other molecules). Focal adhesions function as 
anchors for actin fibers, and playa role in regu
lating actin assembly. It is still not clear which 
proteins bind directly to integrins, although 
p125FAK, tensin, vinculin, and paxillin are 
strong candidates. Recent studies have shown 
that cross-linking of integrins, sends signals into 
the cell through FAP components [42,44,45, 4S, 
49]. For example, after ECM molecules bind to 
integrins, there are several proteins which have 
been shown to be phosphorylated, including 
tensin, talin, and p125FAK. p125FAK is a tyro
sine kinase which is unique to the FAP, and may 
be responsible for phosphorylating some of the 
other F AP proteins after activation. It is likely 
that these phosphorylations are associated with 
transient alterations in FAP structure and func
tion. Activation of F AK has been shown to 
induce binding of the GRB2 adapter protein, 
thus linking integrin activation to the p21ras 
pathway [50]. It is also evident that the FAP can 
receive signals from other receptors in the cell. 
For example, phosphorylation of FAP compo
nents is also observed after activation of many 
different growth factor receptors or oncogenes 
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[44, 51], and it is possible that such signals cause 
or are associated with changes in integrin affini
ty for ligand or level of expression. 

Another FAP protein which appears to be 
involved in signaling is paxillin. Paxillin is a 68 
kDa focal contact protein which is tyrosine 
phosphorylated in response to many different 
stimuli, including intergrin cross-linking, 
growth factor signaling, and several oncogenes 
[52]. Paxillin was initially identified by Glenny 
during experiments in which antibodies were 
made blindly to phosphotyrosine-containing 
proteins in RSV-transformed chick embryo 
fibroblasts [53]. Up to 20%-30% of paxillin is 
phosphorylated on tyrosine in RSV-transformed 
cells and in embryonal tissues [43,54]. The sig
nificance of tyrosine phosphorylation is 
unknown, although the phosphorylation of this 
protein appears to be a consequence of signal 
transduction from membrane receptors in nor
mal fibroblasts. Importantly, paxillin has recent
ly been recognized to interact with FAK, 
vinculin, and pp60vsrc [52, 55] and recent data 
suggests that it may interact with the IS chains of 
some integrins. Paxillin, therefore, is potentially 
involved in mediating interaction of FAP com
ponents with integrins in a regulated manner. 

In summary, FAP structures appear to be 
important in structural support of the cell and 
transmitting signals from cell receptors and var
ious oncogenes to the cell membrane (Fig. 1). 

Oncogenes and the FAP 

The focal adhesion and focal adhesion proteins 
are also known to be strikingly modified by sev-

eraloncogenes [44]. V-Src and V-Crk proteins 
are concentrated in focal adhesions. Also, sever
al tyrosine kinase oncogenes (such as p6OV'src, 

pI60v.ABL, p60V' YES, and p210BCRlABL induce phos
phorylation of one or more proteins such as vin
culin, talin, and tensin [56,57]. The interaction 
of oncogenes with FAP proteins has been impli
cated in transformation and particularly in 
changing adhesion to ECM proteins, decreased 
contact inhibition, and ability to metastasize 
[47,51]. The effects ofv-Src on the cytoskeleton 
are illustrative. After Rous sarcoma virus (RSV) 
infection (with most, but not all strains of 
virus), the v-Src protein localizes to FAP. The 
earliest manifestation is membrane ruffling, 
observed within minutes of induction of Src in a 
temperature-sensitive mutant [58]. In contrast 
to normal fibroblasts, RSV-infected cells round 
up, become refractile, and fail to undergo con
tact inhibition. There is a pronounced disorga
nization of the actin micro filaments associated 
with dramatic increases in the phosphotyrosine 
content of F AP proteins. 

BCR/ABl, v-Src, and v-Crk Induce Tyrosine 
Phosphorylation of an Overlapping Set 
of Cellular Proteins 

v-Src and v-Crk are known to induce tyrosine 
phosphorylation of some of the same cellular 
proteins [55, 56, 59-64]. Two of these, paxillin 
and p130CAS, are also prominent substrates of 
BCR/ABL [65]. Paxillin is one of the major tyro
sine phosphoproteins in cells transformed by v
Src or v-Crk [55, 59]. Paxillin interacts directly 
with both v-Src and v-Crk proteins, through the 

Fig. 1. A model of the interaction ofBCR/ABL with the cytoskeleton 
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SH2 and SH3 domains of Src, and the SH2 
domain of Crk, on the basis of in vitro binding 
studies. Binding of v-Src and v-Crk to paxillin 
may be important in concentrating both of these 
oncogenes in focal adhesions, and therefore 
could be important in the altered cytoskeletal 
structure and adhesive properties that accompa
ny transformation by both viral oncogenes. 
However, there are no direct data to prove that 
binding to paxillin is important. Deletions in the 
SH2 domain, but not the SH3 domain, of v-Src 
eliminate binding to the cytoskeleton [57]. v
Crk is an adapter protein and does not have 
intrinsic tyrosine kinase activity. Recent studies 
form Hanafusa's laboratory have linked trans
formation by v-Crk to activation of the c-ABL 
tyrosine kinase [66]. This unanticipated finding 
may be relevant to understanding some of the 
interactions between BCR/ ABL and proteins of 
the cytoskeleton described below. 

CRKand CRKL 

In primary neutrophils from CML patients in 
stable phase, there is only a single prominently 
phosphorylated cellular protein, p39, and there 
is no detectable activation of p21ras, c-myc, or 
other pathways. We and others have identified 
the p39 tyrosine phosphorylated protein in 
BCR/ABL-containing cells as CRKL (CRK-like) 
[64,67,68]. The CRKL gene has an overall 
homology of 60% to CRK, the human homo
logue of the v-Crk oncogene [69]. v-Crk is the 
oncogene in the avian retrovirus cno, and has 
a deletion of the C-terminal SH3 domain (Fig. 
2). v-Crk, CRK and CRKL each have one SH2 
domain, an SH2' domain, and two 5H3 
domains, without other known functional 

Fig. 2. CRK Proteins. (Adapted 
from [69,70]) 

gag-crk 

domains [69,70]. A summary of the structure of 
CRK and related proteins in shown in Fig. 2 

Since several proteins in v-Crk transformed 
cells are heavily phosphorylated on tyrosyl 
residues, it has been suggested that v-Crk and c
CRK may serve as regulatory subunits of a tyro
sine kinase [56,71]. Recently, c-ABL has been 
identified as a possible CRK-associated tyrosine 
kinase [66]. c-ABL binds in vitro to the first CRK 
5H3 domain and phosphorylates CRK on tyro
sine 221 (Y22l). The phosphorylation on CRK 
(Y22l) creates a binding site for the CRK 5H2 
domain, possibly inhibiting its binding to other 
proteins. Activation of CRK signal transduction 
is possibly linked to dephosphorylation of CRK 
Y221 by a cellular phosphatase, although there is 
no direct proof of this hypothesies [66]. It is not 
known if ABL and CRK interact in vivo. 
Activation of c-Src has also been observed in 
some cells by v-Crk[72]. Like GRB2, CRK and 
CRKL are likely to function as "adapter pro
teins," linking different proteins in a regulated 
manner. As described above, two other CRK
binding proteins are known, paxillin and p 130 
CAS [59,62,73]. Paxillin is prominently tyro
sine-phosphorylated during transformation by 
v-Crk and has been shown to have a binding site 
for the SH2 domain of CRK in vitro [59]. 
Paxillin has recently been cloned by two groups 
including our own and shown to contain mul
tiple protein-protein interaction domains 
[65,74]. Pl30 CAS (for CRK-associated sub
strate) has recently been identified as a common 
cellular target of tyrosine phosphorylation via v
Crk and v-Src oncogenes [62]. pl30CAS has 
recently been cloned and shown to contain an 
5H3 domain and multiple potential 5H2 binding 
sites [62], including nine potential CRK 5H2 
binding motifs, YDXP. 

SH2 SH2' N-SH3 C-SH3 

446 

CRK-II IVM~ 

CRK-I IW/ZIei 

CRKL I W/ZI eI 
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A Model Linking BCRlABL to Signal 
Transduction Pathways in the Cytoskeleton 

In stable phase CML neutrophils, we have iden
tified a prominent p210BCRlABL binding protein to 
be CRKL, an adapter protein, which may bind to 
BCRI ABL primarily via its SH3 domain. We 
hypothesize that this interaction would have 
several effects. 

First, it would disrupt the normal function of 
CRKL in the cell. Second, it would potentially 
allow the SH2 domain of CRKL to bind to other 
cellular proteins, bringing them into close prox
imity with BCRJABL. This could activate signal
ing pathways that are normally quiescent in 
resting myeloid cells. Based on studies with v
Src, v-Crk, and c-CRK, it would be reasonable to 
predict that the SH2 domain of CRKL could 
bind to either paxillin, p130CAS, or both, and 
this hypothesis is currently being tested. Paxillin 
would be of potential interest because it is 
linked to signaling to (and from) integrins. 

One hypothesis that emerges from these 
observations is that BCRI ABL is likely to inter
fere with signaling in FAP-like structures in 
myeloid cells. The consequences of this intefer
ence could be significant. For example, it is 
known that both the level of expression and the 
affinity of some integrins for their ligands is reg
ulated by signals from other receptors in the 
cell. BCRJABL may block the signals that regu
late either expression or affinity, thus altering 
the ability of the cell to change its adhesive pro
file. This could easily change the ability of the 
cell to bind to critical ECM components. 

Another intriguing possibility is that 
BCRJ ABL inteferes with signals that are initiated 
by integrins when they are either bound to their 
ligand or aggregated. Such signals are known to 
involve rapid activation of the focal adhesion 
kinase F AK, and tyrosine phosphorylation of 
F AP proteins such as paxillin. The role of inte
grin signalling into the cell is not clear, but sev
eral themes are emerging. First, in addition to 
simply providing adhesion to the proper sub
stratum, some cells are likely to need to know 
that they are in the right microenvironment. 
One way in which this could occur is to have 
integrins (and/or other adhesion molecules and 
cell surface receptors) send signals into the cell 
when they are appropriately activated by ligand. 
In this way, cells would sense when they are in 
the right microenvironment for proliferation of 
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different functions. Such a sensing mechanism 
may be particularly important for highly migra
tory hematopoietic cells. Although immature 
hematopoietic stem cells are found in the blood 
and circulate through all organs, proliferation of 
these cells is observed almost exclusively (in 
humans) in the bone marrow. In conditions of 
extreme hematopoietic stress, proliferation can 
be seen in a few other organs, such as the spleen 
or liver. This could be due primarily to a lack of 
growth factors in nonmarrow tissues. Indeed, 
chronic administration of G-CSF has been 
shown to induce mild splenomegaly due to 
myelopoiesis, but this is not generally observed 
in other tissues. It is possible that multiple sig
nals through cell surface receptors would be 
integrins. If so, BCRJABL could confuse the cell 
dramatically. The data cited above, in fact, 
would suggest that BCRJ ABL would initiate sig
nals that could indicate that integrins are "acti
vated", even when they are not. Thus, activation 
of F AK, paxillin, CRKL and other proteins in the 
cytoskeleton would potentially send signals to 
the cell that the cell may be attached even when 
it is not. One theoretical outcome would be the 
ability of CML cells to proliferate in locations 
(such as blood and other tissues) where normal 
hematolpoietic progenitor cells cannot - a 
prominent feature of stable phase CML cells. 
There is no compelling reason why this must 
involve cytoskeletal proteins, and weak mito
genic signals from BCR/ABL may also be suffi
cient to allow this phenotype to be observed in 
vivo. Clearly, however, some new avenues of 
research are opening on BCRJ ABL biology that 
will be worth pursuit. 
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Abstract. This study was undertaken to establish 
the role of cytokines (IL-l, IL-2, IL-4, IL-6, and 
TNF) in the pathogenesis and the clinical course 
of childhood ALL. A total of 150 children with 
ALL (88 boys and 62 girls, aged from 0.5 to 15 
years) were included in the study. TNF produc
tion was studied in supernatants deriving from 
24-h PBSC mononuclear culture using the 
method based on growth inhibition of mice 
fibroblasts sensitive to TNF a 929, IL-l produc
tion using a method based on inhibition of 
autologous rosette formation by CBA mouse 
thymocytes, and IL-2, IL-4, and IL-6 production 
using a conventional ELISA Genzyme test. 
Thirty-nine healthy children served as the con
trol group. TNF and IL-l production decreased 
after starting chemotherapy for ALL, while a rel
ative increase ofIL-6 was observed. It was found 
that, in children with ALL, IL-l production, was 
significantly lower during the whole of therapy 
than that observed in the control group of 
healthy children (p=0.005). No IL-2 and IL-4 
production was observed in children with ALL 
during the 2.5-year period of observation. After 
cessation of therapy IL-l and TNF production 
rose, while IL-6 production remained on the 
same level. During the 10-year period after the 
end of therapy IL-l median values did not reach 
the values of the control group. EFS at 73 
months in ALL children with lL-l production 
< 10 units before therapy was better than that 
observed in children with production> 10 units 
(90.48% v 76.19%; p = 0.005). EFS at 65 months 

in ALL children with no detectable TNF produc
tion before therapy was better than that 
observed in children with detectable TNF pro
duction (92.31% v 72.73%; n.s.). EFS at 55 
months in ALL children with IL-4 production 
>400 pglml before therapy was better than that 
observed in children with production < 400 
pg/ml (80% v 64.26%; n.s.). IL-l, lL-4, and TNF 
production could be useful prognostic factors. 

Introduction 

Acute lymphoblastic leukemia (ALL) is a malig
nant process characterized by unrestricted 
growth and maturation arrest of hematopoietic 
precursor cells, possibly due to abnormal 
cytokine production or abnormal cytokine 
receptor expression [1-5}. Despite the recent 
progress in our understanding of the role of 
cytokines in the origin of cancer cells, their bio
logical significance for malignant cell prolifera
tion is far from clear. The network of cytokines 
(e.g., G-CSF, TGF~, MIPa) can stimulate as well 
as inhibit the proliferation of hematopoietic 
stem cells and leukemic cells together with the 
bone marrow stromal complex, including the 
cellular and extracellular components of the 
hematopoietic micorenvironment, which sup
port direct hematopoiesis and leukemic prolif
eration [6-9]. TNF, IL-l, IL-2, IL-4, and IL-6 
cooperation in the neoplastics process has not 
yet been finally elucidated [10-14]. Inadequate 
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cooperation between cytokines in the cytokine 
network also plays an important role in the clin
ical course of the disease [15-17]. We have pre
viously reported the disturbances in IL-l, IL-6, 
and TNF production, in lymphocyte subset 
numbers, and in the cytotoxic activity of natural 
killer cells during the course of cytostatic thera
py in children with ALL [18,19J. Therefore, we 
were interested to find out whether production 
of cytokines IL-2 and IL-4 is impaired. The aim 
of this study was to establish the role of IL-I, IL-
2, IL-4, IL-6, and TNF in the pathogenesis and 
clinical course of childhood ALL. 

Patients 

Between 1988 and 1995, 150 children (88 boys 
and 62 girls) ranging in age from 0.5 to 15 years 
(median 9 years) were treated according to the 
German BFM protocol, which consisted of 
aggressive chemotherapy combined with radio
therapy. All children were treated in the 
Department of Pediatric Hematology and 
Oncology, Faculty of Medicine, in Wroclaw. 
Thirty-nine healthy children of the same age 
served as controls for IL-l level examinations, 
20 for TNF production, and 22 for IL-I, IL-2, IL-
4, and IL-6 activity. The initial characteristics of 
the children with ALL are presented in Table 1. 

Table 1. Clinical characteristics of children with ALL 

Sex 
Boys 
Girls 

Age 
< 2years 
2-10 years 
> 10 years 

Clinical classification 
LRG 
MRG 
HRG 

FAB classification 
Ll 
L2 
L3 

Immunological classification 
Pre-B 
B 
T 
Non-T, non-B 

n 

88 
62 

8 
130 

12 

45 
92 
13 

123 
25 
2 

45/62 
2/62 
5/62 

10/62 

% 

58.67 
41.33 

5.33 
86.67 

8.00 

30.00 
61.33 

8.67 

S2.00 
16.67 

1.33 

72.58 
3.23 
8.06 

16.13 

Methods 

Heparinized venous blood samples were drawn 
from the children at the time of diagnosis, dur
ing intensive therapy (induction, consolidation), 
during maintenance therapy, and after comple
tion of the treatment. Serum IL-4 was examined. 
Other cytokines in supernatants from 24-h cell 
culture were studied. Mononuclear cells were 
isolated on a Lymphoprep (Nesco) gradient. 

Isolation of Mononuclear Cells 

Mononuclears were counted, resuspended in 
Eagle's medium containing 10% FCS and placed 
in an incubator (37°C, 5% CO2) at a concentra
tion 2 x 106 cells/ml for 24 hours. After 24 hours 
of incubation the supernatants were removed 
and used as a source ofTNF and IL-l IL-2 IL-6. 

Il-l Determination 

The method used to determine of IL-I activity 
was that described by Zimecki and Wieczorek 
[32], based on inhibition of the number of thy
mocytes forming autologous rosettes. The thy
mocytes in 10' cells/1.8 ml RPM!, supplemented 
with 10% FCS and antibotics, were incubated 
with 0.2 ml of supernatant at various dilutions 
for 24 h in a CO2 incubator. For the rosette 
assay, the cells were resuspended in Eagle's 
medium at a concentration of 3 x 106 cells/ml, 
supplemented with 10% mouse serum (preab
sorbed with syngenic erythrocytes). To 0.1 ml 
cell suspension, 0.1 ml 12% syngenic erythro
cytes was added, mixed, and centrifuged for 5 
min 200 g at 4°C. After 24 h incubation at 4°C, 
0.5 ml Hank's medium and 0.1 ml of 0.1 % acri
dine orange solution was added, and the cells 
were gently resuspended and kept in an ice bath. 
The percentage of autologous rosettes formed 
by thymocytes from 2-month-old CBA mice 
were counted and varied from 28% to 33%. 
Control samples consisted of referential r-IL-I 
dilution. All the results were expressed in units 
ofIL-1. One unit ofIL-I inhibited 50% of rosette 
formation. 

TNF Assay [17) 

5 x 104 mice fibroblasts1200 ml per well were 
incubated for 4 h at 37°C. After washing with 
100 RPMI, 640+2% FCS+actinomycin D 
Irng/rnl and different dilutions of supernatants 
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(20%, 10%, 5%, 1.0%, and 0.5%) were added. 
Control samples consisted of referential r-TNF 
dilution. After a further 18 h incubation (37°C, 
5% CO,), nonadherent cells were removed by 
washing in PBS, then crystal violet was used to 
color the cells. After that, violet was extracted 
and absorbency values of the cell suspension 
were read at 570 nm. Accurate sample concen
trations of TNF were determined by comparing 
their respective absorbencies with those 
obtained for the standards plotted on a standard 
curve. 

IL-2, IL-4 and IL-6 Assay [22] 

For IL-2, IL-4, and IL-6 specific measurement 
commercially available antibody "sandwich" 
ELISA assay was used (TM Interleukin-2, 4, 6 
Genzyme Elisa kit). First samples, standards, 
and control were incubated with a solid phase 
monoclonal antibody supplied precoated on 
microtiter wells and used to capture the IL-2, 4, 
6 present. The solid phase bound IL-2, 4, 6 was 
then incubated with a second antibody, biotiny
lated mouse antihuman IL-2, 4, 6 polyclonal. 
The resulting immune complexes were then 
incubated with avidin peroxidase conjugate. The 
substrate (peroxide) and the chromogen 
(tetramethylbenzidine) were added. Resulting 
color developments were directly proportional 
to the amount of IL-2, IL-4, IL-6. Absorbance 
values were read at 450 nm for IL-2 and IL-6 and 
490 nm for IL-4, using ELISA readers. Accurate 
sample concentrations of IL-2, 4, 6 were deter
mined by comparing their respective absorban
cies with those obtained for the standards 
plotted on a standard curve. 

Results 

The results of our studies on IL-l, IL-2, IL-4, 
and IL-6 and TNF production in various phases 
of therapy are shown in Table 2. At the time of 
diagnosis, before any treatment was started, we 
found a decrease of median values of IL-6, par
allel with deficient IL-l production, compared 
with the values in the control group of healthy 
children. Median TNF and IL-4 production was 
higher than in children from the control group 
(0.188U v OU; 330 pg/ml v 122 pg/ml). No IL-2 
presence in 24-h supernatants was observed 
during the whole period of therapy. 
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Event-free survival (EFS) at 73 months in 
ALL children with IL-l production < 10 units 
before therapy was better than that observed in 
children with production > 10 units (90.48% v 
76.19%; p = 0.005; Fig. 1). 

EFS at 65 months in ALL Children with no 
detectable TNF production before therapy was 
better than that observed in children with 
detectable TNF production (92.31 % v 72.73%; 
n.s; Fig. 1). 

EFS at 55 months in ALL children with IL-4 
production > 400 pg/ml before therapy was bet
ter than that observed in children with produc
tion < 400 pg/ml (80% v 64.26; n.s.; Fig. 1). 

There was no difference between EFS at 56 
months in ALL children with IL-6 production 
< 450 pg/ml before therapy and those with pro
duction > 450 pg/ml (87.5% v 83.33%; Fig. 1). 

TNF, IL-l, and IL-4 production decreased 
after starting chemotherapy and remained low 
during the whole period of treatment (Fig. 2), 
while a relative increase ofIL-6 was observed. 

After the end of therapy an increase in TNF 
and IL-l production was noticed, and a decrease 
in IL-4 production, while IL-6 values remained 
at the same level. For 5 years after the end of 
therapy IL-l median values did not reach the 
values of the control group of healthy children, 
while IL-6 and TNF production were within nor
mal limits or even above. 

Discussion 

The reduction in production of IL-l in patients 
with cancer was previously found by ourselves 
and Herman et al. [24]. As an extension of that 
observation [18, 19], we hypothesize that 
impaired IL-l, TNF, and IL-6 production 
observed in children with ALL may be connect
ed with the impaired production of IL-2 and IL-
4. In the present study we investigated IL-l, IL-2, 
IL-4, IL-6, and TNF in children with ALL before, 
during and after chemotherapy. The results 
obtained before therapy suggest that IL-l, IL-4, 
and TNF production could be used as additional 
prognostic factors, while IL-6 cannot (Fig. 1). 

Our findings suggest that TNF, IL-l, and IL-6 
may be released by cancer cells in some patients. 
It seems to be proven that IL-l, IL-6, and TNF 
play the important role in myeloma and plasmo
cytoma cells proliferation [20-22]. Malignant 
cell growth influenced by IL-6 and its produc
tion is stimulated by IL-l [17]. 
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Another point for discussion is the influence 
of chemotherapy administered to children with 
ALL on TNF, IL-I, IL-4, and IL-6 production. 
Chemotherapy may damage the mechanisms 
which lead to defective production of cytokines 
TNF, IL-I, and IL-4. This deficit may contribute 
to the increased risk of life-threatening infection 
in these patients [23]. Balkwill et al. have report
ed similar results in patients with difference 
types of cancer during chemotherapy [13]. 

Our studies revealed that IL-6 production 
during the whole period of therapy was higher 
than in normal healthy controls, which does not 
correlate with the impaired IL-I, IL-4 activity, 
and TNF production (n.s.). This observation can 
be explained by data of Schindler et aI., who 
found that IL-6 suppresses both TNF and IL-I 
production [28]. 

It is to be noted after the end of chemothera
py IL-I and IL-4 production remain decreased. 
The reason for this decrease is not clear. The 
possible role of specific IL-1 inhibitors needs 
experimental confirmation [21,23,27]. After the 
end of chemotherapy IL-6 and TNF production 
were found to be highly elevated. It seems that 
high IL-6 and TNF activity could be explained 
by concomitant infection with hepatitis Band C 
viruses, recorded in some of the children [25,26, 
29-31]. However, the reason for the increased 
IL-6 and TNF activity after successful 
chemotherapy requires further studies and 
observation. 
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Insulin-Like Growth Factors and Their Specific Binding Proteins 
in Leukemia (ALL) and Non-Hodgkin Lymphoma 

P. Vorwerk', K. Mohnike', W.F. Blum',· U. Kluba', V. Aumann', and U. Mittler' 

Abstract. Insulin-like growth factors (IGF) are 
potent mitogens both in normal growth and in 
tumor proliferation. The bioavailability of both 
IGF-I and IGF-II is regulated by at least six spe
cific IGF-binding proteins (IGFBP). IGFBP-3 is 
growth hormone dependent and part of the pre
dominant circulating IGF carrier in serum. 
During fetal life IGFBP-2 is found ubiquitously. 
In addition it is expressed in a range of tumor cell 
lines and lymphoblasts. We studied serum levels 
ofIGF-I, IGF-II, IGFBP-2, and IGFBP-3 in 25 chil
dren with acute lymphoblastic leukemia or non
Hodgkin lymphoma. Serum levels of IGF-I 
(mean/range: - 2.3/ - 0.7 to - 9.9 standard devi
ation score, SDS), IGF-II (- 2.6 / 0.3 to - 5.6 
SDS) and IGFBP-3 ( - 1.6/0.7 to - 6.8 SDS) were 
significantly decreased, comparable to levels in 
growth hormone deficiency or during starvation. 
On the other hand, IGFBP-21evels ( + 3.5/ - 2.7 to 
+8.3 SDS) were found to be markedly elevated. 
After hematological remission upon chemothera
py, IGF-I, IGF-II, and both IGFBP-2 and IGFBP-3 
had normalized. We conclude that (1) malignant 
lymphoblasts proliferate despite decreased serum 
levels of IGF-I, IGF-II, and IGFBP-3; (2) changes 
in IGFBP-2 far exceeded those that would be 
expected in patients with growth hormone defi
ciency; and (3) chemotherapy led to normaliza
tion of serum IGF-I, IGF-II, and IGFBP-3. 

Introduction 

Insulin-like growth factors (IGF)-I and IGF-II 
are thought to be significant mitogenic factors 

[I]. IGF-Il has been described as a fetal growth 
factor [2, 3], and high level expression is also 
found in Wilms' tumor [4,5], sarcomas, and a 
variety of other tumors [6]. IGFs share a signifi
cant structural homology with insulin. In con
trast to insulin, IGF-I and IGF-II are bound to 
specific IGF-binding proteins (IGFBPs), which 
regulate their bioavailability [7-9]. Six different 
peptides have been classified as IGFBP-I to - 6 
according to an international nomenclature [10, 
ll]. Postnatally a ternary complex consisting of 
IGFBP-3, IGF-I or IGF-II, and a third protein, 
"ALS" (acid-labile subunit), is the predominant 
circulating carrier. During fetal life the most 
abundant binding protein is IGFBP-2 [2, 12]. 
Elevated serum levels of IGFBP-2 have been 
found in patients with prostate cancer [13], 
Wilms' tumor [14], and other tumors [9]. 
However, only limited information is currently 
available on the IGF regulatory system in 
leukemia. Therefore, the principal objective of 
this study was to characterize serum levels of 
IGF-I, IGF-II, IGFBP-2, and IGFBP-3 at diagno
sis and during therapy. 

Patients and Methods 

All blood samples were obtained from patients 
with acute lymphoblastic leukemia (ALL) or 
non-Hodgkin lymphoma (NHL) who were 
referred to our oncological unit (Table I). 
Diagnoses were based on the definition of the 
BFM cooperative study group [IS]. Twenty-five 
children were followed during chemotherapy 

'Otto-van-Guericke-Universitiit Magdeburg, Zentrum fur Kinderheilkunde, Halberstadter Str. 13,39120 Magdeburg, 
Germany 
2Endokrinlogisches Forschungslabor der Universitiitsklinik, Feulgenstr. 12,35385 Giessen, Germany 
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Table 1. Disease classification of patients enrolled in Results 
the study 

Immunophenotype Number of age range 
patients (years) 

Pre-B-ALL 5 0.9-8.3 
B-ALLlB-NHL 3/3 5.5-9.2 
C-ALL 5 1.5-8.4 
T-NHL 4 3.4-15.9 
T-ALL 4 6.3-12.3 

ALL, Acute lymphoblastic leukemia; NHL, non
Hodgkin lymphoma. 

using protocol BFM 90 [16]. Serum was stored at 
- 20°C until analysis. IGF-I, IGF-II, IGFBP-2, and 
IGFBP-3 were determined by radioimmunoassay 
as described previously [17,18], except that 
recombinant hIGFBP-2 (the kind gift of Sandoz, 
Basel, Switzerland) was used for tracer and stan
dard preparation [19]. IGF-I and IGF-II were 
measured after acid ethanol extraction. Because 
of the age dependence of the normal ranges dur
ing childhood, the values of IGF-I, IGF-II, 
IGFBP-2, and IGFBP-3 were age-adjusted [20] by 
calculating the standard deviation score (SDS). 

Statistical evaluation was done with the sta
tistical package SPSS for Windows, using the 
Wilcoxon test and correlation analysis. p values 
below 0.05 were considered as significant. 

600 r---------------, 
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200 Q 
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Initial Data at Diagnosis 

Serum levels of IGF-I, IGF-II, IGFBP-3, and 
IGFBP-2 at diagnosis of ALL or NHL were com
pared with the age-dependent normal range 
(Fig. I). Levels of IGF-I (13 patients out of 25), 
IGF-II (14122), and IGFBP-3 (9125) were found 
to be below the 5th percentile of the controls 
[20]. Serum concentrations of IGFBP-2 were on 
average above the 95th percentile (19123). 
IGFBP-3 showed a positive correlation with IGF
I (r=o 0.50, p =0 0.012) and IGF-II (r=o 0.78, (p < 
0.0001), and a negative correlation with IGF-I 
IGFBP-2 (r=o - 0.46, P =0 0.027). No differences 
were found with respect to mean IGF-I, IGF-II, 
IGFBP-2, and IGFBP-3 levels in patients with 
NHL or ALL, different immunophenotypes, age 
groups, or ALL risk factor. 

Influence ofTreatment 

Figure 2 shows individual serum SDS values of 
IGF-I, IGF-II, IGFBP-2, and IGFBP-3 during 
chemotherapy. A significant increase in the low 
values of IGF-I (z=o -4.01, p=oO.OOOI), IGF-II 
(z=o -2.35, p=oO.019), and IGFBP-3 (z=o -3.12, 
p =0 0.0018) occurred with the hematological 
remission. Correspondingly, the elevated IGFBP 
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- 2 levels declined into the normal range 
(z= -2.S3,p=O.Oll). 

A relapse was diagnosed in four additional 
patients. At the time of relapse all four parame
ters were within normal limits in three of four 
children. However, in one boy with leukemic 
meningiosis the serum levels were altered, 
showing a similar pattern as in patients at diag
nosis (IGF-I: - 5.3 SDS; IGF-II: - 2.6 SDS; 
IGFBP-3: 1.1 SDS; IGFBP-2: +5.4 SDS). 

Discussion 

It has recently become clear that the IGF regula
tory pathway is of major impact in solid tumors. 
In patients with prostate cancer Kanety et al. 
[13] have by Western ligand blotting found ele
vated serum levels of IGFBP-2 and decreased 
levels of IGFBP-3, whereas IGF-I and IGF-II val
ues were within the normal range. Elevated 
serum levels of IGFBP-2 were described in 
Wilms' tumor [14], and in addition, in endome
trial cancer, significantly lower values of IGF-I, 
IGF-II, and IGFBP-3 [21]. Moreover, the present 
study shows that in ALL the IGF regulatory 
pathway is altered in a similar way, as reflected 
by serum levels ofIGFs and IGFBPs. Thus, taken 
together these data allow several conclusions to 
be drawn. First, proliferation of malignant lym
phoblasts occurs despite decreased serum levels 
of the mitogenic peptides IGF-I and IGF-II. 
Second, two major serum IGFBPs are regulated 
in opposite directions [9,22]. Third, these data 
indicate that serum levels of IGFBP-2 may be 
directly related to the proliferation of lym
phoblasts. Although IGFBPs are known to regu
late the bioavailability of IGF-I andlor IGF-II 
[1,9] their precise overall function is not yet 
known. From the data of the present study it 
might be speculated that IGFBP-2 may be 
involved in the proliferation of leukemic cell 
clones. Two possible explanations might explain 
the observed changes in serum levels of IGFBP-
2: production by the malignant lymphoblast 
clones or up regulation of common synthetic 
pathways in response to the disease. In favor of 
the first hypothesis is the finding that normal 
lymphoblasts respond to the mitogen PHA with 
an extensive increase in the IGFBP-2 gene 
expression [23]. Also, malignant lymphoblasts 
express and release IGFBP-2 [24]. However, the 
second hypothesis cannot be excluded in view of 
the existence of a variety of pathological condi-
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tions where IGF-I is low and free IGF-II is 
expected to be high and elevated IGFBP-2 levels 
have been found [25]. Basal levels of IGF-I and 
IGF-II were low and are comparable to those in 
patients with growth hormone (GH) deficiency 
or starvation. So far, little information is avail
able on GH secretion in these patients, and in 
this study GH secretion was not evaluated. 
Serum levels of IGFBP-3 in GH deficiency are 
below the 5th percentile [17], whereas in our 
patients only a small group was below this limit. 
However, it remains an open question whether 
or not low GH secretion accounts for low IGF-I, 
IGF-II, and IGFBP-3 levels. Starvation does not 
seem to playa role in these patients at diagnosis. 
Surprisingly, during treatment all measured IGF 
parameters normalized, despite the fact that in a 
number of patients severe nutritional problems 
occurred due to chemotherapy and cytotoxicity. 
Therefore, nutrition does not appear to be a 
major regulator in such situations. 

On the other hand, it cannot be ruled out that 
the influence of cytokines, i.e., IL-l, IL-6, or 
TNFa may be responsible for downregulation of 
these parameters [26]. In septicemia there is a 
massive resistance to GH action with respect to 
IGF-I production [27], and IL-l has been shown 
to suppress IGF-l production. The course of 
IGF-I, IGF-II, and IGFBP-3, which are thought 
to be important for growth, parallel the changes 
in growth velocity as observed by us in a corre
sponding group of patients [28]. Therefore it 
appears that these parameters are major deter
minants of growth in leukemic patients. In addi
tion, IGFBP-2 may be useful for monitoring 
therapy; it remains an objective for future 
research to determine whether or not it is a use
ful parameter for early detection of a relapse of 
leukemia. 
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IFN-a Is an Inhibitory Cytokine of leukemic B-Cell Precursors 

C. Buske, H. Schotte, M. Feuring-Buske, S. Konemann, W. Hiddemann, and B. Wormann 

Abstract. For the development of new therapeutic 
strategies in B-cell precursor acute lymphoblas
tic leukemia (BCP-ALL), the identification of 
negative growth regulators ofleukemic BCP is of 
great importance. Recently, the establishment of 
stromal-cell-dependent co culture systems allow
ed the in vitro culture of normal and leukemic 
BCP. We used a cross-species feeder-cell-depen
dent coculture system for the identification of 
inhibitory cytokines of leukemic BCP. The 
leukemic pre-B cell line BLIN-I was selected for 
establishment and standardization of experi
mental conditions. Apoptosis of BLIN-I was 
reduced from 22% to 3.6% by the murine fibro
blast subclone C58 in the coculture system. 
Leukemic BCP were tested in nine patients. The 
murine feeder cells efficiently reduced apoptosis 
in six samples with a mean reduction of 57%. 
Thus murine fibroblasts can substitute for 
human bone marrow stromal cells and block the 
rapid spontaneous cell death of leukemic blasts 
in vitro. Next we investigated the influence of 
IFN-a on cell viability and apoptosis of leu
kemic blasts from patients with the diagnosis 
BCP-ALL and of the cell line BLIN-I in the feed
er-cell-dependent coculture system. Cell viabili
ty of 5/5 samples tested was reduced by IFN-a 
Loss of cell viability was 35% (range 51-23.5). 
IFN-a enhanced apoptosis in 3/5 samples with a 
34% increase (range 5.6-85.6) in the responder 
compared to the control. There was great 
interindividual heterogeneity in IFN-a res
ponse. In 2/3 samples tested IL-7 blocked IFN-a 
induced apoptosis. BLIN-I showed an increase 
of the apoptotic cell fraction from 11 % in the 

control to 25% with IFN-a. The results charac
terize IFN -a as an inhibitory cytokine of 
leukemic BCP. The use of murine feeder-cell
dependent coculture systems may help analysis 
of the growth regulation of leukemic BCP 
in vitro. 

Introduction 

One potential option for novel therapeutic 
approaches in B-cell precursor Acute 
Lymphoblastic Leukemia (BCP-ALL) is the 
identification of negative growth signals for the 
leukemic blasts. Studies on the regulation of 
proliferation and growth inhibition in normal 
and leukemic human pre-B cells have long been 
hampered by the rapid death of the cell popula
tion ex vivo and the lack of a reproducible in 
vitro assay [1]. Murine long-term culture sys
tems were not easily transferable to the human 
system [2,3]. Recently, several groups have 
suceeded in maintaining in vitro viability and 
inducing some proliferation of fetal pre-B cells 
[4,5] as well as leukemic blasts from patients 
with B-lineage ALL [6]. These assays are stro
mal-cell-based and open the way for in-depth 
analysis of pre-B cell regulation. The effect of 
bone marrow stromal cells can partially be sub
stituted by murine fibroblasts [7]. One of the 
major candidates for negative regulation are the 
interferons [8,9]. In the murine system IFN-y 
blocks IL-7-induced proliferation of normal pre
B cells [8]. IFN-a reduced cell viability of Ph +
ALL cell lines at high concentrations [10]. 
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In vivo IFN-a was investigated as maintenance 
therapy in Ph+-ALL [11] and has already been 
introduced in clinical medicine for treatment of 
low-grade non Hodgkin's lymphoma, hairy cell 
leukemia, multiple myeloma, and chronic myel
ogenous leukemia. 

We have used a recently developed murine 
feeder-cell-dependent coculture system which 
prevents the rapid death of leukemic BCP in 
vitro [7] to address the question whether IFN-a 
is a relevant negative growth regulator in BCP
ALL. We used the cytokine-sensitive leukemic 
pre-B cell line BLIN -1 as a model for establish
ment and standardization of experimental con
ditions[12] and analyzed five leukemic samples 
of patients with the diagnosis BCP-ALL. 

Material and Methods 

Human leukemic BCP 

Mononuclear bone marrow cells of seven chil
dren with C-ALL and of two children with pre
pre-B cell ALL were isolated by Ficoll density 
gradient and stained with CD10-FITC and CD19 
-PE. Quantification of leukemic blasts was per
formed by FACS analysis, defining cells with the 
typical lymphoid scatter profile and positivity 
for CDIO/CD19 as leukemic(BCP). Between 70% 
and 90% of mononuclear cells belonged to the 
leukemic cell population. 

Cell lines 

BLIN-l is a human leukemic cytokine-sensitive 
pre-B cell line, established from a patient with 
ALL [12]. BLIN-1 grows spontaneously only at a 
high cell concentration. C58 is a subclone of the 
murine fibroblast cell line L929 [7]. Cells were 
cultured in RPMI 1640 (Gibco, Germany) sup
plemented with 5% or 10% FCS (HyClone, 
USA), 100 U penicillin/ml, and 100 Ilg strepto
mycin/ml (Sigma, Germany) in humidified air 
with 5% CO2 at 37°C. Confluent C58 layers were 
passaged by treatment with 0.1 % trypsin -EDT A. 
HL-60 cells incubated with 100 Jlmol Ara-C 
(Pfizer, Germany) for 24 h served as positive 
control for apoptosis. 

Coculture Systems 

BLIN-I cells (I x 104 cells/ml) were seeded on 
subconfluent human bone marrow stromal cells 

or irradiated (40 Gy) confluent C58 layers. For 
analysis of cell morplhology, 1 x 104 cells were 
sppun onto glass slides using a cytospin 
(Cytospin 2, Shandon, UK) and stained with 
May-Grunwald/Giemsa. I x 106 mononuclear 
cells/ml bone marrow aspirate of patients with 
the diagnosis BCP-ALL were seeded on irradiat
ed confluent C58 feeder layers and cocultured at 
37°C and 5% C02' Viability was assessed by try
pan blue assay. Specificity was partly confirmed 
by staining with CDlO and CDI9 on day 6. In all 
samples tested surviving cells were CDIO/CD19-
positive. 

Cytokines 

The following cytokines were used: IL-7 (10 
ng/ml); (Genzyme, Germany), IFN-a (100-1000 
U/ml); (Hoffmann LaRoche, Germany). 

Propidium Iodide Staining 

Propidium Iodide staining was performed as 
previously described [13]. Briefly, I x lOS
S x 105 BLIN -I cells or I x 10' human pre-B cells 
were washed in PBS once and gently mixed with 
1.5 ml hypotonic fluorochrome solution consist
ing of 50 Jlg PI/ml (Sigma, Germany) in 0.1 % 
Triton-X (Sigma, Germany) and 0.1% sodium 
citrate. Cells were incubated overnight in the 
dark at 4°C and analyzed on a FACScan (Becton 
Dickinson, USA) equipped with a 488 nm argon 
laser. Acquisition was performed at a flow rate 
lower than 200 nuclei. Five thousand nuclei were 
measured per sample. Analysis was performed 
using FACS research software. Apoptosis was 
quantified by measuring signals m the 
hypodiploid region, excluding cell debris of low 
red fluorescence. Histogrames were smoothed 
five times for presentation in the figures. 

DNA Gel Electrophoresis 

Gel electrophoresis for analysis of DNA fragmen
tation was performed as previously described. 
Briefly,S x 106 BLIN-J cells were washed once in 
PBS. The cell pellet was gently mixed in 2 ml 
TNE buffer and lysed by adding 200 JlI 10% SDS 
and I mg Proteinase K (Boehringer Mannheim, 
Germany) at 55°C for 12 h. The lysate was heated 
at 85°C for 15 min, DNA was extraced twice 
using phenol!chloroform-isomylethanol and 
precipated in ice-cold ethanol. DNA was dried 
overhight at 55°C and dissolved in TE buffer at 
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37°C overnight. Then 5-15 Ilg DNA per sample 
was separated by electrophoresis for 3 h at 60 V 
using a 1 % agarose gel stained with 5 III ethidium 
bromide (10 g/ml). Results were documented by 
polaroid photograph. 

Results 

Leukemic BCP Die by Apoptosis In Vitro 

The leukemic pre-B cell line BLIN-1 was cul
tured at low cell concentration (1 x lOS/ml). The 
cells failed to proliferate under these growth 
conditions. Light microscopic evaluation show
ed the characteristic features of apoptosis (data 
not shown). This was confirmed by using DNA 
gel electrophoresis, showing the typical "ladder 
pattern" caused by DNA fragmentation (Fig. 1) 
Quantification was performed using PI staining. 
The apoptotic cell fraction after 48 h represent
ed 22 ± 4% of all stained a rapid apopototic cell 
death ex vivo. In nine samples tested the apop
totic cell fraction was 61% (range 35%-87%) 
after 4 days. 

MWl 2 3 

Fig. 1. BUN -1 cells were cultured with medium alone 
(lane 1) with IL-7 (lane 2), or with subconfluent 
human bone marrow stromal cells (lane 3) for 48 h. 
Apoptosis was tested by DNA gel electrophoresis. MW 
Molecular weight marker from 2176 bp to 154 bp 
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Human Bone Marrow Stromal Cells 
and Murine Fibroblasts Reduce Apoptosis 

BUN -1 cells were cultured with human bone 
marrow stromal cells for 48 h or 144 h. S-phase 
and apoptosis were assessed by PI staining. The 
percentage of cells in the hypodiploid region 
was reduced from 22% to 5% after 48 h. Figure 2 
shows the reduction of apoptosis by stromal 
cells on day 6 in the histogram analysis. DNA gel 
electrophoresis confirmed the significant and 
almost complete reduction of DNA fragmenta
tion. lL-7 only moderately reduced apoptosis 
compared to bone marrow stromal cells (Fig. 1). 
The percentage of cells in S-phase was not sig
nificantly different. Conculturing with murine 
fibroblasts reduced the percentage of apoptotic 
cells to 3.6±1.5%. When leukemic BCP were 
co cultured on murine C58 fibroblasts six nine 
samples analyzed showed a significant reduction 
of apoptosis, with a median of 56.5% (range 
91.9%-20.8%) compared to the control. 

IFN-a Reduces Cell Viability 

Leukemic BCP of five patients with BCP-ALL 
were cocultured on C58 fibroblasts in medium 
alone (control) or with IFN-a (1000 Ulml). IFN
a reduced cell viability in five of five samples 
tested. Loss of cell viability was 35± 11 % of the 
control (range 51 %-23.5%) (Fig. 3). 

IFN-a Enhances Apoptosis 

BLIN-I cells were incubated for 48 h with 100 or 
1000 U/ml IFN-a IFN-a reduced the percentage 
in S-phase from 36% to 26% or 20% at concen
trations of 100 U/ml or 1000 U/ml, respectively. 
In addition, IFN-a triggered apoptosis, with an 
increase from 11% control to 25% (1000 U/ml). 
To analyze the influence of IFN-a on apoptosis 
of leukemic BCP, five samples from patients 
with BCP-ALL were cocultured on C58 fibrob
lasts in medium alone (control) or with 1000 
U/ml IFN-a. In three samples IFN-a enhanced 
the apoptotic cell fraction with a 34% increase 
(range 5.6%-85.6%) compared to the control. 
There was great interindividual heterogeneity in 
the IFN -a response. In two samples 5 and 11 IL-
7 blocked IFN-a induced apoptosis, whereas in 
sample 4 IL-7 has no effect (Fig. 5). 



Fig.2a,b. BUN·I was cultured in RPM I 1640 with 5% FCS at a cell concentration of I x 105 for 6 days alone or 
with human bone marrow stromal cells. The percentage of apoptotic cells was measured by Propodium Iodide 
staining. This figure represents one of the three independent measurements 
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Fig. 3. Leukemic B-cell precursors I x 1O'/ml were cultured on irradiated C58 fibroblasts in RPMI 1640 with 10% 
FCS alone or with 1000 U/ml IFN-a Cell viability was tested by trypan blue exclusion on day 4. Results represent 
the mean of two independent measurements. The horizontal scale is viability of cells excluding trypan blue 
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Fig. 4. Leukemic B-cell precursors 1 x 106/ml were cultured on irradiated C58 fibroblasts in RPMI 1640 with 10% 
FCS alone or with 1000 U/ml IFN-a apoptosis was quantified by PI staining on day 4. Results represent the mean 
of two independent measurements 
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Fig.5. Leukemic B-cell precursors 1 x 106/ml were cultures on irradiated C58 fibroblasts in RPMI 1640 with 10% 
FCS alone (control), with 1000 U/ml IFN-a with 10 ng/ml IL-7, or with IFN-a and IL-7. Apoptosis was quantified 
by PI staining on day 4. The relative increase/reduction of apoptosis compared to the control is shown. Results 
represent the mean of two independent measurements 

Discussion 

The identification of negative growth regulators 
of leukemic BCP has been a frustrating experi
ence in the past because of the rapid sponta
neous death of the leukemic blasts ex vivo. The 
methodological basis for investigations into the 
growth regulation at the BCP stage was the 
establishment of a reproducible in vitro culture 
system. Recently, successful culturing of normal 
and leukemic pre-B cells in stromal cell assays 
has ended the search of almost two decades for 

170 

reproducible in vitro systems [4,6]. One of the 
key elements in the murine assay for normal 
pre-B cells and the human assays for leukemic 
pre-B cells is prevention of apoptosis by the 
feeder cells [6]. We recently developed a cross
species coculture system, in which the murine 
fibroblast subclone C58 as a substitute for 
human bone marrow stromal cells induces pro
liferation of the human leukemic pre-B cell line 
BLIN-l and enhances viability of leukemic BCP 
of patients with the diagnosis BCP-ALL [7]. 
Here we show that the murine fibroblasts are 
equipotent in blocking apoptosis of the pre-B 



cell line BUN-I. In addition, the high sponta
neous apoptotic death rate of leukemic BCP 
from patients with BCP-ALL was also efficiently 
reduced to C58 fibroblasts. Interestingly, sam
ples of three patients were refractory to the 
stimulative effect of C58. 

These data underline the possibility of replac
ing human bone marrow stromal cells by 
murine fibroblasts, which simplifies the met
hodological approach and facilities the stan
dardization of the culture system. The exact 
mechanisms of prevention of apoptosis of 
leukemic BCP have not been elucidated so far. 
For normal pre-B cells adhesion via VLA-4 is an 
important element [14]. Decreased adhesion has 
been postulated as a mechanism of delayed 
regeneration of B-Iymphocytopoiesis after bone 
marrow transplantation. Further mechanisms 
may be release of cytokines from stromal cells 
or from extracellular matrix. A prime candidate 
is IL-7. In our experiments, IL-77 has only a 
moderate effect in preventing of apoptosis of the 
leukemic pre-B cell line BUN-I. 

In the second set of experiments we used the 
cross-species co culture system for identification 
of negative regulators of leukemic BCP and 
focused of IFN-a. The dominant effect of IFN in 
this cell model seems to be induction of apopto
sis. Our observations agree with previous data, 
which show a loss of cells in S-phase and induc
tion of apoptosis in IL-7-stimulated pre-B cells 
in mice by IFN-a [15], as well as higher rates of 
apoptosis in human ALL blasts treated with 
IFN-a in vitro [16]. When leukemic blasts of 
patients with the diagnosis of BCP-ALL were 
incubated with IFN-C( on C58 fibroblasts, cell 
viability was reduced in all samples. In three of 
five samples IFN-a induced apoptosis, with a 
34% increase. Our data are consistent with the 
IFN-induced loss of cell viability of leukemic 
pre-B cells cultured on human bone marrow 
stromal cells [16]. The responsiveness to IFN 
does not seen to refiect an altered cytokine sen
sitivity of the leukemic clone since normal 
human pre-B cell lines are also inhibited by IFN 
[9]. There was a remarkable heterogenity of the 
sensitivity to IFN-a, which might refiect a differ
ent receptor profile of the different leukemic 
clones. Although there was no obvious correla
tion between IFN response and the relative 
number of non leukemic cells in the sample, the 
differences might be caused by indirect modifi
cation of the IFN effect by accessory cells. This 
may be addressed in future experiments, using 

highly purified leukemic cell populations. IL-7 
blocked the IFN-induced apoptosis in two of 
three samples. These results with leukemic BCP 
have to be compared with normal lymphocy
topoiesis. Our previous data on the similarity of 
normal and leukemic BCP in their responsive
ness to cytokines suggest that IFN-a and IL-77 
are physiological antagonists in the growth reg
ulation of early BCP. In mice IL-7 does not 
reduce IFN-y-induced apoptosis of normal pre
B cells [15]. The mechanism of IFN -a which is 
responsible for growth inhibition by shortening 
the half-life of mRNA transcripts of stimulating 
cytokines as it has been shown for TNF-a and 
IL-6 in B-CLL and hairy cell leukemia [17]. 

Our experiments characterize IFN-a as an 
inhibitory cytokine of leukemic B-cell precur
sors and indicate the relevance of feeder-cell
dependent coculture systems in the analysis of 
growth regulation in BCP-ALL. 
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Cytokine Serum Levels During the Course of Acute Myeloid Leukemia 

M. Stauch, D. Fritsche, and K. Haffken 

Abstract. Cytokines are a group of hormone-like 
regulatory polypeptides. Several investigators 
have shown that cytokines, while essential for in 
vitro proliferation and differentiation of normal 
hematopoietic cells, may also be involved in the 
process of malignant transformation of hema
topoietic cells. The role of the in vivo produc
tion of cytokines in the transformational 
process of acute myeloid leukemia (AML) 
remains uncertain. We studied the serum levels 
of interleukin-l (IL-l), IL-l~ IL-2, soluble IL-2 
receptor (IL-2R), IL-6, tumor necrosis factor-a 
(TNFa), granulocyte-macrophage colony-sti
mulating factor (GM-CSF), granulocyte colony
stimulating factor (G-CSF), and erythropoietin 
(EPO), using enzyme-linked immunosorbent 
assays, in 45 patients with de novo AML 
(AMLfBT), during hematological reconstitution 
following induction chemotherapy (AMLfI) and 
12 weeks after treatment (AMLf AT), and in 40 
healthy volunteers (NP). We found a significant 
increase in the serum levels of the cytokines 
studied in patients with de novo AML compared 
with the control group. In patients with AML, a 
positive linear correlation was found between 
the elevated serum concentrations of IL-6 and 
G-CSF and the C-reactive protein (CRP). The 
elevated serum level of EPO did not correlate 
with the decreased hemoglobin and hematocrit. 
The increased serum concentration of soluble 
IL-2R correlated in an indirect linear fashion 
with the absolute number of AML blast cells as 
well as a direct linear fashion with the number 
of PMN in peripheral blood. After induction 
chemotherapy the serum levels of IL-2, IL-2R, 

IL-6, G-CSF, GM-CSF, EPO and CRP remained 
increased. IL-6 and G-CSF correlated with the 
serum CRP, too. In addition, IL-6 showed a 
direct correlation to the WBC and PMN count of 
the blood. Normal cytokine serum levels were 
observed 12 weeks after treatment. The data 
presented here show that the increase in the 
endogenous cytokines studied in patients with 
de novo AML was not only due to the underly
ing disease: The cytokines studied seem to be 
involved in the hematological reconstitution 
after chemotherapy. 

Introduction 

Cytokines are a group of hormone-like regulato
ry polypeptides that are defined by their ability 
to support the c1onogenic growth ofhematopoi
etic progenitor cells in vitro. They are known to 
be involved in the complex physiological regula
tion of normal hematopoiesis and the immune 
system. 

Besides their physiological roles, cytokines 
may also be involved in the process of the malig
nant transformation of hematopoietic cells. 
Several investigators have shown that cytokines, 
such as stem cell factor (SCF) [56], granulocyte
macrophage colony-stimulating factor (GM
CSF) [3, 10,32,78,48,82,89]' interleukin-3 
(lL-3) [10,74,82,97], granulocyte colony-stim
ulating factor (G-CSF) [74, 89, 90, 97, 113] and 
erythropieten (EPO) [72] stimulate the prolifer
ation and/or differentiation of human acute 
myeloid leukemia (AML) cells in vitro. In con-
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trast, monocyte colony-stimulating factor (M
CSF) [90] was shown to inhibit the self-renewal 
of leukemic blast cell cultures. Tumor necrosis 
factor-a (TNFa) [24,31,69], interleukin-l (IL-
1) [7,20,25] and IL-6 [61,99] act synergistically 
with the stimulative effects of GM-CSF and IL-3 
on the proliferation of the malignant clone from 
AML patients in vitro. This multifactorial effect 
is not limited to AML blasts; it is also document
ed for the growth of hematopoietic progenitor 
cells in vitro. In constrast to normal hematopoi
etic stem cells, blast cells from some patients 
with AML have been shown to grow auto
nomously in vitro, independently of exogenous 
growth factor stimulation. These AML blast cells 
produce multiple cytokines in culture, such as 
GM-CSF, G-CSF, M-CSF, lL-6, IL-l, and TNF [8, 
9,40,54,57,88]. The in vivo role of cytokines in 
the physiological regulation of hematopoiesis 
and the immune system as well as in the process 
of the malignant transformation of hematopoi
etic cells remains unknown. 

We studied the serum levels of IL-l, IL-IP, 
IL-2, soluble IL-2 receptor (IL-2R), IL-6, TNF-a, 
GM-CSF, G-CSF, and EPO, in 45 patients with de 
novo AML, during hematological reconstitution 
following induction chemotherapy and 12 weeks 
after treatment, and in 40 normal individuals, 
using an enzyme-linked immunosorbent assay. 
The results were correlated with the level of C
reactive protein (CRP) in the serum, a measure 
of acute inflammatory processes and the mea
sured blood parameters. 

Material and Methods 

Forty five patients with newly diagnosed AML 
were studied. Their clinical characteristics are 
shown in Table 1. 

At the time of diagnosis of patients, during 
hematological reconstitution following induction 
chemotherapy, 12 weeks after treatment and in 40 
healthy individuals, blood was obtained, cen
trifuged, and the serum frozen at - 20°C until 
cytokine analysis was performed. Simultaneously, 
blood was collected for determination of WBC 
count, differential count, hemoglobin, hematocrit, 
reticulocytes, platelets, and CRP concentration. 

Serum Cytokine Assay 

We used a sandwich enzyme immunoassay tech
nique to determine IL-l, IL-lb, IL-2, IL-6, G-
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Table 1. Clinical characteristics of 45 patients with 
AML 

No. of Patients 

Males 27 
Females 18 
Median age (years) 49.9 
Age range (years) 22-68 
FAB classification 
MO 
MI 10 
M2 13 
M3 2 
M4 8 
M5a 2 
Msb 4 
M6 2 
M7 

CSF, TNF-a (Quantikine kits, R&D System), sol
uble IL-2R (T-cell Diagnostics), GM-CSF 
(Medgenix Diagnostics), and EPO (Medac
Diagnostika) serum levels. 

CRP levels were determined with a nephelo
metric method. 

Statistical Evaluation 

Statistical comparsions were done using the 
nonparametric Mann-Whitney test (U-test). The 
data are shown as mean ± SE. Linear regression 
analysis was employed to analyze the relation
ship between cytokine levels and CRP in the 
serum and between cytokine levels and blood 
parameters. 

A p level of < 0.05 was accepted as statistical
ly significant. 

Results 

The serum levels of IL-l, IL-IP, IL-2, IL-2R, IL-
6, G-CSF, GM-CSF, TNF-a and EPO were deter
mined in 45 patients at diagnosis of de novo 
AML, in 42 patients following induction treat
ment in 22 patients 12 weeks after treatment, 
and in 40 healthy controls. The results are 
shown in Fig. 1 and 2 and in Tables 2-5. 

In patients newly diagnosed with AML a sig
nificant increase in serum levels of IL-l 
(p==0.048), IL-IP (p==0.004), IL-2 (p==0.007), IL-2R 
(p < 0.0001), IL-6 (p < 0.0001), G-CSF (p < 
0.0001), GM-CSF(p==O.Oll), TNF-a (p < 0.0001), 
EPO (p<0.000) and CRP (p<0.000) was found 
compared to healthy controls (Fig. 1, Table 3). In 
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Fig. 1. CRP(mg/ml), TNF-u(pg/m!), and IL-6 (pg-m!) concentrations in AML before treatment (BT), following 
induction therapy (I), after treatment (AT), and in healthy controls (NP), *p < 0.05 versus control 
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Fig. 2. CRP(mg/ml), G-CSF (pg/m!) and GM-CSF (pg/ml) concentration in AML before treatment (BT), follow
ing induction therapy (I), after treatment (AT) and in healthy controls (NP), *p < 0.05 versus control 

Table 2. Blood parameters in healthy control and patients with AML (mean ± SE) 

Controls Patients 

(n = 40) (n = 45) (n=42) (n=22) 

Hemoglobin (Gptll) 8.5 ± 0.4 5.4 ± 0.2 6.2 + 1.3 8.0 ± 0.4 
Hematocrit % 48.2 ± 6.6 27.8 ± 0.9 31.5 + 2.9 38.1 ± 1.6 
WBC (Gptll) 6.2 ± 0.3 26.5 ± 5.2 7.7 t 1.8 4.7 ± 0.6 
PMN (Gpt/l) 3.5 ± 0.2 3.6 ± 1.0 2.8 +-0.7 2.7 ± 0.5 
Lymphocytes (Gptll) 1.8 ± 0.1 4.0 ± 0.8 1.8 t 0.3 1.4±0.2 
Monocytes (Gpt/l) 0.4 ± 0.04 3.7 ± 1.6 0.7 + 0.4 0.4 ± 0.1 
Platelets (Gptll) 233.5 ± 12.0 62.6 ± 12.5 128.6 L 19.4 135.2 ± 15.9 

BT, Before treatment; I, following induction therapy; AT, after treatment. 

these patients significant correlations existed 
between the elevated serum concentrations of 
several cytokines, shown in Table 4. The 
increased values of IL-6 and G-CSF correlated 
with the increased level of C-reactive protein 
(Table 4). In patients with newly diagnosed AML 

no statistically significant correlation was found 
between the elevated serum concentration of 
EPO and the diminished hemoglobin and hemat
ocrit (Tables 2, 5). In these patients with AML no 
significant correlation was found between the 
WBC count of the peripheral blood and any of 
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Table 3. Cytokine serum levels of healthy controls and patients with AML (means+SE) 

Controls Patients 

(n=40) (n=45) (n=42) (n=22) 

IL-I (pg/ml) 1.01 ± 0.01 1.5±0.4 1.0± 0.2 1.01 ±om 
IL-IB (pg/ml) 1.6 ± 0.4 4.1 ±0.6 0.9±0.3 0.1 ± 0.04 
IL-2 (pg/ml) 3.0 ± 0.01 3.1 ± 0.1 3.5 ± 0.4 3.0 ±0.01 
IL-2R (V/ml) 507.6± 30.0 1678.0 ± 346.8 1739.2 ± 247.8 443.9 ± 54.4 
IL-6 (pg/ml) 3.1 ± 0.1 18.7 ±3.9 20.1 ± 5.7 3.6± 004 
G-GSF (pg.ml) 3.0±2.3 107.0± 32.6 566.2 ± 173.5 34.6± 8.8 
GM-CSF (pg/ml) 3.6±0.2 22.6± 12.6 19.5 ± 11.9 24.6±6.6 
TNF-a (pg/ml) 5.0 ± 0.03 19.6±5.2 704 ± 1.5 5.8±0.8 
EPO (mV/ml) 8A± 1.6 56.3 ± 8.8 41.3 i 10.7 24.5±9.1 
CRP (mg/ml) 2.5 ±0.3 56.2± 12.0 36.2 ± 10.3 4.8 ± 1.7 

EPO, Eythropoietin; CRP, C-reactive protein. 

Table 4. Correlations between serum levels of cytokine patients with AML 

BT T AT 
(n=45) (n=42) (n=22) 

IL-I IL-6 r= 0.522 IL-l~ r=0.6273 None 
p=0.002 p=0.048 

IL-1~ None IL-l r=0.6273 None 
p=0.048 

IL-2 r= 0.5742 
p=0.032 

IL-2 None IL-l~ r=0.5742 None 
p =0.032 

IL-2R TNF-a r= 0.4370 GM-CSF r= 0.6423 G-CSF r=0.6556 
p=0.024 p<O.OOO p=0.14 

EPO r= 0.5703 
p=0.0006 

IL-6 G-CSF r=0.4622 G-CSF r=0.4592 GM-CSF r= 0.5105 
p=0.005 p=O.002 p=0.037 

G-CSF IL-6 r=0.4622 IL-6 r=0.4592 IL-2R r=0.6556 
p=0.005 p=0.006 p=0.0014 

TNF-a r=0.3906 TNF-a r=0.7116 
p=0.006 p=0.007 

GM-CSF EPO r= 0.3522 IL-2R r=0.6423 IL-6 r= 0.5105 
p=0.039 p<O.OOO p=0.037 

EPO r=0.5573 
p=0.037 

TNF-a IL-2R r= 0.4370 G-CSF r= 0.3906 G-CSF r= 0.7116 
p=0.024 p=0.02 p=0.007 

EPO r=0.4386 
p=0.016 

EPO GM-CSF r=0.3522 IL-2R r=0.5703 GM-CSF r=0.5573 
p=0.039 p=0.002 p=0.037 

TNF-a r=0.4386 
p=0.016 

CRP IL-6 r=0.5222 IL-6 r=0.9309 None 
p=O.OOIO p<O.OOO 

G-CSF r=0.5977 G-CSF r=0.4703 
p<O.OOO p=0.OI6 
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Table 5. Correlations between blood parameters and serum levels of cytokines in patients with AML 

BT 1 AT 
(n~45) (n=42) (n=22) 

Hemoglobin None IL-l - r= 0.3440 IL1~ -r=0.6766 
p =0.037 P =0.033 

IL-6 - r= 0.4475 
p=-0.006 

Hematoait TNF-a r=0.3331 IL-6 -r=0.4006 IL-l~ - r= 0.6425 
p=0.042 p=0.013 p=0.033 

G-CSF ~ r= 0.5917 
p=0.028 

WBC None IL-6 - r~0.3025 G-CSF r= 0.5370 
p=0.032 p=0.044 

TNF-a - r~ 0.5344 
p=0.03 
IL-6 r= 0.5877 
p=0.017 

PMN IL-2R r= 0.4370 IL-6 r = 0.4812 None 
p=0.024 p=0.003 

IL-6 r= 0.4339 
p=O.007 

Blast cells IL-2R - r=0.3834 IL-6 
p=0.029 

IL-6 -r=0.3706 
p=0.018 

Platelets IL-lb r=0.8290 IL-2R 
p = 0.041 

IL-6 

G-CSF 

the cytokines studied. The absolute number of 
PMN showed a direct linear correlation with the 
serum levels of IL-6 and IL2R (Table 5). In addi
tion, an indirect linear correlation was found 
between the number of AML blast cells and the 
IL-6 serum level and a direct linear correlation 
with the serum IL-2R (Table 5). 

After induction chemotherapy, the serum 
levels of IL-2 (p=O.04), IL-2R (p < 0.0001), G
CSF (p < 0.001) , GM-CSF (p=O.OOI), IL-6 
(p < 0.000l), TNF-a (p <0.0001), EPO (p < 0.000 I) 
and CRP (p < 0.0001) remained increased com
pared to controls (Fig. 1,2, Table 3). IL-6 and G
CSF correlated also in this phase of the disease 
with serum CRP (Table 5). Furthermore, there 
were statistically significant correlations 
between the decreased number of PMN and an 
elevated endogenous IL-6 (Tables 2, 3, 5). The 
absolute number of AML blast cells showed in 
this phase of the disease a direct linear correla
tion with the IL-6 serum level. There were also 
statistically significant correlations between the 
serum value of lL-6 and WBC and PMN of the 

r=0.3848 1I.- J r= 0.7649 
P = 0.016 p=0.014 

~ r= 0.3715 None 
p=0.022 

- r=0.3025 
p=0.049 

- r= 0.3474 
p = 0.032 

peripheral blood. The decreased number of 
platelets correlated with the elevated serum lev
els ofIL-2R, IL-6, and G-CSF (Tables 2, 5). 

There were normal serum levels of IL-2, IL-2, 
IL-2R, IL-6, G-CSF, GM-CSF TNF-a EPO, and 
CRP 12 weeks after treatment (Fig. 1, Tab. 3). 
The serum level of IL-I ~ was statistically signifi
cantly decreased compared to healthy controls. 
The decreased IL-I ~ correlated indirectly linear
ly with the Hb and Hct but not with the WBC 
and PMN of the peripheral blood. In these 
patients with AML we did detect any statistically 
significant correlations between the PMN and 
the cytokines measured (Table 5). In addition, 
the WBC count showed an indirect linear corre
lation with G-CSF and TNf-u and a direct corre
lation with lL-6 (Table 5). 

As to remission rates, only the GM-CSF 
serum level at the time of diagnosis was statisti
cally significantly higher in patients who 
achieved partial remission (67.56 +49.47 pg/ml, 
p=0.003) than in patients who achieved com
plete remission (3.74 +0.54 pg/ml). 
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Discussion 

We studied the serum levels of various cytokines 
in different states during AML and compared 
the results with those of healthy controls. 

We demonstrated that patients with de novo 
AML have significantly elevated serum levels of 
IL-l, IL-l~, IL-2, IL-2R, IL-6, G-CSF, GM-CSF 
TNF-a EPO, and CRP compared to the control 
group. These results confirm the data observed 
in various in vitro systems suggesting the 
involvement of these cytokines, which are essen
tial for in vitro proliferation of normal 
hematopoietic cells [2, 14, 27, 35-38, 41, 43-45, 
46, 66, 77, 80, 81, 86, 100, 105] and also in the 
clonogenic growth of leukemic blast cells 
[39,40]. In these studies it has been demonstrat
ed that most of AML progenitor cells require 
exogenous cytokines for survival and prolifera
tion [31,32,39,42,62, 107, 108]. Several investi
gators have shown that in the majority of cases 
exogenous IL-3, GM-CSF, and G-CSF stimulated 
the proliferation and differentiation of clono
genic leukemic cells or activated DNA synthesis 
[20,32,51,74,108]. Miauchy et al. [69,70] have 
demonstrated that the responsiveness to one of 
these cytokines as well as their activities varies 
among individual cases. The involvement of IL-6 
and TNF-a in the clonogenic growth or differen
tiation of leukemic blast cells in vitro was also 
recognized [5,6,24,26,29,31,33,55,59,69,70, 
93]. In addition, Motoji et al. [72] have 
described the influence of EPO in leukemic blast 
cell proliferation in cell culture. It was shown 
that the proliferative response to EPO when 
used together with PHA-LCM is not restricted to 
erythroid lineage only, but also to other clono
genic myeloid cells. The role of IL-1 as an exoge
nous stimulator of leukemic blast cell growth in 
culture has also been described [16, 44, 73, 106]. 
In addition to these observations, IL-2 has been 
shown to be an inducer of blast cell proliferation 
in vitro. Carron and Carley [12] demonstrated 
that the proliferative activity of IL-2 is restricted 
only to clonogenic cells with monocytic differ
entiation. Cimino et al. [13] found elevated 
serum concentrations of IL-2 only with respect 
to the M4-M5 group. In contrast to these find
ings we demonstrated elevated serum levels of 
lL-2 in other cases of de novo AML also. This is 
consistent with our own results of a significant 
increase of serum levels of the soluble IL-2R 
recently described in patients with newly diag
nosed AML. [13] Furthermore, a few leukemic 
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blast cells proliferate independently of exoge
nous cytokines in culture. In several studies it 
has been shown that these blast cells may pro
duce endogenous cytokines, including lL-l, IL-
6, G-CSF, GM-CSF and TNF-a in an autocrine or 
paracrine manner [8-10, 39, 40, 54, 78, 106]. In 
addition, several recent reports have described 
different cytokines acting synergistically or 
additively to induce blast colony formation in 
vitro [51, 90, 107]. Confirming these results in 
vitro, we demonstrated that in patients with de 
novo AML direct linear correlations exist in vivo 
between IL-l and IL-6; and IL-6 and G-CSF; 
GM-CSF and EPO; TNF-a IL-2R, and EPO; and 
EPO, GM-CSF, and TNF-a. Furthermore, our 
data suggest the involvement of these cytokines 
in the multifactoral process of leukemic blast 
cell proliferation in vivo. 

Studies in vivo and in vitro have shown that 
TNF-a [1, 21, 22, 28, 53, 60, 64, 65, 67, 68, 84, 
103,104,109-112], lL-1 [85,87,94,96,115], lL-6 
[11,23,30,63,79,101,102], G-CSF [50,63], GM
CSF [78,95], and IL-2R [49] are capable of acting 
as inflammatory cytokines, too. In our study, we 
found a clear correlation between the elevated 
serum levels of G-CSF and IL-6 and the C-reaca
tive protein as a mediator of the acute inflam
matory response. In addition, our findings of a 
direct linear correlation between lL-6 and the 
absolute number of PNM and as a negative cor
relation between IL-6 and absolute blast cell 
count, in patients with de novo AML suggest the 
involvement of this cytokine not only in the 
growth of the malignant leukemic cell clone, but 
also in the regulation of the host defense. 

Furthermore, studies previously conducted in 
vitro have shown that various cytokines includ
ing lL-1, lL-3, IL-6, G-CSF, and GM-CSF may 
also be included during hematological recovery 
following intensive chemotherapy [71]. In vivo 
administration of these cytokines accelerates 
myeloregeneration following cytoreductive 
treatment [75, 83]. In autologous bone marrow 
transplantation and peripheral blood stem cell 
transplantation (PBSCT), treatment with recom
binant G-CSF or GM-CSF results in faster 
engraftment of transplanted autologous stem 
cells and reduction of the duration and severity 
of neutropenia [4]. However, little is known 
about the production of endogenous cytokines 
in vivo during the process of hematological 
recovery after intensive cytoreductive chemo
therapy. The present study demonstrates signifi
cantly elevated serum levels of IL-2, IL-2R, 



G-CSF, GM-CSF, TNF-a and EPO in patients 
with AML following induction chemotherapy 
compared to healthy controls. This provides evi
dence for the involvement of these cytokines in 
the in vivo regulation of the hematological 
reconstitution after administration of cytotoxic 
drugs as well. These results are consistent with 
those of Takamatsu et al. [98] who also found 
elevated serum levels of IL-6 and G-CSF in the 
recovery phase following intensive chemothera
py. In contrast to them, we were unable to detect 
any increase in endogenous IL-1 in this phase of 
the disease. Baiocchi et al. [4] evaluated the 
kinetics of the release of endogenous cytokines 
in patients with advanced ovarian cancer follow
ing high-dose chemotherapy and PBSCT. They 
demonstrated sequential coordinated release of 
GM-CSF, IL-1a, G-CSF, and IL-8 after myeloab
lative chemotherapy and PBSCT. We found 
direct linear correlations between IL-1 ~ and IL-
2, IL-6 and G-CSF, TNF-a and G-CSF, GM-CSF 
and IL-2R, and EPO and IL-2R, which indicates 
a combination interaction of different cytokines 
in the process of myeloregeneration. Our find
ings of indirect linear correlations between PMN 
and IL-6 support the hypothesis that the pro
duction of endogenous cytokines will be sup
ported by cells other than PMN. We and others 
[47, 76] did not find any correlations between 
the elevated serum levels of EPO and the hemo
globin and hematocrit of the peripheral blood. 
Schapira et al. [91] demonstrated elevated 
serum levels of EPO in 31 patients undergoing 
bone marrow transplantation following inten
sive chemotherapy. Our results suggest that the 
EPO increase in the recovery phase after inten
sive chemotherapy was caused by a mechanism 
other than increasing anemia and oxygen trig
gering in the kidney. This process may be indi
rectly supported by IL-6 and IL-1, which were 
shown to be negatively linearly correlated with 
the diminished hemoglobin in this phase of the 
disease. 

Normal cytokine serum levels were found 12 
weeks after treatment. Only the endogenous 
level of IL-1~ was statistically significantly 
decreased compared to healthy volunteers. 
Further studies are necessary to prove the role 
of this parameter for prognosis and survival of 
patients with AML. 

In conclusion, our results indicate that the 
increase of endogenous cytokines demonstrated 
in patients with AML was not only due to the 
underlying disease. In addition, the endogenous 

cytokines studied in patients with AML seem to 
be involved in the hematological reconstitution 
following chemotherapy as well as in the host 
defense. The use of cytokines as stimulators of 
the hematological recovery in the treatment of 
AML leukemias should be considered with 
greater caution, since their involvement in 
leukemogenesis remains obscure. Further stud
ies are required in order to select the most 
appropriate treatment strategies for the admin
istration of cytokines in AML patients. 
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Expression of FL T3 and FL T3 Ligand in Human Leukemia-Lymphoma Cell Lines 
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Abstract. The FL T3 gene encodes a receptor tyro
sine kinase that is closely realted to two well
known receptors, KIT and FMS, which regulate 
with their respective ligands, stem cell factor 
(SCF) and macrophage colony-stimulating fac
tor (M-CSF), proliferation and differentiation of 
hematopoietic cells. The ligand for FL T3, FL, is 
active in both soluble and membrane-bound 
forms. We examined expression of FL and FL T3 
mRNA in a panel of some 110 continuous 
human leukemia-lymphoma cell lines from all 
major hematopoietic cell lineages by Northern 
blot analysis. FL T3 mRNA is expressed prima
rily in pre B-cell lines and myeloid and mono
cytic cell lines, whereas FL and mRNA was 
detected in most cell lines from all cell lineages. 
Forty of 110 cell lines displayed both receptor 
and ligand mRNA, suggesting a possible 
autocrine or intracrine stimulation. In normal 
hematopoietic cells expression of FL T3 was 
reported to be associated with positivity for 
CD34, a cell surface marker of immature and 
precursor cells. No correlation between FLT3 
and CD34 expression was found in the cell lines 
analyzed. Gene transfection of an FL expression 
construct in BHK21 cells led to the production 
and secretion of a functional FL protein. Four 
out of 21 cell lines tested responded to incuba
tion with this FL protein by enhanced prolifera
tion (160%-500% of control cells grown without 
FL); all four cell lines were of myeloid origin. 
FL-induced proliferation was not enhanced by 
constimulation with interleukin-3 (IL-3), granu
locyte-macrophage CSF (GM-CSF), or SCF. 
Transforming growth factor-~ (TGF-~) inhibit-

ed FL-promoted proliferation in one cell line. 
These studies serve to further illustrate the 
importance of the FLT3-FL receptor-ligand sys
tem in the regulation of hematopoietic cells. 

Introduction 

Proliferation and differentiation of hemato
poietic cells is controlled by a series of souble 
and membrane-bound regulators [1). Besides 
the classical hematopoietic growth factors (or 
colony-stimulating factors, CSFs), a vast and 
ever increasing range of polypeptides has been 
discovered that together with the growth factors 
are now collectively termed cytokines. 
Cytokines participate not only in the stimula
tion of proliferation and differentiation of nor
mal as well as malignant hematopoietic cells, 
but also in a variety of cellular responses, e.g., 
regulation of the immune system [2]. These 
hematopoietic regulators act through specific 
receptors [3). Cytokine receptors belong to two 
different groups: those with intrinsic tyrosine 
kinase domains (termed receptor tyrosine 
kinase, RTK) and those lacking such sequences, 
e.g., interleukin-2 (IL-2), IL-3, IL-4, IL-5, IL-6, 
IL-7, granulocyte CSF (GM-CSF), and granulo
cyte-macrophage CSF (GM-CSF). These RTKs 
are divided into subclasses according to their 
amino acid sequences [41. A role for RTKs in 
hematopoiesis, both at the level of the undiffer
entiated stem cell and in committed cell lineage 
precursors, has been clearly demonstrated by 
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signalling through the KIT RTK and its cognate 
ligand, KIT -ligand or stem cell factor (SCF). 

A search to detect further RTKs led to the dis
covery of a murine gene termed fetal liver kinase 
2 (flk2) [5]; the human gene was designated 
FMS-like tyrosine kinase 3 (FLT3) [6-8]. 
Another acronym for FLT3/flk2 is STK-1 (for 
stem cell tyrosine kinase 1) [9]; but the gene is 
clearly different from the recently cloned gene 
STK (for stem cell-derived tyrosine kinase) [10]. 
The FLT3 RTK, located on chromosome l3q12, 
shares structural homology with the subclass III 
RTKs PDGF (platelet-derived growth factor 
receptor), KIT and FMS (or CSFl, receptor for 
the macrophage-CSF/M-CSF) [11]. Both the 
human and murine ligands for FLT3 (FL) were 
cloned and found to encode a type I transmem
brane and a soluble protein [12-14]. FL protein 
stimulates proliferation of hematopoietic pre
cursor cells, for instance CD34+ cells [12, l3]. 
These early studies on the physiological expres
sion of FL T3 and on the type of normal cells that 
are responsive to FL suggest that FL and FL T3 
may function as a growth factor receptor-ligand 
system on hematopoietic stem and/or progeni
tor cells. 

Analysis of normal hematopoietic progeni
tors is hampered by their spurious occurrence 
in blood and bone marrow; homogenous popu
lations of hematopoietic cells of any given line
age or stage of differentiation are not readily 
accessible. On the other hand, established 
leukemia-lymphoma cell lines represent clonal 
cell populations continuously available for 
experimental manipulations. Therefore, we ana
lyzed expression of FL T3 and FL by cells from a 
large group of continuous leukemia-lymphoma 
cell lines. These cell lines constitute an exten
sive, well-characterized panel of different 
hematopoietic malignancies including speci
mens from the major cell lineages. The specific 
aims of the present analysis were: (1) to deter
mine the incidence of FL T3 and FL expression 
in the various types of cell lines: (2) to examine 
the relationship of FL T3 expression to positivity 
for the stem cell surface marker CD34, as it has 
been suggested that FLT3/STK-l is selectively 
expressed in CD34+ bone marrow cells [9]; and 
(3) to investigate the effects of FL protein on 
FL T3 + cell lines. 
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Materials and Methods 

Cells 

Cell line were grown and maintained by serial 
passages in appropriate media (Gibco BRL, 
Eggenstein, Germany) supplemented with 
10%-20% (v/v) heat-inactivated fetal bovine 
serum (FBS;Sigma, Deisenhofen, Germany). 
Cells were cultured in tissue culture flasks or 24-
well plates (Nunc, Wiesbaden, Germany) at 37°C 
in an atmosphere of 5% CO, in air. Some cell 
lines were taken from the DSM Cell Culture 
Bank [15], others were generously provided by 
the original investigators for research purpose 
only [16-19]. References and details for these 
cell lines will be provided upon request from the 
senior author. The growth factor-dependent cell 
lines F-36EGM, M-07e, OCI-AML-1, OCI-AML-
5, TF-l, UCSD/AML-1, and UT-7 were cultured 
with supernatant from the bladder carcinoma 
cell lines 5637 producing GM-CSF, IL-3, and 
other cytokines; U-1996 needed IL-6 for contin
uous growth. All cultures were free of 
mycoplasma contamination. Cells were harvest
ed in their logarithmic growth phase with via
bilities of higher than 90% as examined by 
trypan blue exclusion. Normal mononuclear 
cells were purified from the peripheral blood of 
healthy volunteers by standard Ficoll-Hypaque 
density gradient centrifugation (Lymphoprep, 
Nycomed, Oslo, Norway); monocytes were 
obtained by adherence to plastic Petri dishes; 
tonsillar B-Iymphocytes were separated from T
cells by sheep red blood cell rosetting. 

RNA Preparation and Northern Blot Analysis 

For Northern blot analysis, total RNA was pre
pared using the guanidinium isothiocyanate
CsCI method. Equal quantities of total RNA (10 
Ilg) were separated on 1.0% formaldehyde 
agarose gels. The fractionated RNA was trans
ferred to nylon filters (Gene Screen, DuPont, 
Bad Homburg, Germany) which were subse
quently cross-linked with ultraviolet light. The 
gels were stained with ethidium bromide to 
ensure that equal amounts of RNA were ana
lyzed and that no degradation had occurred. 
After prehybridization at 62°C overnight, the 
RNA was hybridized to random primed 
[a- 32P]dCTP (Amersham-Buchler, Braunsch
weig, Germany)-labeled cDNA probes at 62°C 
overnight. After stringent washing steps with 6X 



SSC, 3X SSC, and O.OsX SSC, the blots were 
exposed to X-ray films with an intensifying 
screen at - 80°C. The same filters were subse
quently rehybridized with a B-actin probe. The 
following specific eDNA probes were used: for 
the human FLT3 gene (a 2.8 kb PvuIlBamHI 
eDNA cloned in AgtlO, kindly provided by Dr. 
Daniel Birnbaum, Marseille, France) [7), for the 
human FL gene (a 0.9 kb EcoRI eDNA in 
Bluescript) [l3], and for the actin control (a 1.4 
kb PstI fragment in pUC19). 

Proliferation Assay 

An FL expression vector was prepared using 
standard recombinant DNA methods. Briefly, a 
983-bp FL eDNA excised from the plasmid 
Bluescript was added for cloning into the EcoRI 
site of the eukaryotic expression vector pSBC2 
(20) and transformed into E. coli XL Blue 
(pSBC2-FL). pSV-2pac (for puromycin resis
tance) and pAG-60 (for gentamycin resistance) 
were employed as selection markers in BHK21 
cells using a standard calcium chloride cotrans
fection protocol in order to obtain stable tra
nsfectants. After a 3-week incubation with 
puromycin and gentamycin, conditioned medi
um(CM) of a successfully transfected BHK21 
clone (BHK21-FL) as shown by Northern blot 
analysis of BHK21-FL mRNA and hybridization 
with a specific probile was collected. The prolif
erative response of a panel of FL T3 + cell lines 
to BHK21-FL CM was seeded in duplicate at 0.5 
x 106 cells/ml in 100 fil complete medium in 96-
well plates and incubated for 40 and 64 h in the 
presence of 25% (v/v) BHK21-FL CM, 100 V/ml 
IL-3, 100 V/ml IL-7, 400 V/ml GM-CSF, 10 ng/ml 
SCF, or 10 ng/ml TGF-Bl (Boehringer Mann
heim, Germany); for the last 4 h of incubation 1 
IlCi methyl-[3Hlthymidine (Amersham) was 
added to each well. Cell lines constitutively 
dependent on externally added growth factors 
were washed extensively prior to incubation 
with the specific cytokines and then cultured 
without these additives. 

Results 

Expression of FL T3 mRNA 

FLT3 mRNA expression was examined by 
Northern blot analysis in 110 continuous human 
leukemia-lymphoma cell lines (Table 1): 10111 

Table 1. Expression of FL T3 and FL mRNA in 
leukemia-lymphoma cell lines 

Cell line Type/origin' 

Pre B-celltines: 
697 Pre B-ALL 
ALL-I Pre B-ALL 
BAY-91 ALL 
EU-I ALL 
IARC-318 Pre B-ALL 
LAZ-221 ALL 
NALM-I CML-Iym BC 
NALM-6 ALL 
NALM-16 
PRE-ALP 
REH 

B-celllines: 
IE8 
BALL-I 
BALM-l 
BJAB 
BONNA-12 
EB-I 
EHEB 
HAIR-M 
KARPAS-231 
KARPAS-353 
WSU-NHL 

Myeloma cell lines: 

ALL 
Pre B-ALL 
ALL 

B-ALL 
B-ALL 
B-ALL 
Burkitt 
HCL 
Burkitt 
B-CLL 
HCL 
B-ALL 
B-ALL 
B-NHL 

EJM Myeloma 
KARPAS-707 Myeloma 
L-363 PCL 
LP-I 
MM-I 
MM-SI 
NCI-H929 
OPM-2 
U-266 
U-1996 

T-cell lines: 
CTV-I 
DU-528 
HPB-ALL 
JM 
MDS 
MOLT-3 
MOLT-16 
MOLT-17 
PI2IICHIK 
PF-382 
PFI-285 

NK cell tines: 
NK-92 
YT 

Myeloid cell lines: 
EM-2 
EM-3 
EOL-l 
EOL-3 

Myeloma 
Myeloma 
Myeloma 
Myeloma 
Myeloma 
Myeloma 
Myeloma 

AMLM5? 
T-ALL 
T-ALL 
T-ALL 
CML 
T-ALL 
T-ALL 
T-ALL 
ALL 
ALL 
T-cell 
lymphoma 

NHLwith LGL 
NHL 

CML-myBC 
CML-myBC 
AML-eosino 
AML-eosino 
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+++ (+) 
+ (+) 
+ + 
++ + 
++ (+) 
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Table 1. (contd.) 

Cell line 

GDM-l 
HL-60 
KASUMI-l 
KBM-7 
KCL-22 
KG-l 
KG-la 
MOLM-7 
MOLM-S 
MR-S7 
NB-4 
OCI-AML-S 
PL-21 
TI-l 
UCSD/AMLl 
YOS-M 

Type/origin' 

CML-myBC 
AMLM2 
AMLM2 
CML-myBC 
CML-myBC 
AML 
AML 
CML-myBC 
CML-myBC 
AML 
AMLM3 
AML 
AMLM3? 
AMLM2 
AML 
CML-myBC 

Monocytic cell lines: 
DD Histocytic 

JOSK-I 
JOSK-M 
KBM-3 
KBM-5 
ML-2 
MOBS-l 
MV4-11 
OCI-AML-l 
OCI-AML-3 
PLB-9SS 
SKM-l 
U-937 

X-376 

lymph. 
AMLM4 
AMLM4 
AMLM4 
CML-monoBC 
AMLM4 
AMLM5 
AMLMS 
AMLM4 
AMLM4 
AMLM4 
AMLMS 
Histiocytic 
lymph. 
AML 

Megakaryocytic cell lines: 
CHRF288 - 11 AML M7 
CMK AMLM7 
DAMI AMLM7 
LAMA-84 CML-BC 
M-07e AMLM7 
MEG-Ol CML-BC 
MEGAL AMLM7 
MHH-22S AML M7 
MKPL-l AML M7 
MOLM-l CML-BC 
T-33 CML-BC 
TS9;22 CML-my BC 
UT-7 AMLM7 

Erythroid cell lines: 
F-36EGM AML MM 
HEL AMLM6 
JK-l CML-BC 
K-562 CML-BC 
KH-88 
KMOW-02 
OCI-Ml 
OCI-M2 
TF-l 
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CML-BC 
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AMLM6 
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Hodgkin/ALCL cell lines: 
CO (T-cell Hodgkin 
like) 
HDLM-l (T) 
HDLM-2(T) 
HD-MY-Z 

(Mono) 
JB-6 
KM-H2 (B) 
L-428 (B) 
L-S40 (T) 
SUP-HDI (B) 

Normal cells: 
Monocytes (PB) 
B-cells (tonsils) 
Mononuclear cell 
fraction (PB) 

Hodgkin 
Hodgkin 
Hodgkin 

ALCL 
Hodgkin 
Hodgkin 
Hodgkin 
Hodgkin 

+ 
+ 

+ 

+ 
++ 
(+) 

++ 
+ 
+ 
+ 
(+) 

+++ 

ALCL, anaplastic large cell lymphoma: ALL, acute 
lymphoblastics leukemia; AML, acute myeloid 
leukemia; B, B-cell; Burkitt, Burkitt's lymphoma; CLL, 
chronic lymphocytic leukemia; CML-BC, chronic 
myeloid leukemia in blast crisis; HCL, hairy cell 
leukemia; Hodgkin, Hodgkin's lymphoma; LGL, large 
granular lymphocyte leukemia; NHL, Non-Hodgkin's 
lymphoma; PB, peripheral blood; PCL, plasma cell 
leukemia; pre B, pre B-cell; T, T-cell. 
'Cell lines were assigned to the respective categories 
based on their origin and their phenotypic and func
tional characteristics; 
subtypes are given as indicated in the original publica
tions (for review see [IS-19]). 
bIntensity of bands on Northern blots: -, negative; 
(+), weakly positive; +, + +, + + +, various degrees of 
positivity. Equal loading of lanes and integrity of 
RNAs were verified by ethidium bromide staining of 
the gel and rehybridization with p-actin. 

pre B-cell lines were positive; 3/11 B-cell lines; 
0110 myeloma cell lines; 0/11 T-cell lines; 0/2 NK 
cell lines; 14/20 myeloid cell lines; 10/14 mono
cytic cell lines; 3/13 megakaryocytic cell lines; 
0/9 erythroid cell lines; and 0/9 Hodgkin or 
anaplastic large cell lymphoma-derived cell 
lines. Normal purified monocytes were negative; 
B-cells and the mononuclear cell fraction were 
positive. Thus, FLT3 mRNA is expressed pri
marily in pre B-cell lines, and myeloid and 
monocytic cell lines (Fig. 1). 

Correlation of FL 13 Expression with CD34 Positivity 

A previously suggested association of FL T3 
expression with CD34 positivity [9] could not be 
confirmed in the panel of cell lines investigated 
here. The CD34 - status was known for 64 cell 
lines. The correlation can be detailed as follows: 
13 cell lines were FLT3+CD34+ (20%); 9 cell 
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Fig. 1. Summary of expression of FL T3 and FL mRNA in the various subtypes of leukemia-lymphoma cell lines. 
The percentage of positive cell lines for each subtype are shown. For details see Table 1 

lines were FLT3+ CD34- (14%); 19 cell lines 
were FLT3- CD34+ (30%); 23 cell lines were 
FLT3- CD34- (36%). 

Expression ofFL13-ligand mRNA 

Northern blots showed widespread, but rather 
weak expression of the FL mRNA transcripts in 
most cell lines studied (Table 1): 10110 pre B-cell 
lines were positive; 10/11 B-cell lines; 10/10 
myeloma cell lines; 10111 T -cell lines; 2/2 NK cell 
lines; 20/20 myeloid cell lines; 14114 monocytic 
cell lines; 12/13 megakaryocytic cell lines; 9/9 
erythroid cell lines; and 9/9 Hodgkin anaplastic 
large cell lymphoma cell lines. Normal mono
cytes and B-cell were negative; a positive signal 
was seen in the mononuclear cell fraction. 
Furthr, 40/110 cell lines expressed both receptor 
and ligand mRNA, suggesting a possible 
autocrine, intracrine, or paracrine stimulation. 
Taken together, FL mRNA is widely expressed in 
all cell lineages. 

Proliferation Induced by FL 13 Ligand 

Twenty-one cell lines were incubated with super
natant from BHK21 cells transfected with FL 

cDNA for 40 and 64 h. BHK21-FL CM enhanced 
proliferation in the four myeloid cell lines HL-
60, EOL-l, OCI-AML-5, and MUTZ-2 by 
160%-500% of control cultures (Fig. 2). 
3H-thymidine uptake of responsive cells was par
allelled by increases in the actual number of cells 
as determined by cell counting in hematocy
tometer chambers and trypan blue dye staining. 
OCI-AML5 and MUTZ-2 are growth factor
dependent cell lines cultured routinely with 5637 
CM. Coincubation with IL-3, IL-7, GM-CSF, or 
SCF singly or in combination did not have addi
tive or synergistic effects on any of the cell lines 
studied. TGF-B abrogated the proliferative stim
ulus of BHK21-FL CM on MUTZ-2 cells (TGF
Pl;96% of 3H-thymidine uptake of control cells 
at 64 h; FL: 645%;TGF-pl + FL: 317%). TGF-p 
was cytotoxic on OCI-AML-5 cells both in the 
presence and absence of FL (TGF-Pl: 38% of 
control cells; FL: 383%;TGF-Pl + FI.: 34%). 

Discussion 

FLT3 is a member of the type III RTK family 
which also includes KIT, FMS and PDGF [5,6,9, 
21]. FLT3 was reported to be expressed mainly 
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in immature, both normal and malignant 
hematopoietic cells, including murine and 
human stem and progenitor cells [5-9]. These 
receptors have been documented to play impor
tant roles in the growth andlor differentiation of 
a variety of cells in which they are expressed 
[11]. Similar to the ligands for the KIT and FMS 
receptors, SCF and M-SCF, respectively, the 
FL n receptor is activated by a cognate mole
cule, termed FLn ligand [FL] [12-14]. Here, 
analysis of the mRNA expression of the FLn 
and FL genes in a large panel of well-characteri
zed continuous human leukemia-lymphoma cell 
lines from all major cell lineages showed oppo
site expression patterns: widespread expression 
of the ligand FL in nearly all cell lines and cell 
lineages contrasts with an expression profile of 
the receptor FLn that is basically limited to 
immature B-cell lines and myelomonocytic cell 
lines. These findings suggest that selective 
expression of the receptor may be the restrictive 
factor in the regulation of the ligand-receptor 
interaction. As anti-FLT3 monoclonal antibod
ies were not available to us, transcript levels and 
surface expression of the FLT3 molecule could 
not be correlated. The assumption that physio-
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logical FLT3 expression is limited to the CD34 
+cell fraction of normal human bone marrow 
was not corroborated by the present results as 
there were no clear-cut differences between 
CD34+ and CD34- cell lines with regard to 
FLT3 mRNA expression. 

Previous results showed that the ligand is 
capable of functioning as a proliferation factor 
on primitive hematopoietic cells [12-14,22]. 
Furthermore, FL enhanced the response of stem 
and progenitor cells to other growth factors, as 
illustrated by the synergistic effects of combina
tions with IL-3, GM-CSF, PIXY-321 (the GM
CSF/IL-3 fusion protein), and to a limited extent 
also with SCF or IL-7, depending on the type of 
cells tested; no synergy was observed with ery
thropoietin [12-14]. Both native and recombi
nant FL induced tyrosine autophosphorylation 
of the FLT3 receptor [12, 14]. Here, stable trans
fection of the human FL gene into BHK21 cells 
led to the production of soluble activities that 
induced significant proliferation in four myeloid 
leukemia cell lines. The stimulatory effect of this 
crude native ligand could not be augmented 
additively or synergistically by IL-3, IL-7, GM
CSF, or SCF. In the absence of cytotoxic effects 



TGF-~l inhibited the proliferative activity of FL 
in one cell line, which while this factor caused 
extensive cell death in a second FL-responsive 
cell line. 

We have identified the expression patterns of 
the FLT3 receptor gene and of its cognate ligand 
FL and have shown that some myeloid leukemia 
cells are biologically responsive to the ligand. 
Clearly, important biological processes such as 
proliferation and possibly other cellular events 
such as differentiation are controlled by this 
receptor-ligand pair. Our results indicate that the 
ligand may not only control specifically the 
growth response of hematopoietic progenitor 
and stem cell populations, but the unique 
FL-FLT3 ligand-receptor interaction may also 
be involved in the pathobiology of certain 
leukemia cells. Availability of the cloned genes, 
of native and recombinant ligand, of antibodies 
against the ligand and the receptor molecules, 
and of cell lines as readily available model sys
tems will facilitate studies on the physiological 
and pathological rolls of this new cytokine
receptor system. 
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GM-CSF Dose Response Curves in Priming of AML Progenitors for Ara-C 

M. Ziihlsdorf, V. Skobin, and T. Biichner 

Abstract. Myeloid leukemic progenitors can be 
primed for ara-C cytotoxicity by hemopoietic 
growth factors such as GM-CSF. This effect is 
highly variable for different AML samples. 
Previous studies have used saturating concen
trations of GM-CSF for priming. In this study, 
we sought to establish dose response curves for 
GM-CSF for samples. Seven samples were evalu
ated. AML blasts were isolated by Ficoll
Hypaque gradients and adherence depletion. 
Pretreatment with 0, 1, 10 and 100 U/ml GM/CSF 
was done for 48 h in IMDM, 10% FBS. Ara-C was 
added at 0-100 IlM for 12 h. Cells were washed 
three times and seeded into a serum-free colony 
assay based on methylcellulose. Leukemic 
colonies were scored on day 14. For each GM
CSF dose, a Dso for ara-C was calculated using 
the median effect principle. A dose-response 
relation was found for each sample. However, 
the extent of priming was highly variable for dif
ferent samples. A half maximal effect was 
reached at between 1 and 10 U/ml GM-CSF. 

Introduction 

The concept of priming leukemic blasts from 
AML patients with recombinant growth factors 
has been investigated in vitro and in vivo [1-9]. 
Most studies have used saturating doses of 
growth factors and short-term-exposures to ara
C, with the exception of one [9]. Apart from the 
choice of the particular growth factor, the 
dosage should be investigated in preclinical 
studies. The objective of this study was to estab-

lish does-response curves for rhGM-CSF prim
ing prior to ara-C exposure. 

Materials and Methods 

Bone marrow aspirates were obtained with 
informed consent from patients with newly 
diagnosed AML. Mononuclear cells were isolat
ed on Ficoll-Hypaque gradients, washed with 
IMDM, 2% BSA and adherence-depleted 
overnight in IMDM, 10% FBS (Boehringer). 
Cells were washed, adjusted to 0.5 x 106/ml, and 
pretreated with GM-CSF (0-100 U/m!), as indi
cated, in IMDM, 10% FBS for 48 h at 370°C, 5% 
CO2 in a fully humidified atmosphere. Cells were 
then washed three times, counted, and seeded at 
50,000/ml in a serum-free CFU-L assay based on 
methylcellulose with 20 mg/ml BSA (Sigma), 15 
IlM water-soluble cholesterol (Sigma), 500 IlM 
water-soluble linoleic acid (Sigma), 2 !lg/ml 
insulin, 50 nM transferrin, Fesaturated, 100 
ng/ml SCF (Amgen), 2 ng/ml G-CSF (Amgen), 
GM-CSF (Behring), IL-l (Boehringer), IL-3 
(Behring), IL-6 (Genzyme), 2 U/ml EPO (Cilag), 
and 50 !lM ~-mercaptoethanlo (Biorad). On day 
14, colonies were scored under an inverted 
microscope. Does-responses yielded Dso values 
for ara-C using the median effect priniciple [10, 
11]. The fraction unaffected by ara-C (surviving 
colonies) is clco• the formula used for linear 

log ( ~ - 1) = m log D-m log Dso 

y=ax+ b 
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where m is a scaling factor and D is the actual 
dose of ara-C for each data point. The second 
row indicates the interpretation of the formula 
for regression analysis. Dso values of ara-C were 
evaluated as a function of the GM-CSF concen
tration used for priming. 

Result 

The Dso values are summarized for the seven 
samples in Table 1. GM-CSF exerts a priming 
effect in a dose-dependent fashion. Individual 

samples vary in their susceptbility. The results 
for individual samples varied greatly. 

Figure 1 depicts the individual Dso values 
observed in the dose-response curves. Figure 2 
shows the cumulative frequency distribution of 
Dso values and their shift with various doses of 
GM-CSF. A clear dose-effect relationship can be 
found, which is statistically significant with 
p < 0.05. A t-test may be used for this purpose, 
since the points are on straight lines in a nor
mit-plot. A non parametric test confirms these 
data. All dose levels differ statistically from each 
other. 

Table l. Summary ofD" values in the seven AML samples 

GM-CSF dose Sample 

2 3 4 5 6 7 

0 0.825 0.7341 3.969 1.134 0.2611 0.1482 0.0676 
1 Ulml 0.483 0.2944 0.7324 0.895 0.1974 0.1258 0.0651 

lOUlml 0.4185 0.1673 0.6352 0.0772 0.0971 0.0554 
100 Ulml 0.1052 0.3362 0.014 0.3844 0.0707 0.0635 0.0266 
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Fig. l. Individual dose· response curves after Priming AML progenitors with GM-CSF for ara-C. Bone marrow 
mononuclear cells were isolated from patients with de novo AML, pretreated with GM-CSF for 48 h in the doses 
given by the x-axis and assayed for ara-C sensitivity. The median effective does, 050, is plotted on the y-axis 
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Fig. 2. Cumulative frequency distributions of ara-C sensitivity after priming with different GM-CSF concentra
tions. Seven samples from bone marrow mononuclear cells of patients with de novo AML were assayed for their 
ara-C sensitivity following GM -CSF priming at the concentrations given. The cumulative frequencies are plotted 
on a normit scale (y-axis). The log-normal distribution (I"' > 0.95) of ara-C sensitivities (given as median effective 
dose, D50) is shifed left by priming with GM-CSF in a dose-dependent fashion. The distributions differ from each 
other with p = 0.05 

Discussion 

The dose dependency of GM-CSF pnmmg 
resembles the dose range for induction of cell 
proliferation, with a saturation between 10 and 
100 Ulml GM-CSF. Qualitatively, the induction 
of proliferation seems to be one possible mecha
nism of priming [12]. However, the degree of 
proliferation inducible by growth factors has not 
always been found to correlate with the degree 

of priming, but rather with metabolic changes 
within the leukemic population [7]. In our own 
series of 18 patients, proliferation and priming 
showed a significant, yet moderate correlation, 
explaining about 50% of the variation observed 
[13]. 
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Different Potential of G-(SF I GM-(SF I and piXY 
in Priming of Myeloid Leukemic Progenitors for Ara-( 

M. Zuhlsdorf, M. Brandt, V. Skobin, and T. Buchner 

Abstract. Cell kinect or metabolic resistance of 
myeloid leukemic cells to cycle-specific cytostat
ics, such as cytosine arabinoside (ara-C), may be 
overcome by priming with growth factors. The 
extent of priming with GM-CSF and IL-3 has 
been highly variable for meyloid leukemic 
progenitors in previous studies. We tested nine 
different AML samples for their ara-C sensitivity 
and the priming effects of G-CSF, GM-CSF, GM
CSF plus IL-3 and pIXY321. Bone marrow 
mononuclear cells were isolated from patients 
with newly diagnosed AML. All factors were used 
at 100 U/ml for 48 h, controls were incubated in 
medium only (IMDM, 10% FBS). Ara-C was 
added for 12 h at concentrations from 0 to 100 
IJM. Cells were washed and seeded into a colony 
assay based on methylcellulose with serum-free 
conditions using a mixture of hemopoietic 
growth factors. After 14 days colonies were 
scored. From the dose-response curves for ara-C, 
Dso values were calculated with confidence limits 
and compared for different pretreatments, show
ing shifts in ara-C sensitivity due to priming. Dso 
values for ara-C covered a range of 1 log, in pre
vious studies over 2 logs with a larger sample 
size. Priming with various factors decreased 
the Dso values for the majority of samples, 
The largest shifts were obtained with pIXY321 
or the equimolar mixture of GM-CSF and IL-3 at 
a factor of 1:1500. Samples unresponsive to 
priming with one growht factor responded 
to another factor. Therefore, priming with a 
combination of factors, triggering different sig
nal transduction pathways, might be more 
promising. 

Introduction 

The concept of priming leukemic cells for cyto
static therapy was introduced on the basis of cell 
kinectic considerations [1]. There is now evi
dence for a whole spectrum of mechanisms 
responsible for priming. The metabolism of ara
C within leukemic blasts is changed by G-CSF, 
GM-CSF, and Il-3 [2-5]. While a number of steps 
in ara-C uptake and activation as well as inacti
vation may be affected, this does not translate 
into a higher suceptability to ara-C toxicity in all 
samples. Ara-CMP incorporation into DNA may 
also be enhanced [6] increased the rate of apop
tosis inducible by high-dose ara-C [7]. Cell 
kinetic parameters were shifted significantly in a 
smaller fraction of samples compared with 
metabolic changes [5]. Yet priming with a given 
factor or combination of factors does correlate 
moderately with the ability of this pretreatment 
to induce proliferation [8]. At present priming 
may be thought of as an activation of leukemic 
cells via signal transduction, which may include 
only minor changes in gene activation or may 
extend far enough to allow a higher rate of pro
liferation and measurable cell kinetic changes. 
The response to growth fractors shows great 
interindividual variation. 

Clinical trials on priming in AML have yield
ed conflicting results [9-16]. At best, a trend 
towards longer remission was observed [17]. 

The objective of this study was to compare 
different factors available for clinical trials with 
respect to their priming potential. One study 
comparing G-CSF and GM-CSF did not include 
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controls without pretreatment [18). In this 
series, samples were analyzed in a uniform assay 
allowing for untreated controls. The colony 
assay was adjusted to serum-free conditions, 
giving an improved growth of leukemic colonies 
versus macrophage colonies. Bone marrow sam
ples were only used when their blast content 
exceeded 80%, to further reduce the possibility 
of normal CFU -GM formation. 

Materials and Methods 

Bone marrow aspirates were obtained with 
informed consent from adult patients with 
newly diagnosed AML. Mononuclear cells were 
isolated from the interface of Ficoll-Hypaque 
gradients, washed with IMDM, 2% BSA and 
adherence-depleted overnight in IMDM, 10% 
FBS (Boehringer). Cells were washed, adjusted 
to 0.5 x 106/ml, and pretreated with 100 U/rnl of 
either factor in IMDM, 10% FBS for 48 h at 
37°C, at 5% CO2 in a fully humidified atmos
phere. Factors were r-metHuG-CSF (Amgen), or 
rhGM-CSF (Behring, E. coli product), GM-CSF 
plus rhlL-3 (Behring), and plXY321 (Immunex). 
Cells were then washed three times, countered, 
and seeded at 50 OOO/mi in a serum-free CFU-L 
assay based on methylcellulose with 20 mg/ml 
BSA (Sigma), 15 11M ''water-solubale choles
terol" (Sigma), 50!lM "water-soluble linoleic 
acid" (Sigma), 2 Ilg/ml insulin, 50 nM ransfer
rin, Fe-saturated, 100 ng/ml SCF (Amgen), 2 
ng/ml each of G-CSF, GM-CSF, rhIL-l~ 
(Boehringer), IL-3, IL-6 (Genzyme, CHO-prod
uct),2 U/ml Epo (Cilag), and 50!lM 1~-mercap
toethanol (Biorad). After 14 days, colonies were 
scored on an inverted microscope. 

Dose-responses yielded D50 values for ara-C 
using the median effect-principle [19,20). The 
colony number obtained without ara-C is co' the 
number at the given ara-C concentration is c. 

The formula used to regression analysis is 

log ( cco -1)=mlog D-mlog Dso 

y=ax + b 

where m is a scaling factor and D is the 
actual dose of ara-C for each data point. The 
second line shows the interpretation of this for
mula for a linear regression analysis. With 
respect to the colony numbers c this is a 
logistic regression. Confidence limits for the D 50 

values were obtained from the regression 
analysis (21). 

Results 

Table 1 shows the results with different pretreat
ments on the median Dso (ara-C). 

Figure 1 depicts the individual Dso values 
observed by their cumulative frequencies. 
Figure 2 shows the same data in box plots, cal
culated on a log scale for Dso values. The number 
of responsive samples is evaluated comparing 
the confidence limits of Dso values after pretreat
ment with the values for unprimed controls in 
a t-test for samples with different standard 
deviations. 

The results for individual samples varied 
greatly. The ara-C sensitivity of controls covered 
a range of approximately 1 log. Few samples 
showed an increase in ara-C sensitivity exceed
ing 1 log, yet these samples contributed to the 
value of the median Dso' The box plot shows a 
more moderate shift in the mean Dso values. 
plXY321 and an eqimolar mixture of GM-CSF 
and 11-3 showed similar effects with the excep
tion of two samples. Samples with a marked 
proliferative response to a particular factor or 
combination tended to show a significant prim
ing effect with this pretreatment. This could not 
be shown in a statistically meaningful way with 
this small number of samples. 

Table 1. Effects of different pretreatments on median D50 (ara-c) 

Pretreatment control G-CSF GM-CSF GM+IL-3 pIXY321 

No. of Samples 9 9 8 7 7 
Median DSO(IIM) 0.287 0.086* 0.199 0.Q78 0.027' 
x-fold change 3.32 1.44 3.66 10.4 
No of responsive samples 7of9 30f8 30f7 Sof7 

'p<O.OS 
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Fig. J. Cumulative frequency distribution of D50 (ara-C) after different pretreatments. The sensitivity of AML 
progenitor cells was measured in a colony assay after different types of pretreatment for 48 h with the growth fac
tors as given. The DOG for ara-C is the median effective dose. D,o values are shifted by most priming methods. 
Significant shifts are seen for r-metHu G-CSF and for pIXY321 
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Fig. 2. Distribution ofD,o (ara-C) for AML progenitor cells after different pretreatments. The sensitivity of AML 
progenitors to ara-C is depicted here by the median effective dose (D,o) after priming with various growth fac
tors. The box plots show the mean, median, and standard deviation for each pretreatment. Shifts are significant 
for r-metHu G-CSF and PIXY321 

Discussion 

G-CSF and pIXY321 gave a higher priming effect 
in this study than GM-CSF. A similar result was 

found by other investigators comparing G-CSF 
with GM-CSF in another assay system which did 
not allow for unprimed conrols [18]. A negative 
effect of GM-CSF, as postulated as a common 
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phenomenon by others [18, 22], could not be 
demonstrated. However, there is high interindi
vidual variability within the ara-C sensitivity as 
well as the shifts obtained with particular factors. 
This also includes the possibility of shifs towards 
lower ara-C sensitivity in individual samples. 

We conclude from the present data that G
CSF or pIXY321 may be better candidates for 
priming in clinical trials than GM-CSF. 

References 

1. S.A. Cannistra, P. Groshek and J. D. Griffin (1989) 
Granulocyte-Macrophage Colony-Stimulating Fac
tor Enhances the Cytotoxic Effects of Cytosine
Arabinoside in Acute Myeloblastic Leukemia and 
in the Myeloid Blast Crisis Phase of Chronic 
Myeloid Leukemia. Leukemia, 3: 328-334 

2. J.M. Norgaard, S.T. Langkjer, J. Ellegaard, T. 
Palshof, N. Clausen and P. Hokland (1993) 
Synergistic And Antagonistic Effects of Myeloid 
Growth Factors on In Vitro Cellular Killing by 
Cytotoxic Drugs. Leukemia Research, 17: 689-694 

3. P. Lista, P.Porcu, G.C. Avanci and 1. Pegoraro 
(198B) Interluekin 3 Enhances the Cytotoxic 
Activity of I-B-d-arabinofuranosylcytosine (ara-C) 
on Acute Myeloblastic Leukeamia (AML) cells. 
British Journal of Haematology, 69: 121-123 

4. M. Brach, H. Klein, E. Platzer, R. Mertelsmann and 
F. Hermann (1990) Effect ofInterleukin 3 on Cyto
sine Arabinoside-Mediated Cytotoxicity of Leu
kemic Myeloblats. Experimental Hematology, 18: 
748-753 

5. C. Reuter, U. Auf der Landwehr, E. Schleyer, M. 
Ziihlsdorf, C. Ameling, C. Rolf, B. Wormann, T. 
Biichner and W. Hiddemann (1994) Modulation of 
Intracellular Metabolism of Cytosine Arabinoside 
in Acute Myeloid Leukemia by Granulocyte-Mac
rophage Colony-Stimulating Factor. Leukemia, 8: 
217-225 

6. M. Tanaka (1993) Recombinant GM-CSF Modul
ates The Metabolism of Cytosine Arabinoside In 
Leukemic Cells In Bone Marrow. Leukemia 
Research, 17: 585-592 

7. K. Bhalla, C. Tang, A.M. Ibrado, S. Grant, E. 
Tourkina, C. Holladay, M. Hughes, M.E. Mahoney 
and Y. Haung (1992) Granulocyte-Macrophage 
Colony-Stimulating Factor/lnterleukin-3 Fusion 
Protein (pIXY321) Enhances High-Dose Ara-C
Induced Programmed Cell Death or Apoptosis in 
Human Myeloid Leukemia Cells. Blood, BO: 
2883-2890 

B. N. van der Lely, T. De-Witte, J. Wessels, R. 
Raymakers, P. Muus and F. Preijers (1994) In vitro 
Response of Blasts to IL-3, GM-CSF, and G-CSF is 
Different for Individual Ami Patients: Factors That 
Stimulate Leukemic Clonogenic Cells also Enhance 
Ara-C Cytotoxicity. Annals of Hematology, 68: 
225-32 

200 

9. E. Estey, D. Dixon, H.M. Kantarjian, M.J. Keating, 
K. McCredie, G.P. Bodey, R. Kurzrock, M. Talpaz, 
E.J. Freireich, A.B. Deisseroth and J.U. Gutterman 
(1990) Treatment of Poor-Prognosis, Newly Dia
gnosed Acute Myeloid Leukemia With Ara-C and 
Recombinant Human Granulocyte-Macrophage 
Colony-Stimulating Factor. Blood, 75: 1766-1769 

10. E. Estey, P.F. Thall, H.M. Kantarjian S, O'Brien, C.A. 
Koller, M. Beran J. Gutterman, A. Deisseroth and 
M. Keating (1992) Treatment of Newly Diagnosed 
Acute Myelogenous Leukemia With Granuloyte
Macrophage Colony-Stimulating Factor (GM-CSF) 
Before and During Continuous-Infusion High-Dose 
ara-C + Daunorubicin: Comparison to Patients 
Treated Without GM-CSF. Blood, 79: 2246-2255 

11. G. Heil, 1. Chadid, G. Seipelt, P. Mitrou, D, 
Hoelzer, K. Kolbe, C. Huber, A. Lindemann, R. 
Mertelsmann, J. Frisch, N.W. Gaus and H. Heimpel 
(1993) GM-CSF in a Double-Blind Randomized 
Placebo-Controlled Trial in Therapy of Adult 
Patients with De Novo Acute Myeloid Leukemia. 
In: Acute Leukemias IV - Prognostic Factors. T. 
Biichner et al., ed. Springer, Berlin 

12. T. Biichner (1994) Hematopoietic Growth Factors 
in Cancer Treatment. Stem Cells, 12: 241-252 

13. R. Ohno, T. Naoe, A. Kanamura, M. Yoshida, A. 
Hiraoka, T. Kobayashi, T. Ueda, S. Minami, Y. 
Morishima, Y. Saito, S. Furusawa, K. Imai, Y. 
Takemoto, Y. Miura, H. Teshima, N. Hamajima 
and K.L.S. Group (1994) A Double-Blind 
Controlled Study of Granulocyte Colony-Stimula
ting Factor Started Two Days Before Induction 
Chemotherapy in Refractory Acute Myeloid 
Leukemia. Blood, 83: 2086-2092 

14. E. Archimbaud, P. Fenaux, J. Reiffers, C. 
Cordonnier, V. Leblond, P. Travade, X. Troussard, 
H. Tilly, G. Auzanneau, J.P. Marie, M. Ffrench and 
E. Berger (1993) Granuloyte-Macrophage Colony
Stimulating Factor in Association to Timed
Sequential Chemotherapy with Mitoxanthrone, 
Etoposide, and Cytarabine for Refractory Acute 
Myelogenous Leukemia. Leukemia, 7: 372-377 

15. P. Bettelheim, P. Valent, M. Andreeff, a. Tafuri, J. 
Haimi, C. Gorischek, M. Muhum, C. Sillaber, O. 
Haas, 1. Vieder, D. Maurer, G. Schulz, W. Speiser, 
K. Geissler, P. Kier, W. Hinterberger and K. 
Lechner (1991) Recombinant Human Granulocyte 
Macrophage Colony-Stimulating Factor in Combi
nation with Standard Induction Chemotherapy in 
De Novo Acute Myeloid Leukemia. Blood, 77: 
700-711 

16. M. Andreeff, J. Drach, S. Zhao, U. Consoli, S. 
Escudier, G. Sanchez-Williams, Y. Liu, A. 
Goodacre, D. Drach, C. Dunne, A. Tafuri, E. Estey 
and A. Deisseroth (1994) Cell Kinetic, Molecular 
and Clinical Analysis of Growht Factor Sensitiza
tion of Myeloid Leukemia. In Hemopoietic Growth 
Factors, Oncogenes and Cytokines in Clinical 
Hematology. E. Cacciola, C.E. Deisseroth and R. 
Guistolisi, eds. Karger, Basel. pp 112-136 

17. T. Biichner, W. Hiddemann, B. Wormann, R. 
Rottmann, G. Maschmeyer, W.-D. Ludwig, 
M.ZiihIsdorf, K. Buntkirchen, A, Sander, J, Aswald, 



l. Binder, S. Prisett and M.-e. Sauerland (1993) The 
Role of GM-CSF in the Treatment of Acute Myeloid 
Leukemia. Leukemia and Lymphoma, 11: 21-24 

18. P. Koistinen, C. Wang, J.E. Curtis and E.A. 
McCulloch (1991) Granulocyte-Macrophage Col
ony-Stimulating Factor and Interleukin-3 Protect 
Leukemic Blast Cells from Ara-C Toxicity. 
Leukemia, 5: 789-795 

19. T.e. Chou and P. Talalay (1977) A Simple 
Generalized Equation for the Analysis of Multiple 
Inhibitions of Michaelis-Menten Kinetic Systems. 
Journal of Biological Chemistry, 252: 6438-6442 

20. T.e. Chou and P. Talalay (1984) Quantitative 
Analysis of Dose-Effect Relationships: The 
Combined Effects of Multiple Drugs or Enzyme 
Inhibitors. Advances in Enzyme Regulation, 22: 
27-55 

21. G.W. Snedecor and W.G. Cochran (1980) 
Statistical Methods. 7th ed. Iowa State University 
Press, Ames, Iowa 

22. j. Miyauchi, e.A. Kelleher, C. Wang, S. Minkin and 
E.A. McCulloch (I989) Growth Factors Influence 
the Sensitivity of Leukemic Stem Cells to Cytosine 
Arabinoside in Culture. Blood, 73: 1272-1278 

201 



Leukemia Cell Biology 



Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et aJ. (eds) 
© Springer -Verlag Berlin Heidelberg 1997 

An Alternative Transcript of the Human GM-CSF Receptor Alpha Chain lacking 
the Signal Sequence Is Found in AMl Blasts and Normal Controls 

H.M. Wagnerl, R.E. Gale', D.C. Linch', and R. Andreesen l 

Abstract. Blast cells from 70% of patients with 
acute myeloid leukaemia (AMi) showautonom
ous growth characteristics. One of the autocrine 
growth factors involved is granulocyte
macrophage colony-stimulating factor (GM
CSF). The receptor for GM-CSF (GM-CSFR) is 
composed of at least 2 chains. The alpha chain 
binds GM-CSF specifically but with low affinity. 
The beta chain confers high affinity binding 
when associated with the alpha chain. So far at 
least 6 alternative transcripts of the alpha chain 
have been described which differ from each 
other in the 3' end of the coding sequence. Using 
RT-PCR of RNA from normal bone marrow 
mononuclear cells and blast cells from patients 
with AMi we have found an mRNA transcript 
with a deletion of 102 nucleotides (nt) between 
nt 123 and 226 of the published sequence. This 
deletion removes the original initiation codon 
and the signal peptide sequence. Translation 
would still be possible starting from ATG (nt 
282-284), creating an alpha chain lacking the 
signal peptide and the first 22 amino acids of the 
extracellular protein sequence. In RNAse pro
tection assays transcripts carrying the 102 nt 
deletion were expressed at levels of about 20% 
of the total alpha chain message in normal bone 
marrow cells. In blasts from AMi patients 
expression varied between 5 and 60%. Full 
length GM-CSFR alpha RT -PCR products from a 
patient with AMi showed that transcripts carry
ing the 102 nt deletion also lack the sequence 
coding for the transmembrane domain. 
Translation of this mRNA transcript would 

therefore produce a signal peptide deficient, sol
uble GM-CSFR alpha isoform that might be con
fined to the cytosol. It is possible that such a 
cytosolic receptor chain could be involved in 
intracellular autocrine loops. 

Introduction 

Acute myeloid leukaemia (AMi) is characterized 
by the excessive proliferation of maligant blast 
cells. AMi blasts proliferate in response to 
haematopoietic growth factors which may be 
provided by the blast cells themselves in an auto
crine fashion [1,2]. Granulocyte-macrophage 
colony-stimulating factor (GM-CSF) appears to 
be involved in autocrine growth cycles [3]. The 
receptor for GM-CSF consists of 2 chains, an 
alpha and a beta chain. The alpha chain binds 
GM-CSF specifically but with low affinity. 
Association of the beta chain confers high affini
ty binding [4, 5, 6]. The GM-CSFR alpha chain as 
described by Gearing [4] is composed of a signal 
peptide of 22 amino acids (aa), an extracellular 
domain of297 aa, a transmembrane anchor of27 
aa and an intracytoplasmic tail of 54 aa. To date, 
at least 6 different isoforms of the alpha chain 
have been found. All are generated by alternative 
splicing at the 3' end of the eDNA. They include 
the originally isolated low affinity receptor [4], a 
serine-rich insertion of 10 aa at the cytoplasmic 
end of the receptor [7], two soluble isoforms [8, 
9, 10], an isoform with a novel 62 a carboxy-ter
minus with an alternative membrane anchor 

lAbt. Hamatologie/Onkologie, Klinik und Poliklinik fur Innere Medizin I, Universitat Regensburg, 93042 
Regensburg, Germany 
'Dept. of Haematology, University College London Medical School, London, UK 
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[10] and finally an isoform that contains an 
insertion of 34 aa in the membrane-proximal 
area of the extracellular domain [11]. The bio
logical function of these various isoforms has yet 
to be elucidated. We focussed our attention on 
the 5' end of the eDNA, where alternative splic
ing might be involved in translational control of 
receptor expression. In this report we describe a 
novel RNA transcript encoding a signal peptide 
deficient GM-CSFR alpha isoform. It is found in 
normal primary cells and with increased relative 
expression in AML blast cells. 

Material and Methods 

Bone marrow samples were obtained from adult 
patients with AML (n = 10). They were classified 
according to the FAB criteria: M12 patients 
(pts), M22 pts, M42 pts, M53 pts, M61 pt. Non
AML control marrows were obtained from 3 
normal donors, 2 patients with Non-Hodgkin's 
lymphoma in complete remission and 1 patient 
with multiple myeloma with less than 5% plas
ma cells in the bone marrow aspirate. 

The mononuclear cells, including leukaemic 
blast cells, were seperated by standard density 
gradient centrifugation. Total cellular RNA was 
prepared by lysis in guanidine thiocyanate and 
ultracentrifugation in caesium chloride. 

RT-PCR and sequencing were performed as 
described in detail elsewhere [12]. In brief, 1 flg 
total cellular RNA was reverse transcribed using 
oligo dT as primer in a total volume of 20 fll. 
Reactions were incubated at 42°C for 1 h and at 
99°C for 5 min. Then 4 fll of reverse transcription 
reaction was used for PCR in a total volume of 
20 fll containing 0.5 U Taq polymerase. Thirty
five cycles of 95°C for 30 s, 62°C for 30 s, and noc 
for 1 min were performed. 5'primer A:GTA
GAACCCTGTACGTGCTT and 3' primer B: 
GCACGAACATTCGTTGTTAC for fragment 1 
(nucleotide 90-392) and 3' primer C:AGAAAA
CAGTTCCCCCGTGT for the entire GM-CSFR 
alpha eDNA (nucleotide 90-1416). PCR products 
were purified by electrophoresis through low 
melting point agarose and then sequenced using 
the chain termination method with modified T7 
DNA polymerase. 

The RNAse protection protocol has been 
described previously [13]. PCR product fragment 
1 was subcloned into a pGem vector (Promega, 
USA) and digested with Rsa 1 to produce a 379 
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bp fragment containing the T7 polymerase pro
moter and nucleotides 102-392 of the alpha 
chain eDNA. A radioactive anti-sense probe was 
then transcribed off the T7 primer. Next, 5-20 flg 
of total RNA and 1 fll radioactive probe were 
added to a total of 25 r.tl hybridisation buffer. The 
hybridisation reaction was denatured at 90°C for 
10 min. and then transferred to 50°C overnight 
to allow annealing between probe and relevant 
sequence. After hybridisation the reaction was 
treated with RNAse A and RNAse T1 at 30°C for 
1 h and then with proteinase K at 37°C for 30 
min. After phenol/chloroform/ehanol precipita
tion the samples were electrophoresed in dena
turing 6% polyacrylamide gels. The dried gels 
were exposed to X-AR film or phosphorimager 
plates and evaluated on a Fujimax bas 1000 
phosphorimager (Fuji, Japan). The signals were 
quantified using Millipore Whole Band Analyzer 
software (Millipore, UK) run on a Sun Spare 
workstation. The signals were corrected for GTP 
content to obtain relative percentages of the dif
ferent isoforms. 

Results 

In order to examine the 5' end of the GM-CSFR 
alpha eDNA for alternative splicing we used RT
PCR with a pair of primers (A + B) that cover the 
5' end of the untranslated sequence, the signal 
peptide sequence and the amino-terminus of the 
mature receptor (Fig. 1). According to the 
Gearing sequence [4] a PCR product of 303 bp 
was expected. In addition, however a smaller 
band of 201 bp was found in TF-1 cells, in nor
mal bone marrow mononuclear cells and in 
leukaemic blast cells (data not shown). 

Direct sequencing of the 201 bp PCR product 
revealed that the 201 bp band is caused by a 
deletion of 102 nucleotides between nt 123 and 
226 representing exon 3 [14]. This deletion 
removes the original initiation codon and the 
signal peptide sequence. Further downstream 
after the deletion there is another potential start 
codon at methionine 45 (Fig. 2). If this initiation 
codon were used a GM-CSFR alpha chain would 
be created that lacks the signal peptide and the 
first 22 amino-terminal amino acids of the 
mature alpha chain. In the following the signal 
peptide deficient isoform will be referred to as 
SPD. 

To study the whole SPD-mRNA total RNA 
was subjected to RT-PCR using primers (A+C) 



5' untranslated extracellular domain 
Fig. 1. Exon and peptide structure of 
the 5' end of GM-CSFR alpha. PCR 
fragment I is indicated 

signal 
peptide 

peptide------lIflf if •• if&'*i!il'[!:::<IC=======:::J1+ 

exons 1 2 3 4 5 __ ~ ____ ~ ______ -L __________ ~ __ 

Fig. 2. Deletion of exon 3. Exon, cDNA 
and peptide structure of the transcript 
with deletion of 102 nl. New potential 
start codon at Met 45 creating a signal 
peptide deficient isoform 

PCR 

exons 

cDNA 

peptide I 

in the un translated regions on either side of the 
coding sequence. The full length products of 
approximately 1.3 kb length were sub-cloned 
into a plasmid vector. Individual clones were 
examined by PCR for signal peptide depletion 
and alterations around the transmembrane 
region. Twelve clones derived from I AML 
patient were screened. Three clones were signal 
peptide deficient; 1 of the 3 contained the trans
membrane region as in the Gearing sequence 
[4], 2 lacked the transmembrane region as in the 
Ashworth/Raines sequence [8, 9J. 

RNAse protection assays were performed to 
assess the relative expression of the SPD isoform 
and to exclude the possibility that the deletion is 
an RT-PCR artefact due to secondary RNA 
structure (Fig. 3). The probe protects a 291 bp 
fragment (nt 102-392) of the Gearing sequence. 
The SPD isoform yields a fragment of 167 bp (nt 
226-392). The deletion of exon 2 causes the 269 
bp band [15J. On the RNAse protection autorads 
a phosphorimager was used to quantify the 
relative expression of the SPD isoform. In 
neutrophils and normal bone marrow cells the 
SPD isoform accounted for about 20% of 
the total alpha message. In 10 AML samples the 
relative expression varied between 5 and 65% 
(Fig. 4). 

90 303 bp 392 

3 1 4 5 
/ /nt 226 

1 21 4 1 5 
(82 ATG 

I 

'~ilM:!.fl!jfk'f~'I+ 
5' untranslated extracellular 

domain 

Discussion 

GM-CSF is an important growth factor for AML 
blast cells. For the alpha chain of its receptor 
(GM-CSFR alpha) multiple isoforms have been 
described [4, 7-11J. They are all created by alter
native splicing at the 3' end of the alpha chain 
eDNA and result in alterations around the trans
membrane anchor or in the cytoplasmic domain 
of the receptor molecule. Here, we demonstrate a 
new receptor isoform that codes for an SPD, sol
uble GM-CSFR alpha chain. The SPD transcript 
is generated by splicing out exon 3 at the 5' end 
of the gene. The deletion of exon 3 removes the 
original initiation site. Further downstream 
codon Am TG represents a potential start codon. 
It lies within a suboptimal initiation context, but 
translation appears still possible [16J. A'8,TG 
codes for Met45 of the mature receptor alpha 
chain. If A'82TG were used as an initiation codon, 
a receptor would be generated that starts at Met" 
of the alpha chain in frame with the Gearing 
sequence. This alpha chain would lack the signal 
peptide and the 22 amino-terminal aminoacids 
of the mature receptor. We found two SPD tran
scripts; one represents the Gearing sequence 
except for deletion of exon 3, the other lacks the 
transmembrane anchor in addition to exon 3 

207 



Probe tRNA TF1 Neutro- Normal AML 
!NIUe-.us 

396- . 344- _ 

298- _ 

220- -
201 - e 

154 - -

-
phlls BM 

-- Probe (379 bpI 

- - Full length (291 bpI 
- Exon 2 deleted (269 bpI 

_ -- Signal peptide deleted (167 bpI 

Fig. 3. RNAse protection analysis of the GM-CSFR alpha using total RNA from TF1 cells, normal neutrophils, 
normal bone marrow cells and AML blast. The full length probe (379 bp) protects a fragment of 291 bp of the 
Gearing sequence and a fragment of 167 bp of the SPD isoform. Deletion of exon 2 yields a fragment of 269 bp 
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Fig. 4. Relative expression of SPD mRNA in normal 
bone marrow cells and AML blats. RNAse protection 
assays were performed on total RNA from neu
trophils, normal bone marrow cells (open bars) and 
AML blast cells (Shaded bars). Autorads were scanned 
by a phosphorimager. For each sample the intensity of 
the band representing the SPD transcript was 
expressed as percentage of the total GM-CSFR alpha 
message 

equivalent to the soluble receptor as described 
by Ashworth and Raines [8, 9]. Thus the latter 
transcript encodes a polypeptide deficient of sig
nal peptide and transmembrane anchor. Since it 
is the function of the signal peptide to guide a 
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newly synthesized polypeptide chain out of the 
cytosol through the membrane via the ER lumen 
to the cell surface, a receptor lacking the signal 
peptide and the transmembrane anchor is there
fore expected to remain in the cytosol as an ung
lycosylated polypeptide [17]. 

SPD mRNA is expressed in normal neu
trophils and bone marrow cells at a level of 
approximately 20% of the total alpha chain mes
sage. In blast cells from some AML patients the 
levels of SPD mRNA expression are increased to 
up to 65% of the total message. 

Blast cells from a proportion of AML patients 
show an autocrine growth pattern and prolifer
ate in culture without addition of exogenous 
growth factors [1, 18]. The autocrine growth can 
be inhibited by addition of antibodies against 
growth factors. This suggests a model where the 
blast cells secrete the growth factor into the 
extracellular space. The growth factor then 
binds to the specific receptor expressed on the 
cell surface (Fig. Sa). In some cases the 
autocrine growth cycle cannot be interrupted by 
antibodies. However, proliferation can be sup
pressed by inhibiting the synthesis of growth 
factor with antisense DNA against growth factor 
message [3]. This could be explained by a model 
where the growth factor remains within the cell 
and binds to an intracellular receptor (Fig. 5b). 
A signal peptide deficient, cytosolic GM-CSFR 
alpha chain might be involved in such an intra
cellular autocrine growth cycle. Up to now SPD 
GM-CSFR alpha has only been shown as an 
mRNA transcript. Studies on the expression of 
this isoform as a protein are in progress. 



a 

b 

Fig. 5. Model of extracellular (a) and intracellular (b) 
auto cine growth loops. GF; growth factor 
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Marked Effect of the Combination of a Novel Vitamin D3 Analog, KH 1060, 
and 9-cis-RA on Inhibition of Clonal Growth, Decreases of bcl-2 Level 
and Induction of Apoptosis in HL-60 Cells 
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Abstract. All-trans retinoic acid (RA) is the first 
highly effective differentiation-inducing agent 
for remission induction in patients with APL, 
but remissions are short-lived because the treat
ment fails to eliminate the malignant clone and 
clinical resistance develops rapidly. Another 
retinoic acid compound, 9-cis-RA, unlike all
trans-RA-which binds only retinoic acid recep
tors (RARs)-is a high affinity ligand for both 
RARs and RXRs. To prevent or overcome resis
tance and to eliminate the malignant clone, in 
analogy with chemotherapy, combinations of 
new potent differentiation-inducing drugs work
ing through different receptors and signal path
ways may be useful. The active form of vitamin 
D3 [1,25 dihydroxyvitamin D3 (1, 25D)] is an 
inhibitor of proliferation and effector of differ
entiation of myeloid leukemic cells to mono
cytes. The 20-epi-220xa-24a, 26a, 27a-tri-homo
la,25(OH),D3 (KH 1060) belongs to the family of 
20-epi-vitamin D3 analogs and is considerably 
more potent in vitro than 1,25D as a regulator of 
growth of the HL-60 cell line. The aim of this 
study was to evaluate the affect of the combina
tion ofKH 1060 with 9-cis-RA on proliferation of 
the human promyelocytic leukemia cell line HL-
60. The 9-cis-RA (l0-8M) produced a 30% inhi
bition of clonal proliferation of HL-60, and KH 
1060 at 10 9 M resulted in 50% inhibition of 
clonal proliferation of the leukemic cells. No 
colonies were detectable after incubation with 
10-7 MKH 1060. The combination of 9-cis-RA 
(l0-8M) with KH 1060 (l0-9 M) produced a 95% 
inhibition of clonal growth. When the HL-60 

clonogenic cells were cultured in liquid medium 
with either 10-7 M of KH 1060 or 9-cis-RA for 3 
days, washed and plated in soft agar, KH 1060 
and 9-cis-RA inhibited 54% and 30% of the HL-
60 cells, respectively. In constrast, when the cells 
were cultured in liquid culture with 10-7 M KH 
1060 and 9-cis-RA together for 3 days, washed 
and plated in soft agar, no colonies were 
detectable. In order to gain insight into the 
remarkable antileukemic effect of the combina
tion of these analogs, apoptosis and expression 
ofbcl-2 were examined. After 3 days of culture of 
HL-60 cells with the combination of KH 1060 
(l0-7 M) and 9-cis-RA (10- 7 M), apoptosis was 
induced in 62% of cells, as detected by measure
ment of morphological changes. Also after 3 
days, bcl-2 protein, as analyzed by immuno-his
tochemistry, became nearly undetectable when 
cells were cultured with both KH 1060 and 9-cis
RA (10- 7 M). When cultured over the same peri
od with either KH 1060 or 9-cis-RA (10-7 M), 
26% and 36% of cells expressed bcl-2, respective
ly, and 100% of wild-type HL-60 expressed bel-2. 
In summary, our data demonstrate that the com
bination of KH 1060 and 9-cis-RA ireversibly 
and synergistically inhibited clonal growth and 
induced apoptosis of HL-60 cells concomitantly 
with a very marked decrease expression ofbcl-2. 

Introduction 

All-trans retinoic acid (RA) is the first highly 
effective differentiation-inducing agent for 
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remission induction in patients with APL, but 
remissions are short-lived because the treatment 
fails to eliminate the malignant clone and clini
cal resistance develops rapidly [1]. Another 
retinoic acid compound, 9-cis-RA-unlike all
trans-RA, which binds only retinoic acid recep
tors (RARs)-is a high affinity ligand for both 
RARs and retinoid "X" receptors (RXRs). In the 
presence of 9-cis-RA, RXRs from RAR/RXR het
erodimers and/or RXR/RXR homodimers [2, 3J. 
9-cis-RA was slightly more potent than all
trans-RA in inducing myeloid differentiation in 
HL-60 cells in vitro [4, 5] but does not reverse 
clinically acquired retinoid resistance [6]. 

The active vitamin D3 metabolite, 1,25(OH)2 
vitamin DJ (1,25D), is another differentiation
inducing agent and an important modulator of 
cellular proliferation in a number of malignant 
cell types. This biological response is mediated 
by binding to nuclear receptors for 1,25D [vita
min D3 receptor (VDR)] which belong to the 
same steroid receptor superfamily as RARs and 
RXRs [7J. This ligand-inducible transcription 
factor mediates the 1,25D signaling pathway by 
binding to specific response elements in the 
prometer region of 1,250 regulated genes. The 
VDR can function as a homodimer VDR-VDR), 
but also heterodimerizes with RXR [8,9, 10, 11]. 
The ligand concentration is an additional regu
latory guide to help discriminate between 
signaling pathways involving homo-and hetero
dimeric hormone receptors [12]. The clinical 
use of 1,25D for leukemia is, however, limited, 
not only because of its calcemic side effects, but 
because 1,25D fails alone to eliminate the malig
nant clone and its induction of differentiation is 
a reversible process [13, 14, 15]. 

The KH 1060 [20-epi-220xa-24a,26a,27a-tri
homo-l,25(OH),D3] belongs to the family of 20-
epi-vitamin D3 analogs, which are considerably 
more potent than 1,25D as an inhibitor of clonal 
growth ofleukemic cell lines [16,17]' breast can
cer cell lines [18] and prostate cancer cell lines 
in vitro, with low potential for inducing hyper
calcemia in vivo [19]. 

Recently, evidence has accumulated that lig
ands that bind to RARs are sufficient to inhibit 
proliferation and to induce myelocytic differen
tiation of HL-60 cells, but can not cause apopto
sis. Data have suggested that the induction of 
apoptosis requires ligand activation of RXRs 
[20, 21], and the commitment to apoptosis 
requires an initial progression to differentiation. 
The possibility of inducing programmed cell 

death of promyelocytic cells during the early 
stages of induced granulocytic differentiation 
should therefore be explored. 

The aim of this study was to evaluate the 
effects of the combination of two potent seco
steroids which achieve their affects by two in
dependent but interrelated pathways. We 
examined the antileukemic action of 9-cis-RA 
and KH 1060 on the pro myelocytic cell line 
HL60 in vitro. Cell cycle analysis, apoptosis and 
expression ofbcl-2 were also examined. 

Material and Methods 

Cell Lines 

HL-60 cells are promyelocytes established from 
a patient with acute myeloid leukemia [22]. The 
cells were cultured according to ATCC recom
mendations in culture flasks with vented filter 
caps (Costar, Cambridge, Mass). 

Vitamin Analogs 

KH 1060 (synthesized in the Department of 
Chemical Research, Leo Pharmaceutical Pro
ducts, Denmark) was dissolved in is propanol at 
4 x 10- 3 M as a stock solution, which was stored 
at - 20°C and protected from light. 9-cis-RA (a 
generous gift of Dr. H. Klaus, Hoffmann-LA 
Roche, Basel, Switzerland) was dissolved in 
DMSO to 10 2 M stored at - 80°C and protected 
from light. 

Studies of Induction of Differentiation 

Differentiation of HL-60 was assessed by ability 
of the cells to produce superoxide as measured 
by reduction of nitroblue tetrazolium (NBT) 
[23], to stain with a-naphthyl acetate esterase 
(NSE) (Sigma, St. Louis, Mo.) and by morpholo
gy, detected on cytospin preparations stained 
with Diff-Quick Stain Set (Baxter Healthcare 
Corporation, Miami, Fla.) after 3 days, cultiva
tion of HL-60 cells in suspension with and with
out analogs. 

Cell Cycle Analysis by Flow Cytometry 

The cell cycle was analyzed after 3 days of incu
bation of HL-60 cells cultured with and without 
analogs (10 7 M). The cells were fixed in 
methanol and incubated for 30 min at 4°C in the 
dark with a solution of 5 !lg/ml propidium 
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iodide, 1 mg/ml RNase (Sigma), and 0.1% 
Nonidet P-40 (Sigma). Analysis was performed 
immediately after staining using the CELLFit 
program (Becton Dickinson), whereby the S
Phase was calculated with an RFit model. 

Clonogenic Assay in Soft Agar 

HL-60 cells were cultured in a two-layer soft agar 
system for 10 days without adding any growth 
factors, as previously described [24]. The 
analogs were added on day 0 in the agar. For the 
reversibility of clonogenic assay the cells were 
cultured in suspension with analogs. After 3 days 
the culture flasks were gently shaken to loose 
adherent cells; the cells were washed two times 
in medium with 10% serum to remove the test 
drugs, and the clonogenic assay was performed. 

Apoptosis 

Apoptosis was assessed by changes in cell mor
phology and by analysis of DNA fragmentation 
after 3 days of incubation of HL-60 cell lines 
without and with compounds (10- 7 M). Morpho
logically, cells undergoing apoptosis possess 
many prominent features such as intense, stain
ing, highly condensed chromatin, fragmented 
nuclear chromatin, a general decrease in overall 
cell size, and cellular fragmentation into apop
totic bodies [25]. These features make apoptotic 
cells relatively easy to distinguish from necrotic 
cells. These changes are conveniently detected 
on cytospin preparations stained with Diff-Quick 
Stain Set. Enumeration of apoptotic cells was 
performed by evaluation of about 300 cells by 
light microscopy. 

The extent of DNA fragmentation was deter
mined by a modification of the method of 
Sellins and Cohen which relies on labeling of 
DNA strand breaks [26]. As a positive control 
for DNA fragmentation, a human T-cell 
leukemia cell line (CEM) was treated for 8 h with 
anti-CD3 mAb (OK T3) (Ortho Biotech, Raritan, 
NJ) (Umiel et aI., submitted). 

Immunostaining for bcl-2 

Immunostaining of HL-60 cells for bcl-2 was 
performed on HL-60 cells which had been 
grown in suspension culture with and without 
analogs (10- 7 M) for 3 days. Intracellular bcl-2 
protein was detected with a mouse monoclonal 
antibcl-2 antibody (DAKO, Carpinteria, Calif). 
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Antibody localization for bcl-2 was performed 
with 3,3' -diaminobenzidene hydrochloride 
(Sigma, St. Louis) 5 mg/l0ml to which 0.03% 
hydrogen peroxide was added just before use. 
Slides were counterstained with methyl green 
and mounted with Permount. 

Results 

Effect of Analogs on Clonal Proliferation of H L -60 Cells 

HL-60 cells were cloned in soft agar in the pres
ence of KH 1060 or 9-cis-RA at 10- 12 to 10-6 M 
and in the combination of 10-8 M 9-cis-RA with 
KH 1060 (10- 12-10- 6 M) (Fig.l). The 9-cis-RA 
(10- 8 M) alone produced a 30% inhibition of 
clonal proliferation ofHL-60, and KH 1060 (10- 9 

M) alone inhibited about 50% of the clonal pro
liferation of HL-60 cells. No colonies were 
detectable after incubation with 10- 7 M KH 
1060. The combination of 9-cis-RA (10 8 M) 
with KH 1060 (10- 9 M) produced a 95% inhibi
tion of clonal growth (Fig. 1). When the HL-60 
cells were cultured in liquid medium for 3 days 
with either 10- 7 M of KH 1060 or 9-cis-RA, 
washed and plated in soft agar, inhibition of 
clonal proliferaton of the HL-60 cells was 54% 
and 30%, respectively. In contrast, when the cells 
were cultured in liquid culture for 3 days with 
either 10-7 M of KH 1060 or 9-cis-RA, washed 
and plated in soft agar, inhibition of clonal pro
liferation of the HL-60 cells was 54% and 30%, 
respectively. In constrast, when the cells were 
cultured in liquid culture for 3 days with 10 7 M 
KH 1060 and 10- 7 M 9-cis-RA together, washed 
and plated in soft agar, no colonies were 
detectable (Table 1). These latter results suggest 
that exposure to both analogs, but not to either 
alone, resulted in an irreversible inhibition of 
clonogenic growth after removal of these drugs. 

Induction of Differentiation of HL -60 Cells 

The functional capacity of HL-60 cells to differ
entiate was tested via the NBT reduction test, 
NSE and morphology. The NBT test is rather 
nonspecific, since cells undergoing either mono
cytic or granulocytic differentiation will stain 
positively. NSE is a monocytic specific test. Our 
data for NBT and NSE staining after 3 days of 
suspension culture of HL-60 cell are shown in 
Table 1. Differentiation of HL-60 cells was addi
tively enhanced by the combination of KH 1060 
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Fig. L Dose-response effects of KH 1060, 9-cis-RA and the combination of both on clonal proliferation of HL-60 
cells in soft agar culture. The compounds were added to the cells on day 0 

Table L Effects of KH 1060 and 9-cis-RA after 3 days cultivation in suspension culture on HL-60 cells 

Analogs Inhibition NSE(%) NBT(%) Cell cycle analysis (%) Expression Apoptosis 
of clonal ofbcl-2 (%) 
proliferation GO/GI S 
(%) 

(-) 0 3±2 I ±0.5 58± I 34 _is 100 H2 
KH 1060 54 ± 10 22 ±9 20i 10 70± 10 24 ± 10 3215 HI 
9-cis-RA 30±9 4±3 12±4 72± 11 24:': 10 27 L 5 2016 
KH 1060+ 
9-cis-RA >95 8±3 70±4 80* ±6 20* ±8 0 62±8 

Results represent the mean ± SO of 3 independent experiments. 
*p < 0.05 as determined by Students-test. 

and 9-cis-RA (70% NBT positive cells; KH 1060 
alone 20% NBT positive cells; 9-cis-RA alone 
10% NBT positive cells). The KH 1060 alone dif
ferentiates the HL-60 cells down the monycytic 
pathway (22% NSE positive cells). The combina
tion of both analogs induced the differentiation 
of the cell population towards granulocytes 
(NSE 8%, NBT 70%). Neither macrophage-like 
cells or granulocytes were observed morphologi
cally after 3 days of culture of HL-60 with either 
KH 1060 or 9-cis-RA alone or in combination. 

Cell Cycle Analysis 

HL-60 had a increase in the number of cells in 
GO/G 1 phase of the cycle after exposure to KH 

1060, 9-cis-RA or the combination of both com
pared to control unexposed HL-60 cells 
(Table 1). The combination of both analogs 
showed an additive increase in arrest in GO/G 1. 

Decreased Level of bcl-2lnduced by Exposure 
of HL -60 to Analogs 

Expression of bcl-2 protein, as analyzed by 
immuno-histochemistry, became nearly unde
tectable when cells were cultured with both KH 
1060 and 9-cis-RA (10' M) for 3 days. When 
cultured over the same period with either KH 
1060 or 9-cis-RA (10 7 M), 27% and 32% of cells 
expressed bcl-2, respectively; 100% of wild-type 
HL-60 expressed bcl-2 (Table 1). 
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Induction of Apoptosis 

The strong antiproliferative effects of the combi
nation of KH 1060 and 9-cis-RA on HL-60 cells 
in Vitro may be caused by induction apoptosis. 
To test this hypothesis, we examined cellular 
morphology (Table 1) and DNA fragmentation 
(Fig. 2) as markers for apoptosis. Apoptosis was 
induced in 20% and < 1 % of HL-60 cells after 3 
days of culture with 9-cis-RA or KH 1060, 
respectively. Apoptosis synergistically increased 
to greater than 60% when the cells were cultured 
in the combination of both KH 1060 and 9-cis
RA. Apoptosis was confirmed by DNA ladder 
formation (Fig. 2), and these changes were 
observed before terminally differentiated cells 
were detected. 

Discussion 

All-trans-RA is the first differentiation agent 
which is able to induce complete remission in 
patients with acute promyelocytic leukemia 
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Fig.2. DNA fragmenta
tionof HL-60 cells. DNA 
fragmentation of low mol
ecular weight DNA from 
HL-60 cells treated with 
KH 1060 (1O-'M). 9-cis-RA 
(1O"7M) or the combina
tionof both (10 -7M) was 
examined after 50 h of cul
ture. Fragmented DNA, the 
hallmark of apoptosis, is 
shown in a ladder pattern 
in multiples of 180 base 
pairs 

(APL). APL is characterized by reciprocal 
translocations of chromosomes 15 and 17 that 
fuse a portion of a gene encoding a protein asso
ciated with the nuclear matrix known as PML 
with a gene coding the nuclear receptor for 
retinoic acid (RAR-a). Administration of this 
agent can not, however, cure APL because most 
patients become resistant after several months." 
This limitation has prompted as search for addi
tional APL-differentiation-inducing agents hav
ing different pharmacological and biological 
properties. 9-cis-RA could prove slightly more 
useful than all-trans-RA at initial diagnosis, but 
it can not overcome clinically acquired resis
tance to all-trans-RA in patients with API [6]. 

To eliminate the malignant clone quickly and 
completely before the resistance can develop, in 
analogy with chemotherapy, the combination of 
new, potent differentiation and/or apoptosis
inducing drugs working through different 
receptors and signal pathways may be useful. 

We tested both KH 1060 and 9-cis-RA indi
vidually and in combination to inhibit clonal 
proliferation and induce cellular differentiation 
of HL-60 cells. Our previous data suggested that 
the HL-60 cell line is a good model for APL even 
though HL-60 does not express PMLlRARa [27]. 
In this study we have shown that the combina
tion of KH 1060 and 9-cis-RA results in a more 
than additive inhibition of clonal growth (Fig . 
1). For example, 9-cis-RA (10-9M) caused inhi
bition, KH 1060 (10 9) produced about 40% 
inhibition, and both together (10 -9 M) caused 
nearly 95% clonal inhibition. Importantly clono
genic growth arrest of each compound alone 
was in part reversible, while the combination of 
the compounds resulted in irreversible clonal 
arrest of proliferation (Fig. 1, Table I). 

In order to evaluate the effect of KH 1060 and 
9-cis-RA on differentiation, we measured induc
tion of superoxide production in individual cells 
as measured histochemically by NBT reduction. 
An additional marker of differentiation that was 
measured was the acquisition of NSE, an 
enzyme detected in cells undergoing monocyte
macrophage differentiation: it is absent in cells 
undergoing granulocytic differentiation. The 
treatment of HL-60 cells with KH 1060 (10- 7 M) 
for 3 days increased monocytic differentiation 
(20% NBT and 22% NSE positive), while expo
sure to 9-cis-RA led to slight granulocytic differ
entiation (12% NBT and 4% NSE positive) 
under the same conditions (Table 1). The com
bination of both analogs produced a synergistic 



increase of differentiation, which indirectly was 
shown to be granulocytic because 70% of the 
cells were NBT positive cells but less than 8% of 
the cells were NSE positive (Table I). Our data 
regarding the direction of differentiation differ 
from that of another group [28], who demon
strated that the combination of 1,25D with 
either 9-cis-RA or all trans-RA induced mono
cytic differentiation in 100% of HL-60 cells. KH 
1060 belongs to the 20-epi family of vitamin D3 
analogs, which differ markedly from 1,25D in 
their conformational distribution [29]. The side
chain of the 20-epi-vitamin DJ analogs is direct
ed to the left, while it is directed to the right in 
the "normal" isomers. This can induce signifi
cant changes in the conformation of the recep
tor upon ligand-binding and thereby produce 
differences in the biological selectivity of vari
ous compounds. The 20-epi analogs can effi
ciently enhance homo- and heterodimerization 
ofVDR with VDR and RXR compared to 1,25 D3 
[8, 12,30]. The competition between the RAR 
and VDR for association with RXR may provide 
an additional important control step for the 
effects of these ligands [9]. 

In order to gain insight into the remarkable 
antileukemic effect of the combination of the 
two analogs, apoptosis and expression of bcl-2 
were examined. The bcl-2 protein became nearly 
undectable when cells were cultured with the 
combination ofKH 1060 and 9-cis-RA (l0-7 M) 
(Table 1). When cultured over the same period 
with either KH 1060 or 9-cis-RA (l0-7M), 27% 
and 32% of cells, respectively, expressed bcl-2; 
100% of wild-type HL-60 cells expressed bcl-2; 
(Table 1). A positive correlation existed between 
inhibition of clonal growth and decreased levels 
of bcl-2 in HL-60 cells cultured with KH 1060 
combined with 9-cis-RA. 

Therapeutic agents can induce regression of 
leukemic cells through inhibition of clonal pro
liferation, activation of programmed cell death 
(apoptosis), or both. Apoptosis is an active 
process which contributes to the shaping of 
organs during embryogenesis; to the mainte
nance, growth or involution of tissues; to the 
elimination of damaged cells; and to carcino
genesis. Chromatin condensation, DNA frag
mentation, cell volume reduction, and 
cytoplasmic budding are the main characteris
tics of the early stages of the process. Apoptosis 
seems to playa critical role in white blood cell 
count regulation [31,32]. Apoptosis depends on 
expression or lack of expression of a specific set 

of genes, including bcl-2. Brief exposure of HL-
60 to 1,25D has been shown to protect cells from 
undergoing an apoptotic death. The protective 
effect of 1,25 D treatment was apparent before 
phenotypic evidence of differentiation [33]. The 
rapidity of the protective effect of 1,25D is con
sistent with the hypothesis that the activation of 
the monocytic differentiation program is suffi
cient to interfere with programs that lead to cell 
death by apoptosis [33, 34, 35]. Data with anti
sense inhibition of VDR suggested that in the 
monocytic lineage, VDR expression after 1,25D 
treatment may act as a protective mechanism 
against apoptosis. Parodoxically, the expression 
of the bcl-2 proto-oncogene is rapidly reduced 
by 1,25D, which excludes the involvement of this 
gene in the protective effect [33]. In contrast, 
all-trans-RA can induce apoptosis and this event 
may be secondary to the induction of terminal 
granulocytic differentiation [36], although mat
uration is not completely and is partially defec
tive [37]. Although granulocytic differentiation 
and apoptosis occur concomitantly, they appear 
to be regulated independently in myeloid cells 
[38]. Our data demonstrated that apoptosis was 
induced in 20% and less than 5% of HL-60 cells 
after 3 days of culture with either 9-cis-RA or 
KH 1060, respectively. In contrast, 62% of HL-60 
cells underwent apoptosis when treated for 3 
days with the combination of KH 1060 and 9-
cis-RA. These effects were observed during the 
early stages of induction of granulocytic differ
entiation before terminally differentiated cells 
were morphologically detected. The mechanism 
of strong apoptosis after treatment of HL-60 
cells with the combination of KHI060 and 9-cis
RA is unclear. The combination of 9-cis-RA and 
KH 1060 can cause the activation of RAR/RAR, 
RXR/RXR and VDRIVDR homodimers and 
VDR/RXR, VDR/RAR and RAR/RXR hetero
dimers [10,11]. Moreover, the concentration of 
ligands is an additional regulatory level 
in the discrimination between signaling path
ways involving homo-and heterodimeric hor
mone receptors in the presence of these 
ligands [12]. 

Recently, evidence has accumulated that lig
and bound RARs are sufficient to inhibit the 
proliferation and induce myelocytic differentia
tion of HL-60 cells, but can not cause apoptosis. 
Data have suggested that the induction of apop
tosis requires ligand activation of RXRs [20, 21] 
and the commitment to apoptosis requires an 
initial progression to granulocytic differentia-
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tion. Further studies are required to establish 
how 9-cis-RA and KH 1060 inhibit leukemic cell 
growth. 

In conclusion, our data demonstrate that the 
combination of KHI060 and 9-cis-RA irre
versibly and synergistically inhibits clonal 
growth and induces apoptosis of HL-60 cells con
comitantly with a very marked decreased expres
sion ofbcl-2. These effects were observed during 
the early stages of granulocytic differentiation, 
before terminally differentiated granulocytes 
were morphlogically detectable. This combina
tion may be useful in the treatment of APL. 
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Adoptive Transfer of NK Cells Can Eradicate Residual leukemia After BMT 
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Abstract. The transfer of allogeneic lymphocytes 
given after allogeneic bone marrow transplanta
tion (BMT) provides a beneficial antileukemic 
effect, the so-called graft-versus-Ieukemia (GVL) 
effect. However, T cell mediated severe graft -vs
host-disease (GVHD) remains a major problem. 
The aim of the present study was to determine 
the antileukemic potential of IL-2 activated NK 
cells given shortly after BMT. BALBc/mice were 
given a lethal dose of A20 (H_2d, B cell leukemia) 
cells 2 days prior to lethal total body irradiation 
(TBI) and transplantation of either syngeneic or 
allogeneic bone marrow cells. After depletion of 
Thy-1.2-positive T cells, either syngeneic or allo
geneic IL-2 activated spleen cells were given 24 h 
after BMT. Injection of A20 leukemia led to 
death after a median of 30 days. A lethal dose of 
TBI followed by either syngeneic or allogeneic 
Thy 1.2 depleted BMT resulted in a slight 
antileukemic effect. The adoptive transfer of 
syngeneic enriched and IL-2 preincubated NK 
cells at the time of BMT exerted a significant 
GVL effect. Although the animals demonstrated 
no signs of GvHD, the strongest GVL effect was 
observed after infusion of allogeneic MHC-mis
matched NK cells. The results clearly demon
strate that allogeneic NK cells offer superior 
antileukemic activity without mediating GVHD. 

Introduction 

Allogeneic bone marrow transplantation (BMT) 
is an effective treatment for a large number 

of patients suffering from several malignant 
hematologic disorders. Treated patients benefit 
from the combined advantages derived from 
high dose chemoradiotherapy and an additional 
immune-mediated graft-versus-Ieukemia (GVL) 
effect. However, the cellular and humoral 
immune mechanisms underlying this GVL 
phenomenon are not yet precisely characterized. 

Despite improvements, graft-vs-host disease 
(GVHD) and leukemia relapse remain major 
problems in allogeneic BMT. In patients under
going autologous or T cell depleted allogeneic 
transplantation, the primary cause of failure is 
relapse of the underlying malignancy. Recently, it 
has been demonstrated that the administration of 
donor leukocyte infusions at the time ofleukemia 
relapse after allogeneic BMT can produce hema
tologic and cytogenetic remissions [1-3]. The 
high incidence of severe GVHD and marrow 
aplasia, however, represents an obstacle to this 
type of therapy [4]. Unfortunately, the infusion of 
immunocompetent donor T lymphocytes is 
responsible for the antileukemic effect as well as 
for GVHD-related morbidity and mortality. 

However, T cells are not the only antileukemic 
effect cells. GVL effects are also mediated by 
MHC nonrestricted natural killer (NK) cells and 
lymphokine activated killer cells [5-8]. Activated 
Nk cells are capable of lysing fresh leukemia 
blasts in vitro [8] as well as inhibiting the growth 
of myeloid leukemia cells [9]. Furthermore, NK 
cells have been shown to engraft quickly after 
BMT and can represent the majority of PBL dur
ing the first few weeks posttransplant. 
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3Present address: II. Medizinische Klinik der Christian-Albrechts-Universitat zu Kiel, Chemnitzstr. 33, 
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Using a murine model, we have previously 
described GVL effects independent from GVHD 
and correlated with the donor's NK activity [7]. 
In this study we show that both allogeneic MHC 
mismatched and syngeneic enriched NK cells 
given after BMT can induce substantial GVL 
activity independent form GVHD. 

Materials and Methods 

Animals 

BALB/c (H-2d), and C57B6 (H_2b) mice were bred 
and kept at the animal facitilities of our insti
tute. All animals were housed in conventional 
cages, 7 to 10 animals to a cage, and were given 
non -sterilized food and water ad libitum. 
Cotrimoxazole was given for 40 days after bone 
marrow transplantation. 

Tumor Cells 

A20 is a nonimmunogeneic B cellleukemia/lym
phoma of Balblc origin that occurred sponta
neously in a 15 month old mouse [5]. The cells 
were continuosly maintained in culture in RPM! 
1640 + 5% FCS at 37°C and 5% CO,. These cells 
were injected i.v. into Balblc animals. After 
developing hepato-splenomegaly the mice were 
killed in the terminal stage of their disease and 
their spleens were removed. Spleen cell suspen
sions containing nearly 100% of leukemiallym
phoma cells were stored in liquid nitrogen and 
used for further experiments. 

Tumor Diagnosis 

The animals were examined daily and necrop
sied after death. Death due to leukemic relapse 
was defined as death with macroscopic evidence 
of tumor and liver weight > 1.5 g and spleen 
weight > 0.15 g. For some animals in each 
group histologic examination of liver and spleen 
was performed. Animals with hepato-spleno
megaly were found to have infiltrations 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. 

Bone Marrow Transplantation 

A CS L37 source was used for total body irradia
tion (TBI). 7.5 Gy TB! was chosen as the dose for 
allogeneic BMT. Bone marrow was collected by 

flushing the femurs and tibias with RPMI, and a 
single cell suspension was prepared by passing 
the BM through a nylon mesh. Experiments with 
graded numbers of allogeneic BM cells revealed 
that 2 x 107 cells were sufficient to ensure eng
raftment [5]. 

Spleen Cell Preparation and T Cell Depletion 

To obtain syngeneic (Balb/c H-2d) and allo
geneic (C57B6, H-2b) donor lymphocytes mice 
were killed under ether anesthesia. The spleens 
were removed and pressed through wire mesh 
screens to obtain single cell suspensions. The 
mononucleated cells were isolated by Ficoll
Hypaque gradient centrifugation. T cells were 
removed by immunomagnetic separation tech
nique. 

IL-2 Treatment 

Donor strain marrow or spleen cells (5 x 1061 
ml) were incubated with 200 Ulml IL-2 
(Genzyme, Munich, Germany) in RPM! 1640 
+5% FCS for 24 h at 3]DC with 5% CO,. Effector 
cells were harvested, washed two times with 
RPM!, and resuspended appropriately in RPM!. 

Blood Cell Counts 

Blood was drawn from the lateral tail vein of the 
mice and collected in a leukocyte pipette. The 
total white cell count was obtained by counting 
the cells in a Thoma Chamber. The percentage 
of lymphocytes and granulocytes was deter
mined on Pappenheim stained blood smears. 

NK Cell Assay 

Effector cells were prepared by density gradient 
centrifugation of spleen cell suspensions of syn
geneic Balblc and allogeneic GVH-nonreactive 
(C57 x Balb/c) PI mice. Target cells were 
obtained from cell culture and were labeled with 
200 ~Ci of NaCrO; (Amersham-Buchler, 
Braunschweig, Germany) in 0.5 ml complete 
medium of 1 h. They were washed 3 times with 
complete medium and added at a concentration 
of 1 x 10' cellslwell in round bottomed 
microtiter plates (Nunc, Denmark). Effector 
cells were added at various effector: target ratios 
in a final volume of 200 flllwell. The plates were 
incubated for 4 h at 37°C in a humid atmosphere 
with 5% CO 2, Maximum chromium release was 
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ensured by addition of 10% Triton-X, and spon
taneous release was allowed by addition of 
CM to the target cells. The culture super
natant was harvested with a Scatron Titertek 
System (Scatron, Suffolk, UK) and counted in a 
gamma counter (Beckmann, Heidelberg, 
Germany) The percetage of specific lysis was 
calculated as 

Experimental cpm - spontaneous cpm x 100 
Maximum cpm - spontaneous cpm 

All determinations were made in hexaplicate 
and data were calculated as mean ± SE. Each 
experiment was done seven times. 

Immunophenotyping 

For marker analysis, spleen cells were incubated 
with the appropriate primary and secondary 
antibodies, as previously described [7]. The pri
mary antibodies used were: 2C11 (anti-CD3), 
anti-Lyt-2 (anti-CDS), anti-L3T4 (anti-CD4), 30-
Hl2 (anti-Thy1.2), PK136 (anti-NKl.l), 5E6 
(NK), anti-asialo-GM-l. 

Experimental Design 

100-200 day old female Balb/c mice were injec
ted Lv. with 1 x 105 A20 cells 2 days prior to 
BMT. After conditioning with 7.5 Gy TBI, 2 x 107 

bone marrow cells of BALB/c or T -cell-depleted 
C57B6 origin were transplanted i.v. Some exper
imental groups were additionally treated with 
donor-derived 1 x 107 CD-3 depleted and Il-2 
stimulated spleen cells given 24 h post BMT. 

Results 

Phenotypical Characteristics 
of Transferred Effector Cells 

CD3-positive T cells were removed from spleno
cytes of BALB/c and C57B6 mice by immunomag
netic separation. As shown in Fig. 1 the resulting 
cell population consisted of up to 50% NK cells 
and showed less than 2% T cells. The short term 
incubation of effector cells with IL-2 did not sig
nificantly alter this pattern (data not shown). 

Significant Cytotoxicity of Allogenic 
and Syngeneic NK-Enriched Cell Population In Vitro 

Enriched NK cells used for cellular immunotherapy 
were tested for in vitro cytotoxicity against A20 
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Fig. 1. Immunophenotypic analysis of syngeneic 
BALBlc (A) and C57B6(B) splenocytes used for cellular 
immunotherapy. Data from at least 6 different experi
ments were pooled 

leukemia (H-2d) targets in a 4-h 51Cr release 
assay. As shown in Fig. 2, syngeneic (Balb/c, H-
2d) and allogeneic (C57B6, H-2b) NK cells 
demonstrate significantly higher lytic activity 
than untreated splenocytes. This effect could be 
markedly enhanced by pretreatment with IL-2. 
Interestingly, allogeneic IL-2 activated NK cells 
generated higher cytolytic activity than activated 
syngeneic effector cells. 

GVl Effects of Syngeneic NK-Enriched Splenocytes 
In Vivo 

As shown in Fig. 3, BALB/c recipients inoculated 
with 1 x 105 A20 leukemia cells died with a medi
an survival time of 30 days. After TBI followed by 
syngeneic BMT only 10% survived for more than 
120 days and were apparently cured from dis
ease. Treatment with 1 x 10' syngeneic IL-2 acti
vated NK-enriched effector cells at the time of 
BMT resulted in significantly lower relapse rates 
than with syngeneic BMT alone (50% vs. 90%). 



Fig. 2. Cytotoxic activity of IL-2 pre
treated enriched NK cells derived Balbi c 
and C57BLl6 mice used for cellular 
immunotherapy. A20 leukemia was used 
as a target in a 4 h 51Cr release assay 
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Fig.3. Freedom from leukemia after lethal irradiation with 7,5 Gy of TBI and treatment with either syngeneic or 
allogeneic MHC mismatched C57B6 BM prior pretreated with anti-Thy I.2 + complement. Some experimental 
groups were additionally treated with donor-derived I x 10' IL-2 stimulated CD3 depleted splenocytes from 
either syngeneic or allogeneic origin. The differences between animals receiving syngeneic BMT only and addi· 
tional treatment with activated enriched NK cells and between animals receiving allogeneic Thy 1.2-pretreated 
C57B6 only and adoptive therapy with activated allogeneic NK cells are statistically significant (p < 0,05). The dif
ference between adoptive transfer of activated allogeneic enriched NK cells and syngeneic enriched NK cells is 
also statistically significant (p < 0,05) 

GVL Effects Induced by Allogeneic Enriched NK Cells 

After injection A20 leukemia cells, the pretreat
ment of allogeneic MHC-mismatched BM cells 
with anti Thy1.2 resulted only in a slight 
antileukemic effect. As shown in Fig. 3, only 

20% of the animals were cured and median sur
vival time was only slightly prolonged compared 
to untreated animals (14 days vs. 38 days, 
p < 0.05). Transplantation of allogeneic C57B6 
marrow graft led to severe graft-vs-host disease 
with high mortality (data not shown). 
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Administration of 1 x 107 donor-type allogeneic 
enriched NK cells given shortly after BMT 
resulted in a significant augmentation of GVL 
activity: the incidence of leukemia relapse 
decreased from 80% to 15% (p < 0.05). Thus, 
GVL activity of allogeneic NK cells is significant-
1y (p < 0.05) greater than that of syngeneic NK
cells (Fig. 3). 

Transfer of Enriched NK Cells 
Did Not Influence Engraftment 

To asceretain the influence of aktivated NK cells 
on hematopoietic recovery, differential blood 
cell counts were determined after infusion of 
syngeneic or allogeneic cells post BMT. There 
was no obvious difference in the absolute num
ber of white blood cells between the experimen
tal groups (Table 1). 

Discussion 

We have previously shown that NK cells can 
play an important role in mediating GVL activi
ty [5, 7]. Strong antileukemic activity was 
induced by NK cells of semiallogeneic donor 
strains, although the cells were unable to induce 
GVHD because of immunogenetic reasons. The 
experiments reported here were undertaken to 
determine the capacity of allogeneic MHC-mis
matched NK cells to induce GVHD-independent 
GVL activity. 

To investigate the antileukemic potential of 
syngeneic and allogeneic NK cells in a phase of 
minimal residual disease, we administered IL-2 
stimulated NK-enriched cell fractions shortly 

post BMT. Our data show significant GVL activi
ty of both syngeneic and allogeneic NK cells. 
However, allogeneic NK cells are superior to 
syngeneic NK cells in the effectiveness of their 
eradication of residual leukemia cells after 
BMT. 

A number of experimental and clinical stud
ies have demonstrated that infusions of donor 
peripheral mononuclear cells (PBMC) can result 
in complete hematological and cytogenetic re
missions in patients with relapsed leukemia 
[1-3]. However, this type of cellular immuno
therapy was associated with severe GVHD and 
myelosuppression. Our experimental data 
demonstrate that treatment with activated NK 
cells exerts GVL activity without mediating 
GVHD. First clinical reports also show evidence 
for NK cells involved in GVL phenomena [10]. 

Furthermore, our data reveal that the admin
istration of allogeneic NK cells can provide a 
stronger antileukemic effect than that of sy 
geneic NK cells. This in vivo observation corre
lates with donor NK activity determined 
in vitro. However, the cellular mechanisms 
involved in this phenomenon are not yet clear. 

Adoptive immunotherapy with IL-2 activated 
NK cells given post BMT is capable of restoring 
GVL activity after T cell depleted BMT. Although 
low numbers ofIL-2 pretreated allogeneic T cells 
(2%) were injected, no GVHD resulted in these 
recipients, suggesting that donor NK cell may 
suppress GVHD. Several mechanisms, possibly 
working in concert, may be responsible. Murphy 
et al. [11] demonstrated that activated NK cells 
can produce TGF-~, and this may also be a 
mechanism for suppressing the alloreactive T 
cells responsible for mediating GVHD. However, 

Table 1. Reconstitution of white blood cells following syngeneic and allogeneic BMT and additional transfer of 
NK cells 

Days post transplant 

7 10 13 16 19 22 25 50 

WBC count ( x 10'11)' 
Balblc 0.3 ±0.3 1.6 ±0.2 3.0± 0.1 4.5 ±0.1 3.5 ±0.3 4.6±0.3 4.7±0.2 3.5±0.1 
Balblc + NK + IL·2 0.4±0.1 1.5 ±0.3 2.9±0.1 4.310.2 4.2±0.1 4.2±0.2 4.2±0.1 4.2±0.1 

C57,TCD 0.2 ±0.5 1.9 ± 0.1 3.3 ± 0.2 4.1 ± 0.4 3.1 ± 0.4 5.3±0.1 4.6±0.1 4.7 ± 0.2 
C57, TCD + NK + IL-2 0.5 ±0.2 1.8±0.3 2.8± 0.3 4.1 ±0.2 3.8 ± 0.2 4.9±0.2 5.4± 0.2 4,4±0,1 

TCD, T cell depletion. 
After conditioning with TBI (7.5 Gy), Balblc mice received 2 X 10' bone marrow cells of Balblc or C57. Some 
experimental groups received 1 x 10' enriched IL·2 stimulated NK cells post BMT. 'There is no difference 
between experimental groups receiving BMT only and groups additionally treated with IL-2 activated NK-cells at 
any data point. 
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evidence exists that NK cells may be a potential 
effector cell type capable of inducing GVHD. 
While donor T cells are clearly involved as the 
primary cause of GVHD in allogeneic transplan
tation, it may be that they can recruit donor NK 
cells which participate in tissue damage. 

There are contradictory data with regard to 
the role of NK cells in BM engraftment [11-l3]. 
While some data suggest that NK cells inhibited 
hematopoiesis [12], Murphy [l3] reported 
that the addition of NK cells promoted hemato
poietic growth. However, our data indicate that 
the transfer of 1L-2 stimulated NK cells does not 
influence hematopoietic recovery in vivo. 

This report shows that adoptive immuno
therapy with 1L-2 activated enriched NK cells 
can restore or even enhance GVL effects after 
transplantation of autologous or allogeneic T 
cell depleted marrow grafts without mediating 
GVHD or any other side effects. 
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Abstract. Acute lymphoblastic leukemias (ALL) 
represent the clonal expansion of malignant, 
transformed lymphohematopoietic progenitors 
(LPH). The molecular genetic basis of ALL is 
unfolding and progress has been made in 
deducing distinct stages of differentiation of 
leukemic cells based on expression patterns of 
differentiation antigens. However, although nor
mal LHP compartments have been defined func
tionally and immunologically, very few direct 
data exist on the leukemogenic "stem" cell in 
ALL. Its identification would lay the basis for 
targeted gene therapy as well as for exclusion 
strategies in autologous stem cell retransfusion. 
We have previously demonstrated an incidence 
of 92% of leukemia-associated phenotypes 
(LAP), i.e., asynchronous and/or aberrant 
expression patterns of differentiation antigens 
(DAg) in 220 consecutive ALLs. The detection of 
LAP+cells in remission bone marrow is poten
tially useful for the prediction of relapse in 4/4 
relapsing ALL patients, > 0.1 % of cells carrying 
the LAP were detected in remission bone mar
row at more than one time point. In an analysis 
of 32 c-ALL and 6 pre-pre-B-ALL, the median 
percentages of the most immature (CD34+ + 
CD38-DR-) "stem cells" were 0.02% and 0.01 %, 
respectively. CD34+CD38+ DR + or CD34-
CD38+ DR + populations represented the pre
dominant leukemic populations. Two c-ALL 
carried a clone-specific, leukemia-associated 
genetic marker, i.e., a TCR delta rearrangement. 
Highly purified CD34 + + CD 38- and CD34 + 
CD38+ + lymphohematopoietic progenitors 
were isolated by sorting with a FACStar Vantage 

and V02-D03 rearrangements were amplified by 
polymerase chain reaction from a minimum of 
200 cells. The clone-specific genetic marker was 
present in the CD34+CD38+ + compartment in 
two successfully sorted c-ALL. In 1/2 c-ALL, it 
was absent in the CD34+ +CD38- progenitors, 
while it was present in the other c-ALL. These 
data suggest that at least in some c-ALL, malig
nant transformation may occur at later stage of 
differentiation than the most immature identifi
able hematopoietic progenitors. Thus, it may be 
possible to exclude leukemic cells from stem 
cells harvested for autotransplant based on 
CD34 and CD38 expression. However, in some 
c-ALL, it may be necessary to further dissect the 
"stem" cell compartments in order to be able to 
distinguish between normal and leukemic prog
enitor cells. With respect to the detection of 
minimal residual disease, it may not be suffi
cient to monitor cells with the leukemia-associ
ated phenotype derived from the leukemic bulk 
population at diagnosis. Instead, it may be nec
essary, to expand monitoring for MRD to the 
stem cell compartment to show, that CD34+ 
CD38 - cells are not involved in the leukemic 
clone by molecular genetic methods. 

Introduction 

Acute lymphoblastic leukemias (ALL) are clonal 
expansions of malignant transformed lympho
hematopoietic progenitor cells. The detection of 
differentiation antigens by monoclonal antibod-
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ies has led to the characterization of various 
stages of differentiation in ALL [1,2]. These 
studies have been based principally on the 
orderly acquistion of differentiation antigens in 
normal hematopoietic precursor cells. Although 
the acquisition of lineage-unrestricted and lin
eage- restricted differentiation antigens has been 
found to be recapitulated to a certain extent in 
ALL [3-10], it has also been recognized that ALL 
may co express differentiation antigens normally 
observed in different lineage (aberrant leuke
mia-associated phenotype, (LAP) [11-15]. 
Alternatively, differentiation antigens restricted 
to distinct stages of differentiation may be coex
pressed in the leukemic population (asynchro
nous LAP) [8-10]. Therefore the incidence of 
LAP was studied in a large number of 220 con
secutive ALL cases. LAP was established in 92% 
of ALL. To study the prognostic value of detect
ing LAPlcells in remission marrow for the pre
diction of relapse, four relapsing ALL patients 
were studied in whom at least three follow-up 
marrows were obtained. 

Although it may be possible to predict clini
cal relapse by the detection of LAP I cells in 
remission marrow, it is still unclear from which 
leukemic subset relapses originate. This is due 
in part to the fact that leukemic stem cells in 
ALL are poorly defined. The definition of 
leukemic stem cells in ALL is of great interest, 
regarding which leukemic subset should be 
monitored for the detection of residual leukemic 
disease. Furthermore, the definition of leukemic 
stem cells and the discrimination of leukemic 
versus normal progenitor cells are prerequisites 
for innovative therapeutic approaches in relaps
ing ALL such as autologous stem cell retransfu
sion and genemodifying strategies. 

The earliest currently identifiable normal 
progenitor cells are characterized by the expres
sion of C034, the lack of expression of lineage
unrestricted differentiation antigens C038 and 
HLA-OR [12,16,17]' and the lack of lineage
restricted differentiation antigens, i.e., C07, 
CD19 and CD33. While some data exist concern
ing "stem cell" involvement of the most imma
ture progenitor compartment (C034' CD38 ) 
in acute (AML) and chronic myeloid (CML) 
[7,8-23 J, this question is still unresolved in ALL. 
Therefore, the second aim of our study was 
defined-the incidence of the most immature 
progenitor cells in diagnostic bone marrow of 
common-type acute lymphatic leukemia (c
ALL) and pre-pre-B-ALL and to study the clonal 

relationship of CD34' CD38 and CD34 c CD38 + 

progenitor cell compartment to the malignant 
clone using junctional region probes of leukemic 
clone specific V82-D83 rearrangements. 

Material and Methods 

Three-Color Flow Cytometry 

Mononuclear cells (Ficoll gradient) were incu
bated for 20 min at 4°C with antibodies conju
gated directly with Fluorescein isothiocyanate 
(FITC), PE (phycoerythrin), or peridin chloro
phyll (Per CP; Cy 5; Becton and Dickinson, CAl. 
After three washes the cells were analyzed with a 
FACSScan, data were analyzed using Paint-a
Gate software. Results are shown as two-dimen
sional contour plots with a lymphocyte/-blast 
gate [19,20,24]. The expression of differentiation 
antigens was defined as "asynchronous" if dif
ferentiation antigens restricted to different 
stages of differentiation were coexpressed on the 
leukemic cell population, as "aberrant" if differ
entiation antigens restricted to distinct cell lin
eages (i.e., B-lymphoid and myeloid) were 
coexpressed, and as "aberrant + asynchronous" 
if both of the above were the case. Time points 
for the detection of cells expressing the 
leukemia-associated phenotype were before 
induction therapy, during consolidation thera
py, at reinduction, during consolidation, during 
maintenance therapy, before relapse therapy, 
and during relapse therapy. 

Analysis of Progenitor Populations in All 

Seventeen consecutive c-ALL cases were selected 
for cell sorting based on the presence of an 
amplifiable Vo2-Do3 rearrangements. Polyme
rase chain reaction analysis was performed 
under stringent conditions using published V02 
framework and a 3' of Do3-intronic primers. 
Between one and ten cells were incubated with 
40 ml monoclonal antibodies CD34-FITC, CD38-
PE, and CD3-PerCP and sorted with a FACSStar 
Vantage (Becton Dickinson). Reanalysis of cells 
confirmed a sorting purity greater than 99% 
[19,20]. DNA was extracted by a modified (vol
umes scaled down) method using polymerase 
chain reaction buffer, proteinase K, and triton 
X, as described [25, 26]. 

Vo2-D1i3 rearrangements were amplified 
from the subpopulations using the same pri
mers as above, blotted on nylon membranes. 
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Amplification products were subjected to 
hybridization with clone-specific digoxigenin
labeled oligonucleotides complementary to the 
junctional region of V82-D83 rearrangements, 
as shown. Nucleotide sequence were obtained 
from directly sequenced amplification products 
of the diagnostic bone marrow by cycle sequenc
ing on an automated sequencer (ABI) [26]. 

Results and Discussion 

Detection of LAP+ Cells in Remission Bone Marrow 
of ALL Patients 

A previous study of 220 consecutive ALL estab
lished LAP in 92% of ALL cases studied. LAP 
was defined either by asynchronous expression 
of differentiation antigens, i.e., the coexpression 
of antigens physiologically restricted to distinct 
stages of differentiation, or aberrant expression 
of differentiation antigens, i.e., the coexpression 
of antigens physiologically restricted to distinct 
cell lineages. To determine how reliable the 
expression of specific LAP is, the first aim of the 
study was to investigate the significance of 
detecting LAP+ cells in remission marrows for 
the prediction of relapse. For this, bone marrow 
samples obtained in morphologic complete 
remission in four patients who subsequently 
relapsed were studied by three-color flow 
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cytometry detecting cells coexpressing the LAP 
(Figs. 1-4). LAP+ cells were observed with a fre
quency higher than 0.1 % at more than one time 
point in all four relapsing patients. LAP- cells 
were detected 12,7, 6 and 2 months before overt 
morphologic relapse in patients 1, 3, 2, and 4 
respectively. Significantly, CD34- CD22+ CD20 
cells were observed at a frequency greater than 
0.1 % in two relapsing c-ALL patients with this 
LAP (patients 1 and 4), while the incidence of 
this population was less than 0.1 % in two 
patients in continuous complete remission with 
a CD34+ CD22+ CD20- LAP (data not shown). 
These findings are important in light of the fact 
that cells with the identical immunophenotype 
have been described in regenerating bone mar
row [8-10]. At least with the chemotherapy 
given in the German childhood and adult 
chemotherapy protocols the most frequently 
observed asynchronous LAP CD34 + CD22+ 
CD20- seems to be useful for monitoring mini
mal residual leukemic disease in c-ALL. 
However, confirmation in a larger number of 
ALL patients expressing this specific LAP is 
required. Furthermore, the incidence of CD34 + 
CD22+ CD20- cells in regenerating bone mar
row after the identical chemotherapy for ALL 
not expressing this LAP needs to be analyzed 
systematically. These data indicate that detec
tion of LAP varieties may be of clinical relevance 
for predicting relapse in ALL. 
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Frequency of Progenitor Cell Subsets 
in Diagnostic Bone Marrow of All 
and Their Clonal Relationship to the leukemic Clone 

We next analyzed the frequency of CD34" 
CD38 DR, CD34 T CD3S· DR f and CD34 I 
CD38 - DR + progenitor subsets in 31 B-lineage 
ALL (6 pre-pre-B-ALL, 25 c-ALL). The median 
frequencies of the most immature definable 
compartment were 0.03% and 0.01 % in c-ALL 
and pre-pre-B-ALL, respectively (Table 1). In 
7125 c-ALL and 3/6 pre-pre-B-ALL the predomi
nant leukemic population were triple-positive 
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cells, while in 18/25 c-ALL and 3/6 pre-pre-B
ALL, the predominant leukemic population 
expressed CD38 and HLA-DR but no CD34. In 
10/25 c-ALL and 2/3 pre-pre-B-ALL the frequen
cy of CD34- CD38 DR-cells was below 10 5. 

The incidence of the most immature progenitor 
cells seems to be lower in ALL than in AML 
[19,20]; however, CD34 CD3S HLADR-cells 
were detected in diagnostic bone marrows in 
each case analyzed. Whether these immature 
subpopulations are clonally related to the malig
nant leukemic clone is currently unknown. Our 
group and others have shown the presence of 
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Table 1. Frequency of hematopoietic stem cell marker expression in B-lineage-ALL 

c-All CD34+ CD38- DR-

I 0.1 0.2 20 
2 <0.01 0.2 65 
3 O.oI 0.1 0.1 
4 0.1 0.3 32 
5 <0.01 0.6 21 
6 <0.01 <0.01 II 
7 0.1 0.3 40 
8 0.03 0.1 7 
9 <0.01 0.2 58 
10 0.1 3 42 
11 0.2 46 23 
12 0.03 0.2 9 
13 <0.01 0.1 20 
14 <0.01 <0.01 14 
15 0.1 0.4 75 
16 0.2 0.2 2 
17 0.02 0.2 56 
18 <0.01 <0.01 47 
19 <0.01 <0.01 81 
20 <0.01 0.1 10 
21 0.03 0.3 28 
22 <0.01 om 39 
23 0.1 0.9 90 
24 0.1 0.4 75 
25 0.02 0.04 30 
Median 0.02 0.2 30 

pre-pre-B-ALL 
1 <0.01 0.2 2 
2 0.01 0.04 
3 0.02 2 79 
4 2 81 

5 <0.01 0.1 1 
6 0.03 66 
median O.oI 0.2 2 
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known cytogenetic abnormalities in the C034 + 

C038 stem cell compartment in subsets of 
AML which were highly purified by cell sorting 
[19-23]. Therefore our initial approach was a 
combined cytogenetic and molecular genetic 
analysis of sorted progenitor subpopulations in 
c-ALL. However, sufficient metaphases were not 
readily obtained in sorted ALL. This may be 
explained by the rapid induction of apoptosis ex 
vivo, which has long hampered successful in 
vitro culture of ALL cells. They may be over
come using stromal cell based culture systems. 
Because of these limitations polymerase chain 
reaction analysis of Vli2-(0)-Oli3 rearrange
ments, which is a frequent and stable marker in 
B-lineage ALL, was selected for this study. Other 
groups [26-29] and our own [25,30] have found 
65%-90% cross-lineage TCR rearrangements. 
The genomic repertoire of the TCR gene is limit
ed, and the TCR gene arrangement most fre
quently found in c-ALL is an incomplete 
VIi-(0)-li3 join occuring in 40%-50% of c-ALL. 
As junctional regions are highly diversified, 
Vli2-(0)-083 rearrangements have been widely 
used as leukemic clone-specific genetic markers 
for diagnosis and detection of minimal residu
alleukemic disease. 

In two c-ALL cases C034+ C038 and C034 ' 
C038 - progenitor cells were sorted and their 
clonal relationship with the malignant leukemic 
clone was analyzed. Both c-ALL cases had a 
Vli2-oli3 rearrangement, and sequence infor
mation allowed the establishment of a leukemic 
clone-specific oligonucleotide probe. Hybridiza
tion of the C034 + CD3S - cell with the clone-spe
cific probe gave a positive signal in both c-ALL; 
the negative control population (COr mature 
lymphocytes) were negative. In one c-ALL the 
most immature compartment yielded a positive 
signal, while in the other case the C034 + C038 
population did not hybridize to the junctional 
region probe. 

If these data hold true in a large number of 
patients, they will have a significant impact on 
our understanding of the biology and mecha
nisms of maligant transformation of ALL as well 
as in the area of novel treatment approaches in 
ALL. As new therapeutic approaches are being 
tested for the treatment of resistant disease, 
such as autologous stem cell transplantation, the 
discrimination of normal and leukemic progeni
tor cells is paramount. While progenitor cell 
compartments in AML and CML have been 
found to be clonally related to the malignant 

clone, no such data exist in ALL. Our data indi
cated that at least in some ALL cases the most 
immature "stem" cell compartment is clonally 
related to the malignant clone. Thus, new strate
gies to further dissect the stem cell compart
ment in order to discriminate normal and 
leukemic progenitor cells are needed. 
Furthermore, it may not suffice to monitor cells 
with a LAP derived from the bulk population at 
diagnosis, as is currently being done for the 
prediction of relapse [15]. Instead it may be nec
essary to study immature progenitor cells in 
remission marrows for the presence of cells 
carrying the leukemic clone-specific genetic 
marker. 

The results in the second c-ALL, in which no 
hybridization signal was obtained in the most 
immature stem cell compartment, suggest that 
no leukemic cells were present within the C034-
C038 stem cell subset above the detection level 
of the polymerase chain reaction. Thus it may be 
possible to discriminate normal from leukemic 
progenitor cells based on the expression of 
C034 and C038 differentiation antigens. This 
conclusion is correct only if malignant transfor
mation occurs in a progenitor cell which has 
already rearranged its TCR Ii locus. However, 
some data relative to clonal evolution indicate 
that TCR Ii rearrangements may also occur as a 
posttransformational event [31-37]. If this is the 
case, a lymphohematopoietic progenitor may 
already have undergone malignant transforma
tion but may have not yet rearranged its TCR Ii 
gene. Alternatively, the bulk leukemic popula
tion, from which the TCR Ii junctional region is 
derived, may carry a different TCR 0 rearrange
ments than the leukemic stem cell. Therefore 
our studies need to be expanded to the analysis 
of progenitor subsets lIsing genetic markers 
which are directly involved in a optimally sin
gle-step malignant transformation such as MLL
AF4 fusion genes in pre-pre-B-ALL or B-cell 
receptor ABL in c-ALL. 
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Monitoring leukemic Cells During the Course of Acute leukemia 
by Immunophenotyping and Genotyping 

K. Pachmannl, U. Goehlyl, J.U. Walther', and B. Emmerich1 

Abstract. Leukemic blasts and cells carrying the 
bcr/abl translocation were monitored in the 
bone marrow of a patient with acute leukemia 
during the course of disease by immunopheno
typing, Southern blot analysis and in situ ampli
fication of the bcr/abl translocation. The blasts 
initially had a cALLa positive, CDI9 positive 
phenotype and the Philadelphia chromosome 
was detected at diagnosis. From the initial bone 
marrow aspirate there was not sufficient materi
al for Southern blot analysis, but the bcr/abl 
translocation could be verified by the poly
merase chain reaction. In situ amplification of 
the bcr/abl mRNA showed that not all cells iden
tified as blasts were positive, but, in contrast, 
some cells with lymphoid morphology were 
labeled. After phase I of the induction therapy 
no translocation was seen in Southern blot 
analysis, complete remission was diagnosed 
morphologically, but cALLA positive cells were 
still detectable and an increased fraction of cells 
expressed HLA-DR and CDI9. After the begin
ning of the consolidation therapy Southern blot 
analysis showed a rearranged band and labeled 
cells were frequent on in situ amplification. 
Morphologically blasts were detected and ex
pressed cALL antigen but Southern blot analysis 
of this and the subsequent aspirations was con
sistenly negative even with increasing numbers 
of blasts. In accordance with the negative results 
of the Southern blot analysis the cells with 
amplifiable bcr/abl mRNA remained rare 
Moreover, the blasts growing aggressively after 
therapeutic intervention were obviously those 
negative for the translocation, as Southern blot 

analysis and in situ amplification suggest. Thus 
in this leukemia, although it was positive for the 
bcr/abl translocation, already the bcr/abl was 
either not expressed in all leukemic blasts or 
was not present in all cells of the malignant 
clone as shown by in situ amplification, 
although expressing the cALL antigen. 

Therefore, even if the polymerase chain reac
tion for a genetic marker such as the bcr/abl 
translocation remains positive during the course 
of disease, it is not necessarily a consistent fea
ture of all tumor cells and, above all, may not be 
selected against by therapy. 

Introduction 

Immunophenotyping is a valuable tool comple
mentary to morphology and cytochemistry for 
unequivocal classification of most acute 
leukemias [1] based on the surface antigen pat
tern of the leukemic cells [2] However,until now 
no antigen or antigen combinations unique for 
leukemic cells have been observed. All of the 
antigens used for classification of leukemias 
appear during normal maturation, too [3,4]. 
Therefore it is difficult to distinguish leukemic 
blasts from regenerating hematopoesis during 
remission or early during relapse. 

Genetic aberrations, in contrast, are rarely 
found in normal cells [5], but are frequently 
detected in leukemias and are assumed to con
tribute the initial step in leukemogenesis [6,7]. 
During clonal growth such genetic aberrations 
are transferred from the transformed cell to the 
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daughter cells and can serve as markers for cells 
belonging to the malignant clone. There exist 
different methods to detect clonal aberrations, 
such as cytogenetics [8] or restriction fragment 
length analysis using Southern blotting, which 
requires prior isolation of the DNA in sufficient 
amounts from the cells [9]. If the respective 
adjacent gene sequences are known, polymerase 
chain amplification can be used to detect aber
rant genes even if they are present only in 
minute amounts [10]. All of these methods sup
ply only equivocal information about the num
ber of cells belonging to the clone, despite some 
attempts to develop semiquantitative PCR [11], 
and yield no information at all about the mor
phology of the cells. Amplification of gene 
sequences directly in individual cells [12] and 
subsequent relocalization allows one to deter
mine the nature of the cells concerned and 
might help to estimate the amount of remnant 
clonal cells after therapy. In the present report, 
the immunophenotype of the lymphoid cells 
from the bone marrow was monitored during 
the course of disease of an acute lymphoblastic 
Philadelphia chromosome positive leukemia, 
and bone marrow smears prepared at different 
times during therapy [13) were analyzed for 
blasts and cells expressing the hybrid bcr/abl 
mRNA by morphological analysis as well as by 
immunophenotyping and in situ amplification 
in order to identify and estimate the amount of 
clonal cells. Comparison of the results obtained 
shows the advantages but also the limitations of 
these methods. 

Patient and Methods 

The patient was a 52 year old woman who pre
sented in May 1992 with peripheral leukopenia. 
The bone marrow aspirate showed an infiltra
tion with immature blasts which amounted to 
50% of the nucleated cells. The blasts were nega
tive for the peroxidase and the esterase reaction, 
and only very few blasts showed fine granular 
staining for PAS. Cytogenetic analysis showed a 
Philadelphia chromosome. The patient was tre
ated according to the BMFT protocol for adults 
[13). 

Cells from bone marrow aspirates obtained at 
the indicated times during therapy were analy
zed for their surface antigen pattern of the anti
gens CD7, CD3, CDIO (cALLA), CD19, CD20 and 

HLA-DR, CD13, CD33, CD34 (all antibodies 
from Immunotech, Dianova, Hamburg). For this 
purpose 100 III of heparinized whole blood or 
bone marrow aspirate was mixed with 10 ml of 
directly fluorochrome-labeled antiserum and 
incubated for a least 10 min. Subsequently the 
cells were treated according to the Coulter Q
prep method (Coulter, Dreieich), which includes 
addition of a lysis buffer, a stabilizer and a fixing 
agent. As a control the cells were incubated with 
a control serum of the same isotype. The cells 
were then analyzed by means of flow cytometry 
2-24 h later in an Epics Profile (Coulter). Whole 
blood analysis allowed estimation of the propor
tion of all cell types present by their forward and 
side scatter properties, but only the cells of the 
lymphoid population were analyzed for surface 
antigen pattern. Positivity was defined as fluo
rescence intensity exceeding the 99% threshold 
of the population stained with the control 
serum. 

In situ amplification was performed as des
cribed earlier [12]. In short, small pieces were 
cut from slides carrying the smears in question 
to fit into conventional PCR vials. Reverse tran
scription was performed as described in the 
CML Primer Set (Oncogene Science, Dianova, 
Hamburg) [14], in a fourfold volume using cell 
bound RNA as template with no additional RNA 
added. The pieces of slides were then removed 
from the first reaction mixture, washed once 
with 1 x SSC and subsequently added to a four
fold volume of the first amplification reaction. 
Then the cell bound eDNA was used as a tem
plate and one nucleotide was added as lH dNTP 
(Amersham). After amplification the pieces of 
slides were removed, washed in 0.1 x SSC, reat
tached to their original position on the slide, 
covered with nuclear track emulsion (NTB), 
exposed for 24-72 h in the dark and developed. 
The second amplification was performed from 
4 III of the supernatant from the first amplifica
tion and the amplification product examined on 
an ethidium bromide stained gel. Relocalization 
was performed as described [15). For Southern 
blot analysis DNA was extracted from 2 ml of 
bone marrow aspirate according to standard 
methods and digested with the following 
enzymes: BamHI, BglII and HindIII. DNA was 
electrophoresed, transferred to a blotting mem
brane and hybridized with a probe complemen
tary to the abl gene (Oncogene Science, 
Dianova, Hamburg). 
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Results 

Analysis of the cells from the bone marrow aspi
ration drawn for initial diagnosis showed an 
increased proportion of cells of blastoid appear
ance. Some 50% of the cells in the lymphoid gate 
showed reactivity with monoclonal antibodies 
against CDI0, CD19 and HLA DR, whereas only 
30% were reactive with anti-CD7 and anti-CD3, 
indicating that the normal lymphocytes had to a 
significant extent been replaced by cALLA posi
tive blasts (Fig. 1). Cytogenetic analysis re
vealed a Philadelphia chromosome. The 9; 22 
translocation in fact affected the abl gene as 
verified by Southern blot analysis where a 
rearranged band was detected and by the poly
merase chain reaction (Fig.2-4). 

In situ amplification of the bcr/abl RNA 
directly on the diagnostic bone marrow smear 
showed labeled cells mingled with unlabeled 
cells (Fig. 4a, b). When morphologically defined 
cells (Fig. 4a) were relocalized after the amplifi
cation step it could be demonstrated, that not all 
cells, morphologically appearing as blasts, were 
labeled (see arrows in Fig. 4), and cells consid
ered as normal lymphocytes were labeled too. 

Cells from bone marow aspirations obtained 
at the indicated times during therapy were 
analyzed for their immunophenotype (Fig. 1). 
After the onset of the induction therapy, a rapid 
decrease of cALLA positive cells and a more 
delayed decrease in HLA DR and CD19 positive 
cells was observed, accompanied by an increase 
in CD7 and CD3 positive cells. There was a tran
sitory slight increase in cALLA positive cells, 
with simultaneously some blasts appearing in 
bone marow following the consolidation ther
apy. CD3 positive cells, however, continued to 
fall below the normal range. Before reinduction 
the cALLA positive cells reappeared, accompa
nied by an even more pronounced increase in 
HLA DR and CDl9 positive cells. Reinduction 
therapy again reduced the cALLA positive as 
well as the blast cells but was not capable of 
completely eliminating them. T -cells once again 
recovered. 

Subsequently, however, a sharp rise in cells 
carying the tumor associated antigens was 
observed, accompanied by an increase in bone 
marrow blasts and a disappearance of mature T
cells. Now also blast cells were observed in 
the periphery, leading rapidly to leukocytosis. 
The ALL recurrence protocol once again 
reduced the blast population, but again remnant 
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blasts were detected on morphological analysis 
as well as by immunophenotyping. The AML 
recurrence protocol again was able to reduce the 
peripheral blasts, but bone marrow status was 
no longer monitored and the patient died on 
day 403 after diagnosis. 

In situ amplification of the bcr/abl transloca
tion in cells from smears of bone marrow with 
cytologically diagnosed complete remission (day 
46 and day 203) still detected unequivocally 
labeled cells. On day 46 such cells were preferen
tially detected captured in the filamentous mate
rial (Fig. Sa, b). At relapse (day 245), although 
only 20% of the cells were identified as blasts, 
labeled cells densely infiltrated the bone marrow 
smears (Fig. 5c). However, on day 340, when 
most of the bone marrow cells were blasts, 
bcr/abl mRNA could be demonstrated only in a 
very restricted population of cells (Fig. Sd). 
Southern blot analysis was positive only at one 
instance and remained negative later during 
relapse, even with increasing numbers of blasts, 
indicating that these cells were negative for the 
rearrangement, whereas the polymerase chain 
reaction remained positive at all instances. 

Discussion 

Although immunophenotyping has now a firm 
place in the initial diagnosis of leukemia [16] it 
is difficult to discriminate regenerating hema
topoesis from reappearing blasts by this method 
[17] since classification of the leukemic cells is 
performed according to antigenic markers also 
normally occurring on immature cells. More
over, the sensitivity of the method is not much 
above the sensitivity of conventional bone mar
row cytology. 

Longitudinal immunologic observation of the 
subpopulations may contribute additional infor
mation. In the present case we have monitored 
an acute lymphatic leukemia, which at diagnosis 
presented with only 50% blasts in the bone mar
row and peripheral leukopenia during the 
course of disease by immunophenotyping bone 
marrow cells at every occasion of bone marrow 
aspiration. The percentage of cALLA positive 
cells correlated well with the percentage of blasts 
detected morphologically. The concomitant 
decrease in cALLA positive, CD19 positive and 
HLADR positive cells in response to therapy 
indicated that all three markers were expressed 
on the malignant clone. Obviously normal T-
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BCRlabl Rearrangement 

Fig. 2. Southern blot analysis of the bcr/all transloca
ti~n of the bone marrow cells at diagnosis. Lane 1 neg
ative control; lane 2, CML; lanes 3-6, patient's cells 
from the indicated times 

~ co 
~ --

Fig. 3. Amplification of the bcr/abl RNA from cells of 
a bone marrow smear at the time of diagnosis and at 
different times during the course of disease 

b 

Fig. 4. a Panoptically stained area and b 
relocalization of the same area after in situ 
amplification of the bcr/abl RNA in the cells, 
filled arrows, labeled blasts; empty arrow, 
unlabeled blasts; thin arrows, labeled lym
phocytes 



cells increased in response to therapy. 
Subsequently the proportion of T -cells in the 
lymphoid population in the bone marrow 
dropped again below normal values, accompa
nied by the reappearance of a small percentage 
of blasts and of cALLA positive cells. This tran
sient appearance of cALLA positive cells by itself 
would not have been proof of relapse of the ALL 
by itself, since such phenomena have been 
observed during chemotherapy of other diseases 
too. Retrospectively, however, the combined 
immunophenotype may be interpreted as 
indicative of disease relapse even if the marker 
pattern was equivocal at that time. 

a 

b 

Fig. 5. Labeled cells after in situ amplification in bone marrow smears in remission (a) and on day 46, (b) day 
203 (c) day 245 

In contrast to immunological markers, genet
ic aberrations may be regarded as clonal mark
ers, allowing one to distinguish the c10nally 
expanded cells from all other "germline" cells. 
Thus the bcr/abl translocation, observed in 
about 60% of cALLA positive lymphatic 
leukemias of adults [18-19}, was used in the pre
sent case as a marker of clonal cells in such a 
leukemia. We could show by Southern blot 
analysis that the abl gene was rearranged. The 
hybrid RNA as a result of the translocation 
could be detected in individual cells of the 
leukemia directly on the slides using reverse 

transcription and subsequent incorporation of 
radioactive nucleotides during amplification. 
Relocalization of the labeled cells and compari
son with morphology, however, revealed that 
not all, and not only, cells diagnosed as blasts 
were labeled. Since in the present case the 
hybrid RNA is traced, the negativity of some 
blasts may be due to the fact that these cells do 
not transcribe the RNA although they do carry 
the translocation. On the other hand, cells with 
lymphoid appearance were labeled, too. This 
may indicate that cells of the leukemic clone still 
have limited maturational capacity. 
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Monitoring of the proportion of cells carry
ing the translocation at different times revealed 
labeled cells even at points, when no leukemic 
cells were detectable either morphologically or 
by immunophenotyping. Thus this method can 
help to detect minimal amounts of leukemic 
cells. Cells which are labeled can be unequivo
cally assigned to the leukemic clone, even if they 
are morphologically in different stages of matu
ration. However, if the cells are not labeled, this 
does not preclude them from belonging to the 
clone, since with the bcr/abl translocation the 
detection is dependent on the transcriptional 
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Fig.5c 

activity of the cells. During the final acceleration 
of the disease the reduced detection of labeled 
cells may on one hand have been due to a 
reduced transcriptional activity, or else, as 
Southern blot analysis suggests, a clone may 
have evolved lacking the translocation but with 
a very high proliferative activity. Thus we have 
shown that in situ amplification allows detection 
of cells with defined gene aberrations directly in 
bone marrow smears and to enumerate them. 
This method, in addition, is able to identify 
remnant cells, belonging to the malignant clone, 
even if they are no longer detectable by other 



methods. Conventional PCR is prone to false 
positive results due to contamination with 
external DNA, but this can be excluded in situ 
amplification because only cell related labeling 
is considered. 

The significance of such minimal tumor load 
with respect to outcome has to be determined. 
This may depend not only on the amount of 
cells left after therapy but also on the prolifera
tive capacity of remnant tumor cells. Thus, more 
immature cells may be more likely to regrow 
and produce a relapse. Further analysis of the 
proliferative potential of such remnant cells will 
be required. 
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Flowcytometric Detection of Aneuploidies in Acute Lymphoblastic Leukemia 
(ALL) Before and After Chemotherapy 

U. OelschHigel', R. Nowak', R. Hofmann', H. Zengler', R. Siegert', and G. Ehninger' 

Abstract. We performed flowcytometric determi
nation of DNA content in immunophenotyped 
ALL cells. With this method one can increase 
the certainty of detecting aneuploidies com
pared with the commonly used one-parameter 
DNA analysis. We had found aneuploidies in 
37% (9 of 24) of ALL patients. The proposed 
method can be used for detecting residual aneu
ploid leukemia cells after chemotherapy. 
Therefore we carried out experiments in which 
we mixed diploid bone marrow cells with the 
leukemic aneuploid cells for evaluating the sen
sitivity of our method. The results show that the 
sensitivity of the described flowcytometric 
method is much higher than those of the micro
scopical evaluation to look for residual leukemic 
cells. Important factors which influence the ane
uploidy detection are the DNA index of the ane
uploid population and the coefficient of 
variation of the GO/G 1 peak of the cells. It 
should be further investigated whether this 
method can be used in monitoring patients with 
aneuploid leukemia cells. 

Introduction 

There are several methods of detecting minimal 
residual disease, for example flowcytometric 
detection of aberrant antigen expression, peR, 
T-cell receptor rearrangement, and in situ 
hybridization [1]. 

We take advantage of another characteristic 
of malignant disorders. A high percentage (ca. 

30-40%) of acute lymphoblastic leukemia (ALL) 
patients show deviations from normal DNA 
content, so called aneuploidies. Especially in 
childhood, B-progenitor ALL patients with a 
DNA index greater than 1.16 have an excellent 
treatment outcome [2]. 

We performed flowcytometric determination 
of DNA content in immunophenotyped ALL cells 
with one-laser flowcytometer. With this two
parameter analysis it is possible to increase the 
certainty of aneuploidy detection because of dif
ferentiation between the DNA content of malig
nant cells and residual normal hematopoiesis. 

The proposed method can be used for detect
ing residual aneuploid leukemia cells after 
chemotherapy [3]. We had found aneuploidies 
in 37% (9/24) of ALL patients at diagnosis and 
made follow-up investigations of seven patients. 

Therefore we carried out experiments in 
which we mixed diploid bone marrow cells with 
leukemic aneuploid cells for evaluation of the 
sensitivity of our method. We obtained the 
diploid cells from leukemia patients in remission 
to simulate conditions in remission, i.e. regener
ating bone marrow with the presence of a high 
proportion of cells in DNA synthesizing phase. 

Material and Methods 

Cell Separation Procedures 

Bone marrow or peripheral blood cells were 
obtained at diagnosis or for evaluation of remis-

'Medical Clinic of Technical University Dresden, Dept. of Hematology, Dresden, Germany. 
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sion after chemotherapy. Bone marrow cells 
were aspirated in a syringe with lIml PBS 
(Seromed) and 100 V/ml heparin (Seromed). 

Cell suspensions were overlaid on a density 
gradient (l.077 g/ml: Nycomed) and centrifu
gated at 300 g; 30 min at 20°C. Thereafter 
mononuclear cells (MNC) were washed twice 
with PBS, resuspended and counted. For dilu
tion assays MNC were stored in portions (l x 107 

cells) at - 80°C. 

Immunophenotyping 

We performed an indirect immunofluorescence 
method. Cells were incubated with saturating 
concentrations of unconjugated monoclonal 
antibodies for 30 min at 4°C (for example anti 
CD3; anti CD19; anti CDI0-DAKO; anti CD34-
Becton Dickinson). Thereafter the cells were 
washed in PBS, incubated with goat-anti-mouse 
IgG F(ab)2 fragment (GAM-FITC; Coulter) for 
10 min and washed twice in PBS. As a nonspecif
ic fluorescence control, cells were incubated 
with an isotope specific monoclonal antibody 
and afterwards with GAM-FITC, as previously 
described. 

Preparation of Cells for Cell Cycle Analysis 

Cells were prepared as described by Nowak and 
Hietschald [4]. Briefly, after immunophenotyp
ing cells were thoroughly resuspended and cold 
ethanol (- 20°C) was added. The specimens 
were stored overnight at 4°C. After washing and 
resuspension in PBS the cells were incubated 
with RNAse (1.25 mg/ml; Sigma) at room tem
perature and after that in propidium iodide (50 
flg/ml; Sigma). 

Flowcytometric Two-Parameter Analysis 

Cell samples were measured on a FACS can flow 
cytometer with serial filter configuration. 
Electronic compensation was used between the 
FITC and propidium iodide fluorescence chan
nels to correct spectral overlay. Doublet dis
crimination mode was available to exclude cell 
doublets. 

Dilution Assays for Testing the Sensitivity 
of Two-Parameter Analysis 

Mononuclear cells from patients with an initial 
detected aneuploidy were mixed diploid cells of 

patients in complete remission after chemother
apy for determining the sensitivity of our DNA
quantification method. We dilute the original 
aneuploid cells so as to obtain the following 
concentrations: ca. 1 %; 0.5%; 0.1 %; 0.05% ane
uploid cells. As many cells as possible were ana
lyzed on the flow cytometer (max. 50 000 MNC). 

Results 

With the method of flowcytometric DNA analy
sis in immunophenotyped cells we detected ane
uploidies in 9 of 24 ALL patients initially. In 7 of 
these patients we made one or more follow-up 
investigations, five of them reached a morpho
logical complete remission, but we could detect 
aneuploid cells in the range between 0.01 % and 
1.08%. Data of a patient with pre-B-Cell ALL are 
shown in Fig. l. One can see that the 0.59% ane
uploid cells after chemotherapy were only 
detectable after additional immunophenotyp
ing, just as in the other investigations after 
chemotherapy. 

Moreover, we carried out dilution assays to 
investigate the sensitivity of the two-parameter 
DNA analysis. The aneuploid cells were mixed 
with diploid cells from leukemia patients in 
remission. In Table 1 is shown that we could 
determine amounts of less than 0.1% of aneu
ploid cells within the diploid MNC. One exam
ple of such an dilution experiment with 
aneuploid cells of a patient with common ALL is 
displayed in Fig. 2. The added bone marrow 
cells belonged to a patient with AML-M2 in 
complete remission who had no aneuploid cells. 
The minimal detected amount of aneuploid cells 
was in this case 0.06% of all MNC. 

Discussion 

We propose detection of DNA content in imm
unophenotyped cells for investigation of malig
nant lymphatic disorders. 

There are some advantages in registration of 
aneuploidies compared with one-paramter an
alysis. At diagnosis of ALL we are able to look 
for residual normal cells to ascertain the GOIG 1-
peak of the diploid populaiton. In B-cell malig
nancies, the T -cells represent this internal 
standard [5], and vice versa. 

Also, the detection of residual aneuploid cells 
after chemotherapy is only possible with addi-
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before therapy CD34 po, . cells 
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~~~~~--~--~~ 
FI2 A PI 

a/l cells 

A2 A PI 

FI2 A PI 

CDJ4 PO" cells 

0 .59% 
aneuploid calls 

FI2 A PI 

Fig. 1. Immunophenotyping and DNA content of an pre-B-cell ALL before therapy (top) and after therapy (bot
tom). Left histograms show, DNA content of all cells, right histograms of immunophenotyped cells. The dot plots 
in the middle demonstrate immunophenotyping on the x-axis and DNA content on the y-axis 

Table 1. Dilution assays: percentage of aneuploid cells in original bone marow and minimal detected aneuploid 
cells after dilution with remission bone marrow, and DNA index 

Test no. Percentage of aneuploid cells 
Original bone marrow 

1 5.03 
2 73.80 
3 96.10 
4 95.80 
5 96.30 
6 82.60 
7 95.60 
8 82.60 
9 85.05 

10 85.05 

tional immunophenotyping. If there only one
parameter analysis would not were carried out it 
is possible that the GO/GI peak of a small aneu
ploid population be recognizable in the high 
S-phase of regenerating bone marrow. In our 
experiments the proportion of normal cells in 
S-phase was 3.9%-14.8%. Moreover, the DNA 
index plays an important role. If the deviation 
from normal DNA content refers only to one 
chromosome, the GO/GI peak of these aneuploid 
cells could escape detection in view of the GO/G 1 
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Mixed bone marrow DNA index 
(minimal detected cells) 

0.06 1.50 
0.19 1.36 
0.06 1.18 
0.03 1.18 
0.06 1.18 
0.10 1.37 
0.10 1.18 
0.03 1.37 
0.07 1.18 
0.04 1.18 

peak of the diploid cells. With additional 
immunophenotyping we could mostly differ
entiate between diploid and aneuploid pop
ulations. An important point for good 
measurement quality is the setting of optimal 
compensation between the two overlappping 
fluorescences to reach small coefficients of vari
ation in GO/G 1 peak. 

In future, we have to investigate what role the 
50-100 times higher sensitivity of detection of 
residual leukemic cells plays in remission as-



remission bone marrow aneuploid bone marrow 

11" . ..': -"":tfWI!*" .. 
~~~~--~--~~~. 

d 8 
C019 pos. cells C019 pas. cells 

FI2 A PI FI2 A PI 

CDI9 pas. cells 

0 .06% 
aneuplo id cells 

fl2 A PI 

Fig.2. Dilution experiment: aneuploid cALL bone marrow (b, e); diploid AML bone marrow in remission (a, d); 
results of maximal dilution (c, f). Top line, dot plots with immunophenotyping on x-axis and DNA -content on y
axis, bottom line, DNA histograms belonging to the dot plots 

sessment, compared with the morpholoical 5% 
blasts limit for complete remission. Moreover, 
the determination of residual aneuploid cells 
after chemotherapy could possibly clarify 
whether the morphological registered blasts are 
leukemic or normal blasts which occur in regen
erating phase after chemotherapy with other 
methods like peR, in situ hybridization and T
cell receptor rearrangement, the described 
method could contribute, in particular, to the 
monitoring of aneuploid ALL concerning mini
mal residual disease. 
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Comparison of Growth Patterns of Acute Myeloid Leukemia Cells 
In Vitro and In Vivo by Flow Cytometry 

R. Nowak, U. Oelschiigel, R. Hofmann, M. Palitzsch, H. Zengler, and G. Ehninger 

Abstract. Cells from patients with acute myeloid 
leukemia were analyzed by flow cytometric 
detection of PI staining for evaluation of prolif
erative activity. The distribution in cell cycle was 
measured immediately after bone marrow aspi
ration (as in vivo S-phase) and after 72 h culti
vation without and with interleukin 3 (IL 3). As 
expected, in most cases (20/38) proliferation of 
blasts was stimulated with IL 3. But in four 
leukemias an increase was observed in control 
culture compared with in vivo S-phase. Interest
ingly, most cases of FAB M4 and M5 (9/13) were 
not sensitive to IL 3, but inversely most cases of 
FAB MI and M2 showed a proliferation induc
tion with IL 3 (13/18). 

Introduction 

Since the first cloning of complementary DNA 
for cytokines, these mediators have been sub
jects of clinical investigation. One approach is 
the acceleration of hematological reconstitution 
after chemotherapy in malignant disorders [1). 
Another intention is to find out the influence of 
cytokines on chemotherapy results [2). The pro
liferative activity of myeloid leukemia cells has 
been primed with G-CSF or IL 3, accompanied 
by increase of chemotherapy sensitivity. Recen
tly there have been indications of cytokine influ
ence in proneness ofleukemia cells to apoptosis. 

The acute myeloid leukemias are heteroge
neous in cytomorphological and cytochemical 
characteristics. Whereas the immunologically 
defined subtypes of acute lymphatic leukemia 

have different therapeutic consequences, these 
cannot be derived from F AB classification or 
immunophenotyping in acute myeloid leu
kemia, apart from some entities, like pro
myelocytic leukemia. 

In this contribution results from investiga
tion of growth patterns of cells from acute 
myeloid leukemia with the nonexpensive flow 
cytometric DNA quantification are presented. 
The cell cycle phase analysis was done immedi
ately after diagnostic bone marrow aspiration 
and in short term liquid culture for evaluation 
ofinterleukin 3 dependence of leukemia cells. 

Material and Methods 

Cell Separation Procedures 

Patients with newly diagnosed acute myeloid 
leukemia were investigated. Bone marrow cells 
were obtained from the posterior iliacla crest. 
Mononuclear cells were yielded after density 
gradient separation (Ficoll gradient; 1.077 glml, 
Serva) and two washings steps in phosphate 
buffered solution (PBS, Seromed), resuspended 
in Iscoves modified Dulbeccos medium (lCN 
Biochemicals) and counted. At the latest 2 h 
after diagnostic intervention, cell separation was 
done. 

Suspension Cultures 

The mononuclear cells were deposited in 50 ml 
culture flasks (Falcon) in Iscoves' modified 
Dulbecco's medium supplemented with 10% 
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autologous plasma. The influence ofIL 3 on pro
liferative activity was investigated in one culture 
with additional 500 D/ml IL 3. Cells were incu
bated for 72 h in a humified 5% CO2 atmosphere 
at 37°C. Then the cells were counted and the via
bility was measured with acridine orange. 

Preparation of the Cells for Cell Cycle Phase Analysis 

The preparation of cells was as described [3]. 
After density gradient separation cold ethanol 
( - 20°C, final concentration 33%) was added for 
overnight incubation of cells at 4°C. After wash
ings in PBS the cells were thoroughly resuspend
ed in PBS and incubated for 15 min in RNAse (1 
mg/ml; Sigma) at room temperature and after 
that with propidium iodide (Becton Dickinson; 
final concentration 50 mg/ml). 

Because of the more accurate assessment of 
leukemia cell population in the case of lower than 
60% blasts as result of cytological examination, 
cells were indirectly immunophenotyped with 
saturating concentration of monoclonal antibod
ies for 30 min at 4°C (anti CD 34 or CD 13; Becton 
Dickinson). After washing in PBS and following 
incubation with goat antimouse IgG F(ab)2 frag
ment (GAM fluorescein isothiocynate, FITC, 
Coulter Hialeah) for 10 min at room temperature, 
cells were prepared for cell cycle phase analysis. 

Flow Cytometric Analysis 

Cell samples were measured on a FACScan flow 
cytometer with serial filter configuration. In the 
case of simultaneous measurement of immuno
phenotype and propidium iodide, fluorescence 

electronic compensation was used between the 
green and red fluorescence channels to correct 
spectral overlay of signals. Cell cycle phase 
analysis was done in R-fit mode. At least 15000 
cells were evaluated. This was considered as 
neccessary for statistical analysis, especially in 
the cases oflow S-phases. 

Change of proliferative activity was arbitrari
ly defined as more than 50% increase or 
decrease of S-phase. 

Results 

In this study cells of 38 newly diagnosed AML 
patients were investigated. The distribution of 
FAB subtypes is shown in Table 1. The classifica
tion in growth patterns results from alterations 
in S-phases of more than 50%. In this way from 
9 theoretically possible growth patterns only 6 
were detected (Table 1). In most cases (20/30) 
blasts were stimulated with II 3 as expected. 
From these cases 7 are clearly dependent on II 3, 
because the S-phase decreased in control culture 
in comparison to "in vivo S-phase" and 
increased in culture with II 3, drawing a compar
ison to the control culture. Most cases of FAB 
M4 or M5 (9/13) were not sensitive to IL 3 when 
evaluated with this method. In the group of FAB 
M1I2 leukemias, 13118 cases show increase of S
phase in response to IL 3. Pro myelocytic 
leukemia cells were investigated in 2 cases. In 
this group leukemic populations were also stim
ulated with interleukin 3. But in 4/38 leukemias 
an increase was observed in control group with
out additional acceleration of growth with IL 3. 

Table 1. Distribution of FAB subtypes of acute myeloid leukemias in 
growth patterns. The first sign represents the comparison results 
between the control culture and S-phase in vivo, the second sign the 
comparison between the control culture and culture with IL 3: 
lJ = decrease of S-phase; 11' = increase of S-phase; ~ = no change in S
phase exceeding 50% 

Growth pattern FAB classification 

MO Ml 

~/~ 4/5 
11'/~ 
lJ/~ 115 
11'/11' 
~/11' 3/5 
lJ/11' 115 115 

M2 

3113 
1113 

3/13 
4113 
2113 

M3 

112 
1/2 

M4 M5 

2/6 3/7 
116 2/7 
1/6 
1/6 1/7 

1/6 1/7 
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Discussion 

The described method for determination of 
cytokine sensitivity was kept as simple as possi
ble. Another aim was the adjustment of culture 
conditions to in vivo circumstances. Therefore 
fetal calf serum was replaced with autologous 
serum. The viability of cells after short term cul
ture, tested with acridine orange, was in average 
83% and 85% in control culture and culture with 
IL 3 respectively. 

The data show proliferation inducing activity 
of IL 3 in 20 of 38 investigated cases. These data 
are comparable with other assays for this inter
leukin 3 effects [4]. These sensitive cases are het
erogeneously distributed among the F AB 
subgroups. In AML MlIM2, 72% of cases were 
shown as IL 3 sensitive. In contrast, only 31% (4 
of 13) myelomonocytic leukemias M4 and 
monoblastic M5 responded with proliferation. 
This difference may be interesting for use of 
cytokines for increasing of cytostatic effects. 
There are some reports for cytokine induced 
increase of cytosine-arabinoside antileukemic 
effect [5, 6,7]. This higher cytosine arabinoside 
cytotoxicity is connected with cytokine induced 
increase of proliferation. 

The data of this paper show that a great part 
of acute myeloid leukemias has no proliferation 
inducing effect with the relative ubiquitous act
ing cytokine IL 3. These cases are mainly dis
tributed in FAB M4 and 5 and also in FAB MO 
(Table 1). One cause for this growth pattern may 
be the presence of intercellular autocrine 
loops, as described. Therefore patient specific 
investigation of cytokine effects is recommend
ed in AML subgroups. The long term prognostic 
relevance of these data will be investigated. 
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The Influence of Short Term Liquid Culture of Leukemic Blasts 
on Their Phenotype 

K. Kuliczokowski, S. Kotlarek-Haus, and K. Sedek 

Abstract. The immunophenotyping of acute 
leukemia blasts is not always satisfactory 
regarding precise determination of the type of 
proliferating cells. An attempt was made to 
ascertain whether a short (3 days) culture of 
leukemic cells in RPM I 1640+ 10% FCS medium 
will disclose their additional featues. Blasts were 
classified according to F AB and phenotyped 
with the following monoclonal antibodies 
(DAKO): HLA-DR, CDIO, TdT, CD3, CDI9, 
CD33, CD13 and CDlS prior to and after the cul
ture. Studies of 16 patients (13 with AML and 3 
with ALL) showed an increase or, inversely, a 
decrease of percentage of the cell type which 
seemed to predominate before culture. In three 
cases cells were suspected to be bi-phenotypic 
on morphological and cytochemical grounds 
and this was confirmed after the culture (in two 
AML lymphoblasts appeared and in one ALL 
myeloblasts). Blasts of one case of AML Mo 
revealed lymphoblastic features after the cul
ture, and in one case with bi-phenotypic cells 
(myeloblasts and lymphoblasts) only lym
phoblasts proliferated. In conclusion it seems 
that 3-day culture of leukemic blasts may be 
helpful in diagnosing acute leukemias. 

Introduction 

The classification of a given case of acute 
leukemia (AL) is usually based on the morpho
logical, cytochemical immunophenotypical fea
tures of the blasts. However, in a small subgroup 
of AL it is very difficult to establish the exact 
subgroup according to FAB or even to diagnose 

lymphoid or myeloid lineage. In AL there exists a 
maturation block, but it has been shown that 
some of the malignant cells in acute myeloid 
leukemia (AML) can differentiate but differenti
ation programs are expressed abnormally [1,2,3]. 

In the present study we tried to find whether 
there are any changes of leukemic blasts pheno
type during 3 days' liquid culture in medium 
consisting of RPMI 1640 with 10% of FCS and 
whether some immunological features become 
more distinct, allowing more precise diagnosis 
of AL. 

Material and Methods 

Patients 

A group of 16 leukemic patients (seven women 
and nine men) aged 17-71 years at the time of 
diagnosis, before therapy were examined. They 
were classified according to FAB criteria for 
acute leukemia: 3L2, 1Mo, IM1, 3M2, 1M3, 6M4 
and one with mixed lineage leukemia, myeloid 
and lymphoid type. 

Methods 

Bone marrow cells were recovered onto 
heparinized medium. The mononuclear cell 
fraction was separated by Ficoll density gradi
ent, washed three times, and resuspended in 
phosphate-buffered saline. The leukemic cells 
were analyzed by indirect immunofluorescence 
under a fluorescent microcope (Jena-Lumar) 
using different sets of DAKO MoAbs (Table 1 
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and 2). Cells were considered positive when 10% 
blasts had positive markers according to pro
posals of the General Haematology Task Force 
BCSH 1994 [4J. 

Culture 

The cells, 106 ml, were cultured for 3 days in 
RPM I 1640 supplemented with 10% heat inacti
vated FCS, 50 mg gentamicin in humidified 5% 
CO2, After 3 days cells were counted, their via
bility examined by trypan blue dye exclusion 
and they were labelled with the same set of 
MoAbs. 

Results 

In two observed cases of ALL, cells expressed 
lymphoid marker CD3 only after 3 days' culture. 
In the third one both lymphoid (CD3, CD7, 
CDIO, CDI9) and myeloid markers (CD13, 
CDI5, CD33) were present on cells before cul
ture, but after culture the percentage of CDI5 
positive cells decreased. 

In one case of Mo the cells after culture 
become TdT positive. In two out of three cases 
of M2 leukemia CDI3 positive cells, appeared 
after culture while in one case the percentage of 
those cells decreased. In another case of M2 
leukemia cells positive for CDI4 disapeared. 

Increase of percentage of positive CD13 and 
CDI4 cells was observed in culture of M3 
leukemia. 

In all cases of M4 leukemia except one (no. 
9), there was observed an increase of percentage 
of cells with myeloid markers: CD13 in 5/7 
examined, CDI4 in 2/2, CDI5 in 3/7 and HLA
DR in 6/7. In two cases (nos. 12, 13) lymphoid 
markers CD7 and CDlO appeared after 3 days, 
accompanied by CD3. In one patient (no. 16) 
diagnosed already under light microscope as 
leukemia of two lineages, lymphoid and 

myeloid, the appropriate markers, CD13 and 
CD19, appeared on cells in culture after 3 days. 

Discussion 

Leukemia is characterized by the accumulation of 
blasts, which fail to differentiate and egress from 
the bone marrow. Differentiation of leukemic 
blasts into more mature forms has been demon
strated in liquid [2J and semiliquid [3J cultures. 
Other studies have shown absent or abnormal 
differentiation [IJ. In vitro the maturation block 
of AML cells [5,6, 7J as well as those oflymphoid 
leukemia [8, 9 J can be overcome by a variety of 
chemical compounds including TP A. Also acute 
undifferentiated leukemia (AUL) may show dif
ferentiation on TPA treatment [7, 10, llJ. 

In the present study it was shown that 
changes of blast cell phenotype in myeloid as 
well as lymphoid leukemias can be observed. In 
most myeloid or myelo-monocytoid leukemia 
cases the number of cells with myeloid or mono
cytoid markers increased, but in some the cells 
previously showing these markers decreased or 
disappeared. Similar results were observed by 
van der Schoot et al. l7J. 

In one case of ALL, myeloid cells-CD 13, 
CDI5 and CD33 labelled cells-were found 
before culture, and after the culture the percent
age of CD15 decreased. The presence of myeloid 
markers in lymphoid leukemia was also noted in 
adults by Sobol et al. [12 J and van der School 
et al. [7] and in children by Hara et al. [13J and 
Tsuchiya et al. [14]. 

Lymphoid markers can appear also in 
myeloid leukemias. Mixed-lineage AML may 
carry a worse prognosis than routine AML with 
standard therapy, and may respond to ALL ther
apy if AML therapy fails [15J. Tn our material 
lymphoid markers appeared in two M4 cases in 
vitro after 3 days' culture. 

Table 2. Oifferent monoclonal antibodies used in phenotyping of the exam
ined acute leukemias 

Patient number 

1,2 
3 

4-11,15 
12-14,16 

Type of leukemia 

ALL 
ALL 

AML 
AML 

Monoclonal antibodies 

COlO, TdT, CD3, C019 
C03, CD7, COlO, C019, 
CDI3, C015, CD33 
C013, C014, COl5 
eD3, COlO, C019, C013 
C014, C015, CD33 
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In our only case of (AVL), negative for CD13, 
cells positive for TdT appeared after the culture. 
TdT positive cells may appear in myeloid 
leukemias as previously noted [16]. Van der 
Schoot et al. [7] observed in vitro after 3 days' 
blast culture of 8 cases of AVL appearance of 
cells with myeloid markers. These authors sug
gest that myeloid membrane phenotype after 
culture was not due to proliferation of normal 
bone marrow cells but to leukemic clone. The 
results of labelling of our single case of A VL 
would suggest a lymphoid origin ofleukemia. 

It seems that appearance of new markers on 
cells or increase of the percentage of cells with 
specific marker after 3 days' liquid culture may 
result from proliferation of blasts with specific 
marker; however, increased expression can
not be excluded. On the other hand, disappear
ance of some cell phenotypes could be explained 
by decrease of expression rather than their 
death. 

Our preliminary results seem to justify the 
examination ofleukemic cells' phenotype after 3 
days' culture as a helpful tool in diagnosis of 
acute leukemias, but the method needs confir
mation in larger groups of patients. 
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Correlation of Deoxycytidine Deaminase, Thymidine Kinase 
and Polymerase Alpha Activity and Deoxycytidine Deaminase Gene Expression 
In Vivo with Clinical Response to TAD-9+GM-CSF Induction Therapy 
in Acute Myeloid Leukemia 

G. Jahns-StreubeP, M. Unterhalt', E. Schleyer', C. Reuter', B. Wiirmann', T. Biichner', and W. Hiddemann' 

Abstract. Although significant advances have 
been made in the treatment of acute myeloid 
leukemia with araC containing regimes, a con
siderable number of patients do not reach an 
adequate blast cell reduction after induction 
therapy. Therefore it is an important task to find 
sensitive and reliable prognostic parameters for 
clinical response in order to screen patients 
before the start of therapy and to optimize 
induction therapy. 

Bone marrow cells from 32 patients with 
newly diagnosed AML were analyzed for the 
activities of the following enzymes relevant for 
the metabolism of araC: deoxycytidine kinase 
(DCK), thymidine kinase (TK), deoxycytidine 
deaminase (DCD), polymerase alpha (poly 
alpha) and overall polymerase. Median values 
and range were: for DCK 27.2 pmol/min/mg 
protein (3.8-196), for TK 3.1 pmol/min/mg pro
tein (0.0-21.6), for DCD 1.64 nmol/min/mg pro
tein (0.0-8.6), for overall polymerase 55.9 
pmol/min/mg protein (17.3-131) and for poly 
alpha 1.22 pmol/min/mg protein (0.03-8.8). 

The data of the enzyme activities were related 
to clinical response of TAD-9 + GM -CSF induc
tion therapy in 29 patients, taking the blast cell 
reduction at day 10 or day 16 as a parameter of 
early response. A blast cell reduction to < 5% 
blasts at this time point was considered as ade
quate response, while> 5% blasts was classified 
as non-response. Neither DCK-nor overall poly
merase activity was predictive for response. 
However, the (S-phase dependent) activities of 
TK and poly alpha were associated with an ade-

quate blast cell reduction. Differences in TK and 
poly alpha activity between the responder group 
and the nonresponder group were statistically 
significant (p = 0.0064 for TK and p = 0.0062 for 
poly alpha). The DCD activity turned out to be 
the most sensitive parameter for clinical 
response to TAD-9 +GM-CSF induction thera
py. The difference between the responder group 
(median) 0.333 nmol/min/mg protein, range 
0.0-4.1) and the nonresponder group (median) 
4.8 nmol/min/mg protein, range 0.11-8.45) was 
statisticallty significant (p = 0.0012). In order to 
gain an insight into the molecular mechanism 
underlying these varying enzyme activities, 
transcription of the DCD gene was investigated 
in leukemic blasts of 15 AML patients. 
Preparation of total RNA, eDNA synthesis by RT 
and PCR were done according to standard pro
tocols. RT-PCR of B-actin served as control for 
integrity of the RNA and as reference for quan
tification of DCD gene expression. Specificity 
was checked by direct DNA sequencing. It could 
be demonstrated that high DCD activity was 
associated with high transcription rate of the 
DCD gene and vice versa. 

It can be concluded from this study that high 
activities of the S-phase-dependent enzymes TK 
and poly alpha and low activity of DCD are asso
ciated with good clinical outcome. The results 
demonstrate that these factors are valuable 
parameters for dividing patients into favorable 
and unfavourable prognosis groups for induc
tion therapy, which is the basis for risk-adapted 
therapy protocols. 

'Dept. of Hematology and Oncology, University of Giittingen, Germany 
'Dept. of Microbiology and Cancer Center, University of Virginia, USA 
'Dept. of Hematology and Oncology, University of Munster, Germany 
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Introduction 

Although significant advances have been made 
in the treatment of acute myeloid leukemia with 
araC containing regimens, 20-40% of patients 
do not reach adequate blast cell reduction after 
induction therapy. This unresolved problem has 
stimulated many different studies trying to 
identify mechanisms that are responsible for 
sensitivity or resistance to araC based therapy 
and may determine final outcome. Extensive 
laboratory investigations focused on cell prolif
erative activity and determinants of araC metab
olism as potential predictors of clinical response 
but no clear results emerged. The significance of 
proliferative patterns as an indicator of the effi
cacy of leukemic cell kill by araC has been 
debated for the past 20 years [1,2,3]. Studies on 
parameters of araC metabolism in human 
leukemic cells have led to different conclusions 
about the primary determinant of the therapeu
tic efficacy of arae. Some studies found a con
siderable overlap in araC metabolite formation 
among groups of araC sensitive and resistant 
patients [4], while other investigations revealed 
an association between remission duration and 
the intracellular retention of araCTP [5, 6]. 
Similarly, several studies revealed that the activ
ity of DCK in leukemic bone marrow cells is pre
dictive for therapeutic response [7, 8] while 
others suggested that some specific metabolic 
control, rather than the amount of the active 
enzyme, determines the maximum level of araC 
incorporation and cytotoxicity [9, 10]. Though 
higher DCD activities have been found in resis
tant patients by some authors [7, 11] this has 
not been confirmed by others [12, 13]. 

Few data are available about the regulation of 
the enzymes relevant for the metabolism of araC 
on the molecular level. A recent report [14] 
demonstrated that structural alterations in the 
coding region of the DCK gene occur at such a 
low frequency that this mechanism can scarcely 
account for cellular resistance to arae. 
Mutations in the sites within the genes coding 
for CTP synthetase do not appear to be a mecha
nism of resistance to araC, either [15]. A cDNA 
clone for human DCD has been identified [16] 
but no analyses of structural alterations or 
expression of the DCD gene have been per
formed in AML blasts. The current study was 
designed to measure both proliferative activity 
and parameters of araC metabolism in a repre
sentative group of patients with de novo AML 

and to evaluate their prognostic significance, 
taking the blast cell reduction after induction 
therapy as early indicator for adequate or inade
quate response. In an approach to a better 
understanding of the regulation of DCD activity 
the mRNA levels in leukemic blasts were 
assessed by a semi-quantitative RT-PCR method. 

Patients, Materials and Methods 

AML Induction Therapy 

Patients being included into the clinical evalua
tion of this study underwent the TAD-9 +GM
CSF regimen as first induction cycle. GM-CSF 
was given at a dose of 250 ~g/m2/day starting 
24 h before and continuing during induction 
chemotherapy until recovery of blood counts. 
TAD-9 comprised 100 g/m'/day araC given by 
continuous i.v. infusion on days 1 and 2 fol
lowed by short term infusions of araC 100 
mg/m2 every 12 h on days 3-8; 6-thioguanine 
100 mg/m2 every 12 h orally on days 3-9 and 60 
min infusions of daunorubicin 60 mg/m2 on 
days 3-5. Early response to therapy was assessed 
by a bone marrow examination on day 10 or 16 
after the onset of therapy. A reduction of 
leukemic blasts below 5% at this time was con
sidered as adequate blast cell reduction. 

Cell and Cell Extract Preparation 

Bone marrow aspirates were obtained from 32 
patients with newly diagnosed AML. The diag
nosis was based on FAB criteria and comple
mentary cytochemical and immunological 
analyses. Leukemic cells comprised 90% of the 
total population at median with a range of 
50-95%. 29 cases were evaluable for the assess
ment of clinical response. 

Cells were subjected to Ficoll density gradient 
separation. Next 10' cells were resuspended in 
100 ~1 50 mM Tris-HCl, pH 7.4, and lysed by 
three freeze-thaw cycles, and cellular debris and 
unresolved proteins were pelleted by centrifuga
tion at 12 000 K for 5 min at 4°e. The super
natant was assayed for enzyme activities and 
protein concentration. 

Analysis of Cellular DNA Content 

Cells were washed twice in 0.9% NaCl, drained 
through a nylon filter, fixed with ice-cold 96% 
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ethanol and centrifuged at 1000 g for 5 min. The 
pellet was resuspended in 1-2 ml of a 0.5% 
pepsin-HCl solution and stained with ethidium 
bromide and mithramycin. After 15-20 min of 
staining, DNA content was measured on a PAS 
II instrument (Partec, Munster, Germany). 

Production and Purification 
ofthe Monoclonal Antibody (Mab) SJK 237-7 
Against DNA Polymerase Alpha 

The hybridoma cell line SJK 237-7l was 
obtained from the American Type Culture 
Collection, Rockville, Maryland, USA. 
Hybridoma cells were cultivated in minimal 
essential medium (MEM) supplemented with 
10% heat inactivated fetal calf serum (FCS), glu
tamine (300 ~g/rnl) and antibiotics (penicillin 60 
~g1ml; streptomycine 133 ~g1ml) at 37° in a 5% 
CO2 atmosphere. Monoclonal antibodies were 
isolated from the cell culture supernatants using 
the commerical Affi-Gel Protein A MAPS II 
(monoclonal antibody purification system) kit 
(Biorad, Munich, Germany) according to the 
manufacturer's instruction. The concentration 
of DNA polymerase alpha-Mab was assessed by 
ELISA, using as coating antibody 31500045 
(Jackson Immuno Research, Baltimore, MD, 
USA) as detection antibody peroxidase conju
gated 315035003 (Jackson), o-phenylendiamine 
dihydrochloride (OPD) (Jackson) as substrate 
and mouse IgG (Sigma) as internal standard. 

DNA Polymerase Alpha Assay 

DNase-activated calfthymus DNA, which served 
as a starter of the polymerase alpha assay was 
prepared as described by Aposhian and 
Kornberg [17]. The DNA polymerase alpha 
assay was performed according to Hammond et 
al. [18], with the following modifications: 20 III 
cell extract was incubated with 4 mg protein A
Sepharose (Pharmacia, Freiburg, Germany), and 
25 ~l of purified MAB SJK 237-71 (0.1 mg/ml) in 
phosphate-buffered saline (PBS) for 2 h at 4°C. 
After washing of the immobilized immunocom
plexes with 1 ml PBS and 1 ml reaction buffer [5 
mM MgC12, 1 ml dithiothreitol (DTT) and 50 
mM Tris-HCl pH 7.4], a final volume of 100 J.1l 
was added, containing 30 Ilg DNase-activated 
DNA, 10 11M dCTP, 10 11M dATP, 10 !JM dGTP, 
5mM MgC12, 1mM DTT, 50 mM Tris-HCl pH 7.4 
and 1 ~Ci dCTP (26 Ci/mmol; Amersham 
Buchler). The reactions were incubated for 15 
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min at 37°C. Incorporation of 3H-dCMP into 
DNA was determined by using DE81 filter paper 
(Whatman, UK) as previously described [19]. 
All experiments were performed in triplicate. 

Overall Polymerase Assay 

The DNA polymerase assay was performed 
according to Hammond et al. [18) with the fol
lowing modifications: a final volume of 100 ~l 
contained 30 Ilg DNase-activated DNA, 250 11M 
dGTP, 250 11M dCTP, 250 11M dATP, 5mM 
MgCl" 1 mM dithiothreitol (DTT), 50mM Tris
HCl pH 7.4 and 1 ~Ci 3H-dCTP (26 Ci/mmol, 
Amersham Buchler). The reactions were incu
bated for 30 min at 37°C. Incorporation of 3H_ 
dCMP into DNA was determined by using DE 81 
filter (Whatman, UK) as previously described 
[19]. All experiments were performed in tripli
cate. 

Deoxycytidine Deaminase Assay 

For DCD assay 90 ~l of reaction buffer (final) 
concentrations: 1.9 mM Tris-HCl pH 8.0, 60 nM 
deoxycytidine) and deoxy (VH) cytidine (0.006 
IlCi!ml, 22 Ci!mmol) were added to 10 J.1l cell 
extract and incubated at 37°C for 60 min. The 
reaction was terminated by addition of 50 III 1.2 
M trichloracetic acid, and the mixture was 
added to a 0.5 x 7 cm column of Dowex resin 
(AG 50W-XA), which was subsequently washed 
with distilled water (2 volumes). The product 
3H -deoxyuridine eluted with the void volume, 
and radioactivity was determined in a liquid 
scintillation counter. 

Thymidine and Deoxycytidine Kinase Assays 

For thymidine kinase (TK) and deoxycytidine 
kinase (DCK) assays [27], 100 III reaction buffer 
(final concentrations: 100 mM Tris-HCl pH 8.0, 
4.5 mM ATP, 5 mM Mg EDTA, 0.2 mM 3H-TdR 
(5 Ci/mmol) or 0.1 mM 3H-ara-C (35 Ci!mmol) 
was added to 100 ~l cell extract and incubated at 
37°C for 1 hour. The reaction was stopped by 
incubation of the samples at 100°C for 2 min. 
After precipitation of the proteins by centrifuga
tion for 3 min at 2500 g and 4°C, 20 ~l of the 
clarified reaction mixture was spotted on DE81 
anion exchange filter discs (Whatman) and 
washed twice with 0.1 mM ammonium formiate 
(5 ml) and H,G (5 ml) and once with 96% 
ethanol. Radioactivity of the phosphorylated 



mucleosides was counted in a LKB fluid scintil
lation counter. All experiments were performed 
in triplicate. 

RNA Isolation and Reverse Transcription (RT) 

For the preparation of cytoplasmic RNA a 
preparation method modified from Chomcz
ynski [20] was adopted. In the reverse transcrip
tase step 1.5 Ilg of total RNA was employed in an 
incubation volume of 13 Ill. C+ DNA synthesis 
was performed using a commercially available 
kit (Superscript Pre amplification System, 
Gibco). Final concentrations of buffer, deoxynu
cleo tides, oligo-dT primer and reverse tran
scriptase were as recommended by the 
manufacturer. After an incubation time of 40 
min at 42°C, the reaction was stopped by heat
ing to 95 °C for 5 min. 

Polymerase Chain Reaction (PCR) 

The subsequent PCR was performed on an auto
mated thermocycler (Model 480, Perkin-Elmer 
Cetus, Emeryville, USA) with 2 III of the reaction 
mixture from the RT step, 2.5 units ofTaq poly
merase (Gibco), 200 nmol of each specific 
primer, 10 nmol dNTP, 1.5 mM MgCl, and lOx 
buffer: 500 mM KCI, 100 mM Tris-HCI (pH 9.0), 
1 % Triton x-IOO, in a total volume of 50 Ill. 
Standard cycle conditions were: 40 s at 95°C for 
denaturation of DNA, followed by an annealing 
reaction for 30 s at 60°C and extending at 72°C 
for 30 S. The last primer extension and the first 
denaturation step were extended to 5 min. 
Usually 25 cycles were sufficient to detect a sig
nal in all cases of AML. Products were run on a 
2% agarose gel (2% w/v Nusieve) and stained 
with ethidium bromide. 

DNA Sequencing 

Amplified DNA was purified using the Magic 
PCR Preps Purification System (Promega) 
according to the manufacturer's instructions. 
PCR products were directly sequenced by the 
Taq cycle sequencing method involving, in par
allel, assay each of the specific primers and the 
Ready Reaction Dye Deoxy Terminator Cycle 
Sequencing kit (Applied Biosystems, 
Weiterstadt, Germany). Sequencing reaction 
products were analyzed on the automated DNA 
sequencer (Model 373A, Applied Biosystems) 
[21]. 

Statistical Methods 

Comparisions between two groups of patients 
with adequate « 5% blasts) and inadequuate 
( > 5% blasts) blast cell clearance after T AD-9 
were made by the Wilcoxon test. The Fisher test 
was used to analyze contingency tables. For all 
tests, p values < 0.05 were considered signifi
cant. Data were analyzed using the PC-Statistik 
programs (Lizenzagentur Lambda, Graz, 
Austria) and TopSoft (Version 2.05, 1990, 
Hanover, Germany). 

Results 

Response to TAD-9 + GM-CSF Induction Therapy 

Bone marrow aspirates from 32 patients were 
analyzed; 29 patients were evaluable for 
response to TAD-9 + GM-CSF induction thera
py. Patients characteristics are shown in Table 1. 
Adequate blast cell reduction to below 5% balsts 
at day 10 or 16 was achieved in 16 cases, while 13 
patients had an inadequate early response. Blast 
cell reduction after the first induction course 
was not predictive for subsequent achievement 
of complete remission after the completion of 
double induction therapy (Table 2). 

Proliferative Activity and Parameter of araC 
Metabolism In Vivo: Relation to Clinical Response 

Results of pretreatment analyses of TK and % S 
phase as a reflection of proliferative activity and 
activities of DCD, DCK, Poly alpha and overall 
polymerase as determinants of araC metabolism 
are summarized in Table 3. The data reveal sub-

Table 1. Patient characteristics 

N umber of patients 

Age (years) 

Sex 

FAB type 

32 

range: 20-72 

median: 50 

age> 60: 8 

male: 15 
female: 17 

MO: 1 
M1:4 
M2:8 
M3: 1 
M4: 13 
M5:4 
M6: 1 
M7: 1 
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Table 2. Response to induction therapy 

Blast cell clearance, day 10 or 16 

Complete remission 

<5%:16 (55%) 
>5%:13 (45%) 
< 5%:14 (B7.5%) 
> 5%:10 (77%) 

Table 3. Proliferative activity and araC metabolism 

Parameter Median Range 

TK (pmoUmin/mg protein) 3.1 0.0-21.6 
%5 phase 5.5 1.B-16.2 

DCK (pmoUmin/mg protein) 27.2 3.B-196.0 
DCD (nmoUmin/mg protein) 1.64 0.0-8.6 
Overall polymerase (pmoUminl 55.9 17.3-131 

mgprotein) 
Polymerase alpha (pmoUminl 1.22 0.03-B.Bl 

mgprotein) 

stantial interpatient variablity. The respective 
parameters were related to early clinical 
response as determined by the reduction of blast 
cells at day 10 or 16. High TK activity but not % S 
phase was associated with adequate blast cell 
clearance. The median values of TK activity were 

3.6 pmol/min/mg protein (range: 2.0-21.6) for 
patients responding to induction therapy as 
compared to 1.85 pmol/min/mg protein (0.0-7.2) 
for the nonresponders (p = 0.0064). In contrast to 
overall Polymerase activity, the poly alpha activi
ty to leukemic blasts before the start of therapy 
was highly predictive for early response. 
Whereas median values and range were 2.17 
pmollmin/mg protein (0.63-8.8) for the respon
ders, the respective values for patients with inad
equate blast cell reduction were 0.5 
pmollmin/mg protein (0.03-6.7) (p = 0.0062). 
The activity of DCK before therapy was not relat
ed to clinical outcome after the first course of 
induction therapy. The DCD activity, however, 
was found to be the most sensitive parameter to 
predict an adequate blast cell clearance. Patients 
with DCD activity below the overall median of 
1.64 nmollmin/mg protein achieved an adequate 
response in 10 of 12 cases (83%) whereas patients 
with higher than median values failed in 11 of 14 
cases (79%) (p = 0.002). Median values and range 
for DCD activity were 0.33 nmol/min/mg protein 
(0.0-4.1) for patients with an adequate blast cell 
reduction, whereas the nonresponders revealed a 
median of 4.8 nmollminlmg protein and a range 
of 0.11-9.45 (p = 0.0012) (Fig. 1). 
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Fig. 1. Distibution of DCD activity for responders « 5%) and non responders (> 5%) to induction therapy. 
Median values of the respective groups are indicated 
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Deoxycytidine Deaminase Expression in AML Blasts: 
Correlation with DCD Activity 

Total RNA extracted from leukemic blasts from 
15 patients with AML and from peripheral blood 
mononuclear cells (PBMNC) from healthy 
donors was tested for possible RNA degradation 
by amplification of a 484 base pair (bp) segment 
from B-actin cDNA. Sterile water was used as 
negative, RNA from PBMNC as positive control. 
As shown in Fig. 2, a 546 b p PCR product was 
detected in all AML cases. Specificity of this 
amplification product for DCD gene expression 
was checked by direct DNA sequencing. In an 
approach to quantification of initial DCD mRNA 
amounts, the relative signal strength of the 
ethidium bromide stained bands was deter-

-- -- -• 
2 3 4 s 6 7 9 

-
-~-------

mined as compared to the signal intensity of the 
p-actin amplification product. Values for the 
relative optical densities (OD) provided the 
basis for dividing the amount of DCD gene 
expression into cases with high or low mRNA 
levels. Table 4 shows the respective enzyme 
activities for these subgroups of AML patients. 
Six of Seven patients with high transcription 
rate of DCD gene showed higher than median 
DCD enzyme activity, whereas in blast cells 
from all the seven patients with low DCD mRNA 
levels, low enzyme activity was detected. These 
data indicate that DCD activity is regulated by 
the transcription rate of the DCD gene and that 
a low transcription rate must be regulated at the 
gene level. 

-_ .. -
e 

10 11 12 13 14 15 16 17 13 

-- ~- - --~ -e 
Fig. 2. RT -PCR products for DCD transcripts (upper row) and B-actin transcripts (lower row) from leukemic 
blasts. peR products were run in the following lanes: 2-9 and 11-17 AML patients (F.B.; E.S.; G.R.; I.W.; H.P.; 
H.H.; E.T.; H.V.; A.B.; 5.5.; I.R.; B.K.; I.M.; H.F.; H.B.); 18 positive control; 1 and 10 molecular weight markers 

Table 4. Correlation of DCD gene expression and Discussion 
oeD activity 

Patient 

£.5. 
G.R. 
I.W. 
H.V. 
H.B. 
B.K. 
H.F. 
F.H. 
H.P. 
H.H. 
T.E. 
A.B. 
5.5. 
I.R. 
I.M. 

oeD gene 
expression 

low 
low 
low 
low 
low 
low 
low 
median 
high 
high 
high 
high 
high 
high 
high 

oeD activity 
(nmollmin/mg protein) 

0.8 
0.02 
0.164 
0.8 
0.02 
0.13 
0.6 
1.0 
1.64 
2.7 
2.28 
0.215 
b.6 
2.4 
7.0 

In this study pretreatment analysis of TK activity 
as a reflection of proliferative activity and of poly 
alpha and DCD activities as determinants of araC 
metabolism provided important information 
about early response to induction therapy. 

In cell culture and animal studies, the most 
prevalent mechanism of resistance to araC is the 
complete absence or a decrease of DCK activity 
[22,23,24]. However, there are only few clinical 
studies, some based on relatively small numbers 
of patients, that tackle the concept of DCK defi
ciency as a mechanism of resistance operative in 
leukemic blast cells [7,8, 12, 13]. In the present 
study no relation between DCK activity and 
clinical outcome after induction therapy with 
standard doses of araC was observed. 
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The significance of high DCD activity for 
araC resistance has been suggested by several 
investigators. Stuart and Burke [11] found a 
high DCD activity in the leukemic cells of 
patients who did not respond to conventional 
dose araC therapy. Tattersall et al. [7] described 
high DCD activity in leukemic patients who did 
not respond to araCj however, a considerable 
overlap in enzyme activity with that of araC 
responsive patients was also observed. 

Colley et al. [8] found in a group of 21 
patients (11 patients with de novo AML) that 
therapy-resistant patients had either a very low 
DCK activity or an increased DCD activity. The 
distribution of ratios of araU/araC in plasma of 
patients with AML, ALL or CML was analyzed 
by Kreis et al. [25], who identified two groups of 
deaminators, but differences between both 
groups were not statistically significant. 
Nevertheless, the relevance of DCD as a deter
minant of araC resistance has been denied by 
other investigators [12, l3]. These discrepancies 
may reflect variability in study design, patient 
characteristics and laboratory techniques. 

Our results clearly demonstrate that the level 
of DCD activity in leukemic blasts before therapy 
is a very sensitive parameter in predicting clinical 
response to standard induction therapy. These 
findings and their possible clinical implications 
are a challenge to investigate the regulation of 
OeD activity. We found that DCD activity corre
lated with the amount of mRNA in leukemic cells, 
in that for patients with low DCD gene expression 
in AML blasts low levels of enzyme activity were 
detected, and vice versa. Consequently DCD gene 
expression is thought to correlate with patient's 
response to induction therapy. Further studies 
with a larger group of patients and a more dis
criminative method for mRNA quantification are 
needed to substantiate these preliminary data. 
These studies are currently underway. 
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Abstract. Immunocytochemical methods (PAP 
and APAAP) and monoclonal antibodies 
(MoAbs) were applied against leukocyte differ
entiation antigens. In 16 of 89 examined chil
dren and 112 adult patients with different forms 
of acute leukemias (AL), blasts with phenotype 
CD? + CD4 - CD8 - were revealed. Three cases 
were diagnosed as pre-TALL 6 cases as AL of 
myeloid origin (AML MO, M1, M4 and M5a by 
FAB classification)_ In two biphenotypical AL, 
lymphoid (CD 10), myeloid (CD 33) and ery
throid (glycophorin A) antigens or markers of 
lymphoid (CDlO, CD3?) and monocytes (CD14) 
were coexpressed on CD?+CD4-CD8- blast 
cells. CD? = CD4 - CD8 - blast cells of 5 
patients had minimal cytochemical and 
immunological signs of differentiation. 

Introduction 

The study of morphological and cytochemical 
features of blast cells is the foundation of uni
versally recognized FAB classification of acute 
leukemias. It is succesfully supplemented with 
immunophenotypical investigations using mon
oclonal antibodies (MoAbs) that allow distinc
tion of different forms of acute lymphoblastic 
(ALL) and myeloblastic (AML) leukemias. 

Owing to the immunophenotyping it was 
found that in some cases of leukemias certain 
lymphoid antigens were expressed on myeloid 
blast cells and vice versa [1,2]. It was supposed 
that these so-called biphenotypical leukemias 
arise from early hematological cell precursors 
[3). Andrews et al. [4) identified, in human adult 

bone marrow, polypotential colony-forming 
cells expressing beside CD34 (antigen of stem 
cells), also CD?, the antigen of T-lymphocytes. 
Kurtzberg et al. [5) described the new form of 
acute leukemia with CD?+CD4-CD8- pheno
type, arising from hematopoietic stem cells. 
Malignant transformed blast cells in this 
leukemia are capable of in vitro differentiation 
in myeloid and lymphoid directions. The aim of 
the present study is the characterization of 
immunophenotypical features of CD?+ CD4-
CD8- acute leukemias (AL) and the detection 
of possible heterogeneity of this disease. 

Materials and Methods 

Sixteen of a total of 184 patients with AL for 
whom immunophenotypic analysis of blast cell 
antigens was carried out during 1991-1995 were 
included in the study. The diagnosis of AL was 
established on the basis of clinical and hemato
logical data and morphological examination of 
bone marrow and peripheral blood smears. The 
recognition of AL forms was carried out accord
ing to F AB classification. Cytochemical reac
tions include the detection of activity of 
myeioperoxidase (MPO), nonspecific a-naphthyl 
acetate esterase (NE), acid phosphatase (AP), 
acid nonspecific esterase (ANAE) and PAS reac
tion [6) (Table 1). For detection of antigens on 
surface membrane of blast cells the immuno
cytochemical PAP and avidin-biotin-alkaline 
phosphatase methods were applied[?). MoAbs 
used in the study are indicated in Table 2. In 
some cases the antigens CD38 [8], CD37 [9]. 

R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology, Kiev, Ukraine 
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Table 1. Cytochemical sdigns of blast cells in CDl + CD4 - CD8 - acute leukemias 

Patient/FAB Myelo- Acid Acid Non-Specific 
classification peroxidase phosphatase non- a-naphtyl 

specific acetate 
esterase esterase 

1/M4 50% diffuse diffuse strong, N af-
sensitive 

2/M4 35% diffuse diffuse strong, NaF-
sensitive 

3/M5 6% diffuse diffuse strong, NaF-
sensitive 

4/M5 1% diffuse diffuse strong, Naf-
sensitive 

SIMI 8% negative negative weak, NaF-
sensitive 

6/MI 10% negative negative weak, Nar-
sensitive 

7/MO 0% negative negative weak, Naf-
sensitive 

81 ALL, pre-T 0% local negative ND 
91 ALL, pre-T 0% local granular weak 

101 ALL, prc-T 0% local granular ND 
11/ ALL, pre-T 0% local ND ND 
121AL 0% diffuse, 50% diffuse, 50% ND 
l3/AL 0% granular, 50% granular, 50% ND 
14/AL 0% granular, 50% granular, 50% weak 
15/AL 0% granular, 50% granular, 50% weak 
I6IAL 0% granular, 30% granular, 50% weak 

ND, Activity of enzyme was not determined. 

Table 2. Phenotypical signs of blast cells in CD7+ CD4- CD8 - acute leukemias 

Patients/FAB ANTIGENS 
classification 

CD? HLA-DR CDS CD4 CD8 CD20 CD 10 CDl3 CD33 

I/M4 + ± ND + 
2/M4 + + ct: 
3/MS + + NO NO NO 
4/MS + + ± 
SIMI + + ± 
6/MI + 
7/MO + + ± ND 
8/Pre-T ALL ± ± 
9/Pre-T ALL + ± 

IO/Pre-T ALL + ± ± Nil NO 
1 IIPRE-T ALL + + ± ND 
12/AL + NO ND 
l3/AL + ND ND 
14/AL + 
IS/AL + Nil Nil 
16/AL + + 

CD34 

Nil 

+ 

-'= 

ND 
NO 

± 

ND 
+ 

P AS reaction 

diffuse 

diffuse 

diffuse 

diffuse 

granular 5% 

negative 

granular, 5% 

negative 
granular, 5% 
granular, 10% 
negative 
granular, 8% 
granular, 5% 
granular, 7% 
granular, 2% 
granular, 2% 

COl4 CDl5 

+ + 
+ + 
+ + 

+ 

t 

+ 

+ 

+, RO-IOO% of positive-reacting cells; ±, 40-50% of positive-reacting cells; - negative reaction with MoAbs; 
NO, antigen was not determined. 
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CD45RA [10], glycophorin A [ll], receptors of 
CSF - GM and c-kit, proteins of myeloid cells p8 
and pl4 [12] were detected. 

Results 

Based on morphological and cytochemical fea
tures of blast cells, we distinguished the follow
ing variants of CD? +CD4 - CD8 - AL: acute 
monoblastic leukemia (AMonL M5), 2 patients; 
acute myelomonoblastic leukemia (AMMonL, 
M4), 2 patients, acute myeloblastic leukemia 
(AML; MO and MI), 3 patients; acute lym
phoblastic leukemia (ALL), 9 patients. 

Blast cells from patients with AML M4 and 
AMonL M5 has the activity of AP, ANAE, NE 
and diffuse PAS reaction. The activity of NE was 
sensitive to NaF. Myeloid antigens CD33, CDI4, 
and CDI5 were expressed on surface mem
branes in addition to CD? antigen. 

Cases of CD? + AML belonged to the less dif
ferentiated variants Ml and MO: most blast cells 
were peroxidase negative (> 90%) and did not 
display AP and ANAE activity or PAS-positive 
substance; the activity ofNE was detected as sin
gle fine granules. More differentiated myeloper
oxidase positive blast cells of 14 patients of 
AML, M2 (used for comparison) were CD? -. 
On the surface membrane of CO? + blast cells in 
AML, MI, most of the studied linear-specific 
markers were not detected. The expression of 
COB antigen and receptors for CSF-GM and c
kit testified to the myeloid nature of blast cells 
from patient 5. Blast cells of patient 6 were still 
less differentiated: antigens COB, CD33, C034 
receptors for CSF-GM and c-kit weren't 
expressed, but the highly specific markers of 
cells of myeloid origin, p8 and p14 [13] were 
detected in the cytoplasm of 15% of blast cells. 

According to most phenotypical features, the 
blast cells of patient? corresponded to polypo
tential colony-forming unit cells (CFU-GEMM) 
[14]. The activity of enzymes was not detected; 
PAS reaction was negative; antigens CD34, C033, 
HLA-OR and, C045RA were expressed simulta
neously. On this basis, supported by the myeloid 
orientation of blast cells, AML MO was diagnosed. 

The diagnosis of 4 patients (nos.8-11) on 
morphological and cytochemical features of 
blast cells (myeloperoxidase-negative, dot-line 
reaction on AP) was pre-T-ALL. Blast cells of 
patients 8 and 9 (2 and 10 years old) in this 
group had the most complete characterization. 
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Using broad set of markers (including MoAbs to 
receptors to CSF-GM, c-kit, p8 and pl4-all these 
reagents did not react with blast cells) we st
udied their phenotype (C07+ C04 - CD8 -
CD38 + C033 - HLA - DR - CD45RA + C045 
RO -) and thus detected one-way lymphoid 
direction of its differentiation. In contrast, the 
most malignant cells of patient II (45 years old) 
beside antigens CD? and HLA-OR also expressed 
antigens COlO and CD33 and small population 
of these blast cells reacted with MoAbs HAE3, 
directed to glycophorin A, i.e. coexpressed 
markers of different lines of hematopoiesis. In 
this connection the suggestion about the origin 
of adult ALL from cells that are common precur
sors of lympho- and myelopoiesis is worthy of 
note. At the same time, the target cells for 
leukemic transformation in pediatric (excluding 
infant leukemias) are considered to be the pre
cursors of only lymphopoiesis [15]. 

In the separate group we picked out patients 
12-16, whose blast cells had cytomorphological 
features oflymphoblasts, were myeloperoxidase -
negative, and were AP and ANAE negative or the 
activities of AP and ANAE were detected in single 
blasts as fine granules or diffuse staining of cyto
plasm. PAS reaction was observed in 2-8% of 
blast cells. Stable expression of CD? on blast cells 
of these patients was combined with the absence 
of most studied antigens and, non-typical for 
ALL ofT -cell origin,. activity of AP and ANAE. In 
cytoplasm of 11 % of blast cells of patient 13, p8 
was revealed, typical for cells of myeloid origin. 

Discussion 

The results of our study revealed that expression 
of CD? antigen is detected on hematopoietic 
precursor cells of different lineages. Using a rel
atively wide set of MoAbs we picked out such 
variants of CD? + C04 - C08 - AL: 

1. AL of myeloid origin - Ml, M4 and M5 vari
ants according to the FAB classification 
(patients 1-6). It should be taken into 
account that the expression of CD? persisted 
on monoblasts of relatively late stage of dif
ferentiation (blast cells had strong activity of 
AC, ANAE, marked PAS positivity, expressed 
C014 and C015 antigens), whereas expres
sion of CD? on myeloblasts disappeared dur
ing its maturation (cases of CO?+ AML, Ml 
and CD? - AML, M2 correspondingly). 



2. ALL ofT-cell origin (patients 8-10). 
3. biphenotypical AL - AL with blast cells coex

pressing antigens of different linear specifici
ty. In this group we included patients 7 and 
11. In peripheral blood of the latter patient 
we revealed the presence of CD 10, CD33 and 
glycophorin A positive blast cells. The phe
notype of blast cells of the first patient corre
sponded in general to polypotential 
colony-forming units that served as a basis 
for diagnosis of AML, MO, but some lym
phoid (CDlO, CD37) and monocytic (CDI4) 
antigens also were detected on 30-40% of 
blast cells. 

4. AL with minimal cytochemical and immuno
logical signs of differentiation of blast cells 
(patients 12-16). 

Cases of AL classified as biphenotypic AL and 
AL with minimal signs of differentiation may 
possibly CD7 + CD4 - CD8 - AL arising from 
hematopoietic stem cells, as described by 
Kurtzberg et al. [5]. In the first of the two cases 
blast cells has phenotypical indication of differ
entiation to different lines of hematopoiesis in 
vivo. In the second case we did not find any con
clusive proof of the possible way of development 
of malignant transformed hematopoietic cells. 
Using the routine morphological and cytochem
ical criteria of the FAB classification, the prima
ry diagnosis of these two patients was ALL. So 
we presume that the set of MoAbs for 
immunophenotyping of blast cells from 
myeloperoxidase negative AL, especially adult 
ALL, must include, without fail, MoAbs to 
myeloid, erythroid and megakaryocytic anti
gens. 

The proposal of Kurtzberg et al. [5] to distin
guish CD7+CD4-CD8- "stem cell" AL is ap
parently justified, but phenotypical features of 
blast cells of this form of AL are in need of more 
accurate definition. 
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Lymphoid Antigen Expression in Acute Myeloid Leukemia 

G. Specchia, G. Palumbo, A. Mestice, D. Mininni, M. Fiore, P. Carluccio, A. Quarta, G. Debellis, C. De Cillis, 
and V. Liso 

Abstract. Leukemic blasts of some patients with 
AML display surface lymphoid-associated anti
gens (AML Ly+). The incidence of these lym
phoid antigens in AML varies considerably 
among different studies (from 13% to 60%). 
Frequently, the presence of asynchronous and 
mixed-lineage antigen expression is associated 
with poor outcome in AL. 

Immunophenotypes for 209 patients with 
AML were analyzed using a wide panel of mono
clonal antibodies, and surface marker analysis 
was performed by immunofluorescence 
(AP AAP). All cases expressed one or two mye
loid-associated antigens (CD13, CD33, CD14, 
CDlS). Of209 cases, 91 (44%) expressed at least 
one lymphoid-associated antigen (CD7 21%, 
CD4 22%, CD2 12%, CD3 3%, CD19 5%, CDIO 
20%). The incidence of Ag Ly expression in FAB 
subgroups was 91 % in MO cases (10/11), 42% in 
M1 (6/13), 40% in M2 (32/81), 37% in M3 
(11130),48% in M4 (16/33), 52% in MS (14/27), 
15% in M6 (2/13) and 0% in M7. 

No significant differences were found be
tween Ly+ and Ly- AML patients as regards 
presenting clinical features and complete remis
sion rate. There was greater expression of CD7, 
CD4 and CO2 antigen in MO/M1, M4/M5 and M3 
FAB types, respectively. We confirm the relevant 
frequency of lymphoid markers, particularly T 
(40%), less often B (4%), on the surface of AML 
blasts. 
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Introduction 

The classification of AML has traditionally been 
based on a combination of morphological and 
cytochemical staining features [1, 2]. The use of 
a large panel of monoclonal antibodies (MoAb) 
for immunophenotyping AML has shown that 
antigens of different lineage (lymphoid anti
gens) are coexpressed by a significant percent
age of leukemic blasts (Ly+ AML) [3-10]. The 
variable incidence of Ly+ AML (13%-60%) is 
probably related to different study populations 
(children vs adults), use of fresh or frozen 
samples, use of flow cytometry, immunofluo
rescence microscopy or immunoenzymatic 
staining, different cut-off levels of positivity, 
and different panels of MoAb [11]. In other 
reports, correlation with FAB morphology has 
been found for CD4 (with M4/MS) [12], CD7, 
(MO, MI, M2) [13-15], and CD2 (M3, M3v) [16]. 
Except for CD7 + AML, no consistent prognostic 
relevance of other LyAg has been shown 
[17-19], and no cytogenetic anomaly is specifi
cally associated with these leukemias [18, 20]. 

The pathophysiological mechanism involved 
is controversial: some authors suppose that 
malignant transformation leads to aberrant gene 
expression ("lineage infidelity"); others that 
coexpression of lineage-specific antigens occurs 
normally in the differentiation of hematopoietic 
cells ("lineage promiscuity") [21]. 

In this study, we investigated the immuno
phenotype of 209 previously untreated patients 
with AML, in order to assess the incidence of 
lymphoid antigen expression, its correlation 



with the FAB classification and its possible clini
cal significance. 

Materials and Methods 

Patients 

The study included 209 patients, all at onset of 
disease, with a median age of 60 years (range 
15-87); their clinical and immunological fea
tures are shown in Table 1. The diagnosis of 
AML was on the basis of the morphologic and 
cytochemical criteria established by the FAB 
Cooperative Group [1]. 

Immunophenotype 

Cell surface antigens were detected by standard 
direct or indirect immunofluorescence using the 
monoclonal antibodies to HLA-DR, CD11b, 
CDI3, CDI4, CDl5, CD33, CD34, CD2, CD3, 
CD4, CDS, CD7, CD8, CDlO, CDI9. Staining of 
at least 20% of cells was considered positive for 
all antigens. Coexpression of lymphoid and 
myeloid antigens by single cells was confirmed 
by two-colour immunofluorescence and flow 
cytometric analysis, using phycoerythrin (PE)
and fluorescein isothiocyanate (FITC)-conjugat
ed MoAb (FACScan, Becton Dickinson). The 
same MoAb were also evaluated by the 
immunocytochemical method (APAAP) on 
cytospins from freshly prepared mononuclear 
cells separated by Ficoll-Hypaque density cen-

Table 1. Clinical and immunological features of 209 
AML cases 

Ly+ Ly-

No. of cases 91 (44%) 118 (56%) 
Age 59 (15-82) 60 (15-87) 
M/F 54/37 60/58 
Hb (g/dl) 8.4 (4.05-15.3) 8.3 (4-14.7) 
WBC (x 109/1) 18.6 (0.7-241.7) 14 (0.3-222) 
Pit ( x 109/1) 49 (7-574) 43 (3-296) 

FAB 
MO 10 91% 
Ml 642% 758% 
M2 3240% 4960% 
M3 1137% 1963% 
M4 1648% 1752% 
MS 1452% 1348% 
M6 215% 1185% 
M7 0 1 

trifugation. Surface immunophenotyping was 
always performed on fresh samples. 

Statistical Analysis 

A two-sample t-statistic was used to compare 
the means for clinical and immunophenotypic 
data of the two groups, LyAg+ and LyAg- AML. 
A probability value of < 0.05 was considered to 
be significant. Potential differences in lymphoid 
antigen expression in the F AB subgroups were 
evaluated using the chi squared test. We also 
used the chi squared test for evaluating differ
ences in complete remission rate between Ly+ 
and Ly- AML cases. 

Results 

The laboratory features are shown in Table 1; the 
cases were classified as 11 MO, 13 Ml, 81 M2, 30 
M3, 33 M4, 27 M5, 13 M6 and 1 M7, according to 
the FAB criteria. No differences were observed 
between LyAg+ and LyAg- AML as regards age, 
hemoglobin content, WBC, and platelet count. 

The incidence of antigen expression is 
reported in Table 2: the myeloid antigens CD13 
and CD33 were expressed by 98% and 94% of 

Table 2. Incidence of antigen expression 

Antigen 

Myeloid-associated 
CD33 
CD 13 
CDl5 
CDllb 
CD14 
Any myeloid 

T -lymphoid -associated 
CD2 
CD3 
CD4 
CDS 
CD? 
CDS 
AnyT 

B-Iymphoid-associated 
CD19 
CDlO 
AnyB 

CD34 
HLA-DR 

No. of 
cases tested 

209 
205 
175 
159 
204 
116 

177 
178 
177 
106 
205 
196 

122 

167 
176 
142 

179 
184 

Positive 
cases (%) 

94 
97 
47 
47 
22 
99 

12 
3 

22 
4 

21 
4 

40 

5 
2 
4 

56 
80 
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patients, respectively, C014 by 22% and the 
stem cell marker C034 by 56%. The incidence of 
lymphoid antigen expression was 44% (91/209), 
subdivided into 40% (49/122) for T -and 4% 
(6/142) for B-lymphoid antigents. 

The expression of lymphoid-associated 
markers in the morphologically defined sub
groups was 91 % in MO cases (10/11),42% in Ml 
(6/13), 40% in M2 (32/S1), 37% in M3 (11/30), 
4S% in M4 (16/30), 52% in M5 (14/27), 15% in 
M6 (2/13), and 0% in M7 (Table 1). The most 
frequently expressed antigens, were C04 (22%), 
C07 (22%), and C02 (12%). In particular, we 
found that C04 was expressed in 39% (19/49) 
M4/M5 cases and 15% (19/12S) of other types 
(p < .005); CO2 was expressed in 37% (10/27) 
M3 cases and in 7% (101140) of other types; C07 
was expressed in 50% (12/24) MO/Ml cases and 
in 17% (30/1SI) of other FAB types (for these 
two antigens, x' could not be evaluated due to 
the small number of cases). 

No significant differences were found 
between Ly+ and Ly- AML patients as regards 
presenting clinical features and complete remis
sion rate. 

Of the 209 patients included in this study, lOS 
were selected for age « 60 years) and homo
geneous treatment schema, but 26 of these were 
excluded, having died of severe bone marrow 
hypoplasia during induction chemotherapy. 
Complete remission was achieved in 70% 
(57/82) of cases treated with GIMEMA protocols 
(AML 8A1B and AML 10) [22]: more precisely, 
the complete remission rate was 61 % (23/38) in 
Ly+ and 77% (34/44) in Ly- AML patients (n.s) 
(Table 3). 

Discussion 

Although several studies have demonstrated 
that leukemic blasts simultaneously express 

Table 3. Response to induction therapy in 108 Ly+ 
and Ly-patients 

Ly+ Ly-

No. of cases 48 60 
CR 23 (61%) 34 (77%) 
NR 15 (39%) 10 (23%) 
Early death 10 16 
Duration of 

CR (months) 9.5 (2-47) 8 (1-45) 
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markers of both the lymphoid and the myeloid 
lineage, the clinical and prognostic significance 
of mixed lineage expression remains uncertain. 
The incidence of "abnormal" antigen expression 
in AL is extremely variable, ranging from l3% to 
60%; this large variability is related to different 
series (children or adults) and methods used 
(fresh or cryopreserved samples, MoAb, flow 
cytometry, immunofluorescence, immunocyto
chemistry) [11]. 

We reported the incidence and the clinical 
significance of myeloid antigens expression in 
acute lymphoblastic leukemia (ALL) in a previ
ous study [23]. 

In the present study we have evaluated the 
expression of "lymphoid-associated" markers in 
AML, classified using FAB criteria. It is current-
1y thought that some surface antigens (C02, 
C03, COS, COS, COI9, C020, C02l, C022) are 
displayed only by cells of the lymphoid lineage, 
while expression of other surface antigens, origi
nally regarded as lymphoid-specific, has been 
dearly demonstrated on both lymphoid and 
myeloid cells: C04, expressed by T cells and 
mobocytes [24], COlO, by preB cells and granu
locytes [25], and C07, by T cells and a subset of 
myeloid progenitors [26]. Thus it is necessary to 
evaluate the specificity of each marker before 
considering its significance. 

In our study the incidence of lymphoid-asso
ciated antigens in AML was 44% (91/209), sub
divided into 40% for T- and 4% for B-lymphoid 
antigens. The most frequently expressed were 
C04 (22%), CD7 (21%), and C02 (12%). As 
expected, C04 positivity was found significantly 
more often in M4 and M5 cases (39% in M4/M5 
cases vs 15% in other cytotypes). CD2 was 
expressed in 37% of M3 cases, all M3 variants, 
and in 7% of other types. Other authors have 
reported a high incidence of C02 (adhesion 
molecule) in M3 variant promyelocytes, but the 
biological significance of this expression is 
unknown [16]. C07 was most often detected in 
the less differentiated AML: in 50% of MO/Ml 
cases and in 17% of other FAB types. No signifi
cant differences were found between Ly+ and 
Ly- AML patients as regards expression of C034 
(progenitor cell antigen). 

Although contradictory results are reported 
in the literature on the prognostic impact of 
expression of lymphoid-associated antigens in 
AML [17,18,27]' CD7 seems to be associated 
with poor prognosis in AML [19]: C07+ AML 
may represent a particular subset of immature 



AML (MO/Ml) with a higher resistance to thera
py than other differentiated subgroups of AML. 

No significant differences were found between 
Ly+ and Ly- AML patients as regards presenting 
clinical features and complete remission rate 
(Table 3) (CR 61 % in Ly+ and 77% in Ly-). 

We consider that the presence of lymphoid
associated antigens in myeloid blasts does not 
confer "distinct clinical identity" but that fur
ther studies are needed to assess the biological 
significance of uncommon antigen expression in 
normal and leukemic myeloid cells. 
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(D54 Expression and Its Role in Homotypic Aggregation of the Blasts 
of Acute Myeloblastic (AML) and Acute Lymphoblastic Leukemia (ALL) 

j. Krauter, K. Pompe, H. Heimpel, and G. Heil 

Abstract. CDS4 (rCAM-l) expression was studied 
on blasts of 13 cases of de novo AML and 10 
cases of ALL prior to and after stimulation by 
interferon-gamma (IFN -y). Furthermore, its 
functional activity was studied by analysis of the 
influence of CDS4 on homologous interaction of 
the blasts. Prior to culture only a minority of the 
AML and ALL blasts displayed CD54 positivity. 
Timed incubation of the blasts in RPMI-
1640/FCS or serum-free medium "spontaneous
ly" increased the percentage of CD 54 positive 
cells in 11/13 AML cases but only in 2/10 ALL 
cases. In AML, IFN-y (500 IV/ml) further 
enhanced CD54 positivity in 6/11 cases. 2/13 
cases showed no CD54 up regulation at all. In 
6/10 ALL cases CD54 up regulation after IFN-y 
stimulation was found. In AML ICAM -1 expres
sion was paralleled by homologous aggregation 
of the blasts in that (l) in all but the two CD54 
negative cases autologous cluster formation 
could be detected; (2) TFN-y enhanced cluster 
formation in 5/6 cases in which it had enhanced 
CD 54 up regulation; (3) incubation of the blasts 
in the presence of an anti-CD54 MoAb (clone 
84HIO) reduced the "spontaneous" and IFN-y 
induced cluster formation in the majority of the 
cases. In ALL only 2/6 cases with CD54 upregu
lation showed homologous cell aggregation, 
which could be slightly enhanced by IFN -y stim
ulation and inhibited by the anti-CDS4 moAb. 
Taken together, CD54 expression on AML and 
ALL blasts is heterogeneous with respect to (1) 
its "constitutional" expression and (2) its "spon
taneous" and IFN -Y induced upregulation. 
While on AML blasts CD54 seems to be funtion-

ally active once expressed on the surface mem
brane, in at least some ALL cases its function 
seems to depend on additional activation. 

Introduction 

The glycoprotein ICAM-l (intercellular adhe
sion molecule-I, CD54), is a member of the 
immunoglobulin superfamily, which is bound to 
the cell surface membrane with a tissue-specific 
glycosylation resulting in a molecular weight 
range of 70-120 kDa [1-3]. [CAM-1 is expressed 
on cells of both hematopoietic and non
hematopoietic origin, including lymphocytes, 
monocytes, fibroblasts, epithelial and endothe
lial cells. Its expression in vivo is low in normal 
but high in inflamed tissue [2,3]. This low con
stitutional expression can be increased in vitro 
by stimulation with various cytokines, including 
interferon-gamma (IFN-y), interleukin-l (IL-l), 
tumor necrosis factor (TN F), by certain mi
togens and by phorbol esters [3]. rCAM-l is a 
ligand for the lymphocyte function associated 
antigen-l (LFA-l, CDlla/CD18), a member 
of the integrin family [4), mediating LFA-l
dependent cell-cell adhesion interaction such as 
antigen independent conjugate formation, cell 
mediated cytotoxicity, antigen induced T-cell 
proliferation and cell-stromal interactions that 
regulate normal hematopoiesis [2,5-8]. 

f:DS4 has also been found on cells uf various 
hemopoietic neoplasms, including acute mye
loid leukemias (AML) and acute, lymphoblastic 
leukemias (ALL) [9, 10], while little is known 
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about its regulation of and function in these 
cells. It was the aim of this study to investigate 
CD 54 expression on AML and ALL blasts and its 
modulation by in vitro culturing, including 
stimulation with IFN-y. Furthermore, its func
tional activity was studied by analysis of the 
influence of CD54 on homologous interaction of 
the blasts by a homotypic aggregation assay, in 
which homogeneous cell populations adhere to 
one another to form multicellular clusters [1,3]. 

Material and Methods 

Leukemic Blasts 

Pretreatment leukemic blasts were isolated from 
peripheral blood or bone marrow of 13 patients 
with de novo AML and 10 patients with ALL by 
Ficoll-Isopaque gradient and stored in liquid 
nitrogen (-196°C) prior to the analysis. The 
AMLs were classified according to the FAB crite
ria, the ALL cases according to the immuno
phenotype (Table 1). After thawing the blasts 
were enriched by monocyte and T-cell depletion 
according to usual procedures, resulting in a 
percentage of blasts of more than 95% and a via
bility of more than 95% in all cases under study. 

Suspension Cultures 

The leukemic blasts were incubated in serum
free culture medium (SF medium [11] at a con
centration of 1 x 106 cells/ml with or without 
IFN-y, kindly provided by Ernst-Boehringer
Institut/Bender Vienna, Austria (final concen
tration 500 IU/ml), at 37°C, 5% CO, in a fully 
humidified atmosphere for various times. 
Thereafter the cells were washed three times in 
SF medium and analyzed by flow cytometry. 

Cell Aggregation Assay 

The monocyte and T-cell depleted blasts were 
washed twice with SF medium and resuspended 
to a concentration of 2 x 106 cells/ml. Aliquots of 
100 ~l of this cell suspension were added to each 
well to flat-bottomed, 96 well microtiter plates 
(Nunc, Wiesbaden, FRG) and incubated at 37°C 
for different time intervals (12-96 h). 

In controls the SF medium was supplement
ed either with EDTA (final concentration 0.1%) 
or with the anti-ICAM-l antibody (CD54, IgGl, 
Clone 84HlO, Dianova, Hamburg, FRG) or with 
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an isotype matched control antibody. The final 
concentration of the monoclonal antibodies 
used in this assay was 10% (v/v) or 20 flg pro
tein/ml respectively. To analyze the influence of 
IFN-y on homotypic aggregation it was added to 
the SF medium at a final concentration of 500 
IU/ml. The cell aggregate formation was deter
mined at different times by direct visualization 
of the plates with an inverted light microscope. 
For quantitative measurement of cell aggrega
tion the number of free cells was counted. 
Within each well, at least three randomly chosen 
areas were counted. At least three different wells 
per analysis were studied. Percent aggregation 
was determined by the following equation: 
Percent aggregation = 100 times x (1- [number 
of free cells]/[total number of cells]) [1]. The 
total number of cells was scored in wells where 
the aggregation had been inhibited by the addi
tion of EDT A to the medium. 

Immunophenotyping 

Cells were stained with saturating concentra
tions of fluorescein isothiocyanate-or phycoery
thrin-labelled monoclonal antibodies (MoAb) 
according to standard procedures, fixed in 0.5% 
paraformaldehyde and analyzed by flow cytom
etry with an EPICS can (Coulter Electronics, 
Krefeld, FRG), as described [12]. 

Results 

CD54 Upregulation ofthe Leukemic Blasts 
in Suspension Culture 

Prior to culture in AML and in ALL only a 
minority of the blasts displayed CD54 positivity 
(Table 1). In AML the incubation of the blasts in 
SF medium for 48 h led to a "spontaneous" 
up regulation of CD54 expression as detected by 
an at least twofold increase in the percentage of 
CD 54 positive blasts in 11/13 cases (AML3-
AMLl3). The addition of IFN-y to the medium 
further increased CD54 positivity in 6/11 AMLs 
(AML6-AMLll). In the remaining cases no 
effect of IFN-y could be detected. 2/13 AMLs 
showed no CD54 upregulation at all. 

In ALL "spontaneous" CD 54 upregulation 
after incubation in SF medium was found only 
in 2110 cases (ALLl and ALL2), whereas in the 
other cases no CD54 up regulation could be 
detected even after a 96 h incubation period. 



Table I. Influence of in vitro stimulation on C054 expression 

Patient Before culture After 48 h suspension culture 

Without IFN-y WithlFN-y 

% C054pos. % C054pos. % C054pos. 

AMLI (FAB M2) 4 4 5 
AML2 (FAB M3) 2 1 2 
AML3 (FAB M5) 0 95 87 
AML4 (FAB M5) 0 68 56 
AML5 (FAB M4) 11 93 93 
AML6 (FAB MI) 11 85 99 
AML7 (FAB M4) 15 31 41 
AML8 (FAB M4) 17 56 75 
AML9 (FAB M4) 17 29 44 
AMLIO (FAB M2) 28 93 96 
AMLII (FABM4) 29 95 99 
AMLl2 (FAB M5) 30 96 86 
AMLl3 (FAB MI) 31 98 97 

ALLI (c-ALL) 3 75 81 
ALL2 (c-ALL) 15 50 74 
ALL3 (c-T-ALL) 11 7 14 
ALL4 (pre-T-ALL) 65 68 78 
ALL5 (c-ALL) 38 38 44 
ALL6 (c-ALL) 23 18 35 
ALL7 (c-ALL) 6 8 10 
ALL8 (pre-pre-B-ALL) 8 10 
ALL9 (pre-pre-B-ALL) 6 3 4 
ALLIO (c-ALL) 2 1 2 

Percentage of COS4-positive blasts in the 13 AML and 10 ALL cases directly after isolation and after 48 h incuba
tion in SF medium +/- stimulation with 500 IV/ml IFN-y. The FAB subtype of the AMLs and the immunophe
notype of the ALLs are given in brackets FAB, French-American British classification of AML; c-ALL, COIO-; 
c-T-ALL, COlO, C02+; pre-T-ALL, COIO-, C02-, COS-, cor; pre-pre-B-ALL, HLA-DR e, CDI9+, COIO-. 

Stimulation with IFN-y led to CD54 upreg
ulation in 6/10 ALL cases (ALLl-ALL6). In 
4/10 ALLs no CDS4 up regulation was found 
(Table 1). 

Homotypic Cell Aggregation 

11113 AMLs displayed "spontaneous" homotyp
ic aggregation after 24- to 48-h incubation, while 
the size of the multicellular clusters showed con
siderable vanatlOn among the different 
leukemias (Table 2). The number and size of the 
multicellular clusters was markedly (~1 0%) 
enhanced in 5/11 cases (AML7-AMLll, Table 2) 
by the addition of IFN-y to the medium. The 
anti-CD54 MoAb (Clone 84HI0) substantially 
reduced both the "spontaneous" and the "IFN-y 
induced" cluster formation in 8/11 cases, where
as in a further 3 cases (AML3, AML4, AMLl2) 
this MoAb had no detectable effect (Table 2). 

In ALL, "spontaneous" cell aggregation was 
found in 3/10 (ALL2, ALL4, ALL9, Table 2) 
cases. Stimulation with lFN-y enhanced cluster 
formation in 113 cases (ALL2) and additionally 
induced weak cell aggregation in ALL5 (Table 
2). The anti CD54 moAb inhibited spontaneous 
and IFN-y induced cluster formation in all but I 
case (ALL9). The addition of a control antibody 
to the medium had no effect on cluster forma
tion of either AML or ALL blasts, whereas EDT A 
completely inhibited cluster formation in all 
cases under study. 

Discussion 

It was the aim of this study to analyze CD54 dis
tribution on AML and ALL blasts prior to and 
after in vitro culture with or without lFN-y. In a 
second set of experiments the influence of CD 54 
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Table 2. Homotypic aggregation after 48 h incubation 

Patient Without IFN-y With IFN-y (500 IU/ml) 

Medium Anti-CD54 Control Medium Anti-CD54 Control 

AMLl 8 5 8 7 7 
AML2 12 13 11 14 12 12 
AML3 58 58 46 62 68 60 
AML4 63 56 60 68 74 70 
AML5 66 20 64 72 25 72 
AML6 64 12 61 72 20 79 
AML7 56 6 50 72 14 75 
AML8 44 17 45 76 IS 75 
AML9 63 6 60 75 8 80 
AMLlO 55 24 55 75 25 76 
AMLlI 65 14 70 75 17 70 
AMLl2 86 75 80 87 85 83 
AMLl3 70 25 76 70 25 73 

ALLl 5 3 8 7 8 7 
ALL2 27 7 30 44 6 42 
ALL3 5 6 4 7 8 6 
ALL4 23 3 25 30 5 32 
ALL5 5 7 3 26 5 28 
ALL6 5 4 6 5 5 7 
ALL7 5 4 7 5 6 4 
ALL8 4 6 7 5 5 6 
ALL9 56 53 55 55 52 57 
ALLlO 5 6 4 7 8 

Homotypic aggregation of the AML and ALL blasts after 48 h incubation in SF medium in the presence or 
absence of 500 IU/ml IFN-y. The cells were incubated in SF medium alone (Medium), together with a monoclonal 
anti-CD54 antibody, clone 84HIO in a 1:10 (v/v) dilution (anti-CD 54}, or in the presence of a IgG control anti-
body in the same concentration (control). The aggregation score was calculated as described in Material and 
Methods. 

on homotypic aggregation of the blasts was 
analyzed. 

Prior to culture, AMLs and ALLs showed a 
low percentage of CD54 positive blasts, as 
observed by other investigators [9). In agree
ment with previous reports [5, 13) and with our 
own experience with normal monocytes which 
served as a control [14) (data not shown), timed 
incubation of the AML blasts in SF medium led 
to a "spontaneous" up regulation of CD54 ex
pression in 11113 cases. IFN-g was chosen for 
stimulation of the leukemic cells because of its 
known stimulatory effect on CD54 expression in 
a wide variety of cells [2). Compared to previous 
data obtained from normal monocytes [13, 14), 
IFN-y exerted only a moderate effect on the 
AML blasts, in that CD54 up regulation was 
found only in those cases where also "sponta
neous" CD54 up regulation had been observed. 
Furthermore, IFN-y induced CD54 upregulation 
exceeded "spontaneous" CD54 upregulation 
only in a minority of the cases. 

272 

In contrast to AML, only 2110 ALL cases 
showed "spontaneous" CD 54 up regulation, in 
agreement with the fact that "spontaneous" 
CD54 upregulation does not occur in lympho
cytes [13). On the other hand, IFN-y was more 
effective regarding CD 54 up regulation in ALL 
than in AML, in that CD54 expression was also 
induced in cases without "spontaneous" CD 54 
upregulation. This might reflect different regu
lation mechanisms of CD54 expression in 
myeloblasts and lymphoblasts. In myeloblasts 
"spontaneous" CD54 up regulation may corre
spond to the maximal inducible CD54 expres
sion, which cannot be exceeded by additional 
stimulation, e.g. by IFN-y, whereas in lym
phoblasts CD54 expression might be regulated 
at the mRNA level via cytokine stimulation [13). 

In AML evidence for a major role of CD54 in 
homotypic cell aggregation was found, since (1) 
all leukemias which were or became CD54 posi
tive displayed homotypic aggregation, whereas 
the two CD 54 negative cases failed to do so; (2) 



the homotypic aggregation was inhibited/ 
reduced by an anti-CD54 MoAb in 8/11 cases; 
(3) IFN-y enhanced the homotypic aggregation 
in the majority of those cases in which an addi
tional effect of IFN-y on CD54 upregulation 
could be observed. 

In ALL, however, correlation between CD 54 
expression and cell aggregation was less clear, 
since CD 54 up regulation was not paralleled by 
cluster formation in 3/6 cases. Such discordance 
between CD54 surface expression and CD54 
function has already been described for fibrob
lasts [15] and might indicate the need for addi
tional activation of CD54 and/or its ligand(s) 
after surface expression of these molecules in 
order to facilitate cell-cell interaction. 

In 3/11 AML and in 114 ALL cases, the homo
typic aggregation remained unaffected by the 
anti-CD54 MoAb. This indicates that, as has 
been described, (an)other ligand(s) independent 
of the LFA-1IICAM-l system contribute(s) to 
the homotypic aggregation of the blasts [16]. 

Taken together, CD54 expression and its 
functional activity on AML and ALL blasts is 
heterogeneous with respect to (1) its "constitu
tional" expression, (2) its "spontaneous" and 
IFN-y induced upregulation and (3) the ability 
of CD54 surface expression to induce cellular 
interaction. Since "spontaneous" CD54 upregu
lation has been described for monocytes but not 
for lymphocytes [13], the differences in CD54 
expression in AML and ALL blasts may be at 
least in part explained by different regulation 
mechanisms for CD 54 expression in their natur
al counterparts. The fact that in 2/13 AMLs and 
4/10 ALLs no CD54 expression was found may 
lend support to the hypothesis that in some 
AML and ALL cases CD54 expression may be 
defective. Moreover, in AML but not in ALL, 
CD 54 expression is closely correlated to homo
typic cell aggregation. This indicates that while 
on AML blasts CD 54 seems to be functionally 
active once expressed on the surface membrane, 
in at least some ALL cases its function seems to 
be dependent on additional activation. 
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Adhesion Molecule Receptor Profile in Acute leukemia 

M. Reuss-Borst', G. Klein', H.D. Waller', and C.A. Muller' 

Abstract. A large number of leukemic samples 
were investigated for the expression of Pl-, P2-, 
p3-integrins, CD44 and 5 splice variants, the 
selectins and several molecules of the 
immunoglobulin superfamily in order to evalu
ate whether variant expression profiles of adhe
sion molecules are found on leukemic cells in 
comparison to normal CD34+ hematopoietic 
precursors. In summary, adhesion molecules 
such as CD44, LFA-3 (CD58), the pl-integrins 
VLA-4 and VLA-5 and the p2-integrin LFA-I 
(CDlla/CDI8) were found on > 70% of blasts in 
most leukemias. Other adhesion molecules 
seemed to be restricted to specific differentia
tion stages and lineage. The p2-integrins Mac-l 
(CDllb) and gp 150,95 (CDllc) were preferen
tially expressed on AMLs of the differentiated 
subtypes M4 and M5, and NCAM (CD56) was 
found only on a subset of acute myeloid 
leukemias. Unexpectedly, some adhesion mole
cules such as the /31-integrins VLA-I, VLA-2, 
VLA-3 and VLA-6 were expressed on > 70% 
blasts on a subset of leukemias not character
ized by a common phenotype. These molecules 
were not found on normal CD34+ hematopoi
etic precursors of the bone marrow. 
Simultaneously obtained blood and bone mar
row samples generally revealed a higher per
centage of positive blasts in the blood than in 
bone marrow, possibly due to the up-regulation 
of these antigens. The functional significance of 
antigen expression in these cases remains to be 
elucidated; however, our observations suggest 
that in leukemia these antigens are displayed in 
a non-adherent phenotype. 

'Second Department of Internal Medicine 

Introduction 

Close interactions of hematopoietic cells with 
stromal cells and the extracellular matrix have 
been claimed to be of crucial importance for the 
specific homing of hematopoietic precursors to 
the bone marrow [1]. Such cell-cell and! or cell
matrix interactions are mediated by membrane
bound adhesion molecules, which are 
subdivided into different families such as the 
integrin family, which comprises the Pl- (very 
late activation-antigens, VLA), p2-(leukocyte 
integrins) and P3-(cytoadhesins) integrins 
defined by distinct p-chains [2]. The p2-inte
grins are exclusively expressed on leukocytes 
and are only involved in cell-cell interactions, 
while /31- and /33-integrins primarily mediate 
cell-matrix interactions [3, 4, 5]. The integrins 
consist of heterodimers of noncovalently linked 
alpha and beta chains, in contrast to the mem
bers of the immunoglobulin superfamily such as 
ICAM-I (CD54), LFA-3 (CD58) and NCAM 
(CD56), which are characterized by the presence 
of at least one immunoglobulin-like domain 
found within two antiparallel p-strands [6]. The 
members of the selectin family, recently clus
tered as CD62L (L-Selectin), CD62P (P-selectin) 
and CD62E (E-selectinJ comprise cell adhesion 
receptors that contain a single amino-terminal 
lectin-like domain [7]. 

Variant expression patterns of these adhesion 
molecules on hematopoietic cells were attrib
uted to different maturational stages of normal 
hematopoietic precursors, suggesting differenti
ation dependent changes of adhesive properties 

'Section of Transplantation Immunology and Immunohematology, Medical University Clinic, Tiibingcn, Germany 
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during normal hematopoiesis [8,9, 10]. In 
leukemia, the egress of blasts into the peripheral 
blood might thus be facilitated by distinct alter
ations of the adhesive qualities of the leukemic 
cells and/or the stromal components. To evalu
ate this hypothesis, the expressions of various 
adhesion molecules of different families was 
investigated on a large number of leukemic 
samples and compared to their expression on 
CD34+ normal hematopoietic precursors. 

Material and Methods 

Clinical Samples 

Blood and/or bone marrow samples were 
obtained from 42 patients with acute lym
phoblastic leukemia (ALL) and 98 patients with 
acute myeloid leukemia (AML) as well as from 6 
healthy adult bone marrow donors. The diagno
sis of leukemia was based on routine morpho
logical evaluation and cytochemical staining of 
smears using the French-American-British 
(FAB) classification as well as on routine 
immunophenotyping. Only samples with > 70% 
blasts in the differential count were included. 

Monoclonal Antibodies (Moabs) 

Of the ~l-integrins, the moab against VLA-l 
(CD49a) was obtained from Biermann (Bad 
Nauheim, Germany). Moabs against the other 
~l-integrins VLA-2 (CD49b), VLA-3 (CD49c), 
VLA-4 (CD49d), VLA-5 (CD4ge), VLA-6 
(CD4ge) and the common ~l-chain (CD29), the 
~2-integrins LFA-l (CDlla) and gp150/95 
(CDllb), the ~3-integrins VNR-alpha-chain 
(CD5l) and GPIIIa-VNR-~-chain (CD61), the 
selection LECAM (CD62L), ELAM-I (CD62E), 
GMP-140 (CD62P), the members of the 
immunoglobulin superfamily ICAM-I (CD54), 
NCAM (CD56), LFA-3 (CD58 and HCAM 
(CD44) were all purchased from Immunotech 
(Marseille, France). Moabs against five CD44 
splice variants (v5, v6, v7-v8, vlO) were bought 
from Serva (Heidelberg, Germany). Antibodies 
against the ~2-integrins CDllb (llC2E2) and 
CD18 (lIH6) were derived from our laboratory. 

FACS Analysis 

Mononuclear cells were obtained by Ficoll
Hypaque density gradient centrifugation. Single 
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stammg was performed using the indirect 
immunofluorescence technique, with mono
clonal antibodies as first antibody layer and 
F(ab)2 fragments of fluorescein isothiocyanate 
(FITC)-conjugated goat-anti-mouse immunog
lobulins (Dianova, Hamburg, Germany) as sec
ond antibody layer. 

For double labeling experiments cells were 
first stained with the monoclonal antibody and 
developed with goat-anti-mouse FITC; subse
quently, the cells were incubated with excess 
mouse IgG to block free binding sites of the 
FITC conjugate and labeled with the CD34-spe
cific phycoerythrin (PE)-conjugated monoclonal 
antibody HPCA-2 (Becton Dickinson, San Joes, 
USA). 

Fluorescence was evaluated on a FACS IV cell 
sorter (Becton Dickinson, San Jose, USA) as pre
viously described [11]. Dual scatter gates (for
ward x 90° scatter) were set to electronically 
select the blast cell population, of which the fluo
rescence distribution was analyzed. Dual scatter 
gates were also set for gating of the progenitor 
cell population of the normal bone marrow 
specimens. The green fluorescence of the FITC
labeled cells was measured through a 530 nm 
band pass (bp) filter and the yellow fluorescence 
of PE-stained compounds through a 570 nm bp 
filter. After proper compensation with control 
beds the fluorescence intensities (log scale, 4 
decades) and the scatter signals (linear scale) 
were analyzed by a data lister and evaluated on 
an IBM-AT computer using in-house programs. 

Results 

Adhesion Molecules on Normal CD34+ Bone Marrow 
Cells 

The majority of CD34+ cells expressed CD49d 
(VLA-4) and the ~l-subunit CD29. However, 
CD34+ cells did not carry CD49a (VLA-I), 
CD49b (VLA-2), CD49c (VLA-3) or CD49f 
(VLA-6). CD4ge (VLA-5) was only weakly 
expressed on CD34+ cells. Of the ~2-integrins, 
CDlla (LFA-I) and its ~-chain CDl8 were 
detected on > 50-60% CD34+ cells in all inves
tigated cases, while CDllb and CDllc were 
absent on normal CD34+ bone marrow cells. 
The ~3-integrins CD51 and CD6I were not 
found on CD34+ cells. 

The majority of CD34+ cells coexpressed 
CD54 (rCAM-I) and CD58 (LFA-3) while being 



negative for CDS6 (NCAM) and CDl06 (VCAM-
1). All normal CD34+ bone marrow cells 
strongly stained with the antibody directed 
against CD44, but not with moabs against the 
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five investigated CD44 splice variants. L-selectin 
was expressed on 50-60% CD34+ cells, while P
and E-selectin were absent from CD34+ cells 
(Figs. 1,2). 
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Fig. 1. Double fluorescence dot-plot display of CD341 normal bone marrow cells and the ~1-integrins VLA-1, 
VLA-2, VLA-3, VLA-4, VLA-S, VLA-6, the ~1-submit CD29, the ~3-integrins CDS1 and CD61 and the three 
selectins (in upper corners,% positive cells) 
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Fig. 2. Double fluorescence dot-plot display of CD341 normal bone marrow cells and the pZ-integrins COIla, 
COllb, COlle, CDI8, the molecules of the immunoglobulin superfamily C054 (rCAM-I), C056 (NCAM), CD58 
(LFA-3), CD 106 (VCAM-I) and CD44 (in upper corners, % positive cells) 

Adhesion Molecules in Acute Leukemia 

Integrins (P 1, P2, P3) 

Cd49d (VLA-4) was positive on > 70% of the 
blast cell population in 120/123 investigated 
samples. CD4ge (VLA-5) and CD49f (VLA-6) 
were expressed on > 70% of blasts in 45/51 and 
15/29 samples. In only 5143 samples > 70% 
blasts carried VLA-3. VLA-l was positive on 
> 70% blasts in 1/51 and on 30-70% blasts in 
3/51 leukemic samples classified as acute I-lym
phoblastic leukemias. VLA-2 was observed on 
> 70% blast cells in 181123 investigated leu
kemic samples (Fig. 3). Ihe VLA-2+, VLA-3+, 
VLA-5+ and VLA-6 + leukemias did not belong 
to a specific FAB subtype or to a particular 
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immunophenotype. Intraindividual discordant 
expression between blood and bone marrow 
blasts was observed for VLA-2 in 11/33 cases 
with the specimens showing at least 15% more 
VLA-Z+ blasts in the peripheral blood than in 
the bone marrow (Fig. 4). In addition, the four 
VLA-l + samples were all blood derived; the 
simultaneously obtained bone marrow samples 
lacked VLA-l expression. 

CDlla and CD18 were expressed on the 
majority of cells from 1491157 leukemic samples 
irrespective of the subtype of leukemia. CDllb 
and CDllc were more heterogeneouly distrib
uted, with a higher percentage of CDllb + and 
CDllc+ cells in AML than in ALL. In addition, 
CDllb and CDllc were more frequently 
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Fig.3. Typical box-plot display of VLA-2 and VLA-4 expression on leukemic cells in acute leukemia according to 
different leukemic subtypes (median values and 25th and 75th percentiles are presented) 
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Fig. 4. Intraindividual differences in the expression of VLA-2 on bone-marrow and blood-derived blasts of 33 
patients; for patient 33, values were obtained at first diagnosis and relapse 

expressed on M4/M5 leukemias than on undif
ferentiated subtypes. The ~3-integrins CDS1 and 
CD61 were found only on a small proportion of 
cells in a few leukemias. 

Adhesion Molecules of the Immunoglobulin Superfamily 

CD 58 was carried by > 70% leukemic cells in 
33/37 c-ALL and l3/17 T-ALL samples. The 
overwhelming majority of AML samples carried 
CDS8 on > 70% of the leukemic cells, with only 
2/113 AML specimens being CDS8 negative. 
CD 54 (ICAM-l) was more heterogeneously 
expressed in leukemia with l3/S6 ALL samples 
having> 70% ICAM-1 + blasts. In AML, CDS4 
was expressed on > 70% cells in 49/113 samples. 
The NK cell associated NCAM (CDS6) was never 
observed on lymphoblastic cells, but 4/22 AML
M1, 7/30 AML-M2, 3/42 AML-M4 and 3/12 
AML-MS specimens carried CD56 on > 70% of 
blasts. 

(D44 and Splice Variants 

HCAM (CD44) was expressed on > 70% of 
leukemic cells in 167 investigated samples, being 
negative in only one AML-MS and one c-ALL 
specimen. In contrast to normal CD34+ cells 
the CD44 variants were found in 3/9 AML speci
mens on a small percentage ofleukemic cells. 
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Selectins 

P-selectin was positive in 1 M7 leukemia out of 
34 investigated AML specimens. E-selectin was 
observed on > 70% of blasts in 2 leukemic sam
ples of the AML-MS subtype. In addition, E
selectin was carried by 10-S0% of blasts in 7 
AML specimens of the M1, MS and M7 subtypes. 
The most widely distributed select in, however, 
was L-selectin, which was detected on > 70% 
blasts in 2/13 ALL and 9/34 AML samples. 

Discussion 

Some adhesion molecules were expressed on 
almost all investigated leukemic specimens, as 
well as on the majority of CD34+ normal bone 
marrow precursors. This applies for the lym
phocyte-homing receptor HCAM (CD44), 
recently identified as a cell-surface receptor for 
hyaluronate and fibronectin, and the ~l-inte

grins VLA-4 and VLA-S. In contrast to these 
ubiquitously expressed adhesion molecules, the 
~2-integrins CD11b and CD11c were restricted 
to the more differentiated M4 and M5 subtypes 
of myeloid leukemias, as previously suggested 
[12]. Remarkably, the NK cell associated antigen 
CDS6, also known as neural-cell adhesion mole
cule (NCAM), was never observed on lym
phoblastic leukemias, but it was expressed on a 



subset of myeloid leukemias not defined by a 
distinct clinical, phenotypic or F AB subtype 
[11). The cytoadhesin CDSI and the common 
~3-chain (CD61) were only found on a limited 
percentage of blood-derived blasts in very few 
leukemias. 

Interestingly, some ~-integrins were variably 
expressed in leukemias but not on normal 
CD34+ hematopoietic precursors. These mole
cules were VLA-I and VLA-2 with binding affin
ity to the extracellular matrix proteins laminin, 
collagen I and collagen IV, VLA-3 binding to 
collagen I, fibronectin and laminin and VLA-6, a 
receptor for laminin. Most of these variably 
expressed surface antigens are known to be reg
ulated in their cellular and humoral environ
ment by a wide range of cytokines which may be 
produced by the leukemic cells themselves [13). 
Thus, the expression of VLA-I, VLA-2, VLA-3 
and VLA-6 might be induced by local cytokine 
activity. Interestingly, analysis of simultaneous
ly obtained blood and bone marrow samples 
from individual patients tended to reveal higher 
percentages of VLA-antigens on the blood
derived blasts, possibly due to the up-regulation 
of these antigens. Whether higher surface levels 
of these antigens in fact correspond to enhanced 
ligand binding remains to be elucidated. prelim
inary functional studies show that VLA antigen 
expression does not necessarily correlate with
binding affinity to the extracellular ligands. 
However, adhesiveness is a highly dynamic 
process, and cells that display adhesion mole
cules on their surface may rapidly convert from 
a non-adherent to an adherent phenotype by 
conformational changes without changes in the 
level of surface expression [14]. The observation 
that leukemic cells tend to express even more 
adhesion molecules than normal bond marrow 
precursors could therefore imply functional 
inactivity of these antigens. 
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Expression of Adhesion Molecules on Blood Derived CD34 Positive Cells 
Immediately After Thawing and After Ex Vivo Incubation with Cytokines 

Mi. Koenigsmann, Mo. Koenigsmann, M. Notter, C. Miicke, E. Thiel, and W.E. Berdel 

Abstract. In order to understand the role of spe
cific cell adhesion for stem cell engraftment after 
autologous transplantation we investigated the 
expression of adhesion molecules on blood 
derived CD34 positive cells from cancer patients 
immediately after thawing and after ex vivo 
incubation with or without cytokines. Peripheral 
blood progenitor cells were collected by leuka
pheresis after conventional chemotherapy and 
G-CSF given during the recovery phase. Aliquots 
were used for our study. The buffy coat cells 
were analyzed either fresh or after cryopreserva
tion in liquid nitrogen. CD34 positive cells were 
enriched by immunomagnetic microbead seper
ation. CD34 and adhesion molecules were 
detected simultaneously by dual-color flow 
cytometry. Immediately after thawing we saw 
bright signal intensities for the integrin subunits 
CD29, CDI8, CD49d, CD41, and for CD44. Dim 
intensity was found for CD4ge, CD61 and for the 
selection CD62L. We did not detect CD49a, 
CD49b, CD49c, the beta 4 integrin subunit, 
CDSl, CD62P, and the CD44 splice variants 
V6,V7,V7-8. On fresh cells, i.e. before cryop
reservation, CD62L, CD49d, CD4ge, CD29, and 
CD18 were brightly expressed on most CD34 
positive cells. Some molecules were studied on 
thawed cells after 14 h of incubation in human 
AB serum. Without cytokine addition, an 
increase in signal intensity was seen for CD62L 
and CD29. The addition of a cytokine cocktail 
containing recombinant human G-CSF, SCF, IL-
3, and IL-11, each at 100 nglml did not clearly 
change the signal intensities for these adhesion 
molecules. We conclude that: (1) immediately 

after thawing, the expression of some adhesion 
molecules like CD62L and CD4ge on CD34 posi
tive cells is decreased while it is maintained for 
others like CDI8; (2) ex vivo incubation for 14 h 
leads to re-expression or increased expression of 
CD62L and C029; (3) high concentrations of G
CSF, SCF, IL-3 and IL-ll do not clearly modulate 
rapid re-expression of these adhesion molecules. 

Introduction 

Specific cell adhesion is necessary for stem cell 
engraftment after transplantation. Similarly as 
for leukocyte emigration, a sequence of adhesion 
molecules might be involved from the moment 
of intravenous stem cell transfusion until the 
seeding of the cells within the bone marrow 
matrix [I]. Cytokines are known to regulate the 
expression of adhesion molecules [2] and at the 
same time to promote hematopoietic recovery in 
vivo [3]. In order to delineate the possible role of 
specific cell adhesion molecules for stem cell 
engraftment after autologous transplantation we 
investigated their expression on blood derived 
CD34 positive cells from cancer patients in four 
different situations: (1) immediately after thaw
ing (the situation at transplantation); (2) before 
freezing (material freshly obtained from the 
patient); (3) after thawing and overnight incuba
tion with AB serum; (4) after thawing and 
overnight incubation with a cytokine cocktail 
comprising G-CSF, IL-3, SCF and IL-II. The 
adhesion molecules investigated in this study 
are: the selection CD62L, the PI through P4 inte-
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grin subunits with respective a chains as well as 
CD44 and some of its splice variants. 

Material and Methods 

Peripheral blood progenitor cells from cancer 
patients were collected by leukapheresis (COBE 
Spectra) after conventional chemotherapy and 10 
Ilglkg/day s.c. G-CSF given during the recovery 
phase. Aliquots of fresh or frozen cells were used 
for our study with the patients, informed con
sent. CD34 positive cells were enriched to 
74 ± 14% purity by immunomagnetic microbead 
separation (Miltenyi Biotech, Cologne, FRG) 
using the monoclonal antibody QBEND-lO. The 
expression of CD34 (HPCA2) and adhesion mol
ecules were detected simultaneously by dual 
color analysis using a FACScan flow cytometer 
with the Lysis II software (Becton & Dickinson). 
A 14-h incubation of enriched CD34 positive 
cells was done with 10% human AB serum alone 
or with addition of cytokines comprising recom
binant human G-CSF (Rhone-Poulenc Rorer, 
Cologne, FRG), stem cell factor (Amgen GmbH, 
Munich, FRG), IL-3 (Behringwerke AG, Marburg, 
FRG), and IL-II (R&D Systems, Abingdon, UK), 
each at concentration of 100 ng/m!. 

The following adhesion molecules were 
assayed by F ACS: 

CD designation 

CD62L 
CD6ZP 
CD29 
CD49a-e 
CDlS 
CD41 
CD61 
CDSI 

CDl04 
CD44 

Results 

Common name 

L-selectin 
P-selectin 
PI integrin subunit 
al through as integrin subunits 
PZ integrin subunit 
megakaryocyte glycoprotein IIb/JIIa 
P3 integrin subunit gp IIIa 
a, integrin subunit (vitronectin 
receptor) 
P4 integrin subunit 
hyaluronic acid receptor 

Expression of Adhesion Molecules 
on C034 Positive Cells Immediately After Thawing 

Bright signal intensities were seen for the inte
grin subunits Cd29 (~1), CDlS (~2) , CD49d (a4) 
for CD41 (gpIIb/IIIa), and CD44. Dim intensity 

was found for the selectin CD62L and the inte
grin subunits CD4ge (as) and CD6l (~3 or 
gpIIIa). We did not detect expression of the 
integrin subunits CD49a (aI), Cd49b (a2), 
CD49c (a3), CDl04(64), CDsl (av), the selectin 
CD62P, and the CD44 splice variants V6, V7 and 
V7-S (Fig. la,b). 

Expression Before Freezing 

On fresh leukapheresis samples a significantly 
higher expression was detected for CD62L (Fig. 
2a) and CD4ge when compared to cryopreserved 
samples. For CD49d and CD29 there was a small 
difference, however a similar trend was seen. 
(Fig.2b). 

Expression After Thawing and Overnight Incubation 
with AB Serum 

Some molecules were studied after 14 h of incu
bation in human AB serum. Compared to time 0 
immediately after thawing, a clear increase in 
signal intensity was seen for CD62L and CD29 
(Fig. 3a and b). 

Expression After Thawing and Overnight Incubation 
with a Cytokine Cocktail Comprising 
G-CSF, IL-3, SCF and IL-" 

In comparison to AB serum alone the addition 
of the cytokine cocktail did not consistently fur
ther change the signal intensities for the adhe
sion molecules CD62L or CD29 (Fig. 3a, b). 

Discussion 

Immediately after thawing and enrichment of 
peripheral blood derived CD34 positive cells 
from cancer patients, several adhesion mole
cules like CD29, CDIS, CD49d, CD41, and CD44 
are brightly expressed. Dim intensity was found 
for the selectin CD62L, CD4ge, and CD61. We 
did not detect CD49a, CD49b, CD49c, the beta 4 
integrin subunit, CDsI, CD62P, and CD44 splice 
variants V6, V7, V7-S. 

Cryopreservation decreases the expression of 
some adhesion molecules like CD29, CD4ge, and 
CD62L on CD34 positive cells, while expression
is maintained for others like CDI8. Possible 
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Fig. la,b. Expression of CD34 and adhesion molecules on mononuclear cells immediately after thawing and 
enrichment for CD34 positive cells. a Fluorescence intensity (Fl) for CD34 on the X-axis (FL-l) versus the indi
cated adhesion molecules on the Y-axis (FL-2). b Cumulative data 1: standard deviation from three or more 
repeat experiments 
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Fig. 2a,b. Effects of cryopreservation on adhesion molecule expression. a Freshly obtained vs thawed leuka
pheresis products from the same patient after enrichment for CD34 positive cells were analyzed for CD62L 
expression. Data are plotted as in Fig. lao The fraction as well as the mean channel number of CD62L positive 
cells was higher on fresh cells than on thawed CD34 positive cells. b Cumulative data from at least three experi
ments showing decreased expression for several adhesion molecules after cryopreservation 

mechanisms leading to the decreased expression 
are physical destruction of the surface protein 
structure by cryopreservation, shedding of the 
protein from the surface, or internalization. 

Ex vivo incubation in un supplemented AB 
serum for 14 h leads to re-expression or increased 
expression of C062L and C029. These molecules 
are therefore candidates for playing a role during 
engraftment. However, the expression of adhe
sion molecules itself does not necessarily imply 
their activity. Additional stimuli might be 
required. For example, fibronectin binding of T 
cells by ~ l-integrin receptors can be increased by 
stimulating receptor avidity or by altering events 
after receptor occupancy [4]. Therefore, adhesion 
tests will show whether the expression of these 
receptors is associated with function. 

Molecules like C049a, CD49b, and CD49c 
might not contribute to the immediate phase of 
engraftment since they are not expressed either 
before cryopreservation or after 14 h of exvivo 
incubation. However, the possibility still exists 
that different cytokines or other factors might 
increase the expression of these molecules. Also, 
for times exceeding 14 h after transplantation 
these receptors could still playa role. 

High concentrations of G-CSF, SCF, IL-3, and 
IL-ll do not consistently contribute to inducing 
rapid re-expression of these adhesion molecules. 
Therefore, ex vivo incubation of stem cells with 
these cytokines might not improve engraftment, 
at least not by the regulation of adhesion recep
tor expression. The potential effects of short
term ex vivo incubation of progenitor cells on 
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Fig. 3a,b. Re-expression of adhesion molecules on cryopreserved CD34 positive cells after ex vivo incubation 
with serum or cytokines. a Immediately after thawing TIME 0 the fraction of CD34 positive cells expressing CD29 
and CD62L is relatively low. Re-expression is seen after 14 h ex vivo incubation with AB serum alone or with 
additional SCF, IL-3, IL-Il, and G-CSF at 100 ng/ml each. b Increased expression ofCD62L after serum incuba
tion shown in four different experiments with cells from three different patients. No additional effect was seen 
after the addition of cytokines (SCF+IL-3+ IL-II +G-CSF) 

engraftment, however, have to be further 
explored by using different cytokines, by testing 
other adhesion molecules and by functional 
adhesion tests. 
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Cytomorphology and Clinical Outcome in 80 Patients 
with AML M4Eo and Inversion 16 

T. Haferlachl, H. Lofflerl, J.M. Bennett2, J.W. Andersen', W. Gassmann!, R. Schoch!, E. Paietta" P.A. Cassileth', 
C. Fonatsch', C. Schoch', B. Schlegelberger', R. Becher', E. Thiel', W.-D. LudwiglO, M.C. Sauerlandll , 

A. Heineckell , and T. Biichnerl2 for the AML Cooperative Group and the ECOG 

Abstract. We analyzed specific cytomorphologi
cal aspects and treatment results in 80 patients 
with AML M4Eo and inversion 16. All patients 
were treated according to protocols of the 
AMLCG (n=60) or the ECOG (n=20). Several 
morphological features, including myelodyspla
sia, did not influence the remission rate or prog
nosis in this cohort_ The complete remission 
rate was 89%. Resistance to chemotherapy is 
therefore a rare event in AML M4Eo. For the 
AMLCG patients the relapse-free survival rate 
was 48.2% at 8 years. Thus, patients with AML 
M4Eo have a good prognosis in comparison to 
many other subtypes of AML. Allogeneic bone 
marrow transplantation should no longer be 
considered the treatment of choice in first com
plete remission in patients with AML M4Eo. 

Introduction 

Acute myelomonocytic leukemia with abnormal 
eosinophils (FAB AML M4Eo) is a distinct sub
type of AML carrying specific clinical, morpho
logical, cytogenetic, and prognostic features_ It is 

characterized by a myeloblastic/monocytic infil
tration of the bone marrow accompanied by a 
more or less prominent fraction of pathological 
eosinophils [1-3]. The abnormal eosinophils con
tain dysplastic immature granules, which are 
larger, more irregular, and more frequent than 
the basophilic granules of the normal eosinophilic 
precursors. These eosinophils usually make up 
3-40% of the nucleated marrow cells and are pos
itive for naphthol-AS-D-chloroacetate esterase 
staining, in contrast to normal eosinophils [4-6]. 
In 1983 cytogenetic analysis revealed a pericentric 
inversion of chromosome 16 in cases with the 
specific bone marrow morphology of M4Eo[7]. 
Thus, one can predict the cytogenetic result of 
inv(16) in almost any case of AML M4Eo and vice 
versa. Prognosis of AML M4Eo with inv(16) has 
been reported to be better than the prognosis of 
the other entities of AML combined AML M4Eo is 
considered to be one of the three subgroups of 
AML with the best prognosis, together with the 
FAB subtypes AML M3 with t(15;17) and AML 
M2(1) with t(8;21) [3,8-11]. 

So far, in AML M4Eo most of the published 
data were collected from heterogenous patient 
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populations treated with various chemothera
peutic regimens. We have analyzed treatment 
results for patients with AML M4Eo and detec
tion of inv(l6) in AMLCG and ECOG studies. 
Treatment schedules were comparable. 

Material and Methods 

We analyzed morphological features and treat
ment response of SO patients with inversion 16 
and the morphological appearance of AML 
M4Eo who underwent aggressive chemotherapy 
in two cooperative study groups (AMLCG: 
n=60; ECOG: n=20). All bone marrow smears 
were reviewed for this analysis by the authors 
(T.H. and H.L. for the AMLCG patients; T.H. 
and I.M.B. for the ECOG patients). Cytological 
examination included bone marrow smears and 
blood smears, if available, stained with the fol
lowing cytochemical reactions according to 
standard procedures: Pappenheim (AMLCG) or 
Wright-Giemsa (ECOG), myeloperoxidase or 
sudan black B, non-specific esterase (NSE), and 
naphthol-AS-D-chloroacetate esterase[ 2]. FAB 
criteria were used for the definition of blasts 
type I, II, or III [12, 13] and for the definition of 
myelodysplasia [14]. Treatment schedules were 
comparable and included thioguanine, ARA-C, 
mitoxantrone, daunorubicin or idarubicin 
[IS-IS]. 

Median age was 44 years (range 19-73); 3S 
female and 42 male patients were studied. 
Remission data were available for all patients. 
Survival data were available only for patients 
treated bythe AMLCG. Relapse-free survival was 
calculated using the method of Kaplan and 
Meier [19]. The log-rank test was used for the 
comparison of survival curves [20]. 

Results 

Cytomorphological Results 

The percentage of blasts type I, II, and III com
bined, including monoblasts [12, 13] ranged 
between 45 and 90% (mean 66%); the percent
age of monoblasts and monocytes ranged be
tween 12 and 41% (mean 24%). Erythropoiesis 
was decreased to 3-25% (mean S%). Auer rods 
were seen in Pappenheim (Wright-Giemsa) 
staining or with myeloperoxidase in 31 % of the 
patients. 

The number of abnormal eosinophils with 
basophilic granules in the bone marrow that led 
to the morphological diagnosis of AML M4Eo 
ranged between 1 and 31 % (mean 10%). In con
trast to normal eosinophils, some of these 
abnormal eosinophils were positive for 
chloroacetate esterase, as has been described as 
typical for AML MEo and inv(l6). In 43 cases up 
to 10% of pathological eosinophils were 
observed in the bone marrow; in another 26 
cases the percentage of eosinophils varied 
between 11 and 20%; in II cases more than 20% 
of abnormal eosinophils were detectable. 
Having in mind the diagnosis of AML M4Eo in 
the bone marrow, we were able to detect up to 
10% of pathological eosinophils (mean 2%) in 
29/59 available peripheral blood smears (49%). 
The NSE for monocytes and monoblasts was 
positive in 5-20% of the cells in 3S% of the 
patients; in 29% it ranged between 21 and 30% 
and in one third it was positive for more than 
30% of the bone marrow cells. Thus, the FAB 
criteria for AML M4-"more than 20% of the 
cells are of the monocytic lineage and positive 
for NSE" [I]-are not fulfilled in 3S% of our 
cases with AML M4Eo. Therefore it is important 
that the result of the NSE staining should not 
lead to the diagnosis of AML "M2"Eo: one has 
to consider that NSE is sometimes very weak in 
cases with inv(l6). With Pappenheim or Wright
Giemsa staining the calculated percentage of 
mono blasts and monocytes was higher (see 
above). 

Dysplasia was analyzed according to standard 
criteria [14]. Dysgranulopoiesis (DysG) was 
observed in 14 patients (17%); two patients had 
DysG in combination with dysmegakaryopoiesis 
(DysM). IS patients had only DysM. One patient 
had DysM combined with dyserythropoiesis. 
Only one patient had trilineage dysplasia. In the 
majority of all cases (43/S0 patients, 54%) no 
dysplasia was detectable (Table 1). 

Treatment Results 

Response to chemotherapy was excellent in 
patients with AML M4Eo and inv(16): 71180 
patients (89%) achieved a complete remission, 
six patients experienced early death, and 3 
patients no remission (Table 2). 

Dysplastic features, the percentage of blasts, 
and the absence or presence of Auer rods did 
not influence the treatment results or survival 
data. 
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Table 1. Clinical and morphological data in 80 
patients with AML M4Eo and inv(16) 

Number Percentage 
of patients 

Male 42 53 
Female 38 47 
Age (median 44 years) 
ECOG 20 25 
AMLCG 60 75 
AUERrods 
no 55 69 
Yes 25 31 
No dysplasia 43 54 
Dysgranulopoiesis 14 17 
Dyserythropoiesis 4 5 
Dysmegakaryopoiesis 18 23 
Trilineage dysplasia 1 1 

Table 2. Treatment results in 80 patients with AML 
M4Eo and inv(I6) 

Complete remission 
Early death 
No remission 

Number 

71 
6 
3 

AML-COOP .GROUP 
TOTAL 

~ 
:> oc 
::> 
(f) 

f
Z 
W 
o 
oc w 
a... 

100 

25 

Percentage 
of patients 

89 
7.5 
3.5 

YEARS SINCE TAD9 
(43.BMON .• 44.6X) 

At the time of this analysis survival data were 
available only for patients treated in the 
AMLCG: The overall survival for the 60 patients 
in the AMLCG was 44.6% at 8 years, with no 
relapses observed in 13 patients after 3 years 
(Fig. 1). The corresponding relapse-free survival 
rate was 48.2% (Fig. 2). Four patients underwent 
allogeneic bone marrow transplantation. 
Survival data were censored at transplantation 
and did not influence the long-term results 
reported in this study. 

In comparison to an AMLCG subgroup that 
excluded patients with AMLM4Eo, AML M3 and 
AML Ml or M2 with t(8;21) the survival was 
better for patients with AML M4Eo (p=0.0138, 
Fig. 3). 

Discussion 

AML M4Eo with inversion 16 is a specific sub
type of AML. Pathological eosinophils with 
distinct morphological and cytochemical char
acteristics are detectable in the bone marrow 
and allow one to predict that the inversion 16 
should be present. These pathological eosino
phils show positive reaction with naphthol-AS
D-chloroacetate-esterase staining in contrast to 
normal eosinophils. Several years ago this phe
nomenon led to the prediction that these 
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Fig. 1. Overall survival in 60 patients with AML M4Eo and inv(16) treated in the AMLCG. The remission rate was 
90% 
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Fig. 2. Relapse-free survival in 54 patients with AML M4Eo and inv( 16) treated in the AMLCG 
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Fig. 3. Patients with AML M4Eo and inv(16) in comparison to an AMLCG subgroup that excluded patients with 
the following characteristics: AML M4Eo or AML M3 with t(15;17) and AML M2 or Ml with t(8;21) (p = 0.0138) 

eosinophils define a specific subtype of acute 
leukemia [4]. In 1983 the detection of a specific 
chromosomal aberration-the inversion 16-
was correlated with this specific morphology in 
cases of AML M4Eo [7]. 

In recent years several studies were able to 
demonstrate that patients with AML M4Eo and 

inv(16) had a better prognosis than patients 
with other subtypes of AML [8, 21-23]. Our 
analysis was performed to confirm treatment 
outcome in AML M4Eo in a group of patients 
with comparable treatment protocols. 

The remission rate was 89% in 80 patients 
treated in the AMLCG and the ECOG. Primary 
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resistance to chemotherapy was a rare event in 
AML M4Eo. Others also found the highest 
remission rate in AML in patients with AML 
M4Eo [7, 21, 24-26]. These corresponding re
sults obviously demonstrate that patients with 
inv(16) normally achieved complete remission 
after the first course of chemotherapy or-in 
rare cases-experienced early death. Thus, very 
intensive supportive care may lead to even bet
ter results. 

Although some patients relapsed, the 8 year 
relapse-free survival rate for 60 patients treated 
in the AMLCG was 48.2%. This is comparable to 
the survival rates of patients with AML and 
t(8;21) and with t(15;17) before ATRA and is 
much higher than in all other subtypes of AML 
combined [3, 10]. 

Specific bone marrow features such as dys
plasia, percentage of blasts, presence of Auer 
rods, and percentage of pathological eosinophils 
did not influence the prognosis in our patients. 

In conclusion, AML M4Eo with inv(16) is a 
subtype of AML with specific cytomorphological 
features and a corresponding cytogenetic aber
ration. The remission rate is very high, and the 
relapse-free survival is better than in many other 
subtypes of AML. Our results should lead to a 
modification of the treatment approach in AML 
M4Eo: if clinical, hematological, and cytogenetic 
analysis reveal a complete remission in patients 
with AML M4Eo, allogeneic bone marrow trans
plantation should no longer be considered the 
treatment of choice in first complete remission. 
Recently, monitoring for minimal residual dis
ease in AML M4Eo has become possible using 
the polymerase chain reaction [27-31] or flou
rescence in situ hybridization [27, 28, 32, 33]. 
These techniques should be included in the diag
nosis and for the detection of minimal residual 
disease and may help to modify treatment 
strategies for every patient in the future as well. 
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Abstract. During remission induction chemother
apy, a fragment of ai-antitrypsin (ai-AT) can be 
observed in the urine of patients with acute 
myeloid leukemia (AML). By using immuno
blotting, patients with various hemato-oncologi
cal diseases were screened for this inhibitor 
fragment. In 74% of AML patients, the protein 
was detected. Mean peak excretion was found to 
be 6.7 ~g/mg creatinine (cr). The protein could 
also be detected in one out of 10 ALL and three 
out of 15 lymphoma pateints, but not in patients 
with solid tumors, infections, kidney diseases or 
healthy donors. Among the AML patients, those 
who responded completely to induction chemo
therapy exhibited significantly higher concen
trations of this protein than the non-responders 
(9.5 vs. 1.5 Ilg/mg cr). The probability of median 
time to reach remission was significantly shorter 
in patients excreting the inhibitor fragment than 
in the non-excreters (40 vs 100 days). In addi
tion, Kaplan-Meier analysis revealed that overall 
survival differed significantly when using a best 
cut-off strategy, which showed that patients with 
> 3 ~g/mg cr had a median survival of 28 
months compared with 10 months in the group 
with < 3 Ilg/mg cr. The data presented here are 
the findings of a pilot study with a limited num
ber of patients. Future studies with larger 
patient numbers are required to confirm 
whether or not the excretion of proteolyzed a l -

AT could be a marker for response and progno
sis in AML patients. 

Introduction 

Although progress has been made in the treat
ment of acute myeloid leukemia (AML) during 
the past 20 years in that the percentage of 
patients entering remission has increased, more 
than 50% still relapse within the first 3 years after 
diagnosis, and most of these patients eventually 
succumb to their disease. Therefore, a stratifica
tion of subgroups by means of indicators for high 
or low risk would aid in the choice of the most 
appropriate treatment for an individual patient. 
Prognostic factors in AML are, however, limited, 
with age and FAB-subtype-associated cytogenet
ics being the only discriminators currently used 
in clinical practice [1, 2]. These parameters are, 
moreover, applicable to only a minority of 
patients. As stated in a recent article, "the use of 
prognostic factors in therapeutic decision making 
for patients with AML is still in its infancy" [3]. 

The response to induction chemotherapy, i.e. 
the extent of cytoreduction and the time to 
reach remission, seems to be one of the most 
powerful indicators for prognosis [4]. However, 
there are hardly any parameters predictive for 
achievement of remission [5]. 
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It was therefore our intention to develop a 
marker which could be detected easily, non
invasively and sequentially. We have thus 
screened the urine of AML patients for proteins 
and found that a 41-kDa glycoprotein appears 
during remission induction chemotherapy [6]. 
This molecule was purified to homogeneity and 
specific monoclonal antibodies raised against it 
which showed crossreactivity with a,-antit
rypsin (a,-AT), also termed a,-proteinase 
inhibitor [7]. Molecular characterization revea
led that the inhibitor was proteolytically inacti
vated [8]. By using immunoblotting we have 
recently screened the urines of AML patients 
and found that the excretion of this protein (0.,-
AT41) correlates with therapy response [9]. In 
the study presented here we investigated 
whether the inhibitor fragment can be used as a 
prognostic marker. 

Materials and Methods 

Patients 

Urine samples of 27 AML patients were investi
gated. In addition, 10 patients with ALL, 18 with 
non-Hodgkin's lymphomas, 2 with hodgkin's 
disease, 13 with solid tumors, including gonadal 
teratocarcinoma, synovial sarcoma, neuroblas
toma, rhabdomyosarcoma, breast cancer, col
orectal cancer, and non-small cell lung cancer, 7 
with kidney diseases, including nephrotic syn
drome, and 20 healthy subjects were screened 
for the a,-AT fragment. 

Treatment 

Twenty four patients with AML received 
chemotherapy according to the German AML 
Cooperative group [10], by induction chemo
therapy with TAD. Patients under the age of 60 
years were treated with early intensification with 
HAM, and all patients received a second course 
of TAD. Three patients received the DA V regi
men [11]. ALL patients were treated within the 
German ALL Multicenter study [12]. High-grade 
lymphoma patients received COPBLAM or 
COHEPP, low-grade lymphoma patients either 
COP, CAP, NoSte or fludarabine. Solid tumor 
patients were receiving either high-dose poly
chemotherapy or low-dose palliative chemo
therapy. 

Definition ofTherapy Response in AMl 

Cytoreduction was assessed by microscopic 
evaluation of marrow aspirates on day 14 and 
before the second course. According to the 
Cancer and Leukemia Group B [13], patients 
were grouped as responders « 5% residual 
blasts), partial responders (5-25% blasts) or 
non-responders (> 25% blasts). Remission was 
defined as (a) complete remission, when patients 
achieved normalization of peripheral blood (no 
blasts, > 3000/~1 granulocytes, 100 000/~1 plate
lets) or (b) partial remission « 5% blasts, 
> 10001~1 granulocytes, > 50 000/~1 platelets). 

Urine Processing 

Early morning urine was collected two or three 
times per week during the first 28 days of thera
py. After centrifugation, the samples were stored 
at - 20°C until use. Thawed samples were again 
centrifuged at 8000 g for 10 min and super
natants concentrated 2-1O-fold using Centrisart 
tubes according to the creatinine value to cor
rect for differences in protein contents as 
described [14]. 

Assay of a,-AT4' 

Urinary proteins were boiled for 5 min and 
mixed 1:1 with sample buffer including 2% SDS, 
0.15 M Tris-HCI and 5% ~-mercaptoethanol and 
run in an ultrathin 4-22% polyacrylamide gel 
electrophoresis system with a maximum current 
of 1200 V, a power of 50 rnA and 30 W for 3 h at 
5°C. Separated proteins were transferred onto a 
polyvinylidene difluoride membrane (Immo
bilon P) by Western blotting with 10 V, 150 rnA, 
5 W at 20°C for 32 min in a semidry buffer sys
tem [15]. aI-AT and its fragments were specifi
cally detected with a monoclonal antibody 
prepared against the proteolyzed urinary 
inhibitor as described [8] and detected by a sec
ond biotin-labeled anti-mouse antibody and 
streptavidin-conjugated peroxidase and the 
reaction visualized by 3,3' diaminobenzidine 
plus nickel-cobalt enhancement [16J. 

After drying, the protein bands on the blot 
membrane were subjected to computer-assisted 
laser scanning densitometry by integration of 
the area under the peaks. Quantitation was 
obtained by comparison with a serial dilution of 
purified a ,-AT41 , yielding a standard curve as 
described [8). 
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Statistics 

Statistical analysis was performed using the 
BMDP software package (BMDP Project, 
Academic Computing and Network Services, 
Northwestern University, Evanston, Ill) on a 
CDC Cyber NOSIVE computer. Differences in 
a]-AT4] levels among the patient groups were 
analyzed by either the Mann-Whitney U test or 
the Kruskal-Wallis test at a significance level of 
p < 0.05. Cumulative time to reach remission, 
relapse-free survival and overall survival, as well 
as the best cut -off values, were calculated by the 
actuarial method of Kaplan and Meier [17]. The 
statistical significance of the obtained differ
ences was tested wtih the Log rank test [18]. 

Results 

Of the 27 AML patients, 20 (74%) were found to 
excrete the 41 kDa inhibitor fragment in their 
urines. Mean peak excretion (the highest value 
during the collection period) was 6.7Ilg/mg cre
atinine (cr), with a range from 1.1 to 41 Ilg/mg. 
One out of ten ALL and three out of 13 NHL 
patients also had detectable amounts in their 
urines. In all other investigated patients, includ
ing those with nephrotic syndrome, who exhib
ited marked proteinuria, the protein could not 
be detected, at least within the detection limit of 
the assay (1 Jlglmg cr). Within the AML 
patients, 11 of the 12 responders had measur-

100 

90 

Iii 
80 , 

> 70 

able amounts of the fragment, with a median 
peak value of 9.5 Ilg/mg cr. In contrast, 4 of 7 
non-responders excreted the protein, with a 
median concentration of 1.5 Ilg/mg cr. Partial 
responders had intermediate values (5.0 Ilg/mg). 
When responders and partial responders were 
taken together and compared with the non
responders, the difference is statistically signifi
cant (p < 0.05, Mann-Whitney U test). In a 
second step, the excretion of a]-AT4] was corre
lated with time to reach remission. 19 evaluable 
AML patients receiving TAD as the induction 
protocol were separated into two groups, i.e. 
those with and those without detectable 
amounts of a]-AT4], and the cumulative time to 
reach remission compared. The analysis showed 
that those patients excreting the fragment 
achieved remission in a significantly shorter 
time than the non-excreters (median 40 vs 100 
days, p < 0.05, log rank test). 

Next, the follow-up data of remission dura
tion and survival were analyzed and the a]-AT4] 

values searched for a cut -off point to separate 
different groups. Figure 1 shows the result for 
relapse-free survival (RFS) when a cut-off of 3 
Ilg/mg cr is used. Although the difference is not 
statistically significant, a trend can be observed, 
i.e. the patients excreting more than 3 Ilg/mg cr 
have a longer RFS. In the group excreting 
< 3 Ilg/mg cr, RFS is zero after 9 months, where
as in the higher excretion group a plateau is 
reached at 20% after 3 years. Figure 2 compares 
the two groups with the same cut-off in respect 
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Fig. 1. Cumulative probability of relapse· free survival (RFS) in 19 AML patients treated according to the German 
AMLCG separated by a cut-off of 3 Jlg/mg creatinine <x1·AT41 peak excretion 
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Fig. 2. Overall survival of 19 AML patients separated into two groups by a cut-off of 3 fig/mg creatinine 
a,-AT41 peak excretion 

to overall survival. It is evident that the patients 
in the group with > 3 Ilg/mg cr live significantly 
longer than those in the group below this value 
(P < 0.05, log rank test). 

Discussion 

We have recently reported that a fragment of 
a!-AT can be observed in the urine of AML 
patients during remission induction chemother
apy [8]. At present, we believe that the inhibitor 
is truncated in plasma by proteinases released 
from the myeloid blast cells. By using an immu
noenzymatic assay, the amounts of this protein 
were correlated with cytoreduction and an asso
ciation was found in that adequate blast cell 
clearance is accompanied by higher values of a l -

AT4! than partial or non-response [9]. 
The results presented here indicate that this 

marker could be valuable for the discrimination 
of prognostically different subgroups of 
patients. However, the data stem from a small 
number of patients and should therefore be 
interpreted with caution until results of a larger 
trial, which is currently planned, become avail
able. 

In addition, some aspects of the assay and the 
mode of detection have to be improved. First, 
the densitometric scanning of immunoreactive 
protein bands, although reported as quantitative 
and comparable to standard radioimmunoas-

says [19], is in our opinion a rather semiquanti
tative technique. Thus, our aim is to generate an 
antibody specific for a l-AT41 and unreactive 
with the native 53 kDa inhibitor, which would 
enable us to establish a sandwich type enzyme 
linked immunosorbent assay. Second, the tim
ing of sample collection appears to be crucial; 
daily urine collection and integration of the 
whole excretion of the protein is rather labori
ous, but an estimation of a single sample proba
bly does not reflect quantitative excretion of the 
fragment. Although we observed that the values 
of day 14 roughly reflect the integrated total 
excretion, the correlation was not statistically 
significant. Thus, the excretion of a,-AT4 ' dur
ing the induction period has to be studied in 
more detail in more patients to find the best 
time for sample collection. 

In conclusion, we present evidence that a 
fragment of a,-AT found in the urine of AML 
patients during the induction period is associat
ed with cytoreduction, time to reach remission 
and survival, and might thus contribute to the 
search for prognostic markers in this disease. 
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Studies on Plasma Coagulation in Children with All Undergoing Therapy 
Using the COAll-OS-92 Protocol 

S. Eckhof-Donovan, R. Kirschke, I. Michelmann, D. Korholz, D. Schwamborn, and U. Gobel 

Abstract. A survey conducted in 1993 in patients 
undergoing treatment using the COALL proto
col revealed that not only the use of venous 
catheters, but also the induction phase as well as 
the administration of asparginase, represented 
risk factors for thrombosis. In order to better 
understand plasma coagulation activity during 
these phases of treatment, detailed coagulation 
activity during these phases of treatment, 
detailed coagulation analysis was performed. 
Eleven girls and 10 boys suffering from ALL, 
whose age at the time of diagnosis ranged from 
1.4 to 13.1 years and whose leuocyte count at 
diagnosis between 1,100 and 1,258,000/f.!1, 11 
were treated; according to the high-risk (HR) 
and 10 according to the low risk (LR) protocol 
of COALL 05-92. Coagulation activation para
meters: thrombin-antithrombin-III complex 
(TAT), modified antithrombin III (ATM), pro
thrombin fragment (Fl +2); anticoagulatory 
parameters: antithrombin (AT Ill), protein C 
(PC); parameters of fibrinolytic capacity: plas
minogen activator inhibitor (PAl), plasminogen 
(Plmg), antiplasmin (AP). Evaluation of the 
available data shows coagula tory activity is 
increased in both the HR and LR groups (higher 
median values for TAT, ATM and Fl+2). 
Median values for AT III remained within the 
reference values. PC values were low, particular
ly following ASP administration. The median 
values for P AI were within the normal range in 
both groups in all phases of treatment, and all 
other measured fibrinolytic parameters were 
also unremarkable. Not only at the time of diag
nosis, but also during therapy, children with 

ALL have been shown to have increased coagu
lation activity which does not cause serious 
derangement of fibrinolytic capacity. Protein C 
would appear to be a more inconsistent parame
ter than AT III. 

Introduction 

Coagulation disturbances and thrombotic com
plications in the treatment of acute lymphoblas
tic leukemia in childhood are a frequently 
discussed issue. There are several different pro
tocols that can be used for therapy of ALL in 
childhood. Our interest was to document expe
riences with the COALL-protocol, which was 
designed by the German Society for Pediatric 
Oncology and Hematology [1,2]. In 1993, a 
questionnaire was sent to all participating cen
ters to see whether the clinical manifestation of 
thrombotic events or hemorrhagic infarctions 
appears to be a relevant problem [3]. In 286 
patients the overall thromboses frequency was 
2.1% (6/286). In 1.4% (4/286) patients a conti
no us venous catheter, for example a Broviac 
catheter, could be regarded as thrombotic risk 
factor. Two patients (0.6%) developed throm
botic events without a contributing risk 
factor-so called idiopathic thromboses. Only 
one patient developed intracranial thrombosis, 
namely a sinus sagittalis superior thrombosis. 
He survived, but suffered from severe neurolog
ical complications. With regard to the time of 
thrombotic events during therapy, induction 

University Children's Hospital Dusseldorf, Clinic for Pediatric Hematology and Oncology, Moorenstr. 5, 40225 
Dusseldorf, Germany 
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therapy and application of asparaginase seemed 
to enhance thromboses [3]. 

To find out whether there are thrombogenic 
risk phases during treatment using the CO ALL-
05-92 protocol, we planned detailed coagulation 
studies during therapy. 

Material and Methods 

Therapy Protocol 

The COALL-05-92 protocol consists of a "high
risk" and a "low-risk" version. High and low-risk 
criteria include age, WBC and immunological 
type of ALL. Basic elements of the protocol are 
pre-induction, induction, intensive, CNS, rein
duction and maintenance therapy. The main dif
ference between "low-risk" and "high-risk" 
therapy is that each element of intensive therapy 
is repeated in the high-risk group. In addition, 
cyclophosphamide is added to the first element 
of intensive therapy. We summarize the combi
nation chemotherapy and dosages in Table 1. 
Unless explicitly mentioned, E.coli asparaginase 
(medac, Germany) was used for treatment. 

Patients Characteristics 

Twenty-one patients from the University Child
ren's Hospital DUsseldorf took part in our study. 
Characteristics at the time of diagnosis: sex, 11 
female and 10 male; median age, 3.8 years 
(range 1.4-13.10 years); median WBC, 20, 150/~1 
(range 1,l00/~1-1,258,000/~1); 10 low-risk pa
tients, 11 high-risk patients. 

None of our patients developed a thrombotic 
event during the study period. 

Samples 

Samples were taken during pre-induction thera
py, induction and intensive therapy, since those 
periods seemed to be most interesting with 
regard to our basic question. As therapy is still 
,running, the number of samples is not always 
complete in the single investigated period. 
During pre-induction and induction, therapy 
samples were taken by direct venous puncture 
or with the help of a peripheral venous line. 
During intensive therapy, most patients had a 
Broviac catheter as a continuous central venous 
catheter. Samples were diluted 1:10 with sodium 
citrate, centrifuged at 620 g for 10 min and 
stored at - 70°C. 

Laboratory Analysis 

All coagulation studies were performed using 
commercially available reagents and methods. 
Routine coagulation analysis consisted of PTT, 
PT, TT, fibrinogen, F.Il, F.V, and F.VIl, and will 
not be discussed further. 

Antithrombin III (Chromogenix, Sweden) 
and protein C (Chromogenix) were measured as 
coagulation inhibitors. Coagulation activation 
was investigated with the help of thrombin
antithrombin-III complex TAT (Behring, 
Germany), modified antithrombin III ATM 
(STAGO, France) and prothrombin fragment 
FI +2 (Behring). Plasminogen activator 
inhibitor PAl (Chromogenix), plasminogen 
(Chromogenix) and antiplasmin (Chromog
enix) are participants of the fibrinolytic system 
and were investigated to get information about 
possible involvement. 

Table l. Combination ch~motherapy for patients on the COALL-05-92 high-risk protocol during the investigated 
penods DNR, daunorublcm; VCR: vl~cnstme; CYC, cyclophosphamide; MTX, methotrexate; ASP, asparaginase 6 
MP, 6 mercaptopunne; VM 26, tempos Ide; ARA-C, adriamycine; 6 TG, 6 thioguanine; d, daily 

Pre-induction Induction Int. la Int. Ib Int. 2a Int. 2b Int. 3a Int. 3b 
Day-7 1,8,15,22 30,31,33 45,46,48 57,59 69,71 86,87,89 105,106,108 

DNR VCR CYC CYC MTX MTX ARA-C ARA-C 
36mg/m' 1.5 mg/m2 900mg/m' 900 mg/m2 1 g/m' 1 g/m' 3g/m' 3g/m' 

DNR MTX MTX VM26 VM26 ASP ASP 
36 mg/m' 1 g/m' 1 g/m' 165 mg/m' 165 mg/m2 45,000/m' 45,000/m2 

ASP ASP ARA-C ARA-C 
45,000 U/m' 45,000 1m' 300 mg/m' 300mg/m2 

Prednisone p.o 6MPp.o 6MPp.o 6TGp.o 
60mg/m'd 100mg/m2/d 100mg/m'/d 100mg/m2/d 

MTXi.th MTXi.th. MTXi.th. MTXi.th. MTXi.th. 
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Results During Pre-induction Therapy 
and Mode of Interpretation 

Reference values for each parameter were con
firmed by a pool of 20 healthy adults. All values 
of one patient during one therapy period were 
summarized as median value. In the following 
description we speak of "elevated" values when 
the median is above the reference values, and of 
"lowered" values when the median is below. 

As the very first observations of coagulation 
studies during therapy might be most influenced 
by the disease as such, we chose the pre-induc
tion period to demonstrate that we could not find 
significant differences between the two groups 
with regard to the investigated parameters. 
Therefore we did not differentiate between the 
two risk groups in the following presentation. 
Pathological values during pre-induction therapy 
are only found within the coagulation activation, 
and low-risk patients show even more coagula
tion activation than high -risk patients. 

Median Values of Low-Risk Patients 

As can be seen in Table 2, coagulation activation 
can be found in nearly all investigated periods. 
Particularly pre-induction, induction and the 
first part of intensive therapy seem to be in
volved. Another striking result is the lowering of 

Int. 3) in combination with lowering of plas
minogen (Int. I) 

Median Values of High-Risk Patients 

The results are quite similar, but plasminogen 
levels remain low even longer (Int. la, lb, 2a), 
combined with low antiplasmin (Int. Ib) and 
elevation of plasminogen-activator-inhibitor 
levels (Int. 2a). The decrease in protein C seems 
to be connected with application of asparaginase 
(Int. la, Ib, 3a, 3b) (Table 3). 

Median Values Under Asparaginase Therapy 

In order to obtain more information on B.eoli 
asparaginase (ASP) therapy, blood sampling was 
intensified as follows: I day before ASP 
(day-I), shortly before ASP (day 0), I day after 
first application of ASP (day + I), shortly before 
second application (day +2), I day after second 
application (day +2), 2 days after second appli
cation (day +3), 3 days after second application 
(day +4). As ASP application is similar in both 
versions, we did not differentiate between high 
and low risk. We did not include results from 
the Erwinia-ASP-treatment (last intensive thera
py element oflow risk). More data are needed in 
order to compare the two forms of ASP with 
regard to the investigated side effects. 

Table 2. Results during the low-risk protocol TAT; (thrombin-antithrombin-III complex; ATM, modified AT III; 
FI +2, prothrombin fragment; PC, protein C; AT III antithrombin III; PAl, PLGN-activator-inhibitor; PLGN plas-
minogen; AP,antiplasmin 

Parameter Pre-Induction Induction Int. 1 Int. 2 lnt. 3 Int. 4 
(reference) median median median median median median 

(range) (range) (range) (range) (range) (range) 

TAT 44.6 4.8 4.7 6.9 4.8 4.0 
(1.0-4.lng/l) (8.5-60.0) (1.8-25-1) (2.5-24.7) (0.5-16.7) (2.3-6.8) (2.5-60.0) 
ATM 37 27 14 30 18 20 
( <20ILg/m 1) (10-49) (23-39) (4-26) (23-76) (3-47) (8-104) 
FI+2 5.0 1.5 1.7 1.7 1.1 1.2 
( < 1.1 mmo1l1) (1.9-9.4) (0.8-5.4) (0.9-4.4) (0.7-3.6) (0.8-1.8) (0.7-7.5) 
PC 99 100 60 94 60 74 
(70-100%) (69-100) (90-100) (30-100) (49-100) (43-85) (58-100) 
AT III 128 148 79 99 91 96 
(>70%) (92-190) (126-194) (38-140) (70-140) (56-116) (60-134) 
PAl 11 13 20.5 16 11 14 
«24 U/ml) (7-37) (2-28) (4-30) (14-38) (4-15) (2-23) 
PLGN 108 102 53 94 70 78 
(70-135%) (98-125) (85-133) (9-101) (62-108) (11-98) (38-125) 
AP 101 105 83 92 75 88 
(>70%) (77-136) (90-136) (53-126) (40-110) (51-110) (5H27) 
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Table 3. Results during the high-risk protocol 

Parameter Pre-Induction Induction Int.la Int. Ib Int. 2a Int. 2b Int. 3a Int. 3b 
(reference) median median median median median median median median 

(range) (range) (range) (range) (range) (range) (range) (range) 

TAT 3.7 4.4 4.2 3.5 6.8 5.6 3.2 3.2 
(1.0-4.1 ng/I) (3.4-15.2) (1.0-25.0) (1.0-9.3) (1.1-11.7) (2.4-18.0) (0.6-12.7) (1.0-25.0) (1.0-9.8) 
ATM 40 97 19 25 45 33 18 17 
( < 20 Ilg/m1) (37-48) (39-105) (0-40) (15-64) (31-71) (29-41) (17-25) (11-33) 
F!+2 1.5 1.5 1.2 1.2 3.6 1.6 1.6 0.9 
( < l.l mmol/I) (1.5-3.2) (0.5-5.8) (0.7-2.0) (0.7-1.8) (1.8-6.9) (1.0-1.8) (0.9-6.2) (0.8-1.6) 
PC 98 100 55 55 80 92 70 66 
(70-100%) (83-100) (93-100) (25-100) (27-100) (61-105) (67-100) (32-100) (41-124) 
AT III 122 146 83 77 95 110 96 95 
(>70%) (90-130) (100-200) (60-154) (45-112) (83-128) (87-122) (67-128) (70-146) 
PAl 6 17 18 14 25 10 13 16 
«24 U/ml) (1-8) (5-37) (2-26) (4-34) (5-40) (4-15) (3-34) (8-37) 
PLGN 92 94 51 44 69 91 83 72 
(75-135%) (72-100) (86-123) (35-169) (26-83) (53-91) (48-120) (51-101) (51-103) 
AP 91 104 97 60 98 99 102 94 
(>70%) (79-103) (68-131) (42-133) (28-106) (79-105) (90-113) (55-119) (68-105) 

One of the most striking results is that even Otherwise no substitution therapy was neces-

before ASP application coagulation activation sary in the presented patients, even though there 

can be shown with the same parameters as were individual patients with AT III values 

explained before. During therapy, a reduction of below reference limits. 

plasminogen and protein C levels appears. The 

ASP-dependent deficiency is demonstrated in 

Fig. l. Discussion 
The AT III median remained within reference 

values as before. The lowest value for AT III was The described data show that the antileukemic 
38% in a patient who reacted very sensitively to treatment using the COALL-OS-92 protocol is 
ASP with all parameters. She received subsitu- associated with coagulation activation during 
tion therapy with AT III concentrate on day + 2. the investigated periods of treatment. As we 

(% ) 0 Plasminogen 

• Protein 
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Fig. 1. Median values and ranges of protein C and plasminogen during E.co/i-ASP treatment: 1 day before ASP 
(day-I) shortly before ASP (0) I day after first ASP (+ 1), shortly before second ASP (+2), I day after second 
ASP (+ 3),2 days after second ASP (+4) 
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could show earlier, patients with ALL show acti
vated coagulation even before chemotherapy 
[4]. We could not show a clear enhancement of 
this finding during ASP therapy. Mitchell et al. 
[5] described similar results: at presentation, 
three of four plasma markers of in vivo throm
bin activity (e.g. TAT and FI + 2) were increased 
in children with ALL. This increased thrombin 
generation was also documented throughout 
treatment. In our studies there was a remarkable 
reduction of the coagulation inhibitor protein 
C, and sometimes plasminogen as well. AT III 
appeared much more dependable. These find
ings are confirmed by earlier studies under 
a different therapy protocol [6,7]. Risseeuw
Appel et al. [8] investigated 20 children under a 
Dutch chemotherapy protocol that was based 
upon the BFM 86 study. They found that 
asparaginase only had minimal effect on the 
coagulation system. The overall effect is 
described as a slight imbalance towards throm
bosis mainly because of gradual decrease of pro
tein C activity. 

Our data confirm this statement. In contrast 
to the above mentioned protocol, the COALL-
05-92 protocol does not include asparaginase 
during induction therapy. This appears as an 
advantage, as prednisone and the destruction of 
leukemic cell mass themselves attribute to 
thrombogenic risk. Previously published inves
tigations have supported the separation of 
induction therapy and ASP application [9,10]. 

In our study, AT III median values were with
in reference values, but we know from other 
studies that AT III levels may be reduced as well 
[6,11]. As mentioned before, some individual 
patients in our study group developed AT III 
deficiency. 

As protein C seems to react most sensitively 
to ASP therapy, a procoagulable state can be 
assumed during this period of treatment. 
Protein C takes part in coagulation inhibition as 
well as in activation of fibrinolysis [12]. 
Impairment of fibrinolysis caused by protein C 
deficiency is therefore also possible. 

Manifestation of thrombosis is a frequently 
discussed issue when dealing with ALL treat
ment in children. Combination of potentially 
thrombogenic drugs is a possible reason [ll,13j. 
Asparaginase causes a depletion of l-asparagin. 
Besides selective leukemic cell killing, other 
organ systems suffer from a temporary impaired 
protein sysnthesis. This can mean acquired defi
ciency of coagulation factors and their inhibi-

tors. But probably this effect is only part of a 
complex thrombogenic situation. 

Referring to our initial question of whether 
we can find a connection between the clinical 
manifestation of thrombotic events described in 
a large group of patients [3] and plasma coagu
lation investigated in our study group, we think 
that reduced protein C and probably AT III lev
els on the basis of activated coagulation predis
pose to thrombotic events during ASP therapy. 
Any additional risk factor, for example a central 
venous catheter or combination with other thro
mbogenic drug such as prednisone, enhances 
the development of thrombotic complications. 
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Methods for Detection of Minimal Residual Disease 

I.F. San Miguel' and I.I.M. van Dongen2 

General Considerations 

The available treatment strategies for patients 
with leukemia results in a high complete remis
sion rate, defined as < 5% detectable neoplastic 
cells by light-microscopic examination. How
ever, many patients will eventually relapse due 
to persistence of low numbers of malignant cells 
that are undetectable by conventional cytomor
phological techniques whose detection limit is 
1-5 leukemic cells among 100 normal cells. The 
leukemic cell load under this level is called 
"minimal residual disease" (MRD). Owing to 
this patients are indiscriminately subjected to 
post-remission treatment to eliminate MRD, 
with the risk of certain cases being either under
and over-treated. Therefore, more sensitive 
techniques for detection of lower frequencies of 
leukemic cells are needed [1, 2]. These will allow 
us to evaluate the effectiveness of treatment 
through a more precise assessment of the tumor 
mass in order to predict impending relapses 
prior to clinical manifestations. The final goal of 
these studies is to establish a base for the design 
of patient-adapted post-remission treatments 
which would reduce the risk of both relapse and 
over-treatment. In addition, these studies will 
help to achieve a better assessment of the quality 
of bone marrow or peripheral blood stem cells 
scheduled for autologous transplantation and to 
tackle the important question of whether com
plete eradication of neoplastic cells is really 
mandatory for the cure of patients. 

Techniques for MRD can be classified 
depending on the cellular structure identified 

[1]: (a) overall characteristics of the neoplastic 
cells, such as the morphology and the in vitro 
colony growth; (b) cytogenetic characteristics, 
evaluated either by conventional chromosomal 
analysis or fluorescence in situ hybridization 
(FISH); (c) the antigenic immunophenotype of 
blast cells assessed by multiparametric flow 
cytometry; (d) DNA content aneuploidy detect
ed by flow cytometry; and (e) DNA sequences, 
analyzed either by Southern blot or polymerase 
chain reaction (peR). 

The general strategy in MRD detection is 
based on the identification at diagnosis of singu
lar leukemic cell characteristics that permits one 
to distinguish them from residual normal cells. 
According to these characteristics (cytogenetics, 
immunophenotypic, or molecular), a custom
built probe will be established at diagnosis for 
the identification of possible residual leukemic 
cells during follow up. The efficacy of the differ
ent techniques available for the detection of 
MRD are based on : (aJ specificity (to discrimi
nate malignant from normal cells, without false
negative and positive results); (b) sensitivity 
(detection limit); and (c) reproducibility and 
applicability( easy standardization and speed in 
collecting results for the clinical application) 
(Table 1); (Fig. 1). 

Morphology 

The sensitivity of morphological analysis is low 
since, as mentioned above, it ranges between 1: 
20 and 1: 100, which is equivalent to a residual 
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Table l. Applicability of MRD techniques 

B-ALL 
T-ALL 
AML 
B-Cr. LPD 
B-NHL 
CML 

Immuno
Phenotype 
(%) 

90 
90 
80 

peR 
Analysis 
(%) 

100 
100 
30-40 
100 

100 

The percentages indicate the possibility for MRD 
detection within each group of AL. 

cell mass of 1010_1011 malignant cells. Moreover, 
special difficulties emerge to distinguish regen
erative bone marrow from MRD [3]. 

Cytogenetics and FISH 

Cytogenetics has the advantage that chromo
some aberrations are specific leukemic markers. 
In addition, it permits the identification of many 
chromosomal changes within a sample. 
However, the sensitivity lies within the range of 
morphology since it only permits the detection 
of one leukemic cell among 20 normal cells. It 
should also be taken into account that the cyto
genetic aberration may persist for a long time 
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after complete remission has been achieved, and 
that a clonal selection could be induced when 
cells are being cultured in order to obtain cell 
mitosis [4]. 

Fluorescence in situ hybridization (FISH) is a 
rapid technique for detection of chromosomal 
abnormalities not only in metaphase cells but 
also in cell nuclei in interphase. Although 
probes for all recurring abnormalities are not 
yet available, the number is rapidly expanding. 
This technique is particularly advantageous for 
studying clonal chromosomal markers in slowly 
dividing cells such as multiple myeloma and 
other chronic lymphoproliferative disorders [5]. 
The sensitivity of centromeric probes for detec
tion of trisomies is I %, while in monosomies, 
due to possible artifacts, it is even lower (10%). 
Nevertheless, when two or three trisomies co
exist, the signal points within a single cell 
become multiplied and thus the error chances 
decrease, leading to a sensitivity of 10-4 [6]. An 
additional attractive possibility of the FISH 
technique is the detection of chromosomal 
translocations by means of specific genomic 
probes. Several groups, including our own, are 
currently using this strategy to identify the t(9; 
22)(BCR-ABL) [7] and probably soon molecular 
targets for t(8; 14), t(4; 11), t(8; 21), t(9; 11), etc. 
will become available. The combined analysis at 
single cell level of FISH, immunophenotype, and 



morphology represent an elegant approach for a 
comprehensive characterization of individual 
cells, with a high degree of sensitivity and speci
ficity since leukemic cells are identified by a 
triple marker: chromosome/antigen/morpholo
gy [8]; nevertheless, this is a rather complex and 
time-consuming approach for routine MRD 
studies. 

Cell Cultures 

Cell culture techniques have also been used for 
the investigation of MRD [9-11]. Clonogenic 
leukemic cells (Colony-forming units lymphoid 
CFU-L), sharing the same chromosomal abnor
mality as the leukemic blast cell at diagnosis, 
have been detected in patients in morphological 
complete remission [11]. Moreover, the CFU-L 
are more sensitive for MRD detection than 
uncultured bone marrow cells since it has been 
shown the former displayed gene rearrange
ments that were undetectable in the fresh bone 
marrow cells [10, 11]. These findings support 
the clinical observation that patients in com
plete remission with a high number of CFU-L 
have a higher incidence of relapse [10]. 
However, it should be mentioned that CFU-L 
may persist in some patients that remain in full 
complete remission for many years and who are 
theoretically cured [12]. Thus, these would cor
respond to false-positive results unless these 
CFU-L were really not the clonogenic cells 
responsible for disease progression. A different 
approach to exploit cell cultures for detection of 
MRD could be based on the alteration in the 
normal growth pattern of CFU-granulocyte 
macrophage (CFU-GM) due to the persistence 
ofleukemic hemopoiesis [13 J. We have recently 
observed that the sequential investigation of the 
CFU-GM growth pattern may be helpful to pre
dict acute myeloblastic leukemia (AML) relapse. 
In our experience, the proliferation pattern does 
frequently change during evolution. All patients 
that switched from an abnormal to a normal 
growth pattern remain in contino us complete 
remission, while three out of five patients that 
showed the opposite switch (normal to abnor
mal) have relapsed. Thus, for the assessment of 
the real value of these analyses, sequential fol
low-up studies are mandatory, while single
point studies are not of value. 

DNA Aneuploidy 

Another alternative for MRD investigations is a 
DNA content study that permits the detection of 
an aneuploid peak by flow cytometry. The sensi
tivity of this technique is low since it requires 
the presence of a difference of DNA content of 
at least 5%. Nevertheless, the use of simultane
ous staining for DNA content and precise anti
gens that identify the malignant clone may 
increase the sensitivity to 10 .l [14]. 

Immunophenotype 

Immunophenotypic analysis is theoretically an 
optimal method for MRD investigation due to 
its speed and simplicity with a sensitivity rang
ing from 10- 3 to 10 '. However, it has the disad
vantage of a lack of leukemic-specific antigens 
with the exception of some proteins resulting 
from gene fusions such as BCR-ABL or EZA
PBXI, but monoclonal antibodies (MAbs) for 
these latter markers are not yet available. In 
general, single immunologic marker analysis is 
not suitable for distinguishing leukemic cells 
from their normal counterpart because, as men
tioned above, antigens found on leukemic cells 
are also expressed by normal hematopoietic 
cells [15-19]. One exception is the use of anti
bodies to terminal deoxynucleotidil transferase 
(TdT) to study meningeal infiltration in TdT+ 
cases ofleukemia and lymphoma because TdT+ 
cells are normally absent from the cerebrospinal 
fluid [20]. The use of large panels of MAbs in 
double and triple combinations, analysed at flow 
cytometry, has shown that leukemic cells fre
quently display aberrant phenotypic character
istics that allow the distinction of leukemic from 
normal cells [14, 15, 17, 18,22-24]. The three 
most important types of phenotypic aberrations 
are: lineage infidelity (i.e. expression of lym
phoid-associated antigens in myeloid blast cells 
or vice-versa); maturational asynchronous anti
gen expression (i.e, CD34/CD20 or CD34/CD56) 
and increased intensity of antigen expression 
over-expression [1, 14-16]. In our experience, 
73% of AML patients display an aberrant pheno
type at diagnosis [23], and the incidence of aber
rancies in B-lineage acute lymphoblastic 
leukemia (B-ALL) and T -ALL patients is 72% 
and 100%, respectively [24]. With the use of the 
specific combinations, optimal reagents, and 
appropriate flow-cytometric strategies, this 
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approach enables the detection of one leukemic 
cell among 105 normal cells. Two possible pit
falls of this technique are the presence of more 
than one leukemic subpopulation at diagnosis 
and phenotypic switches at relapse. If several 
immunophenotypic different subpopulations 
are detected, it will be necessary to investigate 
all of them during follow up since perhaps a 
minor one may be the resistant subclone 
responsible for relapse. In 85% of our AML 
patients, two or more cell subpopulations were 
detected at diagnosis, and frequently these 
included small subclones represented by < 10% 
blast cells [25]. Phenotypic switches may occur 
and their incidence has not been clearly estab
lished in either AML or ALL. Although pheno
typic changes are apparently common, they do 
not usually affect the criteria used for defining a 
phenotype as aberrant [15, 22]. In our experi
ence, only 16% of AML patients, 22% of T -ALL, 
and 19% of B-ALL displayed changes in the 
aberrant phenotypes. 

Molecular Biology 

Finally, probably the most promising tool for 
detection of MRD is the investigation at molecu
lar level of two types of tumor-specific markers: 
(a) clone-specific junctional regions generated 
physiologically through immunoglobulin (Ig) 
and T cell receptor (TCR) gene rearrangements 
or by illegitimate V(D)J recombinase activity 
(e.g., SIL-TALl); and (b) disease-specific fusion 
regions of oncogenes involved in chromosomal 
translocations (e.g., PML/RAR)[17, 21, 26, 27]. 
These leukemia specific molecular targets can be 
analyzed by Southern blot or PCR. The first has 
a low sensitivity 1:102, while PCR allows the 
detection of up to one leukemic cell among 
1 million malignant cells; thus the latter is the 
molecular technique of choice for MRD detec
tion [17, 26]. The strategy for the study of 
rearranged Ig and TCR includes the PCR analy
sis of the junctional region and the direct 
sequencing of the PCR products using oligonu
cleotide primers. Based on the obtained 
nucleotide sequence, junctional region-specific 
oligonucleotide probes are designed for detec
tion of residual leukemic cells [17,27-30]. This 
strategy may be used not only for ALL but also 
for some AML patients [10%-30%] that display 
inappropiate rearrangements of Ig and TCR 
genes [17, 31]. The study by PCR of fusion 
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regions of genes involved in chromosomal 
translocations requires that the breakpoint 
should occur at a constant region of small size 
«2 b). The variability in translocation break
points precludes in many cases their study at the 
DNA level. However, these translocations fre
quently produce leukemiaspecific fusion 
mRNAs which can be used as PCR targets after 
reverse transcription into cDNA (RT-PCR) [17, 
26]. The clinical value of these studies is still 
controversial. In B-ALL it has been shown that, 
at the end of therapy, a negative peR result of Ig 
rearrangements does not exclude eventual 
relapse [32]. By contrast, it has been postulated 
[33] that in patients with acute promyelocytic 
leukemia, the persistence of positivity for RT
peR to detect the PML/RAR fusion gene corre
lates highly with subsequent relapse, while the 
presence of serial negative results is associated 
with good prognosis. Some other chromosomal 
abnormalities may persist of long time, making 
therapeutic decisions especially complicated. 
Thus, the AMLl/ETO fusion gene resulting from 
the t(8; 21) in M2 leukemias can be detected in 
patients in continuous complete remission for 
> 5 years [26]. 

In these studies it is also very important to be 
aware of the limitations and pitfalls of peR tech
niques: (a) false-positive results can be caused 
by amplification of sequences of normal cells or 
leukemic debris. Positive and negative controls 
must be included in all assays. In order to pre
vent cross-contamination, particularly with 
techniques based on RNA targets, the separation 
oflaboratory space for DNA and RNA is impor
tant; special care must be taken following ampli
fication, and those samples should be handled in 
a hood; (b) false-negative results may originate 
from samples of poor quality, control for 
DNA/RNA degradation is mandatory in these 
cases. In addition, Ig and TeR rearrangements 
may display oligoclonality at diagnosis and 
clonal evolution at relapse which can cause 
false-negative results if these gene junctional 
regions used for MRD detection [29,30]. 

Although the real value of MRD studies 
remains controversial, and a definitive answer 
will not be reached until longitudinal prospec
tive studies enrolling large number of patients 
are carried out, some consensus has already 
emerged based on the available data: 

1. Sequential studies are mandatory in MRD 
investigations. 



2. Single-point results have a very low value, 
especially during the early phase of treat
ment. 

3. In some maliganancies it could take several 
years to eradicate all malignant cells (or the 
molecular abnormalities, e.g., AMLl/ETO). 

4. The switch from negative to positive results 
(two consecutive samples) predicts impend
ing relapse. 

5. The number of residual cells at the end of 
induction treatment has prognostic implifi
cations. 

6. The predictive value of these tests may vary 
among diseases. Independent evaluation of 
each neoplasia is necessary. 

The data emerging from some on-going 
European and American cooperative studies will 
contribute to a final confirmation of whether or 
not MRD detection can really be used to adapt 
future treatment strategies in order to prevent 
both under-and over-treatment in patients with 
leukemia and lymphoma. 
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Introduction 

During the last two decades substantial 
improvement has been made in the treatment of 
children with acute lymphoblastic leukemia 
(ALL). Chemotherapy alone induces complete 
clinical and hematologic remission in almost 
every patient and achieves cure rates of 75% [I, 
2]. Progress in the treatment of adult ALL 
patients is less pronounced with long-term 
remissions in about 30% of cases [3]. This infe
rior outcome is at least partly explained by dif
ferences in the incidence of biologically defined 
leukemia subentities between both age groups 
[4]. In particular, BCR-ABL-positive ALL, the 
most aggressive ALL subtype, is observed in a 
third of the adults, but only in 4% of childhood 
ALL [5]. One major challenge of to day's oncolo
gy is therefore to guarantee a timely diagnosis of 
prognostically relevant entities and to design 
more efficient treatment strategies for respective 
patients, the latter being undoubtedly the more 
difficult task. 

Since most relapses originate from neoplastic 
cells escaping therapeutic intervention, sensitive 
methods are required in order to detect impend
ing recurrences prior to clinical manifestation 
or to determine the quality of a morrow sched
uled for autologous transplantation. On the 
other hand, an insufficiently characterized 
group of eventually cured ALL patients, particu
larly children, may in fact receive over-treat
ment and face adverse long-term effects. In this 

context, the introduction of polymerase chain 
reaction (PCR) techniques [6] has set new stan
dards for the monitoring of leukemia patients 
by permitting the detection of as few as one 
leukemia cell within 104_106 normal cells in 
more than 90% of ALL cases. In the following, 
we will briefly discuss PCR studies which are 
hoped to ultimately provide a rationale for the 
design of patient-adapted treatment protocols. 

Molecular Marker Categories 

In principle, two marker systems can be used for 
PCR analyses in ALL patients. Probably the 
more important one is based on the unique pat
ten of immunoglobulin (Ig) or T cell receptor 
(TCR) gene recombinations characterizing every 
ALL patient [7, 8]. Since the three landmark 
reports from 1989 on PCR strategies utilizing 
rearranged IgH [9], TCRy [10], or TCRo [11] 
loci, respectively, various techniques have been 
proposed for the generation of clonospecific 
junctional probes and their consecutive applica
tion to detect minimal residual disease (MRD). 
It is possible to design consensus primers which 
recognize the majority of V or J elements of a 
given Ig or TCR locus or, alternatively, to syn
thesize specific amplifiers that hybridize to indi
vidual V or J segments. The amplification 
product may then be isolated and directly used 
as a probe or, following sequence analysis, a 
junction-specific oligomer can be prepared. Yet 
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other approaches comprise the usage of a single
sided oligonucleotide primer or PCR-mediated 
RNAse protection analysis (for a review see 
[12, 13]). Recent modifications include the 
introduction of selection steps by usage of 
biotinylated PCR products in order to reduce 
unspecific background signals or the application 
of synthetic oligomers representing Ig or TCR 
junctions as clonospecific primers for consecu
tive rounds of amplification rather than as 
clonospecific probes [14-16]. Such adaptations 
improve and facilitate significantly the detection 
of MRD in ALL patients (Fig. 1). Extensive 
analyses of the IgH, TCRr, and TCRo loci from 
ALL patients, namely by the group of van 
Dongen [7,8,17-19], paved the way for the 
monitoring of MRD in principally all T-ALL 
cases and more than 90% of B-lineage ALLs. A 
limited set of restriction enzymes, well charac
terized probes and oligomers allow the initial 
identification of suitable Ig/TCR marker loci by 
Southern blotting and the consecutive amplifi
cation and sequencing of junctional regions. 

However, since more than 50% of ALL patients 
show changes in Ig and TCR recombination pat
terns between diagnosis and subsequent relapse 
that may prevent the detection of leukemia cells if 
affecting the junctional region represented by the 
clonospecific probe [20], it appears mandatory to 
use at least two independent markers in order to 
confirm results derived from the application of a 

single PCR approach. False-negative results may 
also be caused by the focal persistence of residual 
leukemia cells [12]. This pitfall is of course associ
ated with any type of MRD diagnostic and can 
probably not be avoided. 

Illegitimate V(D)J recombinase activity at the 
TCRo/o: gene cluster mediates a 90-kb deletion 
on chromosome 1 p32 that results in the fusion of 
the TALl and SIL genes in approximately 15% of 
T-ALL patients [21]. Since SIL-TAL fusion 
regions become similarly modified as Ig or TCR 
junctions, they represent attractive targets for 
the generation of clonospecific probes [22]. 

In contrast to the loci mentioned above, the 
second, steadily increasing marker category 
comprises disease-specific rather than patient
(clone-)specific gene recombinations. Table 1, 
probably already outdated when published, 
summarizes oncogene recombinations based on 
chromosomal abnormalities that are accessible 
to molecular genetic diagnosis [23,24]. 
However, only a minority of them appear rele
vant for PCR studies aimed at the detection of 
MRD since most of these genetic lesions are very 
rare ( < 1 % of ALLs). From a practical point of 
view, four entities appear noteworthy. As men
tioned above, the BCR-ABL recombination is 
the most common genetic abnormality in adult 
ALL with a particularly high incidence (50%) in 
B-precursor leukemias [5]. BCR-ABL transcripts 
can be used as a marker for leukemia cells in 

010-1 - 2 -3 -4 -5 - 6 -7 C R1 R2 R3R4 

Fig. 1. Application of clonospecific TCRy sequences either as a probe (upper panel) or as 5' primer (allele-specif
ic oligomer, ASO, lower panel). Leukemia cell DNA obtained from a patient with common ALL (D) was serially 
diluted into peripheral blood cell DNA of healthy individulas (e) at 10- 1_10- 7; 5 ~l amplification products were 
dotted and hybridized with the clonospecific probe. Alternatively, DNA fragments obtained by ASO-PCR were 
run in a 3% agarose gel. Remission samples were obtained 1, 3, 6, and 9 months after initial diagnosis (RI-R4). 
Note a 100-fold increase in sensitivity and the detection of residual disease in sample R2 by ASO-PCR as com
pared to the usage of a clonospecific oligonucleotide probe 
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Table l. Gene rearrangements in acute lymphoblastic leukemia 

Chromosome defect Genes involved Cell lineage 

Ip32* SIL-TALIb T 
t(1; 7}(p32; q34) TALl-TCR.8 T 
t(1; 7}(p34; q34) LCK-TCR.8 T 
t(1; 14)(p32; qll) TALl-TCRO T 
t(1; 19)(q23; q13) PBXl'-E2A B 
t(2; 8)(q12; q24) Igk-MYC B 
t(4; 1l)(q21; q23) AP4d-ALLl' B 
t(5; 14}(q31; q32) IU-IgH B 
t(6; 1l)(q27; q23) AP6-ALLl B 
t(7; 9)( q34; q34) TCR.8-TANr T 
t(7; 19}(q34; q24) TCR.8-HOXll F T 
t(7; 19)(q34; q13) TCR.8-LYLl T 
t(8; 14}(q24; qll) MYC-TCRa T 
t(8; 14}(q24; q32) MYC-IgH B 
1(8; 22}(q24; qll) MYC-IgA B 
9q34' SET-CAN B 
t(9; 1l)(p21; q23) AP9-ALLl B 
t(9; 12}(q34; p13) ABL-TEL B 
t(9; 22}(q34; qll) ABL-BCR B 
t(10; 14)(q24; qll) HOXll-TCRO T 
t(1l; 14}(q13; qll) TTG2-TCRO T 
t(ll; 14)(pI5; qll) TTGI-TCRO T 
t(ll; 19)(p23; q13) ALLl-ENLI ;, B,T 
t(l 1; X}(q23; q13) ALLl-APX T 
t(17; 19)(q22; q13) HLP-E2A B 
t(X; 14)(q28; qll) MTCPI-TCRo T 

'submicroscopic 
dpEL, MLL T2; 

deletion. Alternative designations: bSCL, TCL5; 'PRL, 
;LTG 19, MLLTI. 'MLL; HRX; fT AL2; gTCL3; brhombolin; 

about a third of adult ALL patients and 4% of 
pediatric cases. The PBXI-E2A fusion oft(l; 19) 
represents the most common oncogene recom
bination in childhood ALL (6%) with a frequen
cy of 25% in pre-B-ALL [23]. Translocations 
involving chromosome region 11q23 occur in 
about 7% of ALL with an exceptionally high 
incidence of 75% in infants (25-27). The spec
trum of recombination partners comprises more 
than 20 different loci with a predominance of 
t(4; 11) and t(l1; 19) in ALL [28]. An ALLl-AF4 
rearrangement, the molecular hallmark of t(4; 
11), is observed in 35% of children and adults 
with pre-pre-B-ALL [29] and can be used to 
monitor residual disease in about 5% of all ALL 
patients. Finally, HOXII recombinations as a 
consequence of the t(4; 10), are observed in 7% 
of T-ALL. In summary, these genetic lesions 
constitute useful complementary tools for the 
detection of MRD by peR in approximately 15% 
of children and 45% of adults with ALL. The fact 
that some of these genetic defects define biologi
cally/prognostically distinct ALL subtypes is a 
specific advantage of this marker category. 

Since the breakpoints of chromosomal 
translocations are often spread over large dis
tances at the genomic level, hybrid mRNAs after 
reverse transcription into cDNA have to be used 
as amplification targets. Starting at the RNA 
level, however, requires specific care in handling 
cell samples and makes it necessary to establish 
scrupulous precautions to minimize the danger 
of false-positive results caused by contamina
tion [30]. Moreover, quantification of residual 
disease at the transcript level (as compared to 
DNA-based peR targets) poses problems which 
can only be overcome by the application of rela
tively complex competitive peR analyses [31]. 

Note that the methods as discussed above are 
far from routine practice and require the exper
tise of specialized molecular genetic laboratories. 

Preliminary lessons 
from Retrospective Studies 

Only very few peR studies have thus far 
addressed the MRD status of ALL patients by 
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targetting recombined oncogene sequences. 
Although the technical principles to monitor 
BCR-ABL-positive ALL were already introduced 
in 1988 [32], applications of this marker remain 
infrequent. This may be due to the short remis
sion durations associated with this very aggres
sive ALL subtype. The few available data 
indicate that intensified chemotherapy or bone 
marrow transplantation may eradicate leukemia 
and thus constitute reasonable options for some 
patients [12, 33-36]. However, new treatment 
modalities (which, for example, correct altered 
signal transduction pathways triggered by the 
BCR-ABL product) are definitely required to 
cure the majority of respective patients. Apart 
from the Ph translocation, the t(4; 11) has been 
associated for a long time with a very poor prog
nosis. This high-risk group, however, has defi
nitely improved following the introduction of 
intensified protocols [1]. Along this line, all 
bone marrow samples obtained from ALLl
AF4-positive ALL patients in continuous com
plete remission lacked evidence of MRD in 
recent studies [29, 37]. PCR analyses utilizing 
TAll [38, 39], E2A [40-42], or HOX11 [43] 
recombinations as PCR targets remain thus far 
anecdotal. 

Much more insight into the remission status 
of ALL patients has been gained through the 
application of clonospecific Ig or TCR probes. 
More than 300 ALL cases have been studied by 
peR (for a review until 1992 see [12, 13] and ref
ererences herein). These investigations, howev
er, are compromised by many shortcomings 
associated with retrospective analyses, namely 
case selection. Moreover, these studies frequent
ly included different age groups, did not balance 
for biologically distinct ALL entities, and were 
based on various chemotherapeutic trials. 
Nevertheless, it appears appropriate to draw 
some general conclusions from the published 
data: (a) longitudinal analyses disclosed marked 
individual differences in the intervals between 
achievement of clinical remission and eradica
tion of leukemic cells below the detection level 
of peR-these dynamic disparities in reduction 
of malignant cells do not necessarily correlate 
with known risk factors and may define inde
pendent components of the individual response 
to chemotherapy; (b) the majority of ALL 
patients remain peR positive at the end of 
remission induction, and residual leukemia cells 
show self-renewing capability [44]-it generally 
takes several months of consolidation or even 
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maintenance therapy to convert into a PeR-neg
ative status; (c) a constantly high level of 
leukemia burden several months after remission 
induction or a steady increase of blasts predicts 
relapse and can be diagnosed up to several 
months prior to clinical manifestaion; (d) the 
application of independent markers per patient 
appears important for a balanced interpretation 
of the remission status. 

The possibility that residual disease at the 
end of induction therapy predicts long-term 
out-come i.e., relapse, is particularly intriguing 
[45,46]. If this observation can be confirmed in 
controlled prospective trials, it would represent 
an important parameter for the future design of 
patient-adapted protocols. A related question 
concerns the relevance of peR negativity at the 
end of chemotherapy. If the absence of MRD at 
the end of treatment is not sufficient to assure 
that a patient is cured [47], later relapses may 
escape timely detection unless off-therapy mar
rows are taken serially, which may not be practi
cable. As an aside, it will become interesting to 
evaluate systematically the predictive value of 
marrow analyses in patients with "isolated" 
extra-medullary relapses [48,49]. 

The tools to tackle these issues are available 
and should be applied without further delay. We 
emphasize, however, that PCR analyses to moni
tor residual disease should currently be restrict
ed to investigational studies in the frame work 
of therapeutic trials, they are not yet recom
mended for community practice. 

Prospective Trials: The Next Crucial Step 

Results from prospective peR studies are still 
scanty, but in line with experiences from retro
spective analyses [50,51]. However, data from 
prospective trials enrolling large numbers of 
patients have to be awaited before case-adapted 
treatment protocols can be seriously considered. 
Since the diagnosis "ALL" comprises a variety of 
biologically/genetically defined subentities, res
pective parameters have to be taken into 
account. It appears, for example, less informa
tive to determine the remission status of adult 
ALL patients without knowledge of their BCR
ABL status. Moreover, results emerging form 
peR studies based on different treatment 
modalities may vary substantially. 

To overcome some of these shortcomings, 
the European BFM Study Group has opened a 



prospective PCR trial after a series of intensive 
discussions, particularly taking ethical aspects 
into account. Approximately 500 children with 
ALL were recruited between 1992 and 1994 and 
will be monitored according to a fixed schedule 
of 10 marrow aspirates to be taken over a 3-

year-period after diagnosis. The responsible 
molecular laboratories in Austria (R.E. Panzer
Griimayer), Germany (C.R. Bartram), Italy (A. 
Biondi), and The Netherlands O.J.M. van 
Dongen) are using identical techniques, probes, 
and primers. Obligatory PCR targets constitute 
rearranged TCRy, TCRo, and SIL-T AL loci, 
other markers are optional. An advantage of this 
PCR study is the fact that the molecular data can 
be interpreted in the context of morphological, 
immunophenotypic, and cytogenetic parame
ters that are likewise determined according to 
standardized criteria [52 J. It is reasonable to 
assume that a first set of informative data will be 
available by 1996, although final conclusions 
cannot be expected before the end of the study 
in 1997. 

Our laboratory has recently started with the 
evaluation of a first series of 108 consecutive 
patients enrolled in the BFM trial from whom 
remission samples were taken over a period of 
18 months after diagnosis. With a set of only 
two digests and four probes, suitable TCRy and 
TCRO recombinations were identified in 17117 
T-ALL and 80/91 precursor B-ALL, i.e., in 90% 
of cases under investigation. One T -ALL showed 
a SIL-T AL recombination. Taking into account 
the four TCRo and a alleles that might rearrange 
in a leukemia cell clone, we determined two, 
three, or four junctions suitable for PCR analy
ses in 29%, 20%, and 9% of the cases, respective
ly. For 50% of the patients clonospecific TCRy as 
well as TCRO probes could be generated. This 
means that at least two independent markers 
were available in about 60% of the ALL cases. 
Since we also plan to include clonospecific IgH 
junctional probes, it appears feasible to generate 
multiple independent probes for almost every 
ALL patient. Owing to modifications of PCR 
protocols, as mentioned above, our analyses 
reached a detection level of 10 4_10 6 in all 
cases. Remission samples have thus far been 
analyzed in 39 cases. In accordance with data 
from our retrospective studies, the majority of 
patients were still PCR positive at the end of 
remission induction. However, all patients who 
are in continuous complete remission became 
PCR negative within 9 months after diagnosis, 

most of them already during the first 3 months 
of treatment. Five of the 39 patients (three pre
cursor B-ALL, two T-ALL) relapsed and died. In 
all cases this event could be predicted by PCR. 
One patient initially became PCR negative, but 
showed a steady increase of leukemia cells 3 
months before clinical manifestation (12 
months after diagnosis). Remarkably, four 
patients exhibited constantly high amounts 
(> 10. 3) of residual blasts (Fig. 2). These 
patients relapsed on maintenance therapy 6-11 
months after diagnosis. 

Prospective trials such as the one of the 
European BFM Study Group will have to deter
mine during the next few years the possible 
place of PCR analyses in the monitoring of ALL 
patients. Important questions remain to be 
answered. Do serial PCR analyses yield a benefit 
to individual patients (or at least to distinct ALL 
subtypes)? Is it possible to predict the long-term 
outcome at an early stage of treatment? Can a 
timely diagnosis of leukemia relapse be achieved 
for patients under or post treatment (and do 
effective therapeutic alternatives exist for these 
patients)? However, even if the ongoing 
prospective PCR trials indeed come up with 
promising data, the ultimate value of PCR-guid
ed protocol adaptations will have to be further 
evaluated in consecutive randomized trials strat
ified according to molecular parameters. Thus, it 
might take another decade un till individualized 
ALL protocols eventually become reality. 
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Fig. 2A, B. PCR analysis of the remission status with 
cionospecific TCRo probes in two patients with T -ALL 
(A) and cALL (B). Note the constantly high amount of 
residual leukemia cells in remission samples Rl 
through R3 (obtained 1,3. and 6 months after diagno
sis). Both patients relapsed clinically 8 and 10 months 
after diagnosis, respectively 
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Abstract. The aims of the present study were: (a) 
to analyze the incidence of leukemia-associated 
phenotypes within patients with acute lym
phoblastic leukemia; (b) to determine the fre
quency and the causes of phenotypic changes in 
relapse samples, and (c) to analyze the clinical 
impact of the immunophenotypic detection of 
minimal residual disease in acute lymphoblastic 
leukemia (ALL). A total of 72 ALL cases (T line
age: 16, B lineage: 56 patients) were included in 
the study and a total of 323 complete remission 
follow-up bone marrow samples were analyzed; 
78% of the cases displayed leukemia-associated 
phenotypes at diagnosis (T -lineage ALL: 100%, 
and B-lineage ALL: 72%). The overall distribu
tion of the different types of leukemia-associat
ed phenotypes was: lineage "infidelity" 56%, 
asynchronous antigen expression 23%, antigen 
over-expression 18%, tissue-restricted pheno
types 15%, and "rate" phenotypes 5%. The inci
dence of DNA aneuploidy was 15%, most of the 
cases corresponding to B-lineage leukemias. 
From these patients 75% displayed more than 
one aberrant phenotype. The presence of more 
than one blast cell population was detected in 
28% of the cases. 

Follow-up studies have shown that upon con
sidering individually each of the immunological 
markers analyzed, phenotypic changes are rela
tively rare (6.4%), although they might be 
detected in a high proportion of patients (37%). 
However, an aberrant criterion was involved in 
the phenotypic changes in only 20% of these 
patients. Moreover, in all cases, at least one of 
the aberrations detected at diagnosis remained 
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constant at relapse. Phenotypic changes were 
frequently related to technical artefacts (27%) 
and to the existence of minor blast cell popula
tions at diagnosis (27%). 

Regarding clinical outcome, on most occa
sions (84%) relapses were predicted by an 
increase in the proportion of bone marrow cells 
displaying leukemia-associated phenotypes. In 
addition, when an increase in the proportion of 
cells displaying a leukemia-associated pheno
type was detected in two consecutive complete 
remission bone marrow samples, the patient 
tended to relapse (70% of the cases). 

Introduction 

At present, chemotherapeutic regimes used for 
the treatment of acute lymphoblastic leukemia 
(ALL) lead to the achievement of complete 
remission in a high proportion of patients. 
However, a relatively high percentage of these 
patients relapse due to the persistence of low 
numbers of leukemic cells that remain unde
tectable by conventional morphology and cyto
chemistry. This is known as minimal residual 
disease (MRD) [1-8]. It has been suggested that 
several methodological approaches could be of 
help for the detection of MRD in acute 
leukemias [9]. In order to be suitable for being 
used in MRD detection, each method should ful
fill four criteria: they should be specific, sensi
tive, rapid, and reproducible. From the different 
approaches that have been tested up until now, 
the immunological detection of MRD represents 
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one of the most attractive methods [7, 9, 10]. 
However, for a long time two major disadvan
tages have been related to the use of im
munological methods for the detection of MRD. 
First, with a few exceptions such as the proteins 
resulting from the fusion of translocated genes 
[11,12], no leukemia specific antigens have been 
found [2, 13, 14]. Secondly, several reports have 
suggested the existence of phenotypic chang
es that may affect the blast cells at relapse 
[14-16], increasing the difficulty of following 
the leukemic cells in samples of morphologi
cal complete remission. However, the combined 
use of flow cytometry and multiple combi
nations of monoclonal antibodies have allowed 
for the identification of leukemia-associated 
phenotypes that are either absent or extremely 
rare in normal bone marrow (BM) samples [2,6, 
8,18- 23]. 

In the present paper, the contribution of flow 
cytometry to the detection of MRD in 72 consec
utive patients suffering from ALL is explored. 
The aims of this study were to analyze the inci
dence of leukemia-associated phenotypes, to 
determine the frequency and the causes of 
phenotypic changes detected at relapse, and, 
finally, to analyze the clinical impact of 
monitoring the detection of cells with leukemia
associated phenotypes in complete remission 
BMsamples. 

Material and Methods 

Patients 

A total of 72 patients (33 children and 39 adults, 
ages ranging from 2 to 66 years) diagnosed as 
suffering from ALL according to morphological, 
cytochemical, and immunological criteria [24, 
25] were included in the present study. All cases 
were treated according to the protocols of the 
Spanish PETHEMA Cooperative Group which 
included vincristine, prednisone, I-asparaginase 
and daunorubicin in the induction phase. The 
duration of chemotherapy treatment ranged 
between 24 and 30 months; two patients under
went alogeneic BM transplantation. Patients 
were followed for a mean period of 35 ± 28 
months, ranging from 12 to 100 months. During 
this period 323 complete remission follow-up 
BM samples were analyzed. At present, 25 out of 
the 72 patients have relapsed (total number of 
relapses: 30) and the remaining patients remain 

322 

in continuous morphological complete remis
sion. 

Immunological Studies at Diagnosis and Relapse 

The immunophenotype of the ALL blast cells 
was analyzed in all cases at diagnosis by means 
of multiparametric flow cytometry, using multi
ple-staining combinations of monoclonal anti
bodies (MAbs), on erythrocyte-lysed (FACS 
lysing solution, BectonlDickinson, San Jose, CA, 
USA) whole BM samples. The reactivity of the 
leukemic cells for the CD7, CDIO, CD13, CD16, 
CD19, CD20, CD22, CD33, CD34, HLADR, and 
TDT was analyzed in all cases. In addition, the 
expression of the CD1, CD2, sCDJ, cCD3, CD4, 
CDS, CD8, CDJ8, CD71 and TCR-alpha-beta 
antigens was also assessed in T -lineage ALL 
cases. The reactivity for the CD13 and CD33 
myeloid-associated markers was analyzed using 
the leuM7 and leuM9 (Becton/Dickinson) MAbs 
conjugated with phycoerythrin, the most sensi
tive fluorochrome for flow cytometers equipped 
with a 488-nm argon ion laser. In all cases, the 
reactivity for both myeloid markers was 
assessed in either CD19 + (B-lineage ALL) or 
CD7 + (T-lineage ALL) blast cells. In order to 
analyze the incidence and the causes of the phe
notypic changes at relapse, the 30 relapse sam
ples were also analyzed using the same 
methodological approach. 

Data acquisition and analysis were performed 
on a FACScan flow cytometer (Bectonl Dickin
son) by means of the LYSYS II (Bectonl 
Dickinson) and PAINT-A-GATE PLUS (Bectonl 
Dickinson) software programs, respectively. For 
each tube combination, a minimum of 10 000 
events were collected and analyzed. The analysis 
process was performed according to previously 
reported methods. From the 72 patients ana
lyzed, 56 corresponded to B-lineage ALL and the 
remaining 16 to T-lineage ALL. The following 
criteria were used for the definition ofleukemia
associated phenotypes: (a) lineage infidelity (co
expression of the CD13 and/or CD33 myeloid
related markers on the surface of the lymphoid 
blast cells); (b) asynchronous expression of dif
ferentiation markers; (c) antigen over-expres
sion; and (d) abnormal localization in the BM of 
phenotypes restricted to other tissues. Pheno
types detected at a frequency lower than one cell 
in 105 leukocytes in normal human BM were 
also considered to be aberrant when detected at 
a higher frequency. 



DNA Ploidy Studies at Diagnosis 

The analysis of the DNA ploidy status of the 
ALL blast cells was performed using the 
Vindelov et al. technique [26, 27]. Briefly, 
between 5 and lOx 105 leukocytes from ammo
nium chloride-lysed whole BM were washed in 
1.5 m citrate buffer. Upon discharging the 
supernatant, the cell pellet was resuspended in 
200 fl citrate buffer. Immediately after resus
pending the cell pellet, 1.8 m solution A contain
ing trypsin was added and the cells were 
incubated for 10 min at room temperature. Once 
this incubation period was complete, another 
1.5 m solution B containing RNAse and a 
trypsin inhibitor were added and another 10-
min incubation was performed at room temper
ature. Afterwards, 1.5 m solution C containing 
propidium iodide was added and a third incuba
tion for at least 10 min (room temperature) in 
the dark was carried out. The measurement of 
DNA/propidium iodide fluorescence intensity 
was performed in a FACScan flow cytometer 
using the CellFit software program (Becton/ 
Dickinson). In those cases in which the percent
age of blast cells in the sample was higher than 
90%, a second tube containing a mixture (2: 1) 
of the patient's sample and a sex-matched nor
mal peripheral blood was prepared, acquired, 
and analyzed [27]. DNA aneuploidy was consid
ered to exist when two different GO/G 1 cell pop
ulations were detected in the DNA histogram 
according to the recommendations of the DNA 
Cytometry Consensus Conference [28]. 

Analysis of Minimal Residual Disease 

For the investigation of MRD, different MAb 
combinations of the above-mentioned markers 
were used. These MAb combinations were adapt
ed in each patient according to the phenotype of 
the blast cells observed at diagnosis. In addition, 
the CDI0/CD20/CDI9 MAb combination was 
explored in all complete remission BM samples 
analyzed. Data acquisition was performed on a 
FACScan flow cytometer using a two-step proce
dure. (a) 20,000 cells/test of the total samples were 
acquired; and (b) a second acquisition of either 
CD19 + (B-lineage ALL) or CD7+ (T-lineage 
ALL) cells was made through either a SSC/CDl9 
or a SSC/CD7live gate, respectively. The sensitivi
ty of this approach was at least 1 x 10 5. 

For the follow up of cases displaying DNA 
aneuploidy, a DNA/antigen double-staining 

method was performed using previously report
ed techniques [29]. Briefly, complete remission 
BM samples were stained with the appropriate 
MAbs fluorescein isothiacynate (FITC)-conju
gated for 10 min at room temperature. 
Afterwards, erythrocytes were lysed using 
ammonium chloride; then the leukocytes were 
treated with RNAse and their DNA stained with 
propidium iodide. 

Results 

Incidence of Leukemia-Associated Phenotypes 

From the 72 patients analyzed at diagnosis, 56 
(78%) displayed leukemia-associated pheno
types: 16 out of 16 T-lineage ALL (100%) and 40 
out of 56 B-lineage ALL cases (72%). The pres
ence oflineage infidelity was the most common
ly detected leukemia-associated phenotype (56% 
of the cases), with a similar incidence in T - and 
B-lineage ALL: 50% and 57%, respectively. The 
frequency of antigen over-expression, asynchro
nous antigen expression and phenotypes 
restricted to other tissues was 18%, 23%, and 
15%, respectively. Other phenotypes absent or 
extremely rare in normal BM were detected in 
5% of the cases. It should be mentioned that 
while antigen over-expression was restricted to 
B-lineage ALL (21% versus 0%), the presence of 
phenotypes restricted to tissues other than BM 
was characteristic of T -lineage ALL patients 
(69% versus 0%). Tables I and 2 show the distri
bution of the different aberrant phenotypes 
detected in T-and B-lineage ALL patients, 
respectively. It can be seen that the number of 
aberrations is much higher than the number of 
cases displaying leukemia-associated pheno
types, pointing to the fact that in a high propor
tion of the ALL cases analyzed the blast cells 
displayed more than one aberration. Actually, 

Table 1. T-lineage ALL: incidence ofleukemia-associ
ated phenotype (n - 16) 

I-lineage ALL 
(n) 

Lineage infidelity 13 
Tissue-Restricted phenotypes 9 
Asynchronous Antigen expression 5 
Increase of rare phenotypes 10 
DNA Aneuploidy 

323 



Table 2. B-lineage ALL: incidence ofleukemia-associ
ated pehnotypes (n = 56) 

B-lineage ALL 
(n) 

Lineage infidelity 43 
Asynchronous antigen expression 15 
Antigen over-expression 12 
DNA Aneuploidy 10 

75% of the patients displaying leukemia-associ
ated phenotypes showed only one aberrant cri
terion while in the remaining cases two, three, 
or even four different aberrations were detected. 
The overall incidence of DNA aneuploidy was 
15%, most of the cases (10 out of 11) corre
sponding to B-lineage leukemias. 

A detailed analysis of the blast cells of the 
patients included in the present study confirmed 
that they are heterogeneous since differences 
were detected not only among different patients 
but even within the same patient. In this sense, 
the presence of more than one population of 
leukemic cells was detected in 28% of the 
patients (46% of the T -lineage ALL and 24% of 
the B-lineage ALL patients). 

Incidence and Causes of Phenotypic Changes 
at Relapse 

Eleven out of the 30 relapse samples (37%) ana
lyzed in the present study showed phenotypic 
changes in which at least one of the markers 
investigated was involved. Despite this appar
ently high incidence, the frequency of phenotyp
ic changes affecting one marker as regards to 
the total number of tests performed was very 
low (6.4%) and it was slightly lower in T -lineage 
(4%) than in B-lineage (8%) ALL patients. 
Phenotypic changes involving leukemia-associ
ated phenotypes were observed in six relapses 
(20%). However, it should be mentioned that in 
all these six relapse samples there were other 
leukemia-associated phenotypes detected at 
diagnosis, and, at least one of them remained 
constant in the blast cells of the relapse sample. 

Upon analyzing the causes of the phenotypic 
changes detected at relapse, it was observed that 
in a relatively high proportion of cases they were 
associated with either technical questions, such 
as the use of different MAbs and the use of the 
same MAb conjugated with different JIuo
rochromes (27% of the cases), or to the exis-
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tence of more than one blast cell subset that 
changed its proportion between the diagnosis 
and the relapse (27% of the patients). From the 
remaining phenotypic changes 9% were associ
ated with the analysis of samples from other tis
sues, while in the remaining 37% of patients the 
cause of the phenotypic changes is unknown. 

Clinical Impact of MRD Detection 

From the 56 patients that displayed a leukemia
associated phenotype at diagnosis, 30 cases 
(eight T- and 22 B-lineage ALL) displayed an 
increase in the percentage of cells with 
leukemia-associated phenotypes in two consec
utive studies, while in the remaining 26 patients 
(eight T- and 18 B-lineage ALL) the proportion 
of BM cells displaying leukemia-associated phe
notypes, progressively decreased from the diag
nosis and either became undetectable or 
remained stable without displaying an increase. 
From the former group, 21 patients (70%) have 
relapsed. The mean follow up between the 
detection of the increase in the proportion of 
blast cells and the relapse ranged from 4 weeks 
to 20 months. Interestingly, the incidence of 
false positives (cases with an increase in the pro
portion of cells displaying leukemia-associated 
phenotypes, without relapsing) was higher for 
the B-lineage ALL (36%) than for the T-lineage 
acute leukemias (13%). Nevertheless, most false 
positives without a relapse were observed dur
ing the last follow-up studies. 

Only four out of the 26 patients (15%) from 
those who had not displayed an increase in the 
proportion of cells with leukemia-associated 
phenotypes have relapsed, the incidence of false 
negatives (non predicted relapses) being similar 
in T -and B-lineage ALL: 13% and 17%, respec
tively. 

Discussion 

The clinical utility of the immunological meth
ods for the detection of MRD in ALL greatly 
depends on the incidence of leukemia-associat
ed phenotypes, their stability at relapse, and the 
sensitivity of these methods to detect leukemic 
cells which are present at low frequencies in 
complete remission samples. In the present 
study it is shown that most of the ALL cases dis
play leukemia-associated phenotypes at diagno
sis, with more than one aberrant criterion 



usually present in the ALL patient's blast cells. 
During the past decade, an increasing number 
of studies have been reported on the incidence 
of expression of myeloid-associated markers in 
ALL [1, 8, 23, 30-32], while the information on 
the incidence of other types of leukemia-associ
ated phenotypes is still scanty [1, 23, 32, 33]. A 
careful analysis of the results reported shows a 
high degree of variability [31]. As an example, 
the incidence of CD13 and/or CD33 expression 
in ALL patients ranges from 5% to 46%. This 
great variability is probably related to method
ological questions. Accordingly, the use of dif
ferent fluorochromes and systems for the 
immunological detection of cell antigens as well 
as the variability of the criteria used to consider 
a case as being positive, clearly influences the 
final results. In the present study, the definition 
of leukemia-associated phenotypes was based 
on the analysis of the normal human BM. In 
addition, standardized procedures were used for 
the investigation of these phenotypes. For exam
ple, the expression of the pan myeloid-related 
markers CDl3 and CD33 was always performed 
with the most sensitive fluorochrome, phycoery
thrin. The expression of myeloid-associated 
markers was the most common aberration 
detected. The incidence of other types of aberra
tion was similar. 

Regarding antigen over-expression, which 
was restricted in our series to B-lineage ALL, the 
abnormally high levels of CDlO per cell was the 
most frequent leukemia-associated phenotype 
observed, in accordance to previous reports 
[33]. In contrast, the presence of tissue-restrict
ed phenotypes, although absent in B-lineage 
ALL, was a common finding in T-lineage ALL 
due to the detection of phenotypes restricted to 
the thymus [34,35]. Finally, it can be concluded 
from our data that the simultaneous assessment 
of antigens associated with early and late differ
entiation stages such as CD34 and CD20 is of 
great help in the identification ofleukemia-asso
ciated phenotypes due to asynchronous antigen 
expression. 

Several reports have suggested the existence 
of phenotypic changes in ALL [15-17]. Our 
results confirm that in fact they do exist and 
that, by using a large panel of MAbs, they can 
even be detected in a relatively high proportion 
of cases. However, in the context of all the tests 
performed they are relatively rare. Moreover, 
technical artefacts such as the use of different 
clones of MAbs as well as distinct fluorochromes 

may be associated with these changes. 
Interestingly, our results show that in a similar 
way to acute myeloblastic leukemia [18], a rela
tively high proportion of ALL cases (especially 
T-lineage patients) display more than one blast 
cell subset whose proportions frequently change 
during relapse. This also contributes to the 
detection of "false" phenotypic changes. These 
results point to the need for a careful analysis of 
the ALL blast cells at diagnosis to identify and 
characterize all the blast cell populations in 
order to be able to monitor each of them during 
the follow-up studies. Our results also indicate 
that further studies on this matter are still neces
sary since the cause of a high proportion of the 
phenotypic changes detected remains unknown. 

Preliminary reports have indicated that the 
use of immunological methods for the detection 
of residual leukemic cells in ALL have an impor
tant clinical impact [2, 4, 6, 8, 10, 23, 32]. 
Accordingly, our results show that the observa
tion of an increase in the percentage of BM cells 
displaying leukemia-associated phenotypes pre
dicts, with a high sensitivity, the occurrence of 
relapse. Moreover, this approach also appears to 
be highly specific since most of the cases in 
which an increase in the percentage of BM cells 
with leukemia-associated phenotypes was 
detected, relapsed; from those who did not 
relapse, most had a short follow-up period after 
this increase was observed. These results sup
port the notion that an adequate immunological 
monitoring of cells with a leukemia-associated 
phenotype in complete remission BM samples 
from ALL patients would allow for an early diag
nosis of relapse. 

In summary, our results show that the great 
majority of ALL patients display leukemia-asso
ciated phenotypes and that at least one of these 
aberrations remains constant at relapse. In addi
tion, it is shown that MRD detection using the 
approach presented here would allow for the 
early diagnosis of relapse with both high sensi
tivity and specificity. 
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Abstract. The role of molecular detection of mini
mal residual disease (MRD) in different forms of 
acute myeloid leukemia (AML) is currently being 
explored by polymerase chain reaction (PCR) 
methods that can amplify a unique nucleotide 
sequence from 1 in 105 cells can detect MRD with 
a sensitivity that far exceeds standard light 
microscopy and routine cytogenetics_ 

In acute promyelocytic leukemia (APL) 
appropriate oligo primers complementary to 
PML and RAR-a sequences near the DNA 
breakpoints have been successfully used in PCR 
experiments to amplify the PML/RAR-a hybrid 
gene and sensitively detect MRD. Retrospective 
analysis of APL patients in different series has 
indicated the prognostic relevance ofPCR evalu
ation of the PML/RARa rearrangement as a pre
dictor of impeding relapse in APL. Moreover, in 
APL patients during long-term remission (4-5 
years), RT-PCR analysis revealed the absence of 
PML/RAR-a fusion transcripts. Data of RT -PCR 
monitoring analysis of APL patients in a large 
longitudinal prospective Italian study are pre
sented. By comparison, the recent findings on 
the persistence of the t( 8; 21) translocation in 
patients with AML in long-term remission are 
discussed for the different implications of the 
detection of translocation-carrying cells in AML. 

Introduction 

The current treatment of acute myeloid 
leukemia (AML) patients leads to complete 

remission in 60%-70% of cases [1]. Despite the 
high remission rate, a significant proportion of 
AML patients develop a relapse within 1-3 years 
[2]. Apparently, low numbers of leukemic cells 
persist although they are undetectable by con
ventional cytomorphological techniques. These 
methods have a detection limit of 1 %-5%, there
fore more sensitive techniques are needed to 
evaluate the effectiveness of treatment, i.e., the 
reduction of tumor mass. More recently, 
immunological and molecular approaches that 
are able to detect small numbers of leukemic 
cells, below 10-4_10- 5, have been developed [3]. 
The polymerase chain reaction (PCR) tech
niques for the detection of minimal residual dis
ease (MRD) can be applied in AML patients 
whose blasts carry specific well-defined chromo
some aberrations or cross-lineage rearrange
ments of immunoglobulin (Ig) and/or T-cell 
receptor (TCR) genes [3]. As shown in Table 1, 
the most frequent chromosomal translocations 
occurring in AML have been molecularly char
acterized and the chimeric genes have provided 
an important target for PCR-based detection at 
diagnosis and during the course of treatment 
[4]. 

We will discuss here the use of RT -PCR in the 
monitoring of the acute promyelocytic leukemia 
(APL) clone, together with the clinical relevance 
of the evaluation of residual disease in APL as 
compared to other AML subtypes. 
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Table 1. Chromosomal translocation breakpoints and genes in AML (modified from 14 J) 

Type Affected gene Protein domain Fusion protein 

t(l5; 17)(q21-qll-22) PML (l5q21) Zinc-finger Zinc-finger+ RAR DNA and 
RARa (l7q21) Retinoic acid receptor-alfa ligand binding 

t(ll; 17)(q23; q21.1) PLZF (llq23) Zinc-finger Zinc-finger + RAR DNA and 
RARa (l7q21) Retinoic acid receptor-alfa ligand binding 

t(9; 11)(q21; q23) MLL (llq23) A-T hook/Zn-finger A-T hook+(Ser-Pro) 
AF9/MLL T3(9p22) Ser-Pro rich 

t{1l; 19)(q23; p13) MLL (llq23) ENL(19pI3) A-T hook/Zn-finger A-T hook+(Ser-Pro) 
Ser-Pro rich 

t(ll; 17)(q23; q21) MLL(llq23) A-T hook/Zn-finger A-T hook + leucine zipper 
AF17(l7q21) Cys-rich/leucine zipper 

t(8; 2 1) (q22; q22) AMLl/CBF a (21q22) DNA binding/runt homology DNA binding + Zn-fingers 
ETO/MTG8 (8q22) Zn-finger 

t(16; 21)(pl1; q22) PUS (l6pll) Gin-Ser-Tyr/Gly-rich/RN A Gin Ser-Tyr+ DNA binding 
binding 

t(6; 9)(p23; q34) DEK (6p23) 
CAN (9q34) 

inv(l6)(p13; q22) Myosin MYH11 (l6p13) 
CBF-beta (16q22) 

Molecular Detection of the t(15;17) 
Translocation by RT-PCR 

? 
ZIP 

Acute promyelocytic leukemia is characterized 
by a reciprocal translocation that involves chro

mosomes 15 and 17 (reviewed in [5]). The chro
mosome break sites were isolated by four 
groups [6-9] and shown to involve PML, a pre

viously unknown gene coding for a putative 
novel transcription factor mapped on chromo
some 15 and the gene for the retinoic acid recep
tor-a (RARa) on chromosome 17. 

The chromosome 17 breakpoints are local
ized within a 16-kb DNA fragment of the RARa 
intron 2. By contrast, the chromosome 15 break
points are variably located in three regions of 
the PML locus. In 90%-92% of case, it is equally 
distributed between intron 6 (breakpoint cluster 
region I; bcr 1) and intron 3 (bcr 3). In the 
remaining 8%-10% of cases, it is located within 
exon 6 (bcr 2). 

Regardless of the extreme variability of the 
PML break site, PMLlRARa genes that have the 
potential to encode for a fusion PMLlRARa are 
consistently selected by the leukemic phenotype. 
In ber 1 or ber 3 cases, the 5' portion of PML 
intron 6 or 3, respectively, fuses with the 3' por
tion of RARa intron 2 [5]. During assemblage of 
the PMLlRARa junction in the fusion transcript, 
the chimeric intron is spliced out and the 
longest PML and RARa open reading frames 
(ORFs) become aligned. The operative mecha-

?+ZIP 

DNA binding? 

nism of bcr 2 is more complex: a cryptic donor 
site of the retained portion of PML exon 6 and 
the RAR intron 2 physiologic acceptor site take 
part in the assemblage [10]. 

While the PMLlRARa is transcribed into 

mRNA in 100% of cases, the reciprocal 
RARa/PML has been found in only 70% of APL 
patients [11]. Therefore, amplification of the 
PMLlRARa junction should be preferred for 
both diagnositc and monitoring studies [12-15]. 
Following reverse transcription to obtain the 
hybrid CDNA, oligomers derived from PML 
exons 3 and 5 and from RARa exon 3 are used 
to detect the chimeric fusion genes, as shown in 
Fig. l. 

Even by using a two-step reaction with nested 
primers, the sensitivity of the RT-PCR analysis 
of PMLlRARa hybrid gene seemed to be lower if 
compared to the RT-PCR amplifcation of other 
fusion genes. In similar experiments, different 
groups, including ours, were able to detect as 
low as 50 pg total RNA, but only one out of 
10 4_10 5 PMLlRARa-positive cells. Overall 

this means that the reported assay is approxi
mately 1-2 log less sensitive than the RT-PCR 
applied to different chimeric genes, such as the 
bcr/abl in the t(9; 22) (16) or the AMLl/ETO in 
the t(8; 21) [17-19]. In addition to the above
mentioned limits, the availability of good quali
ty RNA from leukemic blasts (more difficult in 
APL than in other hematological malignancies) 
and the choice of an appropriate source of sam-
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pling, should be considered in order to obtain 
proper results. 

Clinical Relevance of RT-PDCR Analysis 

The identification of the PMLlRARa fusion gene 
has been proposed not only as a diagnostic tool 
but also for monitoring the APL clone. In a pre
liminary report, we found [20] that peR positiv
ity detected after consolidation was significantly 
correlated with clinical relapse, whereas a peR
negative result was almost invariably associated 
with prolonged disease-free survivial. Several 
independent studies, [21,22] have subsequently 
confirmed the predictive value of peR positivity 
as an indicator of impending relapse. Based on 
these data obtained in retrospective APL series, 
the molecular monitoring of the APL clone has 
been included in the new on-going study for the 
treatment of newly diagnosed APL (AIDA) of 
the Italian cooperative adult and pediatric 
groups (GIMEMA and AIEOP) [23]. The proto
col includes an initial course of all-trans retinoic 
acid (ATRA) (45 mg per m2 per day orally for a 
minimum of 30 and a maximum of 90 days) and 
idarubicin given i.v. on day 2,4,6, and 8 at the 
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Fig. 1. Amplification of the differnt 
PMLlRARa junctions by RT-PCR in 
t(15; 17)-positive APL patients at diag
nosis. Primer M4, derived from PML 
exon 3, and primer R5 were used as a 
first cycle of PCR; then a second round 
of amplification was performed by 
using R8 as a nested primer. To obtain 
a better resolution of the PMLlRARa 
junction corresponding to ber I and 
ber 2, a primer derived from PML exon 
5 was used [IS] 

dosage of 12 mg/m2). Once complete remission 
is achieved, patients receive three courses of 
consolidation chemotherapy treatment without 
ATRA. Patients still peR positive for the 
PMLlRARa gene at the end of the consolidation 
phase, undergo bone marrow transplantation 
(either allogeneic or autologous) or are random
ized in four different arms including no treat
ment or with methotrexate + 6-mercaptopurine 
alternated to ATRA. The preliminary results of 
the prospective molecular monitoring of APL 
patients enrolled in the AIDA protocol showed 
that approximately 30% of cases available for 
peR monitoring at the end of induction (after 
the ATRA and idarubicin courses) persisted 
positive for the presence of PMLlRARa. By con
trast, virtually all cases analyzed so far have 
been peR negative at the end of the third con
solidation course. It is of course too early to 
draw any conclusions as to the predictive value 
of peR positivity detected at the end of induc
tion treatment, with respect to final outcome. In 
order to evaluate whether the peR positivity 
detected at the end of induction treatment, 
reflects the persistence of bone-marrow progen
itor cells expressing the PMLlRARa gene, we 
have analyzed single hemopoietic colonies 



grown on semi-solid agar [24]. In three cases, a 
total of 36 colony-forming units-granulocyte 
macrophage (CFU -GM)colonies individually 
examined were negative for the presence of the 
fusion PML/RARa mRNA. The results are in 
line with the hypothesis that PCR positivity 
might reflect the persistence of differentiating 
cells in the bone marrow of APL patients still 
positive at the end of induction. 

MRD Evaluation in APL vs Other Leukemias 

The clinical significance of PCR monitoring in 
hematological malignancies is still a controver
sial issue. Chronic myelogenous leukemia 
(CML) patients in long-term remission have fre
quently been reported to remain PCR positive 
[25-28]. Similarly, in M2-type AML patients car
rying the t(8,21) translocation, t(8; 21)-positive 
cells have been found several years after remis
sion with no apparent correlation with subse
quent relapse [17-19]. These findings are in 
marked contrast to those observed in APL. PCR 
positivity after consolidation is almost invari
ably associated with impending relapse, and by 
contrast, long-term survivors do not show PCR
detectable residual cells, suggesting that cure of 
the disease is accompanied by elimination of 
cells carrying the PML/RARa fusion gene [29]. 
We hypothesize that such discrepancies may be 
explained considering the biologic diversity of 
the different leukemia subtypes. The expression 
of the chimeric protein could play a different 
role with respect to clonal proliferation and 
aggressiveness, and the affected clone would 
require additional mutations to express the 
transformed phenotype. Alternatively, it is pos
sible, as in the case of t(8; 21) cells, that the cell 
proliferation is repressed by a unknown mecha
nism. Overall, these findings further reinforce 
the need for large prospective studies in order to 
gain the appropriate perspective as the clinical 
relevance of molecular monitoring within each 
different AML subtype. 
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Introduction 

The structure of chemotherapy in patients with 
newly diagnosed acute myeloid leukemia (AML) 
has become highly standardized. It consists of 
one or two courses of induction chemotherapy, 
consolidation, maintenance or intensified con
solidation with or without stem cell support [3]. 
Intensification of consolidation therapy increa
ses the number of patients in long-term disease
free survival [9]. The most efficient prevention 
of relapse can be achieved through myeloabla
tive therapy with subsequent bone marrow 
transplantation from HLA-matched donors [1]. 
However, intensification of postremission thera
py leads to a significant increase of deaths in 
complete remission [4, 9]. 

Potential future approaches may reserve 
high-risk therapy to AML patients with an unfa
vorable prognosis. Currently, the most widely 
accepted prognostic variables are age above 
60, secondary leukemia, and cytogenetic fea
tures. Unfavorable karyotypes include - 5/5q -, 
-7/7q -, and complex karyotypic abnormali
ties [2]. The long-term disease-free survival 
of these patients is only about 10%. 
In contrast, the prognosis for patients with 
t(8; 21), t(15; 17) and inv 16 is significantly 
above average, with a chance of long-term 
disease-free survival for about 50% of all 
patients [1]. Identification of these pre-thera
peutic risk factors is based on patient history, 

morphology, and cytogenetic and molecular 
biological analysis. 

Another option for stratification of postrem
ission therapy is based on detection of minimal 
residual disease. Hematological complete remis
sion has been defined as regeneration of normal 
hematopoiesis, absence of extramedullay dis
ease, and a blast count c:; 5% in bone marrow 
aspirates [6]. Several methods are capable of 
detecting leukemia-associated markers with a 
significantly higher sensitivity. The most fre
quently used methods are the flow cytometric 
detection of cells with a leukemia-associated 
immunophenotype and polymerase chain reac
tion (PCR) of fusion genes or clone-specific gene 
rearrangements. The sensitivity of these meth
ods for detection of persistent leukemic cells is 
1 x 10 3 to I x 10 5 [5,12]. Recent data on the 
detection of leukemia-associated markers in 
hematological remission are inconclusive. While 
rtPCR for PMLlRARa has frequently disap
peared in patients with acute promyelocytic 
leukemia in long-term complete remission (CR) 
[7], transcripts of AMLl/ETO have been detect
ed several years after achievement of hemato
logical CR, without clinical evidence of relapse 
[8,10]. 

The likely hypothesis is that risk factors 
defined before treatment and the chance of 
detection of minimal residual disease (MRD) in 
remission are not unrelated. In a continuing 
prospective study on the clinical significance of 
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persistent cells with the leukemia-associated 
phenotype (LAP), we have analyzed bone mar
row aspirates from 15 patients with favorable 
prognositc factors and from 9 patients with 
unfavorable features. 

Material and Methods 

Patients 

Twenty-four patients with newly diagnosed 
AML were enrolled in the study. All patients 
were treated at the Departments of Internal 
Medicine of the Universities of Miinster and 
Gottingen between April 1989 and May 1994. 
Diagnosis was based on light microscopic evalu
ation of Pappenheim-stained slides by two inde
pendent hematocytologists. Classification was 
according to the criteria of the F AB group and 
included evaluation of cytochemical reactions 
with PAS, esterase, and peroxidase. All patients 
were treated according to the protocol of the 
German AML Cooperative Group [3]. Patients 
under the age of 60 received double induction 
chemotherapy with TAD9 and high-dose Ara-C 
and mitoxantrone, followed by one course of 
consolidation with TAD9 and 3-year mainte
nance therapy. Patients above the age of 60 
received a second course of induction chemo
therapy only if the blast count on day 16 was 
above 5%. Patients treated after 1990 were 
included in a randomized study comparing 
placebo versus granulocyte-macrophase colony
stimulating factor given 24 h prior to start of 
chemotherapy as a priming agent, with continu
ous daily administration of the drug until neu
trophil recovery was achieved [11]. 

Bone marrow aspirates were taken from all 
patients prior to therapy and at recovery of pla
telets and neutrophil after induction chemo
therapy. 

Cell Preparation 

Bone marrow aspirates were prepared for flow 
cytometric analysis by lysing erythrocytes. One 
volume of bone marrow was diluted with 14 vol
umes of the lysing solution [10-4 mol EDTA, 
10-3 mol KHC03, 0.17 mol NH.CI in H20 (pH 
7.3)] and gently mixed. After lysis for 3-5 min at 
room temperature, the cells were centrifuged at 
200 g for 5 min at room temperature. The pellet 
was resuspended in a volume of RPMI 1640 14 
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times larger than the original bone marrow vol
ume, and centrifuged at 200 g for 5 min at 4°C. 
Following two washing steps the cells were final
ly resuspended in PBS containing 1 % BSA and 
20 mmol HEPES (pH 7.3). Cell concentration 
was 2 x 105 to 1 X 106 cells/m!. Monoclonal anti
bodies were added at a concentration of 5-20 
J.1l/sample, adjusted to pretitering on normal 
bone marrow. After 30 min on ice, the cells were 
washed once with 2 ml PBS at 4°C. The pellet 
was resuspended in 1 ml 0.5% paraformalde
hyde in PBS. Control cells were incubated with 
fluorescence-labeled isotype controls. 

Flow Cytometry 

Flow cytometric analysis was performed on a 
FACScan (BDIS, San Jose, CA, USA) using 
FACScan research software. The instrument was 
set up using T lymphocytes as reference by gat
ing on CD3-positive lymphocytes in the FITC 
channel followed by adjustment of the light scat
ter detectors to locate the CD3-positive lympho
cytes in a standard position of forward light 
scatter and orthogonal light scatter. Scatter and 
fluorescence signals were determined for each 
cell and data of 20,000 events were stored in list 
mode datafiles. 

Data Analysis 

The analysis of the five dimensional data was 
performed with the Paint-a-Gate Plus software 
(BDIS). This program transforms orthogonal 
light scatter according to a polynomial function 
and increases the resolution between cell popu
lations in orthogonal light scatter. 

Statistical Analysis 

Treatment response was defined according to 
the guidelines of the NCI consensus report [6]. 
CR was defined by the presence of less than 5% 
leukemic blasts in the bone marrow aspirates, 
~ 1500 neutrophils/mm3, ~ 100 000 plateletsl 
mm3, and by absence of extramedullary disease. 
Remission duration was calculated from achiev
ment of CR to relapse. The last timepoint of 
observation was February 15,1996. Patients who 
died in CR were classified as in continous CR 
Lifetable analysis was calculated according to 
kaplan and Meier, and significances were deter
mined by the logrank test, using the SPSS pro
gram system. 



Results 

Identification of Prognostic Factors at Diagnosis 

Data from the 24 patients are summarized in 
Tables 1 and 2. Five patients had t(8; 21). By 
morphology, three patients were classified as 
having AML M2, two as AML M4. Three patients 
were diagnosed as having AML M3. In two of 
them the morphological diagnosis was con
firmed by the cytogenetic presence of t(15; 17). 
This was not found in one patient (UPN 17), 
although local and central evaluation of the 
bone marrow slides unanimously classified the 
leukemia as M3. The largest group of these 
patients with favorable prognostic karyotypes 
comprised seven patients with AML M4 Eo and 

inv 16. All patients were treated according to the 
protocol except one patient, who was mentally 
retarded (UPN 121). She achieved CR after only 
one course of T AD9, and later received a second 
course of TAD9 as consolidation. Maintenance 
therapy was not initiated. 

Nine patients had secondary acute leukemia. 
In six of them, a myelodysplastic syndrome was 
diagnosed as antecedent hematological disor
der. Two further patients had a previous history 
of breast cancer which had been treated 
with radio- and adjuvant chemotherapy. 
The last patient was diagnosed with low-grade 
non-Hodgkin lymphoma 11 years prior to 
diagnosis of AML. He had been treated with 
COP. 

Table 1. Characteristics of patients with favorable prognostic factors 

UPN Age 
(years) 

17 36 
94 22 

105 64 

116 33 
121 52 
129 34 
166 48 
169 56 
204 21 
210 60 
214 66 

1004 37 
1143 36 
1311 29 
1564 81 

-, absent; +, present 

Sex 

w 
w 
w 
m 
w 
m 
m 
w 
w 
w 
m 
m 
w 
w 
m 

FAB 
group 

M3 
M3 
M4Eo 
M4 
M2 
M2 
M4Eo 
M4 
M4Eo 
M2 
M4Eo 
M4Eo 
M4Eo 
M3 
M4Eo 

Minimal 
residual 
disease 

+ 

t 

+ 

Remission 
duration 
(months) 

65 + 
53 + 
53 + 
6+ 
6 
4 

12 
4 

35+ 
17 
32 + 
25 + 
21 + 
15 + 

4 

Table 2. Characteristics of patients with unfavorable prognostic factors 

UPN Age Sex FAB Minimal Remission 
(years) group residual duration 

disease (months) 

51 57 m M4 + 10 
65 72 m M6 7 
70 58 m M + 15 
81 61 m Ml + 10 
90 47 m M + 1 

109 78 w M2 3 
114 49 w M2 + 51 + 
142 66 w M5 + 2 

1128 51 m M + 12 
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Detection of Cells with the Leukemia-Associated 
Phenotype in CR 

The leukemia-associated phenotype was ana
lyzed using multiparameter flow cytometry in 
the bone marrow aspirates of all 24 patients 
prior to therapy. An informative combination of 
antibodies was defined for each patient and was 
used for follow-up analysis. The persistence of 
cells with the leukemia-associated phenotype 
was determined in all 24 patients at achievement 
of hematological CR. Leukemic cells were iden
tified in 4 of the 15 with favorable prognostic 
factors, and in 9 of the 9 patients with unfavor
able prognostic factors. Data are summarized in 
Tables 1 and2. 

Correlation of MRD Results to Clinical Outcome 

Lifetables according to Kaplan-Meier analysis 
are presented in Fig. 1 and 2. The group of 
patients with favorable factors had an excellent 
prognosis. The projected percentage of patients 
without relapse is 71% for patients without 
residual leukemic cells and 50% for patients 
with residual leukemic cells. Patients with unfa
vorable prognostic factors had a very poor prog
nosis. Only one patient stayed in continuous CR, 
now at 61 months. At later follow-up analysis 
this patient had no residual leukemic cells after 
consolidation therapy. All other patients relap-

sed, with a median remission duration of 
7 months. 

Discussion 

During the past 20 years the prognosis of 
patients with newly diagnosed AML has signifi
cantly improved. Together with progress in sup
poritve care this has mainly been achieved 
through intensification of chemotherapy in the 
induction, consolidation, and maintenance pha
ses. Large multicenter trials have also allowed 
the identification of prognositc factors. Cur
rently, individualized risk-adapted therapy is 
intensively debated on two competing princi
ples: the first uses pretherapeutic parameters, 
the strongest risk factors being etiology of the 
leukemia, age, cytogenetic subgroup, and LDH; 
the second is based on detection of minimal 
residual disease in hematological CR. 

Our study shows that these two principles are 
not competing, but rather are complimentary. 
As part of an ongoing multicenter trial on the 
clinical significance of the detection of persist
ing cells with a leukemia-associated phenotype, 
we analyzed 24 patients with cytogenetic or 
morphologically defined prognostic features. All 
24 patients had an informative immUriopheno
type. This very high rate may either be due to 
the small number of patients or to the selection 
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Fig. 1. Relapse-free survival of patients in cytogenetically favorable prognostic subgroups in relation to presence 
or absence of residual leukemic cells 
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of patients involved. It has previously been 
reported that patients with AML M2 and t(8; 
21) have a high rate of aberrant antigen expres
sion involving CP19 and CD56. Expression of 
lymphoid lineage-associated antigens has also 
been described in patients with AML M3 and 
AML M4E. Comparable data have not yet been 
published on patients with secondary leukemia. 
The complex genetic abnormalities in these 
patients, however, may also indicate that surface 
antigen expression may deviate from that in 
normal hematopoiesis. 

At achievement of CR only 4 of 15 patients 
with favorable karyotypes had detectable 
leukemic cells. Due to the small patient group, 
the difference in therapy outcome in patients 
with and those without residual leukemic cells 
was not significantly different. It is conceivable 
that patients with persistent leukemic cells in 
CR even in prognostically favorable subgroups 
are those that will eventually relapse. This has to 
be tested in larger patient populations. In these 
three cytogenetic entities, multiparameter flow 
cytometry competes with the molecular biologi
cal detection of fusion transcripts for detection 
of 2MRD. Persistence or reappearacne of PMLI 
RARu transcripts in patients with acute pro
myelocytic leukemia is associated with an unfa
vorable prognosis [7]. The results are not as 

clear as in patients with t(8; 21). AMLl/ETO 
transcripts are consistently found in hematolog
ical CR [8,10]. Multiparameter flow cytometry 
may have lower sensitivity but higher specificity. 

All nine patients with secondary acute 
leukemia had persistent leukemic cells at 
achievement of CR. This is not an unexpected 
finding, but it supports the validity of detection 
of residual disease using multiparameter flow 
cytometry. The majority of these patients only 
had a short remission duration on standard 
chemotherapy with consolidation and mainte
nance. Higher cure rates in these patients [4]. 
require new experimental approaches. Even 
myeloablative therapy with allogeneic bone 
marrow transplantation leads to long-term dis
ease-free survival in only 20%-30% of patients 
Analysis of MRD in these patients does not pro
vide additional information for the overall prog
nosis 

Our data further clarify the potential signifi
cance of detection of minimal residual disease 
by multiparameter flow cytometry in patients 
with newly diagnosed AML in hematological CR. 
We underline the interdependence of prognostic 
factors at different time points of treatment fol
low-up and the necessity to perform these 
studies as part of large multicenter trials with 
standardized chemotherapy 
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Abstract. In the last 2 decades, important 
advances have been made in the understanding 
of the biology, natural history, and prognosis of 
chronic lymphocytic leukemia (CLL). In addi
tion, treatment possibilities in patients with CLL 
have changed as a result of the availability of new 
drugs and treatment strategies. Patients in early 
clinical stage (Binet A; Rai 0) with non-diffuse 
bone marrow histopathology, and low stable 
blood lymphocyte levels have a long survival and 
should not be treated unless the disease progress
es. In contrast, patients with poor prognostic fea
tures' such as advanced clinical stage (Binet B, C; 
Rai III, IV), diffuse bone marrow infiltration or 
high and rapidly increasing blood lymphocyte 
levels have a median survival inferior to 5 years 
and need therapy. Chloroambucil has been the 
mainstay for CLL treatment, but new agents, par
ticularly the purine analogs, offer great promise. 
Among these, fludarabine is the treatment of 
choice for patients failing standard therapies, 
and its role as frontline therapy is being investi
gated. Whatever the treatment used, however, 
cure is rarely achieved. A number of situations 
(e.g., autoimmune cytopenias, hypersplenism) 
require special treatment approaches (e.g., corti
costeroids, splenectomy). Transplants of progen
itor hemopoeitic cells are also increasingly 
performed and deserve further investigation. 

Introduction 

Chronic lymphocytic leukemia (CLL) is the 
most frequent form of leukemia in Western 

countries. Clinical features of CLL are due to the 
progressive accumulation of immuno-incompe
tent B lymphocytes in bone marrow and lym
phoid organs and the immune disturbances that 
accompany the disease [1,2]. The prognosis of 
patients with CLL is variable. In the last 2 
decades significant advances have been made in 
the therapy of CLL [3-5]. This review focuses on 
when and how to treat patients with CLL. 

When to Treat 

Treatment decisions in CLL should not be made 
without taking into consideration the following 
items: (a) disease diagnosis; (b) patient charac
teristics; (c) symptoms; (d) prognosis; and (e) 
pace of the disease. 

Diagnosis 

Since CLL may be confounded with other chron
ic lymphoproliferative disorders, criteria to 
diagnose CLL have been proposed [6,7] (Table 
1). Although, in the past, an absolute lympho
cyte count of 15 x 109/1 was considered as the 
threshold for defining CLL, a diagnosis of CLL 
can be made whenever there is an absolute 
increase in the number of lymphocytes in blood 
and their morphology and immunophenotype 
(i.e., low density SmIg, C05+, COI9+, C020+, 
C023 +) are consistent with the diagnosis. The 
French-America-British (FAR) Group [8] has 
divided CLL into different morphological vari-

Postgraduate School of Hematology "Farreras Valenti", Department of Medicine, University of Barcelona, 
Barcelona Hospital Clinic, Villarroel, 170-08036 Barcelona, Spain 
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ants on the basis of the proportion of atypical 
lymphoid cells in peripheral blood (Table 1). 
This subclassification should be reanalyzed in 
light of the recent identification of lymphomas 
(e.g., splenic lymphoma with villous lympho
cytes, mantle cell lymphoma) that can mimic 
CLL morphologically or immunophenotypically. 

Patient Characteristics 

The median age of patients with CLL at diagno
sis is 65 years, with only 10%-15% of them being 
under 50 years of age. In addition, these patients 
may have associated diseases, thus excluding 
them from intensive treatment approaches. In 
younger patients, age by itself should not be con
sidered as criterion to initiate therapy. In these 
patients, however, the goal of treatment, once 
indicated, should be to eradicate the disease. 

Disease Symptoms 

A number of symptoms that justify therapy in 
CLL are usually recognized [5,6). 

General Symptoms. These are B symptoms: weight 
loss, fever without infection, night sweats, weak
ness, or easy fatigability). However, systemic 
symptoms in uncomplicated CLL are infrequent. 
Therefore, infections or the transformation of 
CLL to a more aggressive lymphoproliferative 
disorder such as large-cell lymphoma (Richter 
syndrome) should be discarded before assuming 
that general symptoms reflect disease activity. 

Compressive Problems. Bulky lymphadenopathy 
and/or splenomegaly can cause compressive 
problems. 

Increased Susceptibility to Bacterial Infections with 
Hypogammaglobulinemia. Infection susceptibility 
usually correlates with low immunoglobulin lev
els and advanced disease, with the latter being 
the major reason to initiate therapy. 

Prognosis 

The median survival of patients with CLL has 
increased from about 5 years in the early 1970s 
to about 8 years; this is due to the larger propor
tion of patients currently diagnosed when 
asymptomatic. Clinical stages [9, 10), bone mar
row histopathology [11, 12), blood lymphocyte 
levels [13, 14), lymphocyte doubling time 
[15, 16), lymphocyte morphology [17,18), and 
cytogenetic abnormalities [19, 20) are reliable 
predictors of survival (Tables 2-4). These prog
nostic factors apply to all patients with CLL 
regardless of their age [21). 

Clinical staging systems are the most useful 
prognostic parameters. Nevertheless, other vari
ables may add discriminant power to clinical 
stages. For example, among patients in early 
stage, those with a diffuse bone marrow 
histopathologic pattern and/or rapidly increas
ing lymphocyte counts are likely to progress, 
whereas in those with non-diffuse bone marrow 
involvement and low, stable blood lymphocyte 
levels the disease tends to have an indolent and 
non-progressive (Smoldering) course [22,23). 

Pace of Disease 

After diagnosis, patients should be observed 
without treatment for several weeks to accurate
ly establish the stage of the disease, to calculate 
doubling time, and to assess the pace of the dis-

Table 1. Chronic lymphocytic leukemia; diagnostic criteria [6-8] 

1. Absolute lymphocytosis in peripheral blood 

> 5 x 10'/1 (National Cances Institute/Working Group) 
> 5 x 10'/1 (International Workshop on CLL) 

2. The majority oflymphocytes should be small and mature in appearance 
Morphologic subtypes (FAB Group) 

2.1 Typical or classic CLL (,;;; 10 % atypical lymphocytes) 
2.2 Atypical or mixed CLLlPL ( prolymphocytes in blood between 11 % and 54%) 
2.3 Atypical or mixed: variable proportion of atypical lymphocytes in blood with 

< 10% prolymphocytes 

3. Characteristic immunophenotype 
SmIg +1-,C05 +,C019 +,C020 +,C023 +,FMC7-/ +,C022 +/-" 

4. Bone marrow infiltration 
> 30% lymphocytes in bone marrow aspirate, or consistent pattern in bone marrow biopsy 
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Table 2. Chronic lymphocytic leukemia; Rai staging system 

Risk Stage Characteristics 

Low 0 Lymphocytosis alone 
Intermediate I Lymphocytosis 

Lymphadenopathy 
II Lymphocytosis 

Spleen andlor liver enlargement 
High III Lymphocytosis 

Anemia (Hb < 11 g/dl) 
IV Lymphocytosis 

Platelets < 100 X 10' 11 

Table 3. Chronic lymphocytic leukemia; Binet staging system 

Stage 

A 

B 

C 

Characteristics 

No anemia, no thrombocytopenia, fewes 
than 3 lymphoid areas' enlarged 
No anemia, no thrombocytopenia, 
three or more areas enlarged 
Anemia (Hb < 10 g/dl) andlor 
platelets < 100 x 10'/1 

Median survival 
(years) 

> 15 
9 

5 

2 

2 

Median survuval 
(years) 

12 

5 

2 

'Lymphoid areas considered are: cervical, axillary, and inguinallymphadenopa
thies (whether uni- or bilateral), spleen, and liver. 

ease and its severity. This may be of value in 
patients in whom the decision regarding the 
need for therapy is not clear enough. 

In summary, patients with no risk factors 
(Le., those in early clinical stage with a non-dif
fuse bone marrow pattern, and low and stable 
blood lymphocyte levels) have a very long sur
vival and should not be treated unless the dis
ease progresses. In contrast, patients with poor 
prognostic features (Le., those with advanced 
clinical stage, diffuse bone marrow histopathol
ogy, high and/or rapidly increasing blood lym
phocyte counts) have a median survival of less 
than 5 years and require therapy. 

How to Treat 

Patients with Early and Stable Disease. Treatment of 
patients in an early stage (Binet A; Rai 0) has 
resulted in a delay in the rate of progression of 
the disease but no survival benefit [24-27]; in 
one study, patients treated from diagnosis with 
continuous chlorambucil had a higher incidence 
of second neoplasms [25]. Therefore, the cur
rent notion is that patients with early and stable 

Table 4. Chronic lymphocytic leukemia: other prog
nostic factors 

Parameter 

Bone marrow histopathologic 
pattern 
Non-diffuse 
Diffuse 

Number oflymphocytes in blood 
.;; 50 x 10'/1 
> 50 x 10'11 

. Doubling time 
> 12 months 
.;; 12 months 

Lymphocyte morphology in 
peripheral blood 
.;; 5% prolymphocytes 
> 5% prolymphocytes 

Cytogenetic abnormalities 
Normal Karyotype 
Multiple and complex 

abnormalities 

Median survival 
(years) 

10 
3-5 

6 
3-4 

10 
5 

5-6 
3-4 

>10 

5-6 

N.B. The number oflymphocytes and prolymphocytes 
in blood as well as doubling time behave as continu
ous variables: the higher the number of cells or the 
shorter the doubling time, the poorer the prognosis. In 
most instances, these poor risk factors are not found 
in isolation but accompanying advanced disease. 
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disease should not be treated unless the disease 
progresses. Whether patients with early stage 
but unfavorable features (e.g., diffuse bone mar
row biopsy, high and/or rapidly increasing 
blood lymphocyte counts) could gain benefit 
from being treated before they actually progress 
has not been addressed in clinical trials. 

Patients with Advanced Clinical Stage Due to High Tumor 
Burden and Bone Marrow Faifure. Over the last 2 
decades, chlorambucil (e.g., 0.4-0.8 mg/kg orally 
every 2 weeks) has been the treatment of choice 
for the majority of these patients. Although 
patients treated with cyclophosphamide, dox
orubicin, vincristine, and prednisone, (CHOP) 
achieve a higher response rate, this does not 
translate into longer survival [28-31]. 
Nevertheless, front-line treatment with CHOP 
might be indicated in the rare tumoral forms of 
the disease with compressive problems, a setting 
in which a rapid response is desirable; in such 
cases, local radiotherapy may also be useful. 
Patients failing frontline therapy should be 
treated with combination chemotherapy or fiu
darabine [5, 32-36]. Preliminary results of on
going trials in which fiudarabine is being 
compared to CHOP and cyclophosphamide, 
doxorubicin, and prednisone (CAP) show a 
higher response rate for fiudarabine; whether 
this will translate into a longer survival remains 
to be seen, with more follow up being necessary 
[35,36]. At present, frontline therapy with flu
darabine or other purine analogues should only 
be considered if forming part of clinical trials. 

Patients with Cytopenias Due to Immune Mechanism. These 
patients, i.e., stage C (III, IV) (immune), should 
be initially treated with corticosteroids (e.g., 
prednisone 40 mg/m2 daily given orally), with 
cytotoxic agents (e.g., cyclophosphamide 50-100 
mg orally per day) only being added in case of no 
response after 4-6 weeks of treatment. In patients 
with autoimmune hemolytic anemia not respond
ing to or difficult to control with corticosteroids 
plus cytotoxic agents, high-dose immunoglobulin 
or cyclosporine may be tried. A proportion of 
these patients, however, eventually require 
splenectomy or low-dose spleen radiation [5]. 

Another form of apparently advanced CLL 
not due to bone marrow infiltration is pure red
cell aplasia (PRCA) which may be occasionally, 
associated with CLL. Excellent treatment results 
have been reported with cyclosporine with or 
without prednisone [5,37]. 

344 

Patients with Hypersplenism. There are cases of CLL 
in which the anemia and/or the thrombocytope
nia are entirely or partially due to hyper
splenism. In such cases, splenectomy or 
low-dose radiotherapy over the spleen may be 
more effective than chemotherapy [5]. 

Therapy of Systemic Complications. Hypogammaglo
bulinemia is frequent in CLL and is the major 
cause of infections which are the major cause of 
death. In a placebo-controlled randomized 
study, 400 mg/kg immunoglobulin given intra
venously at intervals of 3 weeks for I year was 
found to be effective and well tolerated (38). 
Prophylactic immunoglobulin, however, had no 
impact on survival and cost/benefit considera
tions make the routine use of immunoglobulin 
in all patients with hypogammaglobulinemia 
debatable [39]. Relatively lower doses of 
immunoglobulin (10 g every 3 weeks; 250 mg/kg 
every 4 weeks) might be as effective as higher 
doses, with this having important practical and 
economic derivations [40,41]. The role of oral 
antibiotics as prophylaxis has not been formally 
investigated. As in other settings, recombinant 
hemopoietic growth factors may overcome neu
tropenia related to treatment [42]. Finally, ery
thropoietin may be useful to treat anemia 
unresponsive to other measures [43]. 

New Treatment Approaches 

Purine Analogues. Deoxycoformycin (DCF), fiu
darabine, and 2-Chlorodeoxyadenosine (2-
CDA) are related purine analogues which have 
demonstrated high activity in CLL. All these 
agents inhibit DNA synthesis in replicating cells, 
but their mechanisms of action in lymphoid 
malignancies are largely unknown. DCF is a 
potent inhibitor of adenosine deaminase; 2-CDA 
may induce DNA strand breaks. Both fiudara
bine and 2-CDA appear to activate in vitro cellu
lar apoptosis [5,34]. Unfortunately, there are no 
studies comparing the relative merits of purine 
analogues in CLL therapy. Results reported with 
these drugs are summarized in Table 5, and are 
presented in detail elsewhere in this volume. 

Biotherapy. New approaches to treat CLL include 
monoclonal antibodies (MAbs), interferon 
(IFN), and cytokines. [MAbs], either alone (e.g., 
Campath) or conjugated with toxins (B4-
blocked ricin), cytotoxic agents or radioisotopes 



Table 5. Chronic lymphocytic leukemia: summary of treatment results with purine analogues 

Agent Trials" Patients Previous Response 
(n) (n) therapy 

CR PR CI 
(%) (%) (%) 

Deoxycoformycin 6 152 Yes 0-4 16-35 16-65 
Fludarabine 12 1159 Yes 0-3Rb 14-68 0-68 

3 138 No 25-74b 6-75 
2-Chlorodeoxyade- 6 179 Yes 0-39 2-60 16-20 
nosine 20 No 25 60 

"Not including patients treated in randomized studies 135,36]. 
bIncluding some patients in complete remission but with persistent lymphoid nodules or aggregates in bone 
marrow biopsy (for complete list of reference see [5 D. 
CR. complete remission; 
PRo partial remission; 
CI. clinical improvement. 

(I131) are being actively investigated; the 
response is usually partial and transient. MAbs 
might be useful to eliminate residual disease in 
patients achieving good response after 
chemotherapy [44-47]. (IFN) has no effect in 
patients with advances and heavily pretreated 
disease. In contrast, IFN is more effective in 
patients with early disease and no prior therapy, 
although no complete remission is obtained 
[48-50]. IFN might further improve responses 
achieved with chemotherapy [51,52]. The com
bined use of IFN and cytotoxic agents deserves 
investigation in large clinical trials [48]. 
Interleukins (e.g., IL-2, IL-4, IL-6) are also under 
study. IL-2 has proven to have limited clinical 
activity with considerable toxicity [53-55]. 

Allogeneic Bone Marrow Transplantation. Experience 
with allogeneic bone marrow transplantation in 
CLL is increasing [56-58] (Table 6). The 
European and International Bone Marrow 
Transplant Registries have collected 54 patients 
who received an allogeneic bone marrow trans
plant because of eLL. Of these 38 patients (70%) 
achieved hematologic remission, 24 (44%) are 
alive at a median of 27 months (range 5-80 
months) post-transplant; 3-year survival proba
bility was 46%. Cytofluorometry and/or molecu
lar biology techniques have shown some of the 
remissions achieved after transplant to be mole
cular, with no evidence of residual disease. 
Relapses, sometimes as late as 4 years after 
transplant, may be observed [58]. 

Table 6. Chronic lymphocytic leukemia: summary of treatment results with transplants 

Study 

Rabinowe et al. 1993 [56] 
Allogeneic 
Autologous 
Khouri et al. 1994 (57) 
Allogeneic " 
Autologous 
EMilT 1994 [58} 
Autologous 
IBMTR/EBMT 1995159] 
Allogeneic 

Patients 
(n) 

8 
12 

11 
11 

11 

54 

Age 
Median 
(years) 

40 
45 

42 
59 

50 

41 

Range 
(years) 

31-34 
27-54 

25-55 
37-66 

41-59 

21-57 

CR 

6 
10 

7 
6 

NR 

38 

CCR 
Follow up 
(n) 

6 
10 

7 

24 

(months) 

6-18 
6-31 

6-36 
4-29 

3-24 

5-80 

BMT-related 
deaths 
(n) 

25 

"One syngeneic transplant (alive in continuous complete remission at 19 months after transplantation). 
CCR, contino us complete remission; 
BMT, bone marrow transplant; 
N R, not reported. 
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Autotransplants. There are several reports on 
autotransplants in CLL [56-58] (Table 6). All 
patients had advanced disease before transplan
tation and received cyclophosphamide and total 
body irradiation (TBI) as the conditioning regi
men. In about half of the cases the bone marrow 
graft was purged with MAbs against B cells. A 
meaningful analysis of these cases is precluded 
by a short median follow up (i.e., less than 2 
years). 

The role of transplants in CLL treatment has 
not yet been completely defined and should be 
considered as experimental. Nevertheless, the 
possibility of performing an allogeneic bone 
marrow transplant should be considered in any 
young patient with CLL for whom an HLA-his
tocompatible donor is available. However, the 
potential benefits from a transplant (i.e., cure?) 
should be balanced with its risks (i.e., high mor
tality rate related to the procedure). Patients 
with poor prognostic factors are reasonable can
didates. In contrast, transplants are not indicat
ed in persons with CLL and no poor-risk factors. 
Under some circumstances (e.g., non-availabili
ty of an HLA-histocompatible donor, advanced 
age) and, provided a complete clonal remission 
has been achieved with standard therapy, auto
grafts may be an alternative to allografts. 
Nevertheless, experience with autografts in CLL 
is still more preliminary than that with allografts 
and should also be considered as an experimen
tal procedure. 

Treatment Goals 

As in any other malignancy, the prolongation of 
survival is the most important aim in CLL thera
py. However, there are subjects with CLL in 
whom the disease does not affect, or only mod
estly affects, survival. Therefore, treatment 
should not be decided without taking risk fac
tors into consideration. 

For patients requiring therapy, considerable 
data indicate that response to treatment is asso
ciated with increased survival, and that survival 
correlates with the degree of response. 
Nevertheless, the disease is rarely, if ever, cured. 
Therefore, in most patients with CLL needing 
treatment, the most reasonable aim is to obtain 
the highest response with acceptable toxicity. In 
contrast, in young patients with poor-risk fac
tors, experimental approaches are warranted in 
an attempt to achieve a cure. 
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Abstract. The current study was initiated to com
pare the efficacy and side effects of single agent 
fludarabine treatment with cyclophosphamide, 
doxorubiein, and prednisone (CAP) in previous
ly untreated and pretreated patients with 
advanced-stage chronic lymphocytic leukemia 
(CLL) by way of a prospective randomized clini
cal trial. Patients with (a) previously untreated 
B-CLL of Binet stages B or C, or (b) relapsed B
CLL pretreated with non-anthracycline-contain
ing regimens for more than 6 months but less 
than 3 years were randomly assigned to either 
fludarabine given at a dose of 25 mg/m2 per day 
over 5 consecutive days or CAP comprising 
cyclophosphamide 750 mg/m2 per day and do x
orubicin 50 mg/m2 on day I and prednisone 40 
mg/m2 per day on days 1-5. Both regimens were 
repeated every 28 days for a total of six courses. 

A total of 196 patients were entered into the 
trial of whom 100 were previously untreated, 
while 96 patients had received prior therapy. 
Remission rates were significantly higher in flu
darabine-than CAP-treated patients, with over
all response rates of 60% vs. 44%, respectively 
(p = 0.023). Further analysis indicated a higher 
response to fludarabine in both untreated and 
pretreated cases which was statistically signifi
cant, however, in pretreated cases only (48% vs. 
27%, P = 0.036). Patients achieving complete or 
partial remission after fludarabine experienced a 

significantly longer event-free interval than the 
comparable CAP-treated group, with a median 
response duration of 796 days for fludarabine 
and 270 days for CAP (p = 0.002). This differ
ence translated into a tendency towards a longer 
survival for fludarabine- treated patients which 
was not statistically significant, however, at the 
time of evaluation (l302 days vs. 999, p = 0040). 

Treatment -associated side effects consisted 
predominantly in myelosuppression and granu
locytopenia occuring after 19% of courses with 
fludarabine and after 22% CAP treatment cycles. 
CAP-treated patients, however, experienced a 
higher frequency and severity of nausea and 
vomiting (25% vs. 5%, p <: 0.001) as well as of 
hair loss and allopecia (65% vs. 2%, p <: 0.001) 

The current data demonstrate a significantly 
higher activity of fludarabine in patients with 
advanced-stage CLL which is most pronounced 
in previously treated patients. In relapsed CLL 
fiudarabine, therefore, represents the current 
treatment of first choice. 

Introduction 

After years of stagnation and lack of therapeutic 
progress, new perspectives have recently arisen 
in the treatment of chronic lymphocytic 
leukemia (CLL) through the introduction of 
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purine analogues and fludarabine in particular. 
Fludarabine was extensively investigated in 
patients failing on or relapsing after convention
al therapy and was thus approved for second
line treatment by the respective authorities in 
several countries. Based on these promising 
results, fludarabine is also being applied in pre
viously untreated patients and combined with 
additional agents to further improve its activity 
[1-9]. Side effects such as the prolonged sup
pression of CD4lymphocytes and the associated 
increased risk of infections [5, 10-12] caution its 
widespread application outside controlled clini
cal trials at the present time and warrant a 
prospective comparison with standard thera
pies. The current study was intiated to compare 
the efficacy and side effects of fludarabine with 
one of the most effective and broadly used com
bination regimens comprising cyclophos
phamide, doxorubicin and prednisone (CAP) 
[13-15] in previously untreated and pretreated 
patients with advanced-stage CLL by way of a 
prospective randomized clinical trial. 

Patients, Materials, and Protocols 

Patients of either sex with B-CLL as defined by 
the National Cancer Institute (NCI) Working 
Group [16] at ages older than 18 years were con
sidered for entry into the study if they presented 
with either [a] previously untreated B-CLL of 
Binet stages B or C; or (b) relapsed B-CLL pre
treated with chlorambucil or similar non
anthracycline or anthrachinone-containing 
regimens for more than 6 months but less than 3 
years. All patients had to be in need of therapy 
as defined by an impairment of normal 
hematopoiesis, presence of B symptoms or pro
gressive disease. Patients with poor performance 
status (World Health Organization WHO, scale 
4) were excluded, as were cases with abnormal 
renal or liver function, uncontrolled autoim
mune hemolytic anemia or thrombocytopenia, 
HIV-related disease, T-CLL or prolymphocytic 
leukemia and Richter's syndrome. 

The initial diagnostic work-up included the 
assessment of history and physical examination, 
the determination of complete blood counts and 
immunoglobulin levels, liver and renal function, 
as well as bone marrow aspiration and biopsy 
for m.orphology and immunophenotyping, 
respectively. 
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Randomization and Protocols 

Eligible patients underwent a central random
ization procedure for the assignment to either 
fludarabine or CAP therapy by telephone or fax 
using preformed randomization lists. Ran
?o~iza~ion was balanced for each participating 
mstltutlOn and stratified for prior or no prior 
therapy, stage B or C according to Binet, and age 
below or above 70 years. 

Fludarabine was given at a dose of 25 mg/m2 
per day over 5 consecutive days by 30-min infu
sion. CAP comprised cyclophosphamide 750 
mg/m2 per day and doxorubicin 50 mg/m2 per 
day both given by intravenous infusion on day 
1, and orally administered prednisone 40 mg/m2 
per day on days 1-5. Both regimens were repeat
ed every 28 days for a total of six courses. In 
case of incomplete but continuing therapeutic 
response at that time, up to four further cycles 
were allowed to be given. 

Response was assessed according to NCI 
Working Group criteria [16]. Complete remis
sion (CR) was defined by the disappearance of 
all palpable disease and the normalization of 
blood counts with granulocyte counts greater 
than 1500/mm3, thrombocyte counts greater 
than 100 OOO/mm3, and hemoglobin greater than 
11.0 g/dl as well as bone marrow lymphocyte 
percentage less than 30% in both aspiration and 
biopsy material. A partial remission (PR) 
required a greater than 50% reduction of mea
surable disease manifestations and a more than 
50% improvement of all abnormal blood counts. 
Progressive disease was defined as a greater than 
10 000/mm3 lymphocyte count and a more than 
25% increase above remission values or a 
greater than 50% increase in marrow infiltration 
or a corresponding enlargement of lymph 
nodes, liver, or spleen. 

Treatment related toxicity was evaluated 
according to WHO criteria. Survival was calcu
lated from the 1st day of treatment to death or 
last follow up progression-free interval com
prised the period from the end of therapy to dis
ease progression or death. 

Evaluation Procedures and Statistics 

Fludarabine and CAP therapy were primarily 
compared for their respective response rates 
after the completion of the six initial treatment 
cO~lrses. Pa~ients terminating therapy prior to 
thIS end pomt were classified as treatment fail-



ures unless the reason for early withdrawal was 
achievement of CR or PRo Response rates in 
both treatment groups were compared using the 
Mantel-Haenszel test. 

Treatment -associated side effects were 
assessed by the modified Student's test. Survival 
curves and progression-free intervals were 
determined according to Kaplan and Meier, and 
the log rank test was applied for comparison. 

Study Conduct 

The study was performed under regulatory 
approval from the participating countries, 
Germany, France, Sweden, and the United 
Kingdom. It was conducted in accordance with 
the updated declaration of Helsinki and 
approved by the ethics committees at the partic
ipating institutions. Prior to study entry, all 
patients gave their informed consent after hav
ing been informed about the aim and investiga
tional nature of the trial. 

Results 

Patient Characteristics 

During the study enrolment period from May 
1990 until July 1992, 208 patients were entered 
from 40 participating institutions in France, 
Germany, Sweden, and the United Kingdom. 
Institutions and responsible investigators are 
listed in Appendix 1. A total of 102 patients were 
randomized for CAP and 106 patients were 
assigned to fludarabine therapy. Six patients in 
each group were subsequently excluded because 
of non-adherence to entry criteria or protocol 
violation. Of the remaining 196 patients 100 were 
previously untreated while 96 had received prior 
therapy with one to three different regimens; 105 
patients presented with stage B disease accord
ing to Binet, 89 had stage C, and two previously 
pretreated cases were at stage a. Patient charac
teristics are summarized in Table 1. 

Table 1. Fludarabine vs. CAP in chronic lymphocytic 
leukemia: patient characteristics 

Fludarabine CAP 

n 100 96 
Age 11m Range (years) 39-79 43-78 
Median (years) 63 62 
Male(n) 74 63 
Female (n) 26 33 
Binet stage A (n) 1 
Binet stage B (n) 54 51 
Binet stage C (n) 45 44 
No prior therapy (n) 52 48 
Prior therapy 48 48 

Treatment Response and Side Effects 

From the 196 evaluable patients a total of 102 
(52%) responded with 29 (15%) patients achiev
ing CR and 73 (37%) obtaining PRo Remission 
rates were significantly higher in fludarabine 
than in CAP-treated patients, with overall 
response rates of 60% for fludarabine and 44% 
for CAP (p = 0.023). Correspondingly, more CRS 
were observed after fludarabin than after CAP 
(18% vS. 11 %, P = 0.20). Further analysis accord
ing to prior therapy or no preceding treatment 
indicated a higher response to fludarabine in 
both patient groups, which was statistically sig
nificant only in pretreated cases, Table 2. 

A total of 68 (35%) patients did not complete 
the scheduled number of six treatment courses; 
35 received fludarabine while 35 were on CAP 
treatment. Reasons for early withdrawals are 
given in Table 3 and indicate a higher rate of 
progressive disease, including progressive dis
ease-associated deaths, during CAP as compared 
to fludarabine (21%, 12%, P = 0.065). Twelve 
patients died during therapy, nine on fludara
bine and three on CAP. Of the nine deaths dur
ing fludarabine treatment, three were due to 
progressive disease and four due to severe infec
tions. One patient each died from myocardial 
infarction and intracerebral hemorrhage related 

Table 2. Fludarabine vs. CAP in chronic lymphocytic leukemia: Response 

Fludarabine CAP 
n CR+PR n CR+PR 

n(%) (n)% (p) 

All patients 100 60 (60) 96 42 (44) 0.023 
Untreated 52 37 (71) 48 29 (60) 0.26 
Pretreated 48 23 (48) 48 13 (27) 0.036 
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Table 3. Fludarabine vs. CAP in chronic lymphocytic 
leukemia: patients not completing six treatment cycles 

Progressive disease 
Death from 
Infection 
Progression 
Other causes 
Intercurrent illness 
Infection 
Other causes 
Partial remission 

Fludarabine CAP 
(n) (n) 

9 

4 
3 
2 

5 
10 

33 

21 

3 
7 
1 

35 

to severe thrombocytopenia. All three deaths 
during CAP were caused by infections. Excluding 
the progressive disease-associated deaths, mor
tality rates were similar in both regimens. 

Intercurrent illness prompted the cessation 
of therapy in 25 (13%) patients, 15 (15%) of the 
100 being on fludarabine and 10 (10%) of the 96 
patients on CAP. Of the ten patients terminating 
fludarabine early because of non-infectious 
complications, five revealed newly occurring 
autoimmune phenomena including autoim
mune hemolytic anemia (n = 2), autoimmune 
thrombocytopenia (n = 2), or pure red cell apla
sia (n = I). The latter case has been reported 
previously [17]. Similar events were not 
observed during CAP treatment. 

Treatment-associated side effects are sum
marized in Table 4. Myelosuppression and gran
ulocytopenia in particular comprised the 
predominant toxicity after both regimens but 
were mostly mild to moderate. Granulocyto-

penia of WHO grade III or IV was experienced 
after 19% of fludarabine treatment courses and 
after 22% of CAP cycles, respectively. CAP was 
however, associated with a significantly higher 
rate, and severity of nausea and vomiting (25%, 
5%, P < 0.001), as well as of hair loss and com
plete alopecia (65%, 2%, P < 0.001). 

Response Duration and Survival 

The assessment of response duration and sur
vival is based on a median observation time of 
31 months (range 1-52 months). 

Patients achieving CR or PR after fludarabine 
experienced a significantly longer progression
free interval than the comparable CAP group. 
The median duration of response was 796 days 
for fludarabine and 270 days for CAP (p = 0.002) 
(Fig. 1). This difference translated into a tenden
cy towards a longer survival for fludarabine
treated patients which was, however, not 
statistically significant at the time of evaluation. 
The median survival was 1302 days after flu
darabine and 999 days after CAP (p = 0.40) 

Discussion 

Following the first promising reports by Grever 
et al. [2] and Keating et al. [3] about the high 
activity of fludarabine in advanced, CLL evi
dence has been accumulated by subsequent 
studies that fludarabine represents the most 
active currently available single agent in the 
treatment of CLL and may thus provide a new 
perspective in the management of this disorder. 
A prospective comparative evaluation with stan-

Table 4. Fludarabine vs. CAP in chronic lymphocytic leukemia: cumulative side effects-all Patients 

Fludarabine CAP 
WHO 1/11 WHO III/IV WHO III! WHO IIIIIV 
(n) (%) (n) (%) (n) (%) (n) (%) 

Granulocytopenia 130 (27) 91 (19) 90 (20) 98 (22) 
Thrombocytopenia 90 (18) 68 (14) 87 (19) 58 (13) 
Anemia 137 (28) 35 (7) 155 (34) 35 (8) 
Infection 98 (19) 21 (4) 74 (16) 12 (3) 
Hepatic 35 (7) 4 (I) 28 (7) 2 (0.5) 
Renal 33 (7) 22 (5) 
Diarrhea 20 (4) 2 (0.5) 8 (2) 
N ausea/vomiting 23 (5) (O.S) 96 (21) 17 (4) 
CNS 16 (3) (0.2) 3 (0.5) 
Peripheral neuropathy 7 (2) 2 (0.5) 2 (0.5) 
Hair loss 8 (2) (0.2) 210 (46) 86 (19) 
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Fig. 1. Progression-free intervals for patients with complete or partial remission after fludarabine (asterisks) or 
CAP therapy (squares) The median response duration was 796 days after fludarabine and 270 days after CAP 
(p = 0.002) 

dard therapies was lacking, however, and pre
cluded a more definite judgement. 

The data obtained in the current study clearly 
demonstrate a significantly higher response rate 
after lludarabine than CAP with overall remis
sion rates of 60%, 44%, respectively (p = 0.023). 
Further analysis of previously untreated and 
pretreated cases revealed that 71 % of previously 

untreated patients achieved CR or PR by first
line therapy with lludarabine as compared to a 
60% response rate after CAP (p = 0.26). In previ
ously treated patients the difference was even 
more pronounced with 48% remissions after llu
darabine and 27% responses after CAP 
(p = 0.036). These data are in accordance with 
preceding phase II studies demonstrating 
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responses to fludarabine in 38%-57% of previ
ously treated patients and in up to 79% in 
patients without prior therapy (2-5,7, 18]. They 
also confirm the comparatively low efficacy of 
conventional salvage regimes in relapsed CLL 
including the anthracycline-containing combi
nations such as CAP and cyclophosphamide, 
doxorubicin, vincristine, and prednisone [13]. 

In the current trial fludarabine not only 
proved more effective in terms of inital 
response, but was also associated with fewer 
side effects. While myelosuppression and granu
locytopenia in particular comprised the pre
dominant toxicity after both regimens and 
occurred in 19% of courses with fludarabine and 
in 22% of CAP cycles, CAP-treated patients 
experienced a higher frequency and severity of 
nausea and vomiting (25% vs, 5%, P < 0.001), as 
well as of alopecia and complete hair loss (65% 
vs. 2%, P < 0.001). These differences appear 
especially relevant in view of the fact that both 
regimens are primarily applied for palliation 
and that good tolerance facilitates the accep
tance and performance of therapy. 

In contrast to other investigations, no 
increase in infections events was observed dur
ing or after fludarabine therapy. This complica
tion has been associated with the sustained 
reduction of lymphocyte counts and of CD 4 
helper cells in particular [10-12, 19]. In addi
tion, an impairment of antibody activiy and 
even granulocyte function has been reported 
[20-21]. However, in accordance with the cur
rent results, the most mature study on this issue 
recently published by O'Brien and coworkers [5] 
did not reveal a higher incidence of infections 
among 264 CLL patients treated with fludara
bine except for patients receiving fludarabine in 
combination with prednisone. Antimicrobial 
prophylaxis as advocated by several investiga
tors already seems, therefore, not generally 
required during fludarabine therapy. 

These data warrant further exploration and 
emphasize the need for prospective analyses 
which are also required to evaluate the impact of 
treatment on disease-free and overall survival. 
At the time of evaluation, the higher response 
rate achieved by fludarabine in the present trial 
did not translate into a statistically significant 
improvement of overall survival either in 
untreated or in pretreated patients. However, 
the median progression-free interval was signifi
cantly longer in patients responding to fludara
bine. 
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14033 Caen 
France 
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France 
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Potential Immunological Action of Purine Nucleoside Analogs 

G. Dighiero 

Abstract. Purine nucleoside analogs are a new 
class of drugs with activity against nondividing 
lymphocytes; thus, they should playa major role 
in the treatment of low-grade lymphoid malig
nancies. 

These drugs have been shown to have strong 
effect in DNA systhesis on actively dividing 
cells, through interference with DNA poly
merases and ribonucleotide reductase, and for 
some of them through inhibition of DNA pri
mase and DNA ligase. However, the cell cycle 
kinetics oflow-grade lymphocytic lymphomas is 
characterized by the presence of very low
growth fractions. Hence, the action of these 
drugs in slowly progressing lymphoid malignan
cies cannot be accounted for by the same mech
anism observed in actively proliferating tumors 
and needs to be explained through activity 
against quiescent resting lymphocytes. Recent 
work has stressed the role of purine analogs in 
inducing programmed cell death of quiescent 
lymphocytes, which could be explained through 
the induction of accelerated DNA strand breaks. 
This process leads to consumption of NAD for 
poly(ADP-ribose) synthesis, which could induce 
critical depletion of adenosine-5 ' -triphosphate 
(ATP). 

In addition, as their action extends to normal 
resting lymphocytes, deleterious effects related 
to their immunosuppressive action are also 
observed, i.e., prolonged lymphopenia predomi
nating in T cells and especially in the CD4 subset 
and an increased frequency of opportunistic 
infections. Nevertheless, beneficial effects of this 
immunosuppressive action have also been 

reported for 2-chlorodeoxyadenosine (2CDA) in 
the case of autoimmune hemolytic anemia asso
ciated with chronic lymphocytic leukemia 
(CLL). These last results could offer some 
promise for these drugs in the field of immuno
suppression. 

To substantiate this possibility, a consider
able amount of work needs to be carried out in 
order to better define the mechanisms of action 
of these drugs, as well as their potential activity 
on different immunological effectors. Also, 
studies in animal models of autoimmune dis
ease should be undertaken. 

Introduction 

The introduction of nucleoside analogs consti
tuted an important progress in the treatment of 
low-grade lymphoid malignancies. The initial 
success of the pyrimidine nucleoside cytarabine 
in the treatment of acute leukemia prompted the 
search for purine nucleoside analogs. Among 
these, deoxycoformycin (DCF), an inhibitor of 
adenosine deaminase (ADA), fludarabine 
monophosphate (FLU), a fluorinated analog of 
adenine that is relatively resistant to ADA and 2-
chloro-2'-deoxyadenosine (2-CDA), a drug also 
resistant to ADA through the introduction of a 
choro at the carbon 2, have been shown as the 
most promising drugs. All three drugs have dis
played impressive activity in the treatment of 
chronic lymphocytic leukemia (CLL), low-grade 
lymphoma, and hairy-cell leukemia (Plunkett 

Unite d'Immunohematologie et d'Immunopathologie, Institut Pasteur, 28 rue du Docteur Roux, 74724 Paris 
Cedex 15, France 
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and Saunders, 1993, O'Dwyer et aI., 1988, Chun 
et aI., 1991 and Piro et aI., 1988). 

These drugs have been shown to have a 
strong effect in DNA synthesis on actively divid
ing cells through interference with DNA poly
merases and ribonucleotide reductase, and for 
some of them through inhibition of DNA pri
mase and DNA ligase (reviewed by Plunkett 
et al. 1993 and Plunkett and Saunders (in 
press)). However, the cell cycle kinetics of low
grade lymphocytic lymphomas is characterized 
by the presence of very low-growth fractions. 
Hence, the action of these drugs in slowly pro
gressing lymphoid malignancies cannot be 
accounted for by the same mechanism observed 
in actively proliferating tumors and needs to be 
explained through activity against quiescent 
resting lymphocytes. In addition, as their action 
extends to normal resting lymphocytes, deleteri
ous effects related to their immunosuppressive 
action are also observed, i.e., prolonged lym
phopenia predominating in T cells and especial
ly in the CD4 subset and an increased frequency 
of opportunistic infections (Byrd et aI., 1993 and 
Seymour et at., 1993). Nevertheless, beneficial 
effects of this immunosuppressive action have 
also been reported for 2-CDA in the case of 
autoimmune hemolytic anemia associated with 
CLL (Piro et aI., 1988). These last results could 
offer some promise for these drugs in the field of 
immunosuppression. 

In this work, we shall review the putative 
mechanisms involved in the immunosuppres
sion induced by purine analogs and discuss the 
experiments that should be devised to substanti
ate this question. 

Are Purine Analogs Mimicking Adenosine 
Deaminase Deficiency? 

In humans, a genetic deficiency of ADA causes 
severe combined immunodeficiency. This dis
ease is characterized by a selective lymphopenia 
of both T and B cells resulting in reduced cellu
lar and humoral immune capacity, which may 
be attributed to the toxic effect of deoxyadeno
sine accumulation. (Giblett et al. 1972, Martin 
and Gelfand, 1981 and Hirschhorn and Ratech, 
1983). 

It was reasonable to assume that analogs of 
deoxyadenosine resistant to cellular de am ina
tion might mimic the ADA-deficient state and 

have a potential therapeutic activity on resting 
lymphocytes without damaging other cell types 
(Carson et at. 1977, 1978, 1980 and 1982). Initial 
work demonstrated that when T lymphoblasts 
were exposed to the strong ADA inhibitor 
deoxycoformycin (DCF), there was a preferen
tial accumulation of deoxyadenosine-5' -triphos
phate (dATP) (O'Dwyer et aI., 1988). The 
metabolic effect of deoxyadenosine in nondivid
ing human lymphocytes is the consequence of 
the progressive accumulation of strand breaks 
in DNA. In addition, it has been shown that 
repair of DNA breaks is associated with the syn
thesis of poly(ADP-ribose). This polymer is pro
duced from NAD in a reaction catalyzed by the 
chromatin-associated poly(ADP-ribose) syn
thetase, which results in a depletion of the NAD 
content of the cell. This depletion induces a pro
found alteration of the cellular reducing 
power that results in programmed cell death 
(PCD). Hence, it appears that nucleoside 
analogs can act on quiescent lymphocytes via 
an apoptotic process (Brox et al. 1984, Seto 
et aI., 1985, Carson et aI., 1986, O'Dwyer et ai, 
1988 and Plunkett et aI., 1993). As this is a 
central point to understand the effect of 
nucleoside analogs, we shall briefly review this 
point. 

What Is the Role of Apoptosis 
in the Immunosuppression 
Induced by Nucleoside Analogs? 

The term "programmed cell death" was initially 
used by developmental biologists to describe the 
loss of specific cells which occurs in a temporal 
and spatial manner and corresponds to a physio
logical process during development. PCD was 
initially thought to differ from death induced by 
the classical necrotic process in that it requires 
new gene expression which is necessary to acti
vate the process. More recently, immunologists 
extended the concept of peD to any cell death, 
dependent on de novo gene expression (reviewed 
by Arends et al. 1990 and Schwartz and Osborne, 
1993). However, not all cells dying in a pro
grammed fashion display the stereotypic changes 
associated with apoptosis, and suppression of 
apoptosis by inhibitors or RNA and/or protein 
synthesis does not appear to be universal. 

In most cases, apoptosis has been reported to 
be abrogated by inhibitors of macromolecular 
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synthesis like cycloheximide, actinomycin D, 
puromycin and emetine (Schwartz and Osborne 
1993). An exception to this rule is the cytotoxic 
T lymphocyte (CTL)-induced apoptosis in target 
cells, where DNA fragmentation occurs within 
20 min, excluding the possibility that protein 
synthesis could occur. In addition, apoptosis 
induced by glyotoxin in HL-60 cells following 
treatment by calcium ionophore and that 
induced by mild hyperthermia have not been 
shown to depend on protein synthesis (Collins 
etal.,1991). 

As regards purine nucleoside analogs, work 
by Carson et al. (1983) demonstrated that 2-
CDA could selectively harm resting normal 
human lymphocytes. This effect appeared to be 
very selective for this purine analog when com
pared to other clinically useful anticancer agents 
affecting purine and pyrimidine metabolism 
(cytarabine, 6-thioguanine, 5-fluouracil, and 
hydroxyurea). To explain this action, it was 
speculated that there was a relstionship between 
DNA strand breaks, NAD metabolism, and PCD 
(Berger et aI., 1979 and 1985, Seto et al. 1985 and 
Carson et al. 1986) Under normal conditions, 
resting lymphocytes are continuously breaking 
and rejoining DNA. When this physiological 
process is accelerated, it leads to consumption 
of NAD for poly(ADP-ribose synthesis), which 
could induce lethal ADP and ATP depletion. 
This hypothesis was substantiated by the fact 
that supplementation of the medium with the 
NAD precursor nicotinamide or 3-aminobenza
mide, an inhibitor of poly(ADP-ribose) syn
thetase, prevented NAD depletion and 
prevented 2-CDA toxicity. Although attractive, 
this hypothesis needs to be further substantiated 
since there is controversy as to whether resting 
quiescent lymphocytes contain a sizable amount 
of preexistent single-strand breaks (Jostes et al. 
1989 and Boerrigter, 1991). In addition, the acti
vation of poly(ADP-ribose) polymerase by a 
DNA-damaging agent is not necessarily indica
tive of a role for polyADP-rybosylation in DNA 
repair (Boerrigter, 1991). 

Similar depletion in both NAD and ATP, 
which could be prevented by addition of either 
nicotinamide or 3-aminobenzamide, were ob
served by Brager and Grever (1986) when nor
mal lymphocytes were incubated with 10 f1M 
FLU. In addition, rat thymocytes incubated with 
FLU were shown to undergo PCD. Recent work 
by Robertson et al. (1993) succeeded in demon
strating that 24-72-h incubation of CLL lympho-
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cytes with either 2-CDA or FLU clearly acceler
ated the spontaneous process of PCD observed 
when these cells are cultured in usual condi
tions; 2-CDA appeared to determine more DNA 
cleavage than FLU. In addition, this effect was 
not observed in all CLL cases studied. Previously 
untreated patients displaying spontaneous DNA 
fragmentation after short-term culture exhibited 
the higher levels of in vitro DNA fragmentation 
after exposure to purine nucleoside analogs, and 
this correlated well with a favorable response to 
chemotherapy. On the contrary, relative resis
tance to spontaneous or nucleoside analog
induced PCD correlated with a poor response to 
chemotherapy. Interestingly, nucleoside ana
log-induced PCD did not appear to be inhibited 
by inhibition of protein synthesis and by deple
tion of extracellular calcium, whereas the in
tracellular chelator BAPT A-AM completely 
inhibited DNA fragmentation. In a previous 
report, Collins et al. (1991) also showed that 
spontaneous PCD in CLL lymphocytes does not 
require protein synthesis. 

What Are the Mechanisms Involved 
in Nucleoside Analog-Induced 
Immunosuppression? 

Available evidence concerning the mechanisms 
involved in nucleoside analog-induced imm
unosuppression is scarce. Clinical studies in 
low-grade lymphoid malignancies have shown 
that treatment with these drugs is frequently 
associated to long-lasting T cell lymphopenias 
predominating in CD4 cells and with the 
appearance of opportunistic infections (Byrd 
et aI., 1993 and Seymour et aI., 1993). ADA levels 
have been found to be tenfold greater in T cells 
than in B cells and to predominate in immature 
thymocytes when compared to mature ones 
(Huang et aI., 1981 and Barton et aI., 1979). In 
addition, since T cells display greater ATP accu
mulation (Carson et aI., 1970 and 1981 and 
Wortmann et aI., 1979), it has been shown that 
ADA inhibition affects more T than B cells 
(Carson et aI., 1978 and Fox et al. 1981). ADA 
inhibition also results in impairment of E
rosette formation (Ballet et aI., 1976, Lum et aI., 
1978) and mitogenic response (Carson and 
Seegmiller, 1976 and Hovi et aI., 1976). On the 
other hand, contradictory results have been 
obtained when antibody production and natural 



killer (NK) function were explored. Priebe et a1. 
(1988, 1990a and 1990b) showed that the nucleo
side analog tubercidin reduced NK activity 
whereas FLU stimulated NK cell activity. On the 
contrary, enhances antibody production, 
through decrease of NK activity whereas FLU 
decreases antibody activity. 

Conclusion 

Available evidence indicates that nucleoside 
analogs are new drugs with strong activity 
against nondividing lymphocytes and should 
thus playa major role in the treatment of low
grade lymphoid malignancies. As these drugs 
are active against resting lymphocytes, harmful 
effects related to this action were expected and 
have been reported. However, this harmful 
effect observed during the treatment of lym
phoid malignancies could hold some promise 
when dealing with autoimmune diseases. 

To substantiate that possibility, a consider
able amount of work should be carried out to 
better define the mechanism of activity of these 
drugs as well as their action on the different 
immunological populations. Also, studies in 
animal models of autoimmune disease should 
be designed. 

The hypothesis that nucleoside analogs act 
through the increase of single-strand DNA 
breaks has been advanced. The DNA repair 
process that ensues will determine an increase 
in poly(ADP-ribose) which depletes the cell con
tent in NAD and ATP content, leading lympho
cytes to peD. This hypothesis is supported by 
considerable experimental work. However, the 
possibility that quiescent lymphocytes in nor
mal conditions contain a sizable amount of sin
gle-strand DNA breaks and the obligatory role 
of polyADP-ribosylation in DNA repair remain 
controversial issues. Although there is evidence 
indicating that nucleoside analogs exert at least 
part of their action on quiescent lymphocytes 
through an induced apoptosis process, the fact 
that this activity is not dependent on protein 
synthesis remains puzzling. 

The evidence concerning functional impair
ment of T,B, and NK cells was obtained during 
the 1970s and the early 1980s and needs to be 
updated. All the experimental work was 
performed on PBL cells using the functional 
tests available at that time. A functional study 
taking into account the different immunological 

subsets and the progresses accomplished in 
studying the cytokine cascade are needed to fur
ther define the putative immunosuppressive 
action of these drugs. For instance, can the 
potential immunosuppression induced by these 
drugs be accounted for only through the induc
tion of PCD? Do these drugs preferentially affect 
one special subset of T cells (TH1, TH2, sup
pressor cells, etc)? What is their action on the 
secretion of the different cytokines? Since both 
CD4 and CD8 subsets derive from a common 
double-positive cell, why does the long-lasting 
lymphopenia observed after treatment with 
these drugs predominate in CD4 subset? These 
are some of the main questions that need to 
be answered in order to seriously consider 
these drugs as potential immunosuppressive 
agents. 

Finally, trials in animal models of autoim
mune disease should be planned to better define 
the action of these drugs. The NZB mouse 
model, characterized by a polyclonal stimula
tion of B cells and Coombs-positive autoim
mune hemolytic anemia, may constitute a 
suitable model to explore the action of nucleo
side analogs in suppressing antibody responses, 
and this could substantiate initial observations 
in humans indicating that 2-CDA may have a 
beneficial effect in autoimmune hemolytic ane
mia associated with CLL. MRL-lpr/lpr mice have 
a rapidly progressive illness characterized by 
massive lymphadenopathy, arthritis and mem
branoproliferative glomerulonephritis associat
ed with the production of anti-DNA and 
rheumatoid factor autoantibodies. This mouse 
model associating lymphoproliferation and 
autoimmune manifestations could also consti
tute a privilegiate model to study purine nucleo
side analogs. Interestingly, it has recently been 
shown that these mice display a mutation in the 
APO-lIfas gene whose expression is known to 
induce apoptosis (Wu et a!., 1993 and Chu et aI., 
1993). The abnormal expression of this molecule 
could result in inappropriate cell survival and 
could explain the accumulation of lymphocytes 
in the peripheral organs observed in these mice. 
MRL-lpr/lpr mice could thus constitute a suit
able model for the study of apoptosis induced by 
purine analogs. 

Finally, if the immunosuppressive action of 
purine analogs is substantiated, they could play 
a role in the treatment of graft-versus-host dis
ease, and this can also be investigated in animal 
models. 
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Abstract. Low-grade non-Hodgkin lymphomas 
(NHL) comprise a heterogeneous group of dis
orders both in terms of their cellular origin and 
composition and in terms of their clinical 
course. Their common characteristics are low to 
moderate proliferative activity and a slowly pro
gressive clinical course with median survival 
times ranging from approximately 3 to 8 years 
for the different histologic subtypes. Although a 
wide array of therapies, comprising single agent 
and combination chemotherapy or combined 
modality approaches including radiotherapy, 
have been available during the last years, most 
patients succumb to their disease. In the early 
stages I and II and selected cases of stage III dis
ease, radiotherapy has curative potential. Initial 
chemotherapy for patients with advanced stage 
III and IV disease produces remission rates of 
more than 60-80% without any curative poten
tial. The impact of interferon alpha (IFN) in 
addition to or after cytoreductive chemotherapy 
on remission duration and survival was investi
gated in different studies, and preliminary 
results of the German Low-Grade NHL Study 
Group and others reveal a favorable effect of 
IFN maintenance therapy on disease-free sur
vival. Treatment at relapse remains an impor
tant feature in management ofNHL, and several 
new treatment strategies including myeloabla
tive radio-chemotherapy protocols with subse
quent retransfusion autologous or allogeneic 
hematopoietic stem cells are under investiga
tion. With the development of the structurally 
related purine analogs fludarabine phosphate, 2-
deoycoformycine and 2-chlorodeoxyadensoine, 

new perspectives in the therapy of low-grade 
NHL were provided. Fludarabine has proved 
effective in the treatment of chronic lymphocyt
ic leukemia (eLL) and low-grade NHL, predom
inantly of the follicular subtype. In a consecutive 
multicenter phase II study the German Low
Grade NHL Study Group investigated fludara
bine in combination with mitoxantrone and 
dexamethasone (FMD) in 39 patients with 
refractory or relapsed low-grade NHL and 
achieved a response rate of 39%, with 6 (21%) 
complete and 5 (18%) partial remission. All 
patients were heavily pretreated and had 6 
(21 %) complete and 5 (18%) partial remissions. 
All patients were heavily pretreated and had 
received two to five preceding regimens (median 
2). Histologic subtypes included 14 centroblas
ticcentrocytic NHL, 10 centrocytic NHL, l3 
lymphoplasmocytoid immunocytoma, one T
chronic lymphocytic leukemia and one monocy
toid B-cell lymphoma. Treatment-associated 
toxicity was moderate, with myelosuppression 
comprising the major side effect. 

Introduction 

The differences in histology, biology and clinical 
course of non-Hodgkin lymphomas (NHL) 
served as the basis for several classification sys
tems, among which the Working Formulation 
and the Kiel classification are nowadays mostly 
applied. The natural history of lymphomas and 
their response to therapy under i.e. the working 
formulation, the most popular classification 

I Department of Hematology and Oncology, University of Gattingen, Germany for the German Low-Grade Non
Hodgkin's Lymphoma Study Group 
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currently used in the United States, which 
discriminates between low-grade, intermediate
grade and high-grade lymphomas (1). A differ
ent, more biologically oriented approach was 
taken by the Kiel classification, which attempts 
to group the non-Hodgkin lymphomas accord
ing to their normal cellular counterparts and the 
physiologic stages of lymphopoesis from which 
the malignant clone may have emerged (2). 
Increasing insights into the biology and physio
logic development of the lymphatic system, pro
vided by novel immunologic and molecular 
techniques, make this approach most attractive 
and are the basis for the most recently proposed 
Revised European American Lymphoma 
(REAL) classification [3], developed by an 
International Lymphoma Study Group of 
pathologists. Although the clinical impact of this 
proposal is still under debate, it attempts to 
incorporate the current knowledge of lympno
ma biology and promises to become a widely 
accepted classification system that will facilitate 
the international comparability of studies and 
clinical data. 

Treatment Options 

Low-grade NHL are characterized by a long clini
cal course with median survival times ranging 
from approximately 3 years for centrocytic (CC) 
or mantle-cell lymphomas (MCL) to 5-8 years for 
centroblastic-centrocytic (CB-CC) or follicular 
lymphomas (FL). Therapy of low-grade lym
phomas depends mainly on the extent of the dis
ease. In the early stages I and II, at which 
approximately only 15-20% of low-grade NHL 
are diagnosed, as well as selected cases of stage III 
disease, radiotherapy may be applied with cura
tive intent (6-8). Patients with stage I and II dis
ease experience long-lasting disease-free survival 
and may even be cured by extended field or total 
nodal irradiation using doses of around 30 Gy 
[6]. However, in the majority of cases the lym
phoma has spread to stages III and IV at the time 
of diagnosis due to the indolent course of the dis
ease. The long-term perspectives in the advanced 
stages III and IV are dismal, and current conven
tional regimens offer no chance for disease eradi
cation and cure. Therapeutic management is, 
therefore, mainly directed towards palliation and 
cytostatic therapy is usually withheld until the 
occurrence of disease-associated symptoms or 
lymphoma progression [9]. Frequently used regi-
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mens are of mild to moderate intensity and com
prise chlorambucil with or without prednisone; 
cyclophosphamide, vincristine, prednisone 
(COP); or prednimustine and mitoxantrone 
(PmM), as recently reported by the German Low
Grade Lymphoma Study Group [10]. The appli
cation of anthracyclines or more intensive 
multi-agent combinations did not prove advanta
geous for response rate, response duration or 
survival and hence cannot be recommended out
side controlled clinical trials [11]. 

Some hope may be gained, however, from the 
administration of interferon alpha (IFN) togeth
er with or after successful cytoreductive 
chemotherapy. Recent data indicate that IFN 
may prolong the disease-free and possibly also 
the overal survival, especially in patients with 
follicular lymphomas [12-16]. Similarly to high
grade lymphomas, early intensification by mye
loablative radio-chemotherapy with subseuqent 
retransfusion of autologous or allogeneic 
hematopoietic stem cells may offer a certain 
potential for cure but will also rely on a preced
ing reduction of the lymphoma cell mass by 
effective anti-lymphoma chemotherapy [17-21]. 

With the development of the structurally 
related purine analogs fludarabine phosphate, 2-
deoxycoformycine and 2-chlorodeoxyadensoine, 
new perspectives in the therapy of low-grade 
lymphoid malignancies were provided. A num
ber of phase I and II studies have shown a signif
icant activity of fludarabine in the treatment of 
chronic lymphocytic leukemia (CLL) and 
relapsed or refractory low-grade NHL [22-26], 
predominantly of the follicular subtype. On the 
basis of synergistic effects of fludarabine and 
mitoxantrone in the treatment of NHL [27], the 
German Cooperative NHL Study Group initiated 
a multicenter phase II study for the treatment of 
relapsed low-grade NHL to investigate the anti
lymphoma activity and toxicity of fludarabine in 
combination with mitoxantrone and dexam
ethasone (FMD) in the treatment of patients 
with relapsed or refractory low-grade NHL. 

Patients and Methods 

Patient Population 

Patients were primarily recruited from the mul
ticenter trial of the German Cooperative NHL 
Study Group with a randomized comparison of 
two different induction regimens (COP versus 



tion only [10]. Beside these we included all 
patients who were refractory or relapsed after a 
conventional oral or intreavanous chemothera
py regimen. Criteria for the evaluation of FMD 
were the rate of complete and partial remission 
and the duration of a subsequent evenffree 
interval as well 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 hematopoetic system. The following 
histologic subtypes were represented 14 cen
troblastic-centrocytic NHL, 10 centrocytic NHL, 
13 lymphoplasmocytoid immunocytoma, one T
chronic lymphocytic leukemia and one monocy
toid B-celilymphoma. 

All patients were required to have adequate 
marrow function except in the presence of lym
phoma infiltration of the bone marrow, with 
granulocytes> 1500/111 and platelets> 100,000/ 
Ill, as well as adequate liver function (bilirubin 
< 2.0 mg/dl), renal function (creatinine < 1.5 
mg/dl) and sufficient cardiac function. Dose 
reduction was assigned in case of treatment
associated myelosuppression not related to bone 
marrow involvement. 

Patients were excluded from the study if 
there was any possibility of primary potentially 
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 4 weeks, 
including normalization of peripheral blood 
counts, with granulocytes > 1500/mm3, Hb> 12 
gldl and platelet > 1OO,000/mm3. Partial remis
sion (PR) was defined as more than 50% 
decrease of all measurable lymphoma manifes
tations for at least 4 weeks and normalization of 
peripheral blood counts. Remission duration 
was 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, diagnostic staging 
procedures, including physical examination, 
chest X-ray, abdominal sonography, bone mar
row aspirate and biopsy and computed tomog-

involved sites of disease were done after every 
two cycles. Fludarabine was administered at a 
dose of 25 mg/m2/day by a 3D-min infusion on 
days 1-3 together with mitoxantrone 10 
mglm2/day on day 1 as a 3D-min infusion and 
dexamethasone 20 mg/day on days 1-5 orally. 
Cycles were repeated every 28 days for an initial 
series of 4 courses. Further treatment was adapt
ed to response as follows: 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 also received 2 further 
courses of therapy until a maximum of 8 cours
es, regardless of whether CR or PR was achieved. 
Patients with minor response or stable disease 
after 4 cycles were excluded from the study, as 
were patients with progressive NHL at any stage. 

Results 

Thirty-nine patients from 8 participating centers 
entered the study and received 167 cycles of 
therapy with the combination FMD. Histologic 
subtypes included 14 centroblastic-centrocytic 
(CB-CC) NHL, 10 centrocytic (CC) NHL, 13lym
phoplasmocytoid immunocytoma (LP-IC), one 
T -chronic lymphocytic leukemia and one mono
cytoid B-celilymphoma. All patients were heavi
ly pretreated and had received 2-5 preceding 
regimens (median 2). In accordance with to the 
normal age distribution observed in patients 
with low-grade NHL, the patients in our study 
were mainly elderly, with the majority being 
older than so years. 

In a previous phase II trial for the treatment 
of relapsed low-grade NHL [27] with fiudarabine 
as single agent, our group could show an overall 
response rate of 32% including 5 CR (13.5%) 
and 7 PR (18.9%), corresponding to response 
rates found in the literature. A comparison of 
the treatment results of fiudarabine monothera
py with the combination therapy FMD is shown 
in Fig. 1. 

Patients treated with the combination FMD 
achieved not only a higher overall remission 
rate of 39%, including 5 (18%), but also a higher 
rate of CR (6 patients, 21 %), than fiudarabine 
monotherapy. Furthermore, response to treat
ment seems to be more rapidly achieved by 
patients treated with FMD, where 4 CR were 
obtained after only 4 treatment cycles. 
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Fig. 1. Fludarabine mono therapy vs FMD after induction therapy 

Five patients (17.9%) died during treatment 
with FMDj 1 patient died from myocardial 
infarction, the other 4 succumbed to disease 
progression or infection. There was no signifi
cant difference from the death rate with fiudara
bine monotherapy. 

Despite the higher overall remission rate with 
FMD in the treatment of low-grade NHL, there 
was no difference between the event-free inter
val (Fig. 2) and the time to relapse or death 
(Fig. 3) in the two treatment groups. 

Compared to fiudarabine as single-agent 
therapy, the treatment with FMD does not pro
vide any advantage with respect to overall sur
vival, as shown in Fig. 4. However, analysis of 
the patient subgroups in the survival curves 
reveals that patients responding with a CR or PR 

P 
1.00 

0_80 

0.60 
FMD 

0.40 

to treatment with FMD have a significantly high
er probability of survival, with a median survival 
time of 10.3 months compared to 8.3 months in 
non-responder Similar results were achieved by 
fiudarabine mono therapy, where patients 
achieving a remission had a median survival 
time of 20 months, compared to 5.8 months in 
the non-responder group. 

Analysis of the side effects shows that acute 
toxicity of FMD was mild. Only a few cases of 
nausea and vomiting occurred, as seen in previ
ous studies [23]. The main treatment-associated 
side effects of FMD consisted in hematotoxicity. 
Forty-eight percent of the patients presented 
with a WHO grade 3-4 myelosuppression, 
which led in 7 cases (18.4%) to WHO grade 3-4 
infections. 
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Fig. 2. Event-free interval after FMD and fludarabine monotherapy (all patients with CR or PR after induction 
therapy) 
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Fig. 3. Time to relapse or death after start of therapy with FMD and fludarabine monotherapy (all patients with 
CR, PR, MR or SD) 
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Platelets were affected in 29% of patients hav
ing grade 3-4 toxicity, but only a few moderate 
bleeding complications resulted. WHO grade 
3-4 hematotoxicity was the reason for dose 
reduction in 10% of the cases treated with FMD. 

A comparison of hematotoxicity of FMD with 
the monotherapy (Fig. 6) indicates only margin
al differences in the extent of hematotoxicity, 
with a tendency towards a higher incidence of 
WHO grade 3-4 granulocytopenia in patients 
treated with FMD. 

Discussion 

The development of new strategies in NHL 
treatmentin currently a highly attractive field of 
research. Treatment options for advanced dis
ease include strategies with IFN maintenance or 
even myeloablative chemo-radiotherapy fol
lowed by autologous bone marrow or peripheral 
stem-cell transplantation. 

The introduction of purine analogs in the 
treatment of lymphoid malignancies has had a 
substantial impact on the management of lym
phoid malignancies and may allow exploration 
of novel treatment strategies with curative 
potential which have not been available so far. 
The current study of the German Cooperative 
NHL Study Group clearly demonstrates that 
FMD is effective in a heavily pretreated patient 
group with relapsed or refractory NHL. In a pre
vious phase II trial for the treatment of relapsed 
low-grade NHL [26] our group showed that an 

FMD 

100% 

80% 

40% 

overall response rate of 31% is achieved with 
fludarabine as single agent, corresponding to 
response rates found in the literature. The 
results of the consecutive phase II study indicate 
that the combination therapy with FMD appears 
to be more effective, with an overall response 
rate of 39%. However, analysis of the survival 
after treatment with fludarabine as single agent 
or FMD have shown that patients achieving a 
remission have a significantly higher probability 
of survival than patients with minimal or no 
response. A comparison of the survival curves of 
all patients in the two different studies reveals 
no advantage in survival for the patients treated 
withFMD. 

Undoubted fludarabine has immunosuppres
sive effects through a depletion of T-cell subsets 
[28]. Different investigators found a decrease in 
the absolute CD4+ and CD8+ counts associated 
with fludarabine therapy, and an increased inci
dence of opportunistic infections has been dis
cussed [29,30]. 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 [31]. Hence, 
the persistent suppression of CD4+ lympho
cytes may not only facilitate the emergence of 
opportunistic infections but also enhance the 
risk of secondary malignancies. 

These results encourage participation in 
prospective studies which are currently under 
way and will help to define the appropriate indi
cation and timing of these promisng new agents. 

Fludarabine Monotherapy 

O%~--------------------------------------------------J 
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Fig.6. Hernatelogic toxicity in patient with Low-grade NHL 
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Abstract. Between February 1989 and February 
1995,122 patients with low-grade non-Hodgkin's 
lymphoma received fludarabine: 25 mg/m2 daily 
for 5 days, repeated every 3-4 weeks, to a maxi
mum of eight cycles. Eighty patients received 
fludarabine at first or subsequent recurrence, or 
when the disease was deemed resistant to con
ventional therapy, 26 patients were treated in 
the context of minimal residual disease (MRD) 
in the bone marrow and/or lymph nodes in the 
hope of eventually proceeding to myeloabla
tive therapy with autologous bone marrow 
transplantation. A further 16 newly diag
nosed patients received fludarabine as initial 
therapy. 

A total of 118 patients are evaluable for 
response. The response rate (complete remis
sion, CR, + partial remission, PRJ in previ
ously treated patients was 45/102 (45%) overall: 
31/76 (41 %) in patients with recurrent or resis
tant disease and 14/26 (54%) in patients with 
MRD. The response rate was somewhat high
er in newly diagnosed patients, i.e. 11116 
(69%). 

The predominant toxicity was myelosuppres
sion, 55% and 31 % of previously treated and 
newly diagnosed patients, respectively, requir
ing admission to hospital for treatment of infec
tion. There were six treatment-related deaths 
(from infection), all in patients with unrespon
sive disease. Five patients developed unusual 
neurological symptoms possibly ascribable to 
treatment with fludarabine; four subsequently 
recovered fully. 

These results confirm the efficacy of fludara
bine in inducing regression of low-grade lym
phoma and its potential toxicity. 

Introduction 

Within the morphological and immunological 
diversity of lowg-rade non-Hodgkin's lym
phomas, one overriding factor remains con
stant: except in rare circumstances, these 
diseases are demonstrably incurable with cur
rent treatment. Characteristically, the clinical 
course is one of repeated remissions and recur
rences with a median survivial between 5 and 10 
years [1-4J. The inexorable pattern of recur
rence means that, almost always, death occurs 
as a consequence of the disease, with or without 
transformation to high-grade histology [1-5J. 
An experimental approach is therefore justified. 

The rationale for using fludarabine in lym
phoid malignancies is based on pre-clinical 
studies which showed activity against L1210 and 
P388 leukaemia [6J and against lymphoma in a 
human tumour-cloning system [7J. Several 
clinical studies subsequently demonstrated flu
darabine to be effective in chronic lymphocytic 
leukaemia and, more recently, in low-grade lym
phoma[8-15J. 

The experience in patients with low-grade 
non-Hodgkin's lymphoma treated at St. Barth
olomew's Hospital (SBH) over a 6-year period 
forms the basis of this analysis and includes 
patients previously reported as part of a collabo-

'ICRF Department of Medical Oncology, SI. Bartholomew's Hospital, London ECIA 7BE, UK 
'Department of Histopathology, SI. Bartholomew's Hospital, London, ECIA 7BE, UK 
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rative trial [10] and a phase II study which is Table 2. Clinical characteristics of newly diagnosed 
currently in progress at SBH [15]. patients 

Patients and Methods 

Patients 

A total of 122 patients comprise three groups: 

1. Eighty who received fiudarabine at first or 
subsequent recurrence (43 patients) or when 
the disease was deemed resistant to conven
tional treatment (37 patients). Virtually all of 
the latter group had received an adriamyein
containing treatment and, when this was not 
effective, were treated with fiudarabine. 

2. Twenty-six patients were treated following 
therapy with chlorambueil and/or an adri
amyein-containing treatment. A good 
response had been achieved, but MRD was 
present in the bone marrow and/or lymph 
nodes. Fludarabine was therefore used in an 
attempt to induce CR, with a view to then 
proceeding to myelo-ablative therapy with 
autologous bone marrow transplantation 
(ABMT). Clinical characteristics for groups 
(1) and (2) are shown in Table 1. 

3. Sixteen newly diagnosed patients (Table 2) 
received fiudarabine as initial therapy. 

Treatment 

Fludarabine was reconstituted in 10 ml sterile 
water and given intravenously over 10 min, at a 
dose of 25 mg/m2 for 5 days, repeated every 

Table 1. Clinical characteristics of evaluable patients 
with recurrent/resistant disease 

Gender M: F (n) 
Age Median-(years) 

-Range (years) 

Histology (n) 

376 

Lymphocytic 
Centroblastic 
centrocytic follicular 
Centroblastic/ 
centrocytic diffuse 
Low-grade B-cell unclassified 
Mantle cell 
Peripheral T-cell 

63: 43 
49 
26-79 

4 

53 

11 
5 
2 

76 

------------------------------------
Gender M: F (n) 
Age Median-(years) 

- Range (years) 

Histology (n) 

Stage (n) 

Lymphoplasmacytoid 
Centroblastic/centrocytic 
diffuse 
T zone 
Peripheral T cell 
Low-grade unclassified 

IE (Gl tract) 
II 
III 
IV 

12: 4 
52 
(40-77) 

10 

3 

13 

21-28 days depending on the peripheral blood 
count and the clinical situation. The aim was to 
administer two cycles of treatment beyond the 
point of maximum response, as measured by 
clinical examination, radiological findings and 
evaluation of the bone marrow. If, after two 
cycles of treatment, there was no evidence of 
response, no further fiudarabine was adminis
tered. Patients were admitted to hospital when 
they became febrile or had other symptoms and 
signs of infection in the context of neutropenia. 
Antibiotics and blood products were given as 
appropriate. 

Definitions 

Complete remission was defined as the disap
pearance of all measurable disease. Partial 
remission was defined as a greater than 50% 
reduction in measurable disease as evidenced by 
clinical examination, CT scan findings and a 
bone marrow aspirate and trephine biopsy. The 
treatment was deemed to have failed when the 
response was anything less than PRo Death from 
infection occurring during a cycle of treatment 
was considered to be a treatment-related death. 
Recurrent disease signifies first or subsequent 
recurrence. Resistant disease was defined as fail
ure or progression following conventional treat
ment. Minimal residual disease was defined as 
lymph nodes less than 2 em in diameter, or an 
equivocal CT scan, ± less than 20% bone mar
row infiltration on a trephine biopsy. 



Results 

Response to Treatment 

Table 3 shows details of the overall response to 
treatment. 

Previously Treated Patients. A Total of 102 patients 
are evaluable for response, 76 with recurrent/ 
resistant disease, 26 with MRD. Overall, the 
response rate (CR + PRJ was 451102 (45%); 17/41 
(41%) and 14/35 (40%) for patients with recur
rent and resistant disease, respectively. Thirty
seven patients in whom a response was achieved 
subsequently received myelo-ablative therapy 
with ABMT, 27 immediately and ten following 
alternative, additional treatment to try and 
improve on the response to fludarabine. 
Response according to histological subtype is 
shown in Table 4. There was no evidence of 
response in 51 patients, fludarabine was there-

Table 3. Response to therapy 

(n) (%) 

Previously treated patients 
Response (CR + PRJ 451102 45 
Recurrent disease 17/41 41 
Resistant disease 14/35 40 
MRD 14/26 52 
Treatment failed 51/102 49 

Treatment-related deaths 

Newly diagnosed Patients 
Response (CR) 11/16 (6 CR) 69 
Treatment failed 5116 31 

fore stopped. There were six treatment-related 
deaths (see below). For the 26 evaluable patients 
treated in the context of MRD, the response rate 
was 14/26 (52%), 18 of the latter 26 patients 
actually received myelo-ablative therapy with 
ABMT. 

Newly Diagnosed Patients. The response rate was 
higher in the 16 newly diagnosed patients (11/16, 
69%) with CR being achieved in six patients. 

Toxicity 

Treatment was given on an out-patient basis 
with minimal clinical toxicity. Myelosuppres
sion was the predominant toxicity, 51 % of previ
ously treated and 31% of newly diagnosed 
patients requiring admission to hospital for 
neutropenic fever. There were six deaths from 
infection, five in patients with recurrent/resis
tant disease who were not responding to flu
darabine at the time. 

Five patients developed unusual neurological 
symptoms whilst receiving fludarabine: four 
recovered spontaneously and one died. Details 
of the symptoms and findings are shown in 
Table 5 and have been described in full in a pre
vious report [16]. 

Discussion 

These results confirm the activity of fludarabine 
in low-grade lymphoma [8-15]. Significant 
activity in extensively pre-treated patients was 

Table 4. Response to therapy according to histological subtype (patients with recur-
rent/resistant disease) 

Histology Patients Response treatment Treatment related 
(n) (CR I PRJ failed death 

(n) (n) (n) 

Lymphocytic 2 2/2 
Lymphoplasmacytoid 26 10/26 11 5 
Centroblastic/centrocytic 32 14/32 18 
Mantle cell 4 1/4 3 
Peripheral T cell 0/2 2 
Low-grade unclassified 10 4110 5 

Total 76 31176 39 Ii 
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Table 5. Neurological symptoms and signs in five patients receiving fludarabine 

Histological subtype Clinical details 

Follicular Headaches and right-sided hemiparesis. 
At autopsy, no cerebral lymphoma, but 
histology showed vascular intimal 
hyperplasia 

2 Tcell Headaches and right-sided hemiparesis 
Complete recovery 

3 Follicular Previous Cerebrovascular attack 
Left -sided weakness, 
Complete recovery 

4 T cell Generalised weakness 
CSF protein elevated conduction studies 
suggestive of demyelination 

5 CLL 
Gradual spontaneous improvement 
Tremor and unsteadiness of gait 
Generalised weakness and areflexia 
Conduction studies-slowing 
of motor conduction 
Velocity suggestive of a demyelinating 
peripheral neuropathy 
Complete recovery 

observed. It appears to be particularly active in 
lymphoplasmacytoid lymphoma which is per
haps not surprising in view of the activity in 
chronic lymphocytic leukaemia (eLL). In gen
eral, clinical toxicity was not a major problem 
although the drug is clearly myelosuppressive, 
an appreciable number of patients requiring 
admission to hospital for treatment of infection. 

Neurological toxicity is a potential concern. 
Whilst it is not possible to be sure as to whether 
the neurological symptoms observed in the five 
patients described above were necessarily attrib
utable to treatment with fludarabine, four 
patients recovered spontaneously when fludara
bine was stopped. 

Thus, fludarabine represents a useful addi
tion to the treatment options currently available 
for patients with low-grade lymphoma. A num
ber of studies are currently in progress which 
will hopefully further define its role as initial 
treatment, either alone or in combination. 
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Future Role of Purine Analogues in Oncology 

M.J. Keating 

Abstract. The purine analogues fludarabine mo
nophosphate and 2-chlorodeoxyadenosine (2-
CDA) have emerged as major new drugs in the 
management of hematologic malignancies. The 
initial activity of these drugs was noted in indo
lent lymphoid malignancies, and 2-CDA has 
emerged as the treatment of choice in hairy cell 
leukemia (HCL) and fludarabine as the most 
active single agent studied in chronic lympho
cytic leukemia (CLL). Numerous effects of these 
drugs on the activities of enzymes important in 
DNA synthesis and repair have been identified, 
and a key role in induction of apoptosis has 
been noted. Fludarabine and 2-CDA both en
hance the formation of cytosine arabinoside 
triphosphate (ara-C) in leukemic cells and have 
been demonstrated to inhibit repair of DNA 
damage caused by radiation, cisplatinum, and 
mitoxantrone. This activity presumably extends 
to other drugs. Fludarabine has the highest doc
umented complete (CR) and partial (PR) remis
sion rate in both previously treated and 
untreated patients with CLL. Comparative stud
ies against salvage and frontline regimens have 
demonstrated superiority in response rate. 
Combinations of fludarabine with anthracy
clines, alkylating agents, and mitoxantrone are 
being actively explored in CLL. The activity of 
fludarabine and 2-CDA in low-grade lymphoma 
has led to combinations of these agents with 
mitoxantrone and corticosteroids. The addition 
of corticosteroids appears to enhance the proba
bility of opportunistic infections. The activity of 
fludarabine in enhancing ara-CTP formation 
in acute leukemia, myelodysplastic syndrome 

(MDS) has led to exploration of this combina
tion alone, fludarabine + ara-C (FA), or toge
ther with GCSF (FLAG), and with idarubicin 
(FLAG/Ida). All three regimens are very active 
in poor and better prognosis patients with acute 
myelogenous leukemia (AML) and MDS and are 
well tolerated. The effect of fludarabine in 
inhibiting repair of DNA damage has led to pro
tocols and solid tumor clinical trials with 
cis platinum in ovarian cancer. Trials with cis
platinum or radiation in head and neck cancer 
are being initiated. Purine analogues as single 
agents in the indolent Iymphoproliferative dis
eases are likely to be used for many years. The 
extended role will be in combinations both in 
hematologic malignancies and solid tumors. The 
immunosuppressive effect of the purine ana
logues is likely to lead to increased use of these 
drugs in preparative regimens for bone marrow 
transplantation and perhaps use in enhancing 
cytotoxicity in association with preparative regi
mens in autologous and allogeneic bone marrow 
transplants. 

Introduction 

Discovery of the activity of purine analogues flu
darabine and 2-chlorodeoxyadenosine (2-CDA) 
in Iymphoproliferative disorders has been an 
observation of major clinical significance [1-6]. 
The role of these drugs in the future, however, 
will depend on exploitation of the multiple 
effects that these agents have on activity of a 
variety of enzymes active in DNA replication 
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and repair [7]. Fludarabine was demonstrated in 
phase I clinical trials to be active in chronic lym
phocytic leukemia (CLL) and low-grade lym
phoma [1,3] and to have a dramatic effect in 
decreasing T cell subpopulations in patients 
with solid tumors [8]; 2-CDA, on the other 
hand, was demonstrated to have striking clinical 
activity in hairy cell leukemia (HCL) [4] and has 
been more recently explored in CLL [5] and low
grade lymphoma [6]. The present discussion 
will omit 2-deoxycoformycin, an agent which 
has a different mechanism of action to ftudara
bine and 2-CDA, being a potent inhibitor of 
adenosine deaminase, an enzyme which tends to 
degrade ftudarabine and 2-CDA. Both ftudara
bine and 2-CDA have a muliplicity of effects in 
inhibiting DNA polymerase, ribonucleotide 
reductase and they are incorporated into DNA 
as triphosphate forms [7]. The incorporation 
into DNA correlates well with cytotoxicity. Flu
darabine is the only purine analogue which is 
incorporated into RNA as the triphosphate. 

This presentation will review some of the 
clinical activity of ftudarabine in combinations 
predominantly studied at the M.D. Anderson 
Cancer Centre (MDACC). Many of the conclu
sions drawn will be applicable to 2-CDA. 

Fludarabine in ell 

The activity of ftudarabine in CLL was demon
strated in early studies by Grever and his col
leagues [1]. Activity of an agent with so many 
possible effects on DNA synthesis in low-grade 
lymphoproliferative disorders was somewhat 
unexpected. In particular, because of the effect 
of ftudarabine in decreasing normal T cell sub
sets in preference to B cell subsets, it was 
anticipated than ftudarabine may be more active 
in T cell malignancies than to B cell malig
nancies [8]. Following these observations a 
phase IIII clinical trial was conducted with ftu
darabine as a single agent in CLL at the MDACC 
[2]. Seventy-eight patients were eventually 
entered on this clinical trial and more than half 
of the patients obtained a complete (CR) or par
tial response (PR). Using National Cancer 
Institute Working Group (NCIWG) criteria for 
response [9], two thirds of the responders 
achieved CR. However, two thirds of these CR 
patients had persistent lymphoid nodules which 
may or may not have been malignant. It is 
thought, at the present time, that these patients 

indeed have residual malignant lymphocyte 
clusters and should be considered as partial 
responders. 

The next study which was undertaken in pre
viously treated patients with CLL was the co
administration of ftudarabine at 30 mg/m2 per 
day with prednisone 30 mg/m' per day [10]. As 
shown in Table I, there is no difference in over
all response rate, CR rate, and as shown in Fig. 
1, there is no difference in survival. An observa
tion which was made is that patients with the 
addition of corticosteroids begin to exhibit a 
propensity to develop infections with Pneumo
cystis carinii pneumonia and Listeria monocyto
genes [10, 11]. This, associated with other side 
effects of corticosteroids in elderly patients, 
argues against the use of corticosteroids in con
junction with purine analogues as there is no 
demonstrated benefit of this approach clinically. 

Based on the elegant pharmacodynamic stud
ies of Plunkett and colleagues which demon
strated that F-ara-ATP, the triphosphate form of 
ftudarabine, persists in CLL cells for prolonged 
periods, a study was set up to explore the ability 
to administer the drug on a weekly basis [7, 12]. 
The postulate was that the long-lasting effect of 
F-ara-ATP in CLL cells would allow persistent 
activity of the drug while myelosuppression may 
be spared. The outcome of this study, however, 
demonstrated a decrease in the response rate by 
a factor of two with only one patient in four 
achieving a response with a low CR rate [12]. No 
survival advantage or disadvantage to this 
approach was noted, presumably because a 
number of these patients then went on to sal
vage therapy with more intensive f1udarabine 
regimens. No improvement in probability of 
developing myelosuppression or infectious 
complications was noted in this study. 

As a prelude to possible combination therapy 
approaches with ftudarabine and other myelo
suppressive agents, a 3-day schedule was evalu
ated [13]. Fludarabine was given at 30 mg/m2 
per day for 3 days every 4 weeks. The schedule 
has 60% of the dose intensity of the ftudarabine 
and ftudarabine plus prednisone 5-day regi
mens. The response rate dropped down to 46% 
with a decrease in the CR rate. However, there 
was a halving of the infectious complications 
and the survival of this group of patients, if any
thing, was slightly superior to the survival that 
was noted for the 5-day regimens (Fig. 1). The 
study also illustrated that, as opposed to the 5-
day regimens where there is a prompt fall of 
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Table 1. Response (complet+partial response) of 373 previously treated patients with 
CLL receiving fiudarabine regimens by prognostic factors (MDACC trials) 

Prognostic factor Response total Significance 

Overall 
Rai stage 
0 
I-II 
III-IV 
Binet stage 
A 
B 
C 
Age (years) 
<70 
70 
Refractory 
Non-refractory 
Prior treatment regimens 
1 
2-3 
>3 
Regimens 
Fludarabine (5-day) 
Fludarabine (5-day) + prednisone 
Weekly fiudarabine 
Fludarabine (3-day) 

'Compared with each of the other regimens. 

• .?: 
<i 

~ a a. 

0.6 

~ 0.4 -' 

0.2 

... 

TOTAL DIED 
78 71 

169 145 
4a 42 
80 61 

(n) (%) 

181/373 49 

14/17 82 
99/153 65 p<.OOI 
82/220 37 

60/89 67 
58/103 56 p<.OOI 
63/181 35 

158/306 52 p=.OI 
23/67 34 

120/272 4 p= .005 
611101 60 

53/86 62 
102/211 48 p<.OOI 
26/76 34 

45/78 57 
88/169 52' 
11/46 24 p<.05 
37/80 46 

OlE REGIMEN 

1.096 FAMP 
0 .956 FAMP+PAEDNISONE 
1.254 FAM-P WEEKlY ". 
0.884 FAMP 3 DAY 

oL-------------------______________ ~ 
o 10 20 30 40 50 60 70 80 90 100 110 

Months 

Fig. 1. Survival CLL (PRIOR treatment) by fiudarabine regimen 

CD4 and CDS T lymphocyte miosing subpopula
tions to an average value of approximately 
200/IlI after three courses, the level of CD4 
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counts at 3 months of the 3-day regimens was 
still a median of > SOO/Ill and the level fell to 
approximately 200/IlI only after six courses. 



This was associated with a decrease in the 
episodes of fever and infection. Myelosup
pression was also less prominent in the 3-day 
schedule than in the 5-day schedule. 

This series of studies illustrates that dose 
intensity and schedule of administration of flu
darabine still requires further exploration. In 
particular, subsets of patients more likely to suf
fer complications of myelosuppression and 
infectious morbidity may benefit from a less 
intensive approach to therapy using a 3-day 
schedule rather than the 5-day schedule. 
Comparative studies of these two approaches 
would be useful in the future to answer this 
question. 

After completing the 3-day fludarabine sch
edule, fludarabine was combined with doxoru
bicin and initially with prednisone in the FLAP 
regimen [14]. After the effect of corticosteroids 
to increase opportunistic infections was noted, 
corticosteroids were discontinued. The study 
demonstrated that fludarabine could be given at 
a dose of 30 mg/m2 per day for 4 days with the 
addition of doxorubicin 50 mg/m' on day l. 
Whether this is the optimal schedule for co
administration of ftudarabine plus doxorubicin 
is not known at this time. The response rate was 
similar to fludarabine as a single agent, but a 
number of patients who were resistant to ftu
darabine responded to the combination. As dox
orubicin is obviously active in low-grade and 
intermediate-grade lymphoma, possible interac
tion between the purine analogue and doxoru
bicin in such patient subsets would be of 
interest. 

In low-grade lymphoma, fludarabine/mitox
amone/dexamethasone is a well-tolerated effec
tive regimen. Subsequently a combination study 
of ftudarabine 30 mg/m' per day for 3 days with 
mitoxantrone 12 mg/m2 on day 1 was conducted 
in CLL. The early results of this study do not 
suggest that there is an improvement in the 
response rate in the combination over fludara
bine as a single agent administered for 5 days 
(unpublished data). 

The overall results from these series of stud
ies illustrate that in previously treated patients 
the response to fludarabine therapy alone or in 
combinations is of the order of 50% (Table 1). 
The response rate is lower in patients that have 
myelosuppression, in particular anemia, and is 
correlated strongly with a number of prior treat
ment regimens which the patient receives [2, 10, 
12]. The albumin level is another major factor in 

predicting probability of response. Patients with 
low serum albumin have much lower probability 
of response and a higher likelihood of develop
ing infectious complications, in particular, fatal 
complications. A prognostic factor analysis of 
risk factors for response and early death has 
illustrated that a combination of the hemoglo
bin level, number of prior treatments, and albu
min is able to predict patients who have 
probabilities of achieving a remission varying 
from 13% to 74% [15]. Questions are still pre
sent as to whether the addtion of other agents to 
fludarabine is likely to be a benefit. The combi
nation of fludarabine plus chlorambucil has not 
proven to be easily administered [16]. An inter
group study in the United States comparing flu
darabine with chlorambucil and the 
combination of these two drugs led to early dis
continuation of the combination arms because 
of excessive toxicity. 

The results of 2-CDA in patients with CLL 
demonstrate that there is a similar overall 
response rate to that noted with fludarabine but 
that the CR rate appears to be less (Table 2) 
[18-20]. This may be related to pres is tent 
thrombocytopenia as a complication of the 2-
CDA. Continued studies of this drug at lower 
dose levels may be of interest. 

Untreated CLl 

The activity of fludarabine as a single agent in 
previously untreated patients with CLL is strik
ing, with approximately 80% of the patients 
responding and 60%-70% of these patients 
achieving CR [17]. However, as in the previously 
treated patients, the CR patients had persistent 
lymphoid nodules in approximately 50% of the 
patients so that the true CR rate is more of the 
order of 30%-35%. The addition of corticos
teroids in similar fashion to the previously treat
ed patients led to the same overall response rate 
with a somewhat lower CR rate [10]. These was 
no survival advantage to the addition of corti
costeroids (Fig. 2), and the same conclusion can 
be drawn for untreated patients as previously 
treated, namely that corticosteroids do not add 
to the response rate, survival, or time-to-pro
gression of patients with CLL and possibly 
increase the risk of opportunistic infections. 
Corticosteroid use, therefore, should be restri
cted to the management of the immunologic 
complications such as autoimmune hemolytic 

383 



Table 2. Comparison of response rates for previously treated CLL patients receiving 
fiudarabine or 2-CDA (MDACC) 

Regimen Patients CR PR CR+PR 
(n) (%) (%) (%) 

Fludarabine 
Fludarabine (5-day) [2J 78 29 28 57 
Fludarabine (5-day) + prednisone [IOJ 169 37 IS 52 
Weekly fiudarabine [12J 46 IS 9 24 
Fludarabine (3-day) [13J 80 25 21 46 

2-CDA 
2-CDA [18J 90 4 40 44 
2-CDA [19J 18 39 28 67 
2-CDA [20J 26 0 31 31 

0.2 
TOTAL CMEO OlE REGlUe. 

- a5 19 0..1Il83 Fluda,.. 
_ l1i !ii1 

1- " • 
1.1S Fludare+Pred 
0.483 Fluder. (CP) 

o ~----------------------------------------~ 
o 10 20 30 40 50 60 70 

Months 

Fig.2. Survival untreated CLL by fiudarabine regimens 

anemia and immunologic thrombOCy1openia. 
Early trials of the combination of fiudarabine 
plus mitoxantrone in previously untreated 
patients with CLL suggest that there is no 
advantage to the combination over the single
agent fiudarabine results (unpublished data). 

Low-Grade Lymphoma 

A number of investigators have noted that fiu
darabine is active in low-grade lymphoma (LGL) 
[21-25]. This is also being found with 2-CDA 

[6]. The overall response rate for fiudarabine in 
patients with previously treated relapsed or 
refractory LGL has demonstrated a response 
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rate of approximately 60% with 15%-20% of 
patients able to achieve CR [21] . The activity of 
fiudarabine in LGL has led to a combination 
program at MDACC of Fludarabine, mitox
antrone, and dexamethasone (FMD). In the 
phase I study the recommended dose was fiu
darabine 25 mg/m2 per day for 3 days, mitox
antrone 12 mg/m2 on day 1, and dexamethasone 
40 mg per day for 5 days [26]. This combination 
is now being evaluated in previously untreated 
patients with LGL and the overall response rate 
is 95% in 51 previously treated patients [27] . 
The regimen is well tolerated. A number of 
patients have developed Pneumocystis carinii 
infections and Bactrim prophylaxis is now rec
ommended if corticosteroids are to be adminis-



teredo The response rate appears to be similar 
across all the low-grade morphologies. This 
study has now led to a randomized comparative 
trial of FMD with a series of alternating regi
mens (alternating triple therapy, ATT) in LGL at 
our institution being monitored by polymerase 
chain reaction (PCR) to detect residual cells 
with abnormalities in bcl-2. Studies such as this 
should lead to an evaluation of the activity of 
FMD in frontline or relapsed management of 
LGL. No reports are available of the activity of 
fludarabine combined with doxorubicin in LGL. 
The Eastern Cooperative Group has conducted a 
study of fludarabine plus cyclophosphamide in 
previously untreated patients with LGL and the 
results have been published in abstract form 
[28]. A very high response rate has been noted 
and the regimen appears to be well tolerated. 
The presumed mechanism for combinations 
such as this is the inhibition of repair of DNA 
damage caused by mitoxantrone, doxorubicin, 
and alkylating agents. This may lead to a syner
gistic cytotoxicity and a higher CR rate. 

Cytosine Arabinoside in Acute Myelogenous 
leukemia and Myelodysplastic Syndrome 

Gandhi and colleagues [7,29) have demonstrat
ed that pretreatment of cell lines leads to a con
sistent increase in formation of the triphosphate 
form of cytosine arabinoside (ara-CTp)' Studies 
in patients confirm that in almost every patient 
studied there will be approximately a twofold 
increase in formation of ara-CTP as a result of 
pre-administration of ftudarabine [7,29]. Two 
mechanisms are proposed for this effect. First, 
inhibition of ribonucleotide reductase leads to a 
decrease in deoxynucleotide pools to compete 
for ara-C uptake in formation. However, the 
major effect which has been demonstrated has 
been a direct stimulation of the enzyme deoxy
cytidine kinase by F-ara-ATP. F-ara-A and ara-C 
compete for deoxycytidine kinase so that the 
scheduling of the administration of fludarabine 
4 h prior to the administration of ara-C appears 
to be important. 

Based on these studies, a regimen combining 
ftudarabine 30 mg/m2 with ara-C 1-2g/m' given 
over 2-4 h as a couplet administered on 5 con
secutive days has been developed [30]. The 
encouraging results with this regimen in poor
prognosis patients with acute myelogenous leu-

kemia (AML) and myelodysplastic syndrome 
(MDS) has led to the combination of these drugs 
with granulocyte colony-stimulating factor (G
CSF) [31]. G-CSF has been administered 1 day 
prior to the chemotherapy and during the entire 
course of chemotherapy until patients achieve 
remission. This regimen (FLAG) has slightly 
increased the overall response rate but not to a 
statistically significant degree. The response rate 
in patients with AML and MDS is slightly supe
rior in the FLAG-treated patients compared to 
the FA patients [31]. More recently idarubicin 
has been combined with FLAG and the overall 
response rate is slightly lower compared to the 
FLAG regimen. The subset of AML patients who 
were treated with these regimens are those with 
adverse cytogenetics and/or a myelodysplastic 
onset of AML. Patients with favorable kary
otypes namely inv 16, t(8; 21), and t(15; 17) or 
diploid patients are excluded from this study. 
The results with this combination appear supe
rior to our historical controls but further follow 
up of this approach is necessary and compara
tive studies need to be conducted. Similar 
results are noted for MDS patients. 

Other Possibilities 

Fludarabine has been demonstrated to be syner
gistic with radiation in a variety of animal model 
systems [32]. In addition, fludarabine inhibits 
the repair of DNA damage associated with alky
lating agents and inhibits excision of DNA 
adducts formed with platinum analogues [33]. 
All these activities suggest that fludarabine may 
be used in the future in a modulatory fashion 
combined with a variety of chemotherapeutic 
agents, anthracyclines, anthraquinones, alkylat
ing agents, irradiation, and platinum analogues. 
Whether these activities will translate into a 
higher response rate in patients with solid 
tumors being treated with such combinations is 
uncertain at the present time. 

Immunosuppression 

Another observation which is of interest is the 
consistent T cell immunosuppression associated 
with ftudarabine and 2-CDA[34-36]. After two 
to three courses of treatment, the CD4 and CD8 
lymphocyte subpopulations decreased to appro-

385 



ximately 2001111 and after discontinuation of 
treatment there is a very slow, modest return 
towards normal levels in patients who have been 
off treatment for 12-24 months. This effect on 
T cell subsets without other organ toxicities 
suggests that purine analogues may be very 
effective drugs when administred as immuno
suppressive agents. It has been noted that, in 
patients who have received purine analogues 
before allogeneic bone marrow transplant at our 
institution, there is a remarkably low incidence 
of graft-versus-host disease [37]. Whether this 
activity will be more widely applicable in other 
transplantation areas remains to be investigat
ed. The oral bioavailability of fludarabine 
[38]and 2-CDA [39] suggest that chronic low
dose administration schedules can be explored 
in the future which may lead to a difference in 
response in hematologic malignancies and 
would lead to a more acceptable methodology 
for immunosuppressive regimens. 

A combination study of fludarabine radiation 
has been initiated at MDACC in patients with 
bulky head and neck cancer who have not had 
CR to 5 weeks of radiation therapy. A 2-week 
boost of fludarabine plus radiation will be given 
directly to residual tumor to see if the tumor 
shrinks in size. 

Conclusions 

Purine analogues have a wide variety of bio
chemical and biologic activities. Not all of these 
are well understood at the present time. The 
interactions between other drugs suggest that in 
the future, rather than as a single agent, fiudara
bine will be used in a variety of combination 
studies. The immunosuppressive potential of 
the purine analogues in autoimmune disorders 
should be further evaluated. 
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Abstract. Anthracyclines are widely used in can
cer therapy, but their mode of action is still not 
completely unveiled. These drugs have a num
ber of intracellular effects such as direct mem
brane toxicity, liberation of free oxygen radicals, 
DNA intercalation and induction of DNA strand 
breaks via inhibition of topoisomerase II. In 
therapeutically relevant concentrations, the lat
ter seems to be the cytotoxic principle, although 
neither inhibition of topoisomerase II alpha, nor 
the induction of strand breaks alone is sufficient 
for cell death. Anthracyclines are highly lipo
philic and tend to accumulate several thousand 
-fold in leukemia cells. Even at IC50 concentra
tions, the intranuclear amount of idarubicin in 
HL-60 cells was well above the possible DNA 
intercalation sites. Within 20 min after treat
ment of the cell with idarubicin, the DNA was 
saturated. the number of DNA strand breaks 
increased until 3 h after treatment and was then 
repaired until 24 h after treatment. After treat
ment of the cells with idarubicin at the ICso con
centration the maximal amount of apoptotic 
cells (50%) was reached 70 h after treatment. 
From the experiments it can be concluded that 
the cellular reaction upon DNA binding and 
genotoxicity induced by anthracyclines plays a 
major role in apoptotic cell death after treat
ment with these drugs. 

Introduction 

A number of intracellular effects of anthracy
clines are known, amongst them direct mem-

brane toxicity, liberation of free oxygen radicals 
and genotoxicity due to inhibition of topoiso
merase II. The direct membrane toxicity and the 
liberation of free oxygen radicals are dose
dependent effects which are thought to be 
responsible for side effects of chemotherapy, 
namely cardiotoxicity. Anthracyclines are highly 
lipophilic substances which accumulate in cell 
membranes. Especially with high plasma con
centration peaks, there is a risk of acute car
diotoxcity. A number of experimental data 
indicate, that free oxygen radicals are responsi
ble for the delayed cardiotoxicity [2]. Although 
this has been described for doxorubicin, there is 
no reason to believe that there are principle dif
ferences between the anthracyclines. Oxygen 
radicals are produced by electron transport 
between flavin-dehydrogenases or iron-bearing 
proteins, catalysed by the anthracyclines' chi
nolon ring system. Repetitive reduction and oxi
dation of anthrachinones produce oxygen 
radicals, especially when this happens near the 
sarcoplasmatic reticulum or the mitochondrial 
oxygen chain. The amount of free oxygen radi
cals in these experiments was high enough to 
induce tissue damage which resembles anthra
cycline-induced cardiotoxicity in many charac
teristics [2]. Myocardial cells are rich in 
mitochondria and, in contrast to liver or lung 
cells, they have poor protection against free oxy
gen radicals, as their peroxide-reducing capacity 
is solely dependent on the glutathion/glu
tathion-peroxidase cycle [I J. 

It is widely accepted that, in therapeutical 
concentrations, the induction of DNA strand 
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breaks via inhibition of topoisomerase II is the 
cytotoxic priniciple in chemotherapy with 
anthracyclines. Anthracyclines intercept the 
topoismerase II action after induction of DNA 
double strand breaks [6]. One of the prerequi
sites for this interaction is the intercalation of 
the anthracycline molecules into the DNA dou
ble strands. The induced DNA strand breaks 
might be recognized by the cell and repaired. 
The interrelations between intranuclear drug 
concentration, DNA binding, the induction of 
DNA strandbreaks and cell death are the subject 
of the investigations described here. 

Material and Methods 

All used materials are commercially available. 
CCRF-CEM cells and HL-60 cells are from 
ATCC, Bethesda, Maryland. Examination of 
anthracycline cellular uptake and DNA binding 
have been described before [4]. The amount of 
anthracyclines in whole cells and nuclei has 
been determined by fluorescense analysis after 
extraction by HCLIisopropanole of cells or 
nuclei. The wavelength was 480 nm for excita
tion and 560-590 nm for emission. The fluo
rescense quenching of the AT-binder Hoechst 
33342 (fluorescense resonance energy transfer, 
mercury lamp ex. 300-600 nm, 435 nm excita
tion filter) was used to examine the DNA bind
ing of anthracyclines. 

Viability of cells was determined by the use of 
the alamar blue substrate which alters fluores
cence emission when reduced by viable cells in 
the same way as the widely used MTT assay. The 
comet assay was performed as described in the 
literature with the alteration that for chromatin 
observation no electrophoresis was applied [5]. 
Photographic images were scanned using an 
Apple One Scanner and processed using the 
program NIH Image on a Powerbook 180. 

Results 

In order to intercalate into DNA and inhibit 
topoisomerase II, anthracyclines have to cross 
the outer cell membrane, the cytoplasma, the 
nuclear membrane and the nucleosome. The 
time course of the intracellular distribution and 
the saturation time for the different compart
ments are shown in Table 1. Owing to their 
highly lipophilic nature, the anthracyclines 
could be detected in the nucleus within 10 min. 
after the incubation. This was also true for 
idarubicin, idarubicinol, as well as for daunoru
bicin in normal lymphocytes, pro myelocytic 
HL-60 cells and T -lymphoblastic CCRF-CEM 
cells. As shown in Table 1,33% of the intracellu
lar idarubicin could be extracted from the nuclei 
of HL-60 cells. 

The fluorescense energy resonance transfer 
between the DNA-bound Hoechst dye 33342 and 
the anthracycline molecule results in a shift of 
the fluorescence wavelength and was used to 
determine the DNA binding of anthracyclines. 
Because the DNA binding of H33342 is different 
in each living cell, only the relative amount of 
quenching by anthracyclines can be estimated 
using this method. The saturation time of DNA 
binding sites as described in Table 1 is the time 
in which the plateau of DNA binding is reached. 
Although nuclear idarubicin saturation is 
reached within 8 min. in HL-60 cells, 20 min. are 
needed to achieve the plateau of DNA binding. 
For daunorubicin, the DNA binding time was 
even 45 min. 

The topoisomerase II action is inhibited by 
anthracyclines after the induction of a DNA 
double strand break. This results in the forma
tion of the "cleavable complex" which consists 
of the DNA, the bound topoisomerase II and the 
drug [6]. After stabilization of this complex by 
SDS treatment and proteolytic treatment of the 
cells, the DNA strand breaks can be quantified 

Table 1. Intracellular pharmacodynamics of idarubicin, HL-60 cells were 
treated with idarubicin 1,873 ~M ( = 1 ~g/ml) which is the Ie 50. The satura
tion amount reached in whole cells or nuclei is calculated for 106 cells 

Saturation time (min) 
Saturation amount 
(~MI106 cells) 
Distribution 

392 

Membranes and 
cytoplasma 

5 
5124 

77 

Nucleus 

8 
4259 

33 

DNA 

20 



by using the comet assay as described under. 
Material and Methods. The assay shown in Fig. 1 
demonstrated the genotoxicity induced by 
idarubicin under different reaction conditions. 

Inspection of the nuclei without elec
trophoresis allows the detection of alterations in 
the chromatin structure, experiments of this 
kind are shown on the left. In panel A, the nuclei 
are seen directly after treatment. There is chro
matin structure and a small corona can be 
detected; these nuclei look the same as nuclei 
from untreated cells. In panel C, a nucleus 

• • 
• 

E 

shown 3 h after treatment. The chromatin is 
compacted and a corona can be seen. This coro
na is thought to represent the opened chromatin 
loops (due to strand breaks) which are still fixed 
to the nuclear matrix [5}. In panel E, 48 h after 
treatment, an apoptotic nuclear body is shown 
in the uppper part and an unaltered nucleus is 
shown in the lower part. Remember, the cells 
have been treated with idarubicin, ICsO' 

In the right column, the nuclei can be seen 
after electrophoresis Panel B, directly after treat
ment, shows a small triangled shaped tail. In 

Fig. lA-F. Comet assays of CCRF-CEM cells after treatment with idarubicin (ICSO' 1 /lg /ml , 90 min). Left column, 
without electrophoresis; right column, with electrophoresis. A, B directly after treatment; C and D, 3 h after treat
ment. The experiment without electrophoresis (left) was performed to examine chromatin alterations upon 
treatment. The fir st alteration is chromatin condensation, approx 3 h after treatment (C). At this timepoint a 
high number of DNA strand breaks produce a long comet after electrophoresis of the nuclei (D) 
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cells treated with daunorubicin instead of idaru
bicin no strand breaks can be detected directly 
after treatment (not shown). Three hours after 
treatment, the highest amount of strand breaks 
can be detected, the comet tail is shown in panel 
D. A bulk of DNA can be extracted from apop
to tic nuclei, as shown in panel F. At this stage, 
the length of the comet tail is not in good corre
lation with the amount of strand breaks, but the 
fluorescense intensity must be taken into 
account, e.g. with the use of the "tail moment" 
(length of comet XO/O of fluorescense in the tail) 
[5]. 

The DNA strand breaks (comet length) and 
the index of non-viable cells are shown in Fig. 2. 
The amount of non-viable cells and the comet 
length are displayed in relation to the untreated 
control. Therefore 1 means that the number of 
non-viable cells or the comet length is the same 
as in the control. Although a high number of 
DNA strand breaks can be observed 3 h after 
treatment, the viability of the cells was not 
altered until 12 h after treatment. Most of the 
early strand breaks (3 h) are repaired by the 
cells within 24 h. At this time point, the amount 
of death increases to reach a plateau at 50 h with 
the concentration of anthracycline used in these 
experiments (ICso)' 

3.5 

CCRF CEM cells 
idarubicin 

,,'. 

Discussion 

Anthracyclines are highly lipophilic and these 
substances are gathered in high intracellular 
concentrations. Table 1 shows, the accumulation 
of idarubicin in HL60 cells. The drug has been 
found in the nucleus of the cells within 10 min. 
Obviously, the outer cell membrane, the cyto
plasma and the nuclear membrane are crossed 
within minutes. The intracellular and even the 
intranuclear drug concentrations were several 
1000 fold higher than the extracellular concen
tration was. The intranuclear drug concentra
tion after incubation of the cells with idarubicin 
1.873 11M (which represents the ICso) was even 
higher than the theoretically existing anthracy
cline binding sites of a human cell: the number 
of DNA base pairs is about 4 x 109• The highest 
density of intercalated anthracyclines is one 
anthrycycline per ten base pairs. After multipli
cation with Loschmidt's number (6.02 x 1023 

molecules = 1 Mo!), maximally 6.7 x 10- 9 M 
anthracyclines in 106 cells might bind to the 
DNA. In living cells, the number must be below 
this because anthracyclines can only bind where 
no histones cover the DNA. From these experi
ments it can be concluded that even at the ICso 
concentration of idarubicin, enough drug 

_____ comet 

- - -8- - non-viable cells 

190 min incubation 1 0 10 20 30 

time (h) 

40 50 60 70 80 

Fig,2, DNA strand breaks and cell death after treatment with idarubicin (same conditions as in Fig .. 1). Although 
the number of DNA strand breaks is high three h after treatment, the number of dead cells starts to Increase 12 h 
after treatment 
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Table 2. Pharmacodynamic phases in the treatment of cells with anthracy
clines which can be discriminated after treatment 

Hour Event Endpoint 

0-1.5 
1.5-3 

3-24 
24-96 

Intracellular distribution 
Chromatin condensation, 
formation of the cleavable complex 
DNA repair 

DNA binding 

DNA breaks 
DNA excision 

Chromatin fragmentation DNA loss, 
apoptotic cell death 

arrives in the nucleus to cover all possible DNA 
binding sites. This makes differences of the 
intracellular or intranuclear drug concentration 
as a factor for cellular sensitivity unlikely. 

From the pharmaco-dynamic aspect, three 
different phases can be distinguished in the 
treatment of hematopoetic cells with anthracy
clines (Table 2). After binding of the anthracy
clines to the DNA, a ternary complex consisting 
of topoisomerase II, DNA and the drug, is 
formed. This complex has been called the cleav
able complex (CC) because, after treatment 
with SDS, DNA strand breaks can be seen [3,6]. 
Within this complex, the topoisomerase II is 
trapped after inducing DNA double or single
strand breaks, therefore not able to religate the 
DNA strands. Obviously the formation of the 
complex is not directly cytotoxic as no increase 
of non-viable cells can be observed before 
12 h after treatment and the plateau of cell 
killing is not achieved before 50 h after treat
ment (Fig. 2). 

Once the cells have recognized the DNA dam
age, they react in a complex manner. This reac
tion, under the unphysiological condition of 
inhibited topoisomerase II, is the final event 
resulting in apoptosis. The alteration of chro
matin structure and induction of DNA strand 
breaks are shown in Fig.1. The left column 
shows the nuclei without electrophoresis; and 
the right column shows the nuclei with elec
trophoresis; 1-3 h after treatment, the chromatin 
condenses (Fig. IC). Beginning at 24 h after 
treatment, chromatin fragmentation and apop
totic bodies can be observed (Fig. IE) The 
amount of DNA breaks in correlation with cell 
death is shown in Fig. 2. Although the initial 
DNA strand breaks are high 3 h after treatment, 
virtually no loss of viability can be observed at 
this time point. However, in the experiments we 
performed with CCRF-CEM cells, the amount of 
strand breaks after 3 h is in good correlation 

with the cell killing after 72 h. Table 2 shows the 
time course of a treatment with anthracyclines. 
About 1.5 h after treatment of the cells, the 
intracellular distribution ends with DNA bind
ing of the drugs. The first morphological alter
ations of the cells (chromatin condensation) and 
DNA strand breaks could be observed 1.5-3 h 
after treatment. Most of the DNA breaks were 
repaired within the first 24 h. After this time, the 
number of apoptotic cells increases until 70 h 
after treatment. Investigations of the factors 
which are crutial for successful treatment with 
anthracyclines might help to optimize chemo
therapy. 
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Specific Role of Idarubicin During Induction Therapy 
of Childhood Acute Myeloblastic Leukemia 

J. Ritter, U. Creutzig, and M. Zimmermann for the Cooperative Childhood AML-BFM Study Group' 

Abstract. The combination of an anthracycline 
and cytosine arabinoside (ara-C) is considered 
standard therapy for remission induction in 
acute myeloblastic leukemia (AML). Recently, 
(4-demethoxydaunorubicin idarubicin, IDA) 
has been found to be active in AML in adults. 
Furthermore, the therapeutic index of IDA may 
be higher than that of daunorubicin (DNR) 
regarding cardiotoxicity-a major problem, 
especially in children. Thus, one aim of study 
AML-BFM-93 was to compare IDA with DNR 
during induction treatment of childhood AML 
in a randomized trial. From January 1, 1993 to 
May 31, 1994,51 children with newly diagnosed 
AML received 3 x 12 mg/m2 IDA together with 
ara-C and etoposide (AIE) for remission induc
tion treatment. All children received further 
intensification/consolidation chemotherapy fol
lowed by cranial irradiation and maintenance 
chemotherapy for a total treatment duration of 
18 months. 

51 evaluable children 38 developed fever dur
ing bone marrow aplasia. No severe liver or kid
ney toxicity (WHO grade> II) was found in 51 
evaluable children. The median time to recovery 
of the neutrophil count in 23 evaluable children 

was 26 days. Thirty-seven children achieved a 
complete remission (CR rate 73%) 

These preliminary data of the ongoing study 
show that IDA can be used for remission induc
tion treatment in childhood AML. So far, no sig
nificant differences have been found between 
the IDA and the DNR groups concerning toxic 
deaths, non response, and remission rate. How
ever, further follow up of this study is necessary. 

Introduction 

Results of treatment of childhood acute 
myeloblastic leukemia (AML) have shown sig
nificant improvement during the last 20 years. 
Recently, the administration of intensive induc
tion, consolidation, intensification, and mainte
nance therapy together with an appropriate 
CNS-directed treatment and with appropriate 
supportive care have resulted in remission rates 
of 70%-80% and produced significant cure rates 
of more than 50% of all children coming in com
plete remission (CR) [1]. 

Intensive remission induction treatment in 
children as in adults, consists of a combination 
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of an anthracycline together with cytosine arabi
noside (ara-C) and a third drug-mainly 6-
thioguanine or etoposide. 

Idarubicin, an anthracycline derived from 
daunorubicin, was synthesized in an attempt to 
find new analogs with an improved spectrum of 
activity and diminished acute or chronic toxici
ty, as compared to daunorubicin [2]. Recently, 
idarubicin has been found to be at least as effec
tive as daunorubicin as an induction regimen in 
newly diagnosed AML in adults [3-5]. Further
more, the therapeutic index of idarubicin may 
be higher than that of daunorubicin regarding 
cardiotoxicity-a major problem especially in 
children [6]. Thus, one aim of study AML-BFM-
93 was to compare idarubicin with daunoru
bicin during induction treatment of childhood 
AML in a randomized trial. The preliminary 
results of children treated with idarubicin of this 
ongoing trial are presented. 

Patients and Methods 

From January 1, 1993 until May 31,1994, a total 
of 51 consecutive, previously untreated patients 
< 17 years of age were enrolled in the idarubicin 
arm of the cooperative study AML-BFM-93. 

Patient characteristics and disribution to the 
different French-American-British Group (FAB) 
subtypes are shown in Table 1. 

The treatment protocol of study AML-BFM-
93 evolved from studies AML-BFM-83 and 

Table 1. Patient characteristics-AML-BFM-93 -AlE 
induction (diagnosed January 1993 - June 1994) 

Total (n) 

Boys (n) 
Girls (n) 
Age (range) 
Median (years) 
White blood cell count - Range 
Median 
FAR MO 

Ml 
M2 
M3 
M4 
M5 
M6 
M7 

51 

24 
27 
3 months-16 years 
7 
1.600-438.000/111 
23.650/111 
4 
4 
14 
2 
9 
13 

4 

- 87[7], the outline of this protocol is shown in 
Fig. 1. All patients were initially, randomized to 
receive either ADE ara-C 100 mg/m2 per day 
continuous infusion for 2 days followed by 30 
min infusion every 12 h on days 3-8, daunoru
bicin 30 mg/m2 30 min, infusion every 12 h on 
dcsyd 3,4,5 and VP-16 150 mg/m2 60 min infu
sion on days 6,7,8) or AlE (idarubicin 12 mg/m2 
30 min infusion every 24 h on days 3,4,5 instead 
of daunorubicine). Further treatment consisted 
of consolidation therapy with seven drugs and 
intensification with high-dose ara-C together 
with VP-16 in standard-risk patients, whereas 
high-risk patients were randomized to receive 

SR Consolidalion 
C 
R 
A 
N 
I 
A 
L 

F HR 1 I:, r Consolidation 

I 
Random (2) 

I 
R 
R 

"-.aIlOg. A 

Mainten

ance 

T 

I 
o 
N HR 2 Consolidation 

o 

Ef':;;'::-cl : 
8M 8M 

CSF taps'" 

I 

BM BM 

CSF taps(x4) 

IBM) BM BM 

CSF taps(x4) 

o 16 21-28 49-66 Days 640 

Fig. 1. Treatment plan of study AML-BFM-93 (HAM, HD-draC/mitoxantrone) 
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either high-dose ara-C together with mintox
antrone, followed by consolidation and intensi
fication (HR1) or consolidation followed by 
high-dose ara-C together with mintoxantrone 
and intensification with HD-ara-C plus VP-16 
(HR2). All children in remission received cranial 
irradiation together with 4 intrathecal doses of 
ara-C followed by maintenance treatment of a 
total duration of 18 months. 

Results 

The outcome of remission induction therapy of 
the first 51 children in the AlE branch are shown 
in Table 2. Three children died within the first 6 
weeks in bone marrow aplasia. Eleven children 
were nonresponders. Of the 51 children 37 
(73%) attained CR. So far, six children have 
relapsed on treatment, whereas 31 children are 
still in continuous CR, four of them after allo
geneic bone marrow transplantation. 

Toxicity after AlE induction is shown in 
Table 3. No severe liver or kidney toxicity 
(WHO grade > II) was found in 49 evaluable 
children. One child developed severe cardiotoxi
city (WHO grade III) on day 21 with Strepto
coccus viridans septicemia, which was reversible 
after treatment with digoxin, steroids, and 
diuretica. This child is still in remission after 18 
months of further treatment with complete 
recovery of cardiac function. A total of 38 chil-

Table 2. Preliminary treatment results-AML-BFM-
93 AlE induction (diagnosed 1993 - 1994) 

Patients (n)51 

Early deaths 3 
N onresponders 11 
CR 37 
Relapses 6 
In continuous CR 31' 

, (Four after allogeneic bone marrow transplantation) 

Table 3. Toxicity after AlE induction 

Patients 

Liver 
Renal 
Cardiotoxicity 
Skin reaction 
Infection 

398 

(n) 51 

o 
o 
1 (WHO III) 
1 (WHO III) 

38 

dren developed fever during bone marrow apla
sia, eight of them with clinical and radiological 
signs of penumonia. The median time to recov
ery of the neutrophil count in 31 evaluable chil
dren was 26 days (range 13-34 days). In 42 
evaluable patients, bone marrow blasts on day 
15 after the beginning of AlE were ~ 5% in 32 
children and > 5% in ten children. 

Discussion 

Three previous studies in adults with newly 
diagnosed ANL showed superior CR rates in 
idarubicin-containing regimens as compared to 
daunorubicin, Berman et a1. [3) described a CR 
rate of 48 of 60 (80%) adults in the idarubicin
containing arm compared to 35 of 60 (58%) 
patients, p = .005, in the daunorubicin-contain
ing arm. Wiernik et al.[5) described a CR in 
68/97 (70%) patients in the idarubicin-contain
ing arm, as compared to 65/111 (59%; p = .08) in 
the daunorubicin-containing arm. The differ
ence in CR rates was significant in patients aged 
18-50 years (p=.035). Vogler et a1.[4) described 
CR rates in 75 of 105 (71%) on the idarubicin 
arm compared to 65 of 113 (58%; p=.03) in the 
daunorubicin arm. 

Experiences with idarubicin with AML are 
scarce. Sackman-Mauriel et al.[8) used idaru
bicin instead of daunorubicin in the induction 
phase in a clinical trial similar to protocol AML
BFM-87[9). Thirth-six patients under the age of 
21 were treated at seven cancer centers. Of the 
36 33 (91.7%) patients in this noncomparative 
study went in to CR after a mean duration of 
treatment of33.6 days (range 22-63 days). 

The preliminary data of the ongoing study of 
AML-BFM-93 show that idarubicin can be used 
for remission induction treatment in childhood 
AML. The main toxicity was fever in severe bone 
marrow aplasia. So far, no severe liver or kidney 
toxicity has been observed in the first 51 chil
dren. One child developed severe cardiotoxicity 
21 days after induction during septicemia in 
bone marrow aplasia, which was completely 
reversible. So far, no significant differences have 
been found between the idarubicin-and the 
daunorubicin-containing arms concerning toxic 
death, nonresponders and remission rate in this 
ongoing study. Further patient accrual and 
longer follow up are obviously required to eval
uate the specific role of idarubicin during induc
tion therapy in childhoold AML. 
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Overview of Current Treatment for Acute Myeloid leukemia 

P.H. Wiernik 

Abstract. Idarubicin is a more active anthracycline 
than daunorubicin for induction therapy of acute 
myeloid leukemia (AML). A cytarabine-based 
postremission regimen, bone marrow transplan
tation, or a combination of the two approaches 
improve disease-free survival and enhances the 
cure rate in this disease. Combinations of all
trans-retinoic acid and induction chemotherapy 
and superior to either approach alone in acute 
pro myelocytic leukemia (APL). Yeast-derived 
rhGM-CSF given during induction theraphy 
improves the safety of that therapy and enhances 
outcome in elderly patients with AML. 

Introduction 

The purpose of this paper is to provide an over
view of certain aspects acute myeloid leukemia 
(AML) therapy and to draw conclusions of a 
general nature whenever possible. 

Materials and Methods 

Published literature on induction and postr
emission therapy of AML were reviewed and, 
whenever possible, reported results were updat
ed by personal communication. 

Results 

Induction Therapy 

One of the most interesting recent studies of 
induction therapy for AML was published by the 

Australian Leukemia Study Group approximate
ly 5 years ago [1]. That study compared induc
tion therapy with a standard dose and schedule 
of cytarabine and daunorubicin with an identi
cal regimen to which etoposide was added. The 
complete response rate was similar after the two 
treatments but the triple-drug regimen yielded a 
significantly longer disease-free and overall sur
vival in patients under the age of 55 years and 
those differences have persisted (J.F. Bishop, 
personal communication, 1995). No significant 
differences in outcome were observed in older 
patients. The study is important for two reasons. 
First, it demonstrates clearly that a manipula
tion during induction therapy can favorably 
affect remission duration and survival. It further 
suggests that, as more effective treatments are 
developed, cure may be obtained with induction 
therapy alone without postremission treatment. 
The lack of efficacy of postremission therapy has 
been clearly demonstrated in other hematologic 
malignancies for which substantially effective 
induction theraphy has been developed, such as 
advanced Hodgkin's disease and diffuse large
cell lymphoma. Secondly, the Australian study 
demonstrates the difficulty in making meaning
ful therapeutic observations in elderly patients 
which can be readily observed in younger 
patients. This latter point should not be in
terpreted to mean that older patients should not 
be studied, but the study of a therapeutic in
tervention in elderly patients alone may not 
allow for the observation of a modest step for
ward presumably because of the myriad of 
comorbidities that plague the elderly in most 
cases. 

Albert Einstein Cancer Center and Montefiore Medical Center, Bronx, New York, USA 
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The late Zalmen Arlin compared a standard 
cytarabine and daunorubicin regimen with a 
similar regimen in which daunorubicin was 
replaced by mitoxantrone [21. There were no 
significant differences in outcome between the 
two induction regimens, wich argues for the 
equivalency of daunorubicin and mitoxantrone. 
More recently, Pavlovsky et al. [3] conducted a 
study of identical design and reported virtually 
identical results. There are no published 
comparisons of idarubicin and mitoxantrone 
combined with cytarabine for induction therapy 
of newly diagnosed patients with AML. 
However, the Eastern Cooperative Oncology 
Group (ECOG) has recently embarked on a 
study (E3993) in which elderly AML patients are 
randomized to receive induction therapy with 
cytarabine and daunorubicin, mitoxantrone, or 
idarubicin along with a growth factor or a place
bo. No results are available from that study at 
this date. 

The combination of cytarabine, mitox
antrone, and etoposide has been a popular 
induction therapy for relapsed or refractory 
patients with AML, especially in Europe [4]. 
Unfortunately, there are no prospective compar
ative trials from wich one could assess the mer
its of this regimen relative to others. The 
situation is reminiscent of the previous accep
tance on anecdotal grounds of the superiority of 
high-dose cytarabine plus amsacrine [5] until a 
prospective comparative study by the Southwest 
Oncology Group (SWOG) demonstrated no 
advantage for the addition of amsacrine to high
dose cytarabine [6]. 

Fig. 1. Updated overall survival data 
(age 60 or less) from the study by 
Wiernik et al. [8] Asterisks, A + 1; cross
es,D+A 
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There are a number of randomized induction 
therapy trials in which a combination of cytara
bine and daunorubicin (A + D) was compared 
with cytarabine and idarubicin (A + 1), and all 
have shown an advantage for the latter combi
nation over the former. Berman et al. [7], in a 
single-institution study for patients with AML 
under the age of 60 years, reported a significant
ly greater complete response rate, remission 
duration, and survival in patients treated with 
A + I compared with those treated with A + D, 
and a recent unpublished update of that study 
demonstrates that those significant differences 
continue to be observed (E.Berman, personal 
communication, 1995). In a multicenter study of 
similar design [8] those same differences in out
come were observed in younger patients (under 
the age of 60 years) but not in older patients. A 
recent unpublished update of that study also 
demonstrates that those outcome differences 
have been maintained (Fig. 1). 

0 

In a Southeast Oncology Group study (SEG) 
of similar induction therapy design [9], the com
plete response rate with A + I was significantly 
greater than that with A + D. The postremission 
protocol in that study incorporated a test of late 
intensification with A + lorA + D, depending 
upon the patient's initial induction therapy. A 
recent update of the study demonstrates no dif
ference in disease-free or overall survival with 
respect to induction therapy. However, remis
sion duration is significantly longer in patients 
who received late intensification compared with 
patients who did not, and those patients who 
were given A + I during induction and late inten-

6 12 18 24 30 36 42 48 64 60 66 72 

p-o.023 (Jogrank) 
MONTHS 
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sification phases of the protocol had significant
ly longer disease-free (and overall) survival than 
any other group of patients (E. Velez-Garcia, 
personal communication, 1995). Finally, the 
GIMEMA group studied A + I vs. A + D as induc
tion therapy in elderly patients [10). There was 
no difference in response rate or duration, or 
overall survival between the two treatment 
groups, as might be expected from the results 
obtained in elderly patients by Bishop et al. [1) 
and in the multicenter study described above 
[8], but a significantly greater number of 
patients achieved a complete response with one 
course of A + I than with one A + D course in the 
GIMEMA study. This observation was also made 
in the Berman [7) and multicenter study [8) but 
not in the SEG study [9). 

These studies all demonstrate the superiority 
of idarubicin over daunorubicin in combination 
with cytarabine as induction therapy for AML, 
especially in patients under the age of 60 years, 
and this clinical observation is supported by a 
number of laboratory investigations that de
monstrate more favorable pharmacokinetics for 
idarubicin than daunorubicin [ll) and less 
interference of p-glycoprotein with idarubicin 
activity than with that of daunorubicin [12-14). 
The presence of p-glycoprotein on the surface of 
leukemic cells from patients with de novo AML 
has repeatedly been demonstrated to impair 
response to A + D [15-17). 

Turning now to acute promyelocytic leu
kemia (APL), there is general agreement that a 
major limitation on the effectiveness of 
all-trans-retinoic acid in this leukemia is the 
clinical pharmacokinetics of the agent. Trans
retinoic acid induces its own catabolism, pre
sumably by a cytochrome P-450 mechanism 
[18). Schwartz et al. [19) have demonstrated that 
fluconazole, an inhibitor of P-450, inhibits the in 
vitro catabolism of all-trans-retinoic acid have 
recently demonstrated the same in patients with 
APL. However, whether fluconazole inhibition 
of all-trans-retinoic acid catabolism can trans
late into more effective antileukemic activity 
remains to be studied. At the present time, opti
mal therapy for APL appears to be initial ther
apy with all-trans-retinoic acid followed by 
chemotherapy with an anthracycline plus 
cytarabine, as first demonstrated by Fenaux 
et al. [18], who reported a 96% complete 
response rate and a substantial fraction of 
durable remISSIOns with this approach. 
Although the French used daunorubicin in these 
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studies, idarubicin may be a better choice, since 
Berman [21) demonstrated that the latter is sig
nificantly more active than the former in APL, as 
it is in AML in general. 

Postremission Therapy 

There is considerable debate about the most 
effective post remission therapy for patients 
with AML. A number of studies suggest equiva
lent long-term survival for patients undergoing 
bone marrow transplantation or chemotherapy 
alone. However, none of those studies analyzes 
outcome with respect to major prognostic fac
tors such as karyotype and immunophenotype. 
A current intergroup study conducted by ECOG 
(EST 3489) will provide information on the rela
tive merits of autologous and allogeneic bone 
marrow transplantation, and chemotherapy 
alone in patients who have been characterized 
by immunophenotype and karyotype. The 
results of that study may provide a basis for 
selection of one option over another for a specif
ic AML patient in the future. 

It is possible to draw broad conclusions 
about the relative merits of a number of pro
grams employing chemotherapy alone as 
post'remission therapy for AML and, in my 
view, no clearly superior treatment has emerged. 
Figure 2 includes a number of curves that repre
sent the best-published results with certain regi
mens that have recently attracted interest. The 
Cancer and Leukemia Group B (CALGB) curve 
represents that group's data on high-dose Cyto
sine arabinoside (ara-C), 3 gm/m' every 12 h for 
6 days for patients under the age of 45 years, fol
lowed by daunorubicin and standard-dose 
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Fig. 2. A comparison of selected published postremis
sion treatments for adults with AML. See text for 
details 



cytarabine [22 J. The Schiller curve represents a 
similar approach with high-dose cytarabine 
alone [23 J. The Bishop curve represents the 
Australian results in patients up to the age of 55 
years in whom cytarabine, daunorubicin, and 
etoposide were given as induction therapy, and 
followed by less intensive but more prolonged 
postremission therapy than the studies repre
sented in the first two curves [IJ. Ther Berman 
curve represents the Memorial study of induc
tion therapy with cytarabine and idarubicin, fol
lowed by short-term administration of 
truncated induction courses after remission in a 
group of adult patients 60 years old or younger 
[7J. The Wiernik curve represents a study begun 
in 1978 at the National Cancer Institute 
Baltimore Cancer Research Center in which 
patients with a median age of 47 years and a 
range in age of 14-72 years were induced with 
cytarabine and daunorubicin and then treated 
with cytarabine and thioguanine in short inten
sive courses every 3 months for 3 years [24, 25 J. 
This curve represents the oldest patients with 
the longest follow up in this figure. A reasonable 
interpretation of these curves is that they are not 
different one from another. They cannot be sta
tistically analyzed, however, because they do not 
represent a prospective, randomized compari
son. The figure suggests that there are several 
options available that will achieve what would 
currently be accepted as optimal long-term 
results: a) improve induction therapy (Bishop 
and Berman curves); b) provide short-term, 
intensive post-remission therapy (CALGB and 
Schiller curves); or c) provide long-term less 
intensive postremission therapy (Wiernik 
curve). Options a. and c. are available to patients 
of all ages, while option b. is too toxic for 
patients beyond middle age. There is no evi
dence from other studies that combining 
options improves outcome. 

Second Remission Therapy 

There is little doubt that bone marrow trans
plantation can offer long-term disease-free 
survival to patients in second remission [26J. 
However, for a variety of reasons [27], these 
procedures are not available to a large number 
of patients who might benefit from them. 
Therefore, it is appropriate to study other meth
ods of potential cure for patients in second 
remiSSIOn. The ECOG study randomized 
patients in second remission to receive low-dose 

cytarabine or no treatment, and the treatment 
arm was associated with a significantly longer 
second remission duration [28J. That study 
proved that chemotherapy during second remis
sion was beneficial. biological response modi
fiers have recently been studied in second 
remission alone or in conjuction with other 
modalities. Some small studies of interleukin-2 
OL-2), for instance, given either alone [29, 30) or 
in conjuction with autologous bone marrow 
transplantation [31 J have given results that were 
provocative enough to lead to prospective inter
group studies that are nearing implementation. 

Supportive Care 

Two recently completed studies asked whether 
granulocyte-macrophage colony-stimulating 
factor (GM-CSF) given soon after the comple
tion of induction therapy for AML in elderly 
patients would improve hematologic recovery to 
a clinically significant degree. The ECOG study 
utilized yeast-derived GM-CSF and CALGB stud
ied Escherichia coli-derived GM-CSF. In both 
studies the growth factor was compared with a 
placebo. Both studies have been published only 
in abstract form to date [32, 33J. There was no 
evidence from either study that the administra
tion of GM-CSF was detrimental in the setting in 
which it was studied, which is important because 
of the concern in some quarters that such a 
growth factor might stimulate the leukemic 
clone. In the ECOG study, patients receiving the 
growth factor had significantly more rapid 
recovery of the peripheral granulocyte count 
and significantly fewer infections. However, in 
the CALGB study the outcome with growth fac
tor or placebo was similar. possible explanations 
for these dissimilar results are the different 
sources of the recombinant growth factor, differ
ent chemotherapy doses in the two studies, and 
the somewhat different age groups studied. 
Further study will clearly be necessary to resolve 
the true role, if any, for GM-CSF in this setting. 

Discussion 

Much progress has been made in the treatment 
of adults with AML. Complete remission is 
obtained in at least 75% of all patients, and a 
fraction of responders, perhaps as large as 30%, 
is apparently cured with currently available me-
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thodology. The induction regimen of idarubicin 
and cytarabine has proven superior to daunoru
bicin and cytarabine regimens in all prospective, 
randomized studies. Studies in which mitox
antrone and daunorubicin in combination with 
cytarabine were compared have yielded equiva
lent results for those treatments. Combination 
of all-trans-retinoic acid and standard chemo
therapy appear to be optimal induction therapy 
for APL. Whether cytarabine adds to the activity 
of anthracylines in APL as it does in other 
French-American-British Group (FAB) types is 
debatable. Yeast-derived rhGM-CSF, given after 
marrow hypoplasia is obtained during induction 
therapy, facilitates therapy and improves out
come in elderly patients with AML. Postre
mission regimens based on cytarabine clearly 
improve disease-free survival, although the opti
mal dose of that agent has not yet been deter
mined. The relative merits of bone marrow 
transplantation and chemotherapy alone for 
postremission treatment continue to be debated, 
but currently ongoing trials are likely to identify 
the best available approach to various AML sub
types. Certain immunologic agents, such as IL-2, 
are under evaluation in patients in second 
remission, and early reports suggest that they 
may have activity in that setting. Although stud
ies designed to optimize treatment with current
ly available agents are important, the most likely 
future accomplishments to significantly further 
improve results in AML are discoveries of new 
active agents against the disease. 
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Chemotherapy for Acute Myeloid leukemia: the State of the Art 
and the Contribution of Idarubicin 
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The trends in modern chemotherapy for AML 
are best exemplified by the multicenter random
ized trials listed in Table 1. In these trials a total 
of 7554 patients have been treated. The overall 
complete remission rate is 63% and the 5-year 
relapse-free survival rate is 21%. A certain 
chronological trend can be seen in that 5-year 
remission rates in excess of 25% are found only 
in publications from the 1990. The same, howev
er, is true for mortality in remission of 10% and 
more, indicating the limits of the generally 
increasing treatment intensity. The table shows 
the trials or treatment arms within trials in 
order of the intensity of chemotherapy in the 
induction, consolidation and maintenance phas
es. Intensification appears as a determinant of 
outcome in that 5-year remission rates of 30% 
and over are produced only by intensified con
solidation or induction regimens [9, 13-15]. The 
role of maintenance as a determinant of out
come is underlined in that reduced maintenance 
[6,8,10] or no maintenance after standard con
solidation [3] resulted in low 5-year remission 
rates. On the other hand, the effect of mainte
nance may be replaced by that of intensified 
consolidation [9, 10, 15]. 

The results of an inter-study comparative 
analysis can only be an approximation, since 
different trials used different selection criteria 
regarding age and exclusion of patients in 
remission. 

The trials cited randomly compared different 
drugs or strategies, and significant differences 
between alternatives compared were found in 
seven trials. Thus, differences in the CR rate 

University of Miinster, Germany 
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were in favor of aclarupicin vs (dounorubicin) 
as part of induction treatment [9]. idarubi
cin(lOR) vs DNR [12], and DNR full dose vs half 
dose [13]. Differences in CR duration were in 
favor of cytosine arabinoside (AraC) infusion vs 
bolus in induction [1], AraC s.c. vs i.v. mainte
nance[l]' chemotherapy vs Bacillus Calmette 
Guerain (BCG) in maintenance [2], maintenance 
vs no maintenance [3], and AraC high dose vs 
standard dose in postremission therapy (14). 
Improved cure rates of 35%-40% in younger 
patients resulted from regimens using high-dose 
AraC in induction [13] or postremission treat
ment [9,14]. 

lOR has been compared with DNR in three 
multicenter trials [3,8,9] and a single-center trial 
[17]. lOR has produced superior CR rates in 
three trials (Table 2), with no long-term results 
published so far (Table 3). 

In conclusion Among anthracyclines differ
ent drugs and dosages may affect the CR rate, 
with advantages for lOR over intermediate-dose 
DNR. For cure, high-dose AraC appears to play 
a leading role. 
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Table 2. Effects of idarubicin versus daunorubicin on response to induction treatment 

Source Induction Dosage Age No. of Patients CR P 
(mg/m2) (years) rate 

Berman lOR 12 80 
et al. 791 [17] 5+3 lOR 50 16-60 120 58% 0.005 

Mandelli lOR 12 40% 
et al. 791 [15] 7+3 DNR45 58-78 249 39% 

Wiernik lOR 13 70% 
etal. 792 [16] 7+3 DNR45 18---t60 208 59% 0.08 

Vogler lOR 12 71% 
et aI. 792 [12] 7+3 DNR45 15---t60 218 58% 0.3 

Table 3. Effects of idarubicin versus daunorubicin on long-term results 

Source Remission 
therapy 

Arm Age 
(years) 

Relapse-free Survivial 
median 2-3 years 

months 

Berman lOR 
et al. 791 [17] 5+3 x2 DNR 16-60 

Mandelli lOR 12 22% 
et al. 791 [15] 5+5+2 x 4,5+5 x 6 DNR 58-78 12 22% 

Wiernik lOR 9 35% 
et aI. 792 [16] 5+3x 2 DNR 18---t60 8 6% 

Vogler lOR 14 22% 
et aI. 792 [12] 5+lx3,4+2x4 DNR 15---t60 11 15% 
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Abstract. The combination of fiudarabine and 
cytosine arabinoside (ara-C) with a simultane
ous infusion of granulocyte colony-stimulating 
factor (G-CSF; FLAG) is an effective chemother
apy to induce remission in poor-prognosis acute 
myeloid leukemia (AML) [5]. We started a 
phase II trial adding idarubicin to FLAG (Ida
FLAG) in order to improve the response rate 
and its duration. Patients refractory to or with 
first relapse after standard chemotherapy and 
patients with secondary AML, a history of 
myelodysplasia or signs of trillineage dysplasia 
at diagnosis (MDS-AML) were included. Ida
FLAG consisted of idarubicin 8 mg/m2 on days 
1,3,5; fiudarabine 25 mg/m2 1 h i.v. on daysl-5; 
ara-C 1000 mg/m2 1 h i.v. every 12h on days 1-5; 
and Filgrastim 400 Ilg/m2 continuous infusion 
from day 0 until recovery of absolute neutrophil 
count (ANC) > 1000/1l1. 

A total of 35 patients were included within 
the first 12 months of study. Nine patients 
(seven male, two female) with refractory AML 
had a median age of 48 years (range 22-68 
years), eight patients (three male, five female) 
with AML in first relapse had a median age of 59 
years (range 30-75 years) and 18 patients (12 
male and six female) with secondary AML or 
MDS-AML had a median age of 56 years (range 
45-67 years). Thirty-four patients were evalu
able for response after a first course of ida
FLAG. Complete remission (CR) was achieved in 
21 patients (62%) overall, in one of nine patients 
(11%) with refractory AML, in seven of eight 
patients (87%) with relapsed AML, and in 13 of 
17 patients (76%) with MDS-AML. Seven 

patients (21%) died within 28 days from severe 
infection. Toxicity was evaluated in 27 patients 
surviving the first course of ida-FLAG. The 
median of the duration of G-CSF infusion was 
24.5 days (range 17-66 days), of white blood cell 
count (WBC) < 3000/lll 20 days (range 11-44 
days), of WBC < 500/lll 17 days (range 6-31 
days), of ANC < 1500/lll 20 days (range 11-37 
days), of ANC < 500/lll 18 days (range 9-31 
days), of platelets < 50 OOO/Ill 24 days (range 
13-68 days) and, of days with fever> 38°C 4 
days (range 1-33 days). 

Idarubicin-FLAG is a well-tolerated chemo
therapy which induces a high rate of CR in 
patients with relapsed or secondary AML. It is 
too early to comment on the duration of 
response and surivival. The toxicity should be 
monitored carefully especially in the second 
cycle. It may be warranted and worthwhile to 
compare the efficacy of ida-FLAG with other 
protocols for secondary or relapsed AML. 

Introduction 

Recently it has been demonstrated that a treat
ment of acute myeloid leukemia (AML) blasts 
with fiudarabine followed by cytarabine (ara-C) 
enhances the intracellular concentration of ara
C triphosphate (ara-CTP) resulting in an 
improved ara-C cytotoxicity [6]. The active 
triphosphate of fiudarabine could be increased 
by preincubation of blasts with granulocyte 
colony-stimulating factor(G-CSF) [5]. In addi
tion, G-CSF given prior to chemotherapy possi-

'First Department ofInternal Medicine, University Hospital, 50924 Koln, Germany 
'First Department ofInternal Medicine, University Hospital, Bonn, Germany 
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bly recruits blasts into the cell cycle [1, 4J. This 
"priming" may enhance cytotoxicity too. G-CSF 
given after chemotherapy reduces the time of 
granulocytopenia and the rate of infections [9). 
Based on this in vitro evidence and clinical stud
ies, the fludarabine ara-C-G-CSF (FLAG) regi
men has been given to patients with high-risk 
AML and has been proven to be effective [5, I2J. 

Idarubicin has shown some evidence for a 
more potent activity against AML than other 
anthracyclines [2,11,13J. Moreover, there are 
some experimental data demonstrating a syner
gistic efficialy of idarubicin and G-CSF by 
enhanced expression of DNA topoisomerase II 
in leukemic cells [10 J. 

In order to improve the effectivity of the 
FLAG regimen we added idarubicin (Ida-FLAG) 
and started a phase II study in patients with 
high-risk AML to evaluate the response rate, 
duration of response, and toxicity ofIda-FLAG. 

Patients and Methods 

The AML was diagnosed from bone marrow 
smears by cytomorphological and cytochemical 
criteria. The subgroup of AML were classified 
according to the French-American-British 
Group (FAB) classification. Patients refractory 
to (REF-AML) or with a first relapse (lR-AML) 
after standard induction therapy were eligible. 
Standard therapy for patients with age < 60 

years was TAD-HAM chemotherapy according 
to the study of the AML Cooperative Group 
(AMLCG, Prof. Buchner, Munster, Germany) 
and for patients > 60 years a combination of 
aclarubicine mg/m2 on days 1-4, etoposide (VP-
16,100 mg/m2 on days 1-3), and cytarabine (l00 
mg/m'every 12 hon days 1-7 (AVA-7). 

Patients with an AML secondary to a myelo
proliferative disorder and patients with a history 
of a myelodysplasia according to the F AB classi
fication or with a trilineage myelodysplasia 
(TMD) at initial diagnosis of AML (MDS-AML) 
were included as a third group. The age of 
patients had to be > 18 years. Written informed 
consent had to be obtained. Exclusion criteria 
were a history of an allergic reaction to one of 
the study drugs or a severe concomitant disease, 
judged as contraindication against any intensive 
chemotherapy. 

From January 1994 until January 1995 35 
patients with AML entered the study: 13 female 
and 22 male with a medium age of 56 years 
range 22-75 years.Characterisitcs of patients 
and subgroups of AML according to the FAB 
classification are given in Table l. Ida-FLAG 
therapy consisted of idarubicin 8 mg/m2 on days 
1,3,5; fludarabine 25 mg/m' 1 h-v-i.v on days 1-5; 
ara-C 1000 mg/m2 every 12 hi h iv on days 1-5; 
and filgrastim 400 ~g/m2 continuous infusion on 
day 0 until recovery of ANC> 1000/~1. All 
patients received selective oral antibiotic pro
phylaxis and in case of fever an antibiotic thera-

Table 1. Characteristics of35 patients included from January 15th 1994 to January 15th 1995 

Refractory Frist relapse MDS-AML Total (n = 35) 
AML (n=9) AML (n=8) (n= 18) 

Sex 
Male(n) 7 12 22 
Female (n) 2 5 6 13 
Age 
Median (years) 48 59 56 56 
Range (years) 22-68 30-75 32-71 22-75 
FAB classification MO 2 Ml MIlS 9 

M2 2 M2 4 TMIl 5 
M4 M4 2 Sec. AML 4 
M5 1 M6 
M7 2 
MDS 

Karyogram 
Normal 5 6 

Aberration 6 2 7 15 
Not determined 3 5 6 14 

MDS, history of MDS at diagnosis of AML; TMD, trilineage myelodysplasia at diagnosis, sec. AML, history of 
myeloproliferative disease at diagnosis. 
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py according to the criteria of the PEG-II trial 
[8]. Bone marrow aspiration was performed 
between days 9-11 and after recovery of hema
topoiesis but at least between days 28 and 35. 

In case of a complete remission (CR) a sec
ond-cycle Ida-FLAG was recommended after a 
rest of 2-4 weeks. In case of a partial response 
(PR, significant reduction of blasts in bone mar
row, but more than 5%) a second cycle Ida
FLAG could be given. An allogeneic bone 
marrow transplantation with a related or unre
lated donor was recommended if possible for all 
patients with CR or PRo 

Results 

Response. After the first 12 months of study 34/35 
patients were evaluable for response after the first 
cycle of Ida-FLAG. CR was achieved in 21 
patients (62%) overall. Three patients had a sig
nificant reduction of blasts, three had a persis
tence of blasts in bone marrow and seven patients 
(21%) died within the first 28 days. Cause of 
death was a severe infection in all cases. The 
response after the first cycle with regard to the 
subgroups is shown in Table 2. Thirteen patients 
(one with IR-AML, 12 with MDS-AML) received a 
second cycle ofIda-FLAG for consolidation. 

Survival and Duration of Response. One patient with 
refractory disease after T AD-HAM who achieved 
a CR after Ida-FLAG is in continuous CR (cCR) 
after 20 weeks without further therapy. Another 
refractory patient with a history of chronic 
myelomonocytemic leukemia (MDS-CMMoL), 
treated without success with A V A -7 and T AD-9 
before, achieved a significant reduction of blasts. 
After 22 weeks AML relapsed. He was treated 
again with Ida-FLAG off study and achieved a 
nearly complete reduction of blasts once more. 
From the seven CR patients with 1R AML, one is 
in cCR after 35 weeks (duration of first remis-

Table 2. Efficacy of the first cycle ofIda-FLAG 

Refractory First relapse 
AML(n=9) AML(n=8) 

(n) (%) (n) 

CR 11 7 
No remission 5 56 
Early death 3 33 
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sion after TAD-HAM = 10 months). The other 
six patients had a relapse (duration of remission: 
32,29,24, 13, 13,6 weeks). One 30-year-old lady 
refractory to TAD-HAM achieved a 10-month 
lasting first CR with FLAG; 6 weeks after achiev
ing the second CR with Ida-FLAG she relapsed 
and was successfully transplanted with the bone 
marrow of an unrelated donor. Thirteen patients 
with MDS-AML achieved CR, of whom 12 
received a second cycle Ida-FLAg. Three patients 
died due to infectious complications within 28 
days after consolidation therapy. Four patients 
are in cCR (29+, 27+, 26+, 24+ weeks). Two 
patients died with signs of myelodysplasia but 
without evidence for a relapse of AML. Three 
patients are receiving consolidation therapy 
now. General survival from beginning of Ida
FLAG therapy, the event-free survival, and the 
duration of remission are shown in Table 3. 

Toxicity. Alopecia was common, nausea and 
vomiting could be sufficiently controlled, and 
relevant mucositis was a rare event. Hemato
logical toxicity was comparable to other high
dose therapies. The median of the duration of 
G-CSF infusion was 24.5 days (range 17-66 
days) in 27 survivors of the first cycle. The dura
tion of leukocytopenia, a white blood cell count 
(WBC) < 500/111 or < 3000/111, was a median 17 
days range 6-31 days and 20 days range 17-66 
days respectively. Granulocytopenia, ANC < 
SOO/J.llor < 1500/J.ll, was a median 18 days range 
9-31 days and 20 days range 11-37 days respec
tively. Hematological toxicity with regard to the 
subgroups is shown in Table 4. The MDS-AML 
patients, who received Ida-FLAG as a first high
dose chemotherapy, had a shorter duration of 
aplasis than the pretreated patients with refrac
tory or relapsed AML. All patients had a fever> 
38 DC mostly classified as fever of unknown ori
gin (with negative culture results and without 
evidence for a focus)) (Table 5). Until now the 
rate of atypical infections has not increased. In 

MDS-AML Total 
(n= 17) (n=34) 

(%) (n) (%) (n) (%) 

87 13 76 21 62 
1 6 6 17 

12 3 18 7 21 



Table 3. Response to Ida-FLAG, survival, event-free survival, and duration of remission. Evaluation after 12 
months of study 

No. 

REF-
-AMI. 2 

IR-

4 

5 
6 
7 

8 
9 

-AML 2 

MDS-

3 
4 

6 

7 
8 

-AML 2 

4 

5 

6 
7 

8 
9 

10 

11 
12 

Response 
to first 
cycle 

PR 
ED 
ED 
PD 
ED 
PD 
PD 
CR 
PD 
CR 
CR 
CR 
ED 
CR 
CR 

CR 
CR 
CR 

CR 
CR 
CR 
CR 

CR 
CR 
CR 
CR 

ED 
PR 
CR 

13 ED 
14 
15 

16 
17 
18 

ED 
CR 

CR 
CR 
n.d. 

Ida-FLAB Survival from 
for 1st day 
olidation of therapy 

(weeks) 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

54+ 
3 
4 

30 
4 

24+ 
5 

20+ 
11 
51 + 
50+ 

48+ 
36+ 

35+ 
17 
36 

34 
33+ 
321 
13 

30+ 
29+ 
28+ 
11 

4 

9 

3 
11+ 

9+ 
5+ 
4+ 

'Events: no remission, relapse, death. 

general Ida-FLAG was well tolerated in this 
group of high-risk patients. In the second cycle 
of Ida-FLAG the median duration of G-CSF 
infusion was 27.5 days (range 21-33 days), of 
WBC<sOO/~1 21 days (range 11-29 days), and 
of ANC < SOO/~l 21 days (range 12-31 days). In 
four of seven evaluable patients who surivived 
the second cycle the time until recovery of 

Event free 
survival" 
(weeks) 

6 
3 
4 
5 
4 

4 
4 

20+ 
5 

37 

29 

9 

9 

35+ 
1 

23 

22 
33+ 
32+ 
13 

30+ 
29+ 
28+ 
11 

4 

9 

3 
10 

9+ 
5+ 
4+ 

Duration of Comments 
complete 
remission 
(weeks) 

16+ 

32 
24 
13 

6 

29+ 
13 
18 

18 
29+ 
27+ 

9 

26 I 

251 
24+ 
6 

5 

5 

3+ 
1+ 

Allogeneic BMT, 
week 11 

Death in bone marrow 
aplasia, no blasts 

Septic death during 
second cycle 

Septic death during 
second cycle 

Lost to follow up 
Septic death during 

second cycle 

Blastycrisis of CML 
Relapse with start of 

second cycle 

hematopoiesis was longer than III the first 
course, in three it was shorter. 

Discussion 

This is a very preliminary evaluation of a phase 
II trial in high-risk patients with AML. However, 
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Table 4. Hematological toxicity in survivors of the first cycle Ida-FLAG 

Refractory First relapse MDS-AML Total 
AML (n=6) AML (n=7) (n= 14) (n = 27) 

Median Range Median Range Median Range Median Range 
days days days days days days days days 

G-CSF infusion 27 23-30 29 17-66 22.5 18-39 24.5 17-66 

WBC 
<500hll 18.5 12-22 19 6-31 14.5 12.24 17 6-31 
< 3000/111 24 15-28 24 11-44 18 15-35 20 11-44 

ANC 
< 500/111 21.5 12-25 19 9-31 16 12-26 18 9-31 
< 1500/111 24 14-25 22 1-37 17.5 14.34 20 11-37 

Platelets 
< 50000/!li 25.5 21.38 30 13-68 22.5 17-42 24 13-68 

Transfusion 
Erythrocytes 9 2-20 6 0-22 8 4-18 8 0-22 
Platelets 8 1-13 5 2-19 6 3-12 6 1-19 

Table 5. Days with fever, Lv. antibiotics, and hospitalization in survivors of the first cycle Ida-FLAG 

Refractory First relapse MDS-AML Total 
AML (n=6) AML(n=7) (n= 14) (n=27) 

Median Range Median Range Median Range Median Range 
days days days days days days days days 

Temp. >38 °C 9 2-15 4 1-33 4 1-12 4 1-33 
Antibiotics (Lv.) 25.5 21-29 21 9-39 12.5 7.25 15 7-39 
In hospital' 31 30-39 36.5 19-68 26.5 21-42 29 19-68 

'Until discharge in patients with CR or evidence of persistence ofleukemia (end of study) in non-responders. 

the Ida-FLAG regimen seems to be a very effec
tive combination to induce a CR in patients with 
relapsed or secondary AML. As a consequence 
of the different subgroups of patients with dif
ferent risks of death of relapse the number of 
patients will be enlarged for the final assessment 
of effectivity. 

It is very early to comment on the prelimi
nary evaluation of survival and remission dura
tion. N everthless, it is our impression that it 
may be warranted and worthwhile to compare 
the efficacy of Ida-FLAG with other protocols 
for relapsed AML, in particular since there is no 
gold standard of second line therapy for 
relapsed patients. Patients with secondary or 
MDS-AML have a specialty high risk for relapse 
after conventional induction [3,7]. Therefore, 
new strategies such as Ida-FLAG may be benefi
cial and should be compared to standard induc-
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tion. Despite some benefits in the group of 
refractory patients, the rescue therapy in this 
group remains an unsolved problem. 

The toxicity of one-cycle Ida-FLAG is moder
ate and the subjective tolerance very good. Until 
now there is no evidence for an increase of atyp
ical infections. However with regard to three 
septic deaths in 13 patients treated with a sec
ond cycle, the infectious toxicity and immuno
logical deficiencies should be monitored in 
detail. The impairment of the lymphatic system 
by fludarabine possibly induces a higher inci
dence of severe and rapidly fatal infections. The 
relative importance of each single drug in the 
Ida-FLAG regimen is only supported by experi
mental data and has not been proven by clinical 
evidence until now. Therefore, the repeated 
application of Ida-FLAG and the value of each 
drug should be tested in comparative studies. 
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Mechanisms of Regulated Drug Sensitivity 

E.A. McCulloch 

Abstract. Regulated drug sensltlVlty (RDS) is 
defined as the influence of growth regulators on 
the drug sensitivity of cancer cells measured in 
culture. The blast stem cells of acute myeloblas
tic leukemia (AML) provide a suitable model 
system. Myelopoietic growth factors, all-trans
retinoic acid (ATRA) and hydrocortisone (HC) 
have been found to alter some drug dose
response curves, with degree and direction of 
effect often schedule dependent. GM-CSF and 
HC were found to protect AML blasts against 
cytosine arabinoside (ara-C) killing; G-CSF 
increased sensitivity. ATRA regularly increased 
sensitivity only if given after the drug. 
Regulator-mediated change in cell cycle para
meters was a potential mechanism for RDS. 
Measurements using high specific activity triti
ated thymidine CHTdR) to identify stem cells in 
the S phase provided evidence against this 
attractive hypothesis. We compared RDS using 
different drugs. Unlike ara-C, anthracycline sen
sitivity was changed by ATRA or HC but not by 
growth factors. Thus, a single mechanism is 
unlikely to explain RDS. We asked if the proto
oncogene bcl-2, known to influence apoptosis, 
was part of the RDS mechanism. We found that 
bcl-2 was down-regulated by retinoic acid. Bcl-2 
has an anti-oxidant effect. Exogenous HP, is 
metabolized to produce free radicals; we asked if 
sensitivity to HP, was regulated. We found that 
ATRA after HP2 increased killing, while HC 
before HP, was protective. We asked whether 
N-acetylcysteine (NAC), a potent radical scav
enger, would alter drug sensitivity. We found 
that NAC before agent provided partial protec-

tion against the lethal effects of both ara-C and 
H,o,. We concluded that ara-C, in addition to 
direct killing following incorporation into DNA, 
causes the production of toxic free radicals. 
ATRA may sensitize and HC protect through 
mechanisms that influence the outcome of dam
age by free radicals. The control network that 
regulates intracellular redox is complex and in
cludes members of the bcl-2 family and cyto
chromes; the network provides many targets, 
permitting drug sensitivity to be regulated by 
more than one mechanism. 

Introduction 

Chemotherapy is the major treatment available 
for patients with disseminated malignancies. 
Leukemia is a valuable example since the dis
ease is widespread when first diagnosed and 
often responds to treatment with drugs. Unfort
unately, in adults, the disease usually recurs and 
then is less responsive to therapy. These features 
of leukemia make it a suitable site in which to 
seek for mechanisms of drug response and resis
tance. Further, malignant leukemic cells can 
easily and safely be obtained as single-cell sus
pensions for laboratory studies. The develop
ment of cell culture methods, now often 
combined with molecular techniques, makes it 
possible to evaluate the biological characteristics 
of leukemic cells; interactions with drugs can 
also be examined in some detail. 

This paper contains an account of studies in 
which the blast cells from the peripheral blood 
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of patients with acute myeloblastic leukemia 
(AML) were examined in cell culture in order to 
observe interactions between regulatory mole
cules and chemotherapeutic drugs. It is neces
sary to review briefly some characteristics that 
drug responses have in common, regardless of 
cell or agent. Features of AML are reviewed as 
essential background for the work. Then a 
description is provided of observations showing 
that the responses of AML blast cells to cytosine 
arabinoside (ara-C), cisplatin and the anthracy
cline daunourubcin (DNR) can be influenced by 
myeloid growth factors and ligands for the 
steroid superfamily of intracellular receptors. 
Putative mechanisms of this regulated drug sen
sitivity (RDS) are then introduced as the major 
thrust of the paper. 

Proximal and Distal Cellular Responses 
to Drugs 

Dose-Response Curves 

When drug and cell interact, the result may 
either be proliferative death or survival either 
because of repair or because injury was escaped. 
It is these two alternative fates that provide the 
basis of standard dose-response curves, where 
survival or death are plotted as a function of 
drug concentration. For many drugs, including 
are-C [1], the anthracyclines DNR or idarubicin 
(IDA) [2] and cis platinum (cisplatin) [3], we 
have found it convenient to construct semi-lon
garithmic plots, with survival on the vertical log
arithmic axis and drug concentration on the 
linear horizontal axis. Drug dose-cell survival 
relationships plotted in this way may show an 
initial shoulder followed by exponential decline 
with increasing dose and may be characterized 
by two parameters: Dq, the dose required to 
reach exponential decline; and Do, the slope of 
the exponential curve, given as dose required to 
reduce survival to 37%. This style of data pre
sentation is derived from radiation biology, 
where the shoulder is attributed to repair of sub
lethal damage and the exponential decline is 
considered a reflection of the random nature of 
radiation interactions with matter [4,5]. 

It is now appreciated that the binary outcome 
of "death" or "survival" is strongly influenced 
not only by the inherent toxicity of the drug but 
also by many cellular events. Unlike drug-spe
cific toxicity, cell-mediated contributions are 
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likely to contribute to the outcome of exposure 
to many different drugs; hence they are collec
tively termed "multiple-drug resistance" or 
MDR mechanisms [6]. These are attractive for 
study because of their potential to explain het
erogeneity of response to drug and because they 
may be manipulated to improve efficacy. 
Cellular contributions to the outcome of drug 
exposure may usefully be divided into two class
es: first, using a nomenclature proposed by Dr. 
Mark Minden, Cellular mechanisms that act 
from the time of exposure to drug until interac
tion with an important target may be considered 
"proximal"; second, responses by the cell fol
lowing injury may be considered "distal." 

Proximal Resistance 

Perhaps the best known of proximal MDR 
mechanisms is that mediated through the action 
of p-glycoprotein (Pgp); Pgp is a complex mole
cule imbedded in the cell membrane were it acts 
as a pump, moving toxic molecules, including 
many drugs, from the cytoplasm to the extra cel
lular space. In this way, effective exposure to 
drug is reduced and with it cytotoxicity [7]. A 
Pgp-mediated mechanism may, in contrast, be 
favorable for treatment; recently it has been 
shown the Pgp is expressed strongly in very 
primitive normal stem cells; it may act in such 
cells to increase efficacy by protecting stem cells 
against lethal damage from drugs [8]. A second 
proximal mechanism links cell function to drug 
action. Many chemotherapeutic agents are ana
logues of normal DNA precursors; for example, 
ara-C is a nucleoside analogue. Such drugs must 
usually be incorporated into DNA to be toxic; 
thus, cells not in the synthetic (S) phase of the 
cycle are protected. This mechanism is particu
larily important for normal stem cells since 
these are often out of cycle in a Go state [9]. 

Distal Resistance 

Distal mechanisms have long been known to 
protect cells against injury from ionizing or 
ultraviolet irradiation by repairing damaged 
DNA. Genes for many enzymes responsible for 
DNA repair have now been cloned, often using 
cells from patients with genetically determined 
disorders, such as xeroderma pigmentosa [10]; 
their importance in preserving genomes from 
degradation by toxins was recognized when the 
magazine Science honored the family of repair 



enzymes as the Molecule of the Year (Science, 
December 23, 1994). The family's general impor
tance is emphasized by studies showing that 
DNA repair and DNA transcription have many 
common features [11]. Repair of drug-damaged 
DNA is recognized as a mechanism for drug 
resistance [12]. An example of direct repair is 
the removal of 0 6 alkylguanine from DNA of 
nitrosourea-treated cells by alkyltransferase 
[13]. Excision repair is a more general mecha
nism for removing bulky adducts [14, 15] and is 
important in survival of cells treated with many 
DNA-damaging chemotherapeutic drugs. 

The induction of repair genes is but one part 
of the multifaceted response of mammalian cells 
to injury. Genes that are not themselves repair 
genes mediate such important responses as G 1 
arrest of the cell cycle and apoptosis [16] pro
viding further instances of how response to 
injury shares mechanisms with normal cellular 
functions. A prominent example is the tumor
suppressor gene encoding p53. The wild-type 
protein is a potent inhibitor of cell proliferation, 
acting, at least in part, through a Gl block in the 
cell cycle. Cells exposed to chemotherapeutic 
agents that cause breaks in DNA (but not to 
drugs that kill by other mechanisms) show strik
ing increases in their nuclear p53 protien; the 
increase requires protein synthesis but appears 
to result from enhanced p53 stability rather than 
increased transcription [17]. Further p53 is 
required for apoptosis of E1A-transformed 
mouse embryo fibroblasts. Cells expressing p53 
are more sensitive to irradiation or drugs than 
p53-negative cells, when viability is assessed by 
fluorescein isothiocyanate (FITe) uptake [18]. 
Nelson and Kastan [19] has proposed a model 
that envisages DNA breaks followed by up-regu
lation of p53 resulting either in G 1 arrest or in 
apoptosis. The model includes the participation 
of other genes, particularly GADD45, a member 
of a family of growth arrest and DNA inducible 
genes. The model does not specify whether G 1 
arrest protects from apoptosis. 

The proto-oncogene bcl-2 is the first of a 
family of genes that are important regulators of 
apoptosis [20]. Bcl-2, first identified from break
point analysis of a 14; 18 translocation, plays a 
role in lymphoid development where it inhibits 
apoptosis; bcl-2 is now known to be active in the 
development of other body systems, including 
the nervous system. Bcl-2 also promotes sur
vival of factor-dependent cell lines when depri
ved of factor. BcI-x, a bcl-2-related gene, was 

first isolated from chicken lymphoid cells. In 
human cells two cDNAs, a long (bel-xl) and a 
short (bcl-xs) form are transcribed from the 
same gene by alternate splicing. Bel-xl acts like 
bel-2 to prevent apoptosis following factor 
deprivation, while the short form inhibits over
expression of bcl-2[21]. Another family mem
ber, Bax was discovered because its product 
co-precipitated with Bcl-2. Bax forms inhibitory 
heterodimers with bcl-2; it has been proposed 
that the balance between bcl-2 and Bax proteins 
in heterodimers is an important mechanism in 
the regulation of apoptosis [22]; regardless, it 
seems that a complex controlling network is in 
place. The network may be of importance in 
chemotherapy because, in model systems, bcl-2 
has been shown to protect against damage by 
ionizing radiation and drugs [23]. 

It is now known how the bcl-2 gene product 
protects cells; an attractive possibility is that the 
protein acts as an antioxidant [24]. Hydroxyl 
radicals (HO), the most powerful of oxygen rad
icals are produced in water by ionizing radiation 
and are probably the mechanism by which radi
ation causes DNA breaks; breaks in DNA are 
also seen after drug treatment [25] and it is this 
form of damage that induces repair enzymes. 
BcI-2 is localized, although not exclusively, in 
mitochondria, principle sites of radical produc
tion. Evidence that radicals are important in 
apoptosis was obtained by showing that treat
ment with the scavenger N-acetylcysteine pro
tects interleukin-3 (IL-3)- requiring cells when 
deprived of factor. Evidence for interaction of 
bcl-2 and free radicals has been found in experi
ments showing that over-expression of bcl-2 
protects against damage with H202 which is 
converted in cells to hydroxyl radicals. Finally, 
interaction with redox systems would influence 
many cell types, since changes in redox potential 
affects many regulatory pathways [26-28]; thus 
redox is a plausible target for mechanisms of 
multiple drug resisitance and sensitization. 

AML as a Model 

Biology 

Acute myeloblastic leukemia is an attractive 
model for studying drug-cell interactions. It is a 
clonal hemopathy [29]; genetic evidence is avail
able that the disease begins in a very early 
hemopoietic stem cell, although there remains 

421 



controversy as to whether the cell of origin is 
always pluripotent or may sometimes be com
mitted to granulopoiesis [30, 31]. Production of 
apparently normal myeloid cells continues after 
transformation; indeed clinical remissions may 
be based on differentiation from leukemic stem 
cells [30-34]. The dominant and diagnostic pop
ulation consists of morphologically undifferen
tiated blast cells. Immunophenotypic studies of 
AML blast show that these express a variety of 
differentiation markers; however these are often 
present as in appropriate combinations of early 
and late markers (asynchrony) or antigens nor
mally restricted to myelopoiesis or lympho
poiesis are found together on single blasts 
(lineage infidelity or mixed lineage leukemia) 
[35-40]. These data have been interpreted to 
mean that differentiation continues in AML 
blasts but is aberrant; the finding of immuno
globulin gene re-arrangements in AML blasts 
provides molecular support for this view 
[41,42]. 

Cell Culture 

Acute myeloblastic leukemia blasts can readily 
be obtained as > 90% pure single-cell suspen
sions [43]. Cell culture studies of blasts are con
sistent with the view that the hierarchical cell 
structure of normal hemopoiesis is maintained 
in AML. When blasts are plated in growth medi
um made viscid by methylcellulose, colony for
mation is observed, provided myelopoietic 
growth factors are included. Plating efficiency in 
methylcellulose (PEmc) is usually low, indicat
ing that a minority of blasts are clonogenic [44]. 
Cells can be recovered from methylcellulose and 
replated; a secondary plating efficiency (PE2) is 
obtained, indicating that clonogenic blasts have 
the stem cell property of self-renewal, although 
the low values of PE2 (usually < 1 %) indicate 
the renewal rarely occurs in methylcellulose cul
tures [45]. Blasts may also be cultured in sus
pension; changes in clonogenic cell number can 
be measured as a function of time by plating 
from suspension into methylcellulose [46]. 
Increase in clonogenic cell number is considered 
a measure of self-renewal; however, the dou
bling time of clonogenic cells is suspension is 
usually 2-3 days, longer than their 8-12 h gener
ation time [47]. Thus, in suspension, new clono
genic cells are added by self-renewal, but their 
number decreases as some pass through deter
mination and initiate terminal divisions. 
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The hierarchical model of blast cells has 
implications for therapy. Since the malignant 
population is maintained by stem cells, these are 
the appropriate targets for treatment. Control 
requires that stem cells, rather than the whole 
population, must be eliminated or greatly 
reduced in number. It is probable that the suc
cess of cytotoxic chemotherapy with doses that 
permit return of normal marrow function is 
achieved because only the significant stem cell 
subpopulation, not all leukemic cells, must be 
eliminated or reduced significantly. Culture 
methods may be valuable because plating in 
methylcellulose and changes in clonogenic cell 
recovery after suspension may be used together 
to measure stem cell numbers and behavior. 
Several investigators have reported significant 
associations between low stem cell renewal, 
measured in culture, and clinical outcome 
[48-52]. The culture methods can be used to 
measure drug dose-response curves. The tech
nique has the advantage of great flexibility since 
culture conditions can be altered, permitting 
cells to be exposed to drugs under defined phys
iological conditions. Most importantly the 
method is selective; that is, by using colony for
mation as an endpoint, the observed dose-res
ponse curve is that of the crucial blast stem cell 
population. 

Regulated Drug Sensitivity 

Myelopoietic Growth Factors 

The observation of RDS is an example of the 
power of the culture methods to demonstrate 
the influence of cellular processes on drug 
response. Blast stem cells in culture respond to 
many of the regulator that govern normal 
hemopoiesis. Blast cells usually depend for pro
liferation and survival on the myelopoietic 
growth factors IL-3 granulocyte-macrophage 
colony-stimulating factor (GM-CSF), G-CSF 
CSF-1 [53-58]and the ligand for the receptor 
encoded by c-KIT (kit ligand, KL) [58,59] strik
ing synergism is often seen when two or more 
factors are combined. The response to factor 
varies greatly among blast populations in terms 
of active factor or combinations and in the 
extent of stimulation. IL-3, GM-CSF, and KL act 
preferentially on normal early stem cells with 
multilineage potential, while the normal targets 
for G-CSF and CSF-1 are lineage-restricted, 



committed progenitors. An equivalent lineage 
or stage specificity is not seen when blast cells 
are treated with growth factors; rather, the mito
genic effects dominate but usually include sup
port of both self-renewal and terminal divisions. 

Ligands for Steroid Receptors 

Blast stem cells, like normal progenitors respond 
to the ligands that bind intracellular steroid 
recepotors [60-62]. All-trans-retinoic acid 
(ATRA) is an important example. Normal prog
enitors are often stimulated by ATRA, although 
recently inhibition of early erythropoietic cells 
has been reported [63-65]. ATRA was observed 
to induce differentiation in promyelocytic 
leukemic populations (APL) [66], and recent 
success in the treatment of it is an important 
precedent for the value of biological therapy. 
Retinoic acid receptors are expressed regularly 
in AML cell lines. In suspension, clonogenic cell 
renewal is usually inhibited; however, when 
fresh cells are examined, both inhibition and 
stimulation have been observed [67,68]. 

Features of RDS 

The reponses of blast cells to regulators provid
ed evidence that their growth patterns were 
responsive to external control. Since cell physi
ology may influence drug response, we tested 
the sensitivity of blast cells to drugs under a 
variety of conditions. Regularly, blasts were 
found to be more ara-C or cisplatinum sensitive 

in G-CSF than in IL-3 or GM-CSF [3,69-71]. 
Figure 1 is an example; it shows survival curves 
for OCII AML-I cells exposed to increasing doses 
of ara-C for 6 days in suspension culture, then 
harvested,washed, and plated in methylcellulose 
to determine clonogenic cell recovery. The sur
vival curves for cells in IL-3 or GM-CSF were not 
different; but both were significantly (p < 0.001) 
less sensitive than aliquots of the same cell line 
exposed to ara-C in the presence of G-CSF. 
Steroid ligands also influenced sensitivity. HC 
was found to be protective[72], while ATRA 
increased or decreased sensitivity depending on 
target cell and schedule[73,74]. These phenome
na were grouped together under the term regu
lated drug sensitivity. 

Proximal Mechanisms Considered 

Regulated drug sensitivity might best make a 
contribution to understanding leukemia or to 
improving care if its mechanism were under
stood. We began to test candidate proximal 
mechanisms. 

Proliferative and Cycle State 

Using cell culture methods, it had been possible 
to estimate the balance between self-renewal and 
terminal divisions that characterized the growth 
pattern of each blast population under specified 
growth factor stimulation. It was attractive to 

Fig. 1. Ara-C dose-response cur
ves for OCII AML-1 cells exposed 
to drug in the presense of one of 
lL-3, GM-CSF, or G-CSF. For 
description see text. (From [70]) 
leukemia blast cells from ara -co By 
Koistinen et ai, Leukemia 5: 
789-7951991 103L-----~--~--~------~--~~------~ 
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expect that the factor manipulations that set 
growth patterns and drug sensitivity might use 
the same cell processes as the basis for both phe
notypes. That is, self-renewing cells might have a 
different sensitivity from terminal dividing cells. 
The early data [69] supported this hypothesis 
but, as the number of observations increased, it 
became clear that the effect of growth factors on 
ara-C sensitivity was a function of the factor not 
the physiological state of the cells[70]. 

Many of our experiments used ara-C, chosen 
because of its importance in the treatment of 
AML. It is widely accepted that ara-C must be 
incorporated into DNA to be lethal[751; thus, 
ara-C sensitivity might be regulated by mecha
nisms that altered the proportion of cells in the 
S phase of the cycle. Many clinical investigators 
found this mechanism attractive; it was pro
posed that growth factors be employed in the 
treatment of AML to "recruit" cells into S phase, 
where they would be susceptible to attack by 
ara-C; in the laboratory measurements associat
ed with this hypothesis, blast cells from patients 
were cultured with or without added factor and 
then the toxicity of ara-C determined. Usually 
increased sensitivity was observed[76-78]. This 
experimental design has an important draw
back. The underlying assumption, well support
ed by data, is that AML blasts are factor 
sensitive. It follows that blast cells maintained 
without factor may well be entering apoptosis; 
since cellular machinery may be generally 
impaired in apoptotic cells, the apparent resis
tance of such cells to ara-C may be an artifact. 

The growth factor experiments that demon
strated RDS were designed to compare cells in 
comparable growth states; that is, the drug dose
responses of cells exposed to two different fac
tors or factor combinations were measured. 
Although these conditions would be expected to 
maintain the S phase fraction in each popula
tion, the possibility remained that the S phase 
fraction was affected by the culture conditions. 
The capacity of high specific activity tritiated 
thymindine (3HTdR) to destroy clonogenicity 
following incoporation into DNA- "thymidine 
suicide," was used to measure the percentage of 
cells in the S phase under various conditions. An 
experimental design was developed in which 
blast cells were pulsed with either 'HTdR at 
increasing specific activity or ara-C at increasing 
drug concentration; the cells were washed and 
than plated in methylcellulose to determine sur
vival of clonogenic cells. When this design was 
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applied to cells cultured with G-CSF, as expect
ed, the 3HTdR response curve was characterized 
by an initial decrease in survival to about 50% as 
cells in the S phase were inactivated, followed by 
a plateau as cells in G2-M-Gl were spared. The 
curve for cells pulsed with ara-C was similar, as 
expected if the drug kills when incorporated 
into S phase cells. In contrast, however, when 
blast cells were cultured in GM-CSF or IL-3, the 
usual form of the 'HTdR curve was maintained, 
but little or no killing was seen in cultures 
pulsed with ara-C[70]. Thus, the effect of ara-C 
was dependent on the growth factors present 
during exposure and independent of the frac
tion of cells in the S phase of the cycle. 

Regulated drug sensitivity mediated by ATRA 
or HC was also tested for a cell cycle-mediated 
mechanism. Since ATRA and HC are not 
required for cell proliferation, an experimental 
design was feasible where controls and cells 
exposed to agent could be tested under the same 
growth conditions. The protocol used to study 
the protective effect of HC is an example. Blast 
cells were pulsed with either 3HTdR or ara-C, as 
in the growth factor experiments described 
above, and for each cycle-specific agent, con
trols were compared to cells exposed to He. 
Results obtained for the factor-dependent cell 
line OCI/AML-l, grown in medium conditioned 
by 5637 cells, and the factor-independent line 
OCI/AML-2 are shownin Fig. 2. Cells exposed to 
3HTdR as controls or after HC, and ara-C-treat
ed control cells gave very similar dose- reponse 
curves, characteristic of selective killing of S
phase cells; in contrast, for both cell lines, HC 
protected against ara-C toxicity. Thus, as in the 
growth factor experiments, HC influenced sur
vival following ara-C even for cells shown to be 
in the S phase of the cycle by reason of suscepti
bility to killing by 3HTdR. These and other 
experiments of similar design make it very 
unlikely that RDS is mediated by regulator
induced changes in cell cycle parameters. 

Transport and Metabolism 

Transport mechanisms mediated by Pgp are 
potential contributors to RDS. Neither ara-C nor 
cisplatinum are among the many drugs whose 
sensitivity is influenced by Pgp; and RDS can be 
seen readily in AML populations that are nega
tive for Pgp expression. We considered that 
drug metabolism was a more probable proximal 
RDS mechanism. Two approaches were used to 
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test the metabolic hypothesis. First, we asked if 
HC protects blast cells from ara-C toxicity by 
decreasing incorporation into DNA. We com
pared the incorporation of 3HTdR and 3Hara-C 
into OCIIAML-2 cells as controls or after treat
ment with HC; while the measurements were 
made on the bulk population, we considered 
that the results might be relevant to the clono
genic population since the plating efficiency of 
OCIIAML-2 cells apporaches 20%. The results 
are given in Table 1. While more 3HTdR was 
incorported than 3Hara-C, treatment with HC 
did not affect the extent of incorporation by 
either labelled precursor. Thus, support was not 
obtained for HC protection based on decreased 
incorporation of ara-C into DNA. We based a 

Table 1. Incorporation of lHTdR or lHara-C in DNA 
of OCIIAML-2 cells (counts in DNA).(Rediafted from 
[72]) 

Hydrocortisone Time 0 Incubated (2 h) 

3Hara-C 
Control 2.2 x 10' 1.7 X 104 

Present 2.4 x 10' 2.1 X 104 

)HTdR 
Control 1.1 x 10 ' 3.7 X 10' 
Present 1.7 x 10' 4.0 X 10' 

second test for metabolic mechanisms on the 
specificity of drug cytotoxicity; we argued that, 
if drugs with different requirements for killing 
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were regulated in a similar fashion, it was 
unlikely that regulators were changing response 
by affecting metabolism. Accordingly, cisplatin 
and ara-C sensitivites were tested in the pres
ence of either G-CSF, GM-CSF or combinations. 
Regularly dose-response curves for both drugs 
were altered in the same direction in response to 
the culture milieu[3], a result that did not sup
port a metabolic explanation of RDS. Thus, an 
extensive search failed to uncover a plausible 
proximal mechanism of RDS. 

Distal Mechanisms Preferred 

Two strategies were used in a search for distal 
mechanisms of RDS. The first was a study of 
events immediately after drug injury. The pur
pose was to see if changes following injury indi
cated repair and if such changes could be 
influenced by regulators. The second strategy 
was a search for changes in gene following expo
sure to regulators where the observations were 
consistent with RDS. For both strategies we used 
established cell lines whose drug sensitivity was 
increased when ATRA was given after drug and 
where protection was observed when HC was 
given before drug. 

Kinetics of Appearance and Loss of Nicks 
in DNA Following Drug Treatment 

We choose to use a modification of the nick 
translation assay of Masuck et al. [25] because 
this method permits kinetic measurements of 
early events [79, 80]. The method is limited 
because it does not select for blast stem cells. 
Accordingly, the clonogenic assay was used in 
parallel to control systematic differences bet
ween the bulk population and stem cells. This 
comparison showed that the dose-response 
curves for both ara-C and DNR were similar for 
both methods. Kinetics were determined by 
exposing cells to drug in suspension, washing, 
assaying for nicks in DNA and clonogenic cell 
recovery, then reculturing; after 24 h the cul
tures were again harvested, the assays and recul
ture procedures repeated. At each subculture, 
the cell number was re-adjusted to the original 
starting value. For both drugs the proportion of 
cells with damaged DNA increased with time 
after drug and then recovered. We interpreted 
the data as showing that sublethal damage in 
DNA became lethal with time and evident as 
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nicks in DNA. There was a striking kinetic dif
ference between ara-C and DNR. For the former 
the maximum damage was seen 2 days after 
drug, while for the latter nicked DNA continued 
to increase for 6-7 days. 

If, as postulated, the observed kinetics reflect 
responses to injury, the experimental system is 
suitable to ask whether the mechanism of RDS is 
distal. Blast cells were exposed to HC before 
drug and to ATRA after drug; then kinetics were 
measured and compared with controls exposed 
to drug only. At the earliest time point, little or 
no difference was seen between controls and 
cells exposed to regulators. As expected, damage 
became evident with time in the controls. For 
cells treated with HC before drug, many fewer 
cells with nicks in DNA appeared; ATRA after 
drug markedly increased evidence of damage. 
These changes were particularly evident in cells 
treated with DNR since, following this drug, evi
dence of damage in controls continued to grow 
for about week. Thus, the studies with the nick 
translation assay disclosed events that are not 
readily detected with the clonogenic assay 
because of the time in culture required for 
colony formation. These events may represent 
sublethal damage becoming lethal or being 
repaired. The effects of ATRA and HC are highly 
consistent with distal mechanisms that either 
favor or inhibit repair. 

A further mechanistic point emerged from 
these experiments: anthracycline toxicity is reg
ulated by ATRA and He. In previous work, no 
evidence was found of anthracycline regulation 
by growth factors; indeed, anthracycline curves 
were used as controls against nonspecific cul
ture artifacts as explanations for changes seen 
when cells were exposed to ara-C under differ
ent conditions. It follows that the mechanism of 
regulation by ATRA and He may be different 
than those that subserve the growth factor 
effects. 

Proposed Distal Mechanism 

As discussed earlier [2,3]' distal mechanisms 
are both multiple and complex. The studies with 
the nick translation assay allowed us to con
clude that post-injury events were probable tar
gets for RDS. With this information, it became 
reasonable to seek specific genetic mechanisms. 
As criteria, we asked that a potential gene of 
interest would have an expression response pat
tern that was compatible with the RDS. Bcl-2 



was an attractive candidate because of its known 
effects on apoptosis. We found it expressed in 
many but not all AML blast populations; we 
tested bcl-2 expression AML cell lines following 
exposure to either ATRA, ara-C, or both. A 
striking down-regulation of bcl-2 expression 
was seen in cells treated with A TRA; when both 
ATRA and ara-C were given, the down-regula
tion was reduced or prevented [SI]. These 
expression responses supported the possibility 
that bcl-2 was involved. The literature provided 
many other reasons for investigating bcl-2, 
including an association between bcl-2 and out
come in AML[S2]and evidence that increased 
bcl-2 expression resulted in drug resistance [23]. 

It has been proposed that bcl-2 has an anti
oxidant effect and that this contributes to its 
capacity to suppress apoptosis. HP, can be 
added to cultures where it is metabolized in cells 
to yield the free radical HO. We prepared dose
response curves for AML blasts exposed for S h 
to H20,; the curves were characterized by an ini
tial shoulder followed by a rapid exponential 
decline. We then sought an association between 
bcl-2 expression and HP, sensitivity; the test 
used three cell lines; Northern analysis readily 
demonstrates bcl-2 expression in OCIIAML-2 
and OCIIAML-5 cells, while expression can only 
be shown in OCI! AML-l cells using Polymerase 
chain reaction(PCR). We found that OCIIAML-l 
cells were about 100 fold more sensitive to HP, 
than either of the bcl-2-expressing lines. 
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The next requirment was to link the observa
tions the H,O, to those with drugs. Ara-C was 
metabolized to the triphosphate and incorporat
ed into DNA, where it acts as a chain terminator 
[S3, S4]. We asked if, in addition to chain termi
nation, ara-C in cells might lead to the produc
tion of toxic free radicals. We used a known 
radical scavenger, N-acetylcysteine (NAC), to 
test this hypotesis. We found that treatment of 
blast cells with NAC before ara-C markedly 
reduced drug toxicity. The protection was 
entirely schedule dependent; NAC with ara-C or 
after drug was without effect. This result provid
ed indirect but strong evidence for a role for free 
radicals in ara-C toxicity [SI]. 

If radical production following ara-C expo
sure is important in RDS, it would be expected 
that damage by free radicals would be subject to 
RDS. We tested this possibility using three 
OCII AML cell lines. The cells were treated with 
HC before HP, and with ATRA after peroxide; 
each treatment had its own control because the 
time relations of exposure were not indentical. 
The results are shown as HP2 survival curves 
Fig. 3. For OCI/AML-2 and OCI/AML-5 cells, HC 
clearly protected while A TRA sensitized. Only 
the HC protection was demonstrated for 
OCI! AML-I cells since these do not express the 
retinoic acid receptor. However, examination of 
the HP, dose scales for the survival curves 
shows the lOa-fold difference in sensitivity men
tioned earlier. 
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Fig.3A-C. Hydrogen peroxide dose-response curves for three OCIIAML cell lines: A OCI/AML-S; B OCIIAML-2; 
C oell AML-l. Control survival curves are compared to cells treated with hydrocortisone before drug or with 
retinoic acid after drug. For description see text. Squares,He control; circles, HC( +); triangles. ATRA control; 
inverted triangles, ATRA (+). (From[81J) 
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In summary, we suggest the following hypo
thesis. Ara-C kills cells in at least two ways: by 
terminating DNA chain elongation and by 
inducing the formation of free redicals. Bcl-2 
protein directly or indirectly decreases toxicity 
resulting from free radicals. Ara-C toxicity is 
regulated by ATRA by its action on bcl-2 expres
sion. This proposal is a specific example of a dis
tal mechanism of RDS. 

How Many Mechanisms? 

The observation that anthracycline sensitivity is 
regulated by ATRA and HC but not by growth 
factors made it necessary to postulate two 
mechaninsms of RDS, one for factors, one for 
steroids. The mechanism described for regula
tion by ATRA may not include regulation by 
HC; although HC protects against H,02 sensitiv
ity, treatment of bcl-2-postitive AML blast cells 
does not alter HC expression; an effect ofHC on 
Bax is an obvious thought, but, as yet, support 
for it has not been found experimentally. It is 
possible, of course, that each example of RDS is 
mechanistically unique. Alternatively, the regu
latory network that is actived following cell 
injury presents many places where regulators 
could make changes; the results of changes in 
different places might have quite similar conse
quences for drug response. If this latter view is 
supported, many mechanisms of RDS may co
exist within a single system of cell defense 
against injury. 

Conclusion 

Therapy of cancer is now limited by the 
intractable nature of disseminated disease. A 
systemic treatment is clearly needed; yet many 
malignant cell populations are resistant to avail
able chemotherapeutic drugs. Leukemia is a use
ful model because both sensitivity and resistance 
can be demonstrated in blast cells. In this paper, 
an attempt is made to illustrate the extensive sys
tems that govern what happens when cell meets 
drug and how the response to drug is modulated 
by cellular mechanisms. RDS provides examples 
of how crucial cell systems may be manipulated 
by external forces. If mechanisms were well 
understood, drugs might be combined with bio
logicals so that resistance can be minimized. 
Clinical trial might then be proposed to see if 
such manipulation is useful in patient care. 
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Introduction 

In recent years, intensification of remISSIon 
induction and consolidation chemotherapies 
have considerably improved treatment results in 
childhood and adult acute lymphoblastic 
leukemia (ALL), with 70%-90% of adult patients 
initially achieving a complete remission 9CR) [2, 
10]. The probability of long-term disease-free 
survial and cure in adult patients (20%-35%) 
remains unsatisfactory, however, due primarily 
to high relapse rates in both high and standard 
-risk groups, indicating that currently employed 
treatment intensities are frequently insufficient 
[9, 23]. Nevertheless, myelosuppression is the 
dose-limiting toxicity with current treatment 
regimens, in which infectious complications are 
the major cause of morbidity and are largely 
responsible for age-related mortality rates of 
3%-20% during induction therapy [3, 8, 28]. 
Myelosuppression also necessitates frequent 
treatment delays which prolong hospitalization 
and decrease the planned dose intensity of cyto
toxic agents, which may adversely affect overall 
treatment outcome. 

The rationale for using hematopoietic growth 
factors as adjuncts to chemotherapy for ALL is 
based on numerous clinical trials in patients 
with solid tumors, lymphomas and following 
bone marrow transplantation, which show that 
granulocyte colony-stimulating factor (G-CSF) 
and granulocyte-macrophage CSF (GM-CSF) are 
able to mitigate neutropenia, reduce the inci
dence of febrile and infectious episodes, and in 
some studies allow dose intensification of 

chemotherapy [4, 16, 18,22,25-27]. The follow
ing overview will summarize and critically 
assess the clinical values of G-CSF and GM-CSF 
in ALL as far as can presently be ascertained on 
the basis of published clinical trials. 

G-CSF and GM-CSF Post-Chemotherapy 
for All 

The potential value of prophylactic administra
tion of G-CSF or GM-CSF following induction or 
early postremission chemotherapy has been 
examined in both adult and pediatric patients 
with ALL, with the majority of clinical studies 
investigating G-CSF. 

Encouraging results were reported in an early 
nonrandomized study by Kantarjian et al. [12], 
in which 14 patients with newly diagnosed ALL 
in CRI after induction therapy received postre
mission intensification with a 3 day course of 
high-dose cytosine arasinoside ara-C, mitox
antrone, and vincristine followed by G-CSF 
(5 I1g/kg s.c. starting day 4 until neutrophil 
regeneration). Compared with a historical con
trol group, the duration of neutropenia < 500/111 
in the G-CSF-treated patients was reduced by 
4 days (14 days vs. 18 days, p<O.OOl). In this 
small number of patients and with few events, 
there was a statistically non -significant trend 
towards a lower incidence of febrile episodes, 
severe infections, and early death. 

Impressive, though still preliminary, support 
for the efficacy and safety of prophylactic G-CSF 
in ALL comes from a randomized, open-label 
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trial in children with high-risk ALL treated in 
the ALL-BFM-90 study [30]. Forty-two patients 
were randomized to receive either successive 6 
days cycles of multi-agent chemotherapy alone 
or followed by G-CSF given s.c. at 5 ~g/kg per 
day starting on day 7. An interim analysis based 
on 13 patients in the G-CSF group and 15 
patients in the control group who received a 
total of 92 and 119 chemotherapy cycles, respec
tively, showed that neutropenic episodes 
occurred less frequently in the G-CSF group 
with 47 episodes (median duration 19 days) as 
opposed to 114 episodes (median duration 72 
days) in the control arm (Table 1). The median 
duration of febrile neutropenia was reduced 
from 24 days to 9 days, and there were fewer 
infectious episodes requiring i.v. antibiotics 
with G-CSF than in the controls (25 episodes vs. 
10 episodes). 

In a randomized, placebo-controlled study of 
184 patients with newly diagnosed ALL conduct
ed by the Cancer and leukemig Group B CALGB, 
(protocol 9111), G-CSF (5 ~g/kgl per day s.c.) 
was administered starting 1 day after the end of 
induction therapy until neutrophil recovery 
(Table 2) (Larson et aI., 1994). The duration of 
granulocytopenia ( < 10001~1) was shortened sig
nificantly in the G-CSF arm compared with the 
controls (p < 0.001), both in the patients < 60 
years (15 days with G-CSF vs. 21 days with place
bo) and in the older (> 60 years) patients (16 
days vs. 29 days). The incidence of severe infec
tions and death during induction was slightly 
lower in the G-CSF arm, although this was not 
statistically significant (Table 2). Overall, elderly 
patients appeared to benefit particularly from 
the adjuvant administration of G-CSF. 

The utility of GM-CSF in ALL has so far been 
tested only sporadically. In an early non-ran
domized trial by Kantarjian et al. [11], 34 refrac
tory adult ALL patients treated with high-dose 
cytarabine and mitoxantrone over 3 days fol
lowed by GM-CSF (125 ~g/m2 i.v., starting on 
day 4) were compared with an identically treat
ed historical control group (n =29) that had 
received no growth factor support. Recovery of 
granulocyte counts above 500/~1 occurred 8 
days earlier in the GM-CSF-treated patients 
compared with historical controls (25 days vs. 
33 days, p < 0.01), with an albeit non significant 
trend towards lower induction mortality in the 
GM-CSF group (6% vs. 28%). GM-CSF reduced 
neither the incidence of febrile episodes nor of 
documented infections, and CR rates were iden-

tical in both groups. while survival was pro
longed in the GM-CSF-treated patients (31 vs. 20 
weeks, p = 0.05), this was not clinically relevant. 

Concurrent Administration of Chemotherapy 
and G-CSF or GM-CSF 

In contrast to the aforementioned studies in 
which GM-CSF or GM-CSF was administered 
after completion of chemotherapy, the sequen
tial application of cytotoxic agents and growth 
factor support is not feasible in BFM-based 
induction regimens, in which cytotoxic agents 
are scheduled daily over prolonged time peri
ods. With these widely employed protocols, e.g., 
that of the German multicenter study of intensi
fied treatment in adult ALL (GMALL), 
chemotherapy and growth factors have to be 
given simultaneously, a setting in which the 
stimulation of normal progenitor cells could 
conceivably aggravate instead of ameliorate 
therapy-induced myelosupression. 

The feasibility of administering G-CSF con
comitantly with induction therapy for newly 
diagnosed adult ALL was first tested in two 
independent pilot studies by the GMALL study 
group [20] and by the Vienna group [24] using a 
nearly identical chemotherapy protocol. These 
two trials differed in that G-CSF was given 
throughout the whole 8 weeks of intensive 
induction treatment by the Vienna group, 
whereas the GMALL pilor study restricted G
CSF administration to weeks 5-8 of induction in 
patients who had achieved a CR or partial 
remission following weeks 1-4. Both studies 
indicated that the concomitant administration 
of G-CSF and this specific induction chemother
apy is safe, with a trend towards reduced neu
tropenia compared with historical controls. This 
was confirmed in a subsequent randomized 
open-label study by the GMALL, which prospec
tively addressed two unique aspects ofhemopoi
etic growth factor support in the treatment of 
ALL: (a) the simultaneous administration of G
CSF and chemotherapy; and (b) the combina
tion of G-CSF with parallel prophylactic CNS 
and (in T -lineage ALL) mediastinal irradiation. 
Seventy-six adult patients with ALL were ran
domly assigned to receive either G-CSF (n = 37) 
or no growth factor (n= 39) parallel to induc
tion chemotherapy and prophylactic cranial 
irradiation. The median duration of neutropenia 
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« 1 x 10911) during chemotherapy was 8 days 
in patients receiving G-CSF compared with 12.5 
days in the control group. A similar reduction 
from 1l.5 to 7 days was observed in patients 
with T -ALL receiving additional mediastinal 
irradiation. The incidence of nonviral infections 
was reduced by 50%, from 32 episodes in the 
control arm to 16 episodes in the G-CSF arm. 
Prolonged interruptions of chemotherapy 
administration were less frequent, with delays of 
2 weeks or more occurring in only 24% of 
patients receiving G-CSF as opposed to 46% in 
the control arm. Accordingly, chemotherapy 
was completed significantly earlier with the use 
of G-CSf (39,44 days, p = 0.008). The probability 
of disease-free survival was not significantly dif
ferent between the two groups. 

These findings are supported by preliminary 
results from a randomized, open-label study 
using essentially the same chemotherapy proto
col, in which G-CSF is started on day 2 of induc
tion and given throughout the 8-week period of 
induction chemotherapy (Table 2) [7J. An inter
im analysis based on 24 randomized patients 
showed a 100% CR rate in the G-CSF arm as 
compared to 67% in the control arm. Recovery 
from neutropenia occurred more rapidly, and 
adherence to the intended treatment schedule 
was improved with G-CSF. Febrile neutropenia 
occurred in five of 12 patients and fatal infec
tious complications in two of 12 patients in the 
control arm, compared with no deaths and one 
episode of febrile neutropenia with G-CSF. 

These findings differ from those of a random
ized, placebo-controlled trial utilizing GM -CSF 
during an induction regimen for high-risk child
hood ALL [IJ. In this study, concurrent GM-CSF 
did not ameliorate the degree or duration of 
chemotherapy-induced myelosuppression and 
did not influence the incidence of fever, number 
of hospital days, days on i.v. antibiotics, or the 
number and severity infectious complications 
(Table 1). 

Possible reasons for this discrepancy are the 
use of GM-CSF instead of G-CSF, the different 
patient populations studied (childhood vs. adult 
ALL), and the GM-CSF administration schedule, 
in which GM-CSF was not administered daily 
throughout induction treatment until neu
trophil recovery, but was given in two 7-day 
courses separated by a GM-CSF-free interval of 
1 week duration. 

In another randomized, open-label study in 
pediatric patients with intermediate-risk ALL in 

first CR, 14 patients received G-CSF (10 f,lg/kg 
per day s.c.) and 18 patients no growth factor 
during weeks 5-8 (phase II) of a BFM-based 
induction regimen [5 J. The media duration of 
therapy was 37 days in the G-CSF group 36 days 
in the control group, only one patient in the G
CSF arm (7%) and two patients in the control 
arm (14%) completed phase II according to 
schedule (Table 1). Similarly, the two groups did 
not differ in terms of duration of granulocytope
nia « 200/fll), frequency of febrile episodes, 
and documented infections or duration of hos
pitalization. 

Discussion 

Several recent controlled studies support the 
safety of administering G-CSF or GM-CSF in 
conjunction with induction and consolidation 
chemotherapy in lymphoid acute leukemias in 
adult and pediatric patients. A clear majority of 
these studies also demonstrates that prophylac
tic administration of G-CSF after chemotherapy 
significantly accelerates neutrophil recovery, 
and most studies show a reduced rate of febrile 
episodes and infections. If is of substantial inter
est that not only the conventional sequential but 
also the parallel administration of hematopoietic 
growth factors with combined chemoradiothera
py is possible without aggravating myelotoxicity, 
at least in conjunction with the examined thera
peutic regimens. As shown by two randomized 
studies in adult ALL, this mode of application 
even facilitates a better adherence to the sched
uled chemotherapy and thus more rapid com
pletion of therapy. These results should not be 
uncritically extrapolated to other chemotherapy 
combinations, however, as indicated by the 
enhanced myelotoxicity observed in patients 
with colorectal tumors receiving G-CSF simulta
neously with 5-fluouracil plus leukovorin [17J. 

Theoretical concerns that G-CSF or GM-CSF 
could stimulate leukemic cell proliferation are 
not supported by the results obtained in the 
clinical trials to date. Despite the observed 
expression of C;-CSF or (;M-CSF receptors on 
blast cells in occasional patients with ALL [6, 13, 
29J or lymphomas 114] there has been no clini
cal evidence for stimulation of leukemic cell 
growth or acceleration of relapses by either of 
the investigated growth factors. 

The well-established safety of G-CSF or GM
CSF administration contrast with partially 

435 



divergent results regarding their clinical efficacy 
in ALL. In contrast to G-CSF, which has been 
shown to be beneficial in terms of shortened 
neutropenia, fewer febrile and infectious 
episodes, and fewer chemotherapy delays [7, 15, 
21,30]' a potential clinical benefit of GM-CSF is 
at present supported by only one study showing 
a reduction of neutropenia duration compared 
with a historical control group. A randomized, 
double-blind study of GM-CSF in children with 
high-risk ALL, on the other hand, fails to show 
an advantage of GM-CSF compared with place
bo. It appears unlikely that this lack of effect was 
due to the study of pediatric patients, since sub
stantial benefits of growth factor (G-CSF) 
administration in this age have been reported by 
Welte et al. [30]. A more likely explanation is the 
scheduling of GM-CSF in the study by Calder
wood et al. in which an interruption of 1 week's 
duration may have abrogated the stimulatory 
effect of GM-CSF on hematopoietic recovery. 
Irrespective of these theoretical considerations, 
there has as yet been no clear demonstration of 
the clinical efficacy of GM -CSF as hemopoietic 
support in the treatment of ALL. 

Despite the encouraging and reproducible 
beneficial effects of G-CSF regarding rapidity of 
hematopoietic recovery and decreased infec
tious morbidity, it remains to be established 
whether G-CSF improves either remission rates 
or overall treatment outcome. The consistently 
more rapid hematologic recovery facilitated by 
G-CSF in adult as well as childhood ALL has 
resulted in an increased dose intensity by 
improving adherence to the scheduled protocol 
or allowing the application of more chemothera
py cycles in a given time period [7, 21, 30]. 
While it is questionable whether the relatively 
small increments that were achieved will have a 
major impact on treatment response, it should 
be noted that these studies were not designed to 
maximize dose intensity. 

Owing to the small number of fatal complica
tions in the published studies, an apparent trend 
towards a lower mortality with G-CSF is cur
rently not amenable to statistical analysis. 
Conceivably, lowering mortality during induc
tion and/or postremission intensification may 
affect long-term treatment results. It is antici
pated that ongoing and future prospective, con
trolled trials will clarify these important issues. 
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Introduction 

Autologous peripheral blood stem cell (PBSC) 
transplantation was first successfully performed 
in patients with acute myelogenous leukemia 
(AML) during the mid 1980s. Since these reports 
[1-3], the number of patients undergoing 
PBPSC transplantation has increased, as the use 
of PBSC rather than bone marrow offers many 
advantages which can be summarized as follows: 
hematopoietic recovery following PBSC trans
plantation is significantly quicker than that usu
ally observed after unpurged or purged bone 
marrow transplantation (BMT), and this can 
lead to a decrease in the morbidity and mortali
ty of the transplant procedure [4); PBSC are very 
easy to collect by means of leukapheresis, thus 
avoiding the need for patients to have general 
anesthesia; PBSC could be less contaminated by 
residual leukemic cells, which could lead to a 
decrease in the relapse risk following transplan
tation. However, the latter question is still unan
swered as their are no clinical or biological data 
that can either confirm or refute this hypothesis 
[5]. Moreover, there is no clinical evidence that 
PBSC transplantation can produce a higher pro
portion oflong-term survivors. 

In this review, we focus our attention on the 
use of PBSC transplantation in AML. Before 
analyzing the clinical resuslts, we summarize the 
problems of mobilization and collection and the 
main data concerning hematopoietic recovery. 

PBSC Mobilization and Collection 

It is obvious that the numbers of PBSC collected 
(usually assessed by the colony forming unit
granulocyte macrophage CFU-GM assay and 
more recently by CD34-positive cell evaluation) 
depend on the concentration of blood progeni
tor cells at the time of collection. 

During the steady state, the CFU-GM concen
tration is usually very low (about 50-100/ml) 
and the number of leukaphereses that would be 
necessary to collect 10 x 104/kg CFU-GM could 
be close to 30 procedures (about 0.3 x 104/kg 
CFU-GM per collection). We and others have 
reported that a 1O-50-fold increase in the CFU
GM blood concentration could be obtained dur
ing the regenerative period following intensive 
chemotherapy [6, 7]. Leukaphereses performed 
during this "recirculation phase" (which lasts 
about 5-10 days) make it possible to collect high 
numbers of CFU-GM [4] (Table 1). In leukemic 
patients, as well as in other hematological malig
nancies or solid tumors, several factors can 
influence the rate of PBSC recirculation. These 
include the dose of chemotherapy used for 
mobilization (the higher the dose, the higher the 
recirculation) and the type of chemotherapy 
used, as some drugs which cause long-lasting 
damage to hematopoietic progenitors cannot be 
successfully used to mobilize PBSC. However, 
the rate of PBSC recirculation is mainly influ
enced by the number of courses of chemothera
py administered to patients before PBSC 
collection since the hematopoietic reserves may 

Bone Marrow Transplant Unit, CHR Bordeaux, 33064 Pessae France and URA CNRS 1456, University 
of Bordeaux II, 33076 Bordeaux, France 
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Table 1. Recirculation and collection of CFU -GM In patients with AML according to different types of 
mobilization 

Type of mobilization Recirculation (Highest recorded Collection 
(lml) peak level (x104) 

Induction chemotherapy (de novo AML) 2274 (1133-3796) 627 
Induction chemotherapy (AML in relapse) not done 182 

Consolidation chemotherapy 1286 (240-2279) 147 
Consolidation chemotherapy and G-CSF not done 213 

have been depressed by successive myelotoxic 
treatments. This is illustrated in Table 1 which 
shows that PBSC recirculation and collection is 
significantly greater in AML patients after 
induction chemotherapy than after either con
solidation treatment or chemotherapy adminis
tered for leukemic relapse (for the latter 
patients, many courses of chemotherapy have 
been used to induce and maintain the first com
plete remission). 

More recently, it has been clearly shown that 
hematopoietic growth factors (HGF) can be used 
either alone or in combination with chemoth
erapy to increase PBSC recirculation. 
Granulocyte colony-stimulating factor G-CSF} 
or granulocyte-macrophage CSF (GM-CSF) have 
been reported (and more recently some other 
HGF) mainly in patients treated for solid tumors 
or lymphoid malignancies such as multiple 
myeloma, non-Hodgkin lymphomas or 
Hodgkin's disease [8-10]. In patients with AML, 
HGF are not routinely used to decrease the dura
tion of marrow aplasia and thus to increase 
PBSC mobilization. However, when combined 
with chemotherapy to induce PBSC mobiliza
tion, G-CSF seems to be able to increase the yield 
of CFU-GM collected (personal data, Table I). 

Hematopoietic Recovery 

As previously mentioned, the main advantage of 
PBSC transplantation over BMT is the short 
duration of marrow aplasia. We have reported 
that leukemic patients undergoing chemothera
py-mobilized PBSC transplantation achieve 
granulocytic and platelet recovery after a medi
an number of 14.5 (range 9-20) days and 24 
(range 10-35) days, respectively [6]. This latter 
hematopoietic recovery is quicker than that usu
ally observed after unpurged or purged BMT [4, 
11]. However, particularly in AML, some 
patients have a delayed platelet engraftment 

which is seen when the number of CFU-GM 
transplanted is lower than 15-25 x 1O'/kg [12, 
13]. In some other cases, there may be a double 
wave of engraftment which is characterized by a 
rapid hematopoietic recovery (within 3 weeks) 
followed by a drop in the white blood cell 
(WBC) and platelet counts ("'6 weeks-3 months) 
before the patients recover a stable and trilin
eage engraftment [11, 12 J. 

The differences observed in the hematopoiet
ic recovery after either chemotherapy-mobilized 
PBSC transplantation or BMT have been report
ed in numerous series of patients. In the retro
spective analysis of the European Bone Marrow 
Transplant (EBMT) Registry, the median num
ber of days to achieve 500 polymorphonuclear 
cells/mmi was 15.5 days (range 9-60) and was 
significantly lower than the observed after BMT 
(27 days range 9-389) (p<O.OOI). However, there 
were no statistical difference for platelet recov
ery [14]. In the prospective study conducted by 
the BGMT group comparing BMT and PBSC 
transplantation for AML in first remission (CRr), 
we also found a statistical difference for granulo
cytic (p<O.OOI) but not for platelet engraftment 
[15]. The shorter period of granulocytopenia 
was accompanied by a significant reduction in 
the number of days of hospitalization or of 
amphotericin B administration, but not in the 
number of days with fever or intravenous antibi
otic administration. Using PBSC mobilized with 
both chemotherapy and G-CSF, we recently 
observed that the duration of thrombocytopenia 
was significantly reduced as compared to that 
seen after chemotherapy- mobilized PBSC trans
plantation or BMT (Table 2). 

Clinical Results in AML 

In 1984, the patients who were transplanted with 
PBSC had AML in relapse. In most cases, follow
ing the myeloablative therapy (cyclophos-
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Table 2. Hematopoietic recovery in AML patients undergoing PBSC transplantation 

Reference PMN' Plateletsb 

Median Range Median Range 

EBMT study [11] 15.5 9-60 27 9-389 
Korbling et al. [166] 14 30 
Reiffers et al. [15] 13 11-20 87 55-l20 
Mobilization with 
chemotherapy+ G-CSF 15 11-17 14 10-31 

'PMN number of days to reach 500 polymorphonuclear cells/mm'. 
bPlatelets, number of days to reach 50,000 platelets/mm'. 

phamide and total body irradiation TBI), a com
plete remission (CR) was achieved but its dura
tion was usually very short, not exceeding 6 
months, [1, 2]. Similar results were observed in 
patients undergoing autologous BMT for AML 
in relapse. 

The number of patients who have been trans
planted in second CR is very low. We recently 
reviewed our own cases and found that the 3-
year disease-free survival was 20%-35%, similar 
to that reported with autologous BMT. 

Most AML patients have been transplanted in 
first CR. Korbling et al. [16] reported the results 
obtained in 20 patients transplanted with PBSC 
collected following induction or consolidation 
chemotherapy. Although the patients were given 
a very intensive preparatory regimen (200 
mg/kg cyclophosphamide and 14.4 Gy TBI), 
most had a leukemic relapse (14/20), so the 2 
year disease-free survival was only 35%. These 
results were inferior (although the difference 
was not statistically significant) to those 
observed in an historical series of 23 patients 
who underwent autologous (purged) BMT in the 
same institution using the same conditioning 
regimen. Similar results were also reported by 
six collaborating centers in Australia: 36 
patients were transplanted after the Bu-Cy2 con
ditioning regimen and the 2 year disease-free 
was 38% [17]. More recently, Sanz et al. [18] 
reported on a series of patients who underwent 
autologous PBSC transplantation. They also 
used the combination of busulfan and 
cyclophosphamide as a preparatory regimen 
and obtained results comparable to those of 
patients undergoing BMT. 

To compare the results of PBSC versus BMT 
for AML in first CR, we retrospectively reviewed 
the data of patients reported to the EBMT 
Registry. For the 886 patients undergoing BMT, 
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the 3-year disease-free survival and the actuarial 
risk of relapse were 42% ± 30% and 5% ± 3% 
respectively. These results were statistically dif
ferent from those observed in the 63 patients 
transplanted PBSC alone, as the disease-free 
survival and risk of relapse were 33% ± 6% and 
64% ± 7%, respectively (p<O.OI and p<0.0007). 
However, using multivariate analysis, there was 
no statistical difference between PBSC trans
plantation and BMT. More recently, we com
pared the results obtained in 57 patients 
undergoing PBSC transplantation in Europe 
with those of 114 patients who were matched for 
age, interval diagnosis-transplantation, and con
ditioning regime and who received BMT. No 
statistical differences were seen among the latter 
groups for disease-free survival, risk of relapse, 
and transplant-related mortality (unpublished 
data). 

To analyze better the possible differences 
between BMT and PBSC transplantation, we 
undertook a prospective study comparing these 
two modalities of transplantation (BGMT 
Study). All patients received the same condi
tioning regimen (busulfan and melphalan). 
After a median follow up of 36 months, we were 
unable to detect any differences between the two 
groups (Fig. 1) [15]. 

Conclusion 

Thus, there are no convincing data showing that 
the relapse risk could be lesser or greater than 
that observed after autologous BMT. This is in 
agreement with the biological study performed 
by To et al. [5] who could not detect any differ
ences in the rate of residual leukemic cells 
between PBSC transplantation and BMT [5]. 
However, prospective studies enrolling a larger 
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Fig. 1. BGMT-87 study. Comparison of PBPSC transplantation and BMT. transplantation for AML in first CR 
(age < 55 years). DFS, disease-free survival 

number of patients than that of the BGMT study 
are needed to compare PBSC transplantation 
and BMT. A lower risk of relapse observed after 
PBSC transplantation could signify either a 
lower contamination by leukemic cells in PBSC 
than in bone marrow or other mechanisms such 
as a higher content of cytotoxic lymphoid cells 
in the PBSC samples as compared to bone mar
row. 
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Abstract. Hematopoietic growth factors (GF) are 
administered in patients with acute myeloid 
leukemia (AML) in order to overcome two limi
ations of chemotherapy: (1) its myelotoxicity 
and (2) the chemoresistance of minimal residual 
disease. GF have been used after chemotherapy 
in 11 clinical studies, eight of them on older or 
otherwise high-risk AML patients. The GF used 
were GM-CSF in seven, G-CSF in three and M
CSF in one of the studies. Beneficial effects of GF 
could be shown on the duration of neutropenia 
in eight studies, frequency of infections or fever 
in four studies, mortality or survival in two 
studies and remission rate in one study. The 
benefits in remissions and survival were all seen 
in high-risk patients. One leukemic regrowth or 
disease-free survival in the other studies. GF 
priming strategies are based upon their stimula
tion of AML blasts in vitro, their modulation of 
cellular AraC metabolism and enhancement of 
clonogenic cell kill by AraC. Protective effects of 
GF against clonogenic cell kill or apoptosis were 
also described. There are data from ten clinical 
studies using GF, also prior to or simultaneously 
with chemotherapy. One study showed signifi
cance and two studies a tendency to longer dis
ease-free survival, two other studies a trend to 
more remissions. A disadvantage in the remis
sion rate and survival was found in one study, 
and prolonged thrombocytopenia in two stud
ies. Nine of ten studies found no evidence for an 
adverse effect of GF priming on the course of the 
disease. In most studies GF priming was only 
adminstered in one or two chemotherapy cours
es. One study giving 4-5 courses with GF prim
ing found a reduction in relapses during the first 

University of Munster, Germany 

half-year. In conclusion, supportive use of GF in 
the treatment of AML may have its place in 
high-risk rather than standard-risk situations. 
GF priming approaches may not have been ade
quately investigated so far, and an extension of 
this strategy to more treatment courses now 
appears justified and more promising. From 
clinical data available so far, all administration 
of GF in AML has to be regarded as investiga
tional. 

Introduction 

Among human leukemias, acute myeloid 
leukemia has been a particular challenge for the 
administration of hematopoietic growth factors 
(GF) ever since their introduction during the 
late 1980s. Since AML blasts belong to the target 
cells of GF there was serious concern about 
adverse affects on the progression of the die
sease. On the other hand it appeared to have 
potential to overcome the limitations in the 
treatment of AML represented by the high treat
ment-related mortality due to myelosuppression 
and by the chemoresistant minimal residual dis
ease that produces recurrence ofleukemia in the 
majority of patients. 

Use of GF for Supportive Care in AMl 

The supportive use of GF in AML has now been 
investigated in the 11 major studies summarized 
in Table 1. 
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The first clinical study using GM-CSF in 
patients with AML started in 19B7 and was 
restricted to patients with a high risk of treat
ment-related mortality, such as patients 65 years 
of age or older and patients with an early first 
relapse or a second relapse [1, 2). Yeast-derived 
GM-CSF, 250 flg/m2/day continuous. Lv. infu
sion, was started on day 4 after chemotherapy 
provided that the blasts in bone marrow were 
reduced to less than 5%. Infusion of GM-CSF 
continued until the blood neutrophils reached 
2000/mm3. Thirty-six patients entered the study: 
25 older patients with newly diagnosed AML 
and 11 patients with relapses. The results were 
historically compared with those from 56 
patients receiving the same chemotherapy with
out GM-CSF. Under GM-CSF the neutrophil 
recovery time could indeed be reduced by a 
median of 1 week when compared with that in 
the control patients, and there was a reduction 
in early deaths from 39% to 14% (p = 0.009) in 
the entire study group and from 44% to 12% in 
the older patients (p = 0.007)[3). 

The original dosage and schedule of yeast
derived GM-CSF for high-risk AML [3) was test
ed in a randomized placebo-controlled trial 
conducted by the ECOG in elderly patients with 
newly diagnosed AML. One hundred and twenty 
-four patients 55-70 years of age were involved, 
and the median neutrophil recovery time to 
1000/mm3 was reduced by 7 days (p = 0.001). 
This effect also translated into a reduction in the 
overall treatment-related toxicity (p = 0.049) and 
in grade 4/5 infections (p = 0.002) and a superior 
median survival in the GM-CSF arm (10.6 vs 4.B 
months,p =0.048) [4). 

In contrast, a pilot study at M.D. Anderson 
Cancer Center in Houston could not confirm an 
acceleration of neutrophil recovery or improved 
outcome in 12 patients with newly diagnosed 
AML and a poor prognosis [5). In this study a 
comparatively low daily dose of 120 flg/m2/day 
E. coli-derived GM-CSF was used. 

In a large randomized placebo-controlled trial 
involving 388 patients, the CALGB addressed the 
effect of GM-CSF after chemotherapy in patients 
60 years of age and older with newly diagnosed 
AML. E. coli-derived GM-CSF, 5 flglkglday by 6-
h i.v. infusion, was started 1 day after the first 
induction course and continued until the blood 
neutrophils recovered to 1000/mm3. The median 
neutrophil recovery time was 2 days shorter in 
the GM-CSF group (p = 0.02), whereas no signifi
cant difference was found in complete remis-
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sions, mortality, persistent leukemia, leukemic 
regrowth and total survival [6). In this trial GM
CSF was discontinued in 32% of patients-34% 
in the GM-CSF arm and 31% in the placebo 
arm-for reasons of side effects attributed by 
physicians to GM-CSF. Thus, the data from one
third of the patients could not contribute to the 
issue of GM-CSF effects, although this group, 
with side effects most likely related to infections 
rather than to GM-CSF and with a much lower 
response rate, might have especially benefitted 
from GM-CSF support. 

Most recently the GOELAM group in France 
reported the results of GM-CSF vs placebo in 
patients 55-75 years of age. E. coli-derived GM
CSF, 5 flg/kg/day 6-h i.v. infusion, was given 
during induction by standard dose cytosine ara
binoside (AraC) and idarubicin and was contin
ued until neutrophils recovered. The duration of 
neutropenia was 4 days shorter in the GM-CSF 
arm (p = 0.002), but the incidence of febrile 
episodes and bacteremias and the duration of 
hospitalization were similar in both arms. GM
CSF was prematurely stopped for reasons of tox
icity in 14% of GM-CSF patients and 3% of 
placebo patients [7). 

In a European study of EORTC/GIMEMA, 
102 patients 15-60 years of age received E. coli
derived GM-CSF randomly at various timings. 
Those with the GF after induction chemothera
py actually had a disadvantage in their remis
sion rate and event-free survival [B). 

An other European study by EORTC/HOVON 
randomized 326 patients over age 60 to receive 
E.coli-derived GM-CSF from 1 day before che
motherapy until neutrophil recovery or chemo
therapy alone. There was a significant reduction 
in the neutrophil recovery time but no benefit in 
clinical outcome. GM-CSF showed significant 
toxicity manifested by more frequent fever and 
fluid retention [9). 

Like GM-CSF, G-CSF was first investigated in 
a mixed population of patients with relapsed or 
refractory acute leukemias, including AML, ALL, 
CML blast crisis and AML after myelodysplasia. 
One hundred and eight patients were random
ized to receive either chemotherapy followed by 
G-CSF or chemotherapy alone. G-CSF reduced 
neutropenia by 1 week (p < 0.01) and lowered 
the incidence of infections (p = 0.028) [10). 

An AML Cooperative Study Group in France, 
Italy and Belgium treated 172 patients 65 years 
of age and older with G-CSF after standard 
induction treatment. When compared with 



placebo the duration of neutorpenia was 
reduced by 6 days (p < 0.001) and the complete 
remission rate was increased (70 vs 47%, P = 

0.002), but the induction mortality and overall 
survival were not improved [11 J. 

The largest study on GF or placebo support in 
AML has recently been conducted at 31 centers 
in Europe and Australia. G-CSF 5 j.lg /kg/day or 
placebo was started 1 day after each induction 
and consolidation chemotherapy course and 
continued until neutrophil recovery. In the 
patients with G-CSF the neutrophils recovered 
5-7 days earlier (p~O.OOOI), which translated 
into reductions in days with fever (p = 0.009), 
days with antibiotics (p = 0.0001) and days in 
hospital (p = 0.0001), while the remission rate 
and survival were not influenced by G-CSF [12 J. 
The use of human natural M-CSF following 
chemotherapy has been investigated in a study 
in 198 patients randomized to receive three con
solidation courses with M-CSF or placebo fol
lowing each course. M-CSF significantly reduced 
the incidence of febrile neutropenia, the require
ment for antimicrobial agents and platelet sup
port, and the number of days required to give 
the three consolidation courses [13 J. 

Importantly, no major adverse effects of GF 
after chemotherapy on the course of AML have 
been observed so far. The first study revealed 
leukemic regrowth in 2 of 30 patients under 
GM-CSF [3], and the CALGB reported 2% 
leukemic regrowth in each arm, GM-CSF and 
placebo [6J. In one patient the regrowth was 
completely reversible after cessation of GM-CSF 
[3, 14], but the regrowth continued uninflu
enced in 1 patient [3] and 5 patients [6] and thus 
appeared GM-CSF independent. Furthermore, 
the duration of response was not significantly 
affected by GM-CSF [3,6]. In the three studies 
on G-CSF [10-12J and the one study on M-CSF 
[13] after chemotherapy, there was again no evi
dence of stimulating leukemic regrowth. 

In summary, GF for supportive use has 
proved safe and effective in reducing neutrope
nia in the vast majority of studies. Additional 
clinical benefits were achieved in some studies, 
preferentially in high-risk situations, where GF 
support may have its place. 

GF Priming in AML 

Other approaches with GF aim at enchancement 
of the antileukemic effect of chemotherapy by 

recruitment of chemoresistant resting leukemic 
cells into sensitive phases of the cell cycle. Even 
in vitro, a kind of recruitment can be observed 
when AML blasts are stimulated by GF to multi
ply and produce colonies [15-18J. The GM-CSF
induced increase in leukemic S phase cells also 
increased the leukemic cionogenic cell kill by 
AraC in vitro [19J. In 18 patients with newly 
diagnosed AML recruitment could then be 
demonstrated in vivo after a 24- to 48-h infusion 
of E. coli-derived GM-CSF, 250 j.lg/m'/day con
tinuous i.v. infusion prior to chemotherapy. 
There was a shift of leukemic blasts from Go 
with low RAN and DNA content to higher RNA 
and DNA content, corresponding to the G[ and S 
phases, and also an increase in S phase cells 
incorporating BrdU, which was found in the 
majority of patients. GM-CSF continued during 
and after chemotherapy until neutrophil recov
ery, and 83% of patients achieved a complete 
remission [20]. 

GM-CSF priming strategies as used in the 
above study may also benefit from a modulation 
of the cellular metabolism of antileukemic 
drugs. Thus, we could show that the incorpora
tion of AraC into DNA in leukemic blasts in 
vitro was increased 1.5- to 8.S-fold (median 
twofold) by 48 h preincubation and simultane
ous incubation together with GM-CSF, an effect 
found in 23 out of 28 cases [21 J. 

GF preexposure and presence also signifi
cantly increased the clonogenic cell kill by AraC 
in colony essays using semi-solid medium. The 
effect observed in leukemic blasts from AML 
patients was not observed in normal hematopoi
etic precursors (CFU-GM) [22]. The enhance
ment of the AraC antileukemic cytotoxicity by 
GF in vitro was related to their growth simulato
ry effect and varied among patients [23J. 
Contradicting the priming concept using GM
CSF, others discussed a protection of AML cells 
against antileukemic agents by this GF. Thus, 
AML blasts in vitro showed a substantial clono
genic cell kill after a 20-min pulse of AraC only 
if cultured in G-CSF, not in GM-CSF or IL-3. 
However, if the exposure to AraC was extended 
to 6 days, there was substantial cell kill with all 
three growth factors, thuugh most marked with 
G-CSF, and mixing G-CSf and GM-CSf together 
brought the result close to that of G-CSF [24]. 
These data suggest an enhancement of cytotoxi
city by these growth factors rather than 
leukemic cell protection, at least when AraC was 
present for an adequate time. 
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In a clinical setting, 56 patients with newly 
diagnosed AML received E.ca/i-derived GM-CSF 
at either 20 or 125 J.lg/m2 once daily subcuta
neously during a period varying between 0 and 8 
days prior to chemotherapy. This inhomege
no us population showed the lowest complete 
remission rate and shortest survival when com
pared with two historical control groups. The 
authors postulated that leukemic cell resistance 
was induced by GM-CSF [25]. 

Apoptosis, or programmed cell death, is one 
of the effects of antileukemic chemotherapy. In 
a murine leukemic cell line, nuclear condensa
tion and fragmentation and internucleosomal 
DNA fragmentation, typical features of apopto
sis, were found to be induced by TGF~ and were 
prevented by GM-CSF and G-CSF. GM-CSF and 
G-CSF also inhibited apoptosis induced by 
AraC, while the overall clonogenic cell reduction 
was not reduced. The authors proposed that 
apoptosis may be regulated independently from 
other mechanisms of cell kill [26]. In human 
AML cell lines, apoptosis induced by AraC was 
enhanced by a preexposure to PIXY 321, a GM
CSF/IL-3 fusion protein. This effect also occur
red with an apoptosis-specific induction of the 
c-jun gene and a reduction ofbcl2 gene expres
sion [27]. 

Thus, in the therapeutic in vivo situation dif
ferent effects of GM-CSF may interfere with and 
even antagonize each other. In addition, poten
tial recruitment effects on early leukemic stem 
cells in vivo may not be detectable in vitro and 
may only be reflected by an improved long-term 
outcome of patients from chemotherapy. 
Therefore, a recent German multicenter ran
domized trial in patients with newly diagnosed 
AML on GM-CSF priming and long-term 
administration in five consecutive chemothera
py cycles compared with identical chemothera
py alone [28-30] may give some answers. 
Yeast-derived GM-CSF, 250 J.lg/m2 by once daily 
S.c. injection, was started 24 h before chemo
therapy and continued until neutrophil recovery 
in both induction courses, in the consolidation 
course and in the first two maintenance courses. 
Chemotherapy was standard dose TAD [31] for 
induction and consolidation and reduced TAD 
courses for monthly main ten an ace, given until 3 
years of remission were completed. The second 
induction course was high-dose AraC with 
mitoxantrone [32] and was given to patients of 
60 years and older if the bone marrow after the 
first course contained 5% or more residual 
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blasts, and to all patients under 60 years. In 
addition, the AraC dose was 3 g/m' x 6 in the 
younger and 19/m2 x 6 in the older patients. A 
total of 114 patients with a median age of 51 
(17-75) years entered the study. Some 79% of 
the GM-CSF patients and 84% of the controls 
went into remission, and persistent leukemia 
was observed in 4% and 18% of patients. 
Patients under 60 years of age achieved com
plete remissions in 82% and 73% of case and 
show a continuous remission rate after 4 years 
of 51 % and 44%, while during the first half year 
there was a tendency of fewer relapses in the 
GM-CSF arm (3% vs 22%) [33]. Figure 1 shows 
an update of event-free survival. 

Table 2 summarizes the data available from 
10 clinical studies on GF priming. 

In a South German placebo controlled study, 
80 patients with newly diagnosed AML received 
standard dose induction and consolidation 
chemotherapy and a late consolidation of AraC 
3 g/m2 x 12 with daunorubicin 30 mg/m2 x 3. E. 
Coli-derived GM-CSF 250 J.lg/m'/day S.c. injec
tion or placebo was started 48 h prior to 
chemotherapy and continued until neutrophil 
recovered and was administered in the second 
induction course and in the two consolidations. 
There were no differences in the response to 
induction between the randomized groups. 
Disease-free survival after 41 months in patients 
under age 50 was 65% in the GM-CSF and 58% 
in the placebo group (p = 0.03), but in patients 
over age 50 disease-free survival was 20% vs 
31% (p=0.28) [34]. 

In the GOELAM study mentioned above [7] 
GM-CSF or placebo was administered concomi
tantly with chemotherapy and thereafter in 
patients over age 55. The disease-free survival at 
2 years was 44% vs 19% in favor of GM-CSF 
(p=0.024). 

Different schedules of E.coli-derived GM-CSF 
were investigated in 102 patients, aged 15-60 
years, by the EORTC/GIMEMA Leukemia 
Cooperative Group. GM-CSF 5 J.lg/kg/day was 
given randomly (I) from 24 h prior to the start 
of a standard-dose AraC/idarubicin course and 
continued until the end of this course, from the 
end of the course until day 28 or neutrophil 
recovery, or (3) as in 1 plus 2 or (4) chemothera
py was given alone. A significantly negative 
impact on the CR rate and event-free survival 
was found from GM-CSF given after chemother
apy, while results from GM-CSF before and dur
ing chemotherapy were similar to those of 
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Fig. 1. Randomized study of multiple~course GM~CSF priming and long-term administration in primary AML. 
Event~free survival of all patients entering comparing GM~CSF patients and control patients without GM~CSF. 
Age is 16-75 years and events are non-achievement of remission, death in remission and relapse. Tick marks 
represent patients alive in remission. The 4~year event-free survival rate is 29% in both arms. In the 88 patients 
unter age 60 the 4~year event~free survival rate is 38% in the GM~CSF and 32% in the control arm (p = 0.3), and 
the corresponding disease~free interval is 53% vs 45% (p = 0.3) 

controls [8]. Disease~ free survival was not 
reported. 

GM~CSF priming was also an attempt of the 
large European study in 326 older patients [9]. 
Again, no benefit in outcome could be demon
strated. Instead of GM-CSF, three studies used 
G-CSF for their priming strategies. Given for 3 
days before chemotherapy, G-CSF has no 
adverse effect on the recovery of neutrophils 
and platelets [35]. Accelerated neutrophil recov
ery was found after G-CSF, preceding by 1 day a 
Budai-abine high~dose AraC chemotherapy for 
unfavorable AML or myelodysplasis [36] and by 
2 days standard chemotherapy for refractory 
AMi [37]. In both studies [36,37] G-CSF was 
continued until the recovery of neutrophils. 

Besides some general side effects typical for 
cytokines there was no major specific toxicity 
from GF priming regimens. In particular, the 
data on blast clearance, persistent leukemia and 
disease~free survival gave no evidence for a 
chemoresistance induced by GF priming. In 
both German studies, however, the recovery of 
platelets showed a significant delay in the GM~ 
CSF arm [30,34] suggesting an impairment of 
early hematopoietic progenitor cells by GF 

priming. This effect did not cause major clinical 
problems. On the contrary, it permits specula~ 
tion that early leukemic progenitors may be 
affected similarly. 

In summary, GF priming remains an interest
ing therapeutic approach in AML. Negative 
effects on the course of the disease have rarely 
been observed, while there seems to be an 
advantage in disease-free survival. The priming 
strategy may be more effective in a multiple 
course design. 
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Introduction 

The majority of patients with acute myeloid 
leukemia (AML) achieve a complete remission 
(CR) following modern chemotherapy. Un
fortunately, most of them will relapse sooner or 
later as a consequence of residual AML cells 
which survived chemotherapy. Attempts to 
overcome this minimal residual disease by bone 
marrow transplantation (BMT) or other inten
sive treatment modalities are not always possi
ble or successful. Eventually, the most frequent 
cause of treatment failure is resistance to 
chemotherapy that may develop as a result of a 
variety of mechanisms. One of these mecha
nisms may be related to the observation that a 
large fraction of clonogenic AML cells is not in S 
phase during cytosine arabinoside ara-C expo
sure [1). Recruitment of AML cells into S phase 
in vivo following stimulation with hemopoietic 
growth factors (HGFs) may contribute to over
come this kinetic resistance of quiescent AML 
cells to ara -co In addition, metabolic activation 
following exposure to HGFs may increase the 
intrinsic sensitivity of the AML cells to 
chemotherapy. This concept, called priming, has 
been tested in vitro as well as in several clinical 
studies. Butturini [2) demonstrated that an 
increase in cell cycle activity by HGFs parallels 
an increase in ara-C inhibition. Andreef [3) 
observed an increased in vitro ara-C toxicity if 
hemopoietic growth factor addition resulted in a 
six fold increase of cells in S phase. Ara-C effica
cy was not increased in cases in which a smaller 

effect of growth factors on cytokinetics was 
observed. Similar data have been reported by 
other groups [4-8). Other, not all cycle-related 
mechanisms may also playa role [9-11). 

Materials and Methods 

Clinical Studies 

Published data on clinical studies are summa
rized and interpreted for the efficacy of the 
priming concept. Furthermore, preliminary data 
from 460 patients, treated in a study on granulo
cyte-macrophage colony-stimulating factor 
(GM-CSF)-based priming were analyzed. This 
study was recently performed by the Dutch, 
Swiss, and Belgian co-operative HOVON-SAKK 
centers. Inclusion criteria were: previously 
untreated AML, age 15-60 years, WHO perfor
mance 2 or less, and informed consent. Chemo
therapy was conventional dose ara-C and 
daunomycin in cycle 1, intermediate dose ara-C 
and am-sacrine in cycle 2, and mitoxantrone 
etoposide in cycle 3. GM-CSF administration (5 
~g/kg per day continuously i.v.) was according 
to randomization in arm la GM-CSF was started 
24 h before chemotherapy and continued until 
the end of chemotherapy: in arm 1 b GM-CSF 
was started 24 h before chemotherapy and con
tinued until granulocytes were above 0.5 x 109/1 
or until day 28. In arm 2a GM-CSF was not given 
and in arm 2b GM-CSF was started after chemo
therapy and continued until granulocytes were 
above 0.5 x 109/1 or until day 28. This study has 
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a factorial design: for the analysis the pooled 
data of arms 1a and b will be compared with the 
pooled data of arms 2a and b to analyze the 
priming effect, while the pooled data of arm 1a 
and 2a will be compared with the pooled data of 
arm 1b and 2b to analyze the effect of GM-CSF 
after chemotherapy. 

Comparison of In Vitro and In Vivo Growth Factor 
Response of AML 

To examine potential differences between in 
vivo and in vitro response of human AML to 
hemopoietic growth factors, mice with severe 
combined immuno deficiency (SCID) were 
transplanted with human AML cells as described 
[12). Briefly, female specific pathogen-free CB17 
scidlscid mice (5-8 weeks of age) were obtained 
from Harlan CPB Austerlitz, The Netherlands. 
They were housed under pathogen-free condi
tions and supplied with sterile food and acidi
fied drinking water with 100 mg/l ciprofloxacin 
(Bayer AG, Leverkusen, Germany). Prior to 
transplantation, mice were irradiated with 3.5 
Gy TBI, delivered by a 137Cs source. AML cell 
suspensions were injected into a lateral tail vein. 
On day 35 after transplantation, mice were sacri
ficed by CO2 inhalation followed by cervical dis
location. Cell suspensions obtained from the 
bone marrow (BM) were labelled with phycoery
thrin conjugated monoclonal antibodies against 
CD33/CD45 and analyzed by FACSCAN. 

Results 

Clinical Studies 

Several clinical studies on GM-CSF have been 
published over the last 5 years. Some of these 

studies only concern the administration of GM
CSF following chemotherapy for mitigation of 
pancytopenia [13-14). Other studies were also 
aimed at the priming concept [7-8, 15-22) 
These studies are summarized in Table 1. In 
these studies the efficacy of GM -CSF based 
priming was evaluated by comparison of the 
complete remission (CR) rate following remis
sion induction chemotherapy with and without 
GM-CSF. In most studies, a significant differ
ence between GM-CSF- treated groups and con
trols was not found for CR rate, except for the 
study by Estey [15], in which the CR rate in the 
historical control group without GM-CSF was 
significantly higher as compared to the study 
group primed with GM-CSF. Preliminary data of 
the study performed by the Dutch, Swiss, and 
Belgian co-operative HOVON-SAKK centers are 
shown in Table 2. Significant differences for CR 
rate were not found. 

Granulocyte-macrophage colony-stimulat
ing Factor was not always given according to the 
protocol. A delay was sometimes necessary if the 
number of peripheral blasts was high, some
times there was a temporary interruption, often 
for suspected drug fever, and in approximately 
30 % of the patients GM-CSF was stopped pre
maturely. Reasons for early discontinuation 
were presumed side effects in approximately 45 
of these patients. It is difficult to evaluate side 
effects in the context of toxic and intensive 
chemotherapy. Side effects observed more fre
quently in the GM-CSF-treated groups were 
fluid retention and hypotension. Side effects 
such as fluid retention, fever, hypotension, and 
allergic skin reactions were reasons for prema
ture discontinuation in 45 out of 244 patients. 
Other side effects were less common and not 
clearly related to GM-CSF. 

Table 1. Effects ofGM-CSF-Based priming in AML 

GM-CSF + Chemotberapy 

(n) CR 
(%) 

18 83 
56 48 
10 70 
20 30 
20 85 
41 81 
na 75 
49 59 

Chemotherapy 

(n) 

39 
110/66 
27 
38 
30 
39 

na 
53 

CR 
(%) 

100 
65/74 
66 
43 

na 
79 
84 
62 

Reference 

[7] 
[15] 
[19] 
[16] 
[18] 
[20] 
[21] 
[22] 
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Table 2. Preliminary results of HOVON 4A study 

GM-CSF priming GM-CSF post chemotherapy 

Yes No 
(n) (%) 

CR 9579 8476 
NoCR 2521 2624 

120 llO 

Comparison of In Vitro and In Vivo Growth Factor 
Response of AML 

Yes 
(n) (%) 

88 75 
29 25 

ll7 

The in vitro proliferation of AML measured by 
tritiated thymidin incorporation was compared 
to in vivo proliferation, as measured by massive 
BM infiltration 35 days after xenogenic trans
plantation. In Table 3 the results of four AML 
cases are shown. In case 1 in vivo and in vitro 
proliferation was observed in the presence as 
well in the absence of interleukin 3 OL-3). In 
case 2, in vivo and in vitro proliferation was 
observed in the presence of IL-3 only. In cases 3 
and 4, stimulation of in vivo AML proliferation 
by IL-3 was not predicated by in vitro stimula
tion as measured by tritiated thymidin incorpo
ration: in case 3, in vitro proliferation was 
observed in the presence of IL-3 only, while 
in vivo proliferation was IL-3 independent. In 
case 4 spontaneous proliferation of AML was 
observed in vitro, while IL-3 was required to 
obtain in vivo growth. 

Discussion 

The concept of GM-CSF-based priming is theo
retically interesting, and in vitro data suggest 
that it might work. However, so far the clinical 
data do not support this. If we look at the num
ber of blast cells in the peripheral blood before 

No 
(n) (%) 

91 81 
22 19 

113 

and after GM-CSF, we see a heterogeneic 
response: in most patients, the number of blast 
cells rose, in some patients it remained 
unchanged, and in one patient it went down. 
Also, in in vitro response to GM-CSF, there is 
variability among patients. Therefore, it is possi
ble that some patients may benefit from GM
CSF-based priming while other patients do not. 

In vitro response to a growth factor is not 
always predictable for the situation in vivo as 
demonstrated in a preclinical model using scm 
mice. 

If we compare the potential favorable and 
unfavorable effects of GM-CSF-based priming, 
the influence on cell cycle kinetics, and the effects 
on ara-C metabolism counterbalance the risk to 
stimulate AML growth and to interfere with the 
cytotoxic effects of the treatment. This balance 
between favorable and unfavorable effects may 
be variable among patients. A higher dose of GM
CSF or a different priming schedule might be 
more effective. Another HGF or a combination of 
different HGFs might be more appropriate. 

In conclusion, many questions on GM-CSF
based priming remain unanswered. Most of 
these questions cannot be answered in clinical 
studies. Therefore, we recently started preclini
cal studies in scm mice aimed at these ques
tions. The answers could be the basis for future 
clinical studies with GM-CSF or other hemopoi
etic growth factors. 

Table 3. Comparison of in vivo and in vitro stimulation of AML by IL-3 

AML In vitro proliferation In vivo proliferation 
Case no. 

+IL-3 -IL-3 +IL-3 -IL-3 

+ + + + 
2 + + 
3 + + + 
4 + + + 
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in Patients with Acute Myeloid Leukemia 
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Abstract. The Cancer and Leukemia Group B 
(CAIGB) has evaluated the use of hematopoietic 
growth factors in patients with acute myeloid 
leukemia (AML) using a number of different 
strategies. CALGB protocol 8923 was a prospec
tively randomized, double-blind trial in patients 
with de novo AML > than 60 years of age 
receiving initial induction chemotherapy. There 
was no benefit in terms of improvement in 
complete remission (CR) rate, survival, or infec
tious morbidity from granulocyte-macrophage 
colony-stimulating factor (GM-CSF) begun the 
day after completion of chemotherapy and 
administered until neutrophil recovery. CAIGB 
protocol 9022 was a pilot study evaluating the 
feasibility of administering sequential courses of 
intensive consolidation treatment to patients 
with AML < than 60 years of age in first com
plete remission. Patients receiving diaziquone 
and mitoxantrone as their third course of con
solidation experienced profound, sustained neu
tropenia. Subsequent cohorts received the same 
doses followed by G-CSF, which produced a sta
tistically and clinically significant reduction in 
the duration of neutropenia < than 500/111. 
CAIGB protocol 9021 is an ongoing randomized 
study evaluating the effect of GM-CSF "priming" 
as a means of increasing responsiveness to ther
apy with high-dose cytosine arabinoside ara-C 
in patients with refractory or relapsed AML. The 
CALGB is awaiting the results of other trials in 
progress prior to focusing on further investiga-

tions with hematopoietic growth factors in 
patients with AML. 

Although prolonged disease-free survival can 
be achieved in approximately 20% of adults with 
de novo acute myeloid leukemia (AML), death 
from infectious complications and drug resis
tance limit the success of treatment in the 
majority of patients. Hematopoietic growth fac
tors are being evaluated by a number of investi
gators as a means of decreasing the duration of 
neutropenia, there by potentially attenuating the 
impact of infections, as well as a means of 
enhancing sensitivity to S-phase-specific chemo
therapeutic agents by increasing the number of 
cells in cell cycle. The CALGB has conducted 
studies addressing each of these questions and 
the results of these studies will be briefly sum
marized. 

CALGB 8923 was a recently completed dou
ble-blind trial in which patients with de novo 
AML > than 60 years of age were randomized 
to receive either granulocyte-macrophage 
colony-stimulating factor (GM-CSF) (Schering 
Corporation 5 flg/kg per day administered intra
venously over 6 h) or a placebo infusion [1]. The 
GM-CSF/placebo was begun the day after com
pletion of a standard regimen of daunorubicin 
(3 days) and ARA-C (7 days). A total of 379 
evaluable patients were randomized; pretreat
ment demographic characteristics were the 
same in both groups with an overall median age 
of 68 years. There were no clinically important 
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differences between the GM-CSF and placebo 
recipients in complete response (CR) rate [52% 
vs 54%, respectively], duration of neutropenia 
< than 500//11 (15 vs 17 days,p=0.2), duration 
of hospitalization (27 days vs 30 days, p = .06), 
overall survival or CR duration. Approximately 
one third of patients in both arms did not com
plete the scheduled duration of infusion, almost 
always because of the perception by the treating 
physician that toxicities were due to the study 
infusion. There was no difference between the 
GM-CSF and placebo recipients when only the 
subgroup of patients who completed the sched
uled infusion as per protocol were considered. 
Only 2% of patients were removed from study 
because of the concern that the infusion may 
have stimulated leukemic cell growth; the inci
dence of treatment failure due to apparent 
chemotherapy-resistant leukemia was the same 
in both arms. Lastly, an identical fraction of 
patients in both arms were able to go on to 
receive post-remission consolidation therapy. 

Comment. Although there was a small but statisti
cally significant reduction in the duration of 
neutropenia in patients receiving the GM-CSF 
infusion, this did not result in any improvement 
in clinically relevant measurements of outcome. 
In general, the results of this very large trial are 
consistent with most smaller trials of similar 
design using GM-CSF although some analogous 
studies using G-CSF have not yet been complet
ed or reported. It is not necessarily surprising 
that there was no important reduction in the 
incidence of severe infections. A significant frac
tion of patients with AML either present with 
fever and infection or develop fevers requiring 
antibiotic therapy within the first 1-2 weeks of 
admission to the hospital. Hematopoietic 
growth factors cannot be expected to entirely 
eliminate the prolonged nadir blood counts 
resulting from intensive induction chemothera
py, particularly in patients with primary marrow 
disorders and, thus, most patients are profound
ly neutropenic at the time infections become 
manifest. At best, the growth factors might be 
able to accelerate neutrophil recovery in 
responding patients after the period of aplasia. 
This has the potential for decreasing the dura
tion of therapy with antibiotics or amphotericin 
B, possibly limiting longer-term side effects, 
thereby perhaps enhancing the ability to deliv
er intensive post-remission chemotherapy. 
Although we were unable to demonstrate such a 
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favorable effect using GM-CSF in our study, tri
als underway or under analysis should evaluate 
these possible end points. Based on our results, 
the CALGB is not currently planning studies uti
lizing growth factors as a means of decreasing 
infections morbidity so as to increase response 
rates following induction chemotherapy. 

CALGB 9022 was a pilot study evaluating the 
feasibility of administering three courses of 
intensive post-remlsslOn chemotherapy to 
patients with de novo AML < than 60 years of 
age who achieved remission following induction 
therapy with daunorubicin and ARA-C [2]. 
Patients were scheduled to receive one course of 
high-dose cytosine arabinoside ara-C, followed 
by high-dose cyclophosphamide and etoposide 
with the last course consisting of diaziquone 
(AZQ) and mitoxantrone. Doses were derived 
from prior CALGB phase IIII studies in patients 
with either de novo or relapsed AML [3-5]. The 
high-dose ara-C, administered as six doses 
over a 5-day period, and the cyclophos
phamide/etoposide regimens were relatively 
well tolerated. In contrast, severe myelosuppres
sion was noted when mitoxantrone (12 mg/m2 
x three daily doses) was combined with AZQ 28 
mg/m2 or AZQ 24 mg/m2 per day x 3 days by 
continuous infusion. Two subsequent cohorts of 
sequentially treated patients received G-CSF 5 
/1g1kg per day beginning on day 4 until neu
trophil recovery. The median duration of neu
tropenia (less than 500/lll) in the two groups 
not receiving G-CSF was 35 and 30 days respec
tively which was decreased significantly (p 
< .001) in the cohorts of patients receiving AZQ 
24 mg/m2 (median 20 days neutropenia) or 28 
mg/m2 (median 23 days) along with the same 
dose of mitoxantrone and G-CSF. There was also 
a suggestion of a decrease in the duration of 
severe thrombocytopenia in the third cohort of 
patients (p = .12). There was no difference in the 
duration of CR when the 61 patients treated 
without G-CSF were compared to the 59 patients 
receiving G-CSF, suggesting no apparent stimu
lation of residual leukemic cells in these 
patients. The CALGB is currently comparing the 
effect of three courses of post-remission high
dose aRA-C and the regimen piloted in protocol 
9022, with the third course consisting of AZQ 
administered at 28 mg/m2 per day for 3 days in 
combination with mitoxantrone and G-CSF. 
This ongoing study is designed to determine 
whether outcome can be improved by using a 
sequence of agents, all of which have been iden-



tified as having substantial activity in patients 
with AML in relapse, as compared with the use 
of single-agent ara-C alone. 

Comment. This study evaluating sequential 
cohorts of younger patients with AML demon
strated a marked shortening of the duration of 
neutropenia with G-CSF following the adminis
tration of intensely myelosuppressive post
remission consolidation. This effect was less 
apparent in studies reported by the Eastern 
Cooperative Oncology Group (ECOG) [6] and 
German Leukemia groups [7]. Although the 
results of our pilot study are suggestive that 
hematopoietic growth factors may permit safer 
delivery of intensive post-remission therapy, 
these results should be confirmed in a random
ized trial. Of note is that there was no adverse 
effect on relapse rate in patients receiving the 
growth factors in these CALGB trials. This is 
consistent with the results of most other ran
domized trials using these agents after the 
administration of chemotherapy for AML. 

CALGB 9021 evaluates the effect of GM-CSF 
administered intravenously by continuous infu
sion for a maximum of 5 days prior to the 
administration of 12 doses of high-dose ara-C 
(2 gm/m' per dose) for patients with AML 
refractory to induction therapy or in first 
relapse. The GM-CSF is continued until 24 h 
after the completion of the chemotherapy. This 
study will complete accrual shortly; approxi
mately 170 patients have been randomized to 
date. Twenty percent of patients were refractory 
to induction therapy while 47% had short initial 
complete responses of less than 6 months. The 
overall CR rate of 43% is quite reasonable in this 
group of relatively refractory patients. The 
results in the two treatment arms remain coded. 
In general, the infusion of GM-CSF has been 
well tolerated, and most patients have complet
ed the infusion prior to the need to initiate 
chemotherapy. 

Comment. This study evaluates the important 
concept of "recruitment" of leukemic cells to 
enhance cytotoxicity of ara-C. There is consi
derable in vitro and some in vivo evidence, sug
gesting increased ara -C cytotoxicity after 
incubation with growth factors [8-10]. It 
remains to be seen in clinical trials, however, 
whether sufficient numbers of clonogenic 
leukemic cells can be recruited from the resting 
state allowing increased cytotoxicity with both 

higher CR rates and longer durations of 
response. Studies from other groups are in 
progress evaluating this concept both as prima
ry treatment and in patients in relapse. It is like
ly that there will be considerable interpatient 
variability in the degree of proliferation induced 
by different cytokines. Similarly, there is also 
heterogeneity within the blast population from 
an individual patient in the responsiveness to 
growth factors. Thus, even with large clinical tri
als, it may be possible to "miss" important bene
ficial (or harmful) effect in subgroups of 
patients. The development of in vitro assays 
more predictive of an effect in individual 
patients are critical in this regard but have been 
hampered by difficulties in reproducibly grow
ing and characterizing subpopulations of clono
genic leukemic cells. 

Summary. Overall, the results from multiple 
groups evaluating various sequences of 
chemotherapy and growth factors have been rel
atively disappointing. The CALGB is awaiting 
the maturation of other trials either in progress 
or recently completed prior to considering new 
studies incorporating growth factors in patients 
with AML. Based on the available data, it would 
appear that there is as yet no proven role for the 
addition of hematopoietic growth factors to 
standard chemotherapeutic approaches. 
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Preclinical Evaluation of Granulocyte-Macrophage Colony-Stimulating Factor/ 
Interleukin 3 Fusion Protein (PIXY 321) in Acute Myeloid leukemic Cells 

A. Tafuri, M.T. Petrucci, M.G. Mascolo, C. Ciliberti, M.R. Ricciardi, and 1. De Felice 

Abstract. Hemopoietic growth factors (GFs) can 
stimulate proliferation of leukemia cells, such 
effect furnished a rationale for acute myeloid 
leukemia (AML) treatment based on priming of 
quiescent blasts into cell cycle. Cell kinetic in 
vitro studies have suggested that GFs may 
enhance cytosine arabinoside (ara-C) cytotoxici
ty. While clinical trials based on this approach 
are progressing with discordant results, new 
cytokines are now entering into clinical use. 
PIXY 321 is a novel fusion protein of recombi
nant human granulocyte-macrophage colony
stimulating factor (GM-CSF) and interleukin-3 
(IL-3), that exhibits biologic effects of both its 
parent cytokines. To assess the in vitro role of 
this cytokine in the GF/chemotherapy strategy, 
we have exposed 20 AML samples to several GFs 
including PIXY 321, stem cell factor, (SCF) IL-3, 
GM-CSF, and G-CSF, used alone and in combi
nation. Cell kinetic effects of cytokines were 
evaluated by the fiow-cytometric acridine 
orange (AO) technique, thereafter cells were 
exposed to the S-phase specific agent ara-C. 
Clonogenic growth of leukemic colonies colony
forming units-lymphoid, in methylcellulose 
was then evaluated to detect proliferative and 
cytotoxic effects on AML samples. We report 
that AML cells can be effectively recruited into 
cell cycle by PIXY 321, as demonstrated by a sig
nificant Go decrease (p = 0.001) and S phase 
increase (p = 0.0001). Clonogenic cell growth 
analysis showed a significant increase in CFU-L 
in 62.5% of the samples exposed to PIXY 321. 
These effects resulted in ara-C sensitization as 
demonstrated by an increase of CFU-L inhibi-

tion (75.9% vs 51.4% in presence f ara-C alone). 
compared to other cytokines, SCF, induced the 
lowed mean effects on ara-C sensitization that in 
some cases was even lower than the cytotoxicity 
achieved by ara-C alone. We conclude that PIXY 
321 may be useful in combination with cycle
specific agents to prime quiescent blasts into cell 
cycle and to potentially enhance the cytotoxic 
effects of chemotherapy. 

Introduction 

Human recombinant hematopoietic growth fac
tors (GFs), including interleukin-3 (lL-3) and 
granulocyte-macrophage colony-stimulating fac
tor (GM-CSF), regulate proliferation and differ
entiation of normal and leukemic progenitor cells 
[1-3] with overlapping but distinct hematopoietic 
effects. Preclinical studies have shown that these 
two molecules act synergistically in stimulating 
hematopoiesis. A novel fusion protein, PIXY 321, 
derived from these two GFs was constructed to 
combine their complimentary biologic effects. In 
vitro studies have shown that PIXY 321 binds to 
cells that express specific receptors for GM -CSF 
and IL-3, with similar affinities to the single 
cytokines. Another cytokine now undergoing 
clinical investigation, is the stem cell factor (SCF), 
a multipotent CSF, more active on primitive 
hematopoietic progenitor cells, that acts after 
binding to its specific surface receptor, the pro
tein encoded by the proto oncogene c-kit. 

Several reports [4-9] have documented the 
IL-3 or GM-CSF can enhance cytosine arabi-
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noside (ara-C) cytotoxicity in acute myeloid 
leukemia (AML) in vitro. We have previously 
compared the effects of three hematopoietic 
growth factors, IL-3, GM-CSF, and G-CSF, alone 
and in combinations, on leukemic blasts treated 
with either cycle-specific and non-specific 
agents [10]. We demonstrated that IL-3 and 
especially cytokine combinations including IL-3 
were the most effective in the mobilization of 
the Go pool and found a strong correlation 
between kinetic changes and enhancement of 
ara-C-induced cytotoxicity. Several mechanisms 
have been proposed to explain leukemic cell 
sensitization by GF priming. In addition to 
kinetic rationale, Bhalla et al. [11], evaluating 
PIXY 321 activities in human myeloid leukemic 
cell, lines, found that enhancement of ara-C 
cytotoxicity was promoted by an increase of 
oligonucleosomal DNA fragmentation. Pietsch 
et al. [12], studying effects of SCF on primary 
myeloid leukemic cells, found that combination 
of GFs including SCF induced a strong synergis
tic proliferative response, most likely helping 
quiescent stem cells to enter cell cycle. 

Since cytokine/chemotherapy (GF/CT) com
binations are now being investigated in patients 
with discordant results [13-15], we attempt in 
the present study to evaluate the priming effect 
of the novel cytokine PIXY 321 that is now 
entering clinical use [16]. Several GFs were test
ed alone and in combination in this study. Ara-c 
was chosen as the cell cycle-specific agents most 
widely used in the treatment of AML. 

Material and Methods 

Samples. Patient characteristics are listed in 
Table 1. The mean percentage of blasts was 80% 
(range 60%-98%). Peripheral blood and bone 
marrow samples were obtained after informed 
consent, according to institutional policy, from 
20 AML patients. Mononuclear cells were sepa
rated by Ficoll-Hypaque density gradient cen
trifugation (Lymphoprep, Nycomed Pharma, 
Oslo, Norway). Diagnosis was based on the mor
phologic, cytochemical and immunologic sur
face marker profiles of the cells. 

Biologic Reagents. PIXY 321 (GM-CSF/IL-3 fusion 
protein) and SCF were kindly provided by 
Immunex (Seattle, WA) and were used at a con
centration of 10 ng/ml and 100 ng/ml, respec-
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Table 1. Patient characteristics 

Patient no FAB Tissue Blast (%) WBC' 

M2 PB 70 62.2 
2 M4Eo PB 83 19 
3 M2 BM 70 83.2 
4 M5a BM 95 275 
5 M4Eo BM 78 104 
6 M4 BM 98 161 
7 M5a BM 74 1.5 
8 M5a PB 80 49 
9 M3 PB 80 24.4 

10 MO PB 80 23.8 
11 Ml BM 78 22.9 
12 M5a BM 91 144 
13 M2 BM 84 8.1 
14 M4 BM 81 130 
15 M2 BM 80 4.6 
16 M5a BM 83 195 
17 n.C. BM 61 79.5 
18 M4Eo BM 60 9.4 
19 M5 BM 90 143 

'White blood cell count = 1 x 10'/1. 
nc, not classified; PB, peripheral blood; BM, bone mar-
row. 

tively. IL-3 was supplied by Sandoz Ltd. (Basel, 
Switzerland) and used at a concentration of 20 
nglml, GM-CSF and G-CSF (from Schering and 
Roche, respectively) were both used at 500 U/m!. 
All cytokine concentrations had previously been 
found to be effective [17]. 

Suspension Cultures. According to cell availability, 
blast cells obtained after gradient separation 
were resuspended in RMPI 1640 medium, sup
plemented with 10% fetal calf serum (FCS), 1% 
L-glutamine and 1% penicillin streptomycin (all 
by Gibco, Milan). The cells numebr was adjusted 
to a starting concentration of 1.0 x 10' cells/m!. 
Cells were cultured for 48 h at 37°C in 5% CO2 

with and without (control culture) the above
reported cytokines used alone or in combina
tion GM+IL-3 and SCF+PIXY 321. The culture 
period had previously been identified as optimal 
for recruitment into S phase [18]. Then, before 
drug exposure, cell number/viability was 
assessed by trypan blue exclusion and kinetic 
studies were performed. 

Kinetic Studies. In order to evaluate cell cycle 
recruitment and proliferation the AO (Poly
sciences, Warrington, PA) flow cytometric tech
nique was performed after 48 h of cytokine 
incubation. Cell cycle was determined by mea-



suring cellular DNA and RNA content (percent
age of cells in Go' Gp S, and G,M, mean RNA con
tent per cell in each phase of the cell cycle) as 
previously described [19]. Pretreatment with 
Triton X-IOO makes the cells permeable to AO 
and at low pH nucleic acids remain insoluble. 
Subsequent staining with the dye, in the presence 
of a chelating agent (ethylene diaminetetra
acetic acid EDTA) which makes cellular RNA 
single stranded, results in metachromatic red 
staining of RNA, while the native DNA interca
lates the dye and stains orthochromatically 
green. The RNA content of GJ cells was expressed 
as RNA index (RNA-I GJ) determined as the ratio 
of the mean RNA content of the GJ cells of the 
samples times ten, divided by the median RNA 
content of control lymphocytes [20]. Go cells 
were defined as cells with an RNA content equal 
or less than that of control lymphocytes. 

C/onogenic Assay. Clonogenic cell growth was mea
sured by clonogenic assay in methylcellulose, as 
previously reported [21]. Briefly, after 48 h of 
liquid coulture, 3 x 105 cells were resuspended 
and plated in 1 ml IMDM containing 30% FCS, 
betamercaptoethanol 5 x 10. 5 M and 10% 5637 
conditioned medium, and 0.8% methylcellulose 
to assess day 7 leukemic cluster/colony-forming 
units (CFU -L > 8 cells/ > 20 cells) growth, as pre
viously described [10] and the results were 
expressed as number of CFU-L x 100 000 cells 
seeded. 

Drug Exposure and Cytotoxicity. In vitro sensitization 
to ara-C was measured after 48 h of cytokine 
exposure by adding ara-C at a concentration of 
1 11M for 24 h. In order to assess whether drug 
cytotoxicity was enhanced by cytokine priming, 
control samples treated only with ara-C were 
also established. cytotoxicity of ara-C was evalu
ated as the percentage of inhibition of CFU-L, as 
previously described [10 I. 

Flow Cytometry Measurements and Analysis. A modified 
FACScan (Becton Dickinson, Mountainview, 
CAl was used to measure fluorescence upon 
excitation at 488 nm. for each analysis 5000-10 
000 cells were measured at separate wavelength 
bands for green [Folo-DNA (AO)] and red [F 6,o
RNA (AO)]. Samples were analyzed using a 
Hewlett Packard micro-computer (Moded 310) 
and Becton Dickinson software including 
Consort 30, FACScan Research, Lysis, and Paint
a-gate. 

Statistical Analyses. Based on the percentage of Go 
and S phase, and on CFU-L number, prolifera
tive changes were considered positive only when 
values increased > 25%. Significance levels 
between different groups were determined by 
paired two-sided Student's test. 

Result 

Cell Kinetic Effects. Table 2 summarizes average 
results obtained comparing cytokine effects 
after 48 h of liquid culture. Exposure to GFs gen
erally results in significant cell cycle changes 
(Fig. 1) for all cytokines tested (Table 2). PIXY 
321, GM-CSF+IL-3, and the combination of 
SCF + PIXY 321 were the most effective in terms 
of mean (m) Gil percentage decrease (from 50% 
to 33.1 %, 31.4%, and 25.2%, respectively). The 
same results were obtained when effects were 
evaluated on S phase and on RNA index (Fig. 2). 
PIXY 321 increased the percentage of cells in 
DNA synthesis from a mean value of 6.8% to 
17.3%, this result was almost comparable to that 
obtained by the combination of GM-CSF+ IL-3 
(m = 18.7%). The combination of SCF+ PIXY 
induced the highest proliferative effect in terms 
of S phase (m = 22.9%). Among the single 
cytokines SCF resulted in a mean value of 
15.8%. 

When individual samples were analyzed sep
arately, an increase in S phase higher than 25% 
was observed in the majority of cases. Thus, 
PIXY 321 induced significant proliferative 
changes in 89.4% of the samples, GM-CSF + IL-3 
in 90%, and SCF + PIXY in 88.8% of the cases. 
Using SCF, alone 88.3% of the samples showed a 
significant increase in S phase. 

Effects on C/onogenic Cell Growth. The clonogenic 
assay confirmed the ability of cytokines to pro
mote CFU-L growth. All cytokines were capable 
of increaseing clonogenic leukemic growth more 
that two fold (Table 3). PIXY 321 induced an 
increase of CFU-L of 3.5-fold (p ~ 0.03), and the 
increase induced by GM -CSF + IL-3 was similar. 
The highest clonogcnic proliferative chages were 
seen in the presence of SCF + PIXY 321 (6.7-fold 
increase), whereas SCF alone resulted in a 2.5-
fold increase of l:FU-L mean number. 

Effects on Ara-C Cytotoxicity. When the S phase-spe
cific agent ara-C was used at 1 uM, after cytokine 
exposure in liquid culture, a significant increase 
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Table 2. Cell cycle change 

Go G] S G2M RNA-I GI 
(%) (%) (%) (%) 

Control so 39.81 6.8 1.16 16.3 

G 41.3 42.14 14.6 1.8 19 
P 0.005 0.97 0.001 0.015 0.0001 

GM 39.6 43.26 14.9 1.85 19.3 

P 0.004 0.61 0.0007 0.078 0.0007 

IL 3 36.6 45.64 14.6 3 20 

P 0.003 0.33 0.0005 0.000 0.0005 

SCF 33.6 49.1 15.8 2.4 19.7 

P 0.002 am 0.0002 0.025 0.0001 

PIXY 321 33.1 47.44 17.3 2 19.8 

P 0.001 0.00 0.0001 0.018 0.0004 

GM+IL3 31.4 47.49 IB.7 2.3 20.6 
P 0.001 0.02 0.0001 0.007 0.0001 

SCF+ PIXY 321 25.2 4B.22 22.9 3.9 22.6 
P 0.001 0.03 0.0001 0.0002 0.0001 

Cell cycle results are expressed as the percentage of cells in Go and S 
phase. Significance levels between different groups were determined by 
paired two-sided Student's t test. RNA-I G I RNA index G 1. 

in CFU-L inhibition was found for all cytokines 
except SCF. Ara-C alone resulted in a CFU-L 
inhibition of 51.4%. The highest ara-C cytotoxic 
effect on clonogenic precursor inhibition was 
obtained using SCF + PIXY 321 (77%) and PIXY 
321 alone (75.9%). GM-CSH IL-3 and GM-CSF 
alone enhanced cytotoxicity, inhibiting CFU-L 
by 73.2%. Interestingly, SCF alone, compared to 
the other conditions, was the cytokine that 
induced the lowest mean value of CFU-L inhibi
tion (66.1 %). Thus, in 33% of the samples treat
ed with SCF, the cytotoxic effects were lower 
than those induced by ara-C alone, suggesting 
protective effects of SCF on leukemic cell killing. 

Discussion 

In this study we investigated the in vitro prolifer
ative effects induced by PIXY 321 on AML blast 
cells induced in order to evaluate whether prim
ing of quiescent blasts by this cytokine may 
result in enhanced cytotoxicity of the cycle-spe
cific agent ara-C. We demonstrated that the 
fusion protein of GM-CSF and IL-3 is capable of 
recruiting myeloid cells into cell cycle, resulting 
in enhanced leukemic cell killing. Under the 
experimental conditions tested, almost 80% of 
AML samples had a significant increase of S 
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phase after exposure to PIXY 321. Clonogenic 
growth confirmed these data, although the pro
liferation increased in a lower percentage of cases 
(62.5%). Nevertheless, when cytokine-induced 
kinetic changes were determined by flow-cyto
metric methods, recruitment of the overall popu
lation correlated with proliferation measured by 
clonogenic assays in the majority of cases. 

Our data suggest that PIXY 321 plus SCF is 
the more effective combination in terms of 
induction of proliferation an enhancement of 
ara-C cytotoxicity. SCF is rather ineffective in 
terms of blast sensitization if used in the 
absence of PIXY 321. The role of SCF in protec
tion from apoptosis may be considered to 
explain these results since, in some AML sam
ples, a lower leukemia cell killing was docu
mented using ara-C after SCF priming, 
compared to this agent alone. 

Results obtained in our study evaluating 
priming activity of PIXY 321 on AML blasts con
firmed previous data [11] that showed enhanced 
ara-C-induced programmed cell death by PIXY 
321 in human myeloid leukemic cells. This is 
one of the mechanisms that have been reported 
to explain the effectivenesss of the cytokine 
priming in AML blast cell sensitization. Other 
alternative mechanisms which may be involved 
are represented by a selective enhancement of 
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Fig. lA-H. Cell cycle changes measured by 
AO technique in AML blasts treated with G
CSF (B), GM-CSF (e), IL-3 (D), SCF (E), PIXY 
321 (F), GM-CSF+IL-3 (G), PIXY 321+SCF 
(H). Results were compared to control culture 
(A) 
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ara-CTP formation in leukemic cells [5]. In the 
future a better comprehension may help to 
explain the discordant results obtained in clini
cal trials. Although the proliferative response 
does not necessarily predict effective sensitiza
tion, none of the samples that failed to show 
recruitment had an increase in leukemic cell 
killing by ara-C. Ongoing clinical investigations 
need criteria to select patients who could poten
tially benefit from this approach: in vivo GM
CSF-induced recruitment only in de novo AML 
patients with low pretreatment S phase and pro
liferative response induced by GM-CSF was 
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associated with achievement of complete remis
sion [22]. In relapsed patients additional mecha
nisms of resistance to chemotherapy may 
confound the potential beneficial effects of 
GF/CT combinations. 

In conclusion, with the present, study, we add 
in vitro evidence supporting the use of PIXY 32 I 
in AML priming. We conclude that the combi
nation of this cytokine with SCF may further 
enhance the benefical effects. These findings 
provide a rationale for clinical investigation 
based on a regimen containing PIXY 321 used as 
a priming cytokine. 
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Fig.2A-C. Cell kinetic mean changes induced in 20 
AML samples in the presence of the cytokines report
ed in Fig.I. Percentage of S phase increase (A), per
centage of Go decrease (B), RNA index of GI cell (C) 

References 

1. Vellenga E, Ostapovica D, O'Rourke B, Griffin JD. 
Effects of recombinant IL-3, GM-CSF, and G-CSF 
on proliferation of leukemic clonogenic cells in 
short-term and long-term cultures. Leukemia 
1987; 1: 584-589. 

2. Strife A, Lambek C, Wisniewski D, Gulati S, 
Gasson JC, Golde DW, Welte K, Gabrilove JL, 
Clarkson B. Activities of four purified growth fac
tors on highly enriched human hematopoietic 
progenitor cells. Blood 1987; 69: 1508-1523. 

3. Kelleher C, Miyauchi J, Wong G, Clark S, Minden 
MD, McCulloch EA. Synergism between recombi
nant growth factors, GM-CSF and G-CSF, acting 

470 

Table 3. Clonogenic growth 

CFU-L CFU-L CFU-L% 
(n) (-fold increase) inhibition 

Ara-C 1 uM 

Control 798 51.46 
G 879.5 2.11 67.94 

P n.s. n.s. 0.034 
GM 987.5 2.31 73.27 

P n.s. n.s. 0.023 
IL-3 1120 2.92 72.42 

P n.s. n.s. 0.01 
SCF 1779 2.51 66.18 

P n.s. n.s. n.S. 
PIXY 321 1759 3.59 75.95 

P 0.034 n.S. 0.005 
GM+IL3 1804 3.53 73.27 

P 0.039 n.s. 0.028 
SCF+ 2880 6.72 77 
PIXY 321 

P n.s. n.s. 0.002 

on the blast cells of acute myeloblastic leukemia. 
Blood 1987; 69: 1498-1503. 

4. Lista P, Porcu P, Avanzi GC and Pegoraro L. 
Interleukin-3 enhances the cytotoxic activity of L
beta-d-arabinofuranosylcytosine (ara-C) on acute 
myeloblastic leukemia (AML) cells. British J 
Haematology 1988; 69: 121-123. 

5. Bhalla K, Birkhofer M, Arlin Z, Grant S, Lutzky 1, 
Graham G: Effect of recombinant GM-CSF on the 
metabolism of cytosine arabinoside in normal and 
leukemic human bone marrow cells. Leukemia 
1988; 2: 810-813 

6. Cannistra SA, Groshek P and Griffin JD. 
Granulocyte-macrophage colony-stimulating fac
tor enhances the cytotoxic effects of cytosine ara
binoside in acute myeloblastic leukemia and in the 
myeloid blast crisis phase of chronic myeloid 
leukemia. Leukemia 1989; 3: 328-334. 

7. Miyauchi J, Kelleher CA, Wang C, Minikin S, 
McCulloch EA. Growth factors influence the sensi
tivity of leukemic stem cells to cytosine arabi
noside in culture. Blood 1989; 73: 1272-1278 

8. Brach B, Klein H, Platzer E, Mertelsmann R, 
Herrmann F: Effect interJeukin-3 on cytosine ara
binoside mediated cytoxicity of leukemic 
myeloblasts. Exp. Hematology 1990; 18: 748-753. 

9. Santini V, Nooter K, Delwel R, Lowenberg B. 
Susceptibility of acute myeloid leukemia (AML) 
cells from clinically resistant and sensitive patients 
to daunomycin (DNR): assesment in vitro after 
simulation with colony stimulating factors (CSFs). 
Leukemia Research 1990; 14: 337-380. 

10. Tafuri A, Lemoli RM, Chen R et al. Combination of 
hematopoietic growth factors containing IL-3 
induced acute myeloid leukemia cell sensitization 
to cycle specific and cycle non specific drugs. 
Leukemia 1994; 8: 749-757. 



11. Bhalla K, Tang C, Ibrado AM, Grant S, Tourkina E, 
Holladay C, Hughes M, Mahoney ME, Huang Y. 
Granulocyte-macrophage colony-stimulating fac
tor interleukin-3 fusion protein (PIXY 321) 
enhances high-dose ara-C-induced programmed 
cell death or apoptosis in human myeloid 
leukemia cells. Blood 1992; 80: 2883-2890. 

12. Pietsch T, Kyas U, Steffens U, Yakisan E, Hadam 
M, Ludwig WD, Zsebo K, Welte K. Effects of stem 
cell factor (c-kit ligand) on proliferation of 
myeloid leukemia cells: heterogeneity in response 
and synergy with other hematopoietic growth fac
tors. Blood 1992; 80: 1199-1206. 

13. Bettelheim P, Valent P, Andreeff M, Tafuri A, 
Haimi J, Gorischek C, Muhm M, Sillaber C, Haas 
0, vieder L, Maurer D, Schulz G, Speiser W, 
Geissler K, Kier P, Hinterberger W, Lechner K. 
Recombinant human granulocyte-macrophage 
colony stimulating factor in combination 
with standard induction chemotherapy in de 
novo acute myeloid leukemia. Blood 1991; 77: 
700-711 

14. Estey E, Thall PF, Kantarjian H, O'Brien S, Koller 
C, Beran M, Gutterman j, Deisseroth A, Keating M: 
Treatment of newly diagnosed acute myelogenous 
leukemia with granulocyte-macrophage colony
stimulating factor (GM -SCF) before and during 
continuous-infusion high-dose are-C + daunoru
bicin: comparison to patients treated without GM
CSF. Blood 1992; 79: 2246-2255. 

15. Estey E, Kantarjian H, O'Brien S, Beran M, 
Feldman E, Freireich E, Keating M. Treatment of 
poor-prognosis myelodysplastic syndromes (MDS) 
with AML-type chemotherapy. Blood 1992; 80 
suppl.l: 1783 

16. Vadhan-Rai SV, Broxmeyer HE, Andreeff M et al. 
In vivo biologic effects of PIXY 321, a synthetic 
hybrid protein of recombinant human GM -CSF and 
IL-3 in cancer patients with normal hematopoiesis: 
a phase I study. Blood 1995; 86: 2098-2105 

17. Tafuri A and Andreeff M. Kinetic rationale for 
cytosine-induced recruitment of myeloblastic 
leukemia followed by cycle-specific chemotherapy 
in vitro. Leukemia 1990; 12: 826-834 

18. Tafuri A, Hegewisch S, Souza L, Andreeff M. 
Stimulation of leukemic blast cells in vitro by 
colony stimulating factors (G-CSF, GM-CSF) ad 
interleukin-3 (lL-3): evidence of recruitment and 
increased cell killing with cytosine arabinoside 
(ara-C). Blood 1988; 72: 105a. 

19. Andreeff M, Darzynkiewicz Z, Sharpless TK, 
Clarkson BD, Melamed MR. Discrimination of 
human leukemia subtypes by flow cytometric 
analysis of cellular DN A and RNA. Blood 1980; 55: 
282-293 

20. Andreeff M, Assing G, Cirrincione C. Prognostic 
value of DNA/RNA flow cytometry in myeloblastic 
and lymphoblastic leukemia in adults: RNA con
tent and S-phase predict remission duration and 
survival in multivariate analysis. Ann NY Acad Sci 
1984; 468: 387 -406 

21. Buich B, Till jE, McCulloch EA: Colony assay for 
proliferative blast cells circulating in myeloblastic 
leukaemia. Lancet 1977; i: 862-863 

22. Tafuri A, De Felice L, Petrucci MT, Mascolo MG, 
Valentini T, Fenu S, Petti MC, Andreeff M, 
Mandelli F. Kinetic changes and correlation to 
clinical response in AML patients treated with and 
without GM-CSF prior to therapy. Blood 1992; 80 
suppl.!: 11433 

471 



Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et aJ. (eds) 
© Springer-Verlag Berlin Heidelberg 1997 

Initial Trial of PIXY 321 Following Autologous Bone Marrow Transplantation 
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Introduction 

The use of high-dose chemotherapy and autolo
gous bone marrow transplantation (ABMT) for 
the treatment of relapsed or high-risk lymphoid 
malignancies has now been demonstrated to 
result in long-term disease-free survival in a 
number of patients [1-4]. However, severe and 
prolonged neutropenia can lead to infectious 
complications which can be fatal in a number of 
cases. The routine use of myeloid hematopoietic 
growth factors such as granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and granu
locyte colony-stimulating factor (GM-CSF) and 
granulocyte colony-stimulating factor (G-CSF) 
post ABMT have now been documented in sev
eral phase III trials to decrease the neutropenic 
period and number of infectious complications 
[5-8]. However, thrombocytopenia post ABMT 
remains a clinical problem with the administra
tion of currently available GM-CSF or G-CSF not 
affecting the time to platelet transfusion inde
pendence. 

PIXY 321 is a genetically engineered fusion 
molecule resulting from the linkage of inter
leukin-3 (IL-3) and GM-CSF by a flexible amino 
acid linker sequence that allows the binding 
domains of the ligands to fold into their native 
configurations [9,10]. The rationale for using 
PIXY 321 post ABMT was to try to enhance both 
neutrophil and platelet recovery following 
high-dose chemotherapy and ABMT. Since 
PIXY 321 has been shown to be a potent stimu
lator of both committed and multi potential 

progenitor cells and has been shown to enhance 
both neutrophil and platelet recovery in pri
mates following whole body radiotherapy [11], 
it was felt this molecule could offer a possible 
potential for enhancement of engraftment in 
both cell lines post ABMT. 

Materials and Methods 

Patient Selection. Fifty patients with Hodgkin's dis
ease and non-Hodgkin's lymphoma undergoing 
high-dose chemotherapy and ABMT were eligi
ble for the study of PIXY 321 post ABMT in this 
phase IIII trial. Patients were enrolled at the 
University of Nebraska Medical Center and Fred 
Hutchinson Cancer Research Center from June 
1992 to November 1993. Eligible patients includ
ed male and female patients aged 18-70 with a 
Karnofsky performance status of? 70, a biliru
bin 1.5 mg/dl, creatinine:;:;: 1.5 mg/dl, and a 
MUGA ejection fraction? 45%. All patients had 
autologous bone marrow harvested per stan
dard techniques with a minimum of 1.0 x 108 

nucleated cells/kg patients body weight collect
ed. 

eytokine. The PIXY 321 used in this study was 
provided by Immunex (Seattle, Washington). 
After completion of the high-dose chemothera
py and infusion of autologous bone marrow, 
patients received one of the following doses of 
PIXY 321: 50 ~g/m2 (n = 1), 125 ~g/m2 (n = 3), 
250 ~g/m2 (n = 3), 500 ~g/m2 (n = 15), 750 ~g/m2 

1 University of Nebraska Medical Center, Omaha, Nebraska 68198-3330, USA 
2 Fred Hutchinson Cancer Research Center, USA 
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(n = 25), or 1000 ~g/m2 (n = 3). Initially there 
were three patients per dose level above 50 
~g/m2 with administration of the PIXY 321 eval
uated. Subsequently, subcutaneous PIXY 321 
was tested at the 500 ~g/m2 or 750 ~g/m2 dose 
levels either as a daily or twice-per-day dosing. 
The patients received a maximum number of 21 
doses. Early discontinuation was done prior to 
the 21 doses if patients achieved an absolute 
neutrophil count (ANC) of;;, 1500 cells/mm3 for 
2 consecutive days and a self-sustaining platelet 
count;;, 20000 cells/mm3 prior to the 21 doses. 

Transfusion Criteria. When the patient had a 
hemoglobin ~ 8. 0 gm/dl, or if the patient's con
dition otherwise demonstrated a need for trans
fusion, a two-unit irradiated packed red blood 
cell transfusion was administered. For a platelet 
count~20000 cells/mm3, a single-donor irradi
ated platelet product or 6 units of random 
donor platelets were administered. 

Statistical Analysis. Neutrophil engraftment was 
defined as the first of 2 consecutive days that the 
patient achieved an ANC;;' 500 cells/mm3 fol
lowing the expected nadir. Platelet indepen
dence was defined as the first of 7 consecutive 
days following the expected nadir that the 
patient had a platelet count ;;, 20000 cells/mm3 
without transfusion. Time to event outcomes 
were evaluated using life table techniques by 
Kaplan-Meier estimates. 

Results 

A total of 50 patients were treated on this phase 
I!II trial with 16 patients undergoing high-dose 
chemotherapy and ABMT for Hodgkin's disease 
and 34 for non-Hodgkin's disease. Other charac
teristics are outlined in Table 1. The engraft
ment was analyzed by disease since there was a 

Table 1. Patient characteristics (n = 50) 

Median age (range) 
Sex 

Male 
Female 

Diagnosis 
Hodgkin's 
Non-Hodgkin's 

Years n 

43 (19-66) 

25 
25 

16 
34 

% 

50 
50 

32 
68 

large difference in engraftment between the two 
subtypes. 

Hodgkin's Disease Patients. The median day to 
engraft ;;, 500 AN C was 22 days (range 12-42) 
and the median days to platelet independence 
was 24 days (range 13-105+ ). 

Non-Hodgkin's Disease Patients. The median days to 
engraft;;, 500 ANC was 16 days (range 9-28) and 
the median days to platelet transfusion indep
dence was 20 (range 10-39+). 

Above 50 ~g/m2 there did not appear to be a 
dose-response effect. The effect of the route of 
administration was determined, at what was 
determined, based on several phase IIII studies, 
to be the optimum dose of 750 ~g/m2. Patients 
receiving 750 Ilg/m2 by the i.v. route had a medi
an time to reach an ANC of 500 cells/mm3 of 19 
days and a median time to platelet transfusion 
independence of 23 days. For patients receiving 
750 ~g/m2 by daily subcutaneous dosing, the 
median time to reach an ANC of 500 cells/mm3 
was 15 days and the median time to platelet 
transfusion independence was 16 days. For 
patients receiving 750 Ilg/m2 by twice-a-day sub
cutaneous dosing, the median time to reach an 
ANC of 500 cells/mm3 was 13 days and the medi
an time to platelet transfusion independence 
was 20 days (Table 2). 

Safety and Tolerability. Adverse events that were 
grade 3 or 4 according to the National Cancer 
Institute (NCI) common toxicity criteria includ
ed fever (40%), nausea (8%), chills (8%), stom
atitis (20%), rash (8%), edema (4%), pleural 
effusion (0%), and headache (4%). In the trans
plant population it is difficult to determine if an 
adverse event is related to the transplant regi
men, underlying disease, medication used post 
transplant, or an infectious complication. 

Table 2. Engraftment according to route of adminis-
tration at 750 Ilg/m' 

Route 500ANC Platelet 
(Median) independance 

(days) 

Intravenous 19 23 
Subcutaneous daily 15 16 
Subcutaneous 13 20 

twice a day 

473 



Discussion 

The routine use of myeloid growth factors such 
as GM-CSF or G-CSF following high-dose 
chemotherapy and ABMT has now been demon
strated to enhance the engraftment of neu
trophils post ABMT, as well as decreasing the 
number of documented infections. However, 
these factors do not enhance the other 
hematopoietic cell lineages. 

Preliminary data with the use of IL-3 alone 
post ABMT as published by Nemunaitis et al. 
[12) demonstrated equivalent neutrophil 
engraftment to historical controls receiving GM
CSF; however, the platelet engraftment was not 
superior to the historical controls receiving GM
CSF. The sequential use ofIL-3 followed by GM
CSF has also recently been reported by Fay et al. 
[13). In this study, 37 patients undergoing 
ABMT for lymphoid malignancies received IL-3 
at either 2.5 or 5.0 /lglm2 per day for either 5 or 
10 days, followed by GM-CSF at 250 /lglm2 per 
day Lv. as a 2-h infusion. If all patients at the 
different dose levels were considered together, 
the median time to recover an ANC ~ 500 
cells/mml was 14 days and the median time to 
platelet independence was 15 days. Compared to 
similar patients treated in the Nemunaitis ran
domized GM-CSF vs. placebo trial, the neu
trophil and platelet engraftment were improved. 

The engraftment data in the current phase 
IIII PIXY 321 trial overall demonstrate a time to 
500 ANC of 18 days and platelet independence 
of 21 days. At the optimal dose of 750 iJ.g/m2per 
day by subcutaneous daily administration, the 
time to reach an ANC of ~ 500 cells/mml was 15 
days and the time to platelet independence was 
16 days. This engraftment is very similar to the 
engraftment obtained with the sequential IL-
3/GM-CSF reported by Fay et aI, [13). 

Mobilized peripheral blood progenitors have 
now become a standard of care at many trans
plant centers. When compared to the patients at 
the optimum dose of PIXY 321 of 750 /lg/m2 
subcutaneously in the current trial, the engraft
ment demonstrated in lymphoma patients using 
G-CSF or GM-CSF-mobilized peripheral blood 
progenitors is similar with respect to the platelet 
independence time. However, patients receiving 
G-CSF- or GM-CSF-mobilized peripheral blood 
progenitors have been reported to have a medi
an time to engraft to an ANC of 500 cells/mml of 
10-18 days [14, 15). 
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Further evaluation comparing the types of 
autologous hematopoietic stem cell sources 
when stimulated with multilineage or earlier 
acting cytokines will be necessary for a complete 
comparison. 
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Fluconazole Prophylaxis of Invasive Fungal Infections 
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Abstract. Invasive fungal infections are a major 
cause of death in neutropenic patients with 
hematologic malignancies. Fluconazole has 
broad-spectrum antifungal activity, excellent 
oral bioavailability, and few side effects. 
However, its efficacy for prevention of invasive 
fungal infections in neutropenic patients 
remains controversial. Therefore, an open 
prospective randomized multicenter trial was 
initiated to assess the impact of fluconazole pro
phylaxis on the incidence of invasive fungal 
infections and patients' outcome during inten
sive chemotherapy (sequential high-dose cyto
sine arabinoside (ara-C) and mitoxantrone plus 
granulocyte colony-stimulating factor) for 
relapsed or refractory acute myeloid leukemia. 
Patients were randomly assigned to either flu
conazole 400 mg/day orally administered, in 
addition to standard antimicrobial prophylaxis 
with trimethoprim-sulfamethoxazole, colistin, 
and amphotericin B suspension, or to standard 
antimicrobal prophylaxis alone. The interim 
analysis of 33 patients indicates that fluconazole 
prophylaxis reduced the overall mortality (17% 
versus 47%) and infection-related mortality in 

particular (12% versus 29%). This reduction of 
mortality also led to a higher complete remis
sion rate (61 % versus 40%). However, flucona
zole prophylaxis did not reduce th incidence of 
documented invasive fungal infections (11 % 
versus 7%; all caused by Candida species), 
pneumonia (39% versus 27%), or the require
ment for systemic amphotericin B therapy (76% 
versus 27%). One possible explanation for these 
results could be that, although fluconazole pro
phylaxis could not reduce the occurrence of 
invasive fungal infection, it could reduce their 
associated mortality. A completion of the ongo
ing trial is needed to substantiate these findings 
and to define the potential role of fluconazole 
prophylaxis in patients with acute myeloide 
leukemia. 

Introduction 

Invasive fungal infections are a major cause of 
infection-related mortality in patients with acute 
myeloid leukemia (AML) [I, 2], and therefore, 
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new strategies for prevention and intervention 
are urgently needed. 

Fluconazole is one of the most attractive 
agents for prevention of invasive fungal infec
tions because it has broad-spectrum antifungal 
activity, excellent oral bioavailability and tissue 
penetration, and few side effects [3]. Fluco
nazole is highly recommended for the treatment 
of oropharyngeal or esophageal candidosis, as 
life-long maintenance therapy for AIDS patients 
with cryptococcal meningitis, as therapy for coc
cidioidal meningitis, and as therapy for can
didemia in patients who are not neutropenic or 
otherwise immunosuppressed [4]. However, the 
efficacy of fluconazole for prevention of invasive 
fungal infections in neutropenic patients 
remains controversial [5-10]. Winston et al. [6] 
did not find a survival benefit or a decrease in 
invasive fungal infections among patients with 
acute leukemia who received prophylactic flu
conazole while undergoing myelosuppressive 
chemotherapy. In contrast, in patients undergo
ing bone marrow transplantation, both systemic 
and superficial infections were reduced among 
fluconazole recipients [5]. 

Therefore, and open prospective randomized 
multicenter trial was initiated by the German 
AML Cooperative Group to assess the impact of 
fluconazole prophylaxis on the incidence of 
invasive fungal infections and patients' out come 
during intensive chemotherapy with sequential 
high-dose cytosine arabinoside (ara-C) and 
mitoxantrone plus granulocyte colony-stimulat
ing factor for relapsed or refractory AML. 

Materials and Methods 

Patients 

Patients fulfilling all of the following criteria were 
eligible for the study: (a) AML with bone marrow 
relapse (leukemic cells > 25%) or a persistent 
leukemic blast population after two induction 
courses; (b) age> 18 years; (c) written informed 
consent. Patients with one of the following crite
ria were excluded: (a) antecedent hematologic 
disorder and secondary leukemia; (b) preceding 
autologous or allogeneic bone marrow trans
plantation; (c) contraindications against inten
sive cytostatic therapy; (d) documented prior 
allergic reaction against study drugs. 

Prior to the start of salvage therapy with 
sequential high-dose ara-C and mitoxantrone 
plus granulocyte colony-stimulating factor (S-
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HAM + G-CSF) patients were randomized to 
receive fluconazole in addition to standard 
antimicrobial prophylaxis with trimethoprim
sulfamethoxazole, colistin, and amphotericin B 
suspension versus standard antimicrobial pro
phylaxis alone. The study was initiated after 
approval by the ethics committees at the partici
pating institutions and is in accordance with the 
declaration of Helsinki. 

Interventions 

Reinduction Therapy with 5-HAM. Cytosine arabi
noside is given as a 3-h infusion twice daily 
every 12 h on days 1,2,8, and 9. The dose of ara
C was adjusted to disease status and age: 
patients less than 60 years of age with refractory 
AML as defined by primary non-response to 
induction therapy, early relapse with remission 
duration of less than 6 months, and secondary 
and subsequent relapse were treated with 3.0 
g/m2 ara-C while older patients and patients with 
first relapse after more than 6 months, remission 
duration received 1.0 g/m2 ara-C. All patients 
received mitoxantrone 10 mg/m2 per day by a 
30-min infusion on days 3, 4,10, and 11. 

Antimicrobial Prophylaxis and Therapy. Prior to cyto
static chemotherapy with S-HAM, patients were 
randomly assigned to either fluconazole 400 
mg/day orally administered in addition to stan
dard antimicrobial prophylaxis [11] with 
trimethoprim-sulfamethoxazole 160 mg/800 mg 
tid, colistin sulfate capsules 2 ml U po tid, and 
amphotericin B suspension 2400 mg po qd, or to 
standard antimicrobial prophylaxis alone. Upon 
the occurrence of fever or clinical signs of infec
tion, systemic antimicrobial therapy was admin
istered according to the interventional 
antimicrobial study II of the Paul Ehrlich 
Society for Chemotherapy [11]. 

Statistical Analysis 

Patients are followed and evaluated until recov
ery of neutrophils > 1000/fll. The primary end 
point of the study is the incidence of invasive 
fungal infections and/or requirement of addi
tional systemic antifungal therapy with ampho
tericin B. It is planned to enroll 168 patients into 
the study to detect a significant difference 
between the two treatment groups with a power 
of 80% (f3 = 0.2) at the a < 0.05 level in X' test 
by Mantel-Haenszel, assuming that the inci-



dence of invasive fungal infections and/or the 
requirement of systemic amphotericin B therapy 
can be reduced from SO% in the control group 
to 30% in the fluconazole group. 

apy during preceding course of antineoplastic 
chemotherapy, infections at study entry, and 
compliance to standard antimicrobial prophy
laxis were balanced between the groups with or 
without fluconazole prophylaxis (Table 1). 

Results 

Patient Characteristics and Risk Factors. Patients' char
acteristics and risk factors such as age, given 
dose of ara-C, neutrophil recovery> SOO,,"!! after 
start of chemotherapy, systemic antifungal ther-

Patient Outcome. The overall mortality from rein
duction therapy was 30%. There were 47% early 
deaths in the control group compared to only 
17% in the fluconazole group. This reduction of 
mortality also translated into a higher complete 
remission rate (61 % versus 40%) (Table 2). 

Table 1. Patient characteristics and risk factors 

Fluconazole Control 
(n= IS) (n=15) 

Age 
Median (years) 53 44.5 
Range (years) 22-73 IS-72 
Antineoplastic chemotherapy 

3 g/m2 ara-C: < 60 years + refractory AML (n) 3 
(%) 17 20 
I g/m'ara-C: <60 years + RD > 6 months (n)(%) 9 S 
(%) 50 53 
I glm' ara-C: > 60 years (n) 6 4 
(%) 33 27 

Neutrophil recovery> 500/111 (n) 
Day after start of chemotherapy-Median- 30.5 35 
Range 25-57 28-44 

Prior systemic antifungal therapy (n) 12 11 
(%) 67 73 
For invasive aspergillosis (n) 2 
For invasive candidosis (n) 2 2 
For suspected invasive fungal infection (n) 4 5 
For FUO (n) 4 3 

Infections at study entry (n) 5 2 
(%) 28 13 
Pneumonia (n) 
FUO (n) 4 
Soft tissue infection (n) 

Standard antimicrobial prophylaxis (n) 15 12 
(%) 83 80 

Table 2. Efficacy of antineoplastic chemotherapy 

Total (n = 33) Fluconazole (n = IS) Control (n = 15) 

(n) (%) (n) (%) (n) (%) 

Complete remission 17 52 11 61 6 40 
Partial remission 2 6 6 7 
Persistent leukemia 4 12 17 7 

Early death 10 30 17 7 47 
In aplasia with blasts 1 
In aplasia without blasts 7 4 
Blast status not evaluable 2 2 
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Incidence of Invasive Fungal Infections. Two microbio
logically documented invasive fungal infections 
occured in the fluconazolegroup, one fungemia 
and sepsis caused by Candida krusei, and one 
fungemia and pneumonia caused by Candida 
tropicalis (Table 3). In the control group, there 
was one documented invasive fungal infection, a 
fungemia and sepsis by Candida tropicalis. The 
incidence of pneumonia was 39% in the flucona
zole and 27% in the control group (Table 3). Of 
patients receiving fluconazole prophaylaxis, 76% 
subsequently required systemic antifungal ther
apy with intravenous amphotericin B, whereas 
only 27% of the control group were administered 
systemic amphotericin B therapy. An additional 
27% of the control group received antifungal 
therapy with itraconazole or fluconazole (Table 
4). However, the fluconazole group received a 
median of three consecutive regimens of 
antibacterial chemotherapy, whereas the control 
group only got 1.5 cycles of systemic intravenous 
antibacterial chemotherapy. The infection-relat
ed mortality was lower in the fluconazole than in 
the control group (12% versus 29%) (Table 4). 

Discussion 

The present interim analysis of the prospective 
randomized evaluation of fluconazole for the 

Table 3. Incidence of infections 

prevention of invasive fungal infections in 
patients undergoing intensive chemotherapy for 
relapsed or refractory AML indicates that flu
conazole prophylaxis may reduce the overall 
mortality (17% versus 47%) and infection-relat
ed mortality (12% versus 29%) substantially. 
Futhermore, this reduction of mortality was also 
transferred into a higher complete remission 
rate (61% versus 40%). However, fluconazole 
prophylaxis could not be shown to reduce the 
incidence of documented invasive fungal infec
tions (1l % versus 7%; all caused by Candida 
species), pneumonia (39% versus 27%), or sys
temic amphotericin B therapy (76% versus 
27%). One possible explanation for these results 
could be that, although fluconazole prophylaxis 
could not reduce the occurrence of invasive fun
gal infections, it could reduce their associated 
mortality. 

The efficacy of fluconazole for prevention of 
invasive fungal infections in neutropenic 
patients remains controversial. In a multicenter 
trial by Goodman et al. [5], 400 mg fluconazole 
daily decreased the incidence of death due to 
invasive fungal infections in bone marrow trans
plant recipients (10 of 177 versus 1 of 179), most 
of whom had received allogeneic transplants. All 
the protection afforded seemed to be in invasive 
candido sis, not aspergillosis. However, flucona
zole did not result in decreased use of empiric 

Fluconazole (n = 18) Control (n = 15) 

No infection/FUO 
FUO 

Only clinically documented infection 
Pneumonia 
Sepsis 
Gastrointestinal infection 
Perineal infection 

Clinically and microbiologically 
documented infection 

Fungemia and sepsis: 
Candida krusei 
Candida tropicalis 

Fungemia and pneumonia: 
Candida tropicalis 

Bacteremia and sepsis and pneumonia: 
Streptococcus viridans 
Pseudomonas aeruginosa 

Bacteremia: 
Proteus vulgaris 

482 

(n) 

11 

6 
4 

2 

4 

(%) 

6 
61 

33 
22 

22 

(n) 

1 
8 

6 
2 

2 

4 

(%) 

7 
53 

40 
13 

27 



Table 4. Efficacy of antimicrobial therapy 

Patients with infection or FUO 

Antifungal therapy (n) 
(%) 
Intravenous amphotericin B (n) 
(%) 
Itraconazole (n) 
Fluconazole (n) 

Antibacterial therapy 
regimens-Median 
Range (n) 

Efficacy 
Complete response (n) 
Partial response (n) 
Infection-related mortality (n) 
(% ) 
Causes of death 

amphotericin B, nor has an effect of overall sur
vival been demonstrated. By contrast, in patients 
with acute leukemia, the same dose of flucona
zole did not decrease the incidence of invasive 
fungal infections, reduce the empiric use of 
amphotericin B, or decrease the death rate [6]. 
In most studies, fluconazole prophylaxis has 
decreased the incidence of mucocutaneous can
didiasis, but this complication can also be diag
nosed readily and treated when present. 

Meanwhile, there is justifiable concern that 
widespread fluconazole prophylaxis and lengthy 
periods of use may promote the outgrowth of 
drug-resistant fungal pathogens [12]. Windgard 
et al. [13] reported that the incidence of Can
dida krusei infection among 84 patients treated 
with fluconazole was seven times higher than 
that among 335 patients without fluconazole 
prophylaxis. Also, Candida glabrata emerges as 
an important pathogen in patients receiving flu
conazole prophylaxis [14]. In the present trial, 
one fatal fungemia and sepsis due to Candida 
krusei, and one fungemia and pneumonia 
caused by Candida tropicalis occured during 
fluconazole prophylaxis. 

Controlled comparative trials in targeted 
patients groups are needed to determine the 
beneficial role, if any, of antifungal prophylaxis. 

Fluconazole 
(n = 17) 

13 
76 
13 
76 

3 
1-7 

14 

2 
12 
Fungemia and sepsis 
(Candida krusei) 
Gastrointestinal 
infection 

Control 
(n = 14) 

8 
57 
4 
27 
2 

1.5 
1-3 

9 
I 
4 
29 
Fungemia and sepsis 
(Candida tropicalis) 
Pneumonia 
Sepsis 
Bacteremia and sepsis 
and pneumonia 
(Strept. viridans) 

Therefore, a completion of the ongoing trial is 
needed to define the potential role of flucona
zole prophylaxis in patients with AML. 
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Abstract. Apart from the use of high-efficacy par
ticulate air (HEP A) filtration, no established 
strategy for the prevention of invasive asper
gillosis (IA) exists to date, and several attempts 
with topical or systemic prophylaxis have failed. 
However, in animal studies as well as in early 
phase IIII trials in humans, prophylactic aerosol 
amphotericin B showed promising results. An 
ongoing open-label, randomized, multicenter 
trial is investigating the efficacy of this ap
proach. 

Introduction 

Invasive aspergillosis (IA) is increasingly recon
gnized as a severe infection in patients with 
hematologic malignancies or after bone marrow 
transplantation [1]. Difficulties in the early clini
cal diagnosis [10] as well as the poor response of 
IA to antifungal treatment [4,6] has prompted 
an intensive search for effective prophylactic 
strategies [3]. Laminar air flow facilities with 
high-efficacy particulate air (HEPA) filtration 
[12] can reduce the incidence of IA byelimina
tion of aspergillus spores from ambient air, but 
these are expensive and unavailable in many 
centers. Prophylactic intravenous amphotericin 
B desoxycholate [18] was reported to prevent 
reactivation of IA during repetitive periods of 
neutropenia in patients with a history of previ
ous disease. Unfortunately, a prophylactic effect 
of other less toxic strategies such as intranasal 

amphotericin B spary [7], low-dose intravenous 
amphotericin B [9], intravenous liposomal am
photericin B [13], or oral itraconazol [14] has 
not been demonstrated in randomized clinical 
trials so far. Prophylactic inhalations with am
photericin B aerosols, however, represent a 
novel approach, avoiding the systemic side 
effects of this drug, and results from animal 
studies as well as from initial phase I/II trials in 
humans have suggested prophylactic efficacy [2, 
5, 11]. These preliminary data are under further 
investigation in an ongoing randomized multi
center trial. 

Materials and Methods 

From March 1993 until April 1994, 115 patients 
with hematologic malignancies or autologous 
bone marrow transplantation and an expected 
duration of neutropenia of < SOO/Jll for more 
than 10 days were randomized to receive pro
phylactic amphotericin B inhalations (group A) 
or no inhalation prophylaxix (group B). Patients 
with one of the following criteria were excluded: 
(a) proven or suspected invasive pulmonary 
aspergillosis during a preceding neutropenic 
episode; (b) treatment with itraconazol or intra
venous amphotericin B during the last 3 months; 
(c) concomitant prophylaxis with itraconazol or 
intravenous amphotericin B; (d) laminar air flow 
units; (c) pulmonary illullrate at time of ran
domization; (f) prior participation in the study. 

IUniversiHitskiinikum RudolfVirchow, Spandauer Damm 130,14050 Berlin, Germany 
'Universitatsklinikum Benjamin Franklin, Hindenburgdamm 30, 12200 Berlin, Germany 
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4Robert Rossie Kilink, Lindenburger Weg 80, 13122 Berlin, Germany 
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Patients randomized to group A inhaled 10 
mg aerosol amphotericin B twice daily. For each 
inhalation, 10 mg amphotericin B desoxycholate 
preparation for intravenous use (Bristol Myers 
Squibb, Munich, Germany) was diluted with 
sterile water to a total volume of 5 ml and nebul
lized with RespirGard II nebulizer (Marquest, 
Englewood, CO, USA) and the Lifetec jetair Ii 10 
(Salvia, Schwalbach, Germany) compressor at a 
flow rate of 8 ml/min, with the Pari boy or with 
the Pari LIS. II (Pari Werke, Starnberg, 
Germany). Each inhalation lasted for 15-20 min, 
and each nebulizer was used only twice to avoid 
bacterial contamination. Amphotericin B 
inhalations were initiated at the beginning of 
chemotherapy and stopped after recovery of 
neutrophils > 1000/111. In case of intravenous 
amphotericin B therapy, the continuation of 
amphotericin B inhalations was optional. 

Invasive aspergillosis or systemic candidiasis 
was classified as possible, probable, or proven 
depending on whether there was clinical suspi
cion alone, or whether additional radiological, 
mycological, or histological confirmation could 
be obtained. Empiric intravenous amphotericin 
B was started in all study patients after 3-5 days 
of fever despite broad-spectrum antibiotics. 

Table 1. Patient characteristics 

Age 
Median (years) 
Range (years) 

Underlying disease 
Acute myeloid leukemia (n) 

(%) 
Relapse of acute lymphoblastic leukemia/ 
high-grade non-Hodgkin's lymphoma (n) 

(%) 
High-dose chemotherapy with 
autologous stem cell rescue for solid tumors (n) 

(%) 
Leukocytopenia < 1000/I.ll 

Median (days) 
Range (days) 

Granulocytopenia < 500/~1 
Median (days) 
Range (days) 

Corticosteroid comedication 
Therapy with hematopoetic growth factors 
(G-CSF/GM -CSF) 

Results 

A total of 115 patients from five institutions 
were include in this analysis; 65 patients ran
domized to group A and 50 patients to group B. 
Patient characteristics such as age, disease enti
ty, conticosteroid comedication, treatment with 
hematopoietic growth factors, and median dura
tion of neutropenia were balanced between the 
two groups (Table 1). 

The incidence of possible, probable, or 
proven IA was 3/65 (5%) patients in group A 
who received aerosol amphotericin B prophy
laxis as compared to 6150 (12%) patients in 
group B in whom no aerosol amphotericin B 
was used. This difference was statistically not 
significant. No statistically signigificant differ
ences were observed in the incidence of possi
ble, probable, or proven systemic candidiasis or 
other fungal infections (Table 2), in the use of 
intravenous amphotericin B (26/65, 40%, 
patients in group A verus 19/50,38%, patients in 
group B) or in the incidence of fever unrespon
sive to broad-spectrum antibacterial agents 
(22/65, 34%, patients in group A versus 18/50, 
36%, patients in group B). The differences 
between the two study groups in the incidence 

Inhalation No inhalation 
(n=65) (n=50) 

43 43 
19-73 18-81 

38 29 
58 58 

5 8 
8 12 

22 15 
34 30 

17 15 
0-48 0-47 

18 18 
4-50 0-50 

14 9 

34 17 

Differences between the two groups were not significant; p > 0.05 test or Mann
Withney test). 

486 



Table 2. Effect of inhaled amphotericin B on the incidence of systemic fungal infections 

Inhalation (n - 65) No inhalation (n = 50) 

(n) ('Yo) (n) (%) 

Invasive pulmonary aspergillosis 3 5 6 2 
Proven I 
Probable 2 4 
Possible 0 

Systemic candidiasis 9 14 4 8 
Proven 1 0 
Probable 2 
Possible 6 3 

Possible systemic fungal infection 7 11 6 12 

Differences between the two groups were not significant; p > 0.05, test. 

of other infections, (classified as bacteremia/ 
fungemia, pneumonia, other clinically docu
mented infections, other clinically and microbi
ologically documented infections, fever of 
unknown origin, and no infection, was also sta
tistically not significant. 

The mortality was 11165 (17%) in group A 
versus 9/50 (18%) in group B (p > 0.05) for an 
overall mortality of 20/115 (17%): 14 patients 
died from infections, three from progressive 
acute myeloid leukemia, two from cerebral 
bleeding, and one from toxic renal failure. 
Infective causes of death comprised pneumonias 
in seven patients (of these, two Aspergillus, one 
cytomegalovirus, one Xanthomonas Malto
philia, and three without microbiological confir
mation), and sepsis in four patients (of these, 
three Gram negative, and one without microbio
logical confirmation). Adverse reactions consist
ed predominantly of coughing, bad taste, and 
nausea, which were reported by 35/65 (54%), 
33/65 (51%), and 24/65 (37%) patients, respec
tively. Side effects resulted in the premature dis
continuation of the inhalations in 15/65 (23%) 
patients. One patient who stopped the inhala
tions prematurely developed suspected IA after 
termination of the prophylaxis 

Discussion 

The occurrence of IA in patients with hemato
logic malignancies remains a life-threatening 
complication that may occur with an incidence 
of 10% or more in patients with prolonged neu
tropenia. Unfortunately, current approaches to 
prevent this condition have been largely unsuc-

cessful. Laminar air flow is too expensive and 
unavailable for many patients for many patients 
at risk, and the general use of systemic prophy
laxis with intravenous amphotericin B is limited 
by the toxicity of this drug. Despite preliminary 
reports of several non-randomized studies, no 
other prophylactic strategy could be established 
thus far. 

This interim analysis of an ongoing prospec
tive randomized trial of prophylactic aerosol 
amphotericin B administrations in neutropenic 
patients after myelosuppressive chemotherapy 
demonstrated a 5% incidence of possible, prob
able, or proven IA in patients receiving prophy
laxis with aerosol amphotericin B, which 
compares to a 12% incidence in patients who 
recived no such prophylaxis. This reduction 
failed statistical significance. However, these 
results were expected and, were in accordance 
with data from animal experiments and statisti
cal considerations. 

Only a few patients have been included in this 
interim analysis which was performed primarily 
to be able to detect unexpected adverse events 
and to stop the trial early. A total of 380 patients 
will be required to detect a 9% reduction in the 
incidence of IA with prophylactic amphotericin 
B aerosol administrations as a realistic goal in 
the ongoing trial. Yet, the occurrance of possi
hie, probable, as well as proven IA in patients 
receiving aerosol amphotericin B is worrisome 
and indicates that, even if this prophylaxis 
should reduce the incidence of lA, it will not be 
possible to completely prevent this condition in 
high-risk patients. 

Most, but not all, of the previous trials invest
gating aerosol amphotericin B in humans repor-
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ted a very low frequency of side effects from the 
inhalations. Manageable, but frequent side 
effects such as coughing, bad taste, and nausea 
were observed in the majority of patients in the 
present study, causing early discontinuation of 
the inhalation prophylaxis in 23%. However, as 
with any kind of prophylactic intervention, 
compliance of patients with the prophylaxis is 
crucial. This is underscored by the occurance of 
suspected IA in a patient with premature dis
continuation of the inhalations prior to neu
trophil recovery. 

In conclusion, prophylactic aerosol ampho
tericin B might be promising for the prevention 
of IA in neutropenic patients. However, further 
recruitment of patients in the ongoing trial is 
required before more definite statements can be 
made. Because of the still undetermined efficacy 
of this intervention, the search for other 
approaches such as the application of hemato
logic growth factors or new antifungal drugs 
should continue. 
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Early Empiric Antifungal Treatment of Infections in Neutropenic Patients 
Comparing Fluconazole with Amphotericin 8/S-Flucytosine 

G. Sillingl, W. Fegeler', N. Roos', R. Schomaker', M. Essink" and T. Biichner4 

Abstract. In order to improve outcome in neu
tropenic patients with hematological malignan
cies we administered i.v. antifungal agents early 
as part of an empiric antimicrobial regimen. 
Additionally, we compared the tolerability and 
efficacy of fluconazole (FCA) versus ampho
tericin Band 5-flucytosine (ABF) within a 
prospective randomized study. Antifungal treat
ment started on day 4 if fever of > 38.5"C did not 
respond to i.v. antibiotics. In the case of addition
al pulmonary infiltrates or other evidence of 
invasive fungal infection, antifungal treatment 
started upfront together with the antibiotics. If 
fever or infiltrates persisted after 1 week, FCA was 
replaced by ABF. A total of 98 patients entered 
the study, 49 in each arm; all suffered from severe 
neutropenia with neutrophils < 1000/111. 

A total of 42 FCA and 41 ABF patients suffered 
from fever of unknown origin; eight and seven 
respectively, had pulmonary infiltrates when 
fever occurred. Response to fever was achieved in 
29/39 FCA and 37/49 ABF. This difference was 
statistically not significant. Fourteen of 20 non
responders to FCA responded when ABF was 
given, so an overall response of 81.6% was 
achieved. In this high-risk population, 20 patients 
died, six in the FCA and 14 in ABF arm. Among 
those death six and eight were due to infections, 
four and five were fungal infections, and one and 
four patients died form aspergillosis. 

We conclude that FCA and ABF seem to be 
equally effective in controlling microbiologically 
non-documented infections in neutropenic pa-

tients with hematological malignancies. Because 
of its lower toxicity, FCA may be preferred as a 
first-line empiric antifungal agent and-in the 
case of non-response-be replaced after I week. 

Introduction 

Neutropenic patients who suffer from hemato
logical malignancies are at high risk to develop 
fungal infections [1,2]. Although prevention 
procedures [3] like the introduction of laminar 
air flow or high-efficacy particulate air HEPA fil
ters, protective isolation, selective gut deconta
mination or the use of growth factors [4] could 
reduce infectious complications, there still 
remains a high incidence due to prolongation of 
neutropenia and intensification of chemothera
py. At the same time, it is difficult to diagnose 
mycosis [5] and even the introduction of high
resolution computer tomography [6,7) to 
recognize early suggestive pulmonary or he
patosplenic manifestations is often too late to 
initiate antifungal treatment. Therefore, empiric 
strategies have been established [8-12]. 
Additionally, pulmonary infiltrates have to be 
considered as a major problem because out
comes of those patients is worse and in 
prolonged neutropenia nearly one half of pneu
monia infections where a pathogen could be 
identified were caused by fungi [12]. So not only 
the empiric antibiotic therapy seems to be rea
sonable but also the early empiric antifungal 
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treatment. As amphotericin B-with or without 
5-flycytosine (5-FC)-is still the standard antifun
gal agent, its use is limited by the associated side 
effects like fever, chills, and nephrotoxicity, 
although the intravenous infusion of saline and 
predosing of pethidine or paracetamol are able 
to mitigate these adverse reactions. Fluconazole 
(FCA) seems to be less toxic and also effective in 
fungal infections [13-18]. We therefore con
ducted a prospective randomized study to com
pare the toxicity and efficacy of FCA versus 
amphotericin Band 5-FC (ABF) in neutropenic 
patients for the empiric treatment of fever of 
unknown origin (FUO) or for the treatment of 
fungal infections. 

Patients and Methods 

Patients and Treatment Regimen. Patients qualified 
for this study when a prolonged neutropenia 
had to be expected. They suffered from hemato
logical malignancies, predominantly from acute 
leukemias. They were included when they had 
first fever > 38.5DC and neutrophils < 1000/J.!1. 
Patients were stratified into two groups (Fig. 1) 
depending on whether they had pulmonary 
infiltrates, evidence of mycosis or not (FUO). 
The latter group received a combination of two 
antibiotics and, if there was no response after 4 
days, the antibiotic regimen was changed and 

PUO 

the antifungal regimen was randomly assigned. 
After 1 week of antifungal treatment, there was a 
second evaluation. In the case of non-response 
to FCA patients were changed to ABF, in the 
case of non-response to ABF, the physicians 
were free to choose any other agent. 

If pulmonary infiltrates were seen on X-ray 
or any other evidence of mycosis occurred on 
the day of inclusion, the antifungal treatment 
was started together with the initial combination 
of antibiotics. If fever did not respond, antibi
otics were changed on day 4 (first evaluation), 
efficacy of antifungals was evaluated after 1 
week in order to have identical conditions in 
both groups. If patients responded to the anti
fungal regimen, it was continued for 4 weeks in 
patients with pulmonary infiltrates or for 1 week 
after temperature reached < 37.5DC in FUO 
patients. 

Dose. Amphotericin B was administered in a 
dose of 0.5 mg/kg (0.1 +0.4) on day 1 and 0.75 
mg/kg per day (max. 50 mg) on days 2-7; after 
day 7 it was given every other day except for 
those patients who had evidence of aspergillosis; 
they received a daily dose of 1.0 mg/kg. 5-
Flucytosine was administered at a daily dose of 
150mg/kg on days 1-14 and adapted when crea
tinine levels rose. On day 1 patients received a 
loading dose of 11.4 mg/kg (max. 800 mg) FCA 
and 5.7 mg/kg perday (max. 400 mg) on the fol
lowing days. 

Docwaented 
Infection 

day 1: Penic/Aminogl 
or 

Cephal/Aminoql 

AmphoB/S-FC Penic/Aminoql 

day 4: IlDipen/Glycop 

versus + or 
Fluconazole Cephal/Aminoql 

Ampho B/S-FC 
+ versus 

Fluconazole 

IlDipen/Glycop/ 
Makrolid + 

continuation of 
antifungal agents 

day 7; EValuation of 
antifungal therapy 

day 11: EValuation of 
antifungal 
therapy 

Fig. 1. Treatment regimen 
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Evaluation of Efficacy. In neutropenic patients fever 
is often the only symptom of infection, and in 
our study patients qualified for inclusion with 
the occurrence of fever. Therefore this was the 
main criterion of response. Response was evalu
ated when the antifungal agents were changed 
from FCA to ABF or another antifungal drug, or 
the antimycotic therapy was stopped because of 
cure or death. Response was achieved when tem
perature was < 37.6°C. Additionally, other signs 
offungal infection or microbiological documen
tation were monitored. Invasive fungal infec
tions were diagnosed according to the following 
characteristics. Mycosis was proven only by 
biopsy or autopsy, it was highly suspected when 
there were positive blood cultures or typical 
lesions in high-resolution computer tomography 
(HR-CT) with the characteristic signs of 
Candida or Aspergillus [6, 7]. A rise in antigen or 
antibody titer or positive cultures from multiple 
body sites the reflecting extensive colonization 
made an invasive fungal infection suspected. 
Response of documented infections was defined 
as disappearance of radiological signs (X-ray 
and/or HR-CT) or negative cultures. 

Results 

Patients Characteristics. Ninety-eight patients enter
ed the study, 49 in each arm. Predisposing fac
tors to impair outcome such as age and 
underlying disease (Table 1) were well balanced, 
especially with regard to de novo diagnosis, or 
resistant or relapsed disease status. The median 
age was 47.9 years for the FCA patients and 45.6 
years for the ABF patients, range 16-77 and 
18-73, respectively. 

Table 1. Hematological malignancies 

FCA ABF 
(n) (n) 

Acute myeloid leukemia(primary) 24 23 
Acute myeloid leukemia(relapsed) 14 12 
Myelodysplastic syndrome 3 
Acute lymphoblastic leukemia 4 4 

(relapsed) 
Lymphoma 6 6 
Chronic myelogenous leukemia 0 

Response to Fever. All 98 patients suffered from 
febrile neutropenia when they were randomized 
to the antifungal regimen. A total of 42 patients 
of the FCA group and 41 patients of the ABF 
group had FUa, whereas seven and eight 
patients also had primary pulmonary infiltrates. 
In both groups patients needed a mean of 5 days 
to respond to the randomized regimen. Res
ponse to fever was achieved in 29/49 (59.2%) 
FCA and 37/49 (75.5%) ABF patients (Table 2). 
At evaluation after 1 week, the results were 25 
and 29 patients, respectively; 23 and 30 patients 
were still neutropenic when fever resolved. All 
these differences were not statistically signifi
cant. Another 14 patients responded when FCA 
was replaced by ABF, so the overall response for 
all patients initially randomized to FCA was 
43/49 (87.7%). 

Radiological Signs to Infection. Pulmonary infiltrates 
were seen at the beginning of antimicrobial 
therapy in seven FCA and eight ABF patients. A 
further 13 and 18 patients, respectively, devel
oped pulmonary infiltrates during the treatment 
episode. In 5/20 FCA and 19126 ABF patients 
these infiltrates resolved. This difference was 

Table 2. Response to fever 

FCA ABF P 

(n) (%) (n) (%) 

n=98 49 4'1 
Defervescence 29 59.2 37 75.5 >0.05 
Within 7 days 25 29 >0.05 
While neutropenic 23 30 >0.05 
Crossover 20 
Defervescence 14 
Non-response 6 
Overall response 43 87.7 37 75.5 >0.05 
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statistically significant, so the ABF regimen 
seems to be more effective in pneumonia. It has 
to be remembered that numbers are small. 

Fungal Infections. Evidence of fungal infections 
occurred in ten FCA and 14 ABF patients. In 
four and seven patients respectively Candida 
were isolated, whereas Aspergillus was found in 
five and seven patiens. Response rates are 
shown in Table 3. With regard to the inhibitory 
concentrations of FCA, it could not be expected 
that it would be effective in aspergillosis and 
indeed nobody in our study in whom Aspergillus 
was detected responded to FCA. On the other 
hand, aspergillosis did not occur more often in 
the FCA group, so one can at least say that the 
use of FCA does not favor the occurrence of 
Aspergillus. Additionally, outcome of those 
patients was not worse when they received ABF 
as soon as there was any evidence of aspergillo
sis, as four of five patients responded after 
crossing over. One patient in the FCA group 
died as a consequence of invasive mycosis due 
to Trichosporum beigelii sepsis. The lung was 
the primary organ where mycosis could be diag
nosed so fungal infections were associated with 
pneumonia in 9110 in the FCA and in 9114 in the 
ABF group. 

Fatal Outcome. In this high-risk group, 20 patients 
died from infections or other causes. Six FCA 
and eight ABF patients died from infections, 
four and five of these were due to mycosis, and 
one and four were due to aspergillosis, respec
tively. In the ABF arm, seven patients died from 
other causes such as intracranial hemorrhage 
(three), cerebral infarction (one), cardiogenic 
shock (one), or progression of the underlying 
disease (two). One of these patients died as a 
consequence of cerebral hematoma and invasive 
pulmonary candidiasis that was resistant to 

Table 3. Fungal infections 

FCA ABF 
(n) (n) 

Mycosis 10 14 
Candida 4 7 
Response (after crossover) 1(+1) 5 
Aspergillus 5 7 
Response (after crossovern) 0(+4) 3 
Trichosporum beigelii 1 
Response 0 
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therapy, and it was not possible to decide which 
was the leading cause of death. 

Toxicity. In general FCA was well tolerated and 
no major side effects occurred. The severity and 
symptoms of the underlying disease, side effects 
of cytostatic therapy or other necessary agents 
do not allow evaluation of minor side effects. In 
a few cases amphotericin B caused mild eleva
tions (WHO 1 and 2) of serum creatinine, but 
these were reversible. Substitution of potassium 
is lower under the FCA regimen. 

Discussion 

In this prospective randomized study all 
patients suffered from fever and in most of 
them, 42 FCA and 41 ABF, the causes was not 
known. Seven and eight additionally had pul
monary infiltrates. In these patients, neither the 
overall response to fever nor the response with
in 7 days or while neutropenic differed signifi
cantly. As the groups were comparable with 
respect to risk factors such as age and underly
ing disease, both regimens are equally effective 
in the empiric treatment of neutropenic patients 
with hematological diseases. Additionally, treat
ment was successful in 14/20 FCA patients who 
received crossover therapy. So the overall 
response was 80/98 (8l.6%). 

Twenty FCA and 26 ABF patients developed 
pulmonary infiltrates, but regression was 
achieved less often in FCA patients. This differ
ence was significant. Drawing the conclusion 
that the standard regimen seems to be much 
more effective has to be restricted considering 
that it look pulmonary infiltrates more than 1 
week to disappear and in the case of non
response to FCA the antifungal regimen was 
changed on day 7, but ABF was continued 
because of a lack of better alternatives. It also 
has to be considered that pulmonary infiltrates 
may be caused by Aspergillus. Therefore, 
whether it is reasonable to change to ampho
tericin B whether with or without 5-FC remains 
an unanswered question. 

Analysing the response rates of patients who 
had a proven invasive fungal infection, it is evi
dent that this subgroup had the worst outcome. 
This does not depend on the inefficacy of the 
antifungal agent but on the method, as most of 
the proven fungal infections were diagnosed by 
autopsy, as biopsy was not possible because of 



the high risk of bleeding complications associat
ed with thrombocytopenia. When mycosis was 
only suspected, response rates were better than 
in those patients where it was highly suspected. 
The explanation may be that mycosis is already 
advanced when diagnosis is possible. Conse
quently, treatment of the latter group is much 
more difficult and less successful than treating 
an emerging fungal infection. This again con
firms the importance of early empiric treatment 
strategies leading to the conclusion that FCA 
and ABF seem to be equally effective in the early 
and empiric treatment of hematological patients 
who suffer from severe neutropenia. Therefore, 
the well-tolerated FCA should be administered 
in FUO patients but, in the case of refractoriness 
or evidence of aspergillosis or pneumonia with a 
high incidence of aspergillosis, it should be 
replaced by ABF. 
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Dependence of Asparaginase-Induced (oagulopathy 
on Serum Asparaginase Activity: A Randomized Trial 

U. Nowak-Gott!, J. Boos, G. Werber, E. Ahlke, and H. Jurgens 

Abstract. Hypercoagulability and thrombosis are 
well-documented side effects of leukemia treat
ment with L-asparaginase (L-asp). To determine 
hemostatic alterations of different Escherichia 
coli asparaginase preparations, a randomized 
prospective study was carried out in 20 leukemic 
children (ALL-BFM 90): ten patients each 
received L-asp Crasnitin (Bayer AG) and Medac 
(originally purchased from Kyowa Hakko 
Kyogo, Japan). Blood samples for coagulation 
studies were obtained prior to and whilst on 
medication. L-asp activity was significantly 
(p = 0.001) higher in the Kyowa-treated patients, 
leading to prolonged asparagine depletion and 
longer inhibition of hepatic protein synthesis. 
Futhermore, alterations of hemostatic parame
ters were more pronounced in the Kyowa group. 
Clearly correlated with serum asparaginase 
activity, values of fibrinogen, antithrombin III, 
plasminogen, and a2-antiplasmin were signifi
cantly decreased and D-dimer formation was 
found to be markedly higher than in patients 
treated with E. coli asparaginase type A pur
chased from Bayer. A 13-year-old boy developed 
thrombosis and a 7-year-old girl acquired inter
mediate insulin-dependent hyperglycemia (both 
treated with Kyoma asparaginase). 

Introduction 

Alterations in hemostasis have frequently been 
observed in patients with leukemia, and throm
botic events are well documented in patients 
receiving L-asparaginase (L-asp) as a single 

agent or in combination with vincnstme or 
prednisone, sometimes complemented by an' 
anthracycline [1-7]. 

A wide range of circulating half-lives with the 
employment of different commercially available 
asparaginase preparations from Eschericia coli 
and Erwinia chrysanthemi has been reported 
[8-10]. The present study was designed to 
prospectively evaluate hemostatic parameters in 
leukemic children randomized to receive two 
different E. coli asparaginase preparation with 
different half-lives, and to relate changes of 
coagulations to serum asparaginase activity. 

Methods 

Twenty leukemic children diagnosed within a 9-
month period and treated according to the ALL
BFM-90 study protocol 1 (part 1: prednisone 60 
mg/m2 on days 1-29; E. coli asparaginase 10 000 
U/m2 on days 12, 15, 18, 21, 24, 27, 30, 33; vin
cristine 1.5 mg/m2 and daunorubicin 30 mg/m2 
on days 8, 15, 22, 29) were randomized to 
receive one of the two E. coli asparaginase 
preparations officially approved in Germany: L
asp Crasnitin (Bayer, Leverkusen, Germany) or 
Medac (Medac, Hamburg, Germany; originally 
purchased from Kyowa Hacco Kyogo, Japan). 
No patient had an individual or family history of 
bleeding or thrombophilia. 

A total of 11 blood samples per patient were 
obtained at the onset of the disease, prior to the 
first and each subseequent dose of L-asp and 3 
days after the last asparaginase adminstrations. 

Department of Pediatric Hematology and Oncology, University Hospital Munster, Albert-Schweitzer-Str. 33, 
48129 Miinster, Germany 
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Blood samples were drawn into premarked 3-ml 
plastic tubes (citrate 3.8%/blood: 1: 10; Saar
stedt), immediately placed on iced water and 
centrifuged at 4°C and 3000 g for 20 min. 
Fibrinogen was measured according to Clauss 
[11). Antithrombin III, plasminogen, and a2-
anti plasmin were measured by enzymatic proce
dure using chromogenic substrates S 2765, 2403, 
2251 as described earlier [12). D-Dimer forma
tion was measured with EIA-D-Dimer micro 
(Behring Werke, Marburg, Germany [13). 

Controls included calibration plasma, normal 
and abnormal control plasma (IL Test, Instru
mentation Laboratory, Italy. Serum aspara
ginase activity [14) and asparagine levels [15] 
were simultaneously determined throughout the 
testing period. 

400 
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Statistics 

Calculations of medians and ranges and non
parametric statistics (Wilcoxon-Mann-Whitney: 
u test, Spearman rank) were performed using 
the Apple computer (Macintosh Perform a 630) 
Stat view 4.02 program [16). 

Results 

Alterations of hemostatic parameters were more 
severe in those patients who received" Kyowa" 
asparaginase: decreased values of' fibrinogen, 
antithrombin III, plasminogen, and a2antiplas
min were found (Figs 1,2), along with signifi
cantly enhanced D-dimer formation (Fig. 3). 

Furthermore, pharmcokinectic data (Fig. 3) 
of patients receiving Kyowa L-asp show signifi-

27-30 

0.001 

Z7-3O 

0.001 

Fig. la,b. Fibrinogen (a, mg/dl) and 
antithrombin III (%) in 20 leukemic chil
dren prior to and after administration of 
different E.coli L-asparaginase prepa
rations-(median, ranges, p values 
(Wilcoxon-Man-Whitney: Bayer asp, 
open columns; n = IO/Kyowa asp shaded 
columns; n = 10) 



cantly (p = 0.001) enhanced L-asp activity com
pared to children treated with the Bayer type A 
preparation. 

Table I shows a significant correlation 
betw'een coagulation and serum asparaginase 
activity p and p values); the highest L-asp activi
ty is clearly associated with the lowest values of 
fibrinogen, antithrombin III, plasminogen, and 
u2-antiplasmin, and with enhanced D-dimer 
formation. 

Both groups of patients showed complete 
asparagine depletion, at a detection limit of 0.1 
/lm, during the course of asparaginase treatment 
(for further information see [18]. 

The children randomized to Kyowa I-asp, a 
13-year-old boy and a 7-year-old girl, developed 
thrombosis on day 31 and intermediate insulin
dependent hyperglycemia, respectively. No 
patient treated with the Bayer prepartion 
showed evidence of these complications. 

Fig.2a,b. Plasminogen (%) and a2-anti
plasmin (%) in 20 leukemic children prinr 
to and after administration of different 
E.coli L-asparaginase preparations
(Median, ranges, p values (Wilcoxon
Man-Whitney: Bayer asp, open columns; 
n = IO/Kyowa asp, shaded columns; n = 10) 
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Discussion 

L-Asparaginase is and enzyme that provides spe
cific metabolic therapy for acute lymphoblastic 
leukemia (ALL) and non-Hodgkin lymphomas. 
This enzyme catalyses the conversion of the 
amino acid L-asp to aspartic acid and ammonia, 
which leads to rapid depletion of the circulating 
pool of asparagine and glutamine, and results in 
a decreased protein synthesis [8] . 

Data of this study show a significant decrease 
of fibrinogen, antithrombin III, plasminogen, 
and u2-antiplasmin, as well as significantly 
enhanced lJ-dimer formation, all clearly corre
lated to serum asparaginase activity. 

In humans, circulating half-lives of asparagi
nase enzymes from E.coli and E.chrysanthemi 
vary within a wide range. Moreover, half-lives 
differ not only between E.coli strains type A and 
type B, but also among different commercial 

21 -24 77·30 

D.S 0 .001 0.005 

p n.s 0.001 0 .001 
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Fig. 3 a,b. D-Dimer (ilgll) formation and 
• 14!iO asparaginase activities (lull) in 20 

leukemic children prior to and after ad
ministration of different E.coli L-as
paraginase preparations-(Median, ranges, 
p values (Wilcoxon-Man-Whitney: Bayer 
asp, open columns; n = 10/ Kyowa asp, 
shaded columns n = 10) 

27-30 

p a .• o.oos 0.005 

p D .• 0 .001 

Table 1. Correlation (Spearman rank) between coagu
lation and fibrinolytic proteins and asparaginase activ
ity P and p value) in leukemic children randomized to 
Bayer type A asparaginse (n = 10) and Kyowa asparag
inase (n = 10) 

Parameter P p-value 

Fibrinogen - 0.487 0.023 
Antithrombin III -0.617 0.026 
Plasminogen -0.472 0.Q25 
a2-Antimplasmin - 0.735 0.036 
D-Dimer 0.58\ 0.05 

E.coli preparations [8,-10,18]. One of the most 
obvious distinctions between the two E.coli 
asparaginase preparations administered in this 
study is the absence of cystine in the Kyowa L

asp, which also has a lower isoelectric point, a 
longer clearance time, and a longer half-life of 

500 

. 864 

0.001 

11-15 h as reported for the type A L-asp, a pro
longed asparagine depletion with the Kyowa 
preparation is found. With respect to these 
observations, this may lead to longer inhibition 
of protein synthesis, which then may be the 
cause of a higher rate of side effects. 

However, our results show not only a down
regulation of coagulation proteins: the enhanced 
D-dimer formation along with decreased values 
for plasminogen and a2-antiplasmin signify an 
activated fibrinolytic system. 

Along with studies on asparaginase pharma
cokinetics and asparagine depletion, dose rec
ommendations need to be tailored to the 
specific asparaginase preparation employed to 
assure optimal antineoplastic efficacy while mi
nimizing the hazard of complications. 
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Significant Differences in the Pharmacokinetics of two l-Asparaginase 
Preparations from Escherichia coli 

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

Abstract. Asparaginase (ASE) preparations from 
two biological sources (Escherichia coli and 
Erwinia caratovora) and companies are in clini
cal use. Current treatment protocols prescribe 
the dose and schedule but not the preparation to 
be used. As a rule, E.coli preparations are given 
(Asparaginase medac, Medac-GmbH, Germany; 
or Crasnitin, Bayer AG, Germany) unless aller
gic reactions occur. 

We initiated a drug-monitoring project to 
measure asparaginase activity as well as serum 
amino acid levels in children on the acute lym
phoblastic leukemia/non-Hodgkin lymphoma 
Berlin-Frankfurt-Miinster study group 90 (ALLI 
NHL-BFM 90) treatment protocols. Samples 
were taken immediately prior to the application 
and additionally on the occasion of routine 
diagnostic punctures. In protocol 1, the dose 
administered was 10 OOOU/m' every 3 days (days 
12-33). 

Asparaginase activity was significantly higher 
in children treated with Asparaginase medac 
(162 samples/38 patients: median 441 U/l) than 
in children on Crasnitin (49 samples/lO patients: 
median 79 U/I). 

The serum asparagine levels ranged around 
the detection limit (0.1 J.1M) in both groups. 
While glutamine was similar (365/368 J.1M), glu
tamic acid was elevated in the Asparaginase 
medac group (77 vs, 146 f1M median). The phar
macokinetic calculation of pooled data resulted 
in a T'12 of about 24 h for Asparaginase medac 
and about 15 h for Crasnitin. 

There are significant differences between 
asparaginase preparations even when obtained 

from E coli. The relatively high activity observed 
with Asparaginase medac is not necessary to 
reach complete asparagine depletion. In the dis
cussion about side effects of asparaginase, the 
preparation should, therefore, be specified in 
every study and the dosages should be defined 
taking pharmacokinetic differences into 
account. 

Introduction 

Asparaginase is an enzyme with notable activity 
against acute lymphoblastic leukemia (ALL)(for 
review see [1,2]). Depletion of asparagine in 
plasma (normal value ""40-80 J.1M) and cere
brospinal fluid (normally > 4 J.1M) deprives 
leukemic cells of this amino acid which is essen
tial for lymphoblastic blast cells. 

Asparaginase preparations from two biologi
cal sources (Escherichia coli [3] and Erwinia 
caratovora [4] and several companies and with 
different chemical and immunological charac
teristics [5] are in clinical use. Current treat
ment protocols prescribe the dose and schedule 
but not the preparation to be used. As a rule, in 
our hospital E coli preparations are given 
(Asparaginase medac, Medac-GmbH, Germany; 
or Crasnitin, Bayer AG, Germany) unless aller
gic reactions occur. Eight asparaginase infusions 
of 10 000 units/m' are included in the induction 
protocol of the (ALL-Berlin-Frankfurt-Miinster 
Study Group 90) trial Fig. 1. 

An increasing number of adverse reactions, 
e.g., hyperglycemia, pancreatitis, bleeding com-

'Department of Pediatric Hematology/Oncology, University of Munster, 48149, Munster, Germany 
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Protocol I 
Fig. 1. Induction therapy of the ALL- and 
NHL-BFM trial. PRED, prednisone VCR, 
vincristine; DNR, daunorubium L-ASP, 1-
asparaginase, CP, cyclophosphamide; 
ARA-C, cytosine arabinoside; 6-TG, 6-thio
guanine; MTX i.th., intrathecal methotrex
ate; km,bone marrow; Tag, day 
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plications or thrombosis [6, 7], evoked renewed 
discussion about dosage, scheduling, and the 
overall value of asparaginase. 

We therefore initiated a drug monitoring 
project to measure asparaginase activity as well 
as asparagine and other serum amino acid levels 
in children on the ALL/non-Hodgkin lym
phoma-BFM 90 treatment protocols. 

The main questions were: do the children 
reach asparagine depletion, is the dose of 10 000 
U/m' adequate, and are different preparations 
equivalent? 

Methods 

Samples were taken from children on protocol 1 
of the ALL/NHL-BFM trials before each applica
tion (see Fig. 1, day 3 after the previous applica
tion) and additionally on the occasion of routine 
diagnostic punctures. Informed consent was 
obtained from parents and patients as well. 

The samples were put on ice and divided into 
two parts. One part was immediately cen
trifuged after withdrawal and deproteinized by 
the addition of sulfosalicylic acid 10%, then ana
lyzed for amino acids. The other part was imme
diately frozen and analyzed for asparaginase 
activity (for details see [8]). 

The sensitivity limit was 20 Ull for the 
asparaginase activity and 0.1 ~M for asparagine. 

Results 

Asparaginase activity was significantly higher in 
children treated with Asparaginase medac. A 
total of 162 samples from 38 patients, taken 3 

15 22 211311 43 5057a4 

days after infusion of 10 000 Units/m 2 Aspara
ginase medac, showed a median of 441 Ull com
pared to a median of 79 Ull for those on 
Crasnitin (49 samplesl10 patients). This differ
ence was obvious on all days of protocoll when 
trough levels were measured (Fig. 2). 

The corresponding serum asparagine levels 
ranged around the detection limit (0.1 ~M) in 
both groups. While glutamine was similar 
(366/361 ~M), glutamic acid was elevated only 
in the Asparaginase medac group (145 vs 80 f.lM, 
median of 175/51 samples). 

In addition to the trough levels, additional 
samples were collected and tested at varying 
intervals from the application in many children. 
The pharmacokinetic calculation of these 
pooled monitoring data yielded a T'/2 of about 
24 h for Asparaginase medac and about 15 h for 
Carsnitin (Fig. 3). 

Discussion 

Children with ALL have a very good chance, 
currently about 80%, for long- term survival. The 
incidence of thrombotic events varies between 
0% and 15% but, irrespective of the incidence, 
such hazardous events are not acceptable in the 
treatment of children with such good prognosis. 
The current discussion focussed on variables 
such as additional treatment with vincristine or 
corticoids and the time schedule of asparaginase 
applications. In many publications the source of 
asparaginase (E.coli or E.caratovora) is given, 
but the trade names or preparations are not 
specified. It is a well-known phenomenon that 
E.caratovora asparaginase has a shorter half-life 
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Fig. 2. Asparaginase activity prior to 
each application in protocol (4-27 
observations/point: mean and 95% 
confidence interval). Squares, Aspa
raginase medac; circles, Crasnitin 
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Fig. 3. Mean and standard deviation 
of all plasma activities taken 1-6 days 
after asparaginase application. Squa
res, Asparaginase medac; circles, Cra
snitin 
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than E.coli asparaginase [9] and that this results 
in a different intensity of asparagine depletion 
[10,11]. 

In a current investigation, the treatment str
ategy of protocol I successfully depleted as
paragine in children on E.coli asparaginase 
independent of the preparation used. 
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Focussing on the plasmatic activity of the 
enzyme, however, significant differences were 
observed even between different preparations 
from E.co/i. Similar dosages of 10 000 Vlm2 
Asparaginase medac resulted in significantly 
higher plasma levels and biological activity com
pared to Crasnitin. Such high plasmatic activity 



was not necessary to reach complete asparagine 
depletion, while it resulted in an increased 
turnover of glutamine and significantly higher 
levels of glutamic acid, an amino acid with 
potentially toxic effects, for example on 
endothelial cells. 

The pharmacokinetic calculation, based on 
all monitoring data with reference to the time 
after application, showed that differences in 
plasma activity are a consequence of differences 
in pharmacokinetic parameters, e.g., a longer 
half-life of E.coli Asparaginase medac compared 
to Crasnitin (see Fig.3). 

In the discussion regarding the antileukemic 
effects as well as side effects of asparaginase, the 
respective preparation, should therefore, be 
specified in every publication. Clinical trials 
should define dose schedules specifying the 
preparation and taking the pharmacokinetic dif
ferences into account. The BFM treatment 
schedules were developed decade ago when only 
the E.coli asparaginase from Bayer (Crasnitin) 
was available in Germany. Riccardi et al. [12J in 
a pharmacokinetic study, defined plasma levels 
of 100 Ull as optimal to deplete asparagine in 
plasma and cerebrospinal fluid. 

Based on the present monitoring data, we 
propose that in children on Asparaginase medac 
the activity observed is higher than necessary 
and that complete asparagine depletion will be 
obtained with significantly lower dosages than 
with Crasnitin. 
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Pharmacokinetic/Pharmacodynamic Monitoring of L-Asparaginase in Children 

G. Werber"', J. Boosl, E. Ahlke" U. Nowak-Gotti', E.). Verspohi', and H. Jurgens' 

Abstract. Asparaginase preparations from differ
ent biological sources and companies are in 
clinical use. In the event of adverse reactions 
substitutions are common. The half-life of 
Erwinia asparaginase is significantly shorter 
compared to asparaginase obtained from 
Escherichia coli. Questions remain with respect 
to whether the pharmacodynamic effects are 
comparable. Therefore, we performed an 
asparaginase monitoring focussing on the com
parability of asparaginase activity as well as 
asparagine serum levels. 

Therapy according to protocol acute lym
phoblastic leukemia non-Hodgkin lymphoma 
Berlin-Frankfurt-Miinster Study Group 90 (ALL! 
NHL-BFM 90) was initiated with E.coli asparagi
nase (Asparaginase medac, Crasnitin Bayer, 
Germany), and in the case of allergic reactions 
continued with Erwinia asparaginase (Erwinase, 
Speywood, USA). All children underwent moni
toring for asparaginase activity and serum 
asparagine levels; samples were taken immedi
ately prior to the applications. The dose admin
istered was 10000 Ulm' every 3 or 4 days 
according to protocol II. Fifty protocol II 
patients, i.e., 26 children on Asparaginase 
medac, eight on Crasnitin, and 16 on Erwinase 
were compared. The asparaginase activity on 
day 3 (trough level) was higher in children 
receiving E.coli asparaginase (Asparaginase 
medac 528 UII; Crasnitin 49 UII median) than in 
those on Erwinase ( < sensitivity limit). 

The corresponding asparagine levels 
remained above the sensitivity limit of the anla
ysis (100 nM) in only six of 26 children on 

Asparaginase medac (all < 0.5 mM). On Cras
nitin two of eight children were completely 
depleted, four were nearly depleted (> 0.1, < 0.5 
mM), and two had normal asparagine levels. In 
the group switched to Erwinase only two of 16 
children showed complete asparagine depletion 
and in two others asparagine levels were near 
the sensitivity limit of analysis. In 12 children, 
the levels covered the whole range up to normal 
concentrations. 

Introduction 

L-Asparaginase (L-Asparagine amidohydrolase, 
EC 3.5.1.1) is an enzyme that catalyzes the 
hydrolysis of the generally not essential amino 
acid L-asparagine to L-asparagine to L-aspartic 
acid and ammonia. Its antileukemic potency is 
due to the lack of L-asparagine synthetase in 
some tumor cells, most notably human lym
phoblasts [1]. The depletion of L-asparagine 
within the cells inhibits protein synthesis caus
ing cell death. Today, in clinical trials enzymes 
derived from E.coli and Erwinia chrysanthemi 
(former carotovora) are administered. Since 
Erwinia asparaginase does not share antigenic 
cross-reactivity with the E.coli asparaginase [2] 
substitutions in case of hypersensitive reactions 
are common [3-5]. Although E.coli and Erwinia 
preparations differ in their chemical and phar
macokinetic properties, they are generally 
administered in the same dose and schedule [6]. 

We studied patients with childhood acute 
lymphoblastic leukemia (ALL) on ALL-Berlin-
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Frankfurt-MUnster Study Group [BFM] 90 pro
tocol II that uses i.v. L-asparaginase during con
solidation therapy. Additional chemotherapy 
consisted of dexamethasone (daily), vincristine 
and adriamycin (once weekly). As part of the 
monitoring we measured L-asparaginase activity 
and L-asparagine in serum samples. This report 
describes the pharmacokinetic and pharmaco
dynamic effects of different enzyme prepara
tions. 

Patient Sample Collection 

According to the protocol ALL/NHL-BFM 90, 
therapy was initiated with E.coli asparaginase 
(Asparaginase medac, Crasnitin, Bayer, 
Germany) and in the case of allergic reactions 
continued with Erwinia asparaginase (Erwinase, 
USA Speywood). The dose administered was 
10,000 U/m2 Lv. on days 8,11, IS, and 18 accord
ing to protocol II. Samples were taken immedi
ately prior to each application. A sample of 3 ml 
whole blood was drawn and allowed to clot on 
ice. Serum was separated, one part was frozen at 
- 8°C for enzyme activity analysis, the other 
part was deproteinized immediately (400 /11 
serum + 100 !iI sulfo-salicylic acid, SSA, 10%) 
and frozen at - 8°C for amino acid analysis. 
Samples of SO patients, Le., 26 children on 
Asparaginase medac, eight on Crasnitin, and 16 
on Erwinase, were collected. 

Methods 

L-Asparaginase Activity Assay. We determined the 
enzyme activity by photometric detection of the 
ammonia release after reaction with Nessler's 
reagent. Units of enzyme activity were defined 
as micromoles of ammonia released per minute 
at 37"C. A mixture of 100 /11 serum and 400/11 

0.044 mM L-asparagine buffer solution was incu
bated at 37°C for exactly 45 min. After addition 
of 250/11 trichloroacetic acid 24.5% (w/w) and 
centrifugation, 250/11 supernatant were added 
to Nessler's solution (2000 /11 water plus 250 /11 
Nessler's reagent). The optical density at 450 nm 
was compared with an ammonium sulfate 
Nessler standard curve. The sensitivity limit of 
analysis was 20 un. 

Amino Acid Analysis. Amino acid levels in serum 
were measured using an RP-HPLC technique 
following precolumn derivatization with 0-

phthaldialdehyde (OPA) and fluorescence detec
tion according to Lenda and Svenneby [7]. The 
sensitivity limit of the anlaysis was 0.1 liM. 

Definition. The assessment of asparagine deple
tion under therapy with asparaginase is listed in 
Table 1. 

Results 

Our initial study focussed on the pharmacody
namics of L-Asparaginase by comparing the 
enzyme activity and asparagine depletion mea
sured in patient sera following E.coli asparagi
nase (Asparaginase medac n = 16 and Crasnitin 
n = 8) or Erwinia asparaginase (Erwinase n = 

26) administration. Fig. 1 shows the activities of 
the three groups prior to each application. The 
corresponding asparagine levels remained 
above the sensitivity limit (100 nM) in only six 
of 26 children on Asparaginase medac (all < 0.5 
mM). Two of eight children on Crasnitin were 
completely depleted, four were nearly depleted 
(> 0.1 < 0.5 mM), and two had normal aspara
gine levels. In the group switched to Erwinase 
only two of 16 children showed complete 

Table 1. Serum asparagine levels divided in to categories. Values are percentiles of all samples in one group 
(Asparaginase medac n=93; Crasnitin: n = 24; Erwinase: n = 51). 

Category Asparagine Asparaginase Crasnitin Erwinase 
Medac 

[IlM) [%J (sIp)' pb (%) (sIp)" pb [%J (sIp)' pb 

Complete depletion :;;;0.1 91.4 (85/26) 20 58.3 (1416) 2 21.6 (1117) 2 

Nearly complete depletion :;;;0.5 8.6 (8/6) 6 16.7 (4/4) 4 27.5 (14/11) 2 

Moderate reduction :;;; 1.0 17.6 (917) 5 
Slight to normal levels :;;; 1.0 25.0 (6/2) 2 33.3 (1717) 2 

Variable asparagine levels 5 

'Number = samples per patients, bNumber of patients. 
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Fig. 1. Asparaginase activity in sera of patients treated with E. coli asparaginase (squares, Asparaginase medac®; 
n = 26 patients, circles, Crasnitin®; n = 8 patients), and Erwinia asparaginase (triangles Erwinase®; n = 16 patients) 
following the schedule of protocol II ALL-BFM 90. Values are mean ± SD 

asparagine depletion and in two others 
asparagine levels were close to the sensitivity 
limit. In five children the asparagine levels were 
moderately reduced, and two children showed 
slightly reduced or normal asparagine levels. 
The other five children had variable asparagine 
levels (Fig. 2 and Table 1). 

Table 1 lists the results of asparagine level 
distribution of all collected samples (last day in 
protocol is day 22). Most samples (91.4%) of 
patients treated with Asparaginase medac were 
completely and only 8.6% nearly completely 
depleted. In the Crasnitin group, 25% of all sam
ples (two patients) showed normal asparagine 
levels, whereas 58.3% were completely and 
14.7% nearly completely depleted. Patients 
treated with Erwinase in the case of allergic 
reaction to one of the E.coli asparaginases 
showed the whole range of asparagine levels. 
Of all samples 26% were completely depleted, 
27.5% showed nearly complete depletion, 
17.6% showed moderate reduction, and in 
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33.3% slight to normal levels of asparagine were 
measured. 

The results of comparing the trough enzyme 
activity (3 days after asparaginase administra
tion) of the three asparaginase preparations are 
shown in Fig. 3. Children receiving Asparagi
nase medac showed the highest activity (528 VII 
median). Values were ten fold higher than those 
on Crasnitin (49 VII median). Notably, serum 
activities of patients treated with Erwinase were 
not measurable ( < sensitivity limit) (Fig. 3). 

Discussion 

Multiple clinical trials have demonstrated the 
importance of asparaginase as part of ALL 
chemotherapy [8-11]. E.coli as well as Erwinia 
preparations are commonly used at the same 
schedule and dose [6]. We observed marked dif
ferences in the depletion of L-asparagine 
between children treated with two E.coli 
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asparaginase and Erwinia asparaginase prepara
tions. While the depletion was complete with 
Asparaginase medac and complete or nearly 
complete with Crasnitin (in two children the lev
els remained normal), there was a wide range of 
asparagine levels in children on Erwinia 
asparaginase. 

It is known that E.coli asparaginase and 
Erwinia asparaginase differ in their chemical 
properties and pharmacokinetics [12]. Some 
investigators have determined the half-life of 
E.coli asparaginase in patients after Lv. (0.33-1.2 
days) and Lm. (1.4-1.8 days) administration 
[13]. According to Asselin et al. [6] the biologi
cal half-life of Erwinia asparaginase is signifi
cantly shorter than that of E.cali asparaginase 
both for i.v. and i.m. administration. The insuf
ficient and variable asparagine depletion in the 
Erwinia group could be explained by the short 
half-life of Erwinia asparaginase. Substitution of 
a drug with a half-life of 1.3 days by one with a 
half-life of 0.6 days requires changes in dose or 
frequency of application. 

All children treated with Erwinia asparagi
nase had shown prior allergic reaction to E.cali 
asparaginase (11 to Asparaginase medac and 
five to Crasnitin, respectively) in the preceding 
induction therapy of the protocol. Another 
explanation for this observation is that cross
reacting antibodies might inactivate Erwinia 
asparaginase in children allergic to E.coli 
asparaginase. Strikingly, none of them showed 
clinical signs of adverse reactions during the 
monitored consolidation therapy. 

During consolidation therapy like in protocol 
I [14] we again noticed a great difference of 
enzyme activity between the two E.coli asparagi
nases. Furthermore, two children on Crasnitin 
showed normal asparagine levels. Enzyme activ
ities were undetectable after 3 days, whereas the 
other six patients on Crasnitin showed median 
levels of 109 UlI 3 days and 62 UII 4 days after 
Crasnitin application. This could be due to neu
tralizing antibodies shorten the half-life of 
Crasnitin. Again, neither of the children showed 
any clinical signs of allergic reactions. In conclu
sion, substitution of different asparaginase 
preparations should take pharmacokinetic dif
ferences into account, and pharmacodynamic 
monitoring is warranted. 

Acknowledgments. The research project reported 
in this paper was supported by funds from the 
Federal Department of Research and Techno-
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Asparaginase Activities In Vitro Are Highly Sensitive 
to Different Buffer Conditions 

G. Werber'·', E. Ahlke', U. Nowak-Gotd', H. Jiirgens', E.J. Verspohl', and J. Boos' 

Abstract. Different asparaginase (Ase) prepara
tions from various biological sources 
(Escherichia coli and Erwinia carotovora) are 
currently in use as potent antileukemic enzymes 
in the treatment of acute lymphoblastic 
leukemia (ALL) in children. According to the 
acute lymphoblastic leukemia/non-Hodgkin 
lymphoma Berlin-Frankfurt-Miinster Study 
Group 90 (ALL/NHL-BFM-90) protocol, therapy 
is initiated with E.coli-Ase (Asparaginase 
Medac, Medac GmbH Germany, Crasnitin Bayer 
AG, Germany) and in the case of allergic reac
tion substituted by Erwinia-Ase (Erwinase, 
Porton, USA). There are, however, important 
questions concerning the comparability of these 
different preparations. 

Therefore, we compared the enzyme activity 
of E.coli-Ase and Erwinia-Ase in vitro at dif
ferent pH conditions (pH 7.0-8.5, each experi
ment five times) and various (eight) buffer 
conditions. 

Physiological phosphatelbuffered saline (PBS) 
buffer resulted in only 50%-65% and 80% -95% 
of the activity specified by the manufactures of 
Erwinia-Ase and E.coli-Ase, respectively. 

The expected activity was detectable at pH 7.3 
and pH 8.5. In saline solutions (0.9%) the activi
ty decreased to 20% and 60%, respectively. 
Buffers containing boric acid (pH 8.5) or Tris 
(pH 7.3) and additional bovine serum albumin 
(BSA) resulted in a more reliable determination 
of enzyme activity with reference to the specifi
cations on the vials (100% ± 10%). In all experi
ments, E.coli-Ase showed higher activity than 
Erwinia-Ase. In conclusion, the acitvity of 

asparaginase preparations depends on the con
ditions of the solution and Erwinia-Ase is more 
sensitive than E.coli-Ase. 

Introduction 

L-Asparaginase (Ase) (L-asparagine amidohy
drolase, EC 3.5.1.1) is part of most chemothera
py protocols for childhood and adult acute 
lymphoblastic leukemia (ALL). The enzyme cat
alyzes the hydrolysis of the generally not essen
tial amino acid L-asparagine to L-aspartic acid 
and ammonia. Its antileukemic potency is due 
to the lack of L-asparagine synthetase in some 
tumor cells [1,2). The discovery that Ase 
derived from Escherichia coli had antitumor 
activity allowed the enzyme to be produced in 
adequate amounts for clinical use [3]. Today, 
enzymes derived from E.coli and Erwinia 
chrysanthemi (former carotovora) are adminis
tered in clinical trials. According to the 
ALL/non-Hodgkin lymphoma Berlin 
Frankfurt-Miinster Study Group 90 (ALL-NHL
BFM-90) protocol, therapy is initiated with 
E.coli-Ase (Asparaginase Medac Medac GmbH, 
Germany and Crasnitin Bayer AG, Germany) 
and in the case of allergic reaction substituted 
by Erwinia-Ase (Erwinase, Speywood, former 
Porton, USA). Although E.coli and Erwinia 
preparations differ in their chemical and phar
macokinetic properties, they are generally 
administered at the same dose and schedule [4]. 
There are important questions whether different 
preparations are comparable or even identical. 

'Department of Pediatric Hematology/Oncology, University of Miinster, 48149 Miinster, Germany 
'Institute of Pharmaceutical Chemistry, University of Miinster, 48149 Miinster, Germany 
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We studied the enzyme activity of two E.coli
Ase preparations and Erwinia-Ase in vitro 
under standard and modified buffer conditions 
and the different behaviour of each Ase to vari
ous pH values in a physiological buffer Phos
phate-buffered saline, (PBS). 

Methods 

The enzyme activity was determined by photo
metric detection of the ammonia release after 
reaction with Nessler's reagent. Units of enzyme 
activity were defined as micromoles of ammonia 
released per minute at 37°C. A mixture of 100 III 
sample and 400 III 0.044 mM L-asparagine buffer 
solution was incubated at 37°C for exactly 45 
min. After addition of 250 III trichloroacetic acid 
24.5 % w/w) and centrifugation, 250 III super
natant were added to Nessler's solution (2000 III 
water plus 250 III Nesslers reagent). The optical 
density at 450 nm was compared with an ammo
nium sulfate Nessler standard curve. The sensi
tivity limit of detection was 20 U/l (Fig. 1). 

[ Enzyme assay 

900 III 0,044 M asparagine 
(diluted in buffer) 
+ 100 III sample 

incubation: 45 min at 37·C 

250 III trichloroacetic acid (24,5%, w/w) 

centrifugation 

250 III supernatant 

+ 2000 III H20 
+ 250 III Nesslers reagent 

photometriC detection 
at 450 nm 

Fig. 1. Method to determine asparaginase activity 

I 

Results 

First the enzyme activity of each L-Ase was stud
ied in a physiological buffer (0.01 M phosphate 
buffer, pH 7.2), used to quantitatively determine 
the enzyme activity. Each manufcturer's specifi
cation claimed 10 000 U/vial. The E.coli-Ase 
activity was determined at a mean of 9395 
(± 1194) U/vial (± SD) for Asparaginase Medac 
and of 8897 (± 2031) U/vial (± SD) for 
Crasnitin, and for Erwinia-Ase only of 5581 
(± 963) U/vial (± SD) (Fig. 2). 

We measure the activity of all three Ases at 
different pH conditions in the buffer. The pH 
range tested was 7.0-8.5. The pH optimum of 
E.coli-Ases under these buffer conditions was in 
the physiological range pH 7.2 (Asparaginase 
Medac) and pH 7.4 (Crasnitin). Asparaginase 
Medac showed an additional activity optimum 
at pH 8.0. The highest activity of Erwinase was 
measured at pH 8.2 (Fig. 3). 

The enzyme activity of E.coli-Ase (Aspara
ginase Medac) and Erwinia-Ase (Erwinase) was 
determined under different buffer conditions 
(Fig. 4.5). Table 1 lists the buffer used. All man
ufacutres determine the enzyme activity of their 
Ase at different buffer compositions. the expect
ed activity was measured at pH 7.3 and 8.5. 
Buffers containing boric acid (pH 8.5) or Tris 
(pH 7.3) and additional bovine seium albumin 
(BSA) resulted in a more reliable determination 
of enzyme activity with reference to the specifi
cations on the vial (100% ± 10%). In all experi
ments E.coli-Ase showed higher results than 
Erwinia-Ase. In saline solution (0.9%) the activ
ity decreased to 60% and 20%, respectively. 

Comparing the activity in NaCI (0.9%), NaCI 
(0.9%)+ BSA, human albumin, and Tris (pH 
7.3)+ BSA, only 20%-35% were measured in 
pure NaCI. All showed higher activity after addi
tion ofBSA to NaCI. Activity of E.coli-Ases spec
ified was measured in human albumin while the 
activity of Erwinia-Ase reached only about 60%. 
In Tris (pH 7.3) + BSA all Ases showed expected 
values. 

Discussion 

The aim of this study was the analysis of differ
ent behavior under various pH and buffer con
ditions of three Ase preparations, obtained from 
various biological sources, which differ in their 
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12~ ,---------------~---------------, Fig. 2. Asparaginase activity of two E. 
coli-Ases (Asparaginase Medac and 
Crasnitin) and Erwinia-Ase (Erwinase) 
measured under physiological buffer con
ditions in 0.1 M phosphate buffer. The 
extends of the box indicate the 25th and 
75th percentitles of the measured activity, 
the line inside marks the value of the 50th 
percentile. Capped bars indicate the 10th 
and 90th percentiles, and symbols mark all 
data outside the 10th and 90th percentile 
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4000 Fig. 3. Asparaginase activity of Aspa
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measured in PBS buffer in the pH 
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pH-values ct PBS bufrar 

l' range of 7.0-8.5. Values are mean of all 
-I data ± SD, n = 5 of each Ase and each 

pH 

chemical properties [5]. The activity depends on 
pH and butfer conditions. Erwinia-Ase is more 
sensitive to buffer conditions than E.coli-Ase. 
The addition of human and animal sera to 
E.coli-Ase has been shown to enhance the enzy-
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matic activity in vitro [6] which is suggested to 
be due to a non-specific stabilization of the 
enzyme molecule. We detected the expected 
activity at pH 7.3 (Tris) and pH 8.5 (boric acid) 
and additional BSA. This resulted in a more reli-



Fig.4. Enzyme actlVlty of Aspara
ginase Medac (Squares) and Erwinase 
(Triangles) in various buffer condi
tions (n ~ 5). Values are mean ± SD. 
Buffer compositions are explained in 
Table 1 
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albumin, and 4 Tris (pH 7.3)+BSA. 2000 n 
Asparaginase Medac-(rz ~ SO); Crasnitin- r:n 
(n = SO); Erwinase-(n = SO). Columns are I I 
mean ± SD 0 -l-.J...LT.J.,..l-L,..L....I..,.L~...J.,..LL~y...J.,..l-,I--'-,J-1J...1~y...J.,..l-l 

able determination of enzyme activity, much 
closer to the specifications on the vials 
(100% ± 10%). 

The enzyme activity of different Ases is to 
yield comparable results, if measured under the 
same conditions in vitro. For good comparabili-

2 3 4 

Ase medac 

234 

Crasnitin 

2 3 4 

Erwinase 

ty, we close the Tris + BSA buffer to test the 
activity in sera of patients treated with one of 
the different Ases. 
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Table 1. Buffer conditions used to compare the sensitivity of the different Ases to vari
ous conditions 

Buffer Molarity pHvalue Content per liter 

Bayer O.066M 7.2 5.87Na,HP04, 4.49 g KH,PO" O.OI%Brij 35 
PBS O.Ql M 7.2 6.78 g NaC!, 1.42 g Na,HPO" 0.41 g KH2P04 
MSD O.Ql5M 7.3 1,82 g Tris, 150 mg BSA 
Saline 0.15M 7.4 NaC!0.9% 
Saline+BSA 0.15M 7.4 NaClO.9%, 150 mg BSA 
Kyowa O.IM 8.0 8.90 g Na2HP04, 6.81 g KH2P04 
Porton I 0.2M 8.5 12.8 g boric acid, 2.0 g NaOH 
Porton II 0.2M 8.5 12.8 g boric acid, 2.0 g NaOH, 150 mg BSA 

Federal Department of Research and Tech
nology (BMFT) and Medac GmbH, Hamburg. 
The responsibility for the contents of this publi
cations rests with the authors. 
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Influence of L-Asparaginase Escherichia Coli and Erwinia on Antithrombin III 
and Coagulation Factors During Induction Therapy 
of Acute Lymphoblastic Leukemia in Children 

A. Krauze 1, M. Jeleftska', M. Palester-Chlebowczyk', and M. Ochocka1 

Abstract. Activity of antithrombin (AT) III and 
factors, I,II,V,VII,X were investigated in a 
prospective study in two groups of children. The 
first group of 30 children received L-asparagi
nase Escherichia coli, the second group of 14 
children received Erwinia. Both groups were 
treated according to protocol acute lymphoblas
tic leukemia Berlin-Frankfurt-Miinster 86 
(ALL-BFM 86). Coagulation factors were mea
sured before the therapy, during the 1st, the 2nd 
and the 3rd weeks of therapy and after finishing 
treatment with L-asparaginase. Results were 
analyzed statistically. Our studies showed a sig
nificant decrease in the activity of AT III and fib
rinogen during L-asparaginase therapy in the 
first group of patients. However, in patients 
receiving Erwinia there was no such significant 
decrease in the activity of AT III and fibrinogen. 

Introduction 

L-Asparaginase (L-aspa) is a very effective agent 
incorporated in most intensive chemotherapy 
schedules, usually as part of induction therapy 
of acute lymphoblastic leukemia (ALL) in adults 
and children [1-4]. This drug is an effective 
antileukemic agent that inhibits neoplastic cell 
growth by hydrolizing L-asparagine to L-aspartic 
acid [5,6]. L-asparagine, a nonessential amino 
acid, is synthesized by mammalian cells. 
Malignant cells have a diminished capacity to 
synthesize L-asparagine and must depend upon 

on external supply from the extracellular fluid. 
As asparaginase depletes extracellular L-aspara
gine, normal cells which are actively synthesiz
ing protein may not be able to synthesize 
sufficient L-asparagine and the lack of protein 
can be observed [7-10]. hypoalbuminemia, 
hypoinsulinemia, a low level of thyroine-bind
ing globulin, and a number of factors involved 
in coagulation and fibrinolysis during treatment 
with L-aspa can be explained by this mechanism 
[11-21]. 

Clinically active asparaginases have been 
derived from Escherichia coli and Erwinia 
chrysanthemii [22-24]. This Prospective study 
was undertaken to detect changes in antithrom
bin III (AT III) coagulation factors I, II, V, VII, 
X and platelets level during E. coli and Erwinia 
asparaginase treatment according to protocol I 
ALL-Berlin-Frankfurt-Miinster Study Group 86 
(ALL-BFM 86). We studied 44 consecutive pedi
atric patients with ALL and determined AT III 
and coagulation factor (I,II,V,VII,X) changes 
that developed during treatment with vin
cristine, prednisone, daunorubidomycine, and 
L-aspa. 

Materials and Methods 

Forty-four newly diagnosed pediatric patients 
with ALL were treated a standard regimen 
according to ALL-BFM 86 to induce a bone mar
row remission. They received vincristine 1.5 

lWarsaw University Medical School, Department of Pediatric Hematology-Oncology, Dzialdowska I, Warsaw, 
Poland 
'Warsaw University Medical School, Department of Vascular Surgery and Transplantology, Banacha SI. 1, 
Warsaw, Poland 
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mg/m2 and daunorubidomycine 40 mg/m2 week
ly for four doses, prednisone 60 mg/m2 daily for 
40 days, and L-aspa 10 000 U/m2 intravenously 
on days 18,22,25,28,31,34,37, and 40. The first 
30 patients (group 1) received L-aspa E. coli 
(Kidrolase). The last 14 patients (group 2) 
received L-aspa Erwinia (Erwinase, Porton, 
USA). 

No significant difference in the distribution 
of sex, age, and in mean values of hematological 
parameters was present between the two groups 
of patients. Age-matched normal control values 
were obtained from children who were having 
minor elective surgery. An additional 5-ml 
blood sample was drawn by venipuncture from 
these children at the time that preoperative 
blood work was drawn. Thirty age-matched chil
dren served as concurrent controls. 

Venous blood samples were collected in 3.8% 
sodium citrate (90:10, v:v) before administration 
of the first L-aspa dose in the 1st, 2nd, and 3rd 
weeks. All blood samples were centrifuged with
in 1 h of collection at 2000 g for 10 min at 4°C. 

Platelet counts were determined by standard 
methods. Serum fibrinogen degradation prod
ucts were assessed semi-quantitatively (throm
bo-Wellcotest). Fibrinogen was measured by 
immunodiffusion (Fibrinogen Reagent, Boeh
ringer Mannheim, Germany) Antithrombin III 
activity was measured by a kinetic method on 
chromogenic substrate (Boehringer Mannheim, 
Germany). Antithrombin III antigen in plasma 
was determined by immunodiffusion {BioMeri-
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eux). Factor II actlVlty was measured by the 
Soulier method, factor V activity by the Wolf 
method, and factor VII and X activity by the 
Koller method. 

Results 

Group 1 (Patients Receiving L-aspa E. colt) 

In patients from group 1 plasma AT III activity
was within the normal ranges (average value 
105% SD 16) before therapy with L-aspa E. coli. 
During the 1st and the 2nd weeks of therapy, AT 
III activity dropped significantly (p < 0.001) 
from an average value 105% (SD 19) to 65% (SD 
19), reaching a nadir value of 60.3% (SD 20) in 
the 3rd week of therapy. 

One third of the patients had AT III activity 
lower than 55%. Two weeks after the last L-aspa 
infusion, 90% of the children reached normal 
activity of AT III 101% (SD 24) (Fig. 1). 
Antithrombin III antigen levels were virtually 
identical to the corresponding AT III activity 
levels in both groups of patients. 

Hypofibrinogenemia was observed in 30% of 
the patients before L-aspa therapy, mean aver
age value was 209 mg% (SD 92). After the onset 
of therapy fibrinogen concentration dropped 
significantly (p < 0.001) to a mean value 90 mg% 
(SD 43), and reached a nadir value of 83% (SD 
37) (p < 0.001) in the 3rd week of therapy (Fig. 
2). The mean value of factor II activity for the 

Before 
L-ASPA 

1-51 and 
2-nd weeks 

30rd week 
of L-ASPA 

After 
L-ASPA 

Fig. l. Changes of plasma antithrombin III activity during L-aspa E. coli treatment. Dashed area represents the 
ranges observed in controls 
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Fig. 2. Changes of fibrinogen concentration during L-aspa E. coli treatment. Dashed area represents the ranges 
observed in controls 

group decreased to 92% (SD 27) in the first 2 
weeks (p < 0.01) and 87% (SD 31) in the 3rd 
week. This decrease was within normal ranges 
obtained from the control group (Fig. 3). The 
mean value of factor V activity decreased from 
74% (SD 33) to 69% during L-aspa E. coli thera
py and increased to higher than pretreatment 
mean values (97% SD 36) after the L-aspa was 
completed (Fig. 4). The mean value of factor VlI 
and X activity was almost unchanged for the 
whole therapy (Fig. 5). The platelet count, which 
was low in both groups of patients at the begin
ning of L-aspa treatment as a consequence of 
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disease and previous chemotherapy, gradually 
returned to normal levels by the end of L-aspa 
therapy (Figs. 6, 7). 

Fibrinogen degradation products were nor
mal « 10 mg!l) and para coagulation tests were 
negative in the both groups throughout the 
observation period (data not shown). 

Group 2 (Patients Receiving L -aspa Erwinia) 

In this group of patients, the decrease in the 
activity of AT III concentration was minimal 
from pretreatment mean value of 114% (SD 37) 

1-51 and 
2-nd weeks 

ns 
n 

3-rd week 
ofL-ASPA 

After 
L-ASPA 

153 

Fig. 3. Changes of factor II activity during L-aspa E. coli treatment. Dashed area represents the ranges observed 
in controls 
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Fig. 5. Changes of factor VII + X activity during L-aspa E. coli treatment. Dashed area represents the ranges 
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to 106% (SD 30) in the 3rd week of Erwinia ther
apy (Fig. 8). After the onset of Erwinia therapy, 
mean fibrinogen concentration dropped from 
170 mg% to 164 mg% (SD 69) in the first 2 
weeks and to 141 mg% (SD 92) in the 3rd week 
(Fig. 9). Minimal decrease of factor II activity 
from 113% (SD 36) to 96% (SD 20) was observed 
in the 1st and 2nd weeks (Fig. 10). 

The mean value of factor V activity for the 
group increased steadily during the first 2 weeks 
of Erwinia therapy from 89% SD 32 to 110% SD 
47 (Fig. 11). The mean value of factor VII + X 
activity decreased insignificantly from 101% SD 
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34 to 85% SD 26 in the first 2 weeks and 
increased to 97% SD 19 in the 3rd week (Fig. 12). 

Discussion 

Serious thrombosis or hemorrhage may occur in 
children during or shortly after L-aspa therapy 
for ALL [25-341_ We observed one patient who 
developed cerebral vein thrombosis while re
ceiving L-aspa E. coli and was found to have a 
low level of AT III. Such observation prompted 
the broad evaluation of the hemostatic system 
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reported here. This study has demonstrated that 
treatment according to the ALL-BFM protocol I 
(induction phase) caused multiple coagulation 
changes in most of our 44 patients. Sutor et al. 
[35] reported that glucocorticoids alone (1-7 
days of induction) had made fibrinogen drop 
and AT III rise. More severe alterations of AT 
III, fibrinogen, factors II, V, VII, and X were 
observed immediately following the start of 
therapy with L-aspa E. coli. 

Influence of [-aspa £ (o/i on AT III and Factors I, II, V, VII, X. 
In the 1st and the 2nd weeks of L-aspa therapy, 

AT III activity dropped abruptly (mean average 
value 65%) in 70% of our patients, and this 
process was continued in the 3rd week (mean 
average value 60%). This decrease was statisti
cally significant (p < 0.001). Ten children in this 
group had AT III activity below 50% (the lowest 
value was 26%). Our data confirm the observa
tions of many authors [11, 14, 16, 18,36-38] L

aspa depresses the concentration of various 
hemostatic proteins by inhibiting their synthe
sis. It is not known why the synthesis of certain 
proteins is impaired and synthesis of others is 
not. Correlation between the results of the fune-
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tional and immunologic assays for AT III also 
suggest deficient synthesis rather than synthesis 
of dysfunctional molecules [16]. Before L-aspa 
therapy 30% of our patients had hypofibrino
gene mia, which could be caused by glucocorti
co ids [35]. During L-aspa therapy fibrinogen 
concentration dropped from an average mean 
value 209 mg% to 90 mg% in the first 2 weeks 
and 83 mg% in 3rd week. This is in agreement 
with the findings of others [12,35,36,39] . Mean 
factor II activity for the group decreased signifi
cantly during therapy. The same observation 
was made by Priest [36]. Therapy with L-aspa E. 
coli was not associated with a marked reduction 

of the activity of factors V, VII, and X in our 
study and in the findings of the others [36, 37]. 

Influence of Erwinio on AT /1/ and Factors I, II, V, VII, and X. 
In patients receiving Erwinia, there was no sig
nificant decrease in the concentration of fibrino
gen and activity of AT III. This is in agreement 
with the findings of others [35]. Only 0' Meara 
et al. [40] reported an increase of AT III concen
tration. In our study mean values of factors II, 
VII + X activities had only a borderline reduc
tion while at the same time minimal increase of 
factor V activity was observed. Although both L
asp a E. coli and L-aspa Erwinia have a similar 
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antitumor effect, the incidence of complications 
associated with the E. coli source of enzyme has 
been consistently higher [22, 24]. This may be 
attributable to: 

1. Poorer penetration of tissue by Erwinia and 
greater confinement to the vascular system. 

2. Asparagine synthetase induction may be 
enhanced by Erwinia, thereby protecting the 
liver from toxicity. 

3. Significantly shorter tll2 of Erwinia [41]. 

Conclusion 

1. Treatment according to protocol I ALL-BFM 
86 including L-aspa E. coli caused multiple 
changes of hemostasis parameters especially 
AT III and fibrinogen. 

2. Treatment including Erwinia induced only a 
borderline reduction of AT III and coagula
tion factors. 

3. To avoid alteration of hemostasis the 
replacement of L-aspa E-coli by L-aspa 
Erwinia should be considered but in our 
opinion, because of a markedly shortened t1l2 
of Erwinia, the frequency of administration 
of this drug has to be changed. 
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Infusion Rate Does Not Influence Ifosfamide Side-Chain Metabolism 

H. Silies"', J. Boos', G. Blaschke', and H. Jiirgens' 

Abstract. Ifosfamide (IFO) undergoes metabolic 
activation by hydroxylation of the ring system to 
exert cytotoxic activity. A second metabolic 
pathway produces the cytostatically inactive 
metabolites 2-dechloroethylifosfamide (2-D
IFO) and 3-dechloroethylifosfamide (3-D-IFO) 
releasing chloroacetaldehyde. This pathway of 
side-chain metabolism has been discussed as a 
source of CNS and renal toxicity. As regards 
neurotoxicity, the incidence seems to be strong
ly schedule dependent. 

We compared the urinary excretion of 2-D
IFO and 3-D-IFO on short-term and continuous 
ifosfamide infusion (3000 mg/m2) and, in addi
tion, schedules with dosages ranging from 400 
mg to 3 g/m2. Urine was sampled for up to 72 h 
and investigated by gas chromatography; 46.5% 
± 13.2% of the applied dose could be recovered 
in the urine (n = 26 patients). The main metabo
lite was IFO (22.5% ± 8.5%) followed by 3-D
IFO (14.4% ± 4.2%), and 2-D-IFO (8.8% ± 
3.4%). Neither the total amount formed nor the 
excretion kinetics of side-chain metabolites 
were found to be schedule dependent. Even with 
I-h infusion, there was a lag of 3-6 h until excre
tion of side-chain metabolites set in. The excre
tion patterns of side-chain metabolites as well as 
unmetabolized IFO were nearly superimposable 
on short-term and on continuous infusion. 

We conclude that differences in toxicity and 
efficacy cannot be explained by an influence of 
the application time on the metabolic profile of 
IFO. 

Introduction 

Ifosfamide (IFO) is a widely used anticancer 
drug from the group of oxazaphosphorines 
which also includes cyclophosphamide. 
Currently, IFO is used in first-line therapeutic 
regimens in approximately half of all children 
presenting with newly diagnosed cancer in 
Germany [1]. IFO is a prodrug and requires 
metabolic activation by hydroxylation of the 
ring system to exert a cytotoxic effect (see Fig. 
1). 4-Hydroxy-ifosfamide (4-0H-IFO) is con
verted into tautomeric aldoifosfamide (ALDO
IFO) by opening of the oxazaphosphorine ring. 
Spontaneous elimination of acrolein (ACR) pro
duces the alkylating compound isophos
phoramide mustard [N,N' -bis(2-chloroethyl) 
-phosphoric acid diamide] (IFO-M). Further 
oxidation of 4-0H-IFO results in the inactive 
metabolites keto- and carboxyifosfamide [2,3] 
(see Fig. 1). 

By an alternative metabolic pathway, IFO 
undergoes N-dealkylation to the cytostatically 
inactive metabolites 2-dechloroethylifosfamide 
(2-D-IFO) and 3-dechloroethylifosfamide (3-D 
-IFO) releasing chloroacetaldehyde [4]. These 
side-chain metabolites have been associated with 
CNS toxicity [5-8] and renal toxicity [9], effects 
not observed after cyclophosphamide. The inci
dence of neurotoxic side effects of IFO seems to 
be strongly schedule dependent, showing higher 
incidence on oral and short-term application [8]. 
On the other hand, the antitumor efficacy was 
also reported to be lower in patients on a contin
uous IFO application schedule [10]. 

'Department of Pediatric Hematology/Oncology, University of Miinster, 48129 Miinster, Germany 
'Institute of Pharmaceutical Chemistry, University of Miinster, 48129 Miinster, Germany 
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Fig, 1. Metabolism of ifosfamide 

The present study was initiated to address the 
following questions: 

- Is there a dose-dependent difference in the 
excretion of side-chain metabolites? 

- Is there a schedule-dependent difference in 
the excretion of side-chain metabolites bet
ween short-term and continuous infusion of 
IFO? 

Material and Methods 

Patients and Study Design 

The urinary output was completely collected 
during 26 cycles of IFO of 23 patients aged 

between 8 and 25 years and almost completely 
collected from another three patients during five 
cycles (Table I), The patients were treated for 
osteosarcoma (n = 9), rhabdomyosarcoma 
(n = 6), Ewing's sarcoma (n = 4), Askin tumor 
(n = 1), clear cell sarcoma (n = I), neuroblas
toma (n = 1), B cell lymphoma (n = I) and acute 
lymphoblastic leukemia (ALL) relapse (n = 3), 
The individual doses ranged from 400 mg/m2 to 
3000 mg/m2, IFO was given by infusion at dura
tions of I h to 3 days (continuous infusion), The 
treatment schedules and the cytostatically active 
comedication used are outlined in Table 1. 
Urinary fractions were collected at 3-, 6-, and 
12-h intervals up to at least 23 h after the appli
cation when renal excretion was almost com-

Table 1. Dosage, scheduling, and cytostatic comedication used in the present study 

Patients Dose Days Infusion Other cytostatics 
(mg/m' daily) 

IS, DC, IF, RP, 
RS, SG, FS 3000 2 Ih Cisplatin 
lK 3000 2 Continuous Adriamycin, vincristine 
MK 3000 3 Continuous Adriamycin, vincristine 
Sj, jB, jO, TL, 
RN, CK, CB, MT, A W 2000 3 Ih Etoposide, actinomycin, vincristine 
LG 1500 Continuous Vincristine, DTIC, adriamycin 
DP 800 5 Ih Etoposide, ara-C, methotrexate 
jN, EA, DH 400 5 Ih 6-Thioguanine, VDS, 

methotrexate, daunorubicin, 
L-asparaginase 
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plete. The urinary fractions were immediately 
stored at -20°C. From each patient one sponta
neous urine sample was collected before the IFO 
application as a reference sample. 

Determination of IFO, 2-D-IFO and 3-D-IFO 

Extraction Procedure. A sample of 500 III urine was 
spiked with 25 III of the internal standard solu
tion containing the oxazaphosphorine trofos
famide (1 Ilg dissolved in 1 III of methanol) 
(TROFO); the sample was shaken vigorously. 
After centrifugation the samples were trans
ferred to extrelut-R-l cartridges, and 3 ml 
dichloromethan/isopropanol (95:5 VIV) was 
added. After 5 min, the extraction procedure 
was repeated. After 10 min, the extraction solu
tion was evaporated to dryness under a gentle 
stream of nitrogen. The residue was redissolved 
in 100 III methanol, and the solution shaken vig
orously. 

Determination by Gas Chromatography. The simultane
ous determination of IFO, 2-D-IFO, 3-D-IFO, 
and TROFO was done by separation on a fused 
silica capillary column (NB 1701, HNU, N ordion, 
10 m x 0.32 mm ID x 0.25 11m film thickness). A 
gas chromatograph (Shimadzu GC 14A) equip
ped with a split-splitless injector and nitrogen
phosphorus-selective flame ionization detection 
(NPD) was used. The following temperature pro
gramme was applied: the starting temperature of 
the column was 140°C and raised to 175°C at 
5°C/min, then maintained at 175°C for 3 min, the 
temperature was then raised to 200°C at 
15°C/min and maintained for 8 min. The chro
matograph was operated under the following 
conditions: temperature at the injection site, 
200°C; temperature of the detector, 250°C; carrier 
gas, helium, flow rate 2.5 mllmin; flow detector 
gases, air at 0.6 bar, hydrogen at 0.6 bar, make
up gas (helium) at 35 mllmin; split injection at a 
ratio of 1 :50; 1 III of the extracted sample was 
injected in the gas chromatography system. 

Validation. Standards were prepared by adding 
known amounts of 2-D-IFO, 3-D-IFO, IFO, and 
TROFO (which were kindly supplied by Asta 
Medica, Frankfurt, Germany) to urine samples 
obtained from volunteers. The concentration 
ranges used for calibration were 1-200 Ilglml 
urine for 2-D-IFO, 3-D-IFO, and IFO. Each cali
bration curve consisted of a total of seven val
ues. All standards were run in triplicate. 
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Quantitative estimation of drug and metabolite 
concentrations in the standard and the test sam
ples were carried out according to the internal
standard ratio. The correlation coefficients for 
IFO and the dechloroethyl metabolites exceeded 
0.999, so that there were linear peak area versus 
concentration curves. 

The interassay coefficients of variation at the 
different concentrations averaged 5.57%, 6.49%, 
and 6.31%. The lower limits of detection at a 
peak-height to baseline-noise ratio of 3:1 was 
200 ng/ml for 2-D-IFO, 3-D-IFO. The extraction 
recovery rates for 2-D-IFO, 3-D-IFO, IFO, and 
TROFO ranged between 97% and 99%. 

Results 

A total of 46.5 ± 13.2% of the applied dose could 
be recovered in the urine (n = 26 patients). The 
main metabolite was IFO (22.5% ± 8.5%) fol
lowed by 3-D-IFO (14.4% ± 4.2%), and 2-D-IFO 
(8.8% ± 3.4%) Figure 2 presents the cumulative 
excretion of IFO and the side-chain metabolites. 
The urinary excretion of each patient according 
to the application schedule is shown. No rela
tionship could be found between the excreted 
amount of the side-chain metabolites and the 
application schedule. 

The findings on evaluation of the total uri
nary excretion after different application pat
terns were to be confirmed by the comparison of 
the excretion kinetics. We compared the 2-D
IFO and 3-D-IFO excretion data of children 
treated with 3000 mg/m2 per day IFO either by 
I-h infusion or continuous infusion. This com
parison included the patients IS, DC, IF,RP, and 
IK,as well as AHl, AH2, KK, IE, cn, JP, PB2, 
and BB. The cumulative excretion data of the 
latter eight patients were given in a previous 
publication [11]. The excretion kinetics, shown 
in Figs. 3 and 4, are completely superimposable. 
The interindividual variability of each patient 
group for each determination time is indicated 
in the figures. Even with 1-h infusion there was a 
3-6 h lag until dechloroethylation was apparent. 

Discussion 

Whereas some former published studies on the 
metabolism of IFO have shown wide interindi
vidual variability [12,13], we found overall a 
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application dose: 3g/m2 /day, day 1-2 

• = excretion of3-0-IFO (lh-short-tenn-infusion, n=6) 

Fig. 3. Cumulative urinary excre
tion of 3-D-IFO during continu
ous (open circles, n = 7) and 
short-term (Solid circles, I-h infu
sion, n = 6) IFO infusions accord
ing to the cumulative IFO dose per 
cycle. Application dose: 3g/m' per 
day per days 

0 = excretion of3-D-lFO (continuous infusion, n=7) 
35 
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time after the beginning ofthe infusion [h] 

application dose: 3g/m2 lday, day 1-2 

• = excretion of 2-0-IFO (lh-short-tenn-infusion, n=6) 

o = excretion of 2-D-IFO (continuous infusion, n=7) 
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Fig. 4. Cumulative urinary excre
tion of 2-D-IFO during the contin
uous (Open circles, n = 7) and 
short-term (Solid circles,l-h infu
sion, n = 6) IFO infusions accord
ing to the total cumulative IFO 
dose per cycle. Application dose: 
3g/m' per day on days 1-2 

time after the beginning ofthe infusion [h] 

rather uniform pattern of excretion of unmetab
olized IFO and N-desalkylated compounds. This 
was in accordance with our previous observa
tion of the metabolism of IFO in 14 children 
[11]. The total amount excreted was similar to 
the results reported by other groups [14-16]. 

The phenomenon of auto induction results in 
an increase of IFO metabolism to alkylating 
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metabolites [17] as well as to the dechloroethy
lation products including chloroacetaldehyde 
[18]. The total IFO clearance on continuous 
infusion appeared to be higher in pediatric 
patients compared to adults [19] but was not 
different between short and long intravenous 
IFO infusion [20]. As the pathway of side-chain 
metabolism and the release of chloroacetalde-



hyde has been discussed as a source of eNS toxi
city [5] and nephrotoxicity [9], the current 
investigation focussed on renal excretion of 2-
D-IFO and 3-D-IFO. With regard to the indica
tions of schedule-dependent toxicity [8] and 
efficacy [10] the excretion kinetics of these 
metabolites were compared on short-term ver
sus continuous infusion. 

No relationship, however, was found between 
the amount of the side-chain metabolites excret
ed and the application schedule (Fig. 2). 
Furthermore, the finding of an identical excreto
ry pattern for IFO, 2-D-IFO, and the main side
chain metabolite 3-D-IFO does not suggest any 
significant differences in ring oxidation with 
formation of 4-0H-IFO either. Our data thus fail 
to support any association between differences 
in toxicity and clinical response and changes in 
metabolism with different infusion rates. 

Moreover, the identical urinary excretory 
pattern of the substance proper and its metabo
lites suggests that a relationship between dosage 
schedule and renal toxicity is rather unlikely. 
Against this background, it is no surprise that 
children on regimens employing short-term, as 
compared to continuous, IFO infusion showed 
no differences in the pattern or incidence of 
renal impairment [21]. 
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Busulfan Pharmacology in Bone Marrow Transplantation Patients 

V. Heinemann, K. Voges,). Mittermiiller H.-j. Kolb, K. Wachholz, W. Wilmanns, and U. jehn 

Abstract. Forty-three patients, 18 acute myeloid 
leukemia, 22 chronic myelogenous leukemia, 
two with refractory anemia with excess of blasts, 
and one patient with a diagnosis of thalassemia 
(median age 46 years, range 26-58 years) 
received high-dose busulfan as a conditioning 
regimen for bone marrow transplantation (32 
allogeneic and 11 autologous). Busulfan was 
given at a dose of 1 mg/kg (2-mg tablets) every 6 
h until a total dose of 16 mg/kg was achieved. 
Busulfan trough concentrations in plasma 
showed a considerable variability between dif
ferent patients (l4-fold), but also within the 
respective treatment courses (two-to seven 
fold). To allow a targeting of busulfan plasma 
concentrations by appropriate dose adjustment, 
it appeared necessary to reduce the intrapatient 
variability of busulfan plasma concentrations. 
We therefore evaluated the impact of food 
uptake on gastrointestinal absorption and phar
macokinetics of busulfan. Thirteen patients 
receiving enteral feeding were compared to 18 
fasting patients who received parenteral feeding. 
In fact, interpatient and intrapatient variability 
was significantly decreased by parenteral feed
ing. However, trough values of busulfan were 
significantly lower in parenterally fed patients 
compared to enterally fed patients (350 vs. 500 
ng/ml, p < 0.001). We further performed a longi
tudinal analysis of busulfan steady-state concen
trations during the whole treatment period. The 
pharmacological evaluation of 30 patients 
demonstrated that mean busulfan steady-state 
concentrations significantly (p = 0.01) decreased 
from dose four to dose 15 (400 vs. 281 ng/ml). 

All patients received an anticonvulsant prophy
laxis with phenytoin during busulfan treatment. 
Since steady-state busulfan concentrations did 
not decrease in ten additional patients who 
received diazepam as anticonvulsant prophylax
is, it was concluded that phenytoin, a known 
enzyme inducer, was responsible for enhanced 
hepatic metabolism of the drug and consequent-
1y induced an increased clearance of busulfan 
during the course of busulfan conditioning 
treatment. 

Introduction 

Busulfan is a bialkylating agent with known 
activity in chronic myelogenous leukemia 
(eML). This agent shows a predominant antihe
matopoietic activity, while immunosuppression 
is induced to a lesser extent [I]. High-dose 
busulfan is presently being evaluated as condi
tioning regimen for allogeneic and autologous 
bone marrow transplantation in hematologic 
malignancies. In this setting, busulfan substi
tutes total body irradiation prior to bone mar
row transplantation [2]. Busulfan is applied 
orally at a dose of 16 mg/kg over 4 days. Owing 
to its oral application, bioavailability of busulfan 
may vary as a function of gastrointestinal 
absorption kinetics. Since busulfan is known to 
be lipophilic, drug absorption may further be 
determined hy food composition. [t has been 
reported that a relation exists between toxic side 
effects of busulfan, such as veno-occlusive dis
ease of the liver, and the area under the concen-

Department of Hematology, III Med. KEnik, Klinikum Grosshadern, University of Munich, Germany 

533 



tration x time curve (AUC) of busulfan in plas
ma [3]. This study was therefore designed to 
monitor busulfan plasma concentrations follow
ing three lines of investigation. First, the effect 
of food uptake on busulfan plasma pharmacoki
netics was studied. The primary goal of this 
analysis was to reduce the variability of gas
trointestinal busulfan absorption. Second, we 
analyzed the relationship between busulfan 
trough levels in plasma and therapeutic out
come. Third, we evaluated the impact of con
comitant anticonvulsant treatment on busulfan 
pharmacokinetics. Since phenytoin, in contrast 
to diazepam, is a known inducer of hepatic 
enzymes, and since busulfan is extensively 
metabolized by the liver, it was of interest to 
investigate if phenytoin would enhance busulfan 
metabolism as compared to diazepam. 

Patients and Methods 

Patients. Forty-three patients, 18 with the diag
nosis of acute myelogenous leukemia (AML), 22 
with the diagnosis of CML, two patients with the 
diagnosis of refractory anemia with excess of 
blasts (RAEBT), and one patient with the diag
nosis of thalassemia were included into the 
study. Median age was 46 years (range 26-58 
years). Thirty-two patients received allogeneic 
bone marrow transplantation, while 11 patients 
underwent autologous bone marrow transplan
tation. 

Treatment Regimen. High-dose busulfan was 
administered orally at a daily dose of four times 
1 mg/kg using 2-mg tablets until a total dose of 
16 mg/kg was reached after 4 days of treatment. 
Intervals between busulfan doses were generally 
kept at 6 h. Anticonvulsant prophylaxis was per
formed in one group of patients (n = 33) by 
administration of an oral dose of 300-400 
mg/day, while the following group of patients 
(n = 11) received oral diazepam prophylaxis at a 
daily dose of 25 mg. 

Materials and Methods. Blood samples were taken 
before the start of the conditioning treatment 
and at 6-h intervals before each dose of busul
fan. Blood was generally provided in Li-heparin
containing vials, and plasma was separated by 
centrifugation. Busulfan quantification in plas
ma was adapted from the method described by 
Blanz et al. [41. In short, heparinized plasma 
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samples were cleaned by solid-phase extrac
tion using a Vac Elut system equipped with 
Bond Elut 1-ml C8 cartridges (Analytichem 
International Handelsgesellschaft, Frankfurt, 
Germany). 

High-performance liquid chromatography 
(HPLC) analysis was performed using a Waters 
Model 490E Detector, two Waters Model 510 
pumps, (Fa. Waters, Eschborn, Germany), an 
automatic sample injector Waters 717, and the 
Maxima 3.10 software, an IBM computer-based 
program designed for pump control and chro
matogram evaluation. Peak seperation was 
achieved by a 5-llm LiChrosorb CN analytical 
column and a guard column of 5-llm 
LiChrosorb CN (Grom, Herrenberg, Germany). 
Postcolumn derivatization was performed by 
use of a photochemical reaction chamber inter
posed between the analytical column and detec
tor. The busulfan derivative 1,4-diiodobutane 
was separated under isocratic elution conditions 
with a water/acetonitrile solvent (70: 30, v: v) at 
a flow rate of 1 ml/min. For peak detection a 
wavelength of 226 nm was chosen. Quan
tification of busulfan was performed by external 
standard calculation using derivatized busulfan 
standards. The reproducibility of busulfan 
detection and quantification in plasma was rea
sonably good with a coefficient of variation of 
4.4%. Data were submitted to a pharmacokinetic 
analysis using the IBM computer-based software 
TOPFIT. 

Results 

At the beginning of this study, all patients 
(n = 13) received oral feeding during the busul
fan conditioning treatment. Busulfan was gener
ally administered at 6-h intervals at doses of 1 
mg/kg, which were held constant throughout the 
treatment. Busulfan absorption kinetics showed 
a considerable intrapatient and interpatient 
variablity. With regard to the intrapatient analy
sis, steady-state concentrations of busulfan, 
measured on days 2-4, showed a two- to seven 
fold variability (data not shown). Between 13 
different patients, steady-state concentrations 
varied by a factor of 14 (data not shown). From 
this it was concluded that the predictability of 
busulfan plasma concentrations within one 
patient and even more between different 
patients was so low that a reliable relation 
between dose and plasma concentration of 



busulfan could not be established. Under these 
conditions, a pharmacologically directed dose 
adjustment of busulfan appeared inappropriate. 

Effect of Food Uptake on Busulfan Pharmacokinetics. 
Since busulfan is a lipophilic drug, it appeared E 
likely that gastrointestinal drug absorption was til 
greatly determined by concomitant food uptake. c:: 
We therefore changed the feeding protocol dur- g 
ing the conditioning treatment. To achieve a ~ 

.t> 
maximal uniformity of drug absorption, ~ 

patients (n = 18) were kept in a fasting condition g 
and were fed parenterally. Since the interval 8 
between oral busulfan uptake and peak concen- ~ 
trations of busulfan in plasma could not be reli- :l 

600 

ably predicted, determinations of busulfan peak c.. 200 

concentrations were omitted in the following j 
patients. All subsequent measurements were i 
therefore determinations of busulfan trough lev- cil 
els, each taken prior to the next oral dose. In 
fact, when busulfan steady-state levels were 
compared in orally fed and fasting patients, it 
became apparent that intrapatient (p < 0.02) and 
interpatient (p < 0.04) variability of trough con

parenteral 
feeding 

p = 0.0006 

1234123412341234 

day1 I I day 3 I d8y4 

Dose 

centrations was significantly reduced by the 
fasting condition. However, the lack of oral food 
uptake also induced a significant (p = 0.0006) 
decrease of mean plasma busulfan trough levels 

Fig. 1. Busuflan steady-state levels in relation to 
enteral (n = 13) vs. parenteral (11 = 18) feeding 

in the group of fasting patients as compared to 
the orally fed patients (350 ng/ml vs. 500 ng/ml) 
(Fig.1). 

Effects of Busulfan Pharmacology on Treatment Effectivity. 
A further analysis evaluated the impact of busul
fan pharmacology on treatment effectivity. To 
this end, we compared busulfan trough concen
trations in 16 patients with ongoing disease-free 
survival to five patients who relapsed after bone 
marrow transplantation (median time to relapse 
= 14 months, range = 5-18 months). This eval
uation demonstrated that busulfan trough con
centrations were significantly (p = 0.036) greater 
in relapsed as compared to disease-free patients. 

Effect of Phenytoin and Diazepam on Busulfan 
Pharmacokinetics. To evaluate the effect of anti
convulsant treatment with the enzyme-inducing 
agent phenytoin on busulfan plasma concentra
tions, an analysis of busulfan steady-state levels 
was performed in 30 patients (Fig. 2). It was 
demonstrated that in these patients mean busul
fan plasma concentrations significantly (p = 
0.01) decreased from dose four to dose 15 (400 
ng/ml vs. 281 ng/ml). For comparison, busulfan 
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Fig. 2. Steady-state busulfan concentrations during 
phenytoin prophylaxis (n ,= 30) 
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steady-state levels were evaluated in ten patients 
who received anticonvulsant prophylaxis with 
diazepam. In this patient group, a decline of 
busulfan concentrations could not be observed 
(Fig. 3). 

Discussion 

The primary goal of this study was to introduce 
a pharmacologically directed adjustment of 
busulfan dosing during conditioning treatment 
for bone marrow transplantation. This approach 
had been prompted by reports indicating a cor
relation of busulfan-associated toxicity and the 
AVC of busulfan in plasma. An initial analysis 
of the plasma pharmacokinetics of busulfan in 
eight patients during days 1-4 of treatment 
came to the conclusion that absorption of the 
drug followed multicompartment kinetics and 
was highly variable in each patient. Considering 
two- to seven fold differences of steady-state 
concentrations in single patients, it was clear 
that a targeting of busulfan AVCs was not possi-
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ble. Moreover, it was apparent that the great 
interpatient variability of busulfan bioavailabili
ty might also translate into a considerably vari
able effectivity of conditioning treatment. 

Consequently, the next step of investigation 
was to lower the intrapatient and interpatient 
variability of busulfan pharmacokinetics. 
Busulfan is a lipophilic drug. It was therefore 
assumed that differences in food composition 
might have an impact on gastrointestinal drug 
absorption. To evaluate the importance of food 
uptake we compared 13 orally fed patients with 
18 fasting patients who received parenteral feed
ing. The fasting condition was chosen, on the 
one hand, to introduce an element of uniformity 
and, on the other hand, to investigate the true 
importance of food uptake. 

In fact, it was shown that fasting induced a 
significant stabilization of busulfan trough con
centrations during the course of treatment not 
only for single patients, but also in the interpa
tient comparison. Another effect of fasting was 
demonstrated to be a highly significant 
(p = 0.0006) decrease of busulfan bioavailability 
(Fig. 1). It may be hypothesized that gastroin-
testinal absorption of busulfan is improved in 
the presence of a lipophilic milieu which is pro
vided by concurrent uptake of lipophilic food 
components. 

Since fasting of patients improved the unifor
mity of busulfan pharmacology, but since it also 
decreased the trough concentrations, it was of 
interest to investigate the importance of busul
fan trough levels for treatment outcome. 
Therefore, 16 patients with ongoing disease-free 
survival were compared to another five patients 
who relapsed after bone marrow transplanta
tion. This analysis demonstrated that relapsed 
patients had greater busulfan trough levels than 
disease-free patients. It was concluded that at a 
busulfan dose of 4 xl mg/kg (days 1-4) through 
levels of busulfan were not determinants of 
treatment effectively. Further studies need to 
clarify if this also holds true for the relationship 
between busulfan peak concentrations and 
treatment outcome. 

During the pharmacological analysis of 30 
o'------------------.J patients, it became apparent that busulfan 
123 4 123412341234 

day 1 I I day 2 I I d.y 3 I d.y 4 steady-state levels continuously decreased in the 
I course of treatment (Fig. 2). From dose four 

Dose (day 1) to dose 15 (day 4) mean busulfan steady

Fig. 3. Steady-state busulfan concentrations during 
diazepam prophylaxis (n = 10) 
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state concentrations decreased by 27%. 
Elimination of busulfan from the plasma pri
marily occurs by metabolic conversion which in 



a rat model primarily takes place in the liver [5]. 
The decrease of busulfan steady-state concen
trations may therefore be explained by an 
enhanced hepatic drug metabolism which ini
tially had been assumed to be induced by an 
auto induction of busulfan metabolism [6]. 
However, since all patients received anticonvul
sant prophylaxis with phenytoin, a known 
enzyme-inducing agent, it was suggested that 
phenytoin might be responsible for an increased 
hepatic metabolism of busulfan [7-9]. To test 
this hypothesis, the following ten patients 
received diazepam for anticonvulsant prophy
laxis (Fig. 3). In fact, a decline of busulfan plas
ma concentrations was not observed in this 
patient group. In conclusion, the enzyme-induc
ing activity of phenytoin most likely increases 
hepatic metabolism of busulfan and thereby 
decreases busulfan steady-state levels during the 
course of conditioning treatment. Since 
diazepam does not affect busulfan pharmacoki
netics, this drug might be preferred for anticon
vulsant prophylaxis during high-dose busulfan 
conditioning treatment. 
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Topoisomerase II Activities in Human Leukemic Cells and Their Sensitivity 
to Anthracyclines and Podophyllotoxines 

F. Gieselerl, A. Glasmacher', D. Kampfe" v. NiiBler" S. Valsamas', J. Kunze', and M. Clark' 

Abstract. With the purpose of defining prognostic 
factors for cellular response to treatment with 
topoisomerase II (topo II) inhibitors, we deter
mined topo II activities in human leukemic cells 
and the in vitro sensitivity of these cells to topo 
II inhibitors. The cells from 76 patients with 
chronic lymphocytic leukemia (CLL, n = 28), 
chronic myelogonous leukemia (CML, n = 18), 
and acute myeloid leukemia (AML, n = 30) were 
examined. Fresh specimens from either periph
eral blood or bone marrow were partially sepa
rated by Ficoll gradient and examined by light 
microscopy. Only samples with at least 80% of 
the cells of interest were taken into account. 
Either decatenation activity or relaxation activi
ty after inhibition of topo I by camptothecin 
were determined in units by dilution. Under 
high-stringency conditions with 240 mm KGlu, 
two different topo II activities could be detected 
by their different pH optima. The activity, with 
its maximum at pH 8.9 (topo II a ), could be 
inhibited by daunorubicin, doxorubicin, idaru
bicin, and etoposide. In contrast, the second 
activity with its maximum peak at pH 7.9 (topo 
II P) could not be inhibited. Although the topo 
II a activity seems to be the target substrate of 
these drugs, the topo II P activity is important 
for the sensitivity of the cells to daunorubicin 
and idarubicin. AML cells with a activity ratio of 
topo II alp of > 1.51 were significantly more 
sensitive than cells with a ratio of ,,;; 1.51 
(daunorubicin P = 0.036, idarubicin P = 0.164). 
In CLL and CML, we found a positive correla-

tion between the topo II P activity and the IC90 

of anthracyclines and podophyllotoxines. 
Obviously, the topo II a activity is inhibited 

by these drugs, but the survival of the cells 
notably depends on the topo II P activity, i.e., 
that cells with a high topo II P activity survive 
the treatment. 

Introduction 

Topoisomease II inhibitors belong to the most 
important cytostatic drugs. They are widely 
used in the therapy of leukemia. Nevertheless, 
we still do not know the exact molecular mecha
nisms of how they induce cell death. Cellular 
resistance to these drugs is one of the major 
problems in therapy and its prediction would be 
of high value. It is known that topo II is the tar
get structure of acridines, epipodophyllotoxins, 
and anthracyclines [1,2]. Two different iso
forms named topo II a and topo II P and addi
tional posttranscriptional modifications have 
been described [3, 6] Owing to these modifica
tion, there is no direct correlation between gene 
transcription and the activity of topos. This is 
one of the reasons why we determined the cellu
lar activity of topo II. In this paper, we present 
the results of an ongoing study in which we 
looked for a correlation between the cellular 
sensitivity to topo II inhibitors and the activity 
of topo II in leukemic cells. 

'Medizinische Poliklinik der Universitat Wiirzburg, Germany 
'Medizinische Klinik und Poliklinik der Universitat Bonn, Germany 
'Universitatsklinikum Kriillwitz, Halle, Germany 
4Klinikum GroBhadern, Medizinische Klinik III, Munich Germany 
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Material and Methods 

We examined 76 samples from patients with 
acute and chronic leukemias. Fresh patient cells 
from peripheral blood or bone marrow were 
examined within 30 h. Cells were separated 
using a Ficoll gradient and standard methods. 
Aliquots were examined by light microscopy 
after preparing centrifuge slides and staining the 
cells. Only samples with > 80% of the cells of 
interest were taken into account. The cells were 
washed twice with cold phosphate-buffered 
saline (PBS), resuspended in 3.5 mllysine buffer 
(0.3 M sucrose; 0.5 mM EDTA pH 8.0; 60 mM 
KCI; 15 mM HEPES pH 7.5; J1M spermidine; 50 
J1M. Lysis buffer-spermin O.Sml containing 20 
III triton X-100 was added and then put on ice 
for 15 min. To prevent clumping, the cells were 
mixed gently several times. The optimal cell 
quantities, are 5 x 106-5 X 107 although as few as 
1 x 106 cells may be used with good results 
(80%-90% nuclei recovery). After centrifugation 
the nuclei were resuspended in 100-500111 lysis 
buffer and then laid upon I mllysis buffer with 
30% sucrose in 1.5 ml reaction tubes, the nuclei 
were separated from cytoplasmic and mem
brane proteins by centrifugation. Nuclei were 
resuspended in extraction buffer (5mM KHP04, 

pH 7.4; 100 mM NaCI, 10 mM 2-mercap
toethanol, 5 I1l/ml 200 mM phenylmethyl sul
fonyl fluoride PMSF, in dimethyl sulphoxide 
DMSO) at a concentration of 3 x 107 nuclei/m!. 
one fifth volume 5 M NaCI was then slowly 
added and gently mixed. The extract was put on 
ice for 15 min before centrifuging. The super
natant was loaded on a mini-spin column con
taining 100 III heparin sepharose in 5 mM 
KHPO., 50mM NaCl, pH 7.4 and washed with 
several volumes of the same buffer. The column 
was subsequently washed with 150 mM KHP04, 

100 mM NaCI, pH 7.4. Topo II was eluted with 
400 mM KHP04, 100 mM NaCI, pH 7.4. 
Relaxation and decatenation assays were done 
in 0.1 M bis-tris-propane, 1 mM MgCI2, 15 I1g 
bovine serum albumin (BSA), 1 mM adenosine 
51 triphosphate (ATP), 5 mM dithiothrieitol 
(DTT), and L-glutamic acid monopotassium salt 
concentrations 120, 180, or 240 mMwere used. 

A sample of 200 ng kDNA was used for 
decatenation assays, 200 ng pBR322 with 1 11m 
camptothecin to inhibit topo I was used for 
relaxation assays. Incubation was done for 30 
min at 37°C for all assays. Decatenation assays 
were incubated for an additional 30 min at room 

temperature with 4 III 10 mg/ml proteinase K in 
10% Sodium dodecyl sulphate (SDS). The sam
ples were then heated to 65°C for 2-3 min before 
being run on a 1 % tris-borate-EDT A-buffer 
agarose gel with 100 111 5mg/ml ethidium bro
mide!liter TBE. Relaxation assays were run on 
1 % tris-acetate-EDT A -buffer agarose gels, the 
samples were not treated by proteinase/SDS to 
avoid a topo-I-induced open circular form. Gels 
were scanned using an Apple One Scanner and 
the amount of DNA quantified by gray scale 
analysis using the program NIH Image V1.42 
on a Macintosh Powerbook 180. 

Inhibition of topo isoactivities was performed 
with HL60 cells. The cells were incubated with 
idarubicin (200 ng/ml), daunorubicin (500 
ng/ml), and etoposide (2500 ng/ml). Condition I 
is the control activity before incubation, condi
tion II after 2.5 h incubation, condition III after 
8 h incubation. After incubation, the cells were 
washed twice with buffer and then processed as 
described above. 

In vitro determination of cellular sensitivity 
was done by incubation of the cells in various 
drug concentrations. Viability was examined by 
using the alamar blue assay which is a colori
metric determination of the ability of the cells to 
reduce a substrate analogue to the widely used 
methyl-thiazol-tetrazolium (MTT) assay [7]. 

Statistical analysis was done using the Mann
Whitney U test. Unit definition of topo II activi
ty per 104 cells; 1 U topo relaxes 90% plasmid 
DNA; 200 ng pBr322 per lane; agarose 1% 20V 
(approximately 18 mAmp), 18 h; inhibition of 
topo I by 111m camptothecin. 

Results 

Two topo II activities could be found in all the 
cells we examined. We have previously des
cribed that, under the conditions we used,these 
activities can be discriminated without overlap 
by their pH optima [8,9]. In order to find out 
which isoactivity is inhibited by anthracyclines 
and (epi) podophyllotoxines, we performed the 
experiments shown in Fig. 1. Tapoisomerase II 
alpha is the is the intracellular target for authra
cylines and epipodophyllotoxins in HL-60 
leukemia cells. 

The distribution of the cellular sensitivities 
was non-parametric for all cells. For this reason, 
we expressed the result in median and the 25% 
and 75% percentiles. Thirty samples from 
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Fig. lA-C. Topo II activities after incubation of HL 60 cells with topo II inhibitors. Left, topo 110., pH 8.9; Right, 
topo II·, pH 7.9. A idarubicin; B daunorsicin C etoposide 

patients with AMl were examined. The sensitiv
ities and topo II activities are shown in Table 1. 
Table 2 shows the statistically significant corre
lations. AMl cells with a high topo II alphalbeta 
ratio « 1.51, median) were significantly they 
more sensitive to anthracyelines. Twently-eight 
samples from patients with eLL (Table 3) and 18 
from patients with (Table 4) were examined. An 
in the samples from AMl and Cll, we found no 
statistically significant relation between the 
lD90 drug sensitivities and the activity of topo II 
a The following drug sensitivities in CML. cor-
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related significantly with the topo II ~ activity 
(n = 8): daunorubicin (p value 0.08), idarubicin 
(p value 0.022), etoposide (p value 0.046), teni
poside (p value 0.056). 

Discussion 

Seventy-six samples from patients with AMl, 
CLL, and CMl have been examined. In all exam
ined leukemic cells, we found two topo II activi
ties which could be separated by their different 



Table 1. Sensitivities and topo II activities of AML cells' (n = 30) 

25th Percentile Median 

Daunorubicin 58.59 375.15 
Doxorubicin 288.05 1685.50 
Idarubicin 24.29 215.20 
Etoposide 22 035.00 42845.00 
Teniposide 5163.75 9246.00 
Topo IIa 1.04 3.33 
Topo II~ 0.83 1.67 
Ratio topo IIa/~ 1.00 1.50 

., Sensitivity (IC" ng/ml), topo II activity (U). 

Table 2. Statistically significant correlations (AML cells)" 

Ratio a/~ Ratio a/~ 
~ 1.51 > 1.51 

Daunorubicin 985.00 93.00 
Idarubicin 3626.00 41.00 

'Mann-Whitney U test, sensitivity (ICyo ng/ml), topo II activity (U). 

Table 3. Sensitivities and to po II activities of CLL cells" (n - 28) 

25th Percentile Median 

Daunorubicin 70.20 1946.00 
Doxorubicin 226.45 1994.00 
Idarubicin 84.69 1106.00 
Etoposide 18270.00 23980.00 
Teniposide 2630.00 5864.00 
Topo IIa 0.83 5.00 
Topo II~ 0,63 1.67 
Ratio topo IIa/~ 1.00 1.50 

"Sensitivity (IC,o ng/mll, topo II activity (U), 

Table 4. Sensitivities and topo II activities of CML cells' (n = 18) 

25th Percentile Median 

Daunorubicin 623.25 7221.50 
Doxorubicin 3907.00 80460.00 
Idarubicin 1037.55 5022.00 
Etoposide 44320.00 83325.00 
Teniposide 6202.50 11375.00 
Topo !La 0.47 1.25 
Topo II~ 0.42 1.25 
Ratio topo IIa/~ 0.83 1.14 

"Sensitivity (IC 90 ng/ml), topo !L activity (U). 

75th Percentile 

3820.00 
13470.00 

4920.50 
72 967.50 
11772.50 

6.67 
3.33 
2.00 

p value 

0.0364 
0.0164 

75th Percentile 

8277.00 
28012.50 

5657.00 
54550.00 
10970.00 

10.00 
5.00 
2.00 

75th Percentile 

11137.50 
163202.50 

10967.50 
97745.00 
20180.00 

3.12 
3.12 
2.00 

pH optima in assay conditions with high ionic 
strength. One activity, topo II a, had it peak at pH 
8.9; the second, topo II'~' peaked at pH 7.9. 

Incubation of HL 60 promyelocytic leukemic cells 
with drugs which are known to inhibit topo II 
resulted in the selective inhibition of the topo II a 
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activity. Only idarubicin had a slight (less that 
25%) inhibitory effect on the topo II ~ activity. At 
least 79% of the topo II a activity was inhibited by 
idarubicin, daunorubicin, and etoposide within 8 
h after incubation of the cells. Although topo II a 
is the target activity for topo II inhibiting cytosta
tics, the topo II ~ activity seems to be important 
for the sensitivity of leukemic cells to treatment. 
The numbers of the examined leukemia samples 
are too small to form subgroups, which would 
probably increase the significance of statistical 
tests especially in heterogeneous cell populations 
such as CML samples. Nevertheless, neither in 
AML cells nor in CLL and CML cells did we find a 
relation ship between the topo II activity and the 
sensitivity of the cells. Howevers in the three 
leukemias we found a positive correlation either 
between the ratio of topo II aJ~ or directly with 
the topo II ~. activity. 

The inhibition of topos does not kill the cells 
directly, but the cellular response to the induced 
DNA damage plays an important role. This 
response depends on biological cellular factors 
such as differentiation, proliferation and the 
repair capacity [10-12]. Obviously, the inhibi
tion of topo isoforms is not sufficient for cell 
death if the cell has enough topo activity left for 
the necessary DNA repair. In childhood ALL, 
the expression of topo II ~ could be correlated 
to cellular sensitivity to adriamycin and etopo
side [13]. These findings support our results, 
although, due to posttranslational modifica
tions, the gene expression and the activity of 
topos cannot be compared directly. 
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Quantitative Cytosine Arabinoside Metabolism in Hl60 and Raji Cells 
Using a Novel High Performance liquid Chromatography Assay for Detection 
and Quantitation of 3H-Cytosine Arabinoside and Its Metabolites 

J. Braess, J. Pfiirtner, c.c. Kaufmann, B. Ramsauer, M. Unterhalt, W. Hiddemann, and E. Schleyer 

Abstract. An ion-pair high-performance liquid 
chromatography assay involving solid-phase 
scintillation detection was established for rapid 
identification and quantitation of all major 
metabolites of tritium-labeled cytosine arabi
noside (ara-C) in an in vitro system. In a single 
run of 55 min ara-C, ara-CMP, ara-CDP-cholin, 
ara-CDP, ara-U, ara-UMP, ara-CTP, ara-UDP, 
and ara-UIP can be measured and quantitated. 
The presented method is fast, sensitive, with 
various limits of detection ranging from 40 to 
200 pg (absolute), and highly reproducible. 
Metabolic profiles of HL60 and Raji cells follow
ing incubation with ara-C were established 
using this technique. 

Introduction 

Cytosine arabinoside (ara-C) is a widely used 
cytotoxic agent in the treatment of various 
hematological malignancies and comprises the 
background of therapy especially in acute 
myeloid leukemias (AML). Besides the kinetics 
of plasma concentrations, most investigators 
have focussed on the triphosphorylated metabo
lite of cytosine arabinoside (ara-CIP) which is 
considered to constitute the major determinant 
of cytotoxicity [8]. Several assays for the detec
tion and quantitation of this substance have 
been published [9, 12, 13] and were used to ana
lyze ara-CIP pharmacokinetics in relation to 
clinical response. A prospective comparative 
evaluation of 1.0 vs. 3.0 glm' ara-C clearly indi
cated a superior response to high-dose therapy 

in selected patients with AML refractory to con
ventional therapies and, since at these plasma 
concentrations ara-CIP formation will be maxi
mum, strongly suggests that additive mecha
nisms must be involved in ara-C-mediated 
cytotoxicity [2-4]. One potential way of action 
could be the impairment of cell membrane 
integrity through the interaction with phos
phatidylcholin formation as suggested by recent 
investigations [1,7]. Hence deeper insights into 
the intracellular metabolism of ara-C are needed 
to further elucidate its mechanisms of action. 

In order to provide a means for a more exact 
and more specific evaluation of the intracellular 
metabolism of ara-C, a highly sensitive and spe
cific high-performance liquid chromatography 
(HPLC) assay involving tritium labeled ara-C 
CH-ara-C} was developed for the quantitation of 
all major intracellular metabolites of ara-C. 
Using this assay the individual profiles of HL60 
and Raji cells regarding their formation of intra
cellular metabolites of ara-C at a clinically rele
vant concentration of 1 flg/ml were evaluated. 
Kinetics of the intracellular formation of ara-C 
metabolites during dose escalation were estab
lished for Raji cells. 

Method and Materials 

Materials. Tritium-labeled cytosine arabinoside 
{'H-ara-C} was purchased from Amersham 
(Great Britain), All nucleotides used as stan
dards were provided by Sigma (Germany). Salts 
and reagents were of analytical quality and were 
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supplied by Merck (Darmstadt, Germany). All 
solvents (HPLC quality) were obtained from 
Baker (Gross-Gerau, Germany). PIC A low UV 
(tetrabutylammonium-phosphate) was pur
chased from Waters (Erkrath, Germany). 

HPLC Apparatus. The chromatographic system 
involves an HPLC pump type 501 (Waters, 
Erkrath, Germany), a pulsation reducer type 
LP21 (Scientific Systems Inc., USA), a 500-111 
injection loop (Macherey and Nagel, Diiren, 
Germany), a low-pressure mobile phase selec
tion valve (model 5011, Macherey and Nagel, 
Diiren, Germany), an injection valve type 7125 
(Rbeodyne, Germany) and 1/16" HPLC capillar
ies. As solid phases a 30.5-min 5 11 C18 precol
umn and a 250/114"/4,6-120-511 C18 reversed 
phase column as the analytical column were 
used (both by Macherey and Nagel). Detection 
of the radioactive signal was performed by 
Ramona 92 scintillation counter (Raytest, 
Germany). While establishing the respective cal
ibration curves for each metabolite a liquid scin
tillation counter type Mark III (Searle Analytic 
Inc; USA) was also used. 

HPLC Conditions. Initially a weak eluent containing 
0.0025 mol PIC A (also providing a O.OOOl-mol 
phosphate buffer) and 0.2% acetonitrile at a pH 
of 3.0 is employed at a flow rate of 0.8 mltmin. 
After 18 min the flow rate is gradually increased 
to 1.5 mllmin in the course of one min. This 
flow is maintained for 27 min resulting in a total 
of 45 min for one analysis. After l3.5 ml of the 
first eluent have passed through the system, it is 
exchanged for the stronger one consisting of 0.1 
mol KH2PO., 0.005 mol PIC A, and 0.5% ace
tonitrile at a pH of 2.7. Nine minutes before the 
end of the analysis, the weak eluent is recon
nected by switching the low pressure valve. 
After reequilibration and reduction of the flow 
to 0.7 mltmin, a new measurement can be 
started. 

Solid Scintillation HPLC Detector. 3H-ara-C and its 
metabolites are detected by a solid scintillation 
detector. This means a molecule like ara-CDP
cholin, even though more than twice the molec
ular weight of ara-C, will produce the same 
signal as the lighter molecule-because each 
molecule bears the same amount of radioactivi
ty, i.e., one tritium atom. Therefore, ideally a 
calibration curve for 3H-ara-C would be repre
sentative of the calibration curves of all its 
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derivates and needs only be corrected for the 
different molecular weights. 

Some of the negatively charged substances 
will interact with CaF2 in the detector cell and 
will therefore produce some tailing of their 
respective chromatographic peaks. Whereas 
knowledge of the molecular weights of the 
respective substances will solve the first prob
lem, the "tailing problem" is solved by the use of 
a liquid scintillation counter which is not influ
enced by this particular chemical interaction. 

Liquid Scintillation Counter. In the case of the Mark 
III 6880 liquid scintillation counter, the signal of 
the counter is proportional to the number of 
emitting particles in the samples. Considering 
the relative molecular weights of the various 
compounds, the calibration curves for liquid 
scintillation detection can be interchanged. In 
the case of ara-C, which is available as a radioac
tive compound, a regular calibration curve 
could be derived from measurements of aque
ous standards using the solid scintillation detec
tor. In the case of the other compounds, an 
alternative method had to be used. During mea
surements of cell samples following incubation 
with tritium-labeled ara-C regular chro
matograms via the solid scintillation detector 
were taken and at the same time on-line sam
pling of the eluent containing the respective 
front of the substance was performed. In this 
scenario all derivates of3H-ara-C will be formed 
intracellularly during the incubation process. 
Peaks are first identified via the chromatogram 
but then quantitated using liquid scintillation 
detection of the on-line samples. The amounts 
of substance found during liquid scintillation 
detection are then correlated with their respec
tive Area under the peak during solid scintilla
tion producing excellent correlations for all 
substances involved in more than 20 such exper
iments. The tailing problem was thus "circum
vented" since liquid scintillation is not 
influenced by any possible interaction between 
the different metabolites and CaFl2. 

Peak Identification. In order to define the order of 
elution and to establish the exact retention 
times of ara-C and its metabolites an ultraviolet 
(UV) detector was set up immediately in front of 
the solid scientillation detector when developing 
this assay. With ara-C, ara-CTP, and ara-U 
being available as aqueous non-radioactive (and 
in the case of ara-C also as tritium labeled) stan-



dards, the retention times of ara-CMP, ara-CDP 
and ara-CDP-cholin were approximated by their 
cytidine analogues CMP, COP, and CDP-cholin 
[13]. The relative positions of ara-UMP, ara
UDP, and ara-UTP in the order of elution were 
established by their respective uridine analogues 
UMP, UDP, and UTP which are commercially 
available. In order to present all these findings 
in a single graph, a complex measurement 
involving a mixture of an aqueous solution 
(containing ara-C, CMP, CDP-cholin, ara-U, 
COP, UMP ara-CTP, UDP-plus uridine and 
dCTP as further landmarks) and a prepared 
sample of cells following incubation with 3H_ 
ara-C (therefore containing the tritium-labeled 
equivalents of these substances) was performed. 

eel/Incubation. Raji, HL60, and K562 were used 
for validation of this assay; 0.5 x 106 cells of both 
celliines/lmi RPM I medium were exposed to a 
concentration of 1 ~g/ml 3H-ara-C for 5 h. Dose 
escalation of 1, 2.5, 5, 12.5 and 25 ~g/ml (a mix
ture of tritium-labeled and unlabeled ara-C) was 
performed for Raji cells in order to establish the 
kinetics of the formation of the various ara-C 
metabolites. 

Sample Preparation. Cells were washed and then 
Iyzed by adding 120 III weak eluent. After final 
centrifugation of the sample, the eluent is sepa
rated from the cell debris, filtered, and then 
frozen at - 20°C until analysis. 

Results 

Specificity 

With detection depending on radioactivity, no 
coeluting substances but metabolites of 3H-ara
C were detected. 3H-ara-C was shown to have a 
retention time of 5:46 min with its deaminated 
metabolite 3H-ara-U running at 13:22 min. The 
phosphorylated metabolites 3H-ara-CMP, 3H_ 
ara-CDP, and 3H-ara-CTP revealed retention 
times of 7:00, 15:32 and 23:76 min, respectively. 
3H-ara-CDP-cholin was detected at 7:46 min 
which is 0:52 min later than its cytidine equiva
lent CDP-cholin. A similar finding was observed 
for 3H-ara-UMP which was preceded by UMP 
also by 0:52 min. A representative chro
matogram illustrating these findings is shown in 
Fig. 1. 

Intra- and Interday Variance, Recovery. Following incu
bation an aliquot of the cells was first washed 
and then measured via liquid scintillation 
counting without any prior sample preparation, 
thereby representing the total radioactivity con
tained in the cells. Cells were then prepared in 
the way described above and an aliquot was 
taken for measurement of the amount of tri
tium-labeled molecules. An average of 85% of 
the total radioactivity was thus shown to remain 
in the cell extract, another 10% was found in the 
cell pellet. 

In order to demonstrate the intra- and inter
day variance of the assay ten cell incubations 
and measurements were performed on a single 
day for the former and another ten on 10 con
secutive days for the latter. Following incuba
tion the cells were pooled and then again 
separated into ten distinct samples in order to 
differentiate the variances resulting from sample 
separation and from the HPLC assay as such 
from variations due to incubation conditions. 
The variation coefficients representing both 
intraday and interday variances are given in 
Table 1 ranging from 9.8% as intraday variance 
for ara-CDP-cholin to 21.4% for ara-C (at a con
centration of 100 pg). 

Limit of Detection 

A signal twice to six times the noise depending 
on the amount of tailing was defined as the limit 
of detection (LOD). The respective LODs for 
ara-C, ara-CMP, ara-CDP-cholin, ara-U, ara
COP, ara-UMP, and ara-CTP were 40, 80, 70, 90, 
100, 100, and 110 pg. Ara-UDP and ara-UTP 
were detected in few measurements and at very 
low concentrations. Since in these measure
ments they demonstrated a nearly identical 
chromatographic behavior (tailing) as their 
respective counterparts (ara-CDP and ara-CTP) 
but appeared later in the chromatogram, similar 
LODs of 150 pg for ara-UDP and 200 pg for ara
UTP were defined. 

Quantitation 

In the case of 3H -ara-C a calibration curve using 
aqueous standards was combined with results of 
multiple cell incubations wherein 3H-ara-C had 
not only been detected by HPLC solid scintilla
tion detection but also had been quantitated via 
sampling and consecutive liquid scintillation 
counting. The excellent correlation (r=0.98) of 
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Fig. 1. a UV detection (280 nm) of a chromatogram of 0.5.106 HL60 cells incubated with l~lg/mI'H-ara-C for 5 h 
spiked with ara-C, CMP, CDP-cholin, uridine, ara-U, CDP, UMP, CTP, Ara-CTP, UDP, and UTP (marked with 
"S") b Simultaneous 'H chromatogram with an ordinate ranging from 0 to 20000 counts per second. c 
Simultaneous 'H chromatogram with an ordinate ranging from 0 to 600 counts per second 

546 



Table 1. Characteristics of the individual substances under the conditions of the presented HPLC assay 

3H-ara-C 3H-ara- 3H-ara - 'H-ara-U 'H-ara- 'H-ara- 'H-ara-

-CMP -CDP-cholin -cop -UMP -CIP 

LOD 40 80 70 

(pg absolute) 

AUP (pg) 5.02 2.93 3.18 

Correlation 0.98 0.99 0.98 

coefficient 
(r) 

Intraday 21.4 16.4 9.8 
variance (%) 

Interday 23.5 18.3 11.2 
variance (%) 

Retention time 5:24 7:04 7:78 

these results is shown in Fig. 2. A slope of 5.02 
AUP/pg is found. Calibration curves for the 
other substances (Fig. 3) were obtained in an 
identical fashion (initial quantitation via liquid 
scintillation counting) resulting in slopes 
(AUP/pg) of2.93 for ara-CMP, 3.18 for ara-CDP
cholin, 3.50 for ara-U, 16.09 for ara-CDP, 1.96 
for ara-UMP, and 50.48 for ara-CTP. The corre
lation coefficients and variances for each sub-

AUP (Ramona) * Thousand 

90 100 100 110 

3.50 16.09 1.96 50.48 

0.92 0.96 0.73 0.98 

17.7 13.2 11.4 12.0 

22.0 18.7 13.8 14.5 

13: 34 14: 68 20:28 23:50 

tance are shown in Table 1. Quantitation of ara
UDP and ara-UTP is therefore restricted to 
determination of whether intracellular forma
tion resulted in concentrations above or below 
1.5 ng/ml.1 0' cells and 2.0 ng/ml.1 07 cells 
according to their respective LODs. 

Linearity. Linearity of the HPLC analysis was 
demonstrated for each metabolite by defined 

8-,------------------~-------------------------------------_, 

6 

4 

2 

o -+~--------------------,__ 
o 500 

P9 abs 3H-Ara-C 

r = 0.98 
b = 5.02 

1---

1.000 

• 

1.500 

Fig. 2. Regression curve of aqueous 3H-ara-C standards (rhombi) combined with the results of multiple intracel
lular 'H-ara-C measurements ofHL60, Raji and K562 samples squares following incubation with 1 ~g/mI3H-ara
C for 5 quantitated by HPLC solid scintillation detection (ordinate) and liquid scintillation counting (abscissa) 
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Fig. 3. Regression curves of 3H-ara-C metabolites featuring the results of multiple measurements of HL60, Raji 
and K562 samples following incubation with 1 ~g/ml 'H-ara-C for 5 h quantitated by HPLC solid scintillation 
detection (ordinate) and liquid scintillation counting (abscissa) 
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Fig.4. Regression curves of 'H-ara-C and its metabolites derived from a incubation of Raji cells with 1 ).lglml 'H
ara-U for 5 h with subsequent dilution of sample aliquots (for increased clarity ara-CTP results were divided by 
five) 

dilutions (100%, 50%, 12.5%, and 5% of the 
original sample) of two pooled samples (1 /-lg/ml 
3H-ara-C for 5 h). Figure 4 demonstrates the lin
ear relation between the measured amounts of 
the metabolites and their respective dilutions 
with correlation coefficients ranging from 0.98 
to 0.99. 

Intracellular ara-C Metabolism in HL60 and RAJI Cells 

The intracellular formation of JH -ara-C metabo
lites is demonstrated in Fig. 5. For both cell lines 
measurements were made in triplicate. In HL60 
cells an average of 93 ng/ml x 107 cells (range 
85-102) of ara-CTP was found with ara-C mono
and diphosphates, only reaching levels of 6 and 
22 ng/ml x 107 cells (range 3-9 17-25), respec
tively. Ara-CDP-cholin levels are in a similar 
order at 17 ng/ml x 107 cells (range 15-19). In 
the case of Raji cells moderately higher levels of 
ara-CTP (139 ng/ml x 107 cells, range 125-147) 
are found. In relation to the triphosphate, the 

mono- and diphosphates are distinctly less at 7 
(range 5-9) and 26 (range 22-29) ng/ml x 10' 
cells. Ara-CDP-cholin levels are higher at 68 
(range 57-74) ng/mJ x 10' cells reaching nearly 
50% of the total amount of ara-CTP. In both 
cell-lines only minute amounts of ara-UMP were 
found with ara-UDP and ara-UTP remaining 
below the detection limit. During dose escala
tion in Raji cells, similar kinetics in the forma
tion for all the various ara-C metabolities can be 
observed in Fig. 6. 

Discussion 

Quantitation of ara-CTP via HPLC measure
ments [12, 13] has led to valuable insights into 
the kinetics and mechanisms of ara-C cytotoxic
ity. Nevertheless major issues such as the reason 
for the efficacy of high-dose ara-C regimens and 
the membrane alterations during ara-C treat
ment probably mediated by ara-CDP-cholin 
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Fig. 5. Amounts of 3H-ara-C and 'H-ara-C metabolites in HL660 (light columns) and Raji (dark columns) cells 
after an incubation with 1 ~g/ml 'H-ara-C for 5 h 

remain unclear. To address these topics, a more 
specific evaluation of the intracellular metabo
lism of ara-C is required. The present assay was 
developed in order to provide a means for a sen
sitive and exact quantitation of all major ara-C 
metabolites in an in vitro system using tritium
labeled molecules. Under these conditions, ara
C and eight metabolites (ara-CMP, ara-CDP, 
ara-CTP, ara-CDP-cholin, ara-U, ara-UMP, ara
UDP, and ara-UTP) can be separated and quan
titated in a single run. The limits of detection 
range from 40 pg absolute for ara-C to 110 pg 
for ara-CTP. Solid scintillation detection provid
ed a convenient and sensitive method of detec
tion so that on-line sampling was only needed 
initially in order to provide the presented cali
bration curves for each substance. So far, no 
other successful attempts [12] for measurements 
of such a comprehensive panel of intracellular 
ara-C metabolites have been published. 

For the validation of this assay, the metabolic 
profiles of two cell lines (HL60 and Raji) at one 
concentration and the kinetics of metabolite for
mation in Raji cells during dose escalation have 
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been established. Both cell lines had an individ
ual profile concerning the formation of ara-C 
metabolites and exhibited distinct differences 
between each other especially concerning ara
CDP-cholin formation. The metabolic profile
represented by the various relations of distinct 
metabolites to the major metabolite ara-CTP
was nearly constant during dose escalation in 
Raji cells. 

The present assay therefore represents a tool 
that will provide a new scope in the investiga
tion of the intracellular metabolism of ara-C. It 
will be used to investigate the differential ara-C 
metabolism in clinically relevant cell popula
tions (leukemic blasts and normal bone marrow 
cells) and its possible impact on modified treat
ment protocols. Such a detailed and quantitative 
approach will be vital in addressing the issues of 
ara-C cytotoxicity in high-dose ara-C regimens 
when deoxycytidine kinase is saturated and in 
establishing the role of ara-CDP-cholin in the 
perturbation of cell membranes during ara-C 
treatment. 
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Fig.6. Kinetics of the formation of ara-C metabolites during dose escalation in Raji cells dose (1, 2.5, 5, 12.5 and 
25 )lg/ml ara-C (labeled and unlabeled) for 5 h. Triangles, are-C; inverted triangles, are-CMP, crosses, arc-CDP
cholin; squares, are-U; rhombi, arc-CDP; circles, arc-CTP 
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Abstract. Deoxycytidine (dCyd) kinase (dCK) is 
the rate-limiting enzyme in the activation of a 
variety of anti metabolites such as l-~-D-arabi

no-furanosylcytosine (ara-C), 2' -chlorodeoxya
denosine or 2', 2' -difiuorodeoxycytidine. In 
vitro experiments with purified dCK led to the 
conclusion that dCK activity is tightly regulated 
by the concentration of deoxycytidine triphos
phate (dCTP). This has, however, not been con
clusively demonstrated in whole cells. In fact, 
hydroxyurea (HU), a potent inhibitor of ribonu
cleotide reductase (RR) depleted dCTP in CEM 
and Raji cells, but enhanced ara-CTP formation 
only in the latter cell line. In this study, we 
analysed dCK activity as a function of dCTP 
concentration in whole Raji cells and used ara
CTP formation as a measure of enzyme activity. 
Depletion of dCTP was achieved by three differ
ent drugs: HU, 3-deazauridine, and thymidine. 
3-Deazauridine acts as an inhibitor of CTP syn
thetase, an enzyme converting eTP to UTP, 
while thymidine blocks eDP reduction. In Raji 
cells, HU (5 mM) depleted dCTP to 84% of con
trol and increased dCK activity by 3.7-fold. On 
the other hand, thymidine (100 flM) and 3-
deazauridine (5 flM) caused a reduction of the 
intracellular dCTP pool to 50% and 20%, respec
tively. However, deTP depletion by the latter 
agents was not associated with an increase of 
dCK activity compared to control cells. We 
therefore concluded, that in Raji cells HU-medi
ated enhancement of dCK activity is not a result 
of lowered deTP feedback on dCK. Enhanced 
ara-CTP formation may, however, be explained 
by the observation that HU decreased the intra-

cellular dCyd pool, while this was not achieved 
by exposure to 3-deazauridine. We conclude 
that HU activates ara-C phosphorylation of dCK 
predominantly through a depletion of the com
peting dCyd pool. dCyd depletion is most likely 
caused by inhibition of the de novo pathway of 
dCTP synthesis and the associated compensato
ry activation of the dCTP salvage pathway. 
Intracellular depletion of dCyd may consequent
ly be regarded as a necessary event which allows 
HU-mediated enhancement of dCyd analog 
phosphorylation. Agents which only deplete 
dCTP without affecting the dCyd pool may not 
modulate ara-C phosphorylation. 

Introduction 

Two pathways for cellular deoxycytidine triphos
phate (dCTP) synthesis may be differentiated: the 
de novo pathway and the salvage pathway. The 
clinical importance of the dCTP salvage pathway 
is given by the fact that deoxycytidine (dCyd) 
analogs like cytosine arabinoside (ara-C) are 
activated via the salvage pathway. In fact, the 
non-toxic prodrug ara-C gains its cytotoxic activ
ity only by phosphorylation to the 5'-triphos
phate ara-CTP. Deoxycytdine kinase (dCK) is the 
rate-limiting enzyme for intracellular ara-CTP 
formation. In vitro experiments performed with 
purified dCK demonstrated that dCTP, the final 
product of phosphorylation, acts as a potent 
feedback inhibitor of this enzyme 
[1, 2]. The regulatory importance of dCTP was 
further supported by the observation that deple-
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'GSF Institute for Clinical Hematology, Munich, Germany 
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tion of intracellular dCTP as induced by inhibi
tion of the de novo pathway led to an increase of 
ara-C phosphorylation [3, 4]. Consequently, the 
working hypothesis was developed that the 
release of dCTP-mediated feedback inhibition 
was responsible for enhanced dCK activity. The 
present study investigates the role of dCTP for 
regulation of dCK activity in two cell lines, name
ly CCRF-CEM (T cell line) and Raji cells (B cell 
line). These cell lines are characterized by consid
erable differences of deoxynucleotide metabo
lism, specifically a faster turnover of dNTP in B 
cells, as opposed to T cells. The study is based on 
the assumption that common mechanisms of 
dCK regulation should be working in the cell 
lines tested. While dCTP depletion was observed 
in both cell lines when the de novo pathway was 
inhibited, enhancement of ara-C phosphoryla
tion via the salvage pathway was observed only in 
Raji cells. It was therefore asked if mechanisms 
other than dCTP depletion alone may be respon
sible for the enhancement of ara-C phosphoryla
tion when the de novo pathway is inhibited. 

Materials and Methods 

[lH]dCyd (specific activity, 24.8 Ci/mmol) and 
[lH]ara-C (specific activity, 29 Ci/mmol) were 
products from Amersham (Buckinghmshire, 
UK). Ara-C, deOlcycytidine, hydroxyurea 3-deaza
uridine, and thymidine were purchased from 
Sigma Chemical Co., Inc. (St. Louis, MO, USA). 

Cell Culture. CCRF-CEM cells and Raji cells were 
cultured in RPMI 1640 medium (Life 
Technology, Grand Island, NY, USA) at 37°C in 
a humidified atmosphere containing 5% CO2, 

Cell cultures consistently tested negative for 
mycoplasma contamination. All experiments 
were performed with cell in the exponential 
growth phase. Cell number and mean cell vol
ume were determined by a Coulter counter 
equipped with a model C-1000 particle analyzer 
(Counter Electronics Inc, Luton, UK). 

Nucleotide Extraction and Analysis. Following incuba
tion with drugs, monolayer cells were washed 
twice with ice-cold phosphate-buffered saline, 
and, after centrifugation, the pellet was extract
ed with 0.4 N HeIO., as previously described 
[5]. The nucleoside triphosphates in the neutral
ized acid-soluble extract were analyzed by HPLC 
using a high-pressure liquid chromatograph 
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(HPLC) equipped with two Waters model 510 
pumps, a Waters model 490E detector, and the 
Maxima 3.10 software (Waters), and IBM com
puter-based program for pump control and 
chromatogram evaluation. Anion exchange 
chromatography was performed using a Partisil-
10 SAX column (250 x 4 mm) (Whatman). 
Extracts of 0.1-10 x 106 cell equivalents were 
injected onto the column by means of the U6K
LC injection system. Cellular metabolites were 
separated by the procedures outlined below. 

Determination of Nucleoside Triphosphates by Anion
Exchange HPLC. From an initial buffer composi
tion of 65% buffer A (0.005 M NH.HlOp pH 
2.8) and 35% buffer B (0.75 M NH.H2P04, pH 
3.49), a concave gradient (curve 9) was run at a 
rate of 3 ml/min for 30 min concluding with a 
composition of 100% buffer B. The amount of 
nucleoside triphosphate (NTP) was determined 
by external standard quantitation. The concen
tration of intracellular NTP was calculated by 
dividing the amount of NTP by the number of 
cell equivalents analyzed and the mean volume 
of the cellular HzO. 

Determination of Deoxynucleotides. Degradation of 
NTP in the HCL04-soluble cell extracts was 
achieved by periodate oxidation as previously 
described [6]. The dNTP were separated on a 
Partisil-lO SAX column at a flow rate of3 ml/min 
and a run time of 47 min. After an isocratic elu
tion with 75% buffer A (0.005 M NH4H2P04, pH 
2.8) and 25% buffer B (0.75 M NH4H2P04, pH 
3.5) over 20 min, a linear gradient led to 21% 
buffer A and 79% buffer B (43 min). 

Determination of Intracellular Deoxycytidine. A ~
Bondapak C18 column (Waters GmbH) was used 
for the separation of intracellular nucleosides. 
An initial buffer composition of 100% buffer A 
(0.5 M ammonium acetate, pH 6.8) was main
tained over 10 min followed by a linear gradient 
reaching 40% buffer B (50% methanol) after 30 
min. In all experiments analyzing intracellular 
nucleoside concentratios, incubations were ter
minated by use of ice-cold phosphate buffered 
saline (PBS) containing 10 ~ dipyridamole. 

Results 

Modulation of Intracellular ara-CTP Accumulation by 
Inhibition of Ribonucleotide Reductase. The goal of this 



experiment was to activate the dCTP salvage 
pathway by inhibition of the de novo pathway. 
Hydroxyurea, a known inhibitor of ribonuleo
tide reductase (RR) was used to inhibit the de 
novo dCTP synthesis. Cells were preincubated 
for 2 h with 5 mM HU, then ara-C (10 IJM) was 
added for a further 2 h, after which cellular 
dNTP and ara-CTP concentrations were ana
lyzed. In control experiments, CEM cells accu
mulated greater ara-CTP concentrations 
(412±43 11M) than Raji cells (116±61JM). After 
a 2-h preincubation with HU, intracellular ara
CTP formation remained essentially unchanged 
in CEM cells, while in Raji cells ara-CTP accu
mulation was enhanced by 3.7-fold. It was there
fore concluded that inhibition of RR, by HU 
apparently does not have a uniform effect in all 
cell lines. The following experiments were 
designed to clarify the mechanisms responsible 
for the apparent differences of dCTP salvage 
regulation. 

Intracellular Half-Life of dCTP. The intracellular half
life of dCTP was measured to develop an indica
tor for the cellular turnover of deoxynucleotides 
in the respective cell lines. To this end, cells were 
exposed for 2 h to PH]dCyd, and after washout 
the decay of intracellular PH]dCTP was deter
mined. As expected, the intracellular half-lifes 
was greatest in the T -lymphoblastic CEM cells 
(75 min), while the respective half lifes of dCTP 
elimination were considerably shorter in Raji 
cells. Correspondingly, the pool size of dCTP 
under control conditions was greater in CEM cell 
(25 ± 5 IJM) than in Raji cells (2.5 ± 0.3 IJM). The 
faster turnover rate of dCTP correlated well with 
a shorter half-life of ara-CTP in Raji and HL-60 
cells compared to CEM cells (data not shown). 

Perturbation of the Cellular dCTP Pool by Inhibition of RR. 
Cells were exposed to 5 mM HU for 2 h after 
which intracellular concentrations of dCTP were 
analyzed as indicated in Materials and Methods. 
HU-mediated inhibition ofRR reduced intracel
lular dCTP to 20% of control in CEM cells, while 
in Raji cells dCTP was decreased to 84% of con
trol. This experiment demonstrated that, 
although dCTP depletion was greatest in CEM 
cells, it did not relate to a corresponding 
enhancement of dCK-mediated ara-C phop
shorylation. 

Effect of dCTP Depletion on Cellular ara-CTP Accumulation in 
Raji cells. The imporatance of dCTP for cellular 

ara-CTP formation was further analyzed in Raji 
cells in which inhibition of the de novo pathway 
and concomitant depletion of dCTP was 
achieved by preincubation of cells with three 
different agents. Thymidine acts as an inhibitor 
of CDP reduction. A 2-h pre-exposure of Raji 
cells to 100 11M thymidine and a subsequent 
exposure to 10 IJM ara-C depleted the cellular 
dCTP concentration to 50% of control and 
decreased ara-CTP synthesis to 57% of control. 
In the following experiment, 3-deazauridine, a 
known inhibitor of CTP synthetase was used. 
This agent indirectly depletes dCTP via a CTP 
depletion. Preincubation with 5 11M 3-deazauri
dine dCTP and subsequent exposure to 10 11M 
ara-C reduced dCTP to 20% of control, while 
ara-CTP formation remained at 90% of control. 
By contrast, HU only decreased dCTP to 84% of 
control, while ara-CTP formation was enhanced 
by a factor of 3.3. It may be concluded that also 
in a single cell line the degree of dCTP depletion 
cannot be simply related to the activity of ara
CTP formation by the salvage pathway. 

Modulation of the Cellular dCyd Concentration by Inhibition 
of RR. Since dCTP, the final product of the sal
vage pathway, did not appear to be a good pre
dictor in intracellular ara-CTP formation, the 
substrate level of the salvage pathway was ana
lyzed with regard to the cellular dCyd concen
tration. In Raji cells, inhibition of ribonucleotide 
reductase decreased the cellular dCyd pool to 
33 ± 12% of control. It was therefore hypothe
sized that a decreased cellular concentration of 
dCyd reduces the competition of intracellular 
dCyd and ara-C at the substrate level of dCK 
and may therefore allow more ara-C to be phos
phorylated. 

Discussion 

The primary goal of this study was to elucidate 
the mechanism by which inhibition of the de 
novo pathway for dCTP synthesis activates 
intracellular ara-CTP formation via the salvage 
pathway in some, but not all, leukemia cell lines. 
Previous studies analyzing the regulation of 
purified (dCK) in vitro emphasized the regulato
ry importance of dCTP as a feedback inhibitor. 
The present analysis was performed in intact 
leukemia cells. HU, an effective inhibitor of RR, 
was used to inhibit the de novo pathway of 
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dCTP synthesis. Intracellular ara-CTP accumu
lation served as an indicator for the activity of 
the dCTP salvage pathway. 

When the de novo pathway was blocked by 
inhibition of RR, activation of the salvage path
way, i.e., a 3.7-fold enhancement of ara-CTP 
accumulation, was observed in Raji cells, but not 
in CEM cells. In the same experimental setting, 
HU lowered intracellular dCTP concentrations 
to 20% of control in CEM cells, but only to 84% 
of control in Raji cells. 

It may be concluded that dCTP depletion is 
observed when the de novo pathway of dCTP 
synthesis is inhibited. However, the extent of 
dCTP depletion does not correlate with the acti
vation of the salvage pathway and therefore does 
not predict the activity of ara-C phosphorylation 
by dCK. Enhanced ara-CTP accumulation dur
ing inhibition of RR can therefore not simply be 
explained by a release of dCTP-mediated feed
back inhibition on dCK. The minor importance 
of dCTP for the regulation of dCK activity is fur
ther supported by the observation that in Raji 
cells only HU enhanced ara-CTP accumulation, 
while thymidine and 3-deazauridine did not 
increase dCK activity although cellular concen
trations of dCTP were more extensively depleted 
by the latter drugs. 

Since dCTP, the product of the salvage path
way, was an insufficient prognosticator for the 
activation of the salvage pathway and specifically 
for the activity of dCK, we analyzed the substrate 
level of dCK, namely, the effect of RR inhibition 
on the cellular dCyd concentration. This analysis 
demonstrated that HU depleted the cellular 
dCTP pool to 33% of control in Raji cells. 

The cellular depletion of dCyd pool reduces 
the competition of dCyd and ara-C at the bind
ing sites of dCK and may thereby allow an 
enhanced phosphorylation of ara-C. It is there
fore concluded that inhibition of RR activates 
dCyd analog phosphorylation rather by a 
decrease of cellular dCyd than by a depletion of 
the dCTP pool. This hypothesis fits well with a 
report [7], obtained using purified dCK, starting 
that dCyd inhibits ara-C phosphorylation at a Ki 
value (0.17 11M) which was 40-fold lower than 
the Ki of dCTP (7.3 11M). 

The question then arises why the dCyd pool 
was smaller in CEM cells compared to Raji cells. 
One explanation may be the short half-life, and 
consequently the fast turnover of dCTP in Raji 
cells. A fast turnover of dCTP may correspond 
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to a great production of endogeneous dCyd [8] 
which then may compete with ara-C for phos
phorylation. Owing to this element of competi
tion, phosphorylation of ara-C via the salvage 
pathway is comparatively low in Raji cells. 
Additionally, it is conceivable that cells with a 
fast dCTP turnover need a correspondingly 
great activation of the salvage pathway when the 
de novo pathway is inhibited. By contrast, CEM 
cells are characterized by a rather slow turnover 
of dCTP, and a correspondingly low endoge
neous dCyd production. Owing to a lower com
petition of ara-C with endogenous dCyd, a 
maximal activity of ara-C phosphorylation may 
be expected under control conditions. In fact, 
when RR is inhibited, these cells do not further 
activate the dCTP salvage pathway despite a 
considerable depletion of dCTP. Further studies 
are needed to evaluate if the differential mecha
nisms of dCK regulation observed in Raji and 
CEM cells will also apply for T cells and B cells 
in general. 
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Abstract. Cellular drug resistance is an important 
factor with respect to the response to chemo
therapy. Its measurement may therefore provide 
prognostically significant information. We stud
ied the relation between in vitro cellular drug 
resistance, measured with the methyl-thiazol
tetrazolium (MTT) assay, and clinical response 
to combination chemotherapy in 152 children 
with newly diagnosed acute lymphoblastic 
leukemia (ALL). Resistance to each of several 
drugs was significantly related to the probability 
of disease-free survival. Multiple regression 
analysis, however, showed that the combination 
of the data for Prednisolone, vincristine and L

asparaginase provided a drug resistance profile 
with an even better prognostic predictive value. 
This profile had prognostic independent signifi
cance superior to that of any other factor. The 
group with the most sensitive profile, 19% of all 
patients, had a 3-years probability of disease-free 
survival (pDFS) of 100%, the group with an inter
mediately sensitive profile, 41% of all patients, 
had a 3-years pDFS of 84%, and the group with 
the most resistant profile, 41 % of all patients, had 
a 3-year pDFS of 39% (p<O.OOI). Treatment fail
ure in childhood ALL can thus be predicted by in 
vitro determination of cellular drug resistance. 

Introduction 

In vitro cell culture drug resistance assays have 
a number of potentially valuable applications in 

leukemias, as well as in other malignancies. An 
important one is risk group stratification, based 
on the prognostic significance of these assay 
results. A large number of studies have reported 
significant correlations between results of in 
vitro drug resistance testing and the clinical out
come in childhood leukemia [1-5] and adult 
leukemia [6-13]. However, these studies were 
retrospective, often concerned small and hetero
geneous patient groups, and tested few drugs. 
The purpose of the present study was to deter
mine the relationship between in vitro cellular 
drug resistance and the clinical outcome after 
combination chemotherapy in large number of 
successively diagnosed children with acute lym
phoblastic leukemia (ALL). We especially 
explored the possibility that combining the data 
for two or more single-tested drugs would pro
vide additional prognostic information to that 
of the most predictive single drugs. In vitro drug 
resistance was assessed with the colorime
tric methyl-thiazol-tetrazolium (MTT) assay 
[14-15]. 

Materials and Methods 

Patients and Patient Samples. Eligible were children 
(age 0-18 years) with non-B ALL, newly diag
nosed between 1989 and 1994. Bone marrow 
(BM) and peripheral blood (PB) samples and 
smears of patients were sent by local institutions 

lDepartment of Pediatrics, Free University Hospital, De Boelelaan 1117, 1081 HV Amsterdam, The Netherlands 
'Dutch Childhood Leukemia Study Group, The Hague, The Netherlands 
3Netherlands Cancer Institute, Amsterdam, The Netherlands 
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to the Dutch Childhood Leukemia Study Group 
(DCLSG) laboratory for confirmation of the 
diagnosis ALL, French-American-British Group 
(FAB) classification and immunophenotyping as 
recently described [16]. Fresh samples of 152 
children were sent by the DCLSG laboratory to 
the research laboratory for pediatric hemato
onco-immunology at the Free University 
Hospital in Amsterdam and successfully tested 
for in vitro drug resistance. 

In Vitro Cellular Drug Resistance. This was measured 
with the 4-day colorimetric cell culture MTT 
assay, as previously described [14]. BM and PB 
ALL samples were evaluated together because 
they do not differ in drug resistance [17]. Twelve 
drugs were tested, each at six concentrations as 
previously described [18]. Methotrexate was not 
included in the panel because this drug is not 
cytotoxic to human leukemia samples in non
clonogenic assays [14,17]. The drug concentra
tion lethal to 50% of the ALL cells-the LCso 

-was used as a measure of resistance. Samples 
were considered evaluable if the drug-free con
trol wells contained ;;. 80% leukemic cells before 
and ;;. 70% leukemic cells after 4 days of culture 
(as determined by morphology and immunolo
gy), and if the control optical density at day 4 
exceeded 0.050. The MTT assay gives reliable 
results under these conditions [14, 19, 20]. The 
coefficient of variation of the optical density of 
the control wells in the successful assays is 
median 5.2% (range, 0.9-15.3%). The intra
assay variation (duplicates) and interassay vari
ation (repeated testing of frozen sample) in LCso 
values for all drugs are well within one dilution 
step [18]. 

Treatment and Treatment Outcome. Patients were 
treated according to DCLSG protocols (ALL-VII 
and ALL-VIII), which are based on treatment 
principles of the International Berlin-Frankfurt
MUnster (BFM) Study Group, but without cra
nial irradiation. All patients first received a 
I-week systemic monotherapy with prednisone. 
Patients were then stratified into one of three 
risk groups according to the clinical response to 
prednisone, BFM risk factor (based on peripher
al leukemic cell count, and liver and spleen 
size), and response to induction chemotherapy, 
and received risk-adapted treatment. All drugs 
included in the in vitro panel were used in the 
treatment of at least some of the patients. 
Failure to achieve complete remission (CR) after 

induction chemotherapy (induction failure) was 
considered an event at day o. Early death was 
defined as death before completion of induction 
therapy. Disease-free survival (DFS) was defined 
as the time from diagnosis to induction failure 
or relapse (leukemia-related events). For esti
mation of DFS, toxic deaths in remission were 
censored at the time of occurrence and early 
deaths at day o. For analyses of DFS, patients 
who were disease free were censored at the time 
oflatest follow up. 

Statistics. Differences in distribution of variables 
were tested with the Mann-Whitney U (MWU) 
test or the X2 test. Estimates of event-free sur
vival (EFS) and DFS (with standard errors, SE) 
were calculated according to the Kaplan-Meier 
product limit analysis [21]. Because toxic and 
early deaths are presumably unrelated to cellular 
drug resistance, in contrast to induction failures 
and relapses, results of DFS analysis are shown. 
Univariate and multivariate statistical compar
isons of outcome were conducted by propor
tional hazard Cox regression analysis after 
stratification for risk group [22]. The model for 
multivariate analysis included the established 
conventional prognostic factors i.e., age, BFM 
risk factor, immunophenotype and DNA ploidy, 
and in vitro drug resistance. Information about 
karyotype was not available. Analyses were two
tailed at a significance level of 5%. 

Results 

In 152 patient samples at least one drug 
(depending on the amount of material available) 
was successfully tested. LCso values varied 
markedly between the patient samples for all 
drugs. For each single drug, except pred
nisolone, patients were classified into three 
equally large groups (to avoid response-driven 
cut-off points) as sensitive (33% lowest LCso val
ues), intermediately sensitive (33% intermediate 
LCso values), or resistant (33% highest LC50 val
ues). For prednisolone these three groups were 
defined using the cut-off values obtained in our 
retrospective study to prospectively confirm 
those results and because the LCso values for 
prednisolone in particular show a skewed distri
butioin [4]. 

Table 1 shows the pDFS at 3 years for sensi
tive, intermediately sensitive, and resistant 
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Table 1. The relationship between in vitro drug resistance and clinical outcome 
3 years from diagnosis in 152 children with newly diagnosed ALL. Univariate 
analyses, stratified for protocol risk group 

Drug 3-Year probability of disease-free survival 

Sensitive Intermediate 
(%) (%) 

prednisolone 100 78 
Dexamethasone 87 72 

L-asparaginase 93 69 
Vincristine 92 61 
Vindesine 85 64 
Daunorubicin 83 72 
Doxorubicin 82 72 
Mitoxantrone 79 78 
Mercaptopurine 80 78 
Thioguanine 86 68 
Cytarabine 74 82 
Teniposide 82 68 

patients for each drug, and p values. Of the other 
factors studied, only leukemic cell burden as 
expressed by the BFM risk factor had (border
line) prognostic significance (p=0.07), while sex, 
age, white blood cell count (WBe), F AB type, 
immunophenotype, and DNA ploidy had not. 
We next performed a multiple regression analy
sis including those drugs which all patients had 
received in the course of their treatment. The 
combination of in vitro results for prednisolone, 
L-asparaginase and vincristine provided prog
nostic information additional to that of the most 
predictive single drugs, prednisolone and L

asparaginase. For each of these three drugs 
patients were classsified according to the defini
tions mentioned above, and a sensitive result 
was counted as I, an intermediate result as 2, 
and a resistant result as 3. For each patient a 
score was calculated by adding up these counts. 

Resistant p-value2 

(%) 

33 <0.001 
54 0.006 
48 <0.001 
62 0.002 
68 0.056 
56 0.04 
61 0.017 
61 O.o? 
63 0.15 
69 0.42 
55 0.30 
65 0.20 

Th us, the score ranged from 3 (sensitive to all 3 
drugs) to 9 (resistant to all 3 drugs). Table 2 
shows that an increase of this "drug resistance 
profile score" is associated with an increased 
event rate (X'=22.6, p=O.OOI). Three patient 
groups were defined arbitrarily. The group with 
the most sensitive profile (score 3 or 4), 19% of 
all patients, had a 3-year pDFS of 100%, the 
group with an intermediately sensitive profile 
(score 5 or 6), 41 % of all patients, had a 3-year 
pDFS of 84% (SE 8%), and the group with the 
most resistant profile (score 7, 8 or 9), 41 % of all 
patients, had a 3-year pDFS of 39% (SE 17%) 
(p < 0.001). Figure 1 shows the Kaplan-Meier 
curves for these three groups. Multivariate analy
sis showed the prognostic independent signifi
cance of this drug resistance profile, being clearly 
superior to that of immunophenotype, the other 
factor with independent prognostic significance. 

Table 2. Drug resistance profile (combined data for prednisolone, L-asparagi
nase, and vincristine) and the occurrence of leukemia-related events (no com
plete remission, relapse) 

Drug resistance profile score' 

Most sensitive <-----> Most resistant 

3 4 5 6 7 8 9 

Patients(n) 5 17 20 28 23 13 12 
Events(n) 0 0 3 5 12 5 6 
Event rate (%) 0 0 15 18 52 38 50 

'See text for details 
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Fig. 1. Relationship between in vitro drug resistance 
profile, obtained by combining results for pred
nisolone, L-asparaginase, and vincristine (see text), 
and probability of disease-free survival in newly diag
nosed childhood ALL. Dotted line, sensitive; broken 
line, intermediate; solid line, resistant. p < 0.001 

Discussion 

In the present study including 152 children with 
newly diagnosed ALL, increased in vitro resis
tance to each of the single drugs prednisolone, 
dexamethasone, L-asparaginase, vincnstme, 
daunorubicin, and doxorubicin was significantly 
associated with a lower pDFS. After combining 
the results for prednisolone, I.-asparaginase, and 
vincristine, a drug resistance profile emerged 
with prognostic independent significance supe
rior to that of any other factor. The pDFS 
decreased markedly and significantly from the 
patients with a sensitive profile via patients with 
an intermediately sensitive profile to the group 
with a resistant profile (Fig. 1). Although the 
patient group was not entirely representative of 
the entire population of newly diagnosed 
patients (not shown), cellular drug resistance 
retained its prognostic significance at 
immunophenotype and risk-group stratified 
analyses. 

The present study is the first to show in a 
large group of children with ALL treated with 
contemporary chemotherapy that in vitro cellu
lar drug resistance testing provides significant 
information about the clinical outcome after 
combination chemotherapy. This confirms the 
results of a large number of retrospective stud
ies which showed significant in vitro-in vivo 
correlations in smaller groups of childhood and 

adult leukemia [1-13]. Using similar cut-off 
points for sensitivity and resistance, we could 
confirm the significant relationship between in 
vitro resistance to prednisolone and clinical out
come in childhood ALL, as was found in our ret
rospective study on cryopreserved leukemic 
cells [4]. Our results, however, do differ for the 
other drugs which were tested in the retrospec
tive study. This may be explained by differences 
in treatment and patient groups. Concerning the 
validation of the MTT assay, it is of importance 
that we also found a highly significant correla
tion between the antileukemic activity of pred
nisolone in vitro and the clinical response to 
monotherapy with that drug [23]. 

We conclude that the MTT assay provides 
drug resistance profiles which accurately predict 
the clinical outcome after chemotherapy in 
childhood ALL. The MTT assay may be a valu
able tool for risk-group stratification. The suc
cess rate of the MTT assay is about 80% on fresh 
samples. In the remaining 20% of patients, strat
ification could be done using conventional crite
ria. The drug resistance profile can be obtained 
with fewer than 10 million leukemic cells. The 
presented data may stimulate studies regarding 
other potential applications of cellular drug 
resistance assays, such as rational improve
ments of current regimens, selection of patients 
for phase II trials or adjuvant chemotherapy, 
and assay-selected chemotherapy. 
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In Vitro Drug Sensitivity of Acute Myeloid Leukemic Cells 
Using the Methyl-Thazol-Tetrazolium Assay 
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V. Caretto, and V. Liso 

Abstract. Different assays (clonogenic, dye exclu
sion, etc.) have been developed to assess the 
chemosensitivity of malignant cells. The MTT 
assay, in particular, based on the reduction by 
living cells ofMTT [3-4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide) to a for
mazan product, provides a simple, automated, 
and efficient method for chemosensitivity test
ing in leukemias. 

In this study, in vitro drug sensitivity was 
assessed in the cells from 46 adult acute myeloid 
leukemias (AML). Dose-response curves were 
obtained for cytosine arabinoside (ara-C), 
daunorubicin (DNR), idarubicin (IDA), mitox
antrone (MIT), etoposide (VP-16). There were 
marked interindividual differences in leukemic 
cell survival (LCS) values (expressed as the per
centage of cell survival with respect to the 
untreated controls). LCS was less than 50% in 
30/46 samples (65%) tested with ara-C, in 38/41 
(98%) with IDA, in 41142 (98%) with DNR, in 
40/46 (87%) with MIT, and in 30/45 (67%) with 
VP-16. The in vitro results were compared with 
the clinical response in 31 patients treated by 
combination chemotherapy according to 
GIMEMA protocols (AML 10 and P 491). The 
MTT test correlated with in vivo response in 18 
(58%) out of 31 patients. Sensitive chemothera
peutic response in vitro but resistance in vivo 
was observed in 12 patients. Only one AML 
patient was found to be resistant in vitro and 
sensitive in vivo. 

Our preliminary results suggest that the MTT 
assay may be useful in evaluating chemosensi
tivity in some AML patients, although further 
studies are needed to assess the clinical utility of 
in vitro chemosensitivity tests. 

Hematology Service, University of Bari, 70124 Bari, Italy 

Introduction 

Different assays have been developed to assess 
the chemosensitivity of malignant cells. 
Although the clonogenic test is considered the 
gold standard because it tests the sensitivity of 
stem cells, it is limited by its "low plating effi
ciency" and long incubation time [1-3]. The dif
ferential staining cytotoxicity (DiSC) assay is a 
short-term test but it is time consuming and 
subject to observer error. [4,5]. The methyl-thia
zol-tetrazolium MTT colorimetric assay tests the 
viability of cells by measuring the reduction of 
3-[ 4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetra
zolium bromide to an insoluble colored for
mazan precipitate by means of dehydrogenase, 
enzymes which are active only in viable cells 
[6-8]. The concentration of formazan can be 
measured by spectrophotometry at 540 nm. This 
assay is particularly interesting as it is simple, 
automated, rapid, and reproducible. 

In this study we assessed drug sensitivity in 
cells from 46 patients with acute myeloid 
leukemia (AML) treated according to GIMEMA 
protocols (AML 10, P 491) [9]. The in vitro 
results were compared with the clinical response 
in 31 patients selected for homogeneous drug 
use in vivo and in vitro. 

Materials and Methods 

Cells. Bone marrow (BM) or peripheral blood 
(PB) samples were taken from 46 patients 
with AML diagnosed according to French
American-British (FAB) criteria [10]. Mono-
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nuclear cells were isolated by Ficoll density gra
dient centrifugation and washed twice; then they 
were resuspended in Iscove's modified 
Dulbecco's medium supplemented with 20% 
heat-inactivated fetal calf serum (FCS) and gen
tamycin. Adherent cells were removed by incu
bating the cells in medium with 10% FCS for 
24 h in a plastic culture flask, at 37°C, in a fully 
humidified atmosphere with 5% CO2, 

Reagents and Drugs. The following drugs were 
used: cytarabine (aRA-C), mitoxantrone hydro
chloride (MIT), daunorubicin hydrochloride 
(DNR), etoposide (VP-16), idarubicin (IDA). 
MTT was obtained from Sigma (St. Louis, MO, 
USA). 

Cellular Drug Resistance Testing. The test was per
formed within 24 h of collection of the sample. 
BM and PB samples were evaluated together, 
since their drug resistance does not differ. All 
samples tested with the MTT assay contained 
> 90% leukemic cells after isolation, and cell 
viability (tripan blue exclusion) was always 
> 90%. A sample of 90 fll cell suspension (2-4 
x 106 cells/ml) was added to 10 fll of drug solu
tion in 96-well round-bottomed microculture 
plates. Each drug was tested in three concentra
tions in triplicate; the highest dose in vitro was 
ten times the one in vivo. Four drug-free wells 
were used to determine the control cell survival. 
The plates were incubated in humidified air con
taining 5% CO2 for 2 days at 37°C. Then 10 III 
MTT solution (5 mg/ml) was added and, after 
shaking the plates until the cell pellet was resus
pended, they were incubated for an additional 4 
h. The formazan crystals were dissolved with 
100111 dimethyl sulphoxide (DMSO). The opti
cal density (aD) of the wells, which is linearly 
related to the cell number, was measured with a 
spectrophotometer at 540 nm. Leukemic cell 
survival (LCS) was calculated by the equation: 
LCS = (aD treated wells/mean aD control wells) 
x 100 [11, 12]. 

Clinical Evalution. The clinical correlation was eval
uated only when cells were tested in vitro for at 
least all the drugs used in vivo. 

Statistical Analysis. Statistical anaylsis of the in 
vitro-in vivo relationship was performed with X2 
contingency table analysis [13]. 
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Results 

Forty-six patients with AML were included in 
our study: 22 males and 24 females with a medi
an age of 61 years (range 22-85 years); the white 
blood cell count (WBC) ranged from 1.1 to 
140.7 x 109/1 (median 12.2 x 109/1); 37 patients 
were at onset and nine at first relapse; there 
were two MO, two Ml, 24 M2, eight M4, seven 
M5, three M6 cases according to the FAB clssifi
cation (Table I). 

Only tests with aD control > 0.150 were 
taken into account. A linear correlation between 
cell number/well and aD values was found with
in the range of cellular concentrations used: at 
lower concentrations the test is not repro
ducible, while at higher concentrations the 
curve reaches a plateau. 

All drugs showed concentration-dependent 
cytotoxicity. There was no difference between 
control LCS (100% ) and LCS values with drugs 
at the lowest concentration (0.001 flm) while in 
almost all cases LCS was < 50% at 10 flm; there 
was a wide range of LCS (11%-242%) at O.lflm 
drug concentration. 

Cells were considered sensitive when (LCS) 
was < 50% (Fig. l). In vitro sensitivity was 50% 
in 30/46 (65%) samples tested with a RA-C, in 
30/45 (67%) with VP-16, in 38/41 (93%) with 
IDA, in 41/42 (98%) with DNR, and in 40/46 
(87%) with MIT. In sensitive cases, median LCS 
was 28 (range 10-48) for a RA-C, 31 (range 11-
49) for VP-16, 26 (range 11-49}for IDA, (range 
11-49) for DNR, and 26 (range 8-49) for MIT 
(Table 2). Individual correlations were evaluated 

Table 1. Clinical features of 46 AML patients 

Patients (n) 46 
Male/female (n) 2214 
Age-Median (years) 61 

Range (years) 22-85 
Hemoglobin-Median (g/dl) 9.1 

Range (g/dl) 4.4-14.1 
WBC x lQ'lI-Median 12.2 

Range 1.1-140.7 
Platelets x 10'/1 36.5 

3-307 
Onset/relapse (n) 37/9 
FABMO (n) 2 

M1 (n) 2 
M2 (n) 24 
M4 (n) 8 
M5 (n) 7 
M6 (n) 3 
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Fig. 1. LCS values of a RA-C, VP-16, IDA, DNR, and MIT at high concentration on cells from AML patients 

Table 2. In vitro drug sensitivity according to MTT 
test 

Drug Sensitivity LCS 

(%) (n) range median 

Ara-C 65 30/46 28 10-48 
VP-16 67 30/45 31 11-49 
IDA 93 38/41 26 11-49 
DNR 98 41142 23 11-49 
MIT 87 40/46 26 8-49 

in 31 patients selected according to the criteria 
described above; among these patients, one was 
found to be resistant and 30 sensitive in vitro. In 
vivo, 12 patients had resistant disease (RD) and 
19 achieved complete remission (CR). The MTT 
test correlated with the in vivo response in 18 
out of 31 patients (58%); 12 patients showed 

sensItive chemotherapeutic response in vitro 
and resistance in vivo (39%) and only one 
patient was resistant in vitro and sensitive in 
vivo (3%) (p < 0.005). 

Discussion 

The standard way to validate the in vitro drug 
sensitivity assay is by demonstrating its predic
tive ability in a prospective study of patients in 
treatment with antiblastic drugs. The aim of the 
present study was to evaluate the MTT assay in 
AML. The MTT assay enables a very large num
ber of cells to be processed using an objective 
endpoint [11, 14]. Since it is a short-term test, 
should its ability to predict clinical responses be 
found reliable, it would constitute an aid in 
identifying most active treatment schema. A 
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number of reports have already been published 
comparing the MTT with other short-term 
assays and a few studies have also indicated 
good correlation between in vitro sensitivity and 
long-term clinical response [15-18]. In particu
lar; MTT has been reported to be efficient in 
predicting long-term response to chemotherapy 
in acute lymphoblastic leukemia and in AML. 
Furthermore, in previous studies the correlation 
of MTT results and clinical outcome confirmed 
that there were no false negatives [15, 19, 20]. 

In our experience of 46 AML samples, we 
found good correlation in 18 of 31 selected 
patients; of the remaining, 12 patients sensitive 
in vitro were not responsive to chemotherapeu
tic treatment while only one of the patient who 
achieved CR was found to be resistant in vitro. 
These results supported our opinion that drug 
sensitivity tests cannot be expected to predict the 
clinical outcome of remission induction therapy, 
which depends on a large number of clinical fac
tors, apart from drug cytotoxicity. However, the 
cellular damage detected by the MTT assay may 
be influenced by temporary and reversible ener
gy depletion of the cells investigated [21,22]. 
Nevertheless, they can be useful for predicting a 
drug's ability to reduce leukemic cells in vivo. 

We conclude that the clinical implication of 
in vitro chemosensitivity assays may include the 
exclusion of drugs with very low probability of 
clinical activity and the selection of in vitro sen
stive drugs with a probability of clinical res
ponse. Further studies, including in vitro and in 
vivo investigations, are needed to assess the 
clinical utility to chemosensitivity tests. 
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Does P-Glycoprotein Predict Response to Chemotherapy? 
Expression of P-Glycoprotein in Children's and Adults' Leukemia
Correlation with Clinical Outcome 

S. Kaczorowski\ M. Ochocka', M. Kaczorowska3, and M. Matysiak' 

Abstract. The purpose of this study was to define 
the expression of P-glycoprotein (P-gp) in 
healthy donors as well as in children's and 
adults' leukemia cases. Expression of P-gp was 
evaluated with three monoclonal antibodies 
(MAbs); C219, JSB-l, MRK-16 and immunocyto
chemical (IC) APAAP staining technique. 
Seventy-eight patients: 45 children, 33 adults as 
well as 27 normal healthy donors entered the 
study. Twenty-seven healthy donors' peripheral 
blood mononuclear cells (PBMC) were investi
gated by means of IC and FACScan analysis. 
Positive staining for P-gp was detected in 31 % of 
children's and 33% of adults' leukemia samples 
by IC. No reactivity of the three MAbs was 
observed with PBMC by means of IC. Flow 
cytometry analysis with C219 MAb revealed 
staining for P-gp present on a subpopulation of 
lymphocytes and monocytes. P-gp ( + ) as well as 
P-gp (-) cases were compared in respect to 
clinical outcome, French-American-British 
(FAB) classification and blood group. Complete 
remission (CR) was achieved in 12114 (85%) of 
children's and 9/11 (81%) of adults' P-gp (+) 
leukemia cases. Within the P-gp (- ) leukemia 
cases, CR was observed in 24129 (82%) and 
18/22 (81%), respectively. Partial remission, 
relapse, resistance, and death were registered in 
14% of children's and 18% of adults' P-gp (+) 
samples. In P-gp (-) cases these parameters 
were observed in 17% and 18%, respectively. 

Introduction 

Chemotherapy is still an important treatment 
method in the cure of acute and chronic 
leukemias. P-glycoprotein (P-gp) is one of the 
factors responsible for the lack of tumor sensi
tivity to cytotoxic drugs, potentially limiting 
their effectiveness in cancer chemotherapy. 
Malignant cells can become resistant to 
chemotherapy via numerous mechanisms. Most 
of them are well characterized: delivery of the 
cytostatic drugs, inactivation, excretion, and 
induction of other enzymes. Cross-resistance to 
multiple drugs, observed in clinical practice, can 
be mediated by more than one mechanism. The 
mechanism(s) underlying this clinical phenome
non are currently being studied in in vitro mod
els. Treatment with one drug can cause 
cross-resistance to a wide variety of structurally 
unrelated drugs with a different mode of action 
[1]. Classic drug resistance has been shown to be 
associated with the expression ofP-gp, the prod
uct of the mdr-l gene [2, 3]. In humans there are 
two closely related genes, the mdr-l and the 
mdr-3 [4]. Only the mdr-l gene product has 
been linked to clinical and experimental mul
tidrug resistance [5,6]. Transfection experi
ments with mdr-l gene provided the most direct 
evidence that P-gp overexpression is responsible 
for the MDR phenotype [2,7]. The function of 
the mdr-3 gene and its product remains 
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'Warsaw University Medical School, Department of Pediatric Hematology - Oncology, Dzialdowska 1, 01-184 
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unknown and it has been suggested that elevat
ed mdr-3 gene expression could be implicated in 
drug resistance (decrease drug sensitivity) in 
chronic lymphocytic leukemia (CLL) [8]. The P
gp functions as an energy-dependent pump for 
the efflux of diverse anti-cancer drugs from 
MDR cells, i.e., antracyclines, podophylIins, and 
vinca alkaloids, drugs that are important in the 
treatment of leukemia. The physiologic role of 
P-gp and substrates for P-gp in normal cells are 
not known but it is quite likely that P-gp plays 
an important role as one of the transport mech
anisms within the tissues, or serves as one of the 
mechanisms protecting normal or tumor cells 
from environmental toxins. The expression of 
P-gp is sometimes associated with the presence 
of P-gp mRNA and/or mdr gene amplification 
[13,14]. P-gp is widely accepted, in in vitro 
models, as a factor responsible for generating 
the classical MDR phenotype [2,6,7]. The over
expression of P-gp and expression of the mdr-l 
gene has been reported in drug-resistant cell 
lines as well as in normal tissue, leukemias, lym
phomas, and solid tumors [5,9, 10-12, 14-21]; 
however, the role of the P-gp in human tumors 
in vivo is currently being extensively studied [5, 
10,14,17,22-24]. 

Materials and Methods 

Patients 

A total of 45 children and 33 adults were entered 
into the study. Children's specimens were col
lected within a period of 2 years at different 
stages of disease: at diagnosis (n = 36), at remis
sion (n=3), at second (n=4), and at third 
relapse (n = 2). The following cases were includ
ed: acute myeloid leukaemia (AML n = 8), 
myelo-dysplastic syndrome (MDS, n = 1), acute 
lymophocytic leukemia (ALL, n = 29), chronic 
myelogenous leukemia (CML, n = 1) and non
Hodgkin's lymphoma (NHL, n = 6) (median age 
8 years 9 months, range 1 year 8 months, 14 
years 5 months). 

Adults' material was retrieved from the blood 
bank, where it was collected at the stage of pre
sentation and the following cases were exam
ined: AML (n=22), MDS (n=4), ALL (n=6), 
CML (n = 1) (median age 45 years 6 months, 
range 18-77 years). Peripheral blood mononu
clear cells (PBMC) obtained from 27 healthy 
donors (ten children and 17 adults) were also 

included in the study. The diagnosis was made 
on the basis of bone marrow aspiration biopsy 
and the French-American-British (FAB) classifi
cation was used. A complete remission (CR) was 
determined as fewer than 5% of blasts counted 
in bone marrow smears [25]. Children's AML 
and ALL cases were treated according to the 
Berlin-Frankfurt-Mlinster (BFM) program. NHL 
patients were treated with COAMP. Adults with 
AML received treatment with either 
rubidomycin, vincristine, and cytarabine; or 
mitoxantrone, etoposide, and cytarabine; or 
thioguanine, cytarabine, and daunorubicin. ALL 
patients received treatment with daunorubicin, 
cyclophosphamide, vincristine, prednisone, and 
asparaginase. 

Antibodies 

Three monoclonal antibodies (MAbs), directed 
against three separate epitopes of P-gp were 
used. MAbs C219 (Centocor Diagnostics, 
Malvern, USA) [16] and JSB-l (Sanbio/ 
Monosan, The Netherlands) [26] react with the 
intracytoplasmic and MAb MRK -16 (kindly pro
vided by Dr. T. Tsuruo, Cancer Chemotherapy 
Centre, Japanese Foundation for Cancer 
Research, Tokyo, Japan) [27] with the extracel
lular domain of the P-gp. 

Preparation of Blast Cells 

Peripheral blood mononuclear cells, obtained 
from patients and healthy donors, were separat
ed by Ficoll/Hypaque (Pharmacia, Sweden) gra
dient centrifugation. After separation they were 
washed in phosphate-buffered saline (PBS); 1 x 
106 cells were suspended in PBS and cytospins 
were prepared (Shandon, UK). Cytospins were 
dried and fixed in acetone for S min, wrapped in 
Parafilm (American Can Company) and stored 
at - 70°C until used. 

Controls 

Human myelogenous leukemia K562 vincristine 
(VCR)-sensitive and KS62VCR vincristine-resis
tant cell lines were used as negative and positive 
controls, respectively. The KS62VCR cell line 
was cultured in medium supplemented with vin
cristine (30 nM-ISO nM). The K562VCR cell line 
had been shown to have elevated levels of mdr-l 
transcripts by solution hybridization (personal 
communication, Dr. A. Gruber, Division of 
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Medicine, Karolinska Hospital, Stockholm, 
Sweden). Twenty-seven PBMC separated from 
healthy donors, ten children's and 17 adults' 
specimens, were also studied. Children's control 
PBMC were obtained from children hospitalized 
with diseases other than hematologic malignan
cies and adults' control PBMC from healthy vol
unteers. Neither group had received previous 
chemotherapy. 

Immunocytochemical Staining and FACScan Analysis 

Before immunostaining, the cytospins were 
fixed again in acetone for 5 min. They were 
rehydrated and primary MAbs C219, JSB-l, and 
MRK16 were applied. Negative controls includ
ed omission of primary antibody as well as 
reconstitution of primary MAbs with irrelevant 
immunoglobulins of the same isotype. The alka
line phosphatase anti-alkaline phosphatase 
(APAAP) method was used [28]. The slides were 
evaluated by light microscopy. PBMC obtained 
from healthy donors were analyzed by means of 
immunocytochemistry (IC) and three MAbs as 
well as with FACScan (Becton Dickinson) and 
C219MAb. 

Evaluation 

We considered cases positive for P-gp if they 
were positive with at least two MAbs. Intensity 
of staining was evaluated as strong, moderate, 
weak, and no staining on 200 cells counted at 
the light microscope in randomly selected high
power fields. Within the examined cases, the 
intensity and frequency of P-gp+ cells were 
labeled as weak (range 9%-79%, median 38.2%) 
or moderate to strong (range 5% - 47%, median 
13.6%). Occasionally, reactivity of one or two 
MAbs with single blast cells was detected. 
Commonly, weaker staining with C219 MAb in 
comparison with staining of JSB-l and MRK-16 
MAbs was observed. With C219 and JSB-l cyto
plasmic staining and with MRK-16 MAbs mem
brane staining was seen. A dot-like, 
Golgi-associated staining with JSB-l and granu
lar intracytoplasmic staining with C219 and JSB-
1 MAbs were also observed. 

Results 

Reactivity af MAbs with Controls. The vincnstme
resistant K562VCR and vincristine-sensitive 
K562 cell lines showed consistent reactivity with 
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three antibodies. The intensity of staining, with
in the P-gp+ control slides, varied from weak to 
strong. Regularly in the K562VCR cell line, 
included as a positive control for P-gp staining, 
we detected a sub population of cells that do not 
display any reactivity with the three antibodies. 
These data were verified by FACScan analysis. 
Immunoreactivity of K562VCR (30 nM) and 
K562VCR (150 nM) cell sub lines with C219 anti
body varied from 15% to 25% and from 73% to 
95% of positive cells, respectively. No reactivity 
was detected with PBMC from 27 healthy donors 
using IC and three MAbs. Similarly to the pilot 
study performed with control K562 and 
K562VCR cell lines, we also analyzed PBMC 
from healthy donors by FACScan. We observed 
reactivity of C219 MAb with subpopulation of 
lymphocytes: it ranges from 0.21 % to 6.6%, 
median 0.94%, and in monocytes it ranges from 
1.53% up to 13.6%, median 2.86%. 

Reactivity of MAbs with Leukemia Cases. Positive for P
gp staining was detected in 14/45 (31 %) chil
dren's samples. P-gp staining was detected in 
11/36 (30%) children's specimens at presenta
tion and in three of nine cases (33%) during 
remission or relapse. One case was investigated 
twice within an interval of 13 months both at 
presentation and in relapse, in both staining for 
P-gp was positive. Positive for P-gp staining in 
adults' material was detected in 11133 (33%) 
samples. This material is more homogenous 
than the children's since it was collected at pre
sentation and retrieved from the blood bank. 

Correlation of P-gp Staining with Outcome FAB 
Classification and Blood Group. A high rate of com
plete remission (CR) was achieved both in P-gp 
+ and P-gp·· cases. In P-gp- cases, CR was 
noticed in 12/14 (85%) children's and in 9/11 
(81%) adults', in P-gp- specimens in 24129 
(82%) and in 18122 (81%), respectively. Partial 
remission, relapse, resistance, and death were 
observed in 14% children's and 18% adults' P
gp + cases and in 17% and 18% P-gp - cases, 
respectively. We did not find any particular 
prevalence of distribution of P-gp+ cases within 
examined types of leukemia. P-gp t staining was 
observed in approximately 33% of all the FAB 
subtypes of leukemia recorded. Moreover, we 
did not find any correlation between clinical 
response, blood group, and P-gp immunos
taining. 



Discussion 

Although the reactivity of C219, JSB-1, and 
MRK-16 MAbs with the P-gp-dependent MDR 
cell line was well determined [16, 26, 27], the 
specificity of these antibodies has not yet been 
thoroughly characterized [18, 29, 30]. The C219 
MAb seems to detect the highly conserved car
boxy terminal part of the protein, found in three 
isoforms of P-gp [9,34]. Thiebaut et al. [18] and 
Garberoglio et al. [35] report cross-reactivity of 
C219 MAb with 200-kDa (heavy chain) protein 
present in myosin molecules in the skeletal and 
heart muscle. Sonneveld et al. [8], Nooter et al. 
[31], and Herweijer et al. [32,33] reported coex
pression of mdr1 and mdr3 mRNA in leukemia 
patients and elevated levels of mdr3 mRNA in 
advanced stages of CLL, hairy cell leukemia, pro
lymphocytic leukemia, as well as in other B cell 
hematologic malignancies. JSB-1 MAb reacts 
with an epitope distinct from the epitope recog
nized by C219 [29]. Finsta et al. [30] and 
Weinstein et al. [36] report predominant, Golgi
associated staining with C219 and JSB-l MAbs 
and found reactivity of these MAbs on epithelial 
cells carrying antigens to blood group A. The 
MRK-16 MAb reacts with an epitope localized to 
the external surface of the cell membrane which 
shows a weak sequence homology between mdr-
1 and mdr-3 gene [27, 37]. MAb MRK-16 in vitro 
can partially inhibit drug efflux from drug-resis
tant cells by binding to the external domain of 
the P-gp [38]. So far, several studies of multidrug 
resistance, related to the expression of P-gp or 
mdr1 mRNA, in human leukemias have been 
reported [21,24,39-48]. The expression of P-gp 
or amplification of mdr-1 gene has been studied 
in hematologic malignancies and solid tumors 
using different techniques and authors presented 
contrary results [5, 10, 19,21-24,29]. Expression 
of P-gp, product of mdrl gene, in the classic 
MDR phenotype was widely accepted. Whether 
mdr1 gene amplification or expression of mdr1 
mRNA is sufficient to confirm MDR phenotype 
is disputable. Holmes et al. [40] have reported 
amplification of mdr-1 gene without the pres
ence of P-gp. Contrary results are reported by Ito 
et al. [39]. They found expression of P-gp with
out amplification of mdr-1 gene. A recent report 
[49] has pointed out the role of oncogenes and 
suppressor genes in the regulation of expression 
of mdr1 gene. From these studies it is obvious 
that more complicated mechanisms are involved 
in mdr-l gene regulation. 

The present study reports expression of P-gp 
in one third of children's and adults' leukemia 
cases as detected with three MAbs. Immuno
reactivity for P-gp was generally recognized on 
neoplastic cells, although positive for P-gp stain
ing was also observed on some non-neoplastic 
cells such as lymphocytes and monocytes in 
healthy donor PBMe. Positive P-gp staining was 
detected with FACScan analysis but not with Ie. 
Similar staining may also occur in hematologic 
malignancies in non-neoplastic cells such as 
lymphocytes, monocytes, macrophages, or reac
tive T cells, obscuring true expression of P-gp + 
in the tumor cells. Of note is the high level of 
mdr1 gene found in normal PBMC, NK, CD8, 
and CD4 cells [SO]. Kemnitz et al. [51] reported 
expression of P-gp in healthy donors PBMC, 
while Neyfakh et al. [52] reported the presence 
of a population of T lymphocytes, mostly T 
killers/suppressors and part ofthe helpers, bear
ing the MDR phenotype. Michieli et al. [48] 
report the reactivity of C219 and MRK 16 MAbs 
with PBMC obtained from healthy donors. 
Detection of the P-gp molecule in normal PBMC 
should be taken into consideration when P-gp 
staining is evaluated and the consequent inter
pretation of reactivity of MAbs directed to the 
P-gp molecule may be very difficult. This study 
reports variable expression of P-gp' cells, rang
ing from 9% to 79%, labeled as weak, and 5% to 
47% , labeled as a moderate to strong staining. 
Musto et al. [24, 41] also reported a heteroge
neous expression of P-gp' cells ranging from 
< 1 % to 100% in various hematologic malignan
cies. We have documented variability in the 
intensity of staining with three antibodies which 
can be segregated by their decreasing reactivity 
or intensity of staining as MRK-16, JSB-1, and 
C219. Similar observations were reported by 
Goasguen et al. [43] and Kemnitz et al. [51]. 

The clinical importance of immunostaining, 
showing only a few positive cells, is still unclear. 
Detection of a single P-gp' cell or cluster of P
gp+ cells could be an important factor in the fur
ther promotion of the MDR phenotype from 
detected scattered P-gp' cells. Clonal growth of 
P-gp positive cells among tumor cells raises the 
question whether one or 100 cells should be con
sidered as a threshold level above which results 
can be enumerated as positive. In their studies 
Goasguen et al. [43] put the gate level at 1 % of 
P-gp+ cells, while Musto et al. [41] observed in 
30% of examined cases P-gp expression in fewer 
than 1 % of neoplastic cells. In our IC study we 
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regarded a case as positive for P-gp in which the 
immunoreactivity was observed with at least 
two antibodies. The first detection of MDR phe
notype with C219 MAb was reported by Ma et al. 
[42]. They found, in two longitudinally studied 
patients, an increasing proportion of P-gp + cells 
during chemotherapy; moreover, they showed 
that intensity of staining and the proportion of 
P-gp+ cells correlated well with drug resistance. 

The present study reports detection of P-gp+ 
cells in approximately one third children's and 
one third adults' leukemia cases, which is simi
lar to the results by Zhou et al. [46] who found 
low expression of P-gp in 27% newly diagnosed 
AML cases. Results similar to ours were report
ed by Goasguen et al. [43]. They found reactivity 
of two MAbs, C219 and JSB-l, in 17 out of 55 
(30%) children's and adults' newly diagnosed 
leukemias. Musto et al. [41] demonstrated P-gp+ 
staining with C219 MAb in 44% newly diag
nosed leukemia samples. Kuwazuru et al. [44] 
detected P-gp + staining in 56% newly and 50% 
relapsed AML as well as in 36% newly and 50% 
relapsed ALL cases using the immunoblotting 
technique and C219 MAb. In the latter study by 
Musto et aI., variable reactivity of C219 MAb 
was detected in leukemic samples ranging from 
19% at diagnosis, 25% at remission, and in 40% 
at relapse [24]. Higher immunoreactivity of this 
antibody than we observed in our study may 
reflect either "true" expression of P-gp or cross
reactivity of C219 MAb with the mdr3 gene 
product present in some hematologic malignan
cies [8,31-34]. 

We compared P-gp+ and P-gp- staining with 
clinical response to chemotherapy. In both P
gp+ and P-gp - specimens we observed consid
erable response to chemotherapy with high 
frequencies of complete remission: 85% chil
dren's, 81% adults' and 82% children's, 81% 
adults' respectively. Resistance to chemotherapy 
defined as partial remission, resistance, and 
death, was evident in approximately 18% of the 
cases. Musto et al. [41] also found response to 
chemotherapy at high frequencies in (80%) ofP
gp + cases and resistance in 20% cases. These 
authors report a higher incidence of relapsed 
patients, while during disease presentation or 
CR, P-gp was detected in leukemic cells [24]. 
Goasguen et al. [43] also report high incidence 
of CR in P-gp+ and P-gp- cases, and found that 
CR was achieved in 92% children's and 56% 
adults' P-gp- and in 92% children's and 93% 
adults' P-gp+ samples. Kuwazuru et al. [44] 
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report higher refractoriness to chemotherapy in 
patients with P-gp+ cases. However, contrary to 
results presented by Musto et al. [41] and 
Kuwazuru et al. [44], 2 years of follow up of our 
patients revealed that relapse in P-gp + patients 
occurred with low frequencies. Clinical follow 
up in children's and adults' leukemias reveals a 
good initial response to chemotherapy used in 
newly diagnosed leukemias. 

In the present study we did not find any cor
relation between refractoriness to chemotherapy 
and P-gp+ stainings. CR was completed in 85% 
P-gp+ cases in comparison with relapse, partial 
remission, resistance, and death (14%). Almost 
the same clinical outcome was observed in P
gp - staining cases 85% vs. 17%, respectively. It 
is, however, possible that the presence of P-gp+ 
cells might identify a subset of patients with a 
potential risk of relapse, but we have been 
unable to prove it in our investigations. These 
results raise the question of whether the expres
sion of P-gp can be used as a single prognostic 
marker to detect the multidrug resistance phe
nomenon in vivo. 
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Clinical Relevance of P-Glycoprotein-Related Resistance in Patients 
with Acute Leukemia 
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Abstract. P-glycoprotein (P-gp) is a crucial factor 
in the development of chemotherapy resistance 
in malignant disorders. Between 1989 and 1994 
P-gp expression was prospectively studied in 
mononuclear bone marrow cells of 304 (221 
acute myelogenous leukemia, AML; 83 acute 
lymphoblastic leukemia, ALL) patients. In 282 
patients P-gp was investigated before and after 
therapy and in 22 patients only before therapy: 
148 AML patients with the AML-6 protocol 
(European Organization for Research on 
Treatment of Cancer), containing daunorubicin, 
vincristine and conventional-dose cytarabine 
(ara-C); and 63 AML patients were treated with 
intermediate-dose ara-C plus amsacrine. A fur
ther 71 ALL patients were treated according to a 
German standard polychemotherapy protocol 
(Bundesgesundheitsministerium fUr Forschung 
and Technologie, BMFT0411989). P-gp was 
determined by using monoclonal antibodies 
C219 and 4E3, and the cut-off point for P-gp 
overexpression was set at ~ 10%. A significant 
(p < 0.05) difference in P-gp overexpression was 
demonstrated between AML (21.7%) and ALL 
(10.2%) patients at primary diagnosis and 
between primary diagnosis and relapse/refrac
toriness in AML (21.7%; 51.2%) and ALL (10.2%; 
27.2%) patients. According to French
American-British (FAB) classification, P-gp 
overexpression was detected in AML patients 

significantly (P < 0.05) more frequently in classes 
M4, MSa, and MSb and less frequently in M3, as 
compared to other types. Of AML patients 35%, 
after therapy according to the AML-6 protocol, 
and 11.5%, after intermediate-dose ara-C plus 
amsacrine, as well as 7% of ALL patients after 
treatment developed P-gp overexpression. For 
AML patients with P-gp overexpression at pri
mary diagnosis or early relapse/refractoriness, 
the predictive values for nonresponse to AML-6 
protocol were 90% and 94%, respectively, while 
late-relapsed AML patients with P-gp overex
pression had a significantly (p < 0.05) lower pre
dictive value of 73% for nonresponse. 
Additionally, in refractory and late-relapsed P
gp-overexpressing AML patients treated with 
intermediate-dose ara-C plus amsacrine, the pre
dictive values for nonresponse were 44% and 
39%, respectively, significantly (p < 0.05) lower 
as compared to AML-6 protocol-treated refrac
tory or late-relapsed AML patients. In P-gp
overexpressing treated ALL patients the 
predictive values of 50% and 55% for nonre
sponse were calculated at primary diagnosis and 
late relapse, respectively. We conclude that P-gp 
overexpression is a common phenomenon in 
AML patients at primary diagnosis or relapse, 
has an inverse influence on AML-6 treatment 
outcome, and should be taken into consideration 
in the development of new therapy strategies. 
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Introduction 

Polychemotherapy in adult acute leukemia 
patients has a complete remission rate of 58% to 
80% [1-6]. Some 20% of these patients, howev
er, are primarily refractory to treatment and an 
even higher percentage will be refractory in 
relapse [7]. Since the identification of a trans
membrane glycoprotein known as 170 kd P
glycoprotein [8](P-gp) and coded by the mul
tidrug-resistance (mdr)l gene [9], the field of 
resistance research has focused on an intense in 
vitro and ex vivo characterization of the mecha
nism of P-gp-related resistance[lO]. It is 
assumed that P-gp actively pumps P-gp-related 
substances (such as anthracyclines, vinca alkalo
ids, podophyllotoxins, paclitaxel, and actinomy
cin D) out of the cell in an (adenosine-s'
triphosphate ATP) dependent manner[ll]. 
However, a few reports show that P-gp overex
pression may also be associated with a decrease 
in drug influx [12]. 

A similar glycoprotein coded by the mdr2 
(mdr3) gene is presumed to occur mainly in B 
cell neoplasms [13]. This glycoprotein has no 
relation to the resistance phenomenon caused 
by the mdr1-coded glycoprotein. 

Many reports [14-49] have recently been 
published on P-gp expression in acute myeloge
nous leukemia (AML) and acute lymphoblastic 
leukemia (ALL). Most of these have failed to 
investigate a large number of patients with close 
follow-up according to the same treatment pro
tocol. Furthermore, results are often not compa
rable because of the different methods used, and 
the definition of P-gp overexpression fluctuates 
in most publications. We used immunocytology 
as a simple and quick test, because it is easy to 
standardize. 

This study aims to prove the incidence and 
clinical relevance of P-gp-related resistance in a 
large number of acute leukemia patients. The 
following questions were additionally addressed 
in our study: How is the cut-off point for P-gp 
overexpression defined? What is the incidence 
of P-gp expression in AMLIALL patients at pri
mary diagnosis and in relapse or refractori
ness? Does a particular group according to 
French-American-British (FAB) classification 
demonstrate P-gp-related resistance more often? 
Can P-gp overexpression be acquired by 
patients during treatment? Does intrinsic or 
acquired P-gp overexpression influence treat
ment outcome? 
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Materials and Methods 

Patients. This study covers 304 acute leukemia 
patients including 92 AML patients at primary 
diagnosis and 129 AML patients in relapse/ 
refractoriness, as well as 83 ALL patients, of 
whom 39 were at primary diagnosis and 44 in 
relapse (Table 1). Therapy-related leukemia or 
leukemia evolving from a myelodysplastic syn
drome was excluded from this analysis. The age 
of AML patients ranged from 21 to 58 years and 
that of ALL patients from 19 to 53 years. 
Additionally, 22 healthy bone marrow (BM) 
donors were analyzed. P-gp expression of 
mononucleated BM cells was determined in 282 
patients before and after therapy, provided that 
the leukocyte count was > 1.5 g/l. However, in 
22 patients P-gp expression was only measured 
before therapy (Table 1). P-gp expression was 
measured in fresh BM specimens, which were 
stored at room temperature for no longer than 3 
days. No significant changes in P-gp expression 
value were seen (data not shown). 

Treatment Protocols. AML patients were treated 
according to the European Organization of 
Research on Treatment of Cancer (EORTC) 
AML-6 protocol (study coordinator: R. Zittoun) 
[3] daunorubicin 45 mg/m2 days 1-3; vincristine 
1 mg/m2, day 2; ara-C at 12-h intervals 50mg/m2 
and daily continuous infusions 100 mg/m2, days 
1-7) or according to a regimen using intermedi
ate-dose cytarabine (ara-C, 1 g/m2, days 1-6) 
and amsacrine (120 mg/m2, days 5-7). 

Acute lymphoblastic leukemia patients were 
included in the German BMFT[5] (Bundesges
undheitsministerium fiir Forschung and Tech
nologie) study 04/1989 (study coordinator: D. 
Hoelzer). Treatment results were evaluated for 
response in relation of P-gp expression after an 
induction therapy with vincristine (2mg abso
lute/day) on days 1, 8, 15, 22; daunorubicin 
(45 mg/m2) on days 1, 8, 15, 22; prednisone 
(60 mg/m) on days 1-28; and asparaginase 
(5000U/m2) on days 15-28. In patients who 
achieved a partial remission (PR) only the in
duction protocol was repeated. 

Evaluation Criteria. Two groups were defined for 
evaluation of treatment results. Patients achiev
ing complete remission (CR) were compared 
with nonresponders, including PR, no change 
(NC), or progressive disease (PD). Early relapse 
is defined as relapse with in 6 months, and in 



relation there to late relapse as a relapse after 
more than 6 months. Refractoriness is deter
mined as the primary NC or PD to chemothe
rapy. 

Monoclonal Antibodies. MAb C219 (Centokor, 
Malvern, USA) is a mouse MAb (lgG2a class) 
directed toward an intracellular epitope of the 
human mdrl-encoded P-gp[50,51]. MAb C219, 
however, also recognizes the mdr2-encoded gly
coprotein[52], and reaction with myosin [53] or 
contamination of some charges of purified MAb 
C219 with an anti-A blood group[54] antibody 
has been reported. MAb 4E3 is a mouse MAb 
directed toward an extracellular epitope of the 
human mdrl-encoded P-gp[55]. This MAb is 
also an IgG2a class antibody, which was origi
nallya gift of Dr. Arceci (Dana-Faber Institute, 
Boston, USA) and was later ordered from Signet 
laboratories, Inc., Dedham, MA,USA. MAb 4E3 
specifically recognizes the human mdrl P-gp 
but not the mdr2 product. 

Cell Lines. Standardization was performed with 
human T -lymphoblastic leukemia cell line 
(CCRF-CEM) with low P-gp expression and its 
variants (CCRF-CEMACT400, CCRF-CEMVCR-
1000; a gift from Dr. V. Gekeler, Byk Gulden, 
Constance, Germany) with P-gp overexpression 
between 95% and 100%. "ACT 400" or "VCR 
1000" means actinomycin D (MSD, Sharp 
Dohme) at a concentration of 400 ng/m' or lin
cristine (lilly, Germany) at a concentration of 
1000 ng/ml as needed to maintain maximal P-gp 
expression in these cell lines. 

P-gp Determination. Using MAb C219, P-gp was 
determined with the direct immunocytological 
method. Mononuclear BM cells were obtained 
with the standard Ficoll-Hypaque technique, 
washed twice with phosphate-buffered saline 
(PBS) +0.05% NaN3 and centrifuged at 200 g for 
5 min. For fixation the mononuclear cells were 
resuspended in 70% cold methanol and incubat
ed for 10 min at - 20cC to permeabilize the cell 
membrane. The cells were then washed again 
twice in PBS+0.05% NaN3, centrifuged at 200 g 
for 5 min and resuspended in PBS+0.05% 
NaN3+0.5% Tween 20 for 10 min on ice. Cell 
suspensions were centrifuged at 200 g for 5 min, 
and pellets resuspended in PBS+0.05% 
NaN3 + 20% fetal calf serum (FCS) at a final con
centration of 5 x 10" cells/m!. After 15 min on ice 
1 x 106 cells were incubated for 1 h with 0.5 ~g of 

the fluorescein isothiocyanate (FITC}-labeled 
MAb C219. For negative control, a separate tube 
was filled with the same concentration of an 
FITC MAb of the same isotype (IgG2a). After 
incubation in darkness on ice for Ih, cells were 
washed twice, resuspended in the above-men
tioned solution, and evaluated with a flow 
cytometer (FACScan, Becton Dickinson, San 
Jose, USA) combined with lYSIS II computer 
software. P-glycoprotein was determined with 
the indirect immunocytological method using M 
Ab 4E3. For 4E3 estimation, mononuclear cells 
were concentrated and washed using the 
method for MAb C219 (see above). The pellets 
were resuspended in PBS+0.05% NaN3+20% 
FCS at a final concentration of 5 x 106 cells/m!. 
After 15 min on ice, 200 ~l cell suspension was 
incubated with 5 ~l MAb 4E3. For negative con
trol 200 ~l suspension was put in a separate tube 
without antibody. Both tubes were incubated on 
ice for 30-60 min. Samples were centrifuged and 
washed (see MAb C219). Pellets were resuspend
ed and 1 ~l FITC-conjugated secondary anti
body (goat anti-mouse IgG2a, Sigma Immuno 
Chemicals, Deisenhofen, Germany) added. Both 
tubes were subsequently incubated on ice in 
darkness for 30-45 min. After the cells were 
washed once, they were resuspended for flow 
cytometric analysis with lYSIS II computer soft
ware. 

Statistics. The U (Wilcoxon) test was used for 
comparison of patients' P-gp values (CSS soft
ware). Wilcoxon tests the hypothesis that there 
are no differences between two paired popula
tions of ordered-metric scores. The test takes 
into account the magnitude of the differences 
between two paired variables; p values < 0.05 
were considered statistically significant. Assum
ing that P-gp expression correlates with the 
response/nonresponse ratio, a predictive value 
estimation for response in relation to normal P
gp expression was calculated as the ratio of 
responding patients to the total number of treat
ed patients with normal P-gp expression. The 
predictive value for nonresponse in relation to 
P-gp overexpression is the ratio of nonrespond
ing patients to the total number of treated 
patients with P-gp overexpression. Sensitivity 
for MAb C219 and 4 E3 is the ratio between 
responding patients with normal P-gp expres
sion and the total number of all responders. 
Specificity for MAb C219 and 4E3 is the ratio 
between nonresponding patients with P-gp 
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overexpression and the total of all nonres
ponders. 

Results 

Cut-off Point for P-gp Overexpression 

When using the direct and/or indirect immuno
cytology method with MAbs C219 and 4E3 in the 
mononuclear cell fraction of the BM, the cut-off 
point for P-gp positivity was set at ~ 10%. The 
reason for this decision was that in 22 healthy 
persons P-gp expression in mononuclear BM 
cells ranged between 0% and 8% when using 
both MAbs. To further rule out the above-men
tioned cross-reactivities of C219, MAb 4E3 was 
also used. In 83 examined specimens from ALL 
patients, correspondence of 4E3 versus C219 
results was seen to be 98%. The 2% difference 
was seen in two B-ALL patients, where MAb 
C219 was positive (35% and 57%) and MAb 4E3 
negative (2% and 3%), which can be interpreted 
as identification of the mdr2 glycoprotein. In 
153 examined AML patients a total correspon
dence was seen between the results of MAbs 
C219 and 4E3. Therefore, all results for ALL 
patients were routinely measured with MAbs 
C219 and 4E3. For AML patients, however, P-gp 
expression was determined with MAb C219 and 
partially controlled with MAb 4E3. 
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P-gp Expression in AMl, All Patients at Primary 
Diagnosis or Relapse/Refractoriness Before Therapy 

Twenty (21.7%) of 92 AML patients with prima
ry diagnosis were P-gp positive as compared to 
129 AML patients at early relapse (~6 months), 
refractoriness, or late relapse (> 6 months), 
where 66 (51.2%) were P-gp positive (Fig.1). Of 
the 39 ALL patients with primary diagnosis, two 
T-ALL and two C-ALL patients (10.2%) were P
gp positive in comparison to 44 ALL patients in 
relapse, where 12 (27.2%) were P-gp positive 
(Fig. 1). 

The difference in P-gp overexpression bet
ween primary diagnosis and relapse/refractori
ness is significant (p < 0.05) in AML and ALL 
patients. Regarding primary diagnosis, the dif
ference between P-pg overexpression is also sig
nificant (p < 0.05) in AML and ALL patients. 
The incidence of P-gp overexpression in AML 
patients in relapsed/refractory state is, however, 
not significant as compared to ALL patients at 
relapse/refractoriness diagnosis. 

P-gp Expression Relation to FAB Classification 
in AMl Patients and Immunophenotype in All Patients 

The AML patient demonstrated a significantly 
(p < 0.05) higher incidence of P-gp overexpres
sion in FAB classifications M4, M5a, and M5b as 
compared to the remaining classes (Table 2). In 
contrast, FAB M3 AML patients had the signifi-

27.2% 

ALL 

Fig. 1. P-gp expression in AML and ALL patients at primary diagnosis (open columns); or (hatched columns) 
relapse/refractoriness 
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Table 1. Overview of treated and untreated AMLI ALL patients in relation to P-gp expression 

Patients 

AML at primary diagnosis treated with 
AML-6-protocol 

AML at early relapse ( < 6months) or refractoriness 

treated with AML-6-protocol 

AML at late (> 6 months) relapse 
treated with AML-6-protocol 

AML at refractoriness after AML-6-protocol 
treated with intermediate-dose 
ara-C plus amsacrine 

AML at late relapse treated with 
intermediate-dose ara-C plus amsacrine 

AML at late relapse treated according to 
protocols not included in this study' 

ALL at primary diagnosis treated with 
BMFT protocol (induction part) 

ALL at first late relapse treated with 
BMFT protocol (induction part) 

ALL at late relapse treated according 
to protocols not included in this study' 

'P-gp expression was determined before therapy. 

Evaluated 
Patients 
(n) 

92 

26 

30 

19 

44 

10 

39 

32 

12 

Patients with P-gp 
overexpression: 

(n) (%) 

20 22 

17 65 

11 37 

16 84 

18 41 

4 40 

4 10 

9 28 

25 

Table 2. Distribution of AML patients at primary diagnosis and newly regis
tered patients at relapse/refractoriness in relation to P-gp overexpression and 
FAB classification 

FAB classification of AML Examined patients Patients with P-gp 
patients 

Ml 
M2 
M3 
M4 
M4EO 
M5a 
M5b 
M6 
M7 

cantly (p < 0.05) lowest incidence of P-gp over
expression (Table 2). For ALL patients, the dif
ferent P-gp overexpression in relation to 
immunophenotype (Table 3) is not significant. 

(n) overexpression 

(n) (%) 

34 12 35 
79 21 26 
12 2 17 
20 12 60 
2 
7 5 71 
7 5 71 
7 2 29 
3 33 

Follow-up of P-gp Expression Before and After AML·6 
Protocol, Intermediate-Dose ara-C plus Amsacrine 
and BMFT Protocol Treatment 

P-glycoprotein level was observed before and 
after each AML-6 therapy in 100 AML patients 
at primary diagnosis and relapse/refractoriness 
who had normal P-gp expression before treat-
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Table 3. Distribution of examined ALL patients at primary diagnosis and newly regis
tered patients at relapse/refractoriness in relation to P-gp overexpression and 
immunophenotype 

Immunophenotype of ALL Examined patients 
patients (n) 

C-ALL 43 
T-ALL 22 
NOALL 15 
B-ALL 3 

ment. P-gp overexpression was observed in 35 
(35%) AML patients after one or two AML-6 
protocol therapies. Twenty-nine (83%) of these 
35 AML patients showed an increase in P-gp 
expression after the first AML-6 protocol thera
py: 12 showed PR, 13 NC, and four PD. Six 
(17%) of these 35 AML patients exhibited an 
increase in P-gp in BM after the second AML-6 
protocol therapy. All of these patients showed 
NC afterwards. 

In three (11.5%) of 26 AML patients treated 
with intermediate-dose ara-C plus amsacrine, P
gp overexpression combined with PR was seen 
after the first therapy. Ten of these 26 patients 
were treated with a second regimen of interme
diate-dose ara-C plus amsacrine, but no P-gp 
overexpression was observed. 

Patients with P-gp 
overexpression 

(n) (%) 

4 9 
8 36 
4 27 

Only four (7%) of the 58 ALL patients at pri
mary diagnosis or relapse developed P-gp over
expression after induction therapy according to 
the BMFT protocol. None of them achieved CR. 

The difference between acquisition of P-gp 
overexpression after therapy according to the 
AML-6 protocol as compared to the intermedi
ate-dose ara-C plus amsacrine and BMFT proto
col (induction part) is significant (p < 0.05). 

P-gp Expression in Relation to Response 
of AML-6, Intermediate-Dose ara-C plus Amsacrine 
and BMFT Protocol Treatment 

As shown in Table 1, 92 AML patients at prima
ry diagnosis, 26 AML patients at early relapse! 
refractoriness, and 30 AML patients in late 

Table 4. Overview of treated AML patients in relation to predictive values for response/nonresponse regarding 
P-gp expression 

Patient groups P-gp Responders Non-responders Total Predictive values 
expression (n) (n) (n) 
(%) (%) (n) 

AML at primary diagnosis <10 68 4 72 Response: 94.4 68/72 
and treated with AML-6 protocol ;;,10 2 18 20 Nonresponse: 90.0 18/20 

70 22 92 

AML at early relapse or <10 6 3 9 Response: 66.6 6/9 
refractoriness and treated with ;;, 10 1 16 17 Nonresponse: 94.1 16/l7 
AML-6 protocol 7 19 26 

AML at late relapse treated <10 10 9 19 Response: 52.6 10/19 
with AML-6 protocol ;;, 10 3 8 11 Nonresponse: 72.7 8/11 

13 17 30 

AML at refractoriness after <10 1 2 3 Response: 33.3 113 
AML-6 protocol treated with ;;, 10 9 7 16 Nonresponse: 43.7 7/16 
intermediate-dose ara-C plus 
amsacrine 10 9 19 

AML at late relapse treated <10 II 15 26 Response: 42.3 llf26 
with intermediate-dose ara-C plus ;;'10 11 7 18 Nonresponse: 38.8 7118 
amsacrine 22 22 44 
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relapse were treated with the AML-6 protocol. 
Nineteen refractory AML patients after AML-6 
protocol therapy were treated with intermedi
ate-dose ara-C plus amsacrine. Forty-four AML 
patients in late relapse were treated with inter
mediate-dose ara-C plus amsacrine. Thirty-nine 
ALL patients at primary diagnosis and 32 ALL 
patients in first late relapse were treated with the 
induction part of BMFT study 04/1989. 

AML-6 Protocol Treatment. At primary diagnosis the 
predictive value for nonresponse in AML 
patients with P-gp overexpression was 90.0%, 
while for response in patients with normal P-gp 
expression it was 94.4% (Table 4). Test sensitivi
ty (68170 patients) and specificity (18122 pati
ents) reached a value of 97.1% and 81.8%, 
respectively. PR was seen in six of 18 nonre
sponding AML patients at primary diagnosis 
with P-gp overexpression. A reinduction AML-6 
protocol therapy in these six patients resulted in 
four patients with NC and two with PD. 
Compared to the four nonresponding (PR) AML 
patients with normal P-gp expression, reinduc
tion therapy demonstrated CR in two of these 
four patients. For AML patients at early 
relapselrefractoriness with P-gp overexpression, 
the predictive value for nonresponse was 94.1 %, 
while for patients with normal P-gp expression 
the predictive value for response was 66.6%. 
Test sensitivity (6/7 patients) was 85.7%, test 
specificity (16/19 patients) 84.2%. Compared to 
the two latter patient groups, the predictive 
value for nonresponse in AML patients at late 
relapse with P-gp overexpression was 72.7%, 
thus significantly (p = 0.048) lower. The predic
tive value for response in relation to normal P
gp expression was 52.6%. Test sensitivity (10/13 

patients) and test specificity (8/17 patients) were 
76.9% and 47%, respectively. 

Intermediate-Dose ara-C plus Amsacrine Treatment. 
Predictive values were calculated at 43.7% for 
nonresponse in refractory AML patients with P
gp overexpression and at 33.3% for response in 
relation to normal P-gp expression (Table 4.). 
Test sensitivity (I/10 patients) and test specifici
ty (7/9 patients) were seen to be 10% and 77.7%, 
respectively. Predictive values of 38.8% for non
response and 42.3% for response were deter
mined in relation to P-gp overexpression or 
normal P-gp expression for AML patients at late 
relapse. Test sensitivity (11122 patients) and test 
specificity (7/22) were 50% and 31.8%, respec
tively. In AML patients at refractoriness and late 
relapse with P-gp overexpression a significant 
(p < 0.05) difference regarding predictive value 
for nonresponse was evaluated between AML-6 
and intermediate-dose ara-C plus amsacrine 
treatment. 

Induction Part of BMFT Study 04/1989. For ALL pa
tients at primary diagnosis the predic
tive value for nonresponse in relation to P-gp 
overexpression was 50%, and for response with 
normal P-gp expression 71.4% (Table 5). 
Sensitivity (25127 patients) and specificity (2/12 
patients) were established at 92.6% and 16.6%, 
respectively. Predictive values for nonresponse 
with P-gp overexpression and response with 
normal P-gp expression were 55.5% and 65.2%, 
respectively, in ALL patients at late relapse. Test 
sensitivity (15119 patients) and test specificity 
(5/13 patients) were 78.9% and 38.5%, respec
tively. 

Table 5. Overview of treated ALL patients in relation to predictive values for response/nonresponse regarding 
P-gp expression 

Patient groups P-gp Responders Non- Total Predictive values 
expression (n) responders (n) 
(%) (n) (%) (n) 

ALL at primary 
diagnosis and treated with <10 25 10 35 Response: 71.4 25/35 
BMPT protocol (induction part) ?10 2 2 4 Nonresponse: 50.0 2/4 

27 12 39 

ALL at first late 
relapse and treated with <10 15 8 23 Response: 65.2 15/23 
BMFT protocol (induction part) ?10 4 5 9 Nonresponse: 55.5 5/9 

19 13 32 
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Discussion 

The goal of this analysis of 304 acute leukemia 
patients was to substantiate the clinical rele
vance of P-gp. For this purpose, it was necessary 
to first define the cut-off point of P-gp overex
pression according to our method. The 
described procedure using MAbs C219 and 4E3 
defines P-gp overexpression at ~ 10% positive 
cells in BM. The decision to use this method was 
made to ensure a simple and fast method, and to 
measure the target at the protein level. The use 
of MAb C219, however, presents a possible trap 
as it also recognizes the mdr2-coded glycopro
tein. Therefore, MAb 4E3 was used to exclude 
cross-reactivities to the mdr2 gene product, 
especially in B-ALL patients in whom mdr2 gene 
product overexpression is more frequent [13]. 

Our data allows clinically relevant conclu
sions in the following direction. In AML patients 
FAB M4, M5a, and M5b, the frequency of P-gp 
overexpression is significantly higher, while it is 
significantly lower for F AB M3 as compared to 
the remaining FAB classes. This variable P-gp 
expression within the FAB classification of AML 
patients underscores the reports of other 
authors that P-gp expression may contribute to 
different responses to chemotherapy seen within 
FAB classes [48]. In ALL patients there is no sig
nificant difference within the immunophenotyp
ic subtypes in relation to P-gp expression. 

As P-gp overexpression in ALL patients at 
primary diagnosis is significantly less common 
as compared to AML patients, it is very probable 
that in ALL patients refractory to chemotherapy 
at primary diagnosis other resistance mecha
nisms are dominant, like DNA topoismerases, 
glutathione-S-transferase and multidrug-related 
protein (mrp) mechanisms [56-59]. Acquired P
gp-related resistance is significantly more com
mon in relapsedJrefractory AML than ALL 
patients. This fact and the significantly more fre
quent occurrence of P-gp overexpression in 
AML patients at primary diagnosis as compared 
to ALL patients supports the conjecture that 
AML patients are at greater risk of developing P
gp-related resistance. 

Three different therapy protocols were 
applied in this analysis: strong P-gp transport
related drugs; AML-6 protocol containing two 
strong P-gp-related drugs like daunorubicin and 
vincristine; German standard ALL protocol, also 
containing daunorubicin and vincristine, but 
additionally asparaginase, a P-gp-nonrelated 
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substance, and dexamethasone [60], which 
inhibit the P-gp-related drug transport mecha
nism. The third protocol used intermediate
dose ara-C plus amsacrine are two cytostatics 
not or only less well related to P-gp. In this 
respect, the three mentioned protocols can be 
ranked as P-gp-related, less well P-gp-related, 
and non-P-gp-related protocols for further dis
cussion. 

P-glycoprotein overexpression influences the 
outcome of AML patients at primary diagnosis 
and early relapselrefractoriness and treated with 
a P-gp-related protocol. A comparison of these 
results with the predictive value for nonre
sponse of AML patients with P-gp overexpres
sion at late relapse demonstrated a significantly 
lower value. This indicates that, especially in late 
relapsed AML patients, the probable reason is 
multiple pretreatment; other resistance mecha
nisms are more dominant, like P-gp-related 
ones. In ALL patients no difference was 
observed between primary diagnosis and late 
relapse in relation to the predictive value for 
response in patients with P-gp overexpression. 
The probable reason is the additional use of dif
ferent drugs not related to P-gp transport and 
the fact that in ALL patients a low incidence of 
P-gp overexpression was found. Additionally, 
the latter point is underscored by the low inci
dence of ocurrence of P-gp overexpression after 
German standard protocol therapy, as com
pared to the high incidence in AML patients 
treated with the AML-6 protocol. 

Reasons for developing P-gp overexpression 
after therapy could be induction and/or selec
tion of P-gp-positive cells. Induction of P-gp 
overexpression might be explained by muta
tions [61] or the action of cytotoxic drugs via a 
receptor [62] activating the mdr 1 gene. On the 
other hand, selection may be a result of selective 
reduction in the P-gp-negative blast population, 
therefore resulting in a relative increase in fre
quency of P-gp overexpression.A further aspect 
is the clinical relevance of P-gp overexpression 
in relation to P-gp-nonrelated therapy proto
cols. The significantly lower predictive values 
for nonresponse in AML patients at late relapse 
and refractoriness with P-gp overexpression 
treated with intermediate-dose ara-C plus 
amsacrine as compared to AML patients at late 
relapse and refractoriness treated with a P-gp
related protocol (AML-6) provide evidence for 
the subordinate role of P-gp in relation to a P
gp-nonrelated therapy. Surprisingly, however, a 



considerable number of these patients with P-gp 
overexpression do not respond to a P-gp-nonre
lated therapy. This strengthens the hypothesis 
that P-gp can be a marker for several resistance 
mechanisms more than the P-gp-related resis
tance mechanism can be. This assumption is 
also supported by results of other authors 
[63-70] showing that P-gp overexpression might 
be combined with other resistance or regulation 
proteins like topoisomerase II, glutathione-S
transferase, metallothionein, c-fos or c-jun. 

The consequence for clinical practice is that 
P-gp expression should be routinely established 
before and after treatment of acute leukemia 
patients, particularly in AML patients who are to 
be treated with a P-gp-related therapy. Our 
study shows that protocols containing daunoru
bicin/vincristine with a conventional dose of 
ara-C (like the AMI-6 protocol) should not be 
used in AML patients with P-gp overexpression. 
Like the results of other authors in vitro [71] 
and ourselves [72], with refractory multiply pre
treated leukemia patients, P-gp-related drugs 
should be replaced with cytostatics that are not 
as well transported, or not at all, by P-gp. 
Because not enough experience with these drugs 
is available as yet, close screening is necessary in 
order to detect induction and/or selection of P
gp overexpression at an early time. Another 
therapeutic possibility is to combine protocols 
containing daunorubicin and/or vincristine with 
a P-gp modulator. These P-gp pump-blocking 
substances [73] might have the advantage that 
they do not induce and/or select P-gp overex
pression and they also seem to have tolerable 
side effects. In this context, more clinical phase 
II and III studies are needed. Further intensive 
research should focus on examining methods 
that permit the full complexity of resistance 
mechanisms to cytostatic drugs to be analyzed. 
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lack of Correlation Between Multi-Drug Resistance Expression and Clinical 
Response to Chemotherapy in Patients with Acute Myeloid leukemia 

A. Schulz, P. Engling, Q. Cao, C. Scheid, V. Diehl, and P.D. Wickramanayake 

Abstract. Expression of the multi-drug-resistance 
(MDR) protein gpl70 encoded by the mdrl gene 
has been implied to playa role in acute myeloid 
leukemia (AML) refractory to chemotherapy. We 
investigated MDR expression by flow cytometry 
and immunocytologically stained slides using the 
monoclonal antibodies MRK-16 and C-219, 
respectively, as well as RT-PCR in 15 patients 
(seven male, eight female) with AML. The medi
an age was 49.5 years (range 22-75 years), the 
distribution according to the French-American 
-British (FAB) classification was MI: one case; 
M2: five cases; M3: one case; M4: three cases; M5: 
two cases; M6: one case; and one bispecific case. 
Induction chemotherapy consisted of thiogua
nine, cytosine arabinoside and daunorubicine 
(TAD-HAM) (nine cases) and idarubicin-flu
darabine-cytidine arabinoside-filgrastim (granu
locyte colony-stimulating factor) (Ida-FLAG) 
(six cases). The proportion of leukemic blasts in 
the bone marrow varied between 30% and 100% 
with a median of 95% . In seven patients who 
subsequently achieved complete remission (CR) 
5%-47% (median 27%) of bone marrow cells 
were positive for MRK-16 compared to 9%-47% 
(median 29%) in eight patients without CR. The 
flow cytometry results were confirmed by 
immunocytochemistry and RT-PCR. A high per
centage of CD34 I cells was correlated with fail
ure to achieve CR. Otherwise there was no 
correlation with age, FAB classification, or 
chemotherapy protocol. In conclusion, MDR 
expression does not seem to predict treatment 

failure in AML, independently of which method 
of detection is being used. 

Introduction 

Drug resistance remains a major problem in 
acute myeloid leukemia (AML). Knowledge of 
the exact nature of this resistance should help to 
devise ways for its reversal and thus improve the 
outcome of treatment. 

The classical multi drug resistance (MDR) 
phenotype is an experimentally well-described 
entity including cross-resistance to several unre
lated xenobiotics (like anthracyclines, vinca 
alkaloids, epipodophylline derivatives, actino
mycin D, and colchicine) after prolonged in 
vitro exposure to these agents [2, 4, 8, 17]. It 
works with a decrease in intracellular drug accu
mulation due to the expression of the mdrl gene 
which codes for P-glycoprotein, a 170 kD trans
membrane protein [8, 10, 17]. Recent reports 
have indicated that mdrl/gpl70 overexpression 
is correlated with poor prognosis in AML, 
though the largest studies to date found no such 
correlation (1, 21). 

In an attempt to determine the incidence and 
clinical relevance of mdrl gene expression in 
AML and to find a reliable method to diagnose 
MDR phenotype, we investigated mdrl gene 
expression in specimens obtained from 15 adult 
patients with de novo AML at diagnosis by using 
RT-PCR, immunocytology with the monoclonal 

First Department of Internal Medicine, University Hospital Cologne, joseph-Stelzmann-Str. 9, 50924 Cologne, 
Germany 
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antibody (MAb)C-2l9 and flow cytometry with 
MAb MRK-16 simultaneously. 

Patients 

Fifteen consecutive adult patients with AML 
were entered into the trial. No patient was pre
treated with chemotherapy. After diagnosis, the 
patients were treated according to the protocol 
of the German Acute Myeloid Leukemia 
Cooperative Group (thioguanine-cytosine ara
bionoside-daunorubicin, T AD-9IHAM; nine 
patients) [5] or a new protocol for elderly or 
relapsed AML patients (Idarubian-fludarabine 
-cytidine arabinoside-filgrastim Ida-FLAG; six 
patients) [20]. Patient characteristics are shown 
in Table 1. 

Material and Methods 

All tests were performed in comparison with 
MDR + and MDR - Chinese hamster ovarian cell 
line, and by its colchicin-selected MDR variant 
(CHO-RT), which was grown in the presence of 
doxorubicin (100 ng/m!) (obtained from R. 
Volm, Deutsches Krebsforschungs-Zentrum, 
Heidelberg, Germany). 

Immunocyt%gy. C-219, a MAb which reacts with 
a gp170 C terminal epitope of membrane inter
nal surface [14] was used for immunocytology 
in all cases (Biomedical Diagnostics, ROderbach, 

Table 1. Patient characteristics 

Patient Sex Age Morpholigical 
no. (years) diagnosis (FAB) 

1 M 75 M2 
2 F 45 M5 
3 M 68 M1 
4 F 37 M4 
5 M 48 M2 
6 M 64 M6 
7 F 48 M4 
8 F 47 M5 
9 M 54 M4 

10 M 51 M3 
II F 61 M2 
12 M 22 Biphenotypic 
13 F 42 M2 
14 F 60 Ml 
15 F 39 M2 
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Germany). For the alkaline phosphate anti-alka
line phosphatase (APAAP) technique, cytospin 
or bone marrow smear preparations were fixed 
in acetone for 20 min at room temperature and 
rinsed in tris buffered saline for 2 x 1 min. The 
MAb C-2l9 was applied at a final concentration 
of 100 Ilg/ml in a diluent solution containing 
0.02% saponin for 60 min at 37°C in a humid 
chamber. The staining was performed by the 
AP AAP method, as described by Cordell et al. 
[7], using the MAbs D605 and Z259 (Dako, 
Hamburg, Germany). Cytospin or bone marrow 
smear preparations unexposed to C-2l9, as well 
as exposed to irrelevant MAb, were processed 
simultaneously. Final preparations were coun
terstained with Gill's Haemalaun, mounted in 
kaiser glycerine, and examined in light 
microscopy by three independent observers. 
Cells were scored by comparison with CHO-RT 
cells, with normal leukocytes, and normal mar
row cells as strongly positive (S), moderately 
positive (M), weakly positive (W), and negative 
(N). S cells were as positive as the majority of 
CHO-RT cells. W cells were slightly more posi
tive than normal leukocytes. The proportion of 
S cells was counted on 500 blast cells or more. 

Flow Cytometric Analysis of Blast Cells. MRK-16, a 
(MAb) which recognizes an external surface 
membrane component of gp170 [10] was used 
for flow cytometry in all cases (Dianova, 
Hamburg, Germany). Cells were washed in 
phosphate-buffered saline (PBS) without CaH 

and Mg2+. After washing the cells, a cell suspen-

Chemotherapy 
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sion of 1 x 105 cells/ml was prepared. A cell sus
pension of 50 ~l was incubated with 20 ~l (5 ~g) 
MRK-16 for 30 min. at 4°C. After washing, the 
cell pellet was resuspended and incubated with 
50 ~11:100 (vol/vol) diluted fluorescein isothio
cyanate (FITC)-conjugated rabbit antimouse 
IgG antiserum (Sigma Immunochemicals, 
Deisenhofen, Germany). Next, the cells were 
washed and incubated with phycoerythrin (PE)
conjugated HPCA-2 (anti-CD34 PE; Becton 
Dickinson, BD, Heidelberg, Germany) for 30 
min at 4°C. An irrelevant, isotype-matched MAb 
was used as negative control. After washing, 
20 000 events were counted using a FACScan 
flow cytometer (BD). Both FITC and PE fluores
cence signals were logarithmically amplified. 
Other cell surface marker analysis was per
formed using directly conjugated MAbs (BD). 
The blast cell population was gated using scatter 
parameters. Data analysis was performed using 
FlowMate software (Dako, Hamburg, Germany). 

C-DNA. Total cellular RNA was isolated from 
2 ml 1 x 10' cells/ml using a modification of the 
acid guanidinium thiocyanate/phenol/chloro
form extraction [6J. eDNA was synthesized with 
5 ~g total cellular RNA and 100 ng random 
hexadeoxynucleotide primer (Pharmacia) in 
30 ~l solution containing 50 mM Tris HCI (pH 
8.3), 75 mM KC6, 3h mM MgCI2, 10 mM dithio
threitol, 500 mM each dNTP, and 10 units 
Moloney murine leukemia virus reverse tran
scriptase (Bethesda Research Laboratories, USA; 
Pharmacia, Freiburg, Germany). After 1 h at 
37°C, eDNA was stored at -20°C until use. 
Oligonucleotides were synthesized by MWG
Biotech (Munich, Germany). 

Reverse Transcription Polymerase Chain Reaction. Poly
merase chain reaction (PCR) was carried out 
with eDNA derived from 80 ng RNA, 1 unit 
AmpliTaq polymerase and reaction kits 
(Boehringer Mannheim, Germany) in a final vol
ume of 25 ~l. Each cycle of PCR included 45 s of 
denaturation at 94°C, 1 min of primer annealing 
at 60°C, and 2 min of extension/synthesis at 
72°C. The number of cycles was 40. Mdrl-specif
ic sequences were amplified by using the 
sensestand primer CCCATCA TTGCAA T A G
CAGG (residues 2596-2615) and the antisense
strand primer GTTCAAACTTCTGCTCCTGA 
(residues 2733-2752) [16], which yield a 167-bp 
product. Each primer was added at 37.5 pmol 
per reaction. PCR products were separated on 

1.5% agarose gels and stained with ethidium 
bromide. All the necessary precautions against 
contamination of PCRs [15J were rigorously 
applied. 

Results 

Incidence of mdrl Gene Expression. Expression of mdrl 
was studied by staining of gp 170 on blast cells 
by MAbs C-219 and MRK-16 as well as mdrl
mRNA measuring by RT-PCR in all patients. 
There was no correlation of gp170 expression 
with age, sex, or French-American-British or 
(FAB) classification. Patients with resistant or 
relapsed disease showed no higher incidence of 
mdrl gene expression: seven of eight specimens 
from patients with resistant or relapsed disease 
were mdrl-mRNA positive (analysed by RT
PCR), while this was the case for six of seven 
specimens from patients with complete remis
sion (CR). No obvious correlation of mdrl gene 
expression to other surface markers (CD33, 
CDI4, CDI3, TdT, CDI9, CD2) was found 
(data not shown). These data are summarized in 
Table 2. 

Immunocytology(APAAP). The MDR-associated gp 
170 was detectable by C- 219 and AP AAP in all 
cases, ranging from 1 % to 51 % reactive with the 
MAb C-219. More than 10% S blast cells were 
detectable in 12/15 cases (80%). No relationship 
from the presence and frequency of S cells to the 
phase of disease was detectable. S cells were 
found in all FAB subtypes, either at onset or in 
relapse. There was no detectable relationship 
between peripheral blood blast cell count and 
presence and proportion of S cells, especially in 
relapse. 

Flow Cytometry. The results of flow cytometry 
using the MRK-16 MAb to detect gp 170 are 
summarized in Table 2. P-glycoprotein was 
detected in 13 of 15 bone marrow specimens 
tested using a cut-off value of 10%. The propor
tion of MRK-16-positive cells was lower than 
10% in two cases, and ranged between l3% and 
47% in the remaining cases. The proportion of 
CD34-positive cells was lower than 10% in four 
out of 15 cases, and ranged between 10% and 
94% in the remaining 11 cases. No difference in 
incidence was observed between de novo AML 
and in relapse and there was no correlation with 
response. Table 2 shows a comparison of MRK-
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Table 2. Results: C-219, MRK-16, and CD34 were counted as a percentage of stained 
blast cells 

Patient FAB Response Duration of PCR 
no. CR 

(months) 

I M2 CR 12 pos 
2 M5 NR pos 
3 MI NR pos 
4 M4 CR II pos 
5 M2 NR pos 
6 M6 NR pos 
7 M4 NR pos 
8 M5 NR neg 
9 M4 CR >8 pos 

10 M3 CR >10 pos 
11 M2 CR >9 pos 
12 biAL CR >10 neg 
13 M2 CR >8 pos 
14 MI CR >7 pos 
15 M2 CR >7 pos 

16 and CD34 as well as C-219 and PCR in all 
cases studied with both antibodies. Reactivity to 
MRK-16 and to CD34 was identical in patients 
who had never been treated and in those who 
had been treated with alkylating agents. 

Polymerase Chain Reaction. Total cellular RNA was 
used to synthesize cDNA with a random hexa
deoxynucleotide primer. cDNA was analysed 
using RT-PCR. Thirteen out of 15 blast cell sam
ples expressed mdrl gene product as shown in 
Fig. 1. 

Comparison of gp 170 Expression Recognized by C-219 and 
MRK-16. There was agreement between the detec
tion of mdrl gene expression by RT -PCR and C-
219 as well as MRK-16 in 15 of 15 matched 
studies (13 positive, two negative). 

C034+ and mdrl Gene Expression and Clinical Outcome. 
The association of mdrl gene expression with 
CR rates after induction chemotherapy is shown 
in Table 2. The CR rate was not significantly dif
ferent for patients with mdrl gene expression or 
patients with no detectable expression. Seven of 
eight patients with relapse or no response were 
positive for mdrl gene expression whereas six of 
seven patients with CR were positive. Seven of 
eight nonresponders were positive for CD34 
(median 60% stained blast cells), whereas four 
of seven responders were positive (median 24% 
stained blast cells). 
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C-219 MRK-16 CD34 
(%) (%) (%) 

12 13.7 5.7 
27 24.8 60 
31 28.9 13.4 
51 47.2 73 
34 23.7 94 
33 34.4 34 
42 45.4 11 

5.2 82 
20 22.7 11.1 
22 24.8 3 
41 46.8 25 
4 9.3 56.9 

29 28.8 3.8 
32 37.6 24.3 
26 28.8 5 

Discussion 

The precise mechanism of drug resistance in 
AML is still unknown. One possible mechanism 
may be the expression of the multidrug trans
porter gp170. In this study, we examined the 
presence of the P-glycoprotein in 15 consecutive 
patients with AML. Mdrl expression of bone 
marrow blast cells was determined by using RT
PCR, immunocytology with MAb C-219, and 
flow cytometry with MAb MRK-16 simultane
ously. There was a good correlation between the 
different detection methods. 

We found a high incidence of mdrl gene 
expression in AML patients, even for the newly 
diagnosed patients who had never recieved any 
chemotherapy. This finding differs from those 
of Goldstein et al. [9] and Ito et al. [13] who 
reported a very low incidence of mdrl gene 
expression. However, our result was consistent 
with other published studies, which detected 
mdrl gene expression in 25%-70% of newly 
diagnosed AML patients [11,18]. Further
more, we found that there was no difference 
in the incidence of mdrl gene expression 
between newly diagnosed patients and relapsed 
patients. 

Our study did not confirm the direct relation
ship between mdrl gene expression and 
achievement of CR in patients with de novo 
AML. This was true for patients with newly diag
nosed AML or in relapse. A meta-analysis of 
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Fig. 1. RT-PCR of total cellular RNA from AML blast cell samples. Line 1, molecular weight markers; line 2 h 
negative control; lines 3-9 h patient blast cell samples; line 10, CHO-RT; line 11 h CHO-WT 

several studies showed an estimated risk of 0.68 
for MDR-positive AML with respect to CR [12]. 
The two largest studies [1,21] draw the conclu
sion that gp 170 expression is not a prognostic 
factor in AML. 

Our data suggest that MDR expression can
not be used to predict treatment outcome on an 
individual patient basis. This has to be seen in 
the context of a number of other molecular 
mechanisms of drug resistance which have been 

described so far, e.g., topoisomerase I and II, 
glutathione, multi-drug resistance-associated 
protein (MRP), and which all might be con
tributing to the phenomenon of clinical treat
mentfailure [3, 19]. 

CD34 expression in leukemic blasts has been 
implicated as a negative prognostic factor inde
pendent of MDR1 [21], and we found higher lev
els of CD34 positivity in patients who failed to 
achieve CR (Table 2). 
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These results emphasize the need for further 
investigation to study the role of MDR in 
chemotherpy resistance. 
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Abstract. Proliferative ability and resistance to 
chemotherapy (CHT) seem to be the major facil
ities of leukemic blast cells in relation to out
come of therapy. We have studied the 
expression of the myc gene in 27 de novo and 23 
pretreated acute leukemia (AL) patients by 
hybridization in situ. It appeares that the pre
dominant expression level of the mdr-l gene 
(above the myc gene) correlates to resistance. 
The opposite situation (when the myc gene is 
predominant) correlates to tumor lytic syn
drome and early death (ED) on CHT. Absence of 
overexpression of both mdr-I and the myc gene 
is the most favorable type in relation to achiev
ing complete remission (CR). 

Introduction 

The mdr-l and mye genes are expressed in a 
number of both de novo and pretreated acute 
leukemia (AL) patients, these data have a prog
nostic significance [1-3]. It appeared that 
chemotherapeutic [CHT] regimens containing 
two drugs separately inducing mdr-l gene ex
pression (vinca alkaloid/epipodophylline de
rivate+antracycline) vs. one (an antracycline 
only) are more potent in inducing mdr-l gene 
expression in both leukemic and normal cell 
clones [2J. Therefore mdr-l gene overexpression 
is related to previous CHT and has an impact on 
the resistance of leukemic blasts to further CHT 
[1, 2, 4]. An expression of the myc gene reflects 
the proliferative capacity of a cell [5]. Therefore 

'Pavlov Medical University, St. Petersburg, Russia 

its overexpression in leukemic blasts may corre
spond to their expansion ability. In contrast to 
some other gene [6, 7], there are no data about 
mutual regulation of expression of mdr-l and 
myc genes. 

This study appears to be novel in coupling 
the genes which are not mutually regulated and 
which are responsible for the major facilities of 
leukemic cells-proliferation and drug resis
tance. 

Methods and Patients 

Twenty-one de nova and 13 pretreated acute 
myelogenous leukemia (AML) patients, and six 
de novo and ten pretreated acute lymphoblastic 
leukemia (ALL) patients were studied. Some of 
them were pretreated in other hospitals with 
standard and lower than standard regimens and 
did not achieve complete remission (CR). The 
number of resistant patients are artificially 
increased in this study because not all de novo 
patients with good response to cytostatic agents 
could be studied before the beginning of therapy, 
whereas leukemic cells in resistant patients were 
studied several times. 

The hybridization in situ method for the 
detection of expression of studied genes was 
used [8] with slight modification. 

The level of expression of genes was evaluat
ed according tu the fullowing criteria: back
ground value means 0-5 silver grains per cell; 
insignificant-6-15 grains per cell of a healthy 
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donor. Expression exceeding 16 grains per cell 
was accepted as low and expression exceeding 
30 grains per cell was accepted as high. The K 
562 cell line was used as a positive control for 
myc gene expression. 

Results and Discussion 

We studied the level of myc gene expression in 
de novo and pretreated AL patients and found 
no differences in distribution of myc-positive 
patients in these groups, neither in AML nor in 
ALL (Table l,p > 0.05). 

The level of myc gene expression in de novo 
patients seemed to be higher than in pretreated 
ones (data not presented). We then studied myc 
gene expression in relation to prognosis (Table 
2). Absence of myc gene expression correlated 
with obtaining CR in the total number of AML 
patients (p < 0.01). This correlation seemed to 
be valid for de novo patients (p < 0.01) and not 

statistically significant for the pretreated 
patients (p> 0.05). The main cause of worse 
clinical results in myc-positive (myc+) patients 
was early death ED; (5/5 in myc+ patients in 
comparison to 0/11 in myc-negative, (myc-) 
ones, n = 21, P < 0.01). This is not valid for the 
total population of leukemic patients, treated in 
our department (7117, n = 88, P < 0.01). 

We then tried to analyse the impact of myc 
gene overexpression on the results of different 
types of CHT (standard "7+3" based regimens 
vs. more intensive ones). These data are pre
sented in Table 3. The expression of the myc 
gene had prognostic significance in patients 
treated by high-dose cytosine arabinoside (ara
C) regimens (p < 0.01) and not by standard ones 
(p> 0.05). At the same time, ED on standard 
dose ara-C regimens was observed in myc+ 
patients only. It probably irelates to higher sen
sitivity of myc - blast cells to cytostatic agents. In 
contrast to AML patients, there was no prognos
tic significance of myc gene expression in ALL 
patients (data not presented, p > 0.05). 

Table 1. The level of mye gene expression in de novo and pretreated AML and 
ALL patients 

Cohorts of patients 

De novo 

Pretreated 

Type ofleukemia 

AML 
ALL 

AML 
ALL 

Patients with 
different levels of 
mye gene expression 

myc+ 
(n) 

7 

5 
3 

mye 
(n) 

10 
5 

4 
7 

Table 2. Myc gene expression and prognosis in de novo and pretreated patients 

Results of 
therapy 
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Type ofleukemia 

De novo 
Pretreated 

De novo 
Pretreated 

Patients with 
different level of 
mye gene expression 

myc+ 
(n) 

3 
2 

5 

5 
3 

8 

mye 
(n) 

8 
3 

11 

o 



Table 3. Different CHT regimens and ED in AML patients 

Types of therapy Results of therapy Patients with 

Standard (p > 0.05) 

High dose (p < 0.01) 

We then compared mdr-l and myc gene 
expression in different cohorts of AML and ALL 
patients (Tables 1,4). There were no differences 
in distribution of myc+ patients between AML 
and ALL; the incidence of mdr-l + pretreated 
ALL patients was rather higher than in AML 
ones (p < 0.05). The reason for this phenomenon 
is unclear; it is probably related to more 
frequent use of two drugs known to turn on 
mdr-l gene expression (vinca alkaloid/epipo
dophylline derivate+antracyciine) in ALL treat-

different levels of 
myc gene expression 

myc mye 
(n) (n) 

CR 4 
ED 0 

CR+ 6 
ED 0 

ment vs. predominantly an antracyciine alone in 
AML CHT regimens. 

Thereafter we evaluated coexpression of myc 
and mdr-l genes (Tables 5, 6). There was a sta
tistically significant correlation between mdr-l 
and myc gene expression in AML (p<O.Ol) but 
not in ALL (p> 0.05). Maybe the reason is the 
more frequent mdr-l gene expression in ALL 
patients. As we have shown above, myc gene 
overexpression is a negative prognostic factor in 
relation to ED; mye-patients are considered to 

Table 4. Comparison of mdr-I gene in different cohorts of AML and ALL 
patients 

Patients 

De nova 

Pretreated 

Type ofleukemia 

AML 

ALL 
AML 

ALL 

Patients with 
different levels of mdr-I gene 
expression 

mdr-l' 
(n) 

3 

4 

8 

mdr-l' 
(n) 

16 

3 
8 

2 

Table 5. of mdr-I and mye genes in de novo and pretreated AML 
patients 

Mdr-I gene expression 

mdr-I+ 
mdr-I 

**p>O.04 

Patients with 
different levels of mye gene 
expression*" 

myc 

4 

mye 

13 

595 



Table 6. Coexpression of mdr-l and myc genes in de 
novo and pretreated ALL patients 

Mdr-l gene 
expression 

*p > 0.05 

Patients 
with different levels of 
myc gene expression* 

myc+ myc 

4 7 
0 4 

be hypersensitive to CHT, especially to intensive 
regimens. It is of no importance for resistance in 
AL patients. 

Mdr-l gene overexpression is one of the 
causes of drug resistance in AL patients (Table 
7). Mdr-l + patients appeared to be resistant 
more often than mdr-I-(p<0.05). Mdr-l gene 
overexpression is of less importance for resis
tance on high-dose ara-C CHT regimens [9] and 
of no significance for ED (Table 7). 

We have advanced a hypothesis of the signifi
cance of coexpression of mdr-l and myc genes. 
First we compared the mdr-l + myc+ group of 
patients with the mdr-l'myc-one (Table 8). ED 
in the mdr-l + Imyc+ group seemed to be more 
frequent (p < 0.05), as was resistance, although 
the latter was not statistically confirmed. We 
then divided the population of myc+ patients 
into high expression (comparable to K 562 myc 
gene expression, myc-H) and low expression 
(myc-L) and studied the significance of coex
pression ofmyc-L or myc-H with mdr-l gene vs. 
myc/mdr-I-type of coexpression (Table 9). 

The low level of myc gene expression was 
shown to be prognostic factor when expressed 
alone and was of no significance when coex
pressed with the mdr-l gene; the latter group of 

Table 7. Results of CHT in relation to mdr-1 gene 
expression in AL patients 

Results of CHT Patients with different 
levels of mdr-l 
gene expression 

mdr+ mdr-

Resistance 7* 4* 

Complete remission 3* 12* 
Early death 1 3 

*p > 0.05 
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Table 8. Impact of mdr-l and myc gene coexpression 
on result of CHT 

Results of CHT Typesofmdr-l 
and myc-gene 
coexpression 

mdr+lmyc+ mdr-Imyc 
(n) (n) 

Resistance 4 3 
Complete remission 2* 11* 
Eariydeath 1* 0* 

*p<0.05 

patients seemed to be more often resistant (not 
statistically significant). 

In contrast to myc-L there was no statistical 
significance in comparing the myc-mdr-group 
with both the myc-H/mdr+ and myc-H/mdr
groups in relation to either resistance or ED. 

We then tried to accumulate the data men
tioned above (Table 10 Fig. 1). The main feature 
of the first group was rather high mdr-l gene 
expression and low or an absence of myc gene 
expression. The clinical peculiarity of this group 
was a resistant type of response to CHT as com
pared to the second one (p < 0.05); the intensive 
CHT regimens would be of preference. The 
patients of the third group with a predominant 
myc gene expression above mdr-l gene expres
sion appeared to be hypersensitive to CRT with a 
high frequency of ED as compared to the former 
groups (p<O.OI). Such patients probably need 
prephase before intensive CHT. The mdr-l - and 
myc patients had the most favorable prognosis. 

Conclusions 

1. There are no differences in myc gene expres
sion in AML and ALL patients. Mdr-l gene 
expression is significantly higher in pretreat
ed ALL patients than in a corresponding 
cohort of AML patients. 

2. 

3. 

4. 

Myc gene overexpression is a negative prog
nostic factor in AML patients. The high 
expression of myc gene correlates to ED and 
is of more prognostic importance on inten
sive CHT regimens. 
The frequency of resistance to CRT is higher 
in patients with mdr-l + cells. 
Coexpression of mdr-l - and the myc gene is 
more common for AML patients. 



Table 9. Impact of coexpression of mdr·1 and low-expre sed y-myc gene (myc- L) on 
results of CHT 

Results of CHT 

Resistance 
Complete remission 
Early death 

··p < O.OI 

Types of myc-L and mdr- I 
gene coexpression 

md r- I myc-L 

4 
2 
o 

mdr-I myc 

3 
11-
0 -

mdr- I myc-L ' 

I 
O· 
I' 

Table 10. Correlation of d iffe rent types of myc-L. m)'c- H. and mdr-I gene coexpression to 
result ofCHT 

Results of CHT 

Resistance 
Complete remission 
Early death 

P 0.05 

Different types of g-myc and mdr - I 
gene coexpression 

mdr myc 
mdr {myc-L' 

7' 
) ' 

o 

Prohahility of complele remiSSion , 
re i lance and ea rly dealh 

mdr-I+ / myc- mdr- I - / myc-
mdr-I + / myel 

mdr {myc 

3" 
II ' 
O' 

mdr Imyc-H ' 
mdr Imyc-L ' 

I' 
4' 

md r. I-/myc H mdr-I+ 
mdr. I- / m ycl 

Fig. 1. Probability of different results of therapy in relation to types of mdr-l and mye gene coexpression. Thick 
dark line, complete remission; thin line, resistance; light line, early death 
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5. Resistance in mdr-l + patients, depends on 
coexpression of the myc gene. 
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Risk Adapted Treatment in Childhood Acute lymphoblastic leukemia: 
Data from the Berlin-frankfurt-Munster Group 
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Abstract. Experience with approximately 3700 
patients in the last four multicenter trials for 
childhood acute lymphoblastic leukemia (ALL) 
performed over the last 13 years by the 
Berlin-Frankfurt-Miinster (BFM) study group 
established and reconfirmed basic knowledge on 
the risk of relapse. A series of randomized and 
prospective questions, however, allowed new 
insights into additional biological and therapy
related factors. In trials ALL-BFM 83, evidence 
was generated on the importance of delayed 
intensification, even for standard-risk ALL that 
was later confirmed in the following trial ALL
BFM 86. Patients with standard-risk ALL treated 
without reinduction therapy had an even higher 
risk of relapse than patients stratified into the 
medium-risk group. From 1981 to 1986. the 
impact of adequate maintenance therapy with 
6-mercaptopurine (6-MP) and methotrexate 
(MTR) on event-free surival was evaluated by 
randomization of 18 vs. 24 months total therapy 
duration, proving the impact of prolonged 
exposure on disease-free survival. Also in trial 
ALL-BFM 83, the blast cell reduction after the 1 
week of treatment with prednisone and MTX 
i.th. was prospectively evaluated to find a reli
able prognostic parameter for early prediction 
of increased risk of relapse. Thus, a new inde
pendent risk factor called the "prednisone poor 
response"(PRED-PR) was generated that identi
fied approximately I 0% of all patients with ALL. 
The prognosis for this group, however, has not 

yet improved from the time of discovery in trial 
ALL-BFM 83, despite various attempts at treat
ment intensification. Patients in this group are 
predominantly boys, have an high initial 
leukemic cell burden, present with T cell ALL in 
40% of the cases, and have an increased risk of 
remission failure. The probability of event-free 
survival (pEFS) in the group is less than 50%. 
Among these patients with PRED-PR, a sub
group can be identified that is at even higher 
risk of relapse: with the coexpression of myeloid 
markers on their blast population, T -ALL, or a 
very high White blood cell count (WBC). 
Translocation t(9; 22), the equivalent BCR-ABL 
recombination, or t( 4; 11) are, together with 
nonresponse to primary treatment, additional 
high-risk features that qualify any patient for 
maximum therapy, including allogeneic bone 
marrow transplantation (BMT). Despite the dif
ficulties for high-risk patients a pEFS of 75% for 
the total study population is encouraging. 

Introduction 

Biological features at diagnosis of acute lym
phoblastic leukemia (ALL) such as the age of the 
patient, white blood cell count (WBC), organ 
involvement, immunophenotype, and cytoge
netics have been used by all major study groups 
to stratify treatment composition and intensity. 
However, recently treatment intensity has also 

lDepartment of Pediatrics, Medizinische Hochschule Hannover, 30623 Hannover, Germany 
'Department of Medical Oncology and Applied Molecular Biology, Robert-RossIe-Clinic, Humboldt University, 
13122 Berlin, Germany 
'Department of Pediatrics, University Hospital, 35385 Gie~en, Germany 
4Department of Pediatrics, RudolfVirchow Medical Center, 13347 Berlin, Germany 
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turned out to be a major prognostic factor [1-4]. 
The Berlin-Frankfurt-Miinster (BFM) group 
addressed the impact of treatment intensity in 
two randomized trials conducted from 1981 to 
1986 [5, 6]. The prognostic influence of early 
treatment response was prospectively evaluated 
in trial ALL-BFM 83, and later utilized in trials 
ALL-BFM 86 and 90 to identify the group of ALL 
patients with the highest risk for relapse [3,6]. 
For this patient group, which is characterized by 
an inadequate response to a brief induction 
prephase based on prednisone, very intensive 
chemotherapy can offer only limited efficacy 
resulting in event-free survival rates of 
40%-50% but causing considerable toxicity. 
Therefore, in 1991 a randomized trial for high
risk patients was initiated to evaluate the effect 
of recombinant human ranulocyte colony-stim
ulating factor (r-metHuG-CSF, filgastrim) on 
myelosuppression and related complications, 
and on overall response rate to chemotherapy. 
This paper reviews the updated results of four 
trials of the BFM study group, reflecting the sig
nificant impact that treatment intensity and 
treatment response have on long-term outcome 
for children with ALL. 

Patients and Methods 

Between 1981 and 1994 more than 3500 patients 
with ALL were treated with four consecutive 
BFM protocols in up to 85 institutions in 
Germany, Switzerland, and Austria. Cytomor
phology, immunology, cytogenetics, and DNA 
index were determined in central laboratories as 
previously described [3]. Life table estimates 
were based on the Kaplan-Meier method, and 
compared using the log-rank test. Therapy for 
patients with B precursor or T-ALL was risk 
adapted by stratifying according to the BFM risk 
factor (BFM RF) calculating the leukemic cell 

load at diagnosis: 

RF = 0.2*log(B+l)+0.06*L+0.04,S 

Where B equals the number of leukemic blasts 
per microliter of peripheral blood; Land S are 
the enlargement of liver and spleen in centime
ters below the costal margin [7]. Patients with B
ALL were treated with a different protocol [8]. 
Randomization and therapy were performed 
only after informed consent had been obtained. 
The major components of therapy have been 
published in details [3, 5, 9, 10]. 

To randomize for the duration of mainte
nance therapy, all patients of trials ALL-BFM 81 
and 83 were recruited independently of their ini
tial risk features: 764 patients were randomized 
shortly before the end of the 18th month of ther
apy to be continued on maintenance therapy 
with 6-mercaptopurine (6-MP) and oral metho
trexate (MTX) up to a total therapy duration of 
24 months, or to discontinue maintenance ther
apy after the 18th month of treatment. 

In trial ALL-BFM 83,126 patients with stan
dard-low risk (SR-L) ALL (BFM-RF <0.8, no 
initial CNS disease) were randomized (Fig. 1) 
during consolidation therapy to receive or not 
to receive reinduction therapy with protocol III 
(dexamethasone DEXA, 10 mg/m2 per day on 
days 1-14; vincristine, VCR, 1.5 mg/m2 on days 
1 +8; doxorubicin, DOXO, 30 mg/m2 on days 
1 +8; L-asparaginase, L-ASP,lO 000 U/m' on days 
1,4,8,12; 6-thioguanine,6-TG, 60 mg/m2 per day 
on days 15-29; cytarabine, ara-C, 75 mg/m2 
17-20, on days 24-27; ith. MTX on days 17+24). 
Reinduction therapy was scheduled to start 2 
weeks after the end of consolidation therapy, 
that is, 23 weeks after diagnosis (arm SR-L/2). 
Patients randomized not to receive reinduction 
therapy (SR-L/l) were started directly on main
tenance therapy with oral 6-MP and MTX 2 
weeks after consolidation [5,6]. Patients with 
SR-L ALL (RF < 0.8) were not treated with rein-

6MP I MTX R-Vl B I MTX x4 1 V\~r--_-_ -...,---- - ----' 

'--____ -J~R-U2 
Illdudioa Couolidatiou 

Fig.!. Randomization of reinduction therapy in standard-low risk (SR-L) patients of trial ALL-BFM 83 (BFM
RF < 0.8). Reinduction therapy or beginning of maintenance therapy was scheduled for week 23 
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duction therapy in the subsequent trial ALL
BFM 86 until the follow up of trial ALL-BFM 83 
revealed a significantly worse outcome for SR 
patients treated without reinduction [3]. 
Thereafter, all SR patients were treated in addi
tion to induction and consolidation therapy 
with the reinduction element protocol II [5,6,9] 
that had been used in medium-risk (MR) and 
high-risk (HR) patients (drugs as in protocol III 
expect for: DEXA on days 1-21; DOXO and VCR 
on days 1,8, 15, and 22; cyclophosphamide (CP) 
1000 mg/m2 on days 29). 

The prospective evaluation of early pred
nisone (PRED) response in peripheral blood was 
initiated in trial ALL-BFM 83 [6]. All patients 
received one i. tho injection of MTX on day 1 and 
PRED at a dosage of 60 mg/m2 per day for 7 days; 
in case of a large tumor load, initial dose reduc
tion was permitted. On day 8 the number of 
leukemic blasts in the peripheral blood was 
determined. Risk-stratified treatment was con
tinued with induction protocol I containing in 
addition to PRED L-ASP, daunorubicin (DNR), 
VCR, CP, ara-C, 6-MP, 1 and i. tho MTX. HR 
patients (BFM RF > = 1.7) were scheduled to 
receive a 5-day block containing intermediate
dose MTX, ara-C, teniposide, DEX and CP imme
diately following the PRED prephase. This block 
was to be repeated before starting protocol I[ 6]. 

Patients with > = 1000 leukemic blasts after 
the 7 -day PRED prephase (PRED poor response, 
PR) were found to have a probability for event
free survival (pEFS) of less than 40% compared 
to nearly 70% for the complementary group. 
Therefore, the in vivo steriod response was uti
lized for treatment stratification in the subse
quent trials ALL-BFM 86 and 90: Patients with 
PRED-PR qualified for intensified therapy in the 
HR group. In trial ALL-BFM 86, treatment for 
HR patients included in addition to induction 
by protocol I and reinduction by protocol II 
intensified consolidation with protocol E con
taining high-dose (HD)-PRED, HD-MTX, ifos
famide (IFO), HD-ara-C, and mitoxantrone [3]. 
In trial ALL-BFM 90 [10] another approach 
using short but highly intensive blocks applied 
after a 5-week induction therapy was chosen for 
HR patients [10]. 

In trial ALL-BFM 90, patients qualified for 
the HR group were randomized to receive or not 
to receive nine cycles of r-metHuG-CSF (fil
gastrim) between intensified consolidation 
elements. These 6-day chemotherapy block con
tained DEXA, HD-ara-C, HD-MTX, IFO, L-ASP, 

DNR, VCR, vindesine (VDS), 6-MP, 6-TG, and 
etoposide [10]. G-CSF (5 flg/kgld) was started 1 
day after the end of each block, and continued 
for 14 days, in the case of unsatisfactory neu
trophil recovery for up to 21 days. 

Results 

Treatment Duration 

A total of 764 patients were randomized in trials 
ALL-BFM 81 and ALL-BFM 83 for 18 vS. 24 
months of total therapy duration. All other 
patients (n = 345) were chosen for one or other 
treatment arm (145 patients for 18 months, 200 
patients for 24 months). All events prior to the 
18th month of therapy are censored in this 
analysis. Thus, the probability for event-free 
interval (pEFI) is 79% after a medium observa
tion time of 10 years (range 8-12 years) for 
patients randomized for 24 months, but only 
71 % for patients randomized for 18 months 
(p = 0.0097) as demonstrated in Fig. 2 and Table 
1. The majority of late relapses occurred in 
patients with B precursor ALL, thus extended 
maintenance therapy could prevent a signficant 
portion of relapses in that subgroup: pEFI is 
72% for 24 months vs. 62% for 18 months 
(p=O.Ol). In contrast, patients with T-ALL 
rarely experienced a relapse more than 18 
months after diagnosis. Comparing the random
ized groups within the various risk groups 
defined by cell load at diagnosis (BFM-RF), the 
effect of prolonged maintenance ther' apy can be 
demonstrated for all risk groups, but only in the 
HR group is the extended therapy significantly 
(p = 0.02) superior to that of 18 months (pEFI 
78% vs. 68%). The long-term observation 
reveals that patients defined as MR or HR ALL 
by a BFM-RF> = 1.2 who entered this random
ization fared just as well as those with SR/inter
mediate-risk features (defined in this trial by a 
BFM-RF < 1.2): pEFI in MRIHR patients is 
71 %/80%, and in SR patients 71 %/79% for 18/24 
months of treatment, respectively. Nearly the 
same results were observed in patients who were 
not randomized for treatment duration and who 
were chosen for 18 or 24 months of treatment. 

Reinduction Therapy 

On the basis of results favorable to reinduction 
therapy that were generated in HR patients in 
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0.9 ....... ,_.. .79, SE=.02 

Fig. 2. Event-free interval from 
month 18 in patients random
ized for duration of maintenance 
therapy in trials ALL-BFM 81 
and 83. Solid line, 18 months (n 
= 390, 275 in CCR); broken line, 
24 months (n = 374, 296 in 
CCR) 

0.8 -. -. --. --. --- .. ~ ---. - ---. ----------. 
0.7 

0.6 
.71,SE=.02 

P 0.5 

OA 

0.3 

0.2 

0.1 

0.0 Log-Rank p .0097 
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Table 1. Characteristics and outcome in patients randomized for treatment duration in 
trials ALL-BFM 81 and 83 

Treatment duration 

18 Months 24 Months 

(n) (%) (n) (%) 

Patients 390 374 
Male/female 2201170 2071167 

(Ratio 1.29: 1) (Ratio 1.24: 1) 
Distribution in risk groups: 
SRI MR/HR' 63.3/32.3/4.4 65.2/29.4/5.3 
DeathinCR 3 0.8 
Relapses 107 27.4 77 20.6 

IsolatedBM 66 16.9 43 11.5 
Isolated CNS 7 1.8 8 2.1 
Isolated testes 8 3.6' 5 2.4' 
Combined BM/CNS 17 4.4 13 3.5 
Other 9 2.3 8 2.1 

Patients in CCR 275 70.5 296 79.1 
LFU 5 1 
pEFI (SE)b 0.71 0.02 0.79 0.02 

Patients were randomized in the 18th month after diagnosis, only events after the 18th 
month were evaluated. 
'SR, standard and intermediate risk (BFM RF < 1.2); MR, medium risk (RF 1.2- < 1.7); 
HR, high risk (RF > = 1. 7). 
bpEFI at 12 years (median observation time 10 yrs); SE, standard error. 
'Percentage of male patients only. 

previous ALL-BFM trials [II] and owing to 
inconclusive results in SR patients with regard 
to the efficacy of reintensification in trials ALL
BFM 79 and 81 [5,12], a randomized evaluation 
of the influence of reinduction therapy (delayed 
intensification) on remission duration in low
risk (LR) patients was initiated in trial ALL-BFM 
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83. LR patients defined by a BFM RF < 0.8 were 
characterized by a WBC < 10 000 in 95% of 
patients, an adequate PRED response in all 
patients, and by one quarter the patients being 
older than 10 years. However, in two thirds of 
the patients for whom data are available a DNA 
index of < 1.16 was found. After a median obser-



vation time of nearly 10 years (range 8.5-11.5 
years), stable results can be presented: LR 
patients had a significantly worse outcome when 
treated without reinduction element protocol III 
(SR-L/l) than patients who received delayed 
reintensification (SR-LI2) as demonstrated in 
Table 2. 

The negative result in SR-L/l is mainly due to 
an excessive rate of systemic relapses that 
occurred up to 5 years from diagnosis. There 
were also more relapses with eNS involvement 
in group SR-L/l. With regard to testes, no 
relapses were observed in either arm. No patient 
died due to toxicity. Similar results were 
observed in those patients for whom one of the 
two treatment options was chosen. Thus, inten
sive reinduction therapy with protocol III could 
safely prevent more than half of the relapses that 
were seen in patients without reinduction thera-

py. The late incidence of relapses made it diffi
cult to recognize this result early enough before 
trial ALL-BFM 86 was initiated. 

In trial ALL-BFM 86, SR patients (BFM
RF < 0.8, no T -ALL, good PRED response) were 
scheduled to receive HD-MTX (4 x 5 g, 24-h 
infusion, instead of 4 x 0.5 g as in trial 83) in 
consolidation therapy but not to receive delayed 
intensification. Figure 3 demonstrates the signif
icantly (p = 0.0001) inferior outcome (pEFS) of 
109 patients treated from October 1986 until 
March 1988 who did not receive delayed intensi
fication with protocol II when compared to 175 
patients who were treated with reinduction ther
apy after amendment to the protocol from April 
1988 until March 1990. Both groups are compa
rable with regard to WBC, age, sex, and DNA 
index. In the cohort of patients who did not 
receive protocol II the rate of relapses was near-

Table 2. Replapses in randomized standard-low risk (SR-L) patients (RF < 0.8) in trial ALL-BFM 83 

Reinduction (protocol III) SR-L/! SR-L/2 
No Yes 

n (%) n (%) 

Patients 66 60 
Relapses 27 40.9 10 16.7 
Isolated BM 18 27.3 5 8.3 
Isolated eNS 1 1.5 
Combined BM/CNS 6 9.1 2 3.3 
Other 2 3.0 3 5.0 

InCCR 39 59.1 50 83.3 
pEFS (SE) 0.59 0.06' 0.83 0.05' 

'The differences of pEFS at 10 years is significant: p = 0.0023 (log-rank test). SE, standard error. 

Fig. 3. Event-free survival in 
patients of trial ALL-BFM 86 
treated without reinduction ther
apy (solid line; n = 109, 63 in 
CCR) or with reinduction therapy 
(broken line; n = 175, 146 in 
CCR) 
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0.8 
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0.6 

0.5 

0.4 

0.3 
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ly four times higher than in the group of 
patients treated with protocol II. The majority of 
relapses in that group was observed in the bone 
marrow (BM) and in the testes, whereas the rate 
of eNS relapses did not increase significantly 
[3]. This might have been due to the newly 
introduced HD-MTX given in consolidation 
therapy. 

Early Response to PRED 

Analysis of early therapy response to 7 days of 
PRED and one i.th. injection of MTX that had 
prospectively been evaluated in trial ALL-BFM 
83 [6] identified a novel poor prognosis marker 
that was more predictive of relapse than any 
other marker used thus far: 8% of the patients 
formed a small poor risk group that was charac
terized by the presence of ;;,: 1000 leukemic 
blasts per microliter of peripheral blood after 1 
week of PRED (PRED-PR). After a median 
observation time in trial ALL-BFM 83 of approx
imately 10 years, the pEFS for patients with 

PRED-PR is 39%, compared to 66% in patients 
with adequate response to PRED. No other 
mathematical model or any other single factor 
could describe a group of patients that was as 
large and had a prognosis of less than 50% 
pEFS. Reflecting the reliability of this method 
that has been applied in 2851 patients since 
1983, 8%-10% of the patients have always been 
identified as PRED-PR in all subsequent trials. 
In addition, some characteristics have constant
ly been observed in these trials [3, 6, 10] that 
indicate that this parameter is associated with 
some well-known poor risk features (Table 3). 

Any treatment variation or intensification 
that was applied in trials ALL-BFM 86 and 90 for 
patients with PRED-PR did not significantly 
alter the outcome of this group as shown in Fig. 
4. The life table also demonstrates that relapses 
in this HR group consistently occur in the first 
30 months after diagnosis. However, treatment 
stratification utilizing the PRED response select
ed a large favorable group of T-ALL patients: 
73% of all T -ALL patients were characterized by 

Table 3. Patient characteristics according to prednisone response in three ALL
BFM trials 83, 86 and 90 

Patient characterstics PRED-PR PRED-GR 
n=268 n=2583 
(%) (%) 

Boys 67 55 
WBC > 50000 per III 62 16 
T-ALL 45 10 
No CR after 5-week induction 16 0.9 
pEFS (SE)' 0.48 (0.05) 0.78 (0.02) 

'Result from trial ALL-BFM 86 (6-year EFS). PRED-PR, prednisone poor 
response; PRED-GR, prednisone good response; (for definitions see text). 

1.0 

0.1 

M~~--~--T-~--~--T-~--~--T-~ __ ~ 
o 5 6 9 10 11 
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Fig.4. Event-free survival in 
high-risk ALL patients char
acterized by poor prednisone 
response treated in three consec
utive ALL-BFM trials between 
1983 and 1993: no significant dif
ference between the three groups 
(log-rank test) 



an adequate PRED response and were success
fully treated in trial ALL-BFM 86 resulting in a 
6-year EFS of84% [3]. 

The group of patients with PRED-PR can be 
divided into two subgroups with significantly 
different outcomes. The following additional 
features were found in trial ALL-BFM 86 to 
increase the risk of relapse for patients with 
PRED-PR [3]: 

- large leukemic cell mass: BFM -RF > = 1. 7 
- T-ALL 
- Pre-pre-B-ALL 
- Coexpression of myeloid marker(s) 
- No remission on day 40 of induction 

These characteristics qualified any patient 
with PRED-PR for an "unfavorable" HR group, 
and thus eligible for HLA-matched sibling bone 
marrow transplantation (BMT) in first complete 
remission (CR). In addition, independently of 
the PRED response, patients with no remission 
after 5 weeks of induction therapy and patients 
with cytogenetic or molecular-genetic evidence 
of translocations t(9; 22) or t(4; 11) qualified for 
allogeneic HLA-matched sibling donor BMT in 
first CR in trial ALL-BFM 90. 

Some characteristics and the treatment 
results of the unfavorable and favorable PRED
PR groups in trial ALL-BFM 86 are shown in 
Table 4 illustrate the negative selection achieved 
by the above-listed criteria. 

Morbidity of High Treatment Intensity 

In trial ALL-BFM 90, the effect of r-metHuG
CSF on treatment morbidity and on response to 
chemotherapy was investigated in HR patients. 

These patients mainly qualified for high-intensi
ty treatment due to a PRED-PR. The following 
significantly different results were observed in 
the G-CSF-treated group lI3]: 

- Lower incidence and shorter (threefold) du
ration of febrile neutropenia 

- Fewer culture-confirmed infections 
- Lower antibiotic use 

It also appeared that a tighter adherence to 
the treatment schedule was facilitated even 
though this had not been an objective of the 
study. The incidence of relapses was not 
increased in the G-CSF-treated group. Thus, the 
application of G-CSF seems to be an efficient 
way to decrease morbidity of highly intensive 
chemotherapy in ALL. The use of G-CSF may 
allow an enhancement of treatment intensity 
that could help to overcome resistant disease in 
HRALL. 

Discussion 

The prognostic significance of leukemia-specific 
biological factors is undoubted; therefore, initial 
diagnostic procedures have to aim at obtaining 
as much information as possible to use the com
bination of immunological, cytogenetic, and 
molecular-genetic findings for optimal risk 
adjustment of therapy. Especially in large multi
center trials, however, there are technical and 
logistic limitations to obtaining all this informa
tion. With the exception of rather rare, well
defined cytogenetic abnormalities, easily 
available factors such as WBC, age, and sex have 
also successfully been used for reasonable risk 

Table 4. Characteristics and outcome of patients with unfavorable and favor
able PRED-PR response in trial ALL-BFM 86 

Patient characteristics Unfavorable PRED-PR Favorable PRED-PR 
n =59 n=36 
(0/0) (0/0) 

Boys 58 47 
WEe'> 50 000/~1 73 44 
Age < 1 year 17 11 
Relapses 46 31 
pEFS (SE)" 0.37 (0.06) 0.62 (0.08) 

"pEFS at 8 years; log-rank test p = 0.02. Unfavorable I'RED-I'R, I'RED-PR plus 
one of the following additional features: EFM-RF> = 1.7, T-ALL, pre-pre-B
ALL, coexpression of myeloid markers, no remission on day 40 of induction. 
Favorable PRED-PR, only PRED-PR, no other risk features. 
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assessment [2, 14-16]. Analysis of early therapy 
response has provided an additional instrument 
to detect increased risk of failure in ALL therapy 
[6,17]. 

Treatment intensity is well known to have a 
major impact on EFS in leukemia treatment 
[1-3, 14, 15, 18-20]. Two randomized trials of 
the ALL-BFM group demonstrated that rather 
late intensification of treatment is effective in 
preventing some subsequent relapses. First, 
extension of the maintenance therapy from 18 to 
24 months can decrease the rate of relapses from 
1: 4 to 1: 5 in an unselected population of chil
dren with ALL (Table 1). This first randomized 
evaluation of the role of maintenance therapy 
for remission duration demonstrated the advan
tage of 24-month maintenance therapy which 
reduced the rate of relapses for both sexes by 
approximately 7%. The advantage was indepen
dent of the initial BFM RF but limited to 
patients with B precursor ALL. This result was 
not imparied by any increase in toxic events. 

The second randomized trial focused on the 
reduction of acute and late toxicity for SR 
patients by limiting the use of all cytostatic 
drugs except for oral 6-MP and MTX. The short 
repetition of the induction therapy given from 
week 23 to week 27 in SR-L patients could cut 
down the relapse rate from 40% to 16% (ALL
BFM 83). This was unintentionally confirmed in 
the subsequent trial ALL-BFM 86 in which 
delayed intensification had initially been omit
ted. A comparison of the end results in trials 
ALL-BFM 83 and 86 in SR-L patients treated 
without or with delayed intensification reveals 
very similar results: patients treated with 
delayed intensification had a final result of 
> 80% pEFS, whereas those who were treated 
without reinduction had a final pEFS that was 
inferior by 25%. This result was even inferior to 
that of MR patients, and nearly as poor as that 
of the HR group. Even though trial ALL-BFM 86 
was not a randomized study, there cannot be 
any doubt that reinduction therapy as provided 
by protocol II is able to decrease the incidence 
of relapses sharply in SR ALL patients. It seems 
possible that the more intensive therapy (HD
MTX, protocol II instead of protocol III) for SR 
patients as provided in trial ALL-BFM 86 will 
have prevented more relapses than the treat
IUent in ALL-BFM 83 because at this point only 
11.4% relapses have been registered in trial 86 
compared to 22.1% in the total group SR-L/2 of 
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trial 83. The outcome of the SR patients in trial 
ALL-BFM 86 treated with reinduction therapy 
appears quite favorable considering the fact that 
this group of patients contained a large number 
of patients characterized by a DNA index 
of < 1.16 which is regarded in general to be an 
adverse prognostic factor [21]. 

The evaluation of the in vivo sensitivity to 
PRED allowed the identification of a well
defined HR group representing 9% of the total 
patient population. In a multivariate analysis 
performed on 848 patients of trial ALL-BFM 86, 
the PRED-PR was found to be a strong predictor 
of treatment failure together with WBC > 20000, 
or WBC> 200000. Another response parameter, 
i.e., the presence of> 5% blasts in the BM on day 
40 of induction therapy, was the strongest nega
tive prognostic parameter [3]. The HR group as 
defined by the BFM group seems to be a group 
of patients which is primarily highly resistant to 
multichemotherapy as several attempts with HD 
chemotherapy that also included some alterna
tive drugs such as mitoxantrone and IFO failed 
to improve the outcome of that group. 

Since 1990 the early response to chemothera
py has been evaluated in the BM on day 15 of 
induction therapy in addition to the evaluation 
in the peripheral blood on day 8. Interim analy
sis indicates that a small subgroup of patients 
who have> 25% blasts in the BM can be identi
fied as appearing to have an inferior prognosis. 
However, the selection is not as accurate as the 
one provided by the PRED response in peripher
al blood on day 8. Eventually, the evaluation of 
treatment response in the BM might help to 
describe subgroups at increased risk for relapse 
that are not identified by other factors. 

Thus, it is quite easily possible to describe a 
LR group, and a HR group, but the characteris
tics of the intermediate or MR group that pre
dict treatment failure are more difficult to 
define. The majority of relapses in an un selected 
group of patients will occur in individuals that 
were not previously identified as having special 
risk features as patients in the HR group. In trial 
ALL-BFM 86, 135 (58%) of 233 relapses (in 998 
patients enrolled) occurred in MR patients, 
whereas 60 (25%) occurred in SR and 38 (16%) 
in HR patients. Identification of new biological 
markers as well as more subtle ways to detect 
resistance to chemotherapy are needed to pre
vent the large number of "unpredictable" 
relapses. 
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Abstract. The Children's Cancer Group (CCG) 
has conducted clinical trials for children with 
newly diagnosed acute lymphoblastic leukemia 
(ALL) since 1968 and enrolled more than 12000 
children. More than 1000 children were enrolled 
in 1994 alone. Prelimary analyses show a 
4-years event-free survival of 74% for the cur
rent concluding CCG-1800 series and successive 
statistically significant 25% reductions in rela
tive risk of failure over the last two series of 
studies. Several themes may be derived from 
this experience. (a) early response to therapy is 
a consistent determinant of outcome; (b) effec
tive intensification of systemic therapy after 
induction reduces the likelihood of marrow and 
extramedullary relapse for patients with either 
favorable or unfavorable presenting features; (c) 
effective presymptomatic CNS therapy may be 
provided to all infants and most children with
out cranial irradiation. However, 18 Gy cranial 
irradiation may still be useful for a minority of 
children with higher-risk presenting features. 
Recent observations point to primary disease 
resistance to chemotherapy and unfavorable 
host thiopurine pharmacology as common 
mechanisms of treatment failure. Resistance to 
chemotherapy may be linked to resistance to 
apoptosis. Patients with primary disease resis
tance may be identified through in vitro assays 
or poor early marrow response and assigned to 

lUniversity of Wisconsin , Madison, USA 
'Children's Health Care, Minneapolis, USA 

more prolonged, more rigorous intensification. 
We propose to employ laboratory assays of 
end-induction leukemic burden to measure the 
specific contribution of anti-CDl9 pokeweed 
antiviral protein conjugate in the context of 
complex therapy in known resistant disease. 
Failure to achieve adequate intracellular levels 
of thiopurine metabolites may possibly be 
redressed by parentheral administration and/or 
substitution of 6-thioguanine (6-TG) for 6-mer
captopurine (6-MP). The reasons for treatment 
failure in cases of Philadelphia chromosome
positive ALL remain to be elucidated. 

Introduction 

Childhood acute lymphoblastic leukemia (ALL) 
is the single most common malignancy in chil
dren [IJ and its incidence is increasing [2J. The 
Children's Cancer Group (CCG) has conducted 
clinical trials for children with newly diagnosed 
ALL enrolling more than 12000 children since 
1968. Therapy has been allocated on the basis of 
estimated risk of relapse since 1976. Appendix 1 
lists the more than 100 CCG treatment sites 
presently active in the United States, Canada, 
and Western Australia. More than 1000 children 
were enrolled in 1994 alone. 

'Children's National Medical Center, Washington D.C., USA 
'School of Medicine, University of Southern California, Los Angeles, USA 
'University of Iowa, Iowa City, USA 
'MD. Anderson Cancer Center, University of Texas, Houston, USA 
'University of Minnesota, Minneapolis, USA 
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Despite important progress to date [3], the 
absolute number of children with ALL who 
relapse still exceeds the number of children with 
newly diagnosed acute myeloid leukemia, 
medulloblastoma, and osteosarcoma [1]. In 
CCG experience, approximately one half of 
relapses still derive from the two thirds of 
patients with favorable presenting features and 
one half of relapses from the one third of 
patients with unfavorable presenting features. 
The generally unsatisfactory outcome of chil
dren after relapse continues to contribute great
ly to the overall morbidity and mortality of 
childhood cancer. 

Figure 1 depicts the improvements in out
come achieved in successive studies over the 
past 17 years. Preliminary analysis shows an 
overall 4-year event-free survival (EFS) of 74% 
for the more than 3600 patients enrolled on the 
CCG-IBOO series trial now completing accrual. 
Successive statistically significant and clinically 
important 25% reductions in the relative risk of 
adverse events have been achieved in each of the 
last two series of trials. 

Several themes may be derived from this 
experience. Early response to therapy is a consis
tent determinant of outcome [4-9] which now 
may be linked to the chemosensitivity of 
leukemic blasts [10-12] and, perhaps, their 
threshold for apoptosis [13]. As first described 
by Riehm and his coworkers in the Berlin
Frankfurt-Munster (BFM) Group [14, 15], effec
tive intensification of systemic therapy after 
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induction therapy reduces the likelihood of mar
row and extramedullary relapse for patients with 
either favorable or unfavorable presenting fea
tures [16-lB]. Effective presymptomatic CNS 
therapy may be provided to all infants and most 
children without cranial irradiation [19-21]. 
However, IB-Gy cranial irradiation may still be 
useful for some children with higher-risk pre
senting features [20,21]. With regimens contain
ing cranial/spinal irradiation, patients with CNS 
leukemia at diagnosis achieve an EFS similar to 
that of patients with similar presenting features 
but without CNS leukemia at diagnosis [22]. 

Traditional clinical and laboratory presenting 
features such as age, gender, white blood cell 
count (WBC), platelet count, hemoglobin con
centration, organomegaly, blast morphology, 
histochemistry, immunophenotype, ploidy, and 
karyotype have been studied intensively and 
used to group patients by estimated risk of 
relapse [23-26]. The best of these descriptors 
have significance in multivariate as well as uni
variate analyses and retain importance across a 
variety of studies over time. However, these 
empirical factors provide litle insight into the 
biologic mechanisms of treatment success or 
failure. 

A simple model for treatment success or fail
ure may be useful to explore the mechanisms of 
treatment failure and to generate testable 
hypotheses. The model includes disease, host, 
and environmental factors. The following is a 
review of the work of variety of individuals bear-
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Fig. 1. EFS: CCG-1800 vs. 100 vs. 160 
series. This figure represents the event
free survival of 10 305 patients treated 
on the CCG-160 series (n = 2985), 
CCG-100 series (n=3710), and CCG-
1800 series (n = 3610) studies. The 
standard error at 48 months is 
±O.92%, ±O.77% and ±1.25%, res
pecively 



ing on the mechanisms of treatment success and 
failure in childhood ALL and of current and 
planned CCG trials that seek to test these 
insights. We seek better, more precise means to 
identify those patients for whom current thera
py is likely to be satisfactory or unsatisfactory 
and to evaluate interventions of possible benefit 
for patients for whom current therapy is inade
quate. 

Disease Factors 

Blast Sensitivity to Chemotherapy 

Resistance to chemotherapy, already present at 
diagnosis among the majority of the leukemic 
population, is a common cause of treatment fail
ure. Resistance to chemotherapy may be mani
fest rarely as a failure to achieve remission or as 
a delay in achieving remission [27-33]. More 
often, it may be manifest as a poor initial 
response to therapy as determined by persis
tence of blasts in the peripheral blood [34-36] or 
bone marrow [4-9, 32] by light microscopy or 
by a relatively high leukemic burden in the bone 
marrow by laboratory means at the end of 
induction in patients in remission by conven
tional criteria [37,38]. 

Almost all children with ALL achieve remis
sion, but Jacquillat and colleagues [27] reported 
that children who achieved remission prior to 
day 14 of a vincristine, prednisone, and dauno
mycin induction had a better disease-free sur
vival (DFS) than those who first achieved 
remission only at a later time during induction 
[27]. Similarly, Sallan and coworkers [28-30] 
found that children who required more than 30 
days to achieve remission had an inferior DFS 
relative to those who achieved remission more 
rapidly. Persistence of > 5% marrow blasts on 
day 28 of induction remains a strongly adverse 
finding on current CCG (H. Sather, personal 
communication), BFM [31, 32], and German 
COALL Study Group trials [33]. 

Resistance to chemotherapy may be assayed 
by means of the rapidity of the peripheral blood 
or bone marrow response. Over all risk groups 
on ALL-BFM 83, 8% of patients (n = 630) had a 
poor peripheral blood response, i.e., ;?: 1000 cir
culating blasts/~l on day 7 of therapy and con
tributed 21 % of all relapses [34]. Among 
patients with favorable presenting features on a 
recent CCG trial for children with favorable pre-

senting features, CCG-J88J (n = 725), 9% of 
patients had a poor marrow response i.e., > 5% 
marrow blasts, on day 14 of therapy and con
tributed 27% of relapses [7]. Over all risk groups 
on ALL-BFM 90, 46% of evaluable patients 
(n = 511) had> 5% marrow blasts on day 14 of 
therapy and contributed 75% of treatment fail
ures; 16% had> 20% marrow blasts on day 14 
of therapy and contributed 46% of treatment 
failures. Conversely, 54% of patients had < 5% 
blasts on day 14 and contributed only 25% of 
treatment failures [32]. 

Laboratory techniques have been employed 
to quantitate end-induction leukemic burden. 
Clinical correlations have been found in the set
tings of conventional chemotherapy and of bone 
marrow transplantation. Brisco and coworkers 
[37] were able to study 88 of 181 children with 
presenting WBC < 100 000/~1 and found a 
worse outcome for 38/88 children in whom 
leukemia could be detected at the end of induc
tion by a polymerase chain reaction (PCR) 
based clonotypic assay on re-arranged immuno
globin heavy chain genes. Twenty-six of 38 
relapsed compared to six of 50 with no 
detectable leukemia at the end of induction [37]. 
Uckun and coworkers [38] have reported the 
Minneapolis experience with the clonogenic 
FACS/LPC assay. Patients with higher leukemic 
burdens prior to autologous bone marrow 
transplantation (BMT) were more likely to 
relapse after BMT than were patients with lower 
leukemic burdens. 

Resistance to chemotherapy may be assayed 
in vitro by means of the methyl-thiazol-tetrazo
livn (MTT) assay [10-12] or assays of apoptosis 
[39]. Pieters and coworkers [10-12] assayed the 
50% lethal concentration (LC50 ) of prednisolone 
for blasts from 117 children with ALL at diagno
sis utilizing the MTT assay. The median LC,o 
was-62 fold-higher for patients with a poor day 7 
peripheral blood response. At 2 years, the DFS 
was 67% for patients with a prednisolone LC50 

above the median and 98% for patients with an 
LC50 below the median (p ~ 0.009, relative risk 
7!). The difference was preserved in multivariate 
analyses after adjustment for sex, WBC, BFM 
risk factor, French -American-British Group 
(FAB) blast morphology, immunophenotype, 
and DNA ploidy in multivariate analyses 
[10-12]. 

Resistance to therapy, whether measured by 
in vivo response or in vitro assay, is associated 
with conventional adverse prognostic factors. 
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These include extreme age (older or younger), 
higher WBC, FAB L2 morphology, T lineage, 
myeloid co-expression, and CD lO negativity 
[11, 12,40]. 

Prompt identification of patients with more 
resistant disease allows their assignment to 
more aggressive and hopefully more effective 
therapy. In planned CCG trials, in vitro assays of 
apoptosis, conventional early marrow evalua
tions, and laboratory determinations of 
end-induction and end-intensification leukemic 
burden will be explored in order to identify crit
ical molecular markers and cellular characteris
tics and to establish useful proximal surrogate 
measures to sensitivity and ultimate outcome. 
Identification of critical features may provide 
molecular targets for future therapeutic inter
ventions. We hope to establish end-induction 
leukemic burden as a useful surrogate for early 
evaluation of the specific contribution of novel 
interventions in the context of already complex 
therapy. Higher-risk patients with CD 19 posi
tivity and a poor response on day 7 of therapy 
will be randomly assigned to receive or not to 
receive an anti-CD 19 pokeweed antiviral pro
tein immunoconjugate [41-47] in addition to 
standard vincristine, prednisone, daunomycin, 
and L-asparaginase in induction. Event-free sur
vival (EFS) will be followed as well as end-induc
tion leukemic burden. 

Treatment failure may be multifactorial. 
Inherent resistance to chemotherapy may exac
erbate other potential causes of treatment fail
ure. Rapid proliferation may accelerate recovery 
from chemotherapy-induced cytoreduction and 
compound the lesser cyto-reduction in resistant 
blast populations. If the typical cell in the 
leukemic population has increased resistance, 
then the presence of a yet more resistant sub
clone may be more likely. Patients with more 
resistant disease may be more vulnerable to 
poor patient compliance, unfavorable host phar
macokinetics or pharmacodynamics, choice of 
less effective therapy, and/or failure to deliver 
planned therapy. 

Blast Growth Rate 

Blasts with a greater net growth rate might bet
ter be able to recover from the effects of therapy. 
Net growth depends upon growth fraction, dou
bling time, and spontaneous cell death. 

Masterson and coworkers [48] studied the 
cell cycle kinetics of blasts from patients with 
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newly diagnosed and relapsed disease by means 
of double labeling with intravenous bromod
eoxyuridine (labeling index) and tritiated 
thymidine (S-phase, Ts' and total cell cycle, TJ. 
Although labeling indices were similar, median 
Ts and Te were significantly shorter among 
relapsed patients, 6.5 vs 12.0 h, and 26.5 vs 44.3 
h respectively (p<O.04) [49]. Te was shorter for 
relapsed and "poor risk" patients than for "good 
risk" patients [50]. Paired diagnostic and relapse 
specimens from the same patients were not 
reported so that one cannot determine whether 
the more rapid Ts and Te were characteristics 
that were already present at diagnosis or were 
new cellular properties that appeared only at 
relapse. 

Trere and coworkers [51] have evaluated the 
rapidity of proliferation of blast cells in child
hood ALL by means of assessment of the area 
of silver-stained nucleolar organizer regions 
(AgNOR). This parameter has been shown to be 
directly related to cell doubling time. A random 
sample of 119 children was studied with 91 
being designated "low proliferative" activity and 
28 designated "high proliferative" activity. 
Relapses were about three times more common 
in the highly proliferative group which was 
more likely to include patients with FAB L2 
morphology and T lineage phenotype. The prog
nostic significance of the AgNOR was preserved 
in multivariate analyses [51]. 

Several authors have linked net growth in in 
vitro and xenograft systems to outcome. 
Kumagai [52] reported that better recovery of B 
lineage blasts cultured on allogeneic bone mar
row-derived stromal layers predicted an adverse 
prognosis. Compana and coworkers [53] found 
a correlation between higher expression of the 
anti-apoptotic protein bcl-2 and better recovery 
in in vitro culture [53]. Similarly, Uckun and 
coworkers [54] found that the overt engraftment 
of blasts at diagnosis within 12 weeks in a scm 
mouse model was an adverse prognostic factor 
for patients with conventional higher-risk pre
senting features and among patients with t( 4: 
11) [55]. 

The Children's Cancer Group is currently 
inoculating scm mice with aliquots of blasts 
from cases of ALL at initial diagnosis. Plans call 
for similar inoculation at relapse so that initial 
presentation might be compared with early and 
late relapse. In addition to confirmation of the 
prognostic significance of overt engraftment, we 
seek to establish xenografts for cellular and mol-



ecular investigation and for future preclinical 
evaluation of candidate interventions. 

Propensity for Progression 

Disease-based prognostic factors rely on an 
assessment of the characteristics of blast cells 
sampled at diagnosis. Conceivably, however, 
relapse may arise from a subclone with critical 
properties that differ from those of the predomi
nant leukemic population at diagnosis. 

Blasts may acquire resistance through adap
tive, epigenetic, and/or genetic mechanisms. For 
example, exposure to prednisone induces down
regulation of glucocorticoid receptors and glu
cocorticoid resistance in surviving blasts [56, 
57]. Resistance to therapy has been associated 
with emergence of subclones with loss of func
tion of p53 or RBI, defective DNA repair, and/or 
loss of imprinting [58, 59]. Mutations of p53 
were found in 12 of 53 cases at relapsed T cell 
ALL. Banked specimens from the time of initial 
diagnosis were available for nine of 12 cases. 
Abnormality of p53 was found in only one of 
nine cases. The presence of an abnormal p53 
was associated with an inferior subsequent out
come [60]. 

Philadelphia chromosome-positive (PH+) 
chronic myelogenous leukemia may provide an 
example of disease progression in its unpre
dictable, but inexorable stepwise evolution from 
chronic phase through an accelerated phase to 
blast crisis with accrual of additional cytogenetic 
abnormalities [61]. In the laboratory, leukemias 
induced with v-abl or BCR/ ABL undergo a 
process of leukemic progression. Expression of 
ABL in and of itself is necessary but not suffi
cient for leukemic transformation. Subclones 
derived from murine bone marrow cells grown 
over a pre-established stromal feeder layer 
shortly after infection with Abelson virus-infect
ed murine marrow cells are poorly tumorigenic 
but highly tumorigenic subclones emerge over 
time. Clonal proliferation, increased cloning effi
ciency, accelerated proliferation, feeder-depen
dent agar growth feeder-independent liquid 
growth, and feeder-independent agar growth 
proceed full transformation in an ordered, step
wise manner. Changes in proliferative properties 
have genetic or molecular correlates [62]. 

Children with PH I ALL usually achieve 
remission despite a generally poor ultimate out
come [63-65]. Hongo et al.[66] found that blasts 
from newly diagnosed children with PH CALL 

were sensitive to prednisolone on the MTT 
assay. Perhaps the propensity of this disease to 
acquire successively more therapy-resistant and 
aggressively proliferative characteristics acco
unts for the poor ultimate outcomes reported in 
most series. 

A major future CCG laboratory initiative will 
be the comparison of blast characteristics, such 
as scm mouse engraftment [54, 55] and pat
terns of tyrosine kinase expression [67] at pre
sentation, early relapse, and late relapse. One 
might inquire as to what novel characteristics 
appear with disease progression and what the 
mechanisms of such progression are. Treatment 
strategies that are effective in overt relapse when 
the clinically resistant cells predominate may 
also be effective at presentation when the clini
cally resistant cells are more elusive. 

Host Factors 

Thiopurine Pharmacology 

Children with ALL receive more days of treat
ment with thiopurine than with any other agent 
by a factor of at least 4. The variability of 
absorption of oral thiopurines-both 6-mercap
top urine (6-MP) and 6-thioguanine (6-TG)-is 
well known [68,69]. Data consistently link out
come with erythrocyte accumulation of 
thiopurine metabolites [70, 71]. Specifically, 
Lilleyman and Lennard [71] found that only 
12/79 patiens with erythrocyte thioguanine 
nucleotide concentrations above the median 
relapsed compared to 30/79 with concentrations 
below the median. Thus, 18/42 relapses (40%) 
might be attributed to inadequate intracellular 
levels of thiopurine metabolites. 

Parenteral administration of thiopurine 
seems useful as a way to circumvent variable 
absorption. Such a strategy gained attention 
from the excellent though preliminary outcomes 
reported by Camitta and coworkers [72] in the 
Pediatric Oncology Group (POG) for children 
with favorable presenting features. The trial 
administered 6-MP 1 g/m 0 as an 8-h infusion 
every other week alternating with oraI6-MP. 

However, the most appropriate schedule and 
duration of infusion remain unknown. Adamson 
and coworkers [73] examined 6-mp 2.4 g/m' by 
48-h infusion in patients in relapse and found 
only one complete response and one partial 
response of 7 and 5 weeks, duration, respective-

615 



ly, among 40 children with relapsed ALL. A spe
cific advantage for parenteral 6-MP remains to 
be demonstrated in a randomized trial. 

The Children's Cancer Group is now evaluat
ing parenteral 6-MP for children with ALL and 
favorable presenting features on CCG-1922. 
After a vincristine-prednisone-L-asparaginase 
(VPL) induction, patients in remission are ran
domly assigned to daily oral 6-MP x 12 weeks 
or to weekly parenteral 6-MP 1 g/m2 every week 
by 10-h infusion x 11 infusions. Preliminary 
pharmacology data are becoming available but 
outcome data will require another 7 years. 

Substitution of 6-TG for 6-MP may provide 
higher intracellular levels of critical metabolites. 
6-MP is a pro drug which requires a three-step 
conversion to become its active moiety, 6-
thioguanine monophosphate, while the pro drug 
6-TG requires only a single step [74]. 6-MP is 
more vulnerable to xanthine oxidase in food and 
intestinal mucosa. Adamson and coworkers [75] 
found that in vitro leukemic cell lines were ten 
fold more sensitive to 6-TG than to 6-MP and 
the cytoxicity was less dependent on the dura
tion of exposure. Assaying levels in the same 
patients, Lennard and coworkers [74] found that 
levels of red blood cell 6-TG nucleotides are 
approximately four fold higher with oral 6-TG 
than with oral 6-MP. In a randomized trial, 
Janka-Schaub and coworkers [76] found simi
larly that levels of 6-TG nucleotides were six fold 
higher with 6-TG. The role of the methylated 
metabolites which are present at high concen
trations with 6-MP remains controversial [77]. A 
comparison of oral 6-MP and oral 6-TG is 
planned for the next CCG trial for lower-risk 
patients. Parenteral 6-TG is also available but 
similar critical questions with regard to schedule 
and duration of infusion remain [78,79]. 

L-Asparaginase Antibodies 

Repeated or prolonged courses of L-asparaginase 
are a component of the successful BFM [14-18, 
32,33] and Dana Farber Cancer Institute [80,81] 
regimens. However, a substantial subset of pa
tients may develop anti-asparaginase immuno
globulin G(lgG) antibodies after exposure to 
native Escherichia coli asparaginase with or with
out clinical allergy. The presence of these anti
bodies may alter asparagine pharmacology and 
asparagine depletion [82], and perhaps treatment 
success. Cheung and coworkers [83] found anti
bodies in six of 13 patients in first remission. 
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Four of six patients with antibodies relapsed ver
sus none of seven with no antibodies. 

Kurtzberg and coworkers [84] found such 
antibodies in two thirds of patients in second 
relapse. Patients with antibodies had a lower 
response rate to subsequent therapy. 

In the next trial for higher-risk patients CCG 
plans to survey patients for development of anti
body and seek to confirm any prognostic signifi
cance in a population that will receive multiple 
exposures to L-asparaginase. Should such anti
bodies be detected, one might next ask whether 
native Erwinia asparaginase [85] or polyethylen 
glycol conjugated (PEG) asparaginase [82] are 
similarly immunogenic and whether patients 
with or without antibodies might benefit from 
substitution of a non-cross-reactive agent. The 
pharmacology and toxicity of PEG and Erwinia 
asparaginase will be compared in patients after 
clinical allergy in a proposed CCG initiative. 

Patient Compliance 

Much of ALL continuation therapy is taken at 
home by the child under the supervision of his 
or her family. The success of this therapy 
depends on compliance. DFS was compromised 
when doses were systematically halved [86] or 
when the duration of therapy was decreased 
from 2 years to 18 months [14] or from 3 years to 
2 years [87]. Several groups have correlated ulti
mate outcome to red blood cell concentrations of 
6-TG nucleotides which are determined by host 
compliance as well as by pharmacodynamics. 
However, DFS was not improved when the level 
of acceptable myelosuppression was increased 
on the POG ALinC-12 study. The authors cite 
erosion of discipline in maintaining the specified 
difference between treatment plans [88]. 

Davies and coworkers [89] found that six of22 
patients on a constant prescribed dose of 6-MP 
had fluctuations in the concentrations of drug 
metabolites best explained by partial compliance. 
In this era of intensive therapy, the number of 
children who suffer relapse because of inade
quate compliance remains a fascinating question. 

Environmental Factors 

Supportive Care 

The level of intensity of therapy chosen must be 
balanced by the availability and the will to 



provide appropriate supportive care so that the 
cure rate is not eroded by toxic deaths. The opti
mal balance may change as we improve our abil
ity to support patients through more intensive 
therapy. The optimal balance may change with 
changing national priorities and resources. 

Treatment 

Treatment is the most importance prognostic 
factor. Without treatment, ALL is an invariably 
lethal disease. Improvements in treatment over 
the past 17 years have halved the incidence of 
treatment failure on CCG trials. 

Protocol II: Delayed Intensification 

In 1970, Riehm and the BFM Group [90] intro
duced an intensive induction/consolidation reg
imen denoted protocol 1. In 1976, a second 
intensive phase, protocol II, was added [91]. 
Among patients at higher risk of relapse, the 
EFS of the first cohort vs. the second cohort was 
38% vs. 64% in a historical comparison 
(p=O.OOl). 

Following preliminary experience in CCG-
193P, a feasibility trial of therapy based on ALL
BFM 76 [92], CCG compared BFM-type therapy 
to more conventional therapy in two higher-risk 
subsets between 1983 and 1988, CCG-I06 and 
CCG-123. CCG-106 enrolled patients with WBC 
;?! 50000//11 or FAR L2 blast morphology while 
excluding patients with lymphomatous features 
[93]. The 7-year EFS was 63% for patients who 
received RFM -type therapy and 42% for patients 
who received "standard" therapy on CCG-I06 
(p = 0.006) [17]. On CCG-123 for children and 
adolescents with lymphomatous features, BFM
type therapy was superior to LSA2L2 with or 
without cranial irradiation. At 9 years the EFS 
was 65%, 48%, and 42%, respectively, for this 
largely T lineage subset [18]. The advantage for 
BFM-type therapy extended to survival in both 
trials. Similar benefit was shown for the inten
sive New York (NY) 1 regimen [17, 18,94]. 

Among 1675 patients with intermediate pre
senting features, CCG-I05 tested the compo
nents of the BFM 76 regimen, intensive 
induction/consolidation (modified protocol I) 
and delayed intensification (modified protocol 
II) [16]. Large numbers and persistent follow up 
has allowed the ultimate identification of mod
erate but clinically important differences. The 5-
year EFS was 61%, 67%, 72%, and 73% for 

control, protocol I only, protocol II only, and 
protocol 1+ II, respectively (p = 0.006). Some
what surprinsingly, the benefit of protocol II 
alone was very similar to that of protocols I and 
II together (risk ratio 0.9). 

An interaction of age and systemic treatment 
was observed [16]. Among children < 10 years 
of age on Ccg-105 (n = 1256), the 5-year EFS was 
61 %,68%, 77%, and 73% for control, protocol I 
only, protocol II only, and protocol I and II, 
respectively (p = 0.002). Protocol II alone was as 
effective as protocols I and II together. 

Among children ;?! lOY ears of age (n = 348), 
the power of the comparison was severely limit
ed by sample size [16]. However, patients 
appeared to require both protocols I and II 
together to derive benefit. The 5-Year EFS was 
57%, 64%, 57%, and 73% for control, protocol I 
only, protocol II only, and protocols I + II, 
respectively (P = 0.24). 

Given these results, patients with the most 
favorable conventional presenting features were 
randomly allocated to receive or not to receive 
protocol II on the suceeding CCG-1881 trial. 
This trial enrolled 779 patients and was closed to 
accrual in 1992. No statistically significant dif
ferences have yet emerged, but such differences 
may be slow to emerge in such lower-risk sub
sets [IS]. 

On CCG-1891, the CCG-I00 series intermedi
ate-risk group was redefined to exclude patients 
older than 10 years. When the trial was begun, 
definitive data from CCG-I05 was not yet avail
able. However, ALL-BFM 83 results lIS] and the 
emerging, though not yet statistically com
pelling trend on CCG-I05 encouraged continued 
pursuit of a post-induction intensification strat
egy. Between 1990 and 1993, 1211 patients were 
enrolled on CCG-1891. All patients receive a 
three drug VPL induction, i.th. methotrexate 
alone as pre-symptomatic CNS therapy, and at 
least one administration of protocol II. Double 
administration of protocol II was tested in one 
experimental arm and every 3 weeks vin
cristine/prednisone pulses during maintenance 
in the other. CCG-1891 is now in follow up. 
Statistically significant differences have yet to 
emerge. 

CCG-1882 accrued patients at higher risk of 
relapse because of WBe or older age but exclud
ed infants and patients with lymphomatous fea
tures [18]. Over 1100 patients were entered from 
1989 to 1995.After the initiation of induction 
with VPL plus daunomycin (VPLD), a day 7 
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marrow sample was evaluated and patients we 
stratified as good or poor early responders when 
marrow blasts were, < 25% or ~ 25%. Approxi
mately 70% of patients were good responders 
(see below). Slow responders completed in
duction and were then randomly assigned to 
continue a CCG-modified BFM program, i.e, 
protocol Ib and II, or to a CCG further modified 
BFM program which we call "augmented BFM" 
Augmented BFM diverges from standard BFM 
on day 49 of therapy, 6 weeks after the day 7 
marrow determination. 

Patients on the standard regimen interrupted 
therapy after completion of the 2-week each 
cyclophosphamide (day 0), cytosine arabi
noside (days 1-4 and 8-11), and thiopurine 
(days 1-14) pulse in consolidation (protocollb) 
and in delayed intensification (protocol lib) to 
allow for recovery of peripheral counts. The 
delay was about 14 days. Patients on the aug
mented regimen received weekly vincristine x 
two doses and asparaginase three times a week 
x six doses during this interval (protocol Ib1, 

lIb; (Fig. 2). 
Patients on the standard regimen received 

daily oral 6-MP and weekly oral methotrexate 
for 8 weeks between consolidation (protocol IB) 

Standard BFM 0 7 14 
(lb, lIb) 

I Ctx 

Mtx (IT) I I 
Ara-C IIII IIII 

6MP/6TG 

Augmented BFM 0 7 14 
(lb', lIb') 

I Ctx 

Mtx (IT) I I 
Ara-C IIII IIII 

6MP/6TG I 
Vcr I 

Asp I I I 

and delayed intensification (protocol II). Pa
tients on the augmented regimen instead re
ceived five pulses of vincristine, escalating 
parenteral methotrexate with no rescue, and 
L-asparaginase on the Capizzi I schedule [46] 
(Fig. 3). 

The duration of post-induction intensifica
tion was increased from 4 months on the stan
dard regimen to 10 months on the augmented 
regimen (Fig. 4). Delayed intensification (proto
col II) was administered twice at 4 and 8 months 
from diagnosis. Patients received two five-pulse 
courses of Capizi 1. 

The initial 100 slow early response patients 
on CCG-1882 were assigned to the augmented 
regimen as a feasibility cohort. Subsequently, 
slow early response patients were randomly 
allocated to the standard or augmented regi
men. No statistically significant difference has 
yet emerged among the 200 randomized 
patients. Table 1 compares the number of 
administered doses of various agents in the ini
tial 10 months of therapy on the standard and 
augmented regimens. In the next CCG trial for 
patients with higher-risk presenting features, 
those with a rapid early response will be ran
domly assigned to the standard CCG-modified 

21 28 Day 

start next pulse 
when counts recover 

21 28 Day 

start next pulse 
when counts recover 

I 
I I I 

Fig. 2. Standard vs. augmented CCG-modified BFM therapy. Cyclophosphamide/cytosinearabinosidel thio
purine pulses consolidation (protocol Ib) and re-consolidation (protocol lIb ). Protocol Ib: 2nd month of proto
col I; Protocol IIb: 2 month of delayed intensification. Ctx, cyclophosphamide; Mtx, methotrexate; ARA-C, 
cytosine arabinoside; VCR, vincristine; ASP, asparaginase 

618 



BFM therapy, prolonged intensive therapy (i.e., 
double administration of delayed intensification 
or protocol Ih), enhanced but brief intensive 
therapy (i.e., single administration of protocol II 
with additional vincristinelL-asparaginase and 
Capizzi I [95J in interim maintenance as above), 
or prolonged and enhanced intensive therapy 
(full augmented regimen). This study opened in 
the summer of 1995. 

Vincristine/Prednisone Pulses 

Currently, all children on CCG ALL protocols 
receive vincristine/prednisone pulses in mainte
nance. Between 1978 and 1981, CCG randomly 
enrolled 699 patients with favorable presenting 
features on CCG-161. Patients were randomly 
allocated to receive or not to receive vin
cristine/prednisone pulses every 4 weeks in 
maintenance. Early analyses showed no benefit 
but a statistically significant and clinically 

Standard BFM 
(Interim maintenance) 

6MP(po) 

Mtx(po) 

Augmented BFM 
(Capizzi I) 

Vcr 

Mtx (po) 

Asp 

o 7 14 

() 7 14 

I 
I 
I 

Fig. 3. Standard vs. augmented CCG-modified BFM 
methotrexate; Vcr: vincristine; Asp: asparaginase 

5 21 

important difference in EFS ultimately emerged. 
Patients who received pulses had an EFS at 8 
years of 79% vs. 61 % for patients who received 

Table 1. Number of doses-(standard vs. augmented 
BFM)(first 10 months of treatment) 

Standard Augmented Change 
BFM BFM 
(n) (n) (Factor) 

Vincristine 11 
Prednisone/ 69 
dexamethasone 
Anthracycline 7 
Asparaginase 15 
Cyclophasphamide 3 4 
Ara-C 24 
Methotrexate (p.o.) 16 
Methotrexate LV.a 
6-MP/6-TG 161 

'No Rescue. 

21 28 

21 28 

.15 

35 

therapy: interinl Jllaintenance 

35 

28 
70 

10 
55 
1.3 
32 

10 
56 

and 

42 

42 

Capizzi 

45 

2.5 
1.0 

1.4 
3.7 

1.3 

.3 

L 

Day 

Day 

Mtx: 

Week 

Standard BFM Protocol Ib I Interim I Protocol II I Maintenance 
L-___ ~ ~aintenance L-___ ~. 

Augmented BFM Maintenance 

Fig. 4. Standard vs. augmented CCG-modified BFM therapy: overview of treatment plan, Protocol Jb, consolida
tion (CCG version of BFM protocol Ib); Protocol II, delayed intensification (CCG version of BFM protocol I1); 
Protocol Jb, augmented consolidation (CCG version of augmented Protocol Ib; Protocol [I, (see Fig. 2) augment
ed delayed intensification (CCG version of augmented Protocol II; see Fig. 2); Capizzi, see Fig. 3 
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no pulses. Curiously, the EFS advantage found 
on CCG-161 has not translated into a survival 
advantage even with a greater than 12-year fol
low up [19]. 

The Associazione Italiana di Ematologia ed 
Oncologia Pediatrica (AlEOP) 7601 study simi
larly found a better EFS for vincristine/pred
nisone pulses [96]. On the other hand, ALL-BFM 
79 found no advantage for three vincris
tine/prednisone pulses in the 1 st year of remis
sion among 199 standard risk patients (BFM 
risk factor < 2.0) (76% vs. 71% at 7 years, 
p = 0.44) [IS]. Vincristine every 3 weeks is a 
component of the Dana Farber Cancer Institute 
81-01 and 85-01 regimens [80,81]. CCG-1891, 
which enrolled more than 1200 intermediate
risk patients between 1990 and 1993, included a 
comparison of vincristine/prednisone pulses 
given every 3 or 4 weeks in maintenance and is 
currently in follow up. 

Glu(o(orticosteroids 

Recent data suggest that dexamethasone may be 
superior to prednisone in childhood ALL. 
Glucocorticosteroids, primarily prednisone, 
have been a component of ALL therapy for at 
least 40 years [97]. Balis and coworkers [98] 
showed that dexamethasone is less bound to 
protein and provides higher CNS levels. Pieters 
and coworkers [99] reported that dexametha
sone was 35-fold more potent than prednisolo
neh in vitro. The Dutch ALL VI trial introduced 
dexamethasone in place of prednisone and 
obtained an impressive benefit relative to histor
ical controls [100]. The CCG-1922 study for 
patients with favorable presenting features 
includes a randomized comparison of dexam
ethasone and prednisone. Accrual is ongoing. 

With more prolonged use of high-dose or 
more potent glucocorticosteroids, avascular 
necrosis of bone has become increasingly evident 
[101], especially among adolescents and young 
adults. This, together with knowledge of the rapid 
ligand-induced down-regulation of glucocorti
costeriod receptors [56, 57] has raised questions 
as to the necessity of prolonged 3-4 week courses 
of continuous treatment. The BFM 87 relapse 
study [102] employed prednisone at 100 mg/m2 
per day on day 0-6 and 14-20 in induction rather 
than a more conventional day 0-27 schedule. 
This intermittent schedule might reduce the inci
dence of avascular necrosis of bone. 
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eNS Therapy 

Over the past 20 years, CNS therapy has 
increased in efficacy and decreased in morbidi
ty. In 1976, pre-symptomatic cranial irradiation 
was reduced from 24 to 18 Gy with no apparent 
detriment relative to historical controls [103]. In 
1978, the conventional mg/m2 dosage schedule 
of i.th. methotrexate was replaced by an age
based dosage schedule based on considerations 
of CSF volume. The cumulative rate of CNS 
relapse subsequently fell from l3% to 7%, but 
no corresponding improvement in EFS was seen 
[104]. Some benefit may have been seen with the 
addition of maintenance i.th. methotrexate to 
whole brain irradiation in older and higher-risk 
children (H. Sather, personal communication). 

Cranial irradiation may be safely avoided for 
more than three quarters of children with ALL. 
CCG-161 showed that cranial irradiation could 
be replaced with maintenance i.th. methotrexate 
in children with the most favorable presenting 
features [19]. CCG-105 extended this observa
tion to a large group, i.e., children aged;;:, 1 year 
and < 10 years with WBC < 50000/ml, but only 
when patients received improved systemic ther
apy. With standard therapy the life table esti
mates of EFS and CNS relapse-free survival for 
patients with cranial irradiation were 71 % and 
92% and for patients with maintenance i.th. 
methotrexate 63% and 82%. With intensive 
therapy the life table estimates of EFS and CNS 
relapse-free survival were 78% and 95% for 
patients with cranial irradiation and were 80% 
and 94% for patients with maintenance i.th. 
methotrexate [20]. Current plans for the next 
CCG lower-risk trial include a comparison of 
i.th. single-agent methotrexate and triple i.th. 
therapy [105],i.e., methotrexate, hydrocortisone, 
and cytosine arabinoside, in the context of cur
rent systemic therapy. The better schedule for 
maintenance i.th. therapy, e.g., every 8 weeks vs. 
every 12 weeks remains a question of current 
interest. 

Some subsets of patients may still benefit 
from cranial irradiation. Substitution of mainte
nance i.th. methotrexate for cranial irradiation 
for adolescents and young adults between 10 
and 21 years of age with WBC, < 50000/f.!,1 on 
CCG-105 resulted in a decrease in overall EFS 
from 60% to 53% (P = 0.04) but very similar 
rates of CNS relapse-free survival; 90% and 91 % 
[20]. CCG-123 enrolled patients with lym
phomatous features, three quarters of whom 



had T cell immunophenotype. This subgroup 
has had a particularly high incidence of CNS 
relapse on past CCG trials. A number of patients 
were randomly assigned to receive LSA2L2 ther
apy with or without cranial irradiation. All 
patients received i.th. methotrexate every 8 
weeks in maintenance. The cumulative rate of 
CNS relapse was 12% and 24% with and without 
cranial irradiation although the effect on EFS 
was smaller [18]. 

The CCG-1882 study enrolled children and 
adolescents with age ? 10 years or WBC ? 50 
000/111 while excluding those with lymphoma
tous features. Patients with a rapid day 7 mar
row response all received CCG-modified BFM 
therapy and maintenance Lth. methotrexate but 
were randomly assigned to receive either cranial 
irradiation or additional i.th. methotrexate. This 
randomization was halted in accordance with 
prospective statistical stopping rules when the 
EFS was 82% for patients who received cranial 
irradiation vs. 70% for patients who received 
only i.th. methotrexate (p = 0.004). Differences 
were most marked for children with WBC 
? 100000/111 and/or age? 10 years [21]. 

The morbidity of 18 Gy cranial irradiation 
remains at issue. Mulhern and coworkers 
[105-107] found similar effects in patients who 
received cranial irradiation and those who 
received i.th. methotrexate. CCG-I05NP, curr
ently ongoing, seeks to measure the neuro
cognitive effects of CNS-directed therapy 
longitudinally comparing 18 Gy cranial irradia
tion and maintenance i.th. methotrexate. 

In 1984 Poplack and coworkers [108] showed 
that very high-dose methotrexate, 33.6 g/m2, was 
as effective a pre-symptomatic CNS therapy as 
24 Gy cranial irradiation plus i.th. methotrexate 
and less neurotoxic. Subsequently this interven
tion has been employed successfully for infants 
and other children with either favorable or unfa
vorable presenting features as a component of 
complex therapies [109, 110]. However, it has 
not been successful for children with CNS dis
ease at diagnosis. On other CCG trials which 
employ craniospisal irradiation, the outcome of 
children with CNS disease at diagnosis is similar 
to that of children with similar age and WBC 
and no CNS disease [22]. 

Bone Marrow Transplantation 

The role of BMT in childhood ALL remains to be 
defined [111-120]. Increasing experience with 

alternative stem cell sources, e.g., purged autol
ogous marrow [121, 122], autologous circulating 
stem cells [123], and matched unrelated marrow 
donors [124, 125], has broadened options. CCG 
is examining the role of conventional sibling 
donor BMT in first remission for children with 
very high-risk features on CCG-1921, specifically 
t(4: 11),t(9: 22), hypodiploidy (modal chromo
some number < 44), age ? 10 years and WBC 
? 200000/111, marrow blasts > 5% on day 28 of 
induction; and infants meeting one or more of 
the following criteria: CD 10 negativity, WBC 
? 100 000/111 and/or > 5% marrow blasts on 
day 14 of therapy. In conjunction with POG, the 
planned new infant trial will provide matched 
sibling donor or matched unrelated donor BMT 
of infants with t( 4: 11) in first remission. CCG-
1941, the new study for children with marrow 
relapse within 12 months of the completion of 
therapy, will allocate all children with family 
marrow donors to BMT and randomize others 
to chemotherapy or to BMT employing an alter
native marrow source. We will seek health status 
endpoints in addition to more conventional DFS 
end points [127, 128]. 

Physician Compliance/Modification for Toxicity 

Therapy must be administered to have benefit. 
Physicians adapt protocol therapy to the specific 
clinical courses of their patients in an attempt to 
prevent, moderate, or treat morbidity. Hale and 
Lilleyman [129] attribute the better outcome 
seen in British trials after 1980 to a 22% increase 
in the amount of 6-MP actually administered. Of 
the 22% change, 9% could be attributed to 
changes in protocol dose and schedule and 13% 
could be attributed to new and more stringent 
guidelines for modification of dose. 

Early or excessive leucovorin rescue may 
erode any benefit from intermediate-dose 
methotrexate. Jurgens and coworkers [130] 
reviewed treatment administered on the 
German COALL 82 and 85 trials. They found no 
correlation between steady-state methotrexate 
level and outcome. However, they found a statis
tically significant difference in outcome between 
patients who began rescue sooner than 43 h 
after initiation of the methotrexate infusion and 
patients who began leucovorin later, 76% vs. 
42% at 8 years (p < 0.05). Patients who received 
more leucovorin tended to have a worse out
come although differences did not reach statisti
cal significance. 
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The Future 

Despite past triumphs and continued overall 
success, childhood ALL continues to contribute 
greatly to the overall mobility and mortality of 
childhood cancer because of its high incidence 
relative to other childhood malignancies. Calls 
to abandon further efforts in this disease would 
consign a large number of children to treatment 
failure and deny an opportunity to gain impor
tant insight into the mechanisms of treatment 
success and failure that may have implications 
beyond childhood ALL. Past success may pro
vide direction for future efforts. 

The chemosensitivity of the leukemic popula
tion at diagnosis is an important determinant of 
outcome. Novel agents are needed that differ 
not only in their molecular targets but in their 
dependence on the cellular mechanisms of 
apoptosis. Manipulation of the cellular thresh
old for apoptosis is an inviting strategy. The 
Dutch experience with the MTT assay raises 
hopes that clinical peripheral blood or marrow 
response can be replaced with more precise lab
oratory methods and more precise identification 
of patients likely to have better or worse out
come with current therapies. Quantitation of 
end-induction leukemic burden may allow for 
rapid evaluation of the contribution of novel 
agents in the context of complex therapy-a 
major challenge in childhood ALL. The day 7 
marrow evalution will allow the planned CCG 
higher-risk study to limit randomization to 
immunotoxin to the higher-risk CD19' popula
tion with known resistant disease as demon
strated by a poor day 7 response. 

Disease-based prognostic factors rely on an 
assessment of the characteristics of blast cells at 
diagnosis. However, relapse may sometimes 
arise from a subclone, not present or simply not 
identified at diagnosis, with critical properties 
that differ from those of the predominant 
leukemic population. Additionally, all disease
based prognostic factors are influenced by the 
interplay of host and environmental factors. 
Host differences include individual variability in 
pharmacokinetics and pharmacodynamics, e.g., 
thiopurines [70, 7lj, development of high-titer 
antibody against native E.Coli L-asparaginase 
[82,83]' and compliance with therapy. Environ
mental factors include choice of therapy, physi
cian compliance, and supportive care. Further 
evolution of post-induction intensification may 
further improve EFS. One can only hope that 
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better understanding of the mechanisms for 
treatment success and failure will lead to effec
tive new strategies. 
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Appendix I 

CCG Treatment Sites as of October 1, 1994 

A.B. Chandler Medical Center-University of 
Kentucky 
Albany Medical Center 
Albert Einstein Medical Center 
Allan Blair Cancer Centre 
Baystate Medical Centre 
British Columbia Children's Hospital 
Brookdale Hospital Medical Center 
Brooklyn Hospital Center 
C.S. Mott Children's Hospital 
Cardinal Glennon Children's Hospital 

Cedars-Sinai Medical Center 
Children's Health Care, Minneapolis 
Children's Medical Center Dayton 
Children's Center for Cancer and Blood 
Disorders 
Children's Hospital and Medical Center, Seattle 
Children's Hospital Medical Center of Akron 
Children's Hospital of Austin at Brackenridge 
Children's Hospital of Columbus 
Children's Hospital of Denver 
Children's Hospital of Los Angeles 
Children's Hospital of Oakland 
Children's Hospital of Orange County 
Children's Hospital of Philadelphia 
Children's Hospital of Pittsburgh 
Children's Hospital oiWestern Ontario 
Children's Hospital-King's Daughters 
Children's Medical Center of Dayton 
Children's Memorial Hospital of Omaha 
Children's Mercy Huspital of Kansas City 
Children's National Medical Center of 
Washington DC 
Columbia Presbyterian College of Physicians 
and Surgeons 
Dakota Clinic 
Dakota Midwest Cancer Institute 
David Grant USAF Medical Center 
Deaconess Medical Center 
Doernbecher Childrens Hospital-Oregon HSU 
Duluth Clinic 
East Tennessee Children's Hospital 
Fred Hutchinson Cancer Research Center 
Medical Center of Delaware-Alfred I Dupont 
Institution 
Geisinger Medical Center 
Georgetown University Medical Center 
Grands Rapids Clinical Oncology Program 
Group Health Cooperative of Puget Sound 
Gundersen Clinic Ltd. 
HarborlUCLA Medical Center 
Henry Ford Hospital 
Hershey Medical Center 
Huntington Memorial Hosptial 
Indiana University-Riley Children's Hospital 
Izaak Walton Killam Hospital 
Janeway Child Health Center 
North Shore University Hospital-Cornell 
University Medical Center 
Kalamazoo Camm Clinical Oncology Program 
Kaiser Permanente Med Group Inc-Northern 
CA 
Kosair Children's Hospital 
Lorna Linda University Medical Center 
Loyola University Medical Center 
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Lutheran General Children's Medical Centers 
M.D. Anderson Cancer Center 
Manitoba Cancer Fd/Children's Hospital/U of 
Manitoba 
Marshfield Clinic 
Mary Bridge Hospital 
Mayo Clinic and Foundation 
Medical College of Georgia 
Medial College of Ohio 
Memorial Sloan Kettering Cancer Center 
MeritCare Hospital CCOP 
Methodist Hospital 
MetroHealth Medical Center 
Michigan State University 
Montefiore Medical Center 
New York Hospital-Cornell University Medical 
Center 
New York Medical College 
New York University Medical Center 
Newark Beth Israel Medical Center 
Overlook Hospital 
Phoenix Children's Hospital 
Presbyterian/St. Lukes Medical Center and 
CHOA 
Primary Children's Medical Center 
St. Mary's Hosptial Medical Center (Dean 
Medical Center 
St. Paul Children's Hospital 
Southern California Permanente Medical Group 
CA 
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Southern Illinois University School of Medicine 
Southwest Cancer Center-Texas Tech/Lubbock 
Southwest Texas Methodist Hospital 
Sunrise Children's Hospital, Sunrise Hopital and 
Medical Center 
The Children's Mercy Hospital 
The Cleveland Clinic Foundation 
Tulane University Medical School 
UCLA School of Medicine 
UCSF School Of Medicine 
University of California-Irvine 
University of Chicago Medical Center 
University of Connecticut Health Center 
University of Illinois 
University of Illinois-Rockford 
University of Iowa Hospitals and Clinics 
University of Medical and Dental-New Jersey 
University of Minnesota Hospital and Clinic 
University of Nebraska Medical Center 
University of North Carolina at Chapel Hill 
University of Wisconsin Children's Hospital and 
Clinics-Madison 
Valley Children's Hospital 
Vanderbilt Children's Hospital 
William Beaumont Hospital 
Western Reserve Care System-Tod Children's 
Hospital 
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Abstract. Data from St. Jude Total Therapy Study 
XI were analyzed to identify clinical and biologic 
features with prognostic significance. Results of 
this analysis, along with information available in 
the literature, led us to redefine lower-risk acute 
lymphoblastic leukemia (ALL) by the following 
features: DNA index between 1.16 and 1.60, or 
age 1-9 years plus white blood cell count (WBC) 
< 50 x 109/1; absence of CNS leukemia, testicular 
leukemia, T-cell immunophenotype, and adve
rse genetic features W.e., BCR-ABL [t(9; 22)], 
ALL-l-AF4 [t(4; 11)], or E2APBXl [t(1; 19) in 
pre-B ALL])}; and < 5% leukemic blasts in 
bone marrow aspirate on day 15 of remission 
induction. Based on these criteria, approxima
tely 50% of newly diagnosed ALL cases would be 
classified to have lower-risk leukemia, and their 
projected long-term event-free survival appro
aches 90%. This new classification schema is 
being applied in our current risk-adapted clini
cal protocol for ALL (Study XIIIB). 

Introduction 

Contemporary chemotherapy will cure as many 
as 70% of children with acute lymphoblastic 
leukemia (ALL) [1,2]. Recognition of the het
erogeneity of this disease and the relationship of 
its clinical and biologic features to prognosis has 
made it clear that a uniform approach to thera
py is no longer acceptable [3]. Current emphasis 

is placed on early and rigorous assessment of 
the relapse hazard in individual patients to 
ensure appropriately intensive therapy for sub
groups at high risk of treatment failure and to 
permit attempts to reduce toxicity in those likely 
to fare well with standard therapy. In our cur
rent Total Therapy Study XIIIB, patients are 
assigned to higher-or lower-risk groups based 
on their presenting clinical features (age, leuko
cyte count, and presence or absence of central 
nervous system or testicular leukemia), biologic 
features of the leukemic cells (DNA index, 
immunophenotype, and genotype), and early 
response to treatment (Table 1). In this aritcle, 
we will discuss the rationale for this risk classfi
cation schema and summarize supporting data 
from Study XI. 

Materials and Methods 

Patients and Treatment. From February 1984 to 
September 1988, 358 consecutive patients 
younger than 19 years old with newly diagnosed 
ALL were enrolled on St. Jude Total Therapy 
Study XI [4] after signed informed consent was 
obtained from them or from parents/guardians. 
The protocol was approved by the hospital's 
institutional review board and the National 
Cancer Institute. Induction treatment consisted 
of prednisone, vincristine, daunorubicin, 
asparaginase, tenip()siLic, and cytarabinc. On 

I Department of Hematology-Oncology, St. Jude's Children's Research Hospital, Memphis, TN, USA 
'Department of Biostatistics, St. Jude's Children's Research Hospital, Memphis, TN, USA 
'Department of Pharmaceutical Science, St. Jude Children's Research Hospital, Memphis, TN, USA and 
"Department of Pathology and Laboratory Medicine, st. Jude Children's Research Hospital, Memphis, TN, USA 
'University of Tennessee, Memphis, College of Medicine, Memphis, TN, USA 
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Table 1. Critera for lower-risk ALL 

1. DNA index ~1.l6and ";;1.60,orage l-9yearsplusWBC <50 x 109/l and 
2. Absence of: 

(a) CNS 3 status (defined as ~ 5 WBC/~l with detectable blasts in cerebrospinal fluid 
cytospin or presence of cranial nerve palsy) 

(b) testicular leukemia 
(c) T-cell immunophenotype 
(d) adverse genetic features {i.e., BCR-ABL [t(9; 22)], ALLI-AF4 [t(4; 11)], or E2A

PBXl [t(1; 19) in pre-B ALL])} 
(d) ~ 5% leukemic bl:sts in bone marrow aspirate on day 15 of remission induction 

completion of consolidation therapy with high
dose methotrexate, 39 patients with lower-risk 
ALL received standard l20-week continuation 
therapy with 6-mercaptopurine daily plus 
methotrexate weekly for 3 weeks, alternating 
with 1 week of prednisone daily and vincristine 
once a week in the 4th week. The remaining 69 
lower-risk patients and 233 higher-risk patients 
received continuation treatment with four pairs 
of drugs rotated weekly or every 6 weeks: etopo
side plus cyclophosphamide, 6- mercaptopurine 
plus methotrexate, teniposide plus cytarabine, 
and prednisone plus vincristine. 

Statistical Analysis. Life-table estimates of event
free survival (EFS) were derived by the method 
of Kaplan and Meier and compared with the log
rank test. Early death or failure to enter remis
sion was considered an event at zero time. At 
the time of analysis, the median follow up of 
patients remaining in remission was 8.6 years. 

Results and Discussion 

Clinical Risk Features 

Various cooperative groups and individual 
medical centers have used different prognostic 
factors in risk assignment. Until recently, there 
was not even consensus regarding the most 
basic clinical features - leukocyte count and 
age. To facilitate comparison of treatment 
results, participants in a workshop sponsored by 
the United States National Cancer Institute rec
ommended uniform cutpoints for age and 
leukocyte count for cases of B-lineage ALL, after 
reviewing collective outcome data [5]. Partici
pants agreed that "lower-risk" cases are defined 
by age 1-9 years and presenting leukocyte count 
< 50 x 109/1. Based on these criteria, two thirds 
of B-lineage cases in St. Jude Total Therapy 
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Study XL would have been classified as lower
risk ALL. 

These patients have as-year EFS estimate 
( ± SE) of 86% ± 3%. By contrast, higher risk 
cases (age < 1 year or :;;, 10 years or leukocyte 
count :;;, 50 x 109!l) have as-year EFS of 62% 
± 5% (Fig. 1). 

Traditionally, CNS leukemia is defined by the 
presence of at least five leukocytes per microliter 
of cerebrospinal fluid and identification of 
leukemic blast cells in a cytocentrifuged sample 
of cerebrospinal fluid, or by cranial-nerve 
palsies. Patients with CNS leukemia at diagnosis 
require intensified therapy to optimize the like
lihood of cure. In a retrospective anlaysis of our 
Study XI, we found that patients with any num
ber of leukemic blast cells in the cerebrospinal 
fluid were at increased risk for CNS relapse 
when cranial irradiation was given on a delayed 
schedule [6]. We therefore proposed a new clas
sification for CNS disease status at diagnosis: 
CNS 1 (no blasts), CNS 2 « 5 leukocytes per 
microliter of cerebrospinal fluid with blasts), 
and CNS 3 (traditionally defined CNS leukemia). 

Our reanalysis of Study XI showed that 
patients with CNS 2 or CNS 3 status had not 
only a significantly increased risk of CNS relapse 
(p<O.OOOI, Fig. 2) but a lower EFS (P=O.OOOI, 
Fig. 3). CNS 2 status was not predictive of CNS 
relapse in the Childrens Cancer Group (CCG) 
105 study for intermediate-risk ALL [7], but was 
associated with a significantly higher early CNS 
relapse rate in our recently completed Study XII 
[8] and in the Pediatric Oncology Group (POG) 
study 8602 (AlinC-14) [9], when compared to 
patients with CNS 1 status. We attribute this 
apparent discrepancy to differences in patient 
populations, systemic chemotherapy, and meth
ods and timing of eNS-directed treatment. 
Cranial irradiation was given early to half of the 
CCG patients (all with intermediate-risk ALL) 
but none of the POG study group. In the St. Jude 



Fig. 1. Kaplan-Meier estimates (± 
SE) of EFS for B-lineage cases with 
lower- or higher-risk ALL, defined by 
age and leukocyte count. Numbers on 
curves reflect results at 5 and 10 years 
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Fig. 3. Kaplan-Meier anlaysis of EFS 
according to eNS status at diagnosis. 
Numbers on curves reflect results at 5 
and 10 years 
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studies, cranial irradiation was given to higher
risk cases but was not scheduled until the end of 
1 year of continuation therapy. 

As a result of these findings, Total Therapy 
Study XIII was revised to provide early, more 
intensive eNS-directed therapy for all patients 
with any blast cells identified in the cere
brospinal fluid at diagnosis (eNS 2 and eNS 3 
status). We subsequently found that increased 

Years from Diagnosis 

vigilance in examinations of cerebrospinal fluid 
substantially increased the proportion of 
patients in the eNS 2 group. In the current study 
(XIIIB), eNS 2 patients receive more intensive 
triple intrathecal therapy, but cranial irradiation 
(18 Gy) is used only in cases with other adverse 
features (i.e., B-lineage ALL with leukocyte 
count ? 100 x 109/1, T-cell ALL with leukocyte 
count ? 50 x 109/1, and Philadelphia chromo-
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some-positive cases). Patients with CNS 3 status 
are treated on the higher-risk protocol and 
receive both cranial irradiation (24 Gy) and 
more intensive systemic therapy. 

Immunophenotype and Genotype 

In Study XI, children with T-cell ALL had a sig
nificantly poorer EFS than those with B-lineage 
(early pre-B or pre-B) immunophenotypes, in 
part due to a higher CNS relapse rate 
(p < 0.0001, Fig. 4). However, two recent studies 
have produced excellent treatment results for T
cell ALL: 7-year EFS of 70% ± 10% in the Dana 
Farber Cancer Institute/Children's Hospital ALL 
Consortium Protocol 85-01 [10] and 6-year EFS 
of 67% ± 5% in the Berlin-Frankfurt-Munster 
(BFM) 86 protocol [11]. The improved outcome 
was attributed to the intensive use of asparagi
nase and doxorubicin following induction thera
py in the former study and to the introduction 
of high-dose methotrexate (5 g/m2 as a 24 h 
infusion) in the latter. In our recent randomized 
study of high-dose versus lower-dose metho
trexate "upfront window therapy" (i.e., prior to 
multiagent remission induction in newly diag
nosed ALL), the accumulation of methotrexate 
and its active polyglutamate metabolites in blast 
cells was significantly higher in B-lineage than 
T-cell cases [12]. However, in T-cell blasts, high
dose methotrexate produced concentrations 
comparable to those in B-lineage blasts treated 
with lower-dose methotrexate, further support
ing the use of high-dose methotrexate in treat
ing patients with this immunophenotype. In our 
current study, T-cell cases are treated with more 
intensive therapy on the higher-risk protocol, 
which incorporates ten courses of high-dose 
methotrexate during the 1 year of continuation 
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therapy and asparaginase during reinduction 
treatment. 

We (and others) have shown that a leukemic 
cell DNA index between 1.16 and 1.60 is associ
ated with a favorable prognosis [13]. In fact, 
among B-lineage cases with a favorable DNA 
index, age and leukocyte count at diagnosis had 
only a marginal impact on treatment outcome in 
our Study XI (Fig. 5) and in the POG Study 8602 
[14]. More importantly, a favorable DNA index 
is associated with an excellent treatment out
come, even when patients receive antimetabo
lite-based therapy [14]. The biologic basis for 
this finding is not clear, but could be related to 
the tendency of hyperdiploid blasts to accumu
late increased amounts of methotrexate and its 
polyglutamates [12,15]' as well as their marked 
propensity for apoptosis [16]. Thus, we consider 
patients with a favorable DNA index to have 
lower-risk ALL, regardless of their age and 
leukocyte count, provided they do not have any 
of the other adverse features listed in Table 1. 
Among cytogenetic subgroups, cases with the 
Philadelphia chromosome or the t(4;11) have an 
extremely poor prognosis[17,18], although some 
patients with these translocations remain in 
long-term complete remission after treatment 
on our Study XI [19] (Fig. 6). The intensified 
treatment in that study also appeared to nullify 
the poor prognosis previously ascribed to the 
t(1;19). However, it is important to distinguish 
t(1;19) cases with the early pre-B phenotype 
from those with the pre-B phenotype. The for
mer cases lack E2A-PBXl chimeric transcripts 
and their hybrid protein products, and appear 
to have a favorable prognosis with antimetabo
lite-based therapy [20]. Moreover, cases with 
these translocations may be missed by cytoge
netic analysis, even in centers with a high suc-

78 ± 12 

63 ± 22 

50 ± 14 
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Fig. 4. Kaplan-Meier anlaysis of EFS 
according to leukemic cell immuno
phenotype. Numbers on curves reflect 
results at 5 and 10 years 
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cess rate in characterizing leukemic cells [21]. 
Hence, we now perform prospective molecular 
anlaysis to detect the BeR-ABL, ALLl-AF4 and 
E2A-PBXl chimeric transcripts associated with 
the t(9; 22), t(4; 11), and t(1; 19), respectively. 

Fig. 5. Kaplan-Meier analysis of EFS 100 

among B-lineage cases with a favor-
able DNA index ~ 1.16 and ~ 1.60, 80 
according to age and leukocyle 

~ count. Numbers on curves reflect ~ 
results at 5 and 10 years 
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40 .0 
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Early Response to Therapy 

Early treatment responses have previously been 
shown to be important predictors of treatment 
outcome in childhood ALL [22]. We found that, 
in Study XI, the presence of ? 5% blast cells in 
bone marrow aspirates after 2 weeks of remis
sion induction therapy has independent adverse 
prognostic significance [4] (Fig. 7). Hence, pati-
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Fig. 7. Kaplan-Meier analysis of EFS 
according to the presence or absence 
of 5% or more blasts in bone marrow 
aspirates at day J 5 of remission 
induction treatment. Numbers on 
curves reflect results at 5 and J 0 years 
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ents with? 5% bone marrow blasts at day 15 are 
considered at higher risk, regardless of their ini
tial status in our current study. 

Projected Risk Distribution 

With the use of the risk criteria discussed here 
and listed in Table 1, we anticipate that approxi
mately equal members of newly diagnosed cases 
of ALL will fall into the lower- and higher-risk 
groups. When we retrospectively applied these 
criteria to patients treated on Study XI, we 
found that lower-risk cases had a long-term EFS 
approaching 90% (Fig. 8). 

Total XIIIB Study Design and Rationale 

In the Total XIIIB protocol, patients are strati
fied by risk criteria at diagnosis and randomized 
to receive upfront window therapy with (a) 
high-dose intravenous 6-mercaptopurine alone; 
(b) high-dose intravenous methotrexate fol
lowed by high-dose intravenous 6-mercaptop-
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urine; or (c) lower-dose methotrexate followed 
by highdose intravenous 6-mercaptopurine. 
Pharmacokinetic and pharmacological studies 
are performed using bone marrow blasts 
obtained 20 h from the start of 6-mercaptop
urine treatment to provide information on the 
optimal dosage and combination of these age
nts. Induction/consolidation treatment (Table 
3), based on the therapy in Study XI, begins 72 h 
after the start of 6-mercaptopurine treatment 
and is identical for all patients. This regimen 
was chosen because of its potential contribution 
to the overall improved outcome in Study XI 
(Table 2). 

Continuation therapy is based on risk status. 
The lower-risk group receives antimetabolite
based treatment, reinforced by pulses of dexa
methasone plus vincristine every 4 weeks and 
high-dose methotrexate every 8 weeks (Table 4) 
-treatment components that have been shown 
to improve prognosis in lower-risk patients [23, 
24]. We also included a reinduction/intensifica
tion treatment early during continuation ther-

88 ± 17 

63 ± 27 

9 10 

Fig. 8. Kaplan-Meier anlaysis of EFS 
in the Total XI study according to the 
new risk classification (see text). 
Numbers on curves reflect results at 5 
and 10 years 

Table 2. Five-year event-free survival (± SE) of 276 B-lineage cases in Study XI by age 
and leukocyte count at diagnosis 

Leukocyte count Age (years) 

<1 1-2 3-5 6-9 ~1O 

< 10 x 109/1 
EFS(%) 100 87±7 94±3 80±9 77±7 
Percentage of patients(%) 9 18 7 13 
10-49 x 109/1 
EFS(O/O) 33± 19 77±9 88±5 77±11 60± 14 
percentage ofpatients(%) 8 15 5 4 

~ 50 x 109/1 
EFS(%) 17± 11 67± 10 71± 12 13±8 57± 19 
Percentage of patients(%) 2 8 5 3 3 
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Table 3. Study xmB: remission induction and consol
idation therapy (8 weeks) 

Therapy 

Prednisone 
Vincristine 
Daunorubicin 
Asparaginase 
Etoposide plus cytarabine 
High-dose methotrexate 
plus mercaptopurine 

Days 

1-28 
1,8,15,22 
1,8 
2,4,6,8,10,12 
22,25,29 

43,50 

Table 4. Study xmB: continuation therapy for lower
risk ALL (120 weeks) 

Week Therapy 

1 6-Mercaptopurine + methotrexate 
2 6-Mercaptopurine + methotrexate 
3 6-Mercaptopurine + methotrexate 
4 Dexamethasone + vincristine 
56-Mercaptopurine + methotrexate 
6 6-Mercaptopurine + methotrexate 
7 6-Mercaptopurine + high-dose metho-

trexate + triple intrathecal' 
8 Dexamethasone + vincristine 

16-21 Repeat induction. 

'Omitted after 1 year. 

apy, as this component of therapy was credited 
with an improved outcome in the BFM 86 and 
Medical Research Council (MRC) UKALL X pro
tocols that extended to lower-risk patients [11, 
25]. For higher-risk cases, continuation is based 
on the weekly rotation arm of Study XI (see 
Table 5).This regimen included etoposide, given 
on a schedule associated with a low risk of sec-

Table 5. Study xmB: continuation therapy for higher
risk ALL (120 weeks) 

Week 

1 
2 
3 
4 
5 
6 

7 
8 

Therapy 

Etoposide + cyclophosphamide 
6-Mercaptopurine + methotrexate 
Methotrexate + cytarbine 
Dexamethasone + vincristine 
Etoposide + cyclophosphamide 
6-Mercaptopurine + high-dose 

methotrexate' +triple intrathecal' 
Etoposide + cytarabine 
Dexamethasone + vincristine 

16-21 Repeat Induction 
55-57 CNS irradiation (very high risk only) 

'Omitted after 1 year. 

ondary acute myeloid leukemia in the earlier 
study [26]. To improve survival, we have includ
ed high-dose methotrexate and repeated induc
tion therapy to further intensify treatment 
during the 1 year of continuation therapy, and 
substituted dexamethasone for prednisone. 

Study XIIIB should provide valuable infor
mation regarding the optimal use of 
antimetabolities and epipodophyllotoxins. The 
treatment plan should also substantially reduce 
the late sequelae of therapy for childhood ALL, 
especially for patients with lower-risk disease 
without compromising cure rates. 

Future Considerations 

A recent analysis of data from our Study XI iden
tified the persistence of circulating blast cells at 
day 8 of multiagent remission induction therapy 
as a significant, independent adverse prognostic 
factor [27]. If confirmed in other studies, this 
measurement will be valuable because of its sim
plicity and the early information it may provide. 
In Study XII, the growth of leukemia cells on 
stromal-cell culture correlated with treatment 
outcome. That is, higher cell recovery after in 
vitro culture was significantly correlated with 
poorer EFS [28]. Further, the assay identified the 
few hyperdiploid cases that have had an adverse 
event. This method is attractive because, until 
recently, it has been difficult to assess the growth 
potential of leukemic lymphoblasts due to their 
rapid death in vitro by apoptosis. Finally, 
P16INK4a/MTSl was recently found to be one of 
the most commonly deleted tumor suppressor 
genes in childhood ALL [29,30]. Homozygous 
deletion of this gene correlated with T-cell phe
notype, non-hyperdiploid karyotype, and poorer 
EFS. Ultimately, these newly identified prognos
tic factors may further refine risk assessment. 
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Introduction 

Long-term event-free survival (EFS) of children 
with acute lymphocytic leukemia (ALL) has 
improved from 5% in 1965 to 65%-70% today 
[1]. These results, achieved by an increased 
intensity of treatment, have been accompanied 
by an increased incidence of acute (myelosup
pression, infection) and chronic (leukoen
cephalopathy, heart failure, second malignancy) 
complications [2-5]. This has led to the concept 
that treatment should be risk adapted. That is, 
the most intensive regimens should be reserved 
for patients with a poor prognosis while patients 
with a good prognosis may be treated effectively 
with less intensive therapy. 

Prognosis in ALL depends upon a complex 
interaction of patient (age, gender, ethnicity, 
pharmacokinetics) and leukemia cell character
istics (white cell count, WBC; extramedullary 
disease; Lactate dehydrogenase, LDH; cell kinet
ics; ploidy; specific chromosome anomalies; 
surface markers) with therapy (intensive, multi
agent, CNS prophylaxis; early blood or marrow 
response). These factors have been combined in 
multiple ways to define patient groups at lower 
and higher risk of treatment failure. This has 

made it difficult to compare results of protocols 
conducted at different centers. 

The Cancer Therapy Evaluation Program 
(CTEP) of the National Cancer Institute (NCI) 
sponsored a workshop in September 1993 [6]. 
The goal of this meeting was to develop a more 
uniform approach to risk classification of chil
dren with ALL. Participants included the Child
ren's Cancer Group (CCG), Dana Farber Cancer 
Institute (DFCI), the Pediatric Oncology Group 
(POG), and St. Jude Children's Research Hos
pital (SJCRH). Recommendations from this con
ference have been combined with studies of 
leukemia cell ploidy and cytogenetics to develop 
risk-adapted treatment strategies for POGo 

Material and Methods 

Statistical Methods 

Actuarial (EF) curves were constructed by the 
method of Kaplan-Meier, with standard errors 
ofPeto and coworkers. Multivariate analysis was 
conducted using the Cox proportional hazard 
model with forward variable selection. 
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Results and Discussion 
Risk Classification Recommendations: 
CTEP/NCI Conference 

Patient age and WBC at diagnosis are important 
prognostic factors in almost all studies of chil
dren with ALL. However, even these easily 
obtained parameters have been used in widely 
discrepant ways to define risk groups. For exam
ple, Table 1 shows criteria for lowest risk as 
employed by the NCI conferees. 

In an attempt to develop uniform risk criteria 
using age and WBC at diagnosis, outcomes were 
tabulated for children with B-precursor ALL 
treated on recent protocols by CCG (100 and 
1800 series) or POG (ALinC 14). Results are 
shown in Table 2. These data were then com
bined to produce simplified risk group as shown 
in Table 3. Conferees agreed to use these defini
tions in the design and reporting of clinical tri
als. It is interesting to note that the consensus 
risk group definitions are similar to those used 

Table 1. Age and WBC criteria for lowest-risk Group. Adapted from [6] 

Group 

CCG 

DFCI 

POG 

S]CRH 

Age 
(years) 

2-9 

2-8 

1-2,6-10 
3-5 
Any age/WBC if DNA 
index is > 1.16 
1-10 

WBC 
(l1l1) 

<10000 

<20000 

< 10000 
< 100000 

<25000 

Other factors 

No lymphoma syndrome 
Platelets > 10' if male 
Remission by day 28 
No CNS leukemia 
No mediastinal mass 
NotT-cell 
No t (9; 22) 
No CNS leukemia 
Not T-cell 
No t (9;22) or t (1;19) 

No CNS leukemia 
No t (9;22) or t (1;19) 
DNA index 1.16-1.60 

Table 2. Four-year event-free survival of children with B-precursor ALL treated by CCG (100 and 1800 series) 
and POG (ALinC 14). Adapted from [6] 

Age (years) 

WBe (x1031/l1) 
< 10 
10-49.99 
>50 

1-2 3-5 6-9 >10 

(n) (%) (n) (%) (n) (%) (n) (%) 

490 82.9 937 84.7 437 82.0 406 69.6 
436 74.6 608 74.5 205 80.2 236 59.2 
278 68.3 280 73.9 122 47.5 140 41.1 

Table 3. Uniform age and WBC criteria for standard-and higher-risk B-precursor ALL 
adopted at the CTEP/NCI Workshop. Adapted from [6]) 

Risk group Definition 4-Y ears% EFS Percentage of patients 

Standard Age 1-9 years 80.3 68 
and 
WBC < 50000/lll 

Higher Age> 10 years 63.9 32 
or 
WBC> 50000/111 
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at a workshop held at the Catholic University of 
Rome in October 1985 [7]. 

Several other factors may have prognostic 
significance in children with ALL. However, 
conferees felt that additional data were needed 
before incorporating them into risk group defin
itions. Agreement was reached to uniformly col
lect information on the items listed in Table 4. 
The prognostic import of each of these factors 
will be assessed in the setting of the age/WBC 
risk group definitions. 

Ploidy (DNA Index) 

A leukemic cell chromosome content greater 
than 50 is associated with a favourable progno
sis in children with ALL (with the exception of 
rare tetraploid cases) [8]. Ploidy can be assessed 
within two to four chromosomes using flow 
cytometry. The ratio of the DNA content of 
leukemic Go/G J cells to that of normal diploid 
cells is termed the DNA index. A DNA index> 

Table 4. Prognostic factors to be uniformly collected 
in children with ALL. Adapted from [6] 

1. Age 

2. WBC 
3. DNA index (ploidy) 
4. Cytogenetics 
5. Immunophenotype (B-lineage vs. T-lineage) 
6. CNS status (no blasts vs. WBC < 5 with blasts 

vs. WBC > 5 with blasts) 
7. Early treatment response (day 7 or 14 marrow) 

Table 5. ALinC 14 treatments 

Type Therapy 

1.16 corresponds to a modal chromosome num
ber of 53. POG has previously shown that 
leukemic cell ploidy is a strong prognostic factor 
in ALL. Using age, WBC, and DNA index of 
marrow blasts at diagnosis, three subgroups of 
patients treated on the POG ALinC 14 study of 
B-precursor ALL (Table 5) were analyzed: (a) 
DNA index> 1.16, any age or WBC; (b) DNA 
index < 1.16, age> 11.0 years, WBC < 50000/f!l; 
and (c) DNA index <1.16, age> 11.0 years 
and/or WBC> 50000/1l1. These groups com
prised 20%, 53% and 27% of the patients and 
had 4-year EFS rates (± SE) of 90.1% (6.3%), 
80.5% (5.1%), and 50.4% (7.6%) [9]. It should be 
noted that a DNA index> 1.16 is seen in only 
2% of children with T-cell ALL and in 3% of 
infants (age < 1.00) with ALL. Therefore ploidy 
is of limited value in these two groups. 

Trisomies of Chromosomes 4 and 10 

In the POG ALinC 14 study of B-precursor ALL, 
trisomies of several individual chromosomes 
were associated with a favourable prognosis in 
univariate analyses. However, in that same 
study, trisomies of both chromosomes 4 and 10 
was a very favourable prognostic factor that 
retained significance in multivariate analysis 
which also included: age, WBC, DNA index, gen
der, race, CDw CDw CDw pre-B phenotype and 
translocations [10]. 

Trisomies of both 4 and 10 are seen in 70% of 
patients with a DNA index> 1.16, but in only 
4% with a DNA index '" 1.16. Both the DNA 
index and trisomies of both 4 and 10 are signfi-

Induction 

CNS protection 

Intensification (randomized) 

Prednisone, vincristine, asparaginase 

Triple intrathecal (age adjusted) 

Continuation 

A. IDMTX every 3 weeks x 6 
B. A. + E. coli ASP every week x 24 
C. IDMTX + ID-C every 3 weeks x 6 
D. IDMTX + ID-C every 12 weeks x 6 

Weeldy i.m. methotrexate + 
daily oral mercaptopurine 
Vincristine+prednisone 
pulses at 8-16-week intervals x 8 

IDMTX, intermediate-dose (l gm/m') methotrexate i.v. in 24 h; ID-C, 
intermediate-dose cytosine arabinoside (1 gm/m') i.v. in 24 h (overlaps 
with last 12 h of IDMTX); E. coli ASP, Escherichia coli asparaginase 
(25000 units i.m.). 
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cant predictors of outcome. However, as shown 
in the ALinC 14 EFS curves in Fig.l, trisomies of 
both 4 and 10 is a more important predictor of 
outcome than the DNA index when informative 
cytogenetic results are available. Similar results 
are emerging from the ALinC 15 protocols, 
which use different intensification regimens. 

As mentioned previously, a DNA index > 
1.16 is unusual in children with T-ALL and in 
infants with ALL. Since trisomies of both 4 and 
10 are rare when the DNA index is < 1.16, the 
presence of trisomies of both 4 and lOis of lim
ited value in these two groups. 

Risk-Adapted Therapy for B-precursor All 

The CTEP/NCI conference consensus definition 
of standard risk, trisomies of both chromo
somes 4 and 10, and DNA index were used to 
retrospectively analyze outcomes of patients 
treated with the least intensive regimen of POG 
ALinC 14 (regimen A, Table 5). Selected patients 
satisfied the following criteria: (a) age 1.00 to 
9.99 years; (b) WBC < 50000/lll; and (c) either 
trisomies of both chromosomes 4 and 10 or (if 
cytogenetics were normal or unknown) DNA 
index> 1.16. This subgroup has a 4-year EFS of 
95% (SE ± 6%). We are currently prospectively 
treating this proposed very low-risk subgroup 
with a slight modification of ALinC 14 regimen 
A (POG ALinC 16, regimen 9201). The ability to 
cure a substantial proportion of children with 
relatively gentle chemotherapy would result in 

80 

20 

01 .. & 10 
>1.16 Present 
",.16 Present 
>1.16 Not Present 
""16 Not Present 

2 

significant decreases in both toxicities (acute 
and long-term) and costs. 

The consensus risk groups, trisomies of both 
chromosomes 4 and 10, and DNA index are 
being used to prospectively direct therapy on 
the POC ALinC 16 protocols for children with B
precursor ALL. The factors guiding these deci
sions are summarized in Table 6. Treatment 
regimens are summarized in Table 7. The per
centage of patients assigned to the very low-risk 
(POG 9201), standard-risk (POG 9405), and 
higher-risk (POG 9406) studies is expected to be 
20%, 50%, and 30%, respectively. From results 
of previous POG studies we estimate that long
term EFS will be 95%, 80%-85%, and 70%-75% 
in the very low-risk, standard-risk, and higher
risk cohorts. Overall EFS would then be 
80%-84%. As can be seen, the intensity of thera
py on these protocols is directly related to the 
risk of relapse. Thus, adapting the intensity of 
therapy to the risk of relapse. Thus, adapting the 
intensity of therapy to the risk of relapse holds 
promise to maximize cure while limiting expo
sure of patients to unnecessary toxicities. 
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Fig. I. EFS on the POC; ALine 14 protocol as a function of DNA index (DI) and trisomies of both chromosomes 4 
and 10. Patients had B-precursor ALL and were> 1.00 year old. Patients with normal Of unknown cytogenetics 
are not shown 
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Table 6. ALinC 16 treatment allocation algorithm 

Consensus risk group Cytogenetics Trisomies 4/10 DNA index Treatment' 

Induction 
Post Induction 
Standard 3 Drugs 
Higher or 
standard but + 
CNS/testes 4 Drugs 
Post Induction 
Standard Abnormal Present Any 9201 VLR 

Absent Any 9405 SR 
Normal/unknown > 1.16 9201 VLR 

< 1.16 9405 SR 
Unknown 9405 SR 

Higher Abnormal Present Any 9405 SR 
Absent Any 9406HR 

N ormaVunknown > 1.16 9405 SR 
< 1.16 9406HR 
Unknown 9406HR 

Any but 
CNS+ 
testes+ 
t(9;22) Any Any 9406HR 
t(4;11) 
t(1;19) 

'VLR, very low risk; SR, standard risk; HR, higher risk. Bold type indicates patients whose risk group (and there
fore treatment intensity) is lowered by the presence of trisomies or an elevated DNA index. 

Table 7. AlinC 16 treatments 

Risk 

very low 
standard 

Higher 

Type 

Induction 
CNS protection: 
Intensification (randomized) 

Continuation 

Induction: 
CNS protection: 
Intensification doubly randomized) 

Continuation 

Therapy 

See regimen A, Table 5 
Prednisone, vincristine, asparaginase 
triple intrathecal (age adjusted)' 
A. IDMTX (1 gm/m') + i.v. MP (1 gm/m2) x 12 
vs B.IDMTX (2.5/gm/m')+ i.v. MP(1 gm/m') x 12 
Weeklyi. m. methotrexate 
(randomized) oral mercaptopurine 
37.5 mg/m' bid vs 75 mg/m' qd. 
Prednisone, vincristine,asparaginase,daunorubicin 
Triple intrathecal (age adjusted) 'h 

Week I-DMTX (1 vs. 2.5 gm/m') i.v. MP (1 gm/m') 
Week 2 - methotrexate 
p.o. mercaptopurine 
Week 3-arac-C (3 gm/m2 i.v. q 12 h x 4) 
PEG asparaginase (1000 U/m2 h 42) 
or 
ara-C (150 mg/m2/24 h i.v. x 72 h) 
VM-26 (165 mg/m' i.v. days 1,2) 
Weeks 6,7-Same as weeks 1,2 
Weeks 8-ara-C (150 mg/m'/24 h i.v. x 72 h) 
Daunorubicin (3p mg/m' i.v. days 1,4) 
Prednisone (40 mg/m2 p.o. days 1-8) 
Vincristine (1.5 mg/m' i.v. days 1,8) 
PEG asparaginase (2500 Ulm' i.m. day 1) 
Repeat this lO-week cycle x 3 (total 30 weeks) 
i.m. methotrexate weekly 
p.o. mercaptopurine daily 

'Patients with CNS 2 status receive extra doses of i.th. medications. 
b Patients with CNS 3 status receive craniospinal irradiation after completion of intensification; PE6, poly
ethylenglycol treated E. coli asparaginase; VM-26, teniposide. 
IDMTX, intermediate-dose methotrexate, MP mercaptopurine; ara-C, cytosine arabinoside. 
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Introduction 

Intensive multiagent chemotherapy has resulted 
in remarkably improved event-free survival 
(EFS), approaching 80% in children with B non
Hodgkin lymphomas (B-NHL) [1,2]. In con
trast, conventional treatment of childhood 
B-NHL in St. Petersburg, especially in advanced 
stages, has continued to be associated with a 
poor prognosis, the overall long-term survival 
not exceeeding 40%. Reports of improved 
results obtained with Berlin-Frankfurt-Munster 
(BFM) regimens from Germany [2,3] have 
motivated us to start treatment of children with 
B-NHL with a modified BFM 90 protocol [4]. 

Patients and Methods 

Patients. From Feburary 1992 to November 1994, 
23 newly diagnosed children with B-NHL (20 
males, three females) aged 3-14 years were treat
ed with a modified B-NHL BFM 90 protocol; 21 
of the 23 patients had an abdominal tumor and 
two a primary tumor at the neck. Diagnosis of B
cell NHL was histologically confirmed in 20 
patients and was based on French-American
British (FAB) 13 morphology [5) of lympho
blasts in malignant effusions in three patients. 
Immunohistochemical analyses were performed 
in ten cases. The tumors included were high
grade malignant B cell NHL according to the 
updated Kiel classification [6). The extent of the 

disease was determined by physical examina
tion, ultrasonography, X-ray, skeletal scintigra
phy, scintigraphy with Ga-67, peripheral blood 
count, and examination of bone marrow and 
cerebrospinal fluid. Staging was performed 
according to the St. Jude staging system [7). 
Three patients had stage II, ten stage III, and ten 
stage IV (two also with CNS involvement). All 
children were stratified into risk groups accord
ing to the criteria given by the original B-NHL 
BFM 90 protocol [4): two patients had risk group 
2, and 21 patients risk-group 3. Initiallaparoto
my was performed in 19 patients, in five of them 
as an emergency procedure. 

Treatment. The following modifications of the 
original BFM 90 protocol were made: (a) the 
dosage of Lv. methotrexate (MTX) was reduced 
from 5 g/m2 to 1 g/m2 (24-h infusions) followed 
by 15 mg/m2 citrovorum factor Lv. at 48 and 54 
h; (b) in the two patients with initial CNS 
involvement an Ommaya or Rickham reservoir 
was not implanted; (c) only one double dose of 
cytosine arabinoside (ara -C}/MTXlPrednisone 
(PRED) was applied L tho in all chemotherapy 
blocks, instead of two injections (blocks AA and 
BB) or instead of intraventricular chemotherapy 
(AAz and BBz). Complete resection of abdomi
nal primary tumors was performed in two 
patients. Seventeen patients underwent partial 
resection or biopsy. Both procedures entailed no 
postoperative complications, and chemotherapy 
was started without delay. Complete remission 
was defined as no evidence of localized disease 

'Department of Pediatric Oncology and Hematology, Center of Advanced Medical Technologies, St. Petersburg, 
Russia 
'Department of Pediatric Oncology, Petrov Research Institute of Oncology, St. Petersberg, Russia 
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(confirmed by computerized tomography in all 
patients) and absence of FAB L3 lymphoblasts 
in bone marrow, peripheral blood, and cere
brospinal fluid. 

Results 

Side Effects ond Complications. Severe depletion of 
peripheral blood cells was frequently seen after 
chemotherapy. Transfusions of red blood cells 
and platelets were given to 60% of the patients 
after the first two blocks and to 30% after subse
quent blocks. All patients developed neutrope
nia, 40% of them had different infectious 
complications (pneumonia, enterocolitis, sepsis, 
fever of unknown origin). One patient developed 
peritonitis (after the first AA block) due to per
foration of the bowel. He received a colostomy 
and chemotherapy was continued. Stomatitis 
was observed in all patients after the first AA and 
BB blocks and only in one third of patients after 
subsequent blocks. The duration of cytopenia 
was longest after the first AA and BB blocks 
(median 8 days). After the second AA and BB 
blocks the average duration of bone marrow 
depression was 5 days, while after the third AA 
and BB blocks aplasia was observed only in two 
patients. After the CC block the bone marrow 
depression did not exceed 7 days. The average 
interval between the blocks was 25 days, so that 
delays longer than 10 days were not necessary. 
Two toxic deaths were observed: one 5-year-old 
boy with stage 3 abdominal B-NHL developed 

>... 

1.0 

o.e 

:: 0.6 -D 
III 
D 
o 0.4 
l-
n. 

severe enterocolitis after the first AA block and 
died on the 18th day after the beginning of thera
py. A 14 year-old girl with stage IV B-NHL died 
in complete remission (CR) due to candida sep
sis after the fifth block of chemotherapy. 

Treatment Results. Two patients were nonrespon
ders and died due to progression of the disease 
(Table 1). One patient suffered early death due 
to enterocolitis. CR was attained in 20 patients 
(87%), after the first two blocks (AA and BB) in 
15 patients and after the third and fourth 
blocks in five patients. One patient died in CR 
due to Candida sepsis. One patient developed a 
local abdominal relapse 6 months after diagno
sis and died due to tumor progression. Eight
een patients are in continuous CR. As of 1 
April, 1995, the probability of event-free sur
vival [8] at 36 months (Kaplan-Meier analysis) 
is 78% (Fig. I). 

Table 1. Treatment results (as of 1.04.1995) 

Patients 
Early death 
Nonresponders (died) 
Complete remission 
Death in CR 
Relapse (died) 
InCCR 

(n) 

23 

2 
20 

18 

0.78;50=0.09 

0.2 
__ Event-free Survlval: N- 23. 5 events 

O.O+---------_.r----------r----------~--------_. 
o 2 3 4 

Years 

1.4.95 

Fig. 1. Kaplan-Meier analysis [8] for event-free survival: the probability of survival in first remission after 6 
months to 3 years is 78% (identical with probability of overall survival, not depicted herel 

645 



Discussion 

The results obtained with the modified B-NHL
BFM protocol are clearly superior to the histori
cal control of our group. As most relapses in 
B-NHL occur in the first 6 (-12) months [1-4], 
considerable changes in the results of our series 
are not expected. 

The toxicity of the therapy is high, but can be 
kept within tolerable limits. Of course, final con
clusions can be drawn only from a larger num
ber of patients, which can be collected only in 
cooperative studies. Nevertheless, our prelimi
nary results are encouraging. It will be of inter
est to evaluate the efficacy of 1 g/m2 MTX 
instead of 5 g/m2 in the modification of B-NHL
BFM 90 protocol. In conclusion, improved out
come in childhood B-NHL and the feasibility in 
a department whose members had no previous 
experience with such an intensive treatment 
regime was demonstrated. 
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Introduction 

Despite modern intensive treatment, relapses 
occur in about 25% children with acute lym
phoblastic leukemia (ALL). After the central 
nervous system (CNS), the testes are the second 
most frequent site of an extramedullary relapse 
[1]. The incidence of testicular relapses has been 
decreased by intensification of front-line regi
mens, mainly by the introduction of intermedi
ate-dose or high-dose methotrexate (MTX) 
[2-6]. When salvage therapy of an isolated 
relapse consisted of local treatment, alone or in 
combination with mild chemotherapy, a subse
quent bone marrow relapse occurred in a high 
percentage of boys [3,7-9]. Therefore, intensive 
systemic salvage therapy is necessary to achieve 
favorable results in boys with isolated as well as 
combined testicular relapse [10-13]. The aim of 
this study was to evaluate the efficacy of tumor 
load-adapated chemotherapy in boys with first 
overt testicular relapse, treated according 
to four consecutive Berlin-Frankfurt -Miinster 
(BFM) relapse protocols. 

Patients and Therapy 

Eligible for this study were all boys up to 18 
years of age with a first overt isolated or com
bined testicular relapse of non-B cell leukemia 
irrespective of the immune phenotype, first-line 
treatment, and site of initial manifestation of 

IUniversity Children's Hospital of Berlin Germany 
'University Children's Hospital of Hannover, Germany 
"University Children's Hospital of Munster, Germany 

leukemia. Signed informed consent was ob
tained. In all trials, treatment was stratified 
according to time and location of the relapse. 
Early relapses at any time thereafter. Combined 
testicular relapse (CTR) were defined by bone 
marrow involvement exceeding 5% Iympho
blasts. Accordingly, isolated testicular relapses 
(ITR) were diagnosed in cases of testicular 
leukemic infiltration without marrow invol
vement. 

The study design is shown in Fig.1. 
Treatment started with multiagent chemothera
py courses. In trials ALL-REZ BFM 83, 85, and 
87, two different courses RI and R2, and in trial 
ALL REZ BFM 90 three different courses Rl, R2, 
and R3 were given in alternating sequence with 
scheduled intervals of 3 weeks. Course Rl con
sisted of prednisone (or dexamethasone), mer
captopurine, vincristine, MTX, cytarabine, and 
asparaginase; course R2 of dexamethasone, 
thioguanine, vindesine, MTX, daunorubicin, 
ifosfamide, and asparaginase; and course R3 of 
dexamethasone, cytarabine, etoposide, and 
asparaginase. All courses except for R3 con
tained intermediate-dose or high-dose MTX. 
Intermediate-dose MTX was given at a dose of 
500 mg/m2 as a 24 h infusion in trial ALL-REZ 
BFM 83 and of I glm' as a 36-h infusion in sub
sequent trials [14]. In trials ALL-REZ BFM 85 
and 90, patients were randomized to receive 
intermediate-dose MTX (I glm' as a 36-h infu
sion) or high-dose MTX, which was dosed 12 
glm' as a 4-h infusion or 5 glm' as a 24-h infu
sion, respectively [IS]. 
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Fig.la,b. ALL-REZ BFM Study design; a ITR; b CTR 

Boys with an ITR generally received six 
courses, seven patients received only four cours
es in the first trial. Depending on the time of 
relapse and study design, two or three addition
al courses (a total of eight or nine) were given to 
patients with concomitant bone marrow 
involvement. CNS prophylactic treatment con
sisted of intrathecal MTX in trials ALL-REZ 
BFM 83 and 85. In trials ALL-REZ BFM 87 and 
90, triple intrathecal therapy (MTX, cytarabine, 
prednisone) was repeatedly administered during 
each course of chemotherapy, and patients with 
bone marrow involvement additionally received 
12-18 Gy cranial irradiation. Conventional 
maintenance therapy with daily oral thiogua
nine and biweekly intravenous MTX was given 
for 1 year in ITR patients and for 2 years in CTR 
patients [14]. Bone marrow transplantation 
(BMT) was optional depending on the individ
ual decision of patients, parents, and attending 
physicians. Allogeneic BMT was performed in 
11 patients, for whom an HLA identical donor 
was available. In two boys autologous BMT was 
carried out. 

Local treatment of an unilateral testicular 
relapse comprised orchiectomy of the involved 
testis and radiation (12-24 Gy) of the contralat
eral testis. In bilateral relapse, both testes were 
irradiated (24 Gy). Orchiectomy has been per-
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formed at diagnosis, and irradiation was applied 
after completion of the courses. 

Results 

Since 1983, a total of 114 boys with first overt 
testicular relapse, median age 7.6 years (range 
1-16 years), have been treated according to the 
BFM relapse trials, 59 boys with ITR and 55 boys 
with CTR. All patients had received intensive 
front-line therapy, the majority (82%) according 
to BFM protocols. Patient characteristics are 
given in Table 1. 

Of 114 boys 112 (98%) achieved complete 
remission (CR). Two patients with CTR did not 
respond to therapy. No induction death 
occurred. BMT was performed in 13 patients 
(11 %). Excluding these patients from analysis 
did not change any of the results substantially. 
Three patients died in CR because of therapy
related complications, two after allogeneic BMT, 
and one after the third course of chemotherapy. 
In 46 patients, a second relapse occurred. Sixty
three patients are still in continuous CR after a 
median observation time of 5 years (range 1-10 
years). 

Event-free survival (EFS) rates at 8 years were 
0.53 ± 0.07 in patients with ITR and 0.52 ± 0.07 



Table L Patient characteristics 

Testicular relapse Isolated 

Patients (n) 
Age at relapse-Median 
Range (years) 
Duration of CR-Median, 
Range, (months) 

Time of relapse 
Early relapse (n) 
Late relapse (n) 

Immunological phenotype 
C-ALL (n) 
Pre-B (n) 
Pre-pre-B (n) 
Hybrid (n) 
T cell (n) 
Not done 

Treatment protocol 
ALL-REZ BFM 83 (n) 
ALL-REZ BFM 85 (n) 
ALL- REZ BFM 87 (n) 
ALL-REZ BFM 90 (n) 

BMT 
Allogeneic (n) 
Autologous (n) 

59 
8.4 
1-16 
30 
10-119 

32 
27 

35 
7 
2 

10 
4 

7 
0 
7 

35 

3 
2 

Combined 

55 
7.5 
3-16 
33 
12-68 

15 
40 

36 
12 
2 

2 
3 

4 

15 
31 

8 

in patients with CTR (Fig. 2). Patients with late 
relapses occurring beyond 6 months after elec
tive cessation of front-line therapy had a signifi
cantly better outcome than patients with early 
relapses (EFS 0.66 ± 0.06 vs.0.33 ± 0.07, P < 
0.001, Fig.3). EFS rates of patients with early ITR 
(0.32 ± 0.09) and early CTR (0.37 ± 0.13) were 
virtually identical. Likewise, bone marrow 
involvement was not of statistical significance in 
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patients with late relapses (EFS 0.78 ± 0.09 for 
ITR and 0.S7:L 0.08 for CTR, p > .05). 

Discussion 

In the experience of the BFM relapse trials, 
patients with bone marrow relapse and con
comitant extramedullary involvement had a sig
nificantly better prognosis than patients with 
isolated bone marrow relapse [16]. The Pediatric 
Oncology Group reported significantly better 
results in boys with early ITR compared to boys 
with early isolated bone marrow relapse [12]. 
One explanation for the better outcome of 
patients with extramedullary relapses is that 
relapses originating from leukemic blast cells in 
the bone marrow are caused by selected drug 
resistant clones, whereas extramedullary relaps
es are caused by blasts, which are protected 
from the pressure of selection in a sanctuary 
and remain more susceptible to therapy. This 
implies that ITR or CTR are caused by leukemic 
blasts with other biological qualities than isolat
ed bone marrow relapses. 

This study was conducted to evaluate the effi
cacy of tumor load-adapted chemotherapy in 
boys with ITR and CTR and to prove whether 
concomitant bone marrow involvement has an 
impact on the prognosis. Regarding the etiology 
of testicular relapse, two theories are discussed. 
Testicular relapse could be caused by leukemic 
cells which hibernate in the testes and cause a 
systemic relapse by emigration and proliferation 
in the bone marrow. On the other hand, the 
testes could be a privileged site for an early 
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Fig. 2. Probability of EFS in boys with overt testicular relapse. The outcome of patients with ITR (solid 
line;n = 59; 33 in CCR) or CTR (dotted line; n = 55; 30 in CCR) identical. Slash indicates last follow up 

649 



>- 1.0 
~ -.J -= < = 0 a: '-, .66 (SO .06) 
0- ·I .. ~ 

0.5 
, 
, , , 
'---

'--,-----~ ___________________________________ .33 (SO .07) 
rn 
u.. 
w 

p ( .001 

Fig.3. Probability of EFS in boys with overt testicular relapse. Patients with late relapse (upper curve; n = 67; 46 
in CCR) have a significanty better outcome than patients with early relapse (lower curve; n = 47; 17 in CCR). Slash 
indicates last follow up 

manifestation of underlying systemic disease 
which could not evolve as a primary systemic 
relapse due to immunological or therapeutical 
systemic control of the disease. However, in ITR 
there is evidence that leukemic involvement is 
not restricted to the testes because involvement 
of abdominal lymph nodes, liver, and spleen 
were found at diagnosis and local treatment 
alone could not prevent subsequent bone mar
row relapse in almost all cases [8,17-20]. 
Therefore an ITR could be regarded as an early 
stage of a systemic relapse differing from a CTR 
by a lower leukemic cell burden. 

In respect to the higher tumor cell load, ALL 
-REZ BFM protocols provide additional courses 
of chemotherapy for patients with CTR. The 
results of this study documented no singnificant 
difference in the outcome of patients with ITR 
and CTR. This was in agreement with the results 
of a previous analysis comparing the outcome of 
patients with ITR and CTR individually treated 
by intensive chemotherapy before 1982 [21]. 

Concerning the outcome of patients with 
CTR, there were no data available from compa
rable trials. The outcome of the patients with 
ITR is in accordance with the results of recent 
studies employing a similar therapeutic 
approach. In accordance with the results of 
these studies, duration of first remission was a 
main prognostic factor in the study presented 
here [10-13]. For boys with ITR occuring on 
therapy, EFS rates of 20% and 43% were report
ed [11,13]. An EFS rate of 40% was observed for 
boys with an early ITR [12]. Boys with late tes
ticular relapses had a substantial better outcome 
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with an EFS rate of 84% at 4 years [11]. In a 
small group of ten patients relapsing later than I 
year after completion of therapy no subsequent 
relapse was observed [12]. 

The presented analyses show results obtained 
from a large cohort of boys with ITR or CTR. In 
summary, treatment according to the concept of 
the BFM relapse trials is effective in boys with 
testicular relapse. One third of patients with 
early relapse and two thirds of patients with late 
relapse can be rescued by salvage therapy. 
Irrespective of time of relapse, results are com
parable in boys with and without concomitant 
bone marrow involvement. We conclude that 
patients with combined relapses may have a 
benefit from the additional courses of 
chemotherapy given in respect to the higher 
leukemic cell burden. On the other hand, testic
ular relapse, ITR as well as CTR, might be better 
accessible to treatment in general because they 
evolve from extracompartments and therefore 
leukemic cells may be less resistant. 
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Acute Cholecystitis Complicating Intensive Chemotherapy 
of Childhood Acute Lymphoblastic Leukemia 

T. Urasinski', A. Brodkiewicz', A. Walecka', E. Kamienska', J. Peregud-Pogorzelski', and J. Fydryk' 

Abstract. Acute cholecystitis is a rare disorder in 
the pediatric age group over 10 years of age; 
female gender, obesity, and chronic hemolysis 
are considered to be predisposing factors. We 
report on three cases of acute cholecystitis com
plicating intensive chemotherapy of childhood 
acute lymphoblastic leukemia. 

Introduction 

The gastrointestinal tract is a common source of 
infection in neutropenic patients. Under normal 
conditions, the gastrointestinal mucosa acts as a 
mechnical barrier for external pathogens. In 
almost all leukemic patients it is disrupted or 
damaged from intensive chemotherapy, offering 
a potential site for bacterial, fungal, and viral 
colonization, invasion, and infection [1]. Acute 
cholecystitis is a rare disorder in the pediatric 
age group over 10 years of age; female gender, 
obesity, and chronic hemolysis are considered 
to be predisposing factors [2, 3]. We report on 
three cases of acute cholecystitis complicating 
intensive chemotherapy of childhood acute lym
phoblastic leukemia (ALL). 

Case Reports 

Case 1. A 3-year-old girl, diagnosed as having 
low-risk ALL was treated with the ALL 
Berlin-Frankfurt-Miinster (BFM) 86 protocol. 
On day 28 of protocol I she developed septic 

fever with chills and abdominal pain localized in 
the epigastric region, accompanied by nausea 
and vomiting and a positive Murphy sign. There 
were neither abdominal guarding nor jaundice. 
These symptoms occurred during granulo
cytopenia, after the seventh dose of L-asp
araginase. Abdominal ultrasound revealed a 
distended gallbladder with a thickened wall. 
Blood culture was negative. The diagnosis of 
acalculous cholecystitis was made. Treatment 
with cephotaxime and metronidazole resulted in 
rapid resolution of all, including ultrasono
graphic, symptoms. 

Case 2. A 4-year-old girl treated with the 
ALL-BFM 86 protocol for medium-risk ALL 
became neutropenic and febrile during protocol 
I, after the second dose of L-asparaginase. She 
complained of pain localized in the right 
abdominal quadrant, with a positive Murphy 
sign, nausea and vomiting. On physical exami
nation, a tender mass was felt below the right 
costal margin. Abdominal ultrasound demon
strated an enlarged gallbladder with irregularity 
and thickening of its wall. Intravenous adminis
tration of carbenicillin and cephotoxim com
bined with metronidazole was followed by 
complete recovery and regression of abnormali
ties seen on ultrasound examination. 

Case 3. A 10-year-old boy was treated with 
ALL-BFM 86 for standard-risk ALL. While neu
tropenic during protocol II, he developed septic 
fever and acute epigastric pain accompanied by 
nausea and vomiting. Physical examination 
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revealed abdominal tenderness and guarding, 
with a positive Murphy sign. A distended gall
bladder with a thickened wall and no stones 
were seen on abdominal ultrasound. Treatment 
with cephotaxime plus metronidazole resulted 
in a brisk clinical recovery. 

Comment 

Acute cholecystitis is still a rare disorder, 
accounting for less than 1 % of acute abdominal 
pain in children [1, 2, 4]. In most cases, it is 
rather a complication of underlying disease than 
an isolated disorder. Several authors have 
emphasized that many children with acute 
cholecystitis had acute systemic illness such as 
hemolytic disease, streptococcal septicemia or 
erysipelas. We previously reported on acute 
cholecystitis as a complication of Wilm' s tumor 
or nephrotic syndrome [41. 

It is suggested that the etiology is not entirely 
infectious, but rather results from associated 
dehydration and stagnation of bile. On the other 
hand, this dehydration and bile stagnation may 
predispose to infection [3,5]. 

Acalculous cholecystitis can be a complica
tion seen after bone marrow transplantation in 
adults with acute leukemia [61. Leukemic infil
trates of the gallbladder presenting as acute 
cholecystitis are rarely seen in adult patients 
with relapsed acute leukemia [7, 8]. Reports on 
acute cholecystitis in children with leukemia are 
very limited [9]. 

Symptoms of acute cholecystitis in children 
are acute upper right quadrant or epigastric 
pain, and fever and vomiting similar to those 
seen in adults. This triad was observed in all our 
patients. It is worth noting that in all of them the 
Murphy sign was also positive. We share the 
opinion of Greenberg et al. [9] that ultrasonog
raphy should be the screening test for any child 
who presents with the above symptoms. 

Three ultrasonographic signs are typical for 
gallbladder disease: a markedly thickened 
sonolucent gallbladder wall, a thickened hyper
reftectivr irregular wall, and cholelithiasis. Most 
cases of cholecystitis in children are acalculous; 
thus particular attention should be directed 
towards evaluation of the gallbladder wall [9]. 
Changes were seen in all the patients, forming 
the basis for diagnosis. However, it must be kept 
in mind that other conditions such as ascites, 
hypoalbuminemia, cardiac failure, and renal 

disease can cause thickening of the gallbladder 
wall [10]. 

Conservative management rather than surgi
cal intervention seems to be the treatment of 
choice in pediatric cancer patients with acute 
acalculous cholecystitis. Hydration, broad-spec
trum antibiotics, and nasogastric decompres
sion usually treat the acute process of 
cholecystitis [51. This was seen in the patients 
reported; empiric antibiotics combined with 
other means of supportive therapy resulted in 
resolution of clinical symptoms and regression 
of ultrasonographic changes. This report aimed 
to draw attention to the fact that acute cholecys
titis can be a septic complication in granulocy
topenic children treated for ALL. 
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Abstract. We previously reported the favorable 
prognosis associated with positive peanut agglu
tinin (PNA) binding in childhood T-cell acute 
lymphoblastic leukemia (ALL), and hypothe
sized that this may be related to glucocorticoid 
sensitivity. The purposes of this prospective 
study involving 43 children with newly diag
nosed T-cell ALL were to determine the relation 
between PNA binding and in vitro resistance to 
prednisolone (PRD) and dexamethasone 
(DXM), in vivo response to a systemic PRD 
monotherapy (plus one intrathecal injection 
with methotrexate) and to multidrug 
chemotherapy. PNA positivity was found in 28 
(65%) out of the 43 cases. PNA-negative samples 
in vitro were not more resistant to PRD or DXM 
than PNA-positive samples. However, in 38 
evaluable T-cell ALL patients, nine out of 13 
PNA-negative cases were poor responders to 
PRD in vivo, while all 25 PNA-positive cases 
were good responders to PRD in vivo 
(p<0.0001). PNA-positive patients had a 3.4-
fold (95% confidence interval, CI, 1.1-10.4, 
P = 0.03) lower relative risk of any event than 
PNA -negative patients. The 3-year probability of 
event-free survival was 0.81 for PNA-positive 
patients and 0.40 for PNA-negative patients. In 
conclusion, PNA positivity is a marker for a sub
group of T-cell ALL patients who are very likely 
to respond well to systemic PRD monotherapy. 
In addition, PNA positivity is a favorable prog
nostic factor regarding event-free survival in 
childhood T-cell ALL. 

Introduction 

Peanut agglutinin (PNA) is a lectin derived from 
the plant Arachus hypogea, which binds to ter
minal nonreducing galactose residues on the cell 
membrane. It has especially been used to char
acterize thymocytes and lymphocytes [1,2]. 
Subsequently, PNA binding was introduced to 
study leukemias, among other hematopoietic 
malignancies [3-10]. We showed in a previous 
retrospective study [9] that PNA positivity is 
mainly found in childhood acute lymphoblastic 
leukemia (ALL) of the T-cell immunophenotype 
and is associated with a good prognosis in 
this subgroup. Immature thymocytes, which 
are PNA-positive, are more sensitive to 
glucocorticoid-induced cell lysis than mature 
thymocytes, which are PNA negative [1, 11, 12]. 
We therefore hypothesized that the good 
prognosis associated with PNA positivity 
may be due to a relative sensitivity to gluco
corticoids [9]. 

The purposes of this prospective study were 
to determine the relationship between PNA 
binding and clinical and cell biological features, 
in vitro resistance to predniso(lo)ne (PRD) 
and dexamethasone (DXM), in vivo response 
to systemic monotherapy with PRD accompa
nied by one intrathecal injection with 
methotrexate (MTX), and response to multidrug 
chemotherapy. PNA binding was assessed in 43 
samples of children with newly diagnosed T-cell 
ALL. 
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Materials and Methods 

Patients and Patient Samples. Eligible were children 
(age 0-IB years) with T-cell ALL, newly diag
nosed between 1989 and 1993. Bone marrow 
(BM) and peripheral blood (PB) samples as well 
as smears of children with ALL, obtained at 
diagnosis, were sent by local institutions to the 
central laboratory of the Dutch Childhood 
Leukemia Study Group (DCLSG) for confirma
tion of diagnosis, French-American-British 
(FAB) classification [13] and immunophenotyp
ing [14]. A leukemia was considered to be a T
cell ALL if the malignant cells were positive for 
terminal deoxynucleotidyl transferase, cytoplas
mic CD3, and CD7. A part of each sample with 
sufficient cells was sent to the research laborato
ry for pediatric hemato-onco-immunology at 
the Free University Hospital in Amsterdam for 
in vitro drug resistance testing. 

PNA Binding. Cytocentrifuge preparations were 
fixed in buffered formaldehye acetone (pH 7.4, 
4°C, 30s), rinsed in water, washed in PBS (pH 
7.4), and incubated with 50 III PNA (DAKO, ITK 
Diagnostics, De Kwakel, The Netherlands) at 
room temperature for 30 min. After this incuba
tion, preparations were washed twice and incu
bated with 50 111 peroxidase-conjugated rabbit 
anti-PNA antiserum with 2% pooled AB human 
serum added, again washed with PBS (2 x ) and 
stained with diaminobenzidine 0.5 mg/ml with 
0.05 M imidazole in 0.05 M Tris hydrochloride 
buffer (pH 7.6) and 0.02% HP2 for 10 min at 
room temperature. Cells were counterstained 
with hematoxylin. If ~ 20% of the malignant 
cells were positive for PNA, a sample was con
sidered to be PNA positive, a similar definition 
as used in our retrospective study [9]. 

In Vitro Cellular Drug Resistance. This was measured 
with the methyl-thiazol-tetrazolium (MTT) 
assay, as described previously [15]. Briefly, 
leukemic cells were cultured in RPMI 1640 
(Dutch modification, Gibco, Uxbridge, UK) with 
20% fetal calf serum and other supplements [15] 
and incubated with PRD and DXM, each in six 
different concentrations in duplicate in wells of 
microculture plates at 37°C in humidified air 
with 5% CO2, After 4 days, MTT (Sigma, St. 
Louis, MO, USA) was added to the wells for 6 h. 
MTT is reduced to colored formazan crystals by 
living cells only. The crystals were dissolved 
with acidified isopropanol. Formazan was quan-

titated using a spectrophotometer (Bio-tek 
Instruments Inc., Winooski, USA). The optical 
density is linearily related to the cell number 
[16]. Leukemic cell survival was calculated by 
the equation: (mean optical density treated 
wells/mean optical density control wells) x 
100%. The drug concentration lethal to 50% of 
the cells-the LCso-was used as measure of 
resistance. Samples were considered evaluable if 
they contained ~ BO% leukemic cells before and 
~ 70% leukemic cells after 4 days of culture 
time, and if the control optical density exceeded 
0.050 [15]. Since sample source does not influ
ence the results of the MTT assay, BM and PB 
samples were evaluated together [17]. 

Treatment. Patients were treated according to 
current DCLSG protocols, which are based on 
Berlin-Frankfurt-Munster treatment principles 
but without cranial irradiation. All patients 
received a 7-day systemic mono therapy with 
PRD (60 mg/m2 per day), and one injection with 
MTX intrathecally on day 1 of the PRD window. 
Patients were then stratified into one of three 
risk groups according to the in vivo response to 
PRD mono therapy, BFM risk factor (based on 
peripheral leukemic cell count, and liver and 
spleen size) [IB], and response to induction 
chemotherapy and received risk-adapted treat
ment. In vivo PRD poor response was defined in 
the protocol as ~ 1000 leukemic cells/mm3 PB 
on day B, and in vivo good PRD response as 
< 1000 leukemic cells/mm3 PB on day B. 
Complete remission was defined as fewer than 
5% leukemic blasts in representative BM with 
megakaryocytes and granulocyte precursors 
present with some degree of maturation and no 
manifestation of leukemia elsewhere. Failure to 
achieve complete remission after induction 
chemotherapy (induction failure) was consid
ered an event on day O. Early death was defined 
as death before completion of induction thera
py. Event-free survival (EFS) was defined as time 
from diagnosis to induction failure, relapse, 
death from any cause, or to second malignancy, 
or time to latest contact for event-free patients. 

Statistics. Statistical analysis was done with CSS 
and EGRET software. Differences in distribution 
of variables were tested with the Mann-Whitney 
U test or the X2 test. Estimates of EFS (with stan
dard error, SE) were calculated according to the 
Kaplan-Meier product limit analysis [19]. 
Statistical comparisons of outcome were con-
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ducted by the proportional hazard Cox regres
sion analysis [20]. Relative risks for PNA-posi
tive patients relative to PNA-negative patients 
indicate the proportional increase or decrease in 
risk of failure at any time, and are given with a 
95% confidence interval (CI). Analyses were 
two-tailed at a significance level of p = 0.05. 

Results 

PNA Binding and Clinical and Cell-Biological Features. Out 
of 43 cases, 28 (65%) showed positive binding to 
PNA. The characteristics of the PNA-positive 
and PNA-negative patients did not differ signifi
cantly with respect to age, sex, white blood cell 

count, BFM risk factor, or FAB type. However, 
the white blood cell count showed a trend 
(p = 0.10) of being higher in PNA-negative cases 
(median 91.2, range 5.3-729 x 10911) than in 
PNA-positive cases (median 48.3, range 4.6-900 
x 10911). 

PNA Binding and In Vitro Cellular Drug Resistance. This 
relationship could be studied in 28 cases. PNA
positive and PNA-negative cases did not differ 
in cellular resistance to PRD or DXM (Table O. 

PNA Binding and In Vivo Response to Systemic PRO 
Monotherapy. The in vivo response to systemic 
PRD monotherapy could be evaluated in 38 
patients (Table 2). Nine (69%) out of 13 PNA-

Table l. Relationship between PNA binding and in vitro cellular resistance to glucocorticoids in childhood 
T-cell ALL samples 

Drug 

Prednisolone 

Dexamethasone 

PNA binding 

Positive 
Negative 
Positive 
Negative 

LC50 values 

Median 
(flg/ml) 

121.9 
86.5 

6.0 
2.0 

Range 
(flg/ml) 

.05-1500 

.26-1500 

.05-6 

.002-6 

Table 2. In vivo response to systemic predniso(1o)ne (PRD) monotherapy and mul
tidrug chemotherapy in children with T-cell ALL, divided into PNA-positive and PNA
negative patients 

PNA positive PNA negative p value 

n 28 15 
In vivo PRD response <.0001 
Evaluable (n) 25 13 
Poor (n) 0 9 
(0/0) 25 69 
Good (n) 100 4 
(0/0) 31 
Follow up 
Median months 31 30 .21 
Range (months) 15-58 16-60 
Events .024 
Evaluable (n) 26 15 
No complete remission (n) 0 1 
(0/0) 7 
Relapse (n) 4 5 
(0/0) 15 33 
Early death (n) 0 
(0/0) 7 
Toxic death (n) 1 1 
(0/0) 4 7 
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13 
12 
13 
15 

pvalue 

0.85 
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negative T-cell ALL patients showed a poor 
response, compared to none out of 25 PNA-pos
itive cases (p < 0.0001, Fig. 1). 

PNA Binding and In Vivo Response to Multidrug Chemo
therapy. This could be evaluated in 41 patients, 
with a median follow-up from diagnosis of 30 
months (range 14-60). The events that have 
occurred so far are listed in Table 2. The event 
rate was lower in PNA-positive (five out of 26, 
19%) than in PNA-negative (eight out of 15, 
53%) T-cell ALL patients (p = 0.024). PNA-posi
tive T-cell ALL patients had a 3.4-fold (95% CI 
1.1-10.4, P - 0.03) lower risk of any event than 
PNA-negative T-cell ALL patients. The 3-year 
probability of EFS was 0.81 for PNA-positive 
and 0.40 for PNA-negative patients (Fig. 2). In a 
multivariate analysis including BFM risk factor, 
clinical response to PRD and PNA binding only 
PNA binding was an independent prognostic 
factor for EFS. 

Discussion 

The results of this prospective study confirm 
those of our previous study, i.e., that T-cell ALL 
patients with positive PNA binding have a better 
prognosis than PNA-negative T-cell ALL 
patients. We hypothesized that this may be 
explained by a relative sensitivity of PNA-posi
tive cells to glucocorticoids [9]. Glucocorticoid 
sensitivity, whether assessed in vitro or in vivo, 
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Fig. 1. Relationship between in vivo response to a sys
temic PRD monotherapy (plus MTX intrathecally) and 
PNA binding in newly diagnosed childhood T-cell 
ALL; p < 0.001. circles, childhood T-ALL, n = 38; dotted 
line, cut-off point for PNA positivity or negativity 
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Fig. 2. Relationship between PNA binding and proba
bility of EFS in newly diagnosed T-cell ALL; p = 0.03. 
Dotted line, PNA' T-ALL, n -- 26; solid line, PNA T
ALL, n= 15 

is associated with a good prognosis in childhood 
ALL [21-23]. However, PNA-positive T-ALL 
cells were not more sensitive to glucocorticoids 
in vitro than PNA-negative T-ALL cells. In con
trast to this, there was a highly significant rela
tionship between PN A binding and in vivo 
response to a I-week systemic PRD monothera
py, given together with one intrathecal injection 
with MTX. All of the PNA-positive patients 
showed a good in vivo response to PRD, while 
69% of PNA-negative patients showed a poor 
response. This discrepancy between the in vitro 
and in vivo results is remarkable because we 
previously reported a significant correlation 
between in vitro resistance to PRD and the in 
vivo response to PRD in childhood ALL [24] . 
Moreover, the in vitro drug resistance MTT 
assay we used is a reliable and objective assay 
r 25] and the results predict the clinical outcome 
in childhood ALL [22]. This discrepancy may be 
explained by the systemic antileukemic activity 
of MTX administered intrathecally [26-28] 
which does influence the in vivo response to 
PRD [29] but does not playa role in our results 
regarding in vitro resistance to PRD or DXM. 
According to this hypothesis, PNA-positive ALL 
cells should be more sensitive to MTX or at least 
to the combination of PRD and MTX than PNA
negative ALL cells. Another explanation for the 
discrepancy between the in vitro and in vivo 
results concerning the relationship to PNA 
binding may be an influence of glucocorticoids 
on the redistribution of ALL cells. Such an 
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effect, which does not playa role in our in vitro 
system, but which clinically may appear as a 
good response to PRO, has been reported for 
normal human lymphocytes [30]. According to 
this hypothesis, PNA-positive cells should be 
more susceptible to glucocorticoid-induced 
redistribution than PNA-negative cells. 

The present study confirms our previous 
observation that PNA positivity predicts a good 
prognosis in T-cell ALL (Fig. 2), but now also 
prospectively in a larger number of patients and 
including multivariate analysis. Levin et al. [6] 
suggested that PNA-positive patients had a 
worse clinical outcome. However, they studied 
only 25 patients with a very short follow up and 
did not perform an analysis stratified for 
immunophenotype. Other authors who also 
studied PNA binding in large numbers of chil
dren with ALL did not report about its relation
ship with prognosis [4,5]. 

The explanation for the relationship between 
PNA binding and prognosis may thus be related 
to resistance to MTX. However, PNA positivity 
may also be a marker for noncirculating cells [2, 
31]. Weinberg et al. [10] reported that PNA-pos
itive lymphomas had circulating blasts less often 
than PNA-negative lymphomas. In the present 
study, white blood cell count was higher in 
PNA-negative than in PNA-positive T-cell ALL 
patients, but the differences was not significant. 
We previously found no significant relationship 
between PNA binding and cell motility in the 
form of hand mirror cells [9]. 

We conclude that PNA positivity, especially 
frequent in T-cell ALL, is a marker for a sub
group of childhood T-cell ALL patients who are 
very likely to show a good in vivo response to a 
systemic PRD mono therapy given with MTX 
intrathecally. In addition, PNA positivity is a 
favorable independent prognostic factor with in 
T -cell ALL with regard to EFS. 
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Longitudinal Study of Cognitive, Motor, and Behavioral Functioning 
in Children Diagnosed with Acute Lymphoblastic Leukemia: 
A Report of Early Findings from the Childrens Cancer Group 
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Abstract. Childhood acute lymphoblastic leu
kemia (ALL) was considered a fatal condition 40 
years ago, but is curable in more than 70% of 
patients today. The survival rate is being im
proved by increasing the intensity of chemo
therapy early in treatment. Risk factors for 
potential neurobehavioral sequelae from the 
most effective therapies continue to be defined. 
We present early findings from the first large
scale longitudinal study of neurobehavioral 
functioning (CCG-105NP) in childhood ALL 
patients from a randomized clinical trial (CCG-
105). More than 200 patients (age range 1-18 
years at diagnosis, x = 5.7 years) with intermedi
ate risk ALL were enrolled in the CCG-105NP 
study. These children had been randomized to: 
(a) one of four systemic chemotherapy appro
aches testing Childrens Cancer Group (CCG) 
versions of Berlin-Frankfurt-Miinster (BFM) 
intensive and prolonged induction/consolida
tion (IIC) and delayed intensification (DI), sepa
rated and together; and (b) CNS-directed 
therapy using intrathecal methotrexate (IT 
MIX) alone throughout treatment versus 1800 
cGy cranial irradiation (CXRT) and IT MIX 

during lIC and Dr. They were examined at 9, 21, 
and 48 months after diagnosis. Comprehensive 
assessments included tests of early cognitive and 
motor development for pre-school patients, and 
intelligence, attention, visual-spatial perception, 
fine motor coordination, memory, language, 
school achievement, and social behaviour for 
school-age children and adolescents. At 9 
months after diagnosis, preliminary data analy
ses possibly associated DI with fine motor diffi
culties in children 3-6.5 years of age. In 
addition, there were significant differences in 
cognitive and motor functioning between chil
dren who received CXRT and those in the same 
age range in the non-CXRT group. These test 
findings suggest that gross motor abilities and 
attentional processes were affected as early as 9 
months after diagnosis. All treatment subgroup 
mean scores were in the average range. 
Longitudinal analyses of data from serial evalua
tions of patients will determine the persistence 
of these findings and the timing and occurrence 
of specific long-term neurobehavioral sequelae. 
Mediating factors such as age at diagnosis, gen
der, family socioeconomic status, and parental 
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education levels, as well as any interaction 
effects within the context of the clinical trial, will 
be analyzed more precisely than in previous 
studies. This could serve as a basis for future 
intervention efforts. These analyses of data are 
currently in progress. 

Introduction 

Acute lymphoblastic leukemia (ALL) in children 
has been changed from an almost universally 
fatal disease 40 years ago to a curable condition 
in over 70% of patients today. This improve
ment is the result of many factors, the major one 
being the introduction of more intensive thera
py early in the course of treatment to prevent 
subsequent relapse in bone marrow, CNS, and 
other sites [1]. Intensity and success of ALL 
therapy have increased, concomitant with a con
cern for late effects such as cognitive, motor and 
behavioral sequelae. The most widely used treat
ment programs around the world for the man
agement of ALL are Patterned after the Berlin
Frankfurt-Munster (BFM) regimens, which 
include intensified and prolonged induction and 
consolidation chemotherapy and early intensive 
reinduction [2]. Cranial irradiation (CXRT) is 
included in many, though not all, of the ver
sions. A recent report from the Children's 
Cancer Group (CCG) indicated that children 
under 10 years of age with lower risk ALL can be 
effectively treated on BFM-derived therapy 
without CXRT [3]. This trial (CCG-105) also 
demonstrated that the effectiveness of CNS pre
symptomatic therapy, either CXRT with intrat
hecal (IT) methotrexate (MTX) or IT MTX 
alone, is enhanced by intensified systemic che
motherapy [4]. To date, there have been no 
reported randomized studies of the neurobehav
ioral effects of CNS-directed therapies including 
CXRT given in conjunction with BFM-derived 
systemic treatment. 

Previous investigations into the impact of 
CNS-directed therapy on neurobehavioral func
tioning have relied primarily on retrospective 
reports [5]. Prospective, longitudinal studies are 
relatively few in number (see Table 1, which 
compares selected prospective studies to CCG-
105NP). (See [5] for a complete review of most 
retrospective and prospective reports.) Metho
dological deficiencies in most of the published 
prospective reports limit interpretation and 
generali7ahility [Ii]. With few exceptions, these 

studies have included small sizes [7 -ll] and 
non-random assignment to CNS-directed treat
ments [8-13J. In some studies, controls or com
parison groups have been lacking [11, 13], while 
in others, patients with malignancies other than 
ALL and, therefore, substantially different treat
ments have been used [8-10, 12J. In addition, 
many studies have been limited by the narrow 
range ofneurobehavior assessed [14-16]. Others 
have not carefully considered the influence of 
inconsistent follow-up intervals on results [7, 
11,12,16]. 

The CCG-I05NP study was initiated as an 
extension of CCG efforts to refine CNS-directed 
therapy for ALL patients and to address 
methodological weaknesses in previous studies. 
It utilized a prospective longitudinal design with 
two evaluations during therapy and one per
formed after discontinuation of treatment. Each 
assessment included a comprehensive evalua
tion of cognitive, motor, and academic skills 
with a limited evaluation of behavior and social 
functioning at home and school. These repeated 
evalutions were planned to determine the timing 
and occurrence of deficits with respect to select
ed medical, patient and social factors. As medi
ating factors and interaction effects are defined 
within the context of the clinical trial, future 
intervention efforts can be developed. 

The purpose of the present paper is: (1) to 
summarize the background and study plan of 
CCG-105NP; and (2) to present early findings 
from the prospective assessment of cognitive, 
motor, and behavioral functioning in children 
treated for childhood ALL. 

Material and Methods 

Patients 

The CCG-I05NP study formally opened in 
March 1986, and within a year was obtaining 
data from 16 of the more than 100 CCG institu
tions. Over 200 children (x = 5.7 years old at 
diagnosis, range 1-18 years; 65% male, 35% 
female) diagnosed and treated for intermediate
risk ALL were enrolled. All patients were in first 
hematologic remission and without CNS invol
vement either at diagnosis or during the course 
of treatment. Children with pre-existing mental 
retardation or developmental language disorder, 
Down's syndrome, and those not sufficiently flu
ent in English wen' inE'ligihlE' for this study. 
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Comparability analyses of medical and demo
graphic characteristics indicated that the 
patients studied on CCG-I0SNP were representa
tive of all eligible patients entered on the thera
peutic clinical trial, except for race (see Table 2). 
Study patients had a significantly higher percent
age of Caucasian children and a lower percent
age of Hispanic children. This difference was due 
to the requirement regarding fluency in English. 

ALL Therapy: CCG-l 05 

The CCG-lOS study was a large randomized 
clinical trial of treatment for children with inter
mediate prognosis ALL [3, 4J. intermediate risk 
was defined by clinical and laboratory features 
(primarily age, gender, white blood cell count, 
and measurements of mass disease.) Over 1,600 
patients were entered into this study between 
May, 1983 and April, 1989. The CCG-lOS trial 
utilized a 4 x 2 factorial design, the first factor 
involving systemic chemotherapy and the sec
ond, CNS-directed treatment. Patients were ran-

domly assigned to one of four chemotherapy 
regimens using CCG versions of BFM intensive 
and prolonged induction/consolidation plus 
delayed intensification (Dr). Two of the regi
mens (A and B) included Dr (Fig. 1) Patients 
were simultaneously randomly assigned to 
CNS-directed therapy consisting of either 1800 
cGy CXRT plus IT MTX, given during induction, 
consolidation, and delayed intensification or IT 
MTX given throughout the course of treatment. 
The differences in CNS therapy between the 
most intensive systemic treatment arm and the 
least intensive systemic treatment arm are illus
trated in Fig. 2. Males in the study received 
3 years of maintenance treatment and females 
2 years of therapy, measured from the beginning 
of interim maintenance (regimens A and B) or 
maintenance (regimens C and D). 

Schedule of Assessment 

Patients enrolled on CCG-lOSNP were given a 
baseline neurobehavioral assessment at 9 mon-

Table 2. Comparability analyses of medical and demographic characteristics 

CCG-105NP CCG-105 

Age at diagnosis 
< 6 years 73% 65% 
6-9 years 10% 13% 
10+ years 17% 21% 

Mean WBC at diagnosis 14,700 14,100 

Day 14 marrow 
Ml 93% 90% 
M2 7% 7% 
M3 0% 2% 

'Race 
White 93% 75% 
Black 2% 5% 
Other 5% 20% 

Treatment groups (CXRT) 
Randomized to CXRT 46% 50% 
Randomized to no CXRT 54% 49% 

Treatment groups (chemotherapy) 
Randomized to full BFM 23% 25% 
Randomized to early BFM 27% 25% 
Randomized to late BFM 25% 25% 
Randomized to standard radiotherapy 25% 25% 

CCG-105NP patients studied neurobehaviorally were compared to their non-participat
ing counterparts in the same age range. This latter group consisted of all other patients 
enrolled on the CCG-I05 therapeutic clinical trial. All patients were in continuous com
plete remission for the first 9 months of treatment, since patients had to reach that 
length of time in remission before they could be enrolled in CCG-105NP. 
'p < .0001 (chi-square) 
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Fig. 1. Schematic diagram of the therapy in CCG-lOS. The 2 x 4 design tests two forms of CNS-directed therapy 
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ths after diagnosis, because an earlier CCG/NCI 
study (CCG-191/NCI-77-02) had indicated that 
neurobehavioral status was stable over the first 
year after diagnosis [14, 15]. A second assess
ment on therapy at 21 months after diagnosis 
was planned for all children. A final assessment 
was planned for all children at 48 months after 
diagnosis, long after discontinuation of systemic 
treatment when any transient peripheral ner
vous system effects would likely be resolved and 
CNS effects would likely appear. A neurologic 
examination, scheduled on the same day as each 
neurobehavioral assessment in original study 
design, was discontinued entirely after review of 
findings from 100 patients revealed only 
decreased reflexes in the lower extremities. The 
sequence of treatment randomization and neu
robehavioral assessment was as follows: 

CCG-IOS CCG-10S: 

Patient 4 x 2 randomization 
entry ~ systemic chemotherapy 

and CNS-directed therapy 

Neurobehavioral Tests 
and Parent-Completed Questionnaires 

Neurobehavioral measures that assess a broad 
range of higher cortical abilities were used in the 
CCG-105NP study. In addition to standardized 
intelligence tests, measures to assess cognitive 
and motor development in pre-school age chil
dren, as well as attention, visual-spatial percep
tion, visuoconstructive and fine motor 
coordination, expressive and receptive language 
abilities, memory, school achievement, and 
behavior in older children were included. 
Neurocognitive, motor, and behavioral mea
sures were selected from the many suitable ones 
using several criteria: (1) availability of norma
tive standards on normal children; (2) availabili
ty of measures that are reasonably comparable 
across the developmental period of the children 
enrolled on study; and (3) availability of objec
tive scoring criteria. Practical considerations, 
such as time required to administer the neu
robehavioral test protocol, also influenced the 
choice of procedures. Other considerations 
included ease of test administration in a uni
form manner, the amount of equipment needed, 

and the expense. Four psychologists on the 
CCG-105NP study committee prepared a com
prehensive manual of test administration and 
scoring methods for the neurobehavioral tests 
and parent-completed questionnaires. 

The combination of tests was selected to pro
vide a comprehensive assessment of neurobe
havioral functioning and to address questions 
related to sequelae within the context of the 
clinical trial. Intelligence and academic achieve
ment have been the most commonly assessed 
abilities in reports of neurobehavioral effects of 
childhood ALL and its therapy. These abilities, 
as well as cognitive and motor development in 
pre-school age children, were measured with 
some of the most widely accepted tests in their 
respective age ranges. Late neurobehavioral 
sequelae reported in ALL patients have most 
often included significant visual-spatial and 

CCG-lOSNP: CCG-lOSNP 

On-therapy Follow-up 
~ assessments at ~ assessment at 

9 and 21 months 48 months 
post diagnosis post diagnosis 

visual-motor deficits, attentional and memo
ry abnormalities, and learning difficulties [5]. 
These abilities were assessed by a more compre
hensive and refined set of measures than previ
ously used in other studies. Tests of receptive 
language at semantic and syntactic levels, mea
suring vocabulary and grammatic comprehen
sion, respectively, were included, but not at the 
phonemic level, as speech discrimination abnor
malities have rarely been reported in ALL 
patients. Expressive functions (e.g, naming and 
fluency) often sensitive to brain injuries of many 
etiologies [17] were also assessed. Social and 
behavioral functioning was assessed by two par
ent- and one teacher-completed checklists, all 
with proven reliability and validity in child 
development research. Tests in the CCG-105NP 
study have been utilized with numerous pedi
atric patient groups, including children with 
head trauma, developmental delays, and learning 
difficulties [18]. 

Tests selected for the neurobehavioral assess
ments are listed below. For the reader, they have 
been categorized according to the primary neu
robehavioral system assessed by each test. In 
some past and future data analyses, various tests 
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and subtests (e.g., in the Wechsler scales) may 
be broadly categorized, as a single test may 
involve more than one neurobehavioral system. 
For example, the Trail Making Test is consid
ered a measure of complex attention/concen
tration, but it also involves visual-spatial 
perception, fine motor coordination, and lan
guage[17]. The age range designated for use of 
each test is expressed in years. Note that the pro
tocol of tests for an individual patient depended 
on chronological age at the time of testing. 
Additional information about each test, includ
ing normative data, is referenced accordingly. 

Early cognitive and motor development 
Minnesota Child Development Inventory 
(1.0-3.0)[19] 
McCarthy Scales of Children's Abilities 
(3.0-6.5) [20] 

Intelligence 
Wechsler Intelligence Scale for Children
Revised (6.5-17.0)[21] 
Wechsler Adult Intelligence Scale - Revised 
(17.0 & above)[22] 

Attention/concentration 
Freedom from Distractibility Triad (6.5 & 
above) [18] 

Trail Making Test (7.0 above )[23] 

Visual spatial perception 
Visual Form Discrimination-F (6.0 & above) 
[24] 

Visual memory 
Visual Form Discrimination-G (6.0 & 
above) [24] 
Revised Visual Retention Test (8.0 & above) 
[25] 

Visuoconstructivelfine motor coordination 
Developmental Test of Visual-Motor 
Integration (4.0 & above)[26] 
Grooved Pegboard (5.0 & above)[27] 

Language-receptive 
Peabody Picture Vocabulary Test-Revised 
(4.0 & above) [28] 
Token Test for Children (4.0 & above)[29] 

Language-expressive 
Rapid Automatized Naming (5.0 & above) 
[30] 
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Word Fluency (6.0 & above)[31] 

Auditory memory 
Sentence Repetition (4.0 & above)[32] 
Rey Auditory Verbal Learning (6.0 & 
above)[33] 

Academic achievement 
Reading/Understanding (7.0 & above)[34] 
Wide Range Achievement Test-Revised (6.0 
& above) [35] 

Behavior and social functioning 
Child Behavior Checklist-Parent (4.0 & 
above)[36] 
Child Behavior Checklist-Teacher (6.0 & 
above)[37] 
Personality Inventory for Children-Short 
Form (4.0 & above)[38] 

Following receipt of informed consent, each 
patient was assessed with an age-determined 
protocol from the tests above, and the parenti 
caretaker accompanying the child completed a 
sociodemographic questionnaire, requesting 
information about occupation, a brief descrip
tion of job duties, and education. Each parent's 
employment status was rated according to 
the Revised Duncan Scale, TSEI2, an occupa
tion-based measure of social status [39]. This 
system was selected because of its current 
approach to social stratification and to the 
increasing complexities of parental socioecono
mic status and its association to neurobehav
ioral development. The sociodemographic 
questionnaire was completed at each assess
ment. In addition, a two-way release of informa
tion was requested from each parent/caretaker 
of school-age patients to obtain grades, school 
achievement test results, completion of Child 
Behavior Checklist-Teacher, and to provide a 
report to the patient's school, if desired. 

Results 

Analyses have focused on data obtained at 9 
months after diagnosis. The CCG-I05 therapeu
tic trial has shown that DI in the BFM regimens 
is a critical treatment component for improved 
survival [3]. Thus, in addition to CXRT vs no 
CXRT analyses, developmental outcome indices 
in two age groups were compared using analysis 
of variance tests for the DI and no DI groups to 



determine whether the additional chemotherapy 
in that phase of treatment had any early effects 
on neurobehavioral functioning. Analysis of 
covariance tests (ANCOV A) were performed to 
determine any influence of age, gender and 
socioeconomic factors. Since the 9-month data 
were to represent "baseline" functioning for the 
longitudinal aspects of the study, few, if any, dif
ferences were anticipated between treatment 
sub-groups. 

At 9 months after diagnosis, preliminary data 
analyses revealed only one significant difference 
in neurobehavioral functioning possibly associ
ated with Dr. Children 3-6.5 years old (x = 4.62 
years, SD = 0.94) who received Dr performed 
significantly less well on the Beery Develop
mental Test of Visual Motor Integration than 
children who did not receive Dr (p < .02). There 
were no significant differences between the 
groups on the McCarthy Scales of Children's 
Abilities. Peabody Picture Vocabulary Test
Revised, or Token Test. Means and standard 
deviations of the neurobehavioral tests 
for the 3-6.5 year old age group with regard to 
the Dr vs. no DI comparison are presented in 
Table 3. There were no significant differences in 
cognitive and motor functioning associated with 
Dr in patients 6.5 years old and above. 

With respect to analyses concerning CXRT vs. 
no CXRT, there were statistically significant dif
ferences on the Motor Scale Index of the 

McCarthy Scales of Children's Abilities 
(F(l,7l) = 4.42; p < .05) and the Token Test, a 
test of attention and syntax comprehension 
(F(l,49) = 4.72; p < .05) for children 3-6.5 years 
of age [40]. Children who received CXRT and IT 
MTX performed less adequately than children 
who received only IT MTX as CNS-directed ther
apy. These differences were independent of 
the child's age, gender, and family socioeconom
ic status. Means and standard deviations for 
the neurobehavioral tests with regard to the 
CXRT vs. no CXRT comparison for children 
3-6.5 years of age are presented in Table 4. 
In contrast, the number of significant differences 
(n = 3) in neurobehavioral test performances 
in children 6.5 years old and above (chronologi
cal age x = 12.2 years) was approximately 
that expected by chance [41 J. Data for the older 
group of subjects are presented in Tables 5 
and 6. 

In summary, findings from analyses at 9 
months after diagnosis of ALL showed no signif
icant effects of Dr on cognitive functioning in 
two age groups. There was a possible effect of Dr 
on fine motor coordination in the children 3-6.5 
years of age. Similarly, there were significant dif
ferences on cognitive and motor tests between 
children 3-6.5 years old who received CXRT 
when those in the non-CXRT group, suggesting 
that gross motor abilities and attentional 
processes were affected at 9 months after diag-

Table 3. Neurobehavioral test performance of children 3-6.5 years old with ALL at 9 
months after diagnosis comparison by delayed intensification (regimens A and B) vS no 
delayed intensification (regimens C and D) 

Neurobehavioral test 

MSCA GCI (N=74) 
Verbal 
Perceptual-performance 
Quantitative 
Memory 
Motor 
Token Test (N = 51) 
PPVT-R(N=52) 
VMJ (N=50)* 

Delayed 
intensification 

Mean 

98.83 
50.51 
47.46 
4S.60 
47.34 
43.83 

499.19 
102.67 

7.48 

SD 

(16.69) 
(9.45) 

(10.35) 
(9.03) 
(8.35) 
(9.82) 
(6.43) 

(14.61) 
(2.50) 

Not all patients have reported results from all tests 

No delayed 
intensification 

Mean SD 

lO1.82 (17.20) 
53.36 (11.78) 
50.05 (10.20) 
48.72 (8.86) 
49.15 (S.47) 
46.97 (9.50) 

500.04 (5.71) 
101.16 (15.30) 

9.32 (2.51) 

MSCA, McCarthy Scales of Children's Abilities; GCI, General Cognitive Index; PPVT -R, 
Peabody Picture Vocabulary Test'Revised; VMl, !leery Developmental Test of Visual
Motor Integration. 
*p < .02 
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Table 4. Neurobehavioral test performance of children 3-6.5 years old with ALL at 9 
months after diagnosis: comparisons by CNS-directed treatment regimen 

Neurobehavioral test CXRT 
pluslTMTX IT MIX 

Mean SO Mean SO 

MSCA GCI (N = 74) 97.13 (19.27) 103.67 (13.67) 
Verbal 50.51 (11.57) 53.51 (9.81) 
Perceptual-performance 47.19 (11.51) 50.46 (8.74) 
Quantitative 47.11 (10.08) 50.22 (8.00) 
Memory 47.64 (9.47) 48.94 (7.25) 
Motor* 43.16 (9.66) 47.83 (9.32) 
Token Test (N=51)' 498.00 (6.41) 501.56 (5.04) 
PPVT-R (N = 52) 101.85 (16.58) 102.04 (13.02) 
VMI(N=50) 8.23 (2.47) 8.58 (2.87) 

Not all patients have reported results from all tests 
*p < .05 Adapted from: MacLean et al. Arch Neuro 52: 156-160 Copyright 1995, the 
American Medical Association. 

Table 5. Intelligence and academic achievement test performance of children 6.5 years 
old and above with ALL at 9 months after diagnosis: comparisons by CNS-directed 
treatment regimen 

Neurobehavioral test 

WISC-R/W AIS-R 
VIQ 
PIQ 
FSIQ 

WRAT-R 
Reading 
Spelling 
Arithmetic 

K-ABC 
Reading/ 
understanding 

CXRT 
plusITMTX 
(N=23) 

107.4 
108.4 
108.9 

98.0 
95.6 
97.4 

108.0 

IT MTX 
(N=19) 

103.7 
101.8 
103.1 

99.3 
95.9 
98.9 

111.3 

p 

0.40 
1.73 
1.32 

0.04 
0.01 
0.64 

0.64 

Scores are mean standard scores, independent of socioeconomic status and age 
Adapted from [41]. Copyright 1994, Lawrence Erlbaum Associates, Inc. 
'Based on analysis of covariance with family socioeconomic status and patient chrono
logical age as covariates 
*p < .05 WISC-R, Wechsler Intelligence Scale for Children-Revised; 
W AIS-R, Wechsler Adult Intelligence Scale-Revised; 
WRAT-R, Wide Range Achievement Test-Revised; 
K-ABC, Kaufman Assessment Battery for Children 

nosis. In patients 6 years old and above, ANCO
V A tests associated family socioeconomic status 
(17 of 40 test comparisons, p < .05) and age (II 
of 40 test comparisons, p < .05) with neurobe
havioral outcome at 9 months after diagnosis, 
regardless of eNS treatment regimen. These 
findings are not surprising, as age at diagnosis 
of ALL has often been associated with neurobe-
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havioral test performance [5], and numerous 
studies involving medical conditions have 
shown that family member characteristics may 
affect measures of child development [18]. How 
these factors mediate developmental outcome 
will require analyses with data from subsequent 
examinations. 



Table 6. Neurobehavioral test performance of children 6.5 years old and above 
with ALL at 9 months after diagnosis: comparisons by eNS-directed treatment 
regimen 

Neurobehavioural test CXRT IT MTX F 
plus IT MTX (N= 19) 
(N~. 23) 

Attention/Concentration 
WISC-R/WAIS-R (scaled score) 

Arithmetic 10.9 10.7 0.01 
DigitSpan 9.4 9.4 0.06 
Coding/Digit Symbol 10.6 9.5 1.48 

Trail Making A (time) I R.4 21.3 1.32 
Trail Making B (time) 52.9 47.3 0.44 

Visual spatial perception 
VFD-F (raw score) 13.0 14.3 1.21 
WISC-R/WAIS-R (scaled score) 
Picture Completion 10.8 10.5 0.06 

Visual memory 
VFD-G (raw score) 11.1 12.3 0.01 
Visual Retention Test (raw score) 6.8 6.1 0.00 

Visuoconstructiveljine motor 
coordination 
VMI (standard score) 9.2 7.8 1.72 
Grooved Pegboard (time) 

Dominant hand 59.5 66.6 3.00 
Non-dominant hand 66.9 72.1 2.28 

WISC-R WAIS-R (scaled score) 
Block Design 11.1 10.5 0.33 
Object Assembly 12.3 10.0 7.12* 
Picture Arrangement 11.1 10.6 0.22 

Language, receptive 
PPVT -R (standard score) 104.4 105.4 0.02 
Token Test 
(age-scaled score) SOU) 502.6 0.80 

Language, expressive 
Rapid Automatized Naming (time) 

Numbers 29.8 23.4 1.09 
Letters 33.5 24.3 0.94 
Colors 42.3 37.6 0.39 
Objects 53.1 47.7 0.56 

Word Fluency 
(total raw score) 30.6 30.0 0.80 

WISC-R/WAIS-R (scaled score) 
Similarities 1l.7 11.5 0.06 
Vocabulary 11.4 10.9 0.15 
Comprehension 11.2 10.2 0.90 

Auditory memory 
Sentence Repetition 
(raw score) 12.8 14.2 4.02* 
Rey AVLT (raw score) 

Trial I 5.4 6.6 1.77 
Trial 2 8.0 9.1 0.17 
Trial 3 9.8 9.8 0.63 
Trial 4 10.5 11.2 0.22 
TrialS 10.8 12.4 4.30 
Delayed Recall 10.1 lOA 4.68* 
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Table 6 (Contd.) 

Neurobehavioural test CXRT ITMTX F 
plus IT MTX (N=19) 
(N=23) 

Long term memory 
WISC-R/WAIS-R (Scaled score) 

Information 10.2 9.2 0.60 

Scores are mean raw, standard, or scaled scores, as indicated, independent of socioeco
nomic status and age. Time is indicated in seconds, with higher scores representing 
poorer performance. 
Adapted from [41] Copyright 1994, Lawrence Erlbaum Associates, Inc. 
·p=.OS VFD, Visual For, Discrimination; Rey AVLT, Rey Auditory Verbal Learning 
Test 
'Based on analysis of covariance with family socioeconomic status and patients 
chronological age as covariates 

Discussion 

The few significant findings associated with the 
use of DI and CXRT reported here should be 
considered with some caution, as no other 
prospective study has reported such early effects 
of these treatments on children's neurobehav
ioral functioning. Previously published research 
would strongly suggest that neurobehavioral 
sequelae will become apparent with subsequent 
assessments, especially in younger children and 
those patients who received CXRT as a part of 
CNS-directed treatment [5]. The long-term 
effects of DI are more uncertain, however, par
ticularly when combined with CNS-directed 
therapy including CXRT. The early finding asso
ciated with DI reported here is most likely due 
to transient peripheral nervous system effects of 
the vincristine doses (l.s mg/m2, 2.0 mg maxi
mum) during induction and DI for patients on 
regimens A and B. (An additional dose of vin
cristine was given during consolidation to 
patients on regimen B.) If this finding is, indeed, 
peripheral in nature, these effects would be 
expected to resolve after discontinuation of 
treatment. If, however, this finding is proven to 
include CNS abnormalities, we speculate that 
vincristine and dexamethasone, both given sys
temically in DI, playa major role in producing 
these effects, because of physiologic evidence 
documenting penetration of the blood-brain 
barrier [42, 43]. 

CCG-lOsNP is the largest neurobehavioral 
study of childhood leukemia patients ever con
ducted, with findings relevant to cognitive, 
motor, and behavioral functioning, both at 
home and school. Weare unaware of any other 
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prospective neurobehavioral study within the 
context of childhood ALL featuring randomized 
assignment to both intensified systemic chemo
therapy and CNS-directed treatment regimens. 
The CCG-lOsNP study focuses primarily on 
comparisons of cognitive, motor, and behav
ioral functioning of patients receiving CNS
directed therapy consisting of IT MTX, with or 
without 1800 cGy CXRT. Almost all previously 
published studies of neurobehavioral outcome 
concern patients treated with 2400 cGy (see 
Table 1 for selected prospective studies). One 
recently published report from a randomized 
trial using 1800 cGy CXRT [44] found no signifi
cant differences associated with age at diagnosis 
and comparable decreases in cognitive function
ing and arithmetic achievement, whether or not 
CXRT was part of the treatment [16]. That 
study, like many others of its kind before it, 
described neurobehavioral outcome in limited 
terms (IQ and academic achievement) and pro
vided no information upon which to generate 
any educational or psychosocial interventions. 

The CCG-I0sNP study cannot be compared 
to others of its kind for additional reasons. More 
specifically, the substantial differences in sys
temic ALL therapy given to patients in previous 
studies compound the methodologic problems 
summarized earlier to make generalization of 
findings even more difficult. Most systemic 
chemotherapy schedules now include prolonged 
and intensified chemotherapy early in treat
ment, while duration of maintenance has been 
reduced for some trials. The considerable varia
tion among therapy regimens depends also on 
definitions of risk and the treatment strategies 
of a pediatric cancer centre or cooperative 



group. The most important aspect of current 
ALL therapy which may affect neurobehavioral 
outcome is the timing and the frequency of IT 
MTX doses, which are now derived from age 
and CNS volume rather than from body surface 
area [45]. This factor, and intensive BFM sys
temic chemotherapy, have yet to be studied in 
terms of neurobehavioral sequelae. Thus, our 
study of ALL patients following intensive and 
prolonged indue tion/consolidation and delayed 
intensification is contemporary and, at the same 
time, addresses methodological weaknesses in 
previous studies. 

For a significant proportion of ALL patients 
considered at high risk of treatment failure, 
CXRT plays vital role in modern treatment regi
mens designed to produce long-term survival. In 
some high-risk groups, however, very high dose 
intravenous MTX combined with IT MTX [46], 
intermediate dose MTX[47], or triple IT therapy 
[48] has been used effectively for CNS-directed 
treatment. For other high-risk subgroups, 
recent therapeutic trials indicated that CXRT 
cannot be eliminated without possible compro
mise in patient outcome. For example, in CCG-
123, patients with lymphomatous presentation, a 
sub-group with a high rate of CNS relapse, were 
shown to benefit from CXRT if they received less 
than optimal systemic chemotherapy [49]. 
Another randomized therapeutic trial, ALL-BFM 
81, showed that in a group of standard-risk 
patients, a subset had significantly higher event
free survival (p < .0003) when CXRT was includ
ed in CNS directed treatment [2]. Subsequent 
ALL-BFM trials have retained CXRT in all but 
the best prognosis category, and have tested a 
lower dose of CXRT (1,200 cGy vs 1,800 cGy) 
[50]. An optimal therapeutic dose of CXRT (i.e., 
the lowest dose which permits satisfactory free
dom from CNS relapse) has not been deter
mined. 

Results from the CCG-105NP study should 
prove helpful in judging the risk-benefit issue in 
the higher risk ALL populations, where some 
degree of disease-free survival advantage may 
come from using CXRT. This study also pro
vides a longitudinal perspective of any neuro
behavioral effects associated with intensified 
systemic chemotherapy and IT MTX, with or 
without CXRT. Clinical researchers can then 
evaluate such disease-free survival advantage 
relative to other potential issues in patient funz
tioning associated with the addition of irradia
tion treatment. 
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Abstract. The Cancer and Leukemia Group B 
(CALGB) has conducted a series of prospective 
clinical trials in adults with acute lymphoblastic 
leukemia (ALL). The impact of certain clinical 
and biological characteristics on the outcome of 
intensive chemotherapy has been investigated. 
In this report, the prognostic features of 379 
patients entered onto two sequential trials 
(CALGB 8811 and 9111) are described. A total of 
325 (86%) patients achieved a complete remis
sion (CR). A higher CR rate was observed in 
younger patients (93% for those < 30 years old, 
86% for those 30-59 years old, and 64% for 
those ;:, 60 years old; p < 0.001), and in those 
who had a mediastinal mass (98%) or blasts with 
a T-cell immunophenotype. A total of 83% of B
lineage and 94% of T-cell ALL patients achieved 
a CR (p = 0.04). Co-expression of myeloid anti
gens did not affect the CR rate or remission 
duration. Of those with cytogenetic or molecular 
evidence of the Philadelphia (Ph) chromosome, 
76% and 87% of those without such evidence 
achieved a CR (p = 0.08). The median survival 
for all patients is 28 months, and 47% (95% con
fidence interval, CI, 40%-54%) of all patients are 
estimated to be alive at 3 years. The median 
remission duration for the 325 CR patients is 
also 28 months. Favourable pretreatment char
acteristics relative to remission duration or sur
vival are younger age, the presence of a 
mediastinal mass, white blood cell (WBC) count 
< 30000/J.l1, T or TMy immunophenotype, and 
the absence of the Ph chromosome. The esti-

mates for the proportion surviving at 3 years are 
66% for patients < 30 years old, 36% for those 
30-59 years old, 84% for those with a mediasti
nal mass, 54% with WBC < 30000/j.Li, 65% with 
T or TMy antigen expression, and 52% for those 
who lack the Ph chromosome. Twenty-two 
patients (6%) had no unfavourable prognostic 
features and have an estimated probability of 
survival at 3 years of 91 % (95% CI, 66%-98%). 
Patients with high-risk features are now being 
selected for additional therapy. 

Introduction 

The Cancer and Leukemia Group B (CALGB) 
has conducted a series of clinical trials in adults 
with acute lymphoblastic leukemia (ALL) with 
several specific aims. The primary objective has 
been to increase the initial complete response 
rate since the potential for cure exists only after 
a complete response. Secondly, several postrem
ission regimens have been evaluated for their 
ability to prolong relapse-free survival by using 
multi-agent intensive consolidation chemother
apy. Thirdly, the impact of certain biological 
characteristics, such as immunophenotype, 
cytogenetics, and molecular genetic features, 
has been investigated in order to identify more 
homogeneous subsets of ALL of prognostic 
importance. Details of these studies have been 
published [1-8]. This report describes what we 
have learned. 

lSection of Hematology/Oncology, Department of Medicine, The University of Chicago, Chicago, IL 60637, USA 
2The Cancer and Leukemia Group B Statistical Center, Durham, NC 27705, USA 
'Roswell Park Cancer Institute, Buffalo, NY 14263, USA 
'University of Maryland Cancer Center, Baltimore, MD 21201, USA 
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Throughout each of these group-wide stud
ies, there has been central review of pretreat
ment bone marrow samples for morphology and 
cytochemical features. In addition, two central 
laboratories have performed immunophenotyp
ing by flow cytometry. A large series of prospec
tively studied patients with adult ALL whose 
lymphoblasts expressed one or more myeloid 
antigens was described by the CALGB in 1987 
[4]. Our findings indicated that myeloid antigen 
expression occurred more frequently in adult 
ALL than previously realized, and identified 
possible high-risk subgroups that could not be 
defined by conventional cytologic and cyto
chemical evaluations. Using the treatment pre
scribed in study 8011, the presence of myeloid 
antigens was associated with a lower complete 
remission (CR) rate and shorter survival [4]. 

More recently, a subset of acute leukemia has 
been identified as minimally differentiated acute 
myeloid leukemia and later defined by the 
French-American-British (FAB) Cooperative 
Group as AML-MO [9]. These malignant cells 
lack lymphoid surface markers but usually have 
FAB-L2 morphology and are negative for 
myeloperoxidase or Sudan Black B reactivity. 
Thus, patients with AML-MO have often found 
their way into ALL clinical trials in the past 
where their outcome has been poor. FAB-MO 
cases by definition do not express lymphoid
specific markers. They may be positive for ter
minal deoxynucleotidal transferase (TdT) 
reactivity and CD7 expression, but these mark
ers are not specific for lymphoblasts. In con
trast, these AML-MO cells are positive for CDl3 
or CD33 or other myeloid markers, suggesting a 
minimal level of differentiation along the granu
locytic pathway. When we carefully exclude 
such patients with minimally differentiated 
AML (FAB type MO) and use more intensive 
chemotherapy, we now find no important differ
ences in the response rates, remission duration, 
or survival of ALL patients who have co-expres
sion of CDl3 or CD33 [4,6]. In general, the 
course of these patients appears to be deter
mined by their lymphoid lineage, that is, B-lym
phocyte or T-cell. 

For several years, the CALGB has performed 
molecular analyses on pretreatment leukemia 
samples in central laboratories to determine in a 
prospective fashion the incidence and prognos
tic importance of immunoglobulin and T-cell 
receptor gene rearrangements and the BCR-ABL 
rearrangement associated with the Philadelphia 
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(Ph) chromosome [5-7]. These results have been 
compared to cytogenetic data obtained through 
the central CALGB karyotype review process. In 
a prospective trial, molecular methods detected 
the BCR-ABL fusion gene in 30% of ALL cases, 
compared to cytogenetic detection of the Ph 
chromosome in 23% [5]. The Ph chromosome 
and/or the BCR-ABL rearrangement were found 
in almost half of the B-lineage ALL cases but in 
none of the T-cell cases. The majority of the 
BCR-ABL-positive cases (76%) were of the p190 
subtype. Despite a nearly equivalent CR rate, the 
disease-free survival of Ph+ ALL patients was 
clearly inferior to those without this genetic 
mutation [5,6]. Indeed, once this subgroup is 
reliably identified and considered separately, the 
estimated 3-year survival of the remaining B-lin
eage ALL patients improves and does not differ 
significantly from the survival of similarly evalu
ated patients with T-lineage ALL [6]. 

In this report, we describe the outcome of 379 
adults with ALL treated in two sequential 
CALGB trials (8811 and 9111) using an intensive 
remission induction and consolidation chemo
therapy program, followed by maintenance ther
apy lasting for 2 years from diagnosis. Detailed 
univariate and multivariate analyses have been 
performed to evaluate the impact of pretreat
ment clinical and biological characteristics of 
each patient as a determinant for their response, 
remission duration, and overall survival [6]. 

CALGB Studies 8811 and 9111 

Patient Selection 

Patients were eligible if they had untreated ALL 
of any of the three FAB subtypes or acute undif
ferentiated leukemia. Patients were registered by 
telephone with the CALGB Statistical Office 
prior to treatment. The diagnosis of ALL was 
confirmed by central review of blood smears 
and bone marrow specimens for cytologic and 
cytochemical features according to the FAB cri
teria [10]. Central immunophenotyping and 
pathology review were required. It was recom
mended that pretreatment blood and bone mar
row specimens be submitted for cytogenetic 
analysis, including central review of the kary
otypes (CALGB study 8461), and for molecular 
analysis for the presence of the BCR-ABL fusion 
gene (CALGB study 8762). Leukemia cells were 
analyzed in the central laboratory by Southern 



blot and pulsed field gel electrophoresis and 
polymerase chain reaction for rearrangements 
within the BCR gene according to previously 
reported methods, using conditions which will 
detect both the p190 and the p210 subtypes [5]. 
A lumbar puncture for cerebro spinal fluid 
(CSF) examination was not recommended at 
diagnosis for asymptomatic patients. However, 
patients with symptomatic central nervous sys
tem (CNS) leukemia were not excluded but 
received additional CNS therapy. All patients 
were older than 15 years, had adequate renal 
and hepatic function ( < two fold elevated above 
the normal range unless felt to be due to 
leukemia infiltration), and had provided 
informed consent. 

Immunophenotyping (CALGB study 8364) 
was performed in two central CALGB laborato
ries. In a small number of cases where the pre
treatment specimen was not evaluable in the 
central laboratory, immunophenotyping data 
from the local institutions were used after cen
tral review. Flow cytometric analysis and a panel 
of monoclonal antibodies were used for indirect 
immunofluorescence. The criterion for surface 
marker positivity was expression by at least 20% 
of the leukemia blast cell population. B-lineage 
antigen expression was defined as CD19 or 
CD20 positivity; T -lineage antigen expression as 
CDS or CD2 reactivity; and myeloid antigen 
(My) expression as CD13 or CD33 positivity. 
Expression of the common ALL antigen 
(CALLA) was assessed by CDI0 reactivity. Cases 
expressing combinations of both B-lineage and 
T -lineage antigens were classified as BT, BTMy, 
or miscellaneous. Cases expressing surface 
membrane immunoglobulin (SmIg) were con
sidered FAB-L3 (Burkitt-type ALL) and were not 
included among the other B-lineage cases in 
subsequent analyses. Patients with myeloperoxi
dase-negative blasts that expressed only myeloid 
antigens (and not B- or T-lymphoid antigens) 
were reclassified as AML-MO and deemed to be 
ineligible. 

Treatment Protocol 

The chemotherapy drugs and dosages used in 
the induction, consolidation, and maintenance 
phases of treatment on study 8811 are listed in 
Table 1 [6]. Study 9111 used exactly the same 
chemotherapy regimen but, in addition, patients 
were assigned in a double-blind fashion prior to 
treatment to receive filgrastim (granulocyte-

colony stimulating factor, G-CSF) or a placebo 
during the induction and early intensification 
courses (i.e., during the first 3 months of treat
ment) [8]. 

The total duration of treatment was 24 
months. Testicular biopsies were not required at 
the end of therapy, and testicular radiation was 
not given prophylactically. Radiation therapy 
was not used to treat mediastinal masses. 
Patients who had an isolated CNS relapse while 
continuing in marrow remission were counted 
as failures; however, they continued to receive 
systemic chemotherapy on protocol after sup
pression of CSF lymphoblasts with additional 
intrathecal chemotherapy. No hematopoietic 
growth factors were used in study 8811, and 
none were used in study 9111 after completion 
of the first 3 months of chemotherapy. Co-tri
moxazole or aerosolized pentamidine were rec
ommended for pneumocystis prophylaxis, 
starting in course 3. The use of oral non
absorbable antibiotics, the management of 
febrile episodes and transfusions, and the use of 
hospitalization were not prescribed by the pro
tocols but rather left to institutional guidelines. 

Data Audit 

Personnel in CALGB Central Data Management 
were responsible for quality assurance for all 
clinical data submitted for this study. Eligibility 
criteria were verified for all patients, and an 
evaluation of treatment, response, and toxicity 
was made by the study chair (R.A. Larson). In 
addition, as part of the group data monitoring 
program, members of the CALGB Data Audit 
Committee made periodic site visits to all insti
tutions to verify compliance with Federal regu
lations and protocol requirements, including 
eligibility, treatment, response data, and follow 
up. All radiotherapy portals and dosimetry 
records for the cranial irradiation were centrally 
reviewed for quality control by the Quality 
Assurance Review Center in Providence, Rhode 
Island. 

Response Criteria 

Patients were considered to be in CR when the 
neutrophil count was > IS001fll, the platelet 
count was> 1000001fll, the results of bone mar
row examination were normal (including < 5% 
blasts and > 25% cellularity), and all extra
medullary disease had resolved. Patients with 
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Table 1. Chemotherapy regimen for acute lymphoblastic leukemia in adults 

Route Dosage 

Course I: induction (4 weeks) 
Cyclophosphamide* Lv. 1200 mg/m2 
Daunorubicin * i.v. 45 mg/m2 
Vincristine i.v. 2mg 
Prednisone* p.o./i.v. 60 mg/m2/d 
L-Asparaginase s.c. 6000 IV/m2 

*For patients? 60 years old 
Cyclophosphamide 800 mg/m2 
Daunorubicin 30mgim2 
Prednisone 60 mg/m'/d 

Course 2: early intensification (4 weeks, repeat once) 
Intrathecal methotrexate 15 mg 
Cyclophosphamide i.v. 1000 mg/m2 
6-Mercaptopurine p.o. 60 mg/m'/d 
Cytarabine s.c. 75 mgim'/d 
Vincristine i.v. 2 mg 
L-Asparaginase s.c. 6000 IV/m' 

Course 3: CNS prohylaxiz and interim maintenance (12 weeks) 
Cranial irradiation 2400 cGy 
Intrathecal methotrexate 15 mg 
6-Mercaptopurine p.o. 60 mg/m2/d 
Methotrexate p.o. 20 mg/m' 

Course 4: late intensification (8 weeks) 
Doxorubicin i.v. 
Vincristine 
Dexamethasone 
Cyclophosphamide 
6-Thioguanine 
Cytarabine 

1.v. 

p.o. 
i.v. 
p.o. 
s.c. 

30 mg/m2 
2mg 
IOmg/m2/d 
1000mg/m' 
60 mg/m2/d 
75 mg/m'/d 

Course 5: prolonged maintenance (until 24 months from diagnosis) 
Vincristine i.v. 2 mg 
Prednisone p.o. 60 mg/m2/d 
Methotrexate p.o. 20 mg/m2 
6-Mercaptopurine p.o. 60 mg/m'/d 

Given on days 

1,2,3 
1,8,15,22 
1-21 
5,8,11,15,18,22 

1,2,3 
1-7 

1-14 
1-4,8-11 
15,22 
15,18,22,25 

1-12 
1,8,15,22,29 
1-70 
36,43,50,57,64 

1,8,15 
1,8,15 
1-14 
29 
29-42 
29-32,36-39 

1 of every 4 weeks 
1-5 of every 4 weeks 
1,8,15,22 
1-28 

> 25% lymphoblasts remammg in the bone 
marrow after course 1 were removed from the 
protocol study. All patients were required to 
have achieved a CR by half-way through course 
2 in order to remain on the study. 

Statistical Methods 

The proportion of patients achieving a CR to the 
induction regimen was the primary outcome 
measure for these studies. The duration of CR 
and length of survival were additional outcome 
measures. Differences in proportions of com
plete responders among patient subgroups were 
analyzed using Fisher's exact test. The duration 
of CR was defined to be the time from achieving 
a CR to relapse (bone marrow, blood, CNS, or 
testicular), death, or date of last follow up. 

Patients still at risk, lost to follow up, or with
drawn for bone marrow transplantation (BMT) 
were censored for the analysis of remission 
duration. Survival was defined as the time from 
study entry to death or date of last follow up. 
Probabilities of surviving and remaining in CR 
were estimated by the Kaplan-Meier method. 
Confidence intervals (CI) of 95% for these prob
abilities and the median survival times were 
obtained using the method of Simon and Lee. In 
instances where the median was not defined, the 
estimate was reported to be greater than the 
smallest possible time. Differences in survival or 
remission duration between patient subgroups 
were tested using the log-rank statistic, adjusted 
for multiple comparisons where appropriate. 
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In accordance with the study objectives, the 
prognostic significance of age, white blood cell 



(WBC) count, platelet count, mediastinal mass, 
organomegaly, lymphadenopathy, FAB classifi
cation, immunophenotype, cytogenetics, and 
molecular analysis was assessed with respect to 
CR rate and remission duration and survival. For 
the joint analysis of these variables, regression 
analyses were used. The analysis of CR rate was 
carried out using the logistic regression model, 
while the analyses of CR duration and survival 
were carried out using the Cox proportional haz
ards regression model. All reported p values are 
nominal two-sided values. Analysis was based on 
all data available as of February 10,1995. 

Results 

Patient Accrual 

Between September, 1988 and June, 1991, 214 
patients were entered on CALGB study 8811 from 
25 main member institutions and their affiliated 
hospitals. Between June, 1991 and June, 1993, 198 
patients were entered on CALGB study 911l. 
After central review of all data, 197 patients and 
182 patients, respectively, were eligible and evalu
able. These two patient cohorts from sequential 
trials have been combined for this report because 
there were no marked differences in eligibility 
and treatment, and no statistically significant dif-

ferences have yet been observed in their estimat
ed remission durations nor survivals. 

Patient Characteristics 

The 379 eligible patients ranged in age from 16 to 
80 years, with a median age of 34 years; 53 
patients (14%) were 60 years or older. There 
were 220 males (58%) and 159 females. The per
formance status was 0 or 1 in 308 patients (81%) 
and 2-4 in 71 patients. A total of 55% of patients 
had a fever or infection prior to chemotherapy. 
Initial WBC counts ranged from 200 to 475000/111 
(median 17000/111), platelet counts from 4000 to 
557000/111 (median 50000/111), and hemoglobin 
from 4.0 to 16.6 gm/dl (median, 9.7 gm/dl). 

Effects of Age, Mediastinal Mass, and WBC Count 
on Outcome ofTherapy 

A total of 325 (86%) of the 379 eligible patients 
achieved a CR (Table 2); 237 (74%) of the res
ponders were in CR within 30 days from the first 
treatment, 88 (26%) required more than 30 days, 
either because of slow recovery of marrow cellu
larity and blood counts or because additional 
chemotherapy (i.e., course 2) was required. 
There is a statistically significant difference in 
remission duration in favor of the rapid respon-

Table 2. Clinical characteristics in relation to complete remission rates, remission durations, and survivals 

Parameter (n) CR Remission duration Survival 

(n) (%) p Median p Median p 
months (months) 

Total 379 325 86 28 28 

Age (years) 
<30 159 148 93 <.001 35 .003 56 <.001 
30-59 167 143 86 25 22 
;;,60 53 34 64 8 4 

Mediastinal mass 
Present 44 43 98 .02 >28 .002 >30 <.001 
Absent 324 272 84 24 22 

Lymphadenopathy 
Present 140 125 89 .13 >32 .60 39 .04 
Absent 223 186 83 26 23 

WBC 
< 30 OOO/Jll 240 212 88 .002 34 .001 43 <.001 
;;, 30 OOO/Jll 130 105 81 14 17 

TimetoCR 
'" 30 days 237 34 .03 47 .10 

>30 days 88 20 30 
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ders, but as yet the difference in the proportion 
of patients alive at 3 years is not statistically sig
nificantly different (56% vs. 48%). 

Treatment response was a function of age; 
93% of patients less than 30 years old achieved a 
CR compared to 86% of those aged 30-59 years 
and only 64% of those 60 years and older 
(p<O.OO1). Increasing age also had highly sig
nificant unfavourable effects on the remission 
duration and on survival (Table 2). 

Forty-four patients (12%) had a mediastinal 
mass, and 98% of these patients achieved a CR. 
This was significantly better than the 84% CR 
rate for those without a mediastinal mass 
(p = 0.02). The presence of a mediastinal mass 
prior to treatment also had a significant effect 
on long-term outcome; 66% of these patients 
were estimated to remain in continuous CR at 3 
years (p = 0.002), and 84% were estimated to be 
surviving at 3 years (p < 0.001). 

A total of 240 patients (65%) had a WBC 
count < 30000/J.Ll at diagnosis, and 88% of these 
patients achieved a CR. This was significantly 
better than the 81% CR rate for those with WBC 
30,000/1.11 (p = 0.002). In addition, a lower leuko
cyte count had significant effects on remission 
duration and survival; 49% of those with WBC 
~ 30,000/J.Ll were estimated to be in continuous 
CR at 3 years (p = 0.001), and 54% were estimat
ed to be alive at 3 years p < 0.001). 

A multivariate analysis was performed for 
survival estimates, based on 359 patients with 
complete information for age, sex, presence of a 
mediastinal mass, lymphadenopathy, leuko
cytes, and platelets. A stepwise Cox regression 
analysis identified age, mediastinal mass, and 
leukocyte count as significant variables in this 
group of patients. The risk of dying was two fold 
greater for patients ~ 60 years old compared to 
those less than 60 (p < 0.001). After adjusting for 
age, the risk of dying was 4.6-fold greater for 
those patients without a mediastinal mass com
pared to those with a mediastinal mass 
(p < 0.001). After adjusting for age and a medi
astinal mass, the leukocyte count remained sig
nificant, and the risk ratio was 1.9 for patients 
with WBC ~ 30,000/111 (p <0.001). 

Effects of Morphology 
and Immunophenotype on Outcome 

A total of 325 patients could be classified by the 
pathology review committee using the FAB cri-
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teria; 153 patients (41%) were Ll, 160 (43%) 
were L2, and 12 (3%) were L3. Morphological 
subtyping could not be accomplished in 44 cases 
(12%), usually because of inadequate marrow 
aspirate samples, and these were considered 
unclassifiable acute leukemia. Ten cases were 
not evaluable for central review. 

The CR rate (87%) was exactly the same for 
the patients with Ll or L2 morphology. There 
were no statistically significant differences in the 
remission durations nor in the survivals between 
these two groups, although trends were present 
in both outcome measures in favour of the F AB
Ll subset. Patients with FAB-L3 morphology 
were considered separately because of their small 
number and also because another CALGB study 
(9251), specifically designed for these patients, 
opened for accrual during the study period for 
these protocols. Ten (83%) of the 12 patients 
identified by morphology and immunopheno
typing as L3 ALL achieved a CR, but the median 
remission duration was only 3 months, and the 
median survival was only 6 months. 

Immunophenotyping data were available for 
264 patients (Table 3). The CR rate was 94% for 
the 67 patients with a pure T-cell or TMy 
immunophenotype. This was significantly better 
than the 83% CR rate for 197 patients with a pre
cursor B-cell or BMy immunophenotype 
(p = 0.04). The remission duration was signifi
cantly longer for patients with a T or TMy 
immunophenotype than for the B-lineage 
patients; 60% were estimated to remain in con
tinuous CR at 3 years compared to 40% of the 
latter group (p = .02). Survival was also signifi
cantly better for the patients with a T or TMy 
immunophenotype; 65% were estimated to be 
alive at 3 years compared to 37% of those with a 
B or BMy immunophenotype (p < 0.001). Using 
this treatment regimen, co-expression of a 
myeloid antigen on the lymphoblast surface 
appeared not to alter the outcome. In a multi
variate analysis, after adjusting for age, medi
astinal mass, and leukocytes, the risk of dying 
was 1.8-fold greater for patients with a B or BMy 
immunophenotype compared to those with a T 
or TMy immunophenotype (p = 0.03). 

Impact of Cytogenetics and Molecular Analyses 
on Outcome 

Cytogenetic information is available for 165 
patients (Table 4). In addition, molecular analy
ses have been completed on 80 patients. Taken 



Table 3. Effects of morphology and immunophenotype on treatment outcome 

Parameter (n) CR Remission duration Survival 

(n) (%) p Median p Median p 
(months) (months) 

PAB subtype 
L1 153 133 87 1.00 35 .06 39 .09 
L2 160 139 87 21 23 

Immunophenotype 
B 150 126 84 .02 23 .09 19 <.001 
T 51 50 98 >28 >40 

BMy 47 38 81 20 22 
TMy 16 13 81 >40 >40 

BorBMy 197 164 83 .04 24 .02 19 <.001 
TorTMy 67 63 94 >30 >40 

Table 4. Detection of the Philadelphia chromosome or the BCR-ABL fusion gene and treatment outcome 

Parameter (n) CR 

(n) (%) 

Cytogenetics 
Ph+ 48 36 75 
Ph 117 102 87 

Molecular 
BCR-ABL+ 22 15 68 
BCR-ABL 58 49 84 

Either method 
Ph+/BCR-ABV 55 42 76 
Negative 141 123 87 

together, 55 patients have been identified to 
have the Ph chromosome or BCR-ABL 
rearrangement, and 141 patients have been eval
uated by one or both of these tests and found 
not to have this genetic mutation. The CR rate 
was 76% for the Ph+/BCR-ABV patients com
pared to 87% for those without this mutation. 
This difference was not statistically significant 
(p = 0.08). However, both remission duration 
and survival were markedly different between 
these two groups (p < 0.001 for both). Only 17% 
of the patients with Ph+/BCR-ABV ALL were 
estimated to remain in continuous CR at 3 years 
(95% CI, 6%-40%) compared to 48% (95% CI, 
37%-59%) of those who were negative by at 
least one genetic test. Only 16% (95% CI, 
7%-32%) of those with either a Ph chromosome 
or a BCR-ABL rearrangement were estimated to 
be alive at 3 years compared to 52% (95% CI, 
41 %-62 %) of those who were negative. 

Remissionduration Survival 

p Median p Median p 
(months) (months) 

.07 10 .01 13 .001 
24 23 

.12 7 <.001 11 <.001 
>30 >30 

.08 9 <.001 13 <.001 
31 38 

However, after adjusting for age alone, the pres
ence of Ph/BCR-ABL positivity loses most of its 
significance for the estimate of survival 
(p = 0.06). 

Patients with a t(4;11) or a MLL gene rear
rangement (in chromosome band Ilq23) are 
another cytogenetic subset with a poor outcome 
[6,11]. Eleven such patients were reported to be 
enrolled on these protocols (Table 5). Nine were 
female; five had WBC > 200000/j.Il. All had a B
lineage immunophenotype. Five patients died 
during the induction chemotherapy or had 
refractory disease. Of the six complete respon
ders, three have relapsed and two died after 
BMT. 

Cumulative Adverse Risk Factors 

It is interesting to consider the number of ad
verse features that an individual patient had at 
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Table 5. ALL patients with a t(4;11) or a MLL rearrangement (CALGB 8811/9111) 

Age Sex WBC Immunophenotype FAB Treatment Survival 
(per Jll) outcome (months) 

64 F 392200 B L1 Died in induction <1 
18 F 297200 B L1 CR 50+ 
19 F 253000 B L1 CR; relapse (5 months) 9 
43 M 19600 B L1 Died in induction <1 
61 M 209800 BMy L2 Refractory 2 
24 F 72 300 B L1 CR; relapse (3 months) 6 
35 F 26400 B L1 CR;BMT 14 
71 F 251000 B 12 Died in induction <1 
29 F 45300 B L1 Refractory 4 
35 F 800 B L2 CR;BMT 8 
31 F 62600 BMy Mixed CR;PBSCT; Relapse 15 

Cases were identified by cytogenetics or molecular analysis at diagnosis or at relapse. Not all data listed were cen-
trally reviewed [6,10]. FAB, morphology subclassification; CR, complete remission; BMT, bone marrow trans-
plant; PBSCT, autologous peripheral blood stem cell transplant. 

diagnosis. For this analysis, four adverse fea
tures were considered: age :;" 60 years, absence 
of a mediastinal mass, WBC :;" 30000/111, and 
adverse laboratory features (either L3 morphol
ogy, B or BMy immunophenotype, or the Ph 
chromosome). Thus, the only patients removed 
from this analysis are the few who lack clinical 
information regarding a mediastinal mass or the 
pretreatment WBC count, and those who are 
missing all three values for F AB morphology, 
immunophenotype, and cytogenetics/molecular 
results. Table 6 and Fig. 1 show the survival esti
mates for 353 patients by the number of adverse 
features at diagnosis. Patients who have adverse 
biological features tend to have multiple adverse 
clinical features. Twenty-two patients (6%) had 
no unfavorable prognostic factors and had an 
estimated probability of survival at 3 years of 
91 % (95% cr, 66%-98%). Alternatively, none of 

the 13 patients with all four adverse risk factors 
survived longer than 17 months. 

Discussion 

The aim of CALGB study 8811 was to develop an 
aggressive multi-agent treatment that would 
improve the remission induction rate and the 
survival of adults with ALL. The aim of CALGB 
study 9111 was to evaluate the ability of G-CSF 
to increase the remission induction rate further 
by reducing the duration of neutropenia, and 
thereby the morbidity and mortality of treat
ment. Preliminary data from our study and two 
other randomized clinical trials, suggest that the 
concurrent use of G-CSF may improve the abili
ty to deliver intensive chemotherapy more safely 
[8, 12, 13]. The follow-up periods for these trials 

Table 6. Impact of four adverse features on the outcome of treatment on CALGB 8811/9111 

Adverse Patients Adverse Features Estimated 
features survival at 

Age WBC No mediastinal Laboratory 3 years 
(n) (n) >60 >30000/JlI mass features (95%-CI) 

(%) (%) 

0 22 0 0 0 0 91, 66-98 
1 83 1 16 63 3 64, 51-75 
2 146 12 25 145 110 49, 36-61 
3 89 25 68 89 85 21, 12-35 
4 13 13 13 13 13 0 

'Adverse laboratory features include L3 morphology, or B/BMy immunophenotype, or Ph + /BCR-ABL + genetics. 
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Fig. 1. The survival of353 patients with ALL treated on CALGB studies 8811 and 9111 differed according to the 
number of adverse features that an individual patient had at diagnosis: age ;, 60 years, absence of a mediastinal 
mass, WBC ;, 30 000/~1, or adverse laboratory features (either L3 morphology, or B/BMy immunophenotype, or 
the Ph chromosome) 

are still short, however, and the full impact of 
the use of G-CSF during the treatment of adults 
with ALL remains to be determined. 

Twelve percent of our patients had promi
nent mediastinal adenopathy. Surprisingly, we 
found that this is predictive of a favorable out
come, with an influence on remission rate, dura
tion of remission, and survival in multivariate 
analyses [6]. Most previous studies of adult ALL 
have failed to identify mediastinal enlargement 
as an important factor. A trend similar to ours 
seemed apparent in an older German study, but 
it did not reach statistical significance [14]. 
Furthermore, in our study, lymphadenopathy, 
another manifestation of leukemia mass, had a 
favorable effect on survival in a univariate, but 
not multivariate, analysis. The favorable out
come associated with a mediastinal mass using 
this treatment regimen may be due in part to the 
favorable effect of the T -lineage immunopheno
type, since the large majority of the patients 
with a mediastinal mass had T-cell antigen 

expression. The median age of the patients with 
a mediastinal mass did not differ from the group 
overall nor was their median WBC count lower. 
None, however, had the Ph chromosome. 

Biological characteristics of the disease con
tinue to be powerful determinants of response. 
As yet, no chemotherapy regimen has effectively 
cured patients with the Ph chromosome. In our 
study, fewer than 20% of these patients are esti
mated to survive more than 3 years. The propor
tion of patients with the Ph chromosome 
increases with age, and more than 40% of ALL 
patients > 50 years old have this mutation. 
Thus, this abnormality may be in part responsi
ble for the poor prognosis of older adults with 
ALL. Recent data suggest that approximately 
one third of Ph I ALL patients can be cured 
using allogeneic BMT. At this time, CALGB 
study 9113 is investigating allogeneic transplan
tation, early in first CR, using total body irradia
tion and high-dose etoposide for Ph' patients 
who have an HLA-identical sibling. Patients 
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with a t( 4;11) or other high-risk features are also 
eligible for this BMT trial. 

Burkitt-type (L3) B-ALL also had a poor out
come using this treatment program. Approxi
mately 5% of adults with ALL have this subtype, 
which is characterized by the t(8;14) or one of its 
variants [t(2;8), t(8;22)]. Ten of 12 L3 patients 
achieved a CR using this induction regimen, but 
remissions were very short (median, 3 months). 
Currently, the CALGB is investigating the use of 
a short, intensive chemotherapy program, using 
high doses of ifosfamide/cyclophosphamide 
with high-dose methotrexate and cytarabine, 
etoposide, and doxorubicin for patients identi
fied at diagnosis with either ALL-L3 morphology 
or Burkitt lymphoma. Preliminary data (study 
9251) suggest a high CR rate and durable remis
sions in many of these patients. 

In order to improve the outcome of all adults 
with ALL, it will be increasingly important to 
stratify treatment groups by prognostic charac
teristics, particularly age, mediastinal mass, 
WBC, immunophenotype, and genetic abnor
malities. Risk factor assessments must makeuse 
of clinical measurements or technological 
resources widely available to community hema
tologists, and then they must be validated 
prospectively. For patients with a favorable 
prognosis, the intensive chemotherapy devel
oped in studies 8811 and 9111 can be recom
mended, and it is possible that additional 
refinements in therapy and supportive care may 
improve results further. The CALGB has recent
ly completed a pilot study (9311) using the 
immunotoxin anti-B4 blocked ricin (immuno
gen) for patients with B-lineage ALL in first 
remission. As yet, no outcome data are available 
from this trial. 

Patients in the high-risk subgroups clearly 
require different treatment. Unfortunately, the 
majority will not have an allogeneic bone mar
row donor available. Thus, the challenge of 
developing new treatment strategies for these 
patients remains. 
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Introduction 

In the past decade acute lymphoblastic leukemia 
(ALL) in the elderly was considered a rare con
dition so that these patients were usually 
neglected in multiinstitutional studies [1-3] or 
were generally enrolled in the trials for all adult 
ALL [4-6]. 

When patients > 60 years were treated like 
other adult ALL patients (> 15 years) the results 
were disappointing since the complete remis
sion (CR) rate ranged from 35% to 58% [4-6]; 
induction death rate was high, strictly limiting 
the possibility of achieving CR and median sur
vival remained short, less than 6 months. 

This may discourage hematologists from 
enrolling these patients in the present intensive 
trials, preferring to treat them with palliative 
intent, i.e., conventional two-drug therapy con
sisting of vincristine (VCR) + prednisone 
(PDN) or personalized therapy. 

In this way two goals were not attained: first, 
the treatment results did not improve [7]; sec
ondly, the real incidence of older ALL patients 
remained underestimated. To date the incidence 
of ALL patients > 60 years is estimated to range 
from 16% to 31 % of ALL adult cases [8]. 

In 1988 the GIMEMA Group initiated, in the 
context of the ALL 0288 trial, a specific treat
ment regimen for patients > 60 years. As of 
September 1994 these patients represented 10% 
of all adult ALL cases enrolled in the above
mentioned trial. The specific goal of the protocol 
for elderly patients was to test its efficacy in 
inducing and maintaining CR, but especially its 

feasability in a population which would be 
unable to tolerate a 3-year chemotherapy regi
men. 

Material and Methods 

In January 1988 the second national trial-ALL 
0288-was initiated. In this trial, which was pre
viously detailed [9], a treatment regimen for 
patients older than 60 years of age was estab
lished. This regimen consists of a 7-day PDN 
pretreatment followed by conventional four
drug induction, involving VCR, PDN, daunoru
sicin (DNR), and L-asparaginase (ASP). Patients 
who do not achieve CR follow salvage chemo
therapy which consists of mitoxantrone and 
intermediate-dose of cytosine arabinoside (ID
AC). As post-remission chemotherapy, patients 
are treated as for all other adult ALL cases 
enrolled in the GIMEMA ALL 0288 trial, except 
that they are continued on conventional mainte
nance according to protocol (Fig. 1). From 
January 1988 to September 1994, 80 consecutive 
ALL patients over 60 years of age were enrolled 
in this protocol, which is still open. 

Statistical Methods. Statistical analysis was done 
using the SAS package (SAS Institute, Inc., Cary, 
North Carolina, USA). Single factors were stud
ied for their influence on remission rate by 
means of the chi-square test. Event-free, disease
free and overall survival were calculated using 
the product limit technique. To compare curves 
between two or more groups, the long-rank pro-

Department of Hematology, Universita Roma-La Sapienzia, Via Benevento 6, 00161 Rome, Italy 
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Fig. 1. Schema of protocol P, pred
nison; V, vincristine; D, daunoru
bicin; A, asparaginase; AC, cytosine 
arabinoside; IDAC, Intermediate
dose cytosine arabinoside; MT, 
mitoxantrone; MTX, methotrexate; 
6-MP, mercaptopurine; L-VAMP, 
vincristine, ID-methotrexate, cyto
sine, carabinoside, and desameta
zone; leucoverin 

Induction phase 1 

V+P+D+A 

Intensification 
- L-VAMP 
- VM-26+AC 

Maintenance 

6MP+MTX 
V+P pulses 

< 5 weekly (induction) 
CNS prophylaxis: periodic Lt. MIX 

12 monthly (postremission) 

Total duration qf therapy: - 30 months 

cedure was applied. Multivariate analysis to cor
relate various factors simultaneously with 
response to induction or event-free survival was 
performed using the linear logistic or the pro
portional hazard model, respectively. No patient 
was excluded from the analysis of the study. 

Results 

Patient Characteristics. As of September 1994, 
among 800 consecutive adult ALL patients, 80 
(10%) patients over 60 years old had been 
included in the protocol. Out of these, 32 were 
males; median age was 64.9 years (range 
60.1-78.2). At diagnosis, median white blood 
cell count WBC count was 1l.5 x 109/1 (range 
0.4-290 x 109/1); three patients exhibited a 
mediastinal mass, only one a eNS involvement. 
A predominant L2 French-American-British 
(FAB) morphology (65%) was encountered 
compared with 11 FAB ALL (32%); two patients 

were classified as 13, while only two were not 
classifiable. B-lineage ALL and T-lineage ALL 
constituted 70% and 19%, respectively, of all 
cases, only one case was classified as hybrid 
leukemia and another one was acute undifferen
tiated leukemia (AUL). Finally, 9% of cases were 
not classifiable. Regarding performance status 
(PS), 12 (15%) patients showed a PS 3 and 4. 
Cytogenetic analysis was not carried out rou
tinely so that only 28 cases were studied. No 
metaphases were found in ten; of the other 18 in 
whom karyotypic analysis was available six were 
normal, five showed aspecific abnormalities, and 
seven were Philadelphia chromosome (Ph1) 
positive (Table 1). 

Response to Treatment. Among the 80 patients 
enrolled, 77 were considered evaluable for 
induction response; of the remaining, one was 
withdrawn because of early death and two 
refused treatment. After induction phase 1, 36 
(47%) patients achieved CR, nine (12%) were 
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Table 1. Patient characteristics 

Patients (n) 
Males (n) 

(%) 

Age-Median (Years) 
Range (years) 

WBC-Median ( x 10'/1) 
Range (x 109/L) 

FAB 
11 (n) 

(%) 
L2 (n) 

(%) 
13 (n) 

(%) 
Not known (n) 

(%) 

Phenotype 
B-lineage (n) 

(%) 
T-lineage (n) 

(%) 
My+ (n) 

(%) 
AUL (n) 

(%) 
Not known (n) 

(%) 

Mediastinal mass (n) 
(%) 

CNS involvement 
No (n) 
Yes (n) 

Performance status (WHO) 
3 (n) 
4 (n) 

Cytogenetics 
Phi I (n) 

80 
32 
40 

64.9 
60.1-78.2 

11.5 
0.4-290 

25 
31 
51 
64 
2 
2.5 
2 
2.5 

56 
70 
IS 
19 

7 
9 

3 
4 

73 

10 
2 

28 
7(4 pI90+) 

refractory, and 32 (41 %) died during induction 
(Table 2). Among the seven Phi-positive ALL, 
four patients achieved CR, two were refractory, 
and one died during induction. Among the nine 
resistant patients, five followed salvage 
chemotherapy; only one of these achieved CR. 

Table 2. Response to induction 

(n) (%) 

Evaluable patients 77 

Complete remission 36 47 
Resistant 9 12 
Induction deaths 32 41 
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The main induction death (ID) cause was infec
tion (14 patients); six died because of hemor
rhage, five of hepatic toxicity, and one of stroke, 
paralytic ileus, and leukemia, respectively. 
Among the 36 CRs, ten (28%) went off the study 
early because of chemotherapy-related toxicity 
(eight) or protocol violation two; three patients 
died in CR from infection. Nine patients-four 
in early post-CR phase and five during mainte
nance therapy- relapsed; two of these relapses 
were isolated CNS relapse. During maintenance 
therapy one patient was withdrawn because of 
toxicity. At the time of the present analysis, 13 
patients (36%) of all complete remitters are alive 
without evidence of disease; three of them went 
off therapy. Survival was short-lived in these 
older patients with 27% and 19% of them 
remaining alive at I and 2 years, respectively 
(Fig. 2). At the same times, 24% and 13% of 
patients were event-free survivors (Fig. 3). 

Factors Associated with Outcome. In our cohort of 
patients, age, as revealed in univariate analysis, 
was the main prognostic factor influencing the 
achievement of CR. Age of 70 years or older was 
associated with no CR achievement due to ID 
(p = 0.02). With respect to phenotype, T cell 
immunophenotype was shown to be associated 
with a lower CR rate due to both ID and resistant 
disease (p = 0.05); whereas, poor PS higher ini
tial WBC count (WBC count> 50 x 10911), and 
prednisone pretreatment response were shown 
not to influence CR achievement significantly 
(Table 3). In multivariate analysis, age, initial 
WBC count, PDN pretreatment response and 
immunophenotype were tested to demonstrate 
their influence on event-free survival (EFS). Age 
was confirmed to be the only independent prog
nostic factor on EFS (p = 0.008) (Table 4). 

Discussion 

The best therapeutic approach in elderly ALL 
patients still remains an open issue. Physicians 
still debate whether to treat them in a curative 
or palliative way. Among the curative approach
es, the vincristine-adriamycin-dexamethasone 
(V AD) regimen was recently shown effective in 
inducing 58% CR rate [8]. Milder treatment con
sisting of VCR + PDN is considered a palliative 
therapy [7,10]; though in one study this 
approach was nearly as high as the curative one, 
inducing a 53% CR rate [11]. 
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Fig. 2. Overall survival 

It has been recently proposed that a possible 
therapeutic strategy for elderly patients may 
consist of conventional induction and consoli
dation, with the addition of growth factors, fol
lowed by a prolonged non-toxic conventional 
maintenance [8]. However, this type of post
induction therapy is considered inappropriate 
for most older patients; thus alternative novel 
agents or therapeutic approaches, strictly corre
lated to the biological characteristics of the dis
ease, are suggested [12]. 

The GIMEMA ALL 0288> 60 years has been, 
to our knowledge, the first multicenter trial 
specifically designed for the treatment of elderly 
patients. The goals of this present trial were to 
evaluate the bilogical characteristics of the dis
ease, the response rate, and the feasibility and 
tolerance of a protocol lasting 3 years. 

Regarding biological characteristics at the 
time of diagnosis, we were not able to find any 
significant difference with respect to our adult 

2 3 4 5 6 

Years 

10 

series of patients [9]. The distribution of 
immunophenotype in evaluable patients and 
WBC at diagnosis did not seem to show any 
peculiarity. However, T-lineage ALL incidence 
appeared higher (19%) in our series compared 
to other elderly ALL series [7, 10, 13, 14J. 

Unfortunately, cytogenetic studies were 
attempted on only 28 patients, seven of whom 
were Phi chromosome positive, which is fewer 
than that expected [15]. Thus, there were insuffi
cient numbers to give any information on prog
nostic significance of cytogenetic and molecular 
abnormalities on disease outcome. 

Overall CR rate was 47%, which compares 
favorably with CR rates recorded in other simi
lar series [6, 7,10,12]. The ID) rate was 41 % and 
the main ID cause was infection. This poor 
result, which was comparable to that observed 
in other single or multiinstitutional trials also 
involving younger patients [4,5,6, 12], could be 
attributed both to the fact that all the oldest 
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Table 3. Prognostic factors influencing complete remission 

Induction death Resistant CR Total pvalue 

(n) (%) (n) (%) (n) (%) 

Peripheral blasts 
<1000 24 49 2 4 23 47 49 n.s. 
> 1000 4 25 6 37 6 37 16 

28 43 8 12 29 45 65 

WBC 
<50000 24 40 6 lO 30 50 60 n.S. 
>50000 8 47 3 18 6 35 17 

32 42 9 12 36 47 77 

Phenotype 
B-lineage 18 34 6 11 29 55 53 0.05 
T-lineage 9 60 2 13 4 27 15 

27 40 8 12 33 48 68 

Age 
<70 years 26 37 9 13 36 51 71 0.02 
>70years 6 100 6 

32 41 9 12 36 47 77 

Performance status (WHO) 
0-1-2 26 42 6 lO 30 48 62 n.s. 
3-4 4 40 2 20 4 40 10 

30 42 8 11 34 47 72 



Table 4. Proportional hazard model in EFS 

Relative Confidence P 
risk limits 

Age (years) 1.13 1.03~ 1.25 0.008 
WBC (x 10911) 1.00 0.99~ 1.00 0.737 

Peripheral blasts (x 10'11) 

< 1.0 I 
> 1.0 0.76 0.35~ 1.65 0.493 

Immunophenotype 
B-lineage 
T-lineage 1.80 0.86~3.73 0.115 

(> 70 years) patients died during induction and 
that the growth factors were employed in only 
few cases. It has recently been shown that, in 
elderly patients, growth factors have a signifi
cant impact on CR rate by reducing the ID rate 
[16J. But chemotherapy-related toxicity remains 
a problem not only limited to the induction 
phase. In our cohort of patients, out of 36 CRs, 
three died early in CR (during consolidation) 
because of cytopenia-related infections. Thus it 
may be argued that growth factors must be 
employed for supportive care not only during 
the induction but also during consolidation 
phase. 

Two-year prolonged maintenance was shown 
to be a well-tolerated therapy since out of 12 
patients who continued maintenance, only one 
was withdrawn due to toxicity; furthermore, 
three patients completed treatment and they are 
presently off therapy in first CR from 39 +, 60 +, 
and 67 + months. 

It has been postulated that ALL in the elderly 
may be intrinsically different from that in 
younger patients [12J and that it is a stem cell 
disorder. This may explain the increased occur
rence of PhI chromosome, as well as the differ
ent response to treatment observed in elderly 
patients. 

In our series, CR achievement appeared sig
nificantly influenced by age and immuopheno
type, while PDN pretreatment response did now 
show, unlike in our younger patients [9], any 
impact on this. Multivariate analysis confirmed 
age as the only independent prognostic factor 
influencing EFS. 

What conclusions can be drawn from the 
experience of this protocol? With the present 
induction, admistered with curative intent, 47% 
of patients entered into remission; this consti
tutes an acceptable result. Furthermore, the 

relapse rate (25%) is lower than that observed in 
other series [6,12J. The main issue is chemother
apy-related death: probably this may be 
bypassed by means of a standardized use of 
growth factors. 

Neverthless, the problem persists for the old
est patients (> 70 years) who can continue to be 
enrolled in this trial but more cautiously. 
Probably for this subset an alternative, less 
intensive approach may be desirable. Prolonged 
conventional maintenance was confirmed to be 
useful and well tolerated as a therapeutic 
approach in these patients. 

The main criticism, emerging from this study 
is related to the incidence (l 0%) of ALL in the 
elderly; this may be understimated due to the 
fact that when the program was initiated in 
1988, physycians were reluctant to refer elderly 
patients for intensive treatment. In fact, in a 
Italy a National Registry of Acute Leukemias 
was begun in July 1992. As of September 1994, 
among 488 adult ALL registered, 121 (25%) were 
older than 60 years, so the incidence of this dis
ease seems to have increased since a peer diag
nostic evaluation was conducted. The 
suggestions of this present trial could prove use
ful in future therapeutic trends for this particu
lar group of patients. 
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Abstract. In a prospective study of 317 acute lym
phoblastic leukemia (ALL) patients aged 15-40 
years and in complete remission, 257 had a 
potential donor and one HLA typing analysis; A 
total of 116 patients were allocated to the allo
geneic bone marrow transplantation (BMT) arm 
and 141 to a control group. In parallel, all patients 
without an identical donor were randomized to 
autologous BMT or classical chemotherapy. 
There is no difference in the two trials between 
the arms in overall survival. However, for high
risk ALL there is a better survival favoring the 
allogeneic BMT group. Autologous BMT has out
comes at least similar to classical chemotherapy. 
Classicial chemotherapy is effective in T -ALL. 

Introduction 

Improvement of the percentage of long-term 
survivors in adult acute lymphoblastic leukemia 
(ALL) remains a major goal in a disease in 
which 5-year survival stands at 20%-40% [1,2]. 
In post-induction, early chemotherapy intensifi
cation, allogeneic or autologous bone marrow 
transplantation (BMT) have induced a better 
outcome but their respective indications remain 
controversial [3-8]. In a prospective study, the 
French group for the treatment of adult ALL has 
evaluated these three treatment regimens. 
Results may contribute to defining an adapted 
strategy able to improve the outcome of furture 
patients. The design and results of the multicen
tric LALA 87 protocol have recently been report
ed [9-11 0 and are shown in Fig. 1. 

Hiipital Edouard Herriot, Lyon, France 

The present paper focuses on the outcome of 
patients 15-40 years old, who were allocated 
after HLA typing to allogeneic BMT in the case 
of an identical sibling or to a control group if no 
donor was found; all patients without a donor 
were randomized to autologous BMT or classi
cal chemotherapy. The median follow up was 60 
months. 

Materials and Methods 

Patients 

From November 1986 to July 1991, 634 patients 
with ALL L1 or L2 aged 15-60 years were 
entered in the prospective study (LALA 87). A 
total of 572 patients were evaluable and 436 
achieved a complete remission (CR); 317 
patients were 15-40 years old and scheduled for 
HLA typing. However, 33 patients had no sibling 
and HLA typing was not performed in 27: all 
these patients were excluded. Among 257 
patients with HLA typing, 116 had an identical 
donor and were entered in to the allogeneic 
BMT arm, 141 patients without a donor were 
entered into the control group. These two 
groups constituted the allogenic BMT trial. 

A total of 201 patients without an identical 
sibling were scheduled for randomization 
between autologous BMT and chemotherapy in 
the autologous BMT trial. As the randomization 
took place during the second chemotherapy 
consolidation course, given as a result of early 
relapses or other causes, only 143 patients were 
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Fig_I. Design of the multicentric LALA 87 protocol. Rl, first randomization; R2, second randomization; V.c.P., vin
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randomized, 73 in the autologous BMT arm and 
70 in the chemotherapy arm. 

Treatment 

In the allogeneic BMT arm, patients received an 
allogeneic transplantation after one course, on 
day 35 from the beginning of induction therapy, 
with Prednisone 60 mg/m2 on days 1-8, 
Vincristine 1.5 mg/m2 on days 1 and 8 and 
Cyclophosphamide 600 mg/m2 on days 1 and 8. 
The Seattle conditioning regimen of 
Cyclophosphamide 60 mg/kg for 2 days together 
with total irradiation was used [12]. Prevention 
of graft-versus-host disease was left to the choice 
of the physician with a recommended therapy 
consisting of Methotrexate plus Cyclosporin. 

In the autologous BMT arm, patients received 
three monthly consolidation courses with 
Daunorubicine 60 mg/m2 or Zorubicin 120 mg/m2 
on day I, depending on the anthracydin given 
during induction, Cytarabine 60 mg/m2 on days 
3-7 and Asparaginase 1000 U/kg on days 8-12. 

After randomization at the beginning of the 
second course of consolidation, bone marrow was 
harvested 20-30 days later, and followed by the 
third course of consolidation. Bone marrow purg
ing was performed according to the initial 

696 

leukemia phenotype. The conditioning regimen 
was the same as in the allogeneic BMT arm. No 
further therapy was given after infusion of the 
marrow. In the chemotherapy arm, patients 
received the same three consolidation courses fol
lowed by maintenance therapy which consisted of 
eight courses of the modified 110 protocol [13]. 
Treatment regimens are summarized in Table 1. 

Classification According Risk Factors 

Patients are stratified, according to criteria 
reported in the literature in to high-risk and 
standard-risk ALL. High-risk ALL is defined as 
any patient with at least one of the following fac
tors: (a) presence of Philadelphia chromosome 
(PhI), (b) no luekemia (defined by a CDlO
CD20- phenotype) or undifferentiated leukemia; 
(c) common leukemia with at least one adverse 
prognostic factor: age > 35 years, white blood 
cell (WBC) count > 30 x 10.9/1, or time to CR 
achievement greater than 4 weeks [14]. 

Statistical Analysis 

The end point was overall survival. Survival dura
tion was calculated from the date of CR achieve
ment until death or the date when last known 



Table 1. Post-Remission treatment Regimens-LALA 87 

Allogeneic BMT arm 
- Before day 90 
- After a short consolidation course (CVP) 
- Conditioning: cyclophosphamide 60 mg/kg on days 1,2, total body irradiation 

Autologous BMT arm 
- 3-Monthly consolidation courses-cl, c2, c3 
- marrow harvesting between c2 and c3 
- purging with (CDIO, CDI9) for B-ALL or (CD2, CDS, CD7) for T-All 

or mafosfamide for other cases 
- Conditioning: cyclophosphamide 60 mg/kg on days 1,2 total body irradiation 

Chemotherapy arm 
- 3-monthly consolidation courses-cl, c2, c3 
- maintenance chemotherapy with clO-modified regimen for 8 courses 

CVP, Cyclophoshphamide 600 mg/m2, vincristine: 1.5 mg/m2, prednisone 60 mg/m'-

alive. Survival curves were estimated using the 
product-limit method of Kaplan and Meier [15 J. 
Differences between survival curves were tested 
for significance using the log-rank test [16]. All 
analyses were performed on an intention-to-treat 
basis. Statistical analysis was conducted using 
BMDP statistical software (BMDP statistical 
sofware, Los Angeles, CA, USA). 

Results 

Pretreatment Characteristics 

In the allogeneic BMT trial, 96 out of 257 
patients were stratified into the high-risk ALL 
group with 41 patients in the BMT arm and 55 in 
the control group. In the autologous BMT trial 
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48 out of 143 patients had high-risk ALL. In each 
trial there was a highly significant difference for 
outcome between the high and standard-risk 
groups. In each treatment arm, the percentage 
of patients with B or T leukemia cell lineage was 
not statistically different, and neither was the 
distribution of high-risk patients. 

Overall Survival 

Allogeneic 8MT Trial. Using an intension-to-treat 
analysis there was no statistical difference 
between the two groups for disease free survival 
(DFS) with a median of 24 months for the BMT 
group versus 22 months for the control group 
(p = .01). There was also no difference in the 
overall survival (Fig. 2)(p = .08). 

Dead 
50 

78 

Total 
116 

141 
p = 0.1 

0 I 

0 
I 

6 

. I 

12 18 

I _.- 1·--

24 30 36 42 48 54 60 66 

months Time from allocation 

Fig.2. EMT trial: overall survival 

697 



Autologous BMT Trial. Similarly, there was also no 
difference between the autologous BMT and 
chemotherapy arms with a median survival of 
30 months for the chemotherapy arm versus 55 
months in the autologous BMT arm (p = 0.45). 

Survival According to Initial Risk Criteria. When out
come is compared in the allogeneic BMT trial, 
there is a best overall survival (Fig. 3)(p = 0.03) 
and also a best DFS (p=O/OI) favoring BMT in 
high-risk patients. For standard risk, there is no 
difference in DFS and survival. In the autolo
gous BMT trial no statistical difference appears 
in high-as well as in standard-risk patients 
between the autologous and chemotherapy ran
domized arms. 

100 -

Survival According to treatment Arm and Initial Leukemic 
Lineage. Figs. 4-6 show the survival curve of 
patients included in the two trials stratified in 
each arms according to B or T cell lineage ALL. 
A major difference appears in the chemotherapy 
arm where the median survival for T-ALL is 84 
months versus 25 months in B-ALL. For allo
geneic and autologous BMT the median survival 
is superior in T versus B but the difference is not 
significant. 

Discussion 

The group of studied patients were a selected 
group of young ALL patients achieving a CR 
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and, for patients without an identical sibling 
donor, who must be randomized during the sec
ond chemotherapy consolidation course; rea
sons for exclusion of patients were early relapse 
or patients in poor clinical status. Overall, the 
comparison of the development of patients 
receiving allogeneic BMT versus controls, or of 
patients randomized autologous BMT and clas
sical chemotherapy does not show a statistically 
significant difference in outcome. However, two 
important points can be drawn from the two 
studies: (a) in the high-risk group of patients, 
allogeneic BMT appears as the best therapeuti
cal strategy; (b) classical chemotherapy for T
ALL is a better regimen in first CR than BMT. 

Another conclusion is that autologous BMT 
has at least similar outcomes to classical 
chemotherapy in ALL in first remission and 
needs to be further evaluated. 
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Background 

Although the remission rate of adult patients 
with acute lymphoblastic leukemia (ALL) is 
high at > 75%, most patients eventually 
relapse. The prevention of relapse by consoli
dation therapy is difficult and controversial, 
and with chemotherapy alone 5-year (DFS) 
disease free survivals have been in the range of 
10%-42%. The use of allogeneic bone marrow 
transplantation (BMT) may result in a 
40%-60% DFS with an actuarial relapse rate of 
between 10% and 40% with more than 90% of 
the recurrences occuring within the first 2 
years. However, more than 50% of adults with 
ALL are more than 40 years old and in this age 
group allogeneic BMT still has substantial haz
ards. Autologous BMT is another alternative 
approach to consolidation therapy and the 
European BMT (EBMT) Registry of more than 
200 patients in first complete remission (CR) 
showed a 41 % DFS rate at 56 months for stan
dard-risk patients transplanted in first CR. 
There was no statistical difference in those 
receiving purged or non-purged marrow and 
the 4 year probability of relapse was only 26% 
± 12% in this group. We have considered a 
randomised trial along the same basic pattern 
as the Medical Research Council Acute 
Myeloid Leukemia-l0 (MRC AML-I0) trial to 
establish the value of autologous and allogene
ic BMT in first CR versus consolidation che
motherapy for adult patients between 15 and 
56 years. 

Objectives 

The objectives of this study have been to investi
gate in a randomised controlled trial the out
come of treatment with allogeneic BMT in 
comparison with either myeloablative chemo
therapy (etoposide, VP-16, + total body irradia
tion, TBI) with autologous BMT or intensive 
consolidation and maintenance chemotherapy. 
Patients in whom the Philadelphia chromosome 
is detected either cytogenetically or by molecu
lar biological methods are in addition eligible to 
receive an allogeneic bone marrow transplant 
from a matched unrelated donor and to receive 
alpha-interferon during maintenance. 

The trial design is that all eligible patients will 
receive uniform induction based on the Berlin
Frankfurt-Munster (BFM) protocol (Fig. n All 
patients receive a course of high-dose metho
trexate to decrease the risk of CNS relapse from 
potential bone marrow contamination with 
residual disease at the time of bone marrow har
vesting. Patients without a compatible donor 
and under 50 years of age will have marrow har
vested and cryopreserved, and they can then be 
randomised to either myeloablative chemo/
radiotherapy with autologous BMT or four 
courses of intensive consolidation and mainte
nance therapy. Patients with a donor will be 
allocated to allogeneic BMT and patients who 
are Philadelphia positive without a matched 
donor are eligible for a transplant from a 
matched unrelated donor. If Philadelphia-posi
tive patients do not have a potential donor, they 

Department of Clinical Haematology, University College Hospital, Grafton Way, London WCIE 6AU, UK 
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Fig. I. Summary of UKALL-12! 
EeOG. Dagger, Philadelphia-posi
tive patients receive a-interferon 
for 15 montsh after transplant or 
consolidation. Asterisk, Philadel
phia-positive patients with no 
matched donor, a MUD trans
plant may be considered 

Induction Phase I 
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+ 
Induction 
Phase II 

+ 
If no donoror 
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50 years and o~ 
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AUTOGRAFT ............. r-C_H_E_MO~H_ER_A_P-,Y ~ ALLOGRAFT 

AUTOGRAFT 

+ 
no 

maintenancet 

are also randomised to myeloablative chemo
therapy and autologous BMT. 

Induction Chemotherapy 

The induction chemotherapy is divided into two 
phases. Phase 1 consists of standard daunoru
bidn, vincristine, prednisolone and L-asparagi
nase. Phase II, beginning 1 month later, consists 
of cyclophosphamide, cytosine arabinoside, 6-
mercaptopurine and intrathecal methotrexate. 

CHEMOTHERAPYt ALLOGRAFT 

+ 
no 

maintenancet 

The intensification module with high-dose 
methotrexate begins 2 weeks after completion of 
phase II of induction, i.e. at the beginning of 
week 11 and ends at week 14. The dose of 
methotrexate is 3 g/m2 i.v. given three times in 
the intensification course and accompanied by 
L-asparaginase 10000 units i.m. on each of the 3 
days following the methotrexate. Leucovorin 
rescue, 50 mg/m3 i.v. is given 36 h after finishing 
the methotrexate. 
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First Intensification Therapy 

Following successful completion of phase I and 
phase II of induction and high-dose methotrex
ate, every patient has a bone marrow harvest, 
other than those with an HLA-identical sibling 
under 50 years who receive high-dose VP-16 and 
TBI, and allogeneic BMT. Patients less than 50 
years without an HLA-matched donor and ran
domised to receive autologous BMT following 
VP-16/TBI or to receive consolidation and 
maintenance chemotherapy. The consolidation 
chemotherapy consists of four cycles; cycle 1, 
vincristine, cytosine, VP-16 and dexamethasone; 
cycle 2, cytosine and VP-16; cycle 3 daunoru
bicin, cyclophosphamide, cytosine, 6-thiogua
nine (6-TG); cycle 4, cytosine, VP-16(identical 
with cycle 2). 

Management of Philadelphia-Positive 
Disease 

Patients initially follow the trial protocol up to 
and including the high-dose methotrexate, the 
following options should be explored in Post
induction mangement: 

1. The availability of a matched sibling donor if 
the patient is under the age of 50 years. 

2. The availability in first CR of a matched 
unrelated donor. Such transplants should be 
considered. 

200 

150 

100 

50 

t .. •• 
............ 

,_ ..... 
---,,-- ... , ..... 

3. All remaining patients are eligible for rando
misation between chemotherapy and autolo
gous BMT. 

4. All patients will receive an additional 15 
months of interferon therapy. 

Statistical Considerations 

To demonstrate a 60% improvement in 5-year 
survival from 25% on one treatment to 40% on 
the other requires 500 patients to have a 95% 
chance of detecting this difference. For 40% 
improvement in survival from 25% to 35%, this 
would require approximately 1000 patients to 
have a 95% chance of detecting this difference. 
Per year there are 170 cases of ALL in the United 
Kingdom between the ages of 15 and 59 and we 
hope for 130 registrations per year from the UK 
and bout 70 from the Eastern Cooperative 
Oncology Group (ECOG). The actual accrual 
over the first 2 years is shown in Fig. 2. 

Results 

Data are available on the first 148 patients. Of 
these 135 remitted (91%); Of these 135, 81 were 
in remission by day 21, and 21 not in remission 
by day 21. Data on the other 33 in terms of 
remission day are not yet known. Of the 21 who 
were not in remission at day 21, 12 remitted by 
day 28 and eight are unknown in relation to the 
time of remission. 

Oi-------~ .. =·~~---·--------,-------------------~ 

Fig. 2. ALLXII and ECOG
accumulative accession rate. 
Solidline, ALLXII; Dottedline, 
ECOG 

1993 1994 1996 
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Early Problems with the Study 

A small number of cases of L-asparaginase
induced thrombophilia have been seen-in par
ticular sagittal sinus thrombosis. It has been 
agreed that it is important to monitor 
antithrombin Ill, fibrinogen and partial throm
boplastin time. Significant infection with pneu
mocystis and with aspergillus has been seen 
during induction and specific efforts are being 
taken with prophylaxis. There have been signifi
cant delays in haematological recovery from 
high-dose methotrexate. Whilst the United 
Kingdom group has been giving VP-16 before 
the TBI, it was discovered that the ECOG group 
were giving VP-16 after TBl. 

Discussion 

It has been found feasible to mount a collabora
tive trial between a major American cooperative 

group and the United Kingdom MRC. Remis
sion rates at over 90% are high and this is satis
factory. The hospitalisation times for phase I 
and phase II are more than 28 days 
in each phase for the majority of patients. 
Investigators consider the protocol at least 
as intensive as the induction for adult 
AML. This is the first major collaborative ran
domised study which chooses a marrow trans
plant from an unrelated donor as a potential 
early option for a subgroup of patients, i.e. 
those with the Philadelphia chromosome. 
The trial as currently accruing will recruit al 
total of 500-600 patients within 4 years from 
starting. 

Bcr-abl translocations will be detected by 
Polymerase chain reaction in a centrallaborato
ry. Assays will be sequentially performed in 
Philadelphia-positive patients throughout their 
treatment. The monitoring of minimal residual 
disease in known Philadelphia-positive patients 
is also being carried out. 
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Abstract. The outcome of 14 bone marrow trans
plantations (BMT; four autologous, ten allo
geneic) for Philadelphia chromosome-positive 
acute lymphoblastic leukemia (ALL) was 
anlyzed. Preparative regimens consisted of eto
poside (VP-16; 30-45 mg/kg; n = 14), cyclophos
phamide (120 mg/kg; n = 14), and total body 
irradiation (TBI, 12 Gy; n = 13) or busulfan (16 
mg/kg; n = 1). All patients receiving autologous 
marrow were in complete remission CR; three in 
first CR, one in second CR) at the time of BMT. 
For allogeneic BMT (nine related, one unrelated 
donor), seven patients were in first CR, two 
patients in first refractory relapse, and one 
patient in second relapse. With a median follow 
up of 503 days (range 93-1522 days), eight out 
of 14 patients are alive in CR (six out of ten 
patients receiving allogeneic and two out of four 
patients receiving autologous BMT). Disease
free survival at 38 weeks is 46%. Major causes of 
death were relapse (n = 3) and transplant-relat
ed toxicity (graft-versus-host disease), venous 
occlusive disease, sepsis; n = 3). All patients test
ed for the bcr/abl rearrangement by RT-PCR 
were negative 4 weeks post-BMT. Two of the 
three patients who subsequently relapsed were 
repeatedly PCR positive prior to relapse (test 
not done in the third). Considering the negligi
bly low curability of Philadelphia-positive ALL 
with conventional chemotherapy regimens, our 

data support the concept of early (~ first CR) 
BMT [allogeneic > autologous (purged)] fol
lowing triple therapy with TBI, VP-16, and 
cyclophosphamide. 

Introduction 

The Philadelphia chromosome (Ph l )[I], the 
product of a reciprocal translocation of distal 
segments of the long arms of chromosomes 9 
and 22 [t(9; 22)(q34; qIl)] [2] occurs in more 
than 95% of patients suffering from chronic 
myelogenous leukemia (CML), and in 2%-6% of 
children and 13%-32% of adults suffering from 
acute lymphoblastic leukemia (ALL) [3-4]. The 
translocation involves the movement of most of 
the abl protooncogene on chromosome 9 to the 
breakpoint cluster region (ber) gene on chromo
some 22 (the first exon, minor BCR region) or 
the second or third exon (major BCR region) 
[5,6]. Expression of the fused genes results in a 
chimeric 8.5-kb mRNA [7] which encodes a 
hybrid protein of 210 kd (p21O)[8] with 
increased tyrosine kinase activity [9]. Most 
childhood PhI-positive ALL and approximately 
half of adult PhI-positive ALL patients have a 
translocation site different from that of CML 
and a more 5' bcr exon is used in the formation 
ofthe fused bcr-abl gene [4, 10]. This results in a 
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Germany 
'Department of Pediatric Oncology, University Hospital Eppendorf, Martinistr. 52, 20246 Hamburg, Germany 
'Department of Hematology, Internal Medicine, J.W. Goethe University, Theodor-Stern-Kai 7, Frankfurt, 
Germany 
'Department of Hematology, AK St. Georg, Lohmiihlenstr. 1,20251 Hamburg, Germany 

704 



smaller bcr-abl mRNA of 7 kb encoding a 190-
kd protein (pI90) [11,12]. 

Philadelphia-positive ALL has a poor progno
sis in children and adults, this is independent of 
age and white blood cell (WBC) could [13, 14]. 
Although approximately 70% of patients achieve 
remission with chemotherapy, the median 
remission duration is less than 1 year and 
almost all relapse [15]. Bone marrow transplan
tation (BMT) has been reported to be an effec
tive treatment for PhI-positive ALL [16-24]. We 
analyzed the outcome of 14 patients with PhI_ 
positive ALL undergoing autologous or allo
geneic BMT. The results suggest that high-dose 
radio chemotherapy such as total body irradia
tion (TBI), cyclophosphamide, and etoposide 

(VP-16) followed by BMT might be the pre
ferred treatment modality for PhI-positive ALL. 

Material and Methods 

The records of 14 patients who underwent autol
ogous or allogeneic BMT for PhI-positive ALL at 
the BMT Center of the University Hospital 
Eppendorf between August 1990 and October 
1994 were reviewed. Patient characteristics and 
conditioning regimens are depicted in Table 1. 
Ten patients underwent allogeneic BMT from 
HLA-identical donors (nine related, one unre
lated) and four patients received autolo
gous bone marrow. Graft-versus-host disease 

Table 1. Patient and treatment characteristics of patients transplanted for PhI-positive 
ALL (n=I4) 

Age 
Recipient 

Median (years) 
Range (years) 

Donor 
Median (years) 
Range (years) 

Sex 
Recipient 

Female 
Male 

Donor 
Female 
Male 

Disease status at the 
time of transplantation: 
First CR 
First refractory relapse 
Second CR 
Second relapse 
Duration ofCR until 
transplantation 

Median (days) 
Range (days) 

Immunophenotype 
CALLA 
pre-B 
Biphenotypic 

Conditioning regimen 
fTBI (3 x 2 x 2 G) 
Busulfan (16 mg/kg) 
Cytoran (100 mg/kg) 
VP-16 

30 mg/kg 
45 mg/kg 

ATG 

Allogeneic BMT 
(n= 10) 

31 
2-46 

33 
7-65 

5 
5 

7 
3 

7 
2 

55 
47-171 

8 
1 

9 
1 

10 
10 
3 
7 
3 

Autologous BMT 
(n=4) 

34 
6-48 

n.a. 
n.a. 

n.a. 
n.a. 

221 
172-377 

4 

4 

4 
4 

3 
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(CVGD) prophylaxis consisted of cyclosporine 
A (CSA) plus short methotrexate (MTX) in all 
patients. Acute GVHD was diagnosed and grad
ed according to the Glucksberg criteria [25] and 
was treated in both groups with methylpred
nisolone and/or anti-thymocyte globulin (ATG). 
The maximum grade of acute GVHD achieved 
by day 100 post transplant was recorded. Post
transplant supportive care has been described 
before [26]. Two patients undergoing autolo
gous BMT received purged BM (one mafos
famide, one immunological). Because of delayed 
engraftment the patient who received mafos
famide-purged marrow was treated with a mar
row boost of unpurged back-up marrow (case 
record submitted). One patient who received an 
allogeneic BMT relapsed on day 165 post BMT 
and was treated with busulfan (14 mg/kg), 
VP-16 (30 mg/kg), and subsequent infusion of 
granulocyte colony-stimulating factor (G-CSF)
mobilized peripheral stem cells (sum of four 
harvests: 26.6*108 mononuclear cells/kg body 
weight, BW and 2.13*106 colony-forming unit 
-granulocyte-macrophage(CFU-GM)/kg BW, 
respectively) from the marrow donor. 

RT-PCR Analysis. RT-PCR was performed as previ
ously described using primers that will detect all 
rearrangements within the bcr. Briefly, total cel
lular RNA was isolated according to the guani
dine isothiocyanate phenol/chloroform method. 
eDNA was synthesized with a eDNA synthesis 
kit (Boehringer Mannheim Corp., Indianapolis, 
IN, USA) according to the manufacturer's proto
col using 1 JJg total cellular RNA. PCR was per
formed in a final volume of 100 JJI with 100 ng 
eDNA using a Gene Amp PCR kit (Perkin-Elmer 
Cetus, Norwalk CT, USA). A total of 40 cycles 
was performed. The conditions for amplification 
and the primer sequences for p210 and p190 
have been described [27,33]. As a positive con
trol for the procedure, a second RT-PCR was 
performed on the same reverse transcriptase 
reaction products using abl-specific primers 
[33]. PCR products were visualized by e1ec-

Table 2. Engraftment 

trophoresis in ethidium bromide-stained 2% 
agarose gels. Southern blotting and bybridzation 
for detection of bcr rearrangements were done 
as described [11] using junctional probes that 
had been end-labeled with 32P-adenosine-5'
triphosphateC2p-ATP). 

Statistical Analysis. The disease-free survival (DFS) 
estimate was calculated by the product-limit 
estimates of Kaplan and Meier [28]. 

Results 

Patient Characteristics and Engraftment. The character
istics of the 14 patients are depicted in Table I. 
Time to engraftment was defined as the number 
of days from marrow transplantation until the 
absolute neutrophil count was sustained above 
0.2 and 0.5 x 109/1. The results are summarized 
in Table 2. One patient who died on day 21 due 
to Candida krusei sepsis was not evaluable. All 
patients receiving an allogeneic BMT and one 
patient undergoing autologous BMT were treat
ed with the hematopoietic growth factor G-CSF. 

Hepatic Toxicity. Hyperbilirubinemia developed in 
nine patients receiving allogeneic and one 
patient receiving autologous BM during the first 
28 days post BMT. Severe hyperbilirubinemia 
defined as maximum serum bilirubin> 5 mg/dl 
and 10 mg/dl occurred in three and two patients 
receiving allogeneic BMT, respectively. For allo
geneic BMT, median maximum serum bilirubin 
was higher for patients receiving 45 mg/kg VP-
16 than for patients receiving 30 mg/kg VP-16: 
3.5 mg/dl (range 1.8-21.6 mg/dl) vs. 1.5 mg/dl 
(range 1.1-4.0 mg/dl). For patients receiving 45 
mg/kg VP-16, median maximum serum biliru
bin was higher for patients receiving an allo
geneic graft than for patients undergoing 
autologous BMT: 3.5 mg/dl (range 1.8-21.6 
mg/dl) vs 1.0 mg/dl (range 0.9-1.5 mg/dl). 

Allogeneic BMT Autologous BMT 

ANC> 0.2* lO'-Median (days) 
Range (days) 

ANC>0.5* to'-Median (days) 
Range (days) 
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Graft-versus-flost Disease. Eight patients developed 
acute GVHD. GVHD grade ? II occured in 
seven patients (six grade II, one grade III). The 
median day of onset of acute GVHD was day 10 
(range 7-19). Four of eight evaluable patients 
(50%) developed chronic GVHD. 

Detection of the bcr-abl RNA by RT-PCR. The PCR 
amplification of cDNA prepared directly from 
clinical samples reliably distinguishes the three 
known species ofBCR-ABL mRNA that are tran
scribed from the Ph' chromosome. As depicted 
in Table 3, the chimeric bcr-abl mRNA was 
detected by PCR in all tested patients (n = 11) 
prior to transplantation. In five patients the 
translocation involved the major HCR region, in 
five patients the minor BCR region, and in one 
patient the major and minor BCR region. 
Examination of the karyotype of this patient 
revealed that cells contained two Ph' chromo
somes. Four weeks after transplantation, none 
of the tested patients was positive. In patients, 
GG and SX who relapsed (day 144 and day 165, 

respectively) RT -PCR had become positive (day 
86 and day 67, respectively) prior to relapse (58 
and 98 days earlier). Patient CC who relapsed on 
day 110 tested negative by PCR 1 week before 
relapse, however, Patient MK who has been 
repeatedly positive by PCR analysis (3 and 6 
months) after transplantation remains in unsus
tained complete remission (275 days). Patient 
BL who received autologous mafosfamide
purged BM and a boost of unpurged autologous 
BM has been repeatedly positive (day 84, day 
795) and negative (day 11, day 24, day 230, day 
489, day 887, day 1126, day 1489) by RT -PCR, 
but remains in complete remission (1522 days). 
Her case will be reported separately. 

Survival. Within the first 100 days post transplant, 
only one patient who received allogeneic bone 
marrow died giving a day-IOO survival of 90% 
for the allogeneic and for all autologous bone 
marrow recipients. Four patients relapsed 108, 
110, 144, and 165 days after BMT, respectively. 
Three of these patients died of relapse (days, 205, 

Table3. bcr-abl RT -PCR of II Ph'-positive ALL patients undergoing DMT 

Patient 
initials 

Sub

type 

Age 
Years 

Autologous BMT 
BL p190 

MK 

GG 

25 
p210 
6 
p210 
43 

Allogeneic BMT 
CC p210 
IE p190+ 

2 p210 
MF pl90 

36 
HH pl90 

33 
SK pl90 

22 
BS p2l0 

29 
SX p210 

47 
KN pl90 

28 

Before 
BMT 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

4 
Weeks 
post 
BMT 

Neg 

Neg 

Neg 

Neg 
Neg 

Neg 

Neg 

ND 

ND 

Neg 

ND 

Months 
post 
BMT 

+ 

+ 

+ 

NegR 
Neg 

Neg 

Neg 

Neg 

Neg 

+ 

Neg 

4-6 
Months 
post 
BMT 

Neg 

+ 

R+ 

+ 
Neg 

Neg 

Neg 

ND 

ND 

R+ 

ND 

7-12 
Months 
post 
BMT 

ND 

+ 
Died 

ND 
Neg 

Died 

Neg 

ND 

Died 

2nd Tx 

ND 

Later 

n/+n/n/n 

Died 

Neg 

Neg 

~. RT-PCR positive; neg, RT-PCR negative; ND, not determined; n, negative; R, relapse; Tx, transplantation. 
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259, and 420) and one patient received a second 
transplant. Main causes of death in both groups 
included GVHD, sepsis, venous occlusive disease 
(VOD), and relapse. Of the 14 patients, eight 
(57%) are alive and in continuous remission 
with a minimum follow-up of 93 days (median 
503 days). The estimated overall survival of the 
entire group at 60 weeks is 52% (Fig. 1). 

Discussion 

In this retrospective analysis of 14 patients with 
PhI-positive ALL, we found that improved 
relapse-free survival was associated with BMT in 
first completed remission. Eight patients survive 
with a median follow up of 443 days. Three 
patients died of transplant-related complica
tions and three of relapse. Eight of ten patients 
were transplanted within 6 months after achiev
ing first complete remission. Early transplanta
tion seems to be important considering the only 
short median remission duration of 22 weeks 
[15]. BMT leads to substantially prolonged DFS 
and cure. Earlier studies have shown similar 
results [18, 19,24,29]. 

The effectiveness of fractrionated TBI and 
high-dose VP-16 as a conditioning regimen for 
advanced leukemias and high-risk ALL has been 
reported presiously [24, 30, 31]. We also includ
ed also high-dose VP-16 into the standard 

1.0 

I~ 0.8 

(ii 

~ > 
.~ 0.6 
:::l 
(j) 

(ii ... 
52% Q) 

0.4 > 
0 

0.2 

preparative regimen of TBI and cyclophos
phamide. The impact of the two different con
centrations (30 vs. 45 mg/kg) of VP-16 on 
leukemia-free survival can not be determined 
because of the small patient number. It appears, 
however, that the higher dose of VP-16 leads to 
more severe hepatotixicity judged by the inci
dence of severe hyperbilirubinemia and VOD. 
The potentially higher incidence of transplant
related complications caused by further dose 
escalation has to be weighed against a potential
ly lower relapse rate. 

As shown in earlier studies [29], peR can be 
used as a tool for monitoring minimal residual 
disease in PhI-positive ALL. In our study, 11 

tested patients were peR positive prior to BMT 
and converted to peR negative 4 weeks after 
transplantation indicating the effectiveness of 
the preparative regimen. One patient was posi
tive for both p190 and p210 as has been reported 
previously [12, 15, 32]. Two patients who 
became PCR positive upon further follow up 
subsequently relapsed (58 and 98 days later) 
indicating that molecular relapse after BMT cor
relates with clinical relapse in PhI-positive ALL, 
as has been suggested before [29]. One patient 
who has repeatedly tested positive by PCR 
remains in hematological remision 7 months 
after the first peR positivity, however. 

Another patient who has remained disease
free for more than 50 months has also been peR 

O,O~--~----'---~----'---~----'---~----'---~----4 
o 50 100 150 200 250 

weeks 

Fig. 1. BMT for Philadelphia chromosome-positive ALL 

708 



positive on several occasions post BMT. Why in 
these two cases molecular relapse has not pre
ceded hematological relapse remains to be de
termined. Since these two patients received an 
autologous BMT, a potential alloreactive im
mune response controlling a leukemic clone can 
hardly be invoked. Whether it reflects the pro
longed survival of "maglignant" cells or suggests 
that the engrafting immune system may be im
portant in eliminating residual Phi-positive cells 
for "cure" requires further investigation [33]. 

There are several caveats regarding out study. 
The patient group under study is relatively small 
and the observation time is still limited. 
Nevertheless, a combination of TBI, cytoxan 
(CTX), and VP-J6 appears to be an effective 
preparatory regimen for Phi-positive ALL. From 
our data we cannot recommend the best dose of 
VP-J6. 

Considering the poor prognosis for patients 
with this variant of ALL, BMT performed early 
during the course of the disease may currently be 
the treatment of choice. The poor prognosis of 
patients with Phi-positive ALL also suggests that 
in the absence of a matched sibling donor, an 
unrelaterd donor should be sought or an autolo
gous BMT performed (purged> unpurged). 
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Abstract. Review of Childrens Cancer Group 
(CCG) randomized trials conducted since 1979 
identifies three strategies that have led to incre
mental improvements in outcome: (a) allogeneic 
bone marrow transplantation (EMT) in first 
remission; (b) sequentially timed high-dose 
chemotherapy and the advent of more effective 
pre-and post-remission treatment; and (c) 
attenuation of maintenance therapy. Among 
patients treated from 1979 to 1983, the 5-year 
disease-free survival (DFS) following matched
related allogeneic transplantation was 45% and 
between 1983 and 1988, 46%. From 1983 to 1988 
intensification therapy with sequentially timed 
high-dose cytosine arabinoside (ara-C) given on 
days 0,1 and 7 and 8 achieved a five-year DFS of 
38% (p = .06 compared to EMT). Five-year post
remission survival with sequentially timed high
dose ara -C was 58% compared to 41 % with 
conventionally timed day 0,1 and 28,29 ara-C 
(p = .05). Five-year survival following high-dose 
ara-C intensification was significantly lower 
after 16 months of maintenance therapy com
pared to no maintenance (44% vs. 68%, P < .01). 
Since 1979, the remission induction rate has 
ranged between 74% and 79%, even with kineti
cally based sequentially timed five-drug 
chemotherapy. However, post-remission DFS 
was significantly highr with sequentially timed 
induction therapy than with conventionally 
timed therapy: 60% vs. 37% at 3 years (p = 

.0002). With the combined use of sequentially 

timed induction therapy, matched-related EMT, 
and development of the best post-remission reg
imen from the current study. CCG acute 
myeloid leukemia (AML) therapy will potential
ly cure over half the children with (AML) by the 
year 1999. 

Introduction 

The Childrens Cancer Group (CCG) trial CCG-
251, which opened in 1979, demonstrated 
the superiority of allogeneic bone marrow 
transplantation (BMT) over maintenance che
motherapy [1]. Allogeneic bone marrow trans
plantation has remained the standard to which 
other strategies have been compared in all sub
sequent CCG trials [2-5]. So far, no regimen has 
achieved a higher survival and disease-free sur
vival (DFS) than matched-related allogeneic 
marrow transplantation. 

In an attempt to develop myelosuppressive 
chemotherapy as effective as the myeloablation 
of marrow transplantation regimens, CCG inves
tigated kinetically sequenced timing of high
dose phase-specific chemotherapy. In vitro 
studies have demonstrated recruitment and syn
chronization of acute myeloid leukemia (AML) 
blasts by scheduling successive pulses of cyto
sine arabinoside (ara-C) to coincide with entry 
of the blasts into S phase [6-9]. The optimal time 
between pulses of chemotherapy is about 6 days 

IChildren's Hospital of Philadelphia, Philadelphia, PA, USA 
'University of California, Los Angeles, CA, USA 
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[6]. Kinetically sequenced therapy is a toxic, 
effective way to eradicate leukemic myeloblasts 
[7-10]. CCG-213P compared conventionally 
timed high-dose ara-C to sequentially timed 
high-dose ara-C during intensification. 
Sequentially timed high-dose ara-C was better 
[2,11]. CCG is now evaluating high-dose, sequen
tially timed chemotherapy in induction [5]. 
Again, sequential timing appears to be better. 

The early protocols for AML therapy were 
adaptations of protocols for acute lymphoblastic 
leukemia (ALL). Hence, they included mainte
nance therapy, an intrinsic part of ALL therapy. 
CCG has examined maintenance strategies in 
AML since 1974 [1, 3, 12]. Those CCG trials 
where maintenance therapy was a randomized 
or controlled variable have not demonstrated a 
dose-response effect or any other measurable 
benefit from maintenance therapy [1,3]. 
Therefore, CCG trials have successively and sys
tematically attenuated maintenance therapy. 

The goal of current CCG studies is to cure at 
least half the children with AML before the year 
1999. To achieve this goal, CCG is building on 
three strategies that have worked consistently in 
CCG clinical trials of the past 15 years. These 
strategies are (a) allogeneic BMT in first remis
sion, (b) high-dose, sequentially timed chemo
therapy, and (c) attenuation of maintenance 
therapy. These three strategies have shortened 
the duration of AML therapy at the same time as 
they have increased its intensity. The review that 
follows tracks these strategies over 2 decades 
and 2009 eligible patients, identifies their contri
butions to cure, and argues for their continua
tion and further exploration in pediatric AML. 

Methods 

CCG Trials Evaluating Allogeneic BMT in First Remission: 
CCG-2S1, CCG-213, CCG-2861, and CCG-2891 

Four successive CCG studies have included allo
geneic BMT in first remission (Fig. 1) [1, 3-5, 
l3-15]. The major study question of the first, 
CCG-251, was whether allogeneic BMT in first 
remission brought about a better outcome than 
the best available maintanence chemotherapy. 
The second study, CCG-2l3, compared trans
plantation to intensification with the Capizzi II 
high-dose ara-C regimen [16, 17]. This regimen 
consists of high-dose ara-C 3 g/m' as a 3 h infu
sion every 12 h on days 0 and 1 and 7 and 8, and 
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L-asparaginase 6000 U/m2 at hour 42 on day 2 
and day 8 [16,17]. After completing two cycles 
of Capizzi II high-dose ara-C, patients receive 2 
months of maintenance-like therapy consisting 
of pulses of four drugs every 28 days and daily 6-
thioguanine (6-TG) and 3rd month of five-drug 
reinduction therapy [2]. The third study, CCG-
2861, compared allogeneic BMT to autologous 
marrow (ABMT) purged with 4-hydroperoxycy
clophosphamide (4-HC). Finally, the most recent 
study, CCG-2891, added a third alternative, the 
high-dose ara-C intensification complex. 

Among the successive studies, induction regi
mens varied, as described in the next section 
and in the results. Cytoreduction and graft-ver
sus-host prophylaxis varied also. In CCG-251 
transplantation cytoreduction consisted of 
cyclophosphamide 60 mg/kg per day x 2 and 
750-1000 cGy un fractionated total body irradia
tion [1, 15]. Initial graft-versus-host prophylaxis 
was methotrexate only [1, 3, 5, 13-15]. In 
CCG-2l3 cytoreduction included cyclophos
phamide 60 mg/kg per day x 2 and 1200 CGY 
total body irradiation in six fractions [3,15]. 
Graft-versus-host prophylaxis was with cyclo
sporin and methotrexate [3,15]. In CCG-2861, 
transplantation cytoreduction included cyclo
phosphamide 50 mg/kg per day x 4 and bu
sulfan 1 mg/kg every 6 h x 16 doses [5,15]. 
Graft-versus-host prophylaxis consisted of me
thotrexate. In CCG-2891, transplantation cytore
duction and graft-versus-host prophylaxis were 
the same as in CCC-2861 [4,5]. 

CCG AML Studies Evaluating Timed-Sequential Therapy: 
CCG-213P, CCG-213, CCG-2861 

CCG AML Studies Evaluating Timed-Sequential Intensification 
Therapy with Capizzi II High-Dose ara-ClI-Asparaginase: 
CCG-273P, CCG-273 and CCG-2897. CCG-213P, a pilot 
study, compared administration of the drugs on 
days 0, 1, and 7 and 8 to days 0, 1 and 28 and 29, 
i.e., after marrow recovery [2,11]. The first 
cohort of patients received the days 0, 1, and 28 
and 29 schedule; the second cohort, the timed
sequential schedule. After completing two cycles 
of high-dose ara-C, patients received the remain
der of the high-dose ara-C complex. The days 0, 
1, and 7 and 8 sequential schedule for ara-C was 
retained in CCG-2l3 and CCG-2891 [3-5]. 

CCG-2867 and CCG-2891: Five-Drug Timed-Sequential 
Induction Therapy. CCG-2861 was a pilot study 
assessing feasibility and toxicity of a timed-



sequential dose-intensified five-drug regimen in 
induction followed by either matched-related 
allogeneic BMT or 4-HC-purged ABMT [4,18]. 
The five-drug combination included dexametha
sone, ara-C, 6-TG, etoposide, and rubidomycin 
(DCTER) [4]. The timed-sequential schedule 
mandated DCTER on days 0-3 and 10-13, irre
spective of blood counts or clinical condition. 
CCG-2891 asked whether timed-sequential 
induction therapy improved remission induc
tion rate and post-remission outcome [4,5]. At 
diagnosis, patients were randomly assigned to 
receive DCTER according to either the timed
sequential schedule described above or a con
ventional schedule which prescribed the second 
cycle of DCTER on day or later depending on 
bone marrow status. Upon marrow recovery, 
patients received a second course of sequentially 
or conventionally timed DCTER. Patients in 
remission with a matched-related donor were 
allocated to allogeneic BMT; those without a 
donor were randomly assigned to 4-HC-purged 
ABMT or intensive chemotherapy. 

CCG Trials Evaluating Maintenance Therapy: 
CCG-251, CCG-213P, and CCG-213 

In CCG-251, patients in remission without a 
matched sibling donor were randomly assigned 
to one of two maintenance treatment plans. The 
eight-drug plan rotated pulses of ara-C and 5-
azacytidine, prednisolone, 6-mercaptopurine, 
vincristine, and methotrexate; and carmustine 
(BCNU) and 6-TG. This combination was 
derived from VAPA therapy [1,19]. The five
drug plan included vincristine on day 0, 
cyclophosphamide, ara-C, and 5-azacytidine on 
days 0-3 every 28 days, 6-TG daily. This regimen 
was derived from CCG-241 which showed the 
benefits of daily 6-TG [12]. In CCG-251, mainte
nance therapy lasted 2 years. 

In CCG-213P, maintenance was not specified: 
patients or physicians elected to discontinue 
therapy after the high-dose ara-C intensification 
complex or to continue for 16 months using the 
four-drug pulse daily 6-TG regimen. CCG-213 
randomly allocated patients to no maintenance 
or continuing for 16 months of maintenance 
after intensification. 

Statistical Analysis 

The definition of disease-free survival (DFS) is 
the time to relapse or death from any cause fol-

lowing remIssIon induction. Survival time 
begins at the time the patient registers on the 
study. The major analyses are based on intent to 
treat. Where outcomes based on intent to treat 
differ substantially from outcomes according to 
treatment received, the latter results are also 
presented. Differences in proportions are tested 
using the X2 statistic or Fisher's exact test. The 
log rank statistic is used to compare survival 
and DFS [20-22]. The cure model measures out
come differences between transplantation and 
chemotherapy regimens and is used in analysis 
of CCG-251 and CCG-213 outcomes [23,24]. 

Results 

CCG AML Trials Evaluating Allogeneic BMT 
in First Remission 

Figure 1 follows allogeneic BMT from 1979 to 
the present in studies CCG-251, CCG-213, CCG-
2861, and CCG-2891. In CCG-251, of 490 eligible 
patients, 381 entered remission [1,25]. Eighty
nine patients had a matched sibling donor; 79 
actually undenvent transplantation. Of 266 
patients 233 received chemotherapy. DFS and 
survival were significantly higher among trans
planted patients at 5 and 8 years [1]. 

In CCG-213, of 591 eligible patients, 439 
entered remission [3]. Of 113 patients with a 
matched sibling donor, 83 underwent transplan
tation. Of 298 patients without a donor, 225 par
ticipated in the randomized comparison of the 
high-dose ara-C intensification complex to allo
geneic BMT (ef. next section) [3]. In CCG-213, 
the high-dose ara-C intensification complex 
achieved results closer to results of transplant a -
tion. When outcomes were analyzed according 
to intent to treat, 5 year DFS was 46% for trans
plantation and 38% for chemotherapy (p = .06; 
log-rank = .27) [3] (Fig. 5). When analyzed ac
cording to treatment received. 5 year DFS is 54% 
for transplantation and 36% for chemotherapy 
(p = .001 and log-rank = .007) [3] (not shown). 

When only patients who received their ran
domized regimen were considered, 5-year DFS 
was 54% for transplanlation and 37% for 
chemotherapy (p = .002 and log-rank = .01) [3]. 
Thus, allogeneic transplantation remained mar
ginally superior,although the timed-sequential 
high-dose ara-C intensification complex nar
rowed the gap. In subsequent CCG studies, 
acute transplantation-related mortality has 
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Induction! 
Consolidation Intensification Maintenance 

%5Year 
Survival 
(DFS) PValue 

CCG-251 Donor <lD~-------------< Allogeneic BMT 49 J (45) 

No Donor ~Randomize 
None 

CITD---37 <0.05 
~-drug CYcliC]~ «0.05) 

C!:!0--45 . J 38 

6-TG+4 drug pulse (33) 

7&3 

CCG-213 

7 & 3! Denver Donor @)~-------------
vs -< Allogeneic BMT 

Denver! 7 &3 

52 

(46)} .13 
(.06) 

No Donor @)-- Randomize @>----- 46 
±Maintenance (38) 

HidAc complex 

CCG-2861 Donor ~ 44±8 
~---------- 56±25)} Sequentially ~ 

timed 
DCIERIDCTER 

Allogeneic BMT .92 
QD>--_________ 37±8 

No Donor (50±13) 
Autologous BMT 

CCG-2891 

sequentia1lY~ Donor <:::) 
timed Allogeneic BMT 
DC1ERIDCTER 

NODonor~ 

Randomize DS BMT 

RidAC complex 

Study still open 

Fig.!. Allogeneic bone marrow transplantation in CCG AML studies: acturiai post-remission outcomes. Patient 
numbers are in ovals. Bold lines allogeneic bone marrow transplantation (BMT) involving sequentially timed 
induction therapy; 7&37 days of cytosine arabinoside and 3 days of daunorubicin DeTER five drugs (dexam
ethasone, cytosine arabinoside, 6-thioguanine, etoposide, rubidomycin) [5]. HidAc high-dose cytosine arabi
noside and L-asparaginase followed by three cycles of maintenance-like pulse chemotherapy [3,7,14,15]. 
Maintenance regimens are explained in Fig. 2 

declined in each successive trial, so that in the 
present trial it is about 10%. This improvement 
in BMT may widen the gap again. 
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CCG AML Studies Evaluating Timed-Sequential Therapy: 
CCG-2861, CCG-2891, CCG-213-P, and CCG-213 

CCG AML Studies Evaluating Capizzi /I High-Dose ara-ClL
Asparaginase Timed-Sequential Consolidation Therapy: 
CCG-213P, CCG-213, and CCG-2891. The goal of the 
timed-sequential high-dose ara-C intensification 
complex was to bring about survival and DFS 



Study 

Induction! 
Consolidation Intensification Maintenance 

%5 Year 
Survival 
(DFS) 

None 39 

PValue 

CCG-213 P 

7 & 3 1 Denver 
vs 

Denver 17 & 3 

---&=3 (39)J 42 
Days 0, 28 .03 -(41)] 

18 61 
~ 6-TG +4drug pulse (56) <.04 

" 65 (.52) 
HidACcomplex . .CTI:> ... (66) 58 

Days 0, 7 -----1" }66-(55) 
C2D----·73 

None (58) 

CCG-213 6-TG + 4 drug pulse 

7 & 3 1 Denver 
vs 

Denver 17 & 3 

Randomize -<:ZD-... 44 (43)~ 
~ ______ .~ _____ ..... <.01 

',CiL)---- 68 (55) 
llidAC complex None 

Days 0,7 

Randomize 
CCG-~89l . ,~ 

s~~ __ ~:' Autologous BMT 

x2 "'c=J 
llidAC complex 

Days 0,7 

Fig.2. Timed sequential intensification chemotherapy and attenuation of maintenance therapy in CCG AML tri
als: Acturial post-remission outcome following high-dose ara-C intensification therapy with or without mainte
nance therapy. Broken lines indicate timed sequential therapy. Bold lines indicate maintenance therapy, Patient 
numbers are in ovals. Four drug pulse+ 6-TG includes vincristine on day 0, cyclophosphamide, ara-C, and 5-
azacytidine on days 0-3 every 28 days, and daily 6 TG. Ten-drug therapy consists of rotating pulses of ara-C and 
S-azacytidine, predinsolone, 6-mercaptopurine, vincristine, and methotrexate, and lomustine and 6-TG. 
Maintenance continues for 2 years in CCG-2S1 and 16 months in CCG-213 and CCG-213P. HidAC complex high
dose ara-C/L-asparaginase followed by three cycles of maintenance chemotherapy (days 3, 7, 14, 15). Induction 
regimens are explained in Fig. I 

that approached those of marrow transplanta
tion. The comparison of BMT and high-dose 
ara-C is in Fig. 1. Figure 2 tracks Capizzi II high
dose ara-CIL-asparaginase timed-sequential in
tensification therapy from CCG-213P through 
CCG-2891. Although not a randomized trial, 
CCG-213P prospectively compared a 6-day 
interval between pulses of high-dose ara-C/l
asparaginase to a 28-day interval. The 6-day 
interval effected a 5-year DFS of 61% compared 
to 45% for the 28-day interval (p = .109). 
Survival at 5 years was significantly higher with 
the 6-day interval: 58% vs. 41 % (p = < 0.05) [2]. 

The price of better long-term outcome with 
timed-sequential intensification was acute treat
ment-related mortality (three vs. none among 
104 patients) [ll]. 

((G AML Studies Evaluating Five-Drug Timed-Sequential 
Induction Therapy: ((G-2861 and ((G-2891. To exam
ine the role of the sequentially timed induction 
schedule on remission rate and long-term out
come, remission induction therapies in succes
sive CCG trials were compared [1, 3, 25-27]. 
These trials manipulted the formulation and 
dose of anthracycline and added drugs to the 
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standard 7 days of ara-C and 3 days of dauno
mycin. CCG-251 used the "7 and 3" paradigm, 
but with a relatively low dose of anthracycline, 
30 mg/m2 [1,25]. CCG-213 compared 7 and 3, 
using daunorubicin 45 mg/m2, to a combination 
of ara-C, daunorubicin, 6-TG, etoposide, and 
dexamethasone, called Denver, the precursor of 
the DCTER regimen [3, 18]. After two to three 
cycles of 7 and 3 as induction, patients received 
five-drug Denver as consolidation and vice versa 
[3]. Table 1 lists dose intensity during the first 
14 days of therapy and the cumulative drug 
doses given before intensification in CCG stud
ies CCG-25I, CCG-213, and CCG-2891. Although 
the number of drugs, their cumulative doses, 
and their dose intensity in the first 14 days 
increased progressively among sequential stud
ies, the remission induction rate remained fixed 
between 74% and 79%. Table 1 also shows that 
the induction mortality was higher with timed
sequential therapy than with the other induction 
regimens. However, greater durability of remis
sion in the patients given sequentially timed 

induction offset the early mortality to provide 
an actuarial 3-year survival of 61%. Table 2 
shows the blinded 3-year DFS rates in the three 
post-remission regimens in CCG-2891. The 
results of Table 1 and Table 2 demonstrate that 
induction therapy can influence the outcome of 
post-remission therapy with either transplanta
tion or chemotherapy [2-5]. 

CCG AML Trials Evaluating Maintenance Chemotherapy 

In CCG-25I no differences were found in sur
vival or DFS at 3,5, and 8 years among patients 
who received monthly pulses of four drugs with 
daily 6-Ta compared to eight-drug cyclic thera
py (Fig.l) [1]. CCG-213 and CCG-2I3P retained 
the simpler, less toxic four drugs with daily 6-
TA regimen and shortened the duration of 
maintenance from 24 months to 16 months. 
Figure 1 shows that, with timed-sequential high
dose ara-C, maintenance and no maintenance 
achieved similar outcomes. However, with con
ventionally timed high-dose ara-C, maintenance 

Table 1. CCG AML trials: (cumulative doses of drugs pre-consolidation and induction drug dose intensity 
during first 14 days of therapy (data from [1-5]) 

Study 251 213 213 2891 2891 
7+3 7+3' 7+3' Conventional Timed-sequential 

Denver Denver 

Cumulative 

mg/m' 
Ara-C 1200-1400 2200-3lO0 2200-3lO0 3200 3200 
DNM 70-180 294-490 294-490 320 320 

VP-16 600-800 600-800 1600 1600 
6-TG 800-1200 800-1200 2000 2000 
Dex 48-72 48-72 96 96 

Days 0-14' 
Ara-C 1 x 1 x' 0.7 x 2.3 x 4.6x 
DNM 1 x 1.5 x b 0.7 x 1.8 x 3.6 x 
VP-16 1.0 x 1.3 x 2.6 x 
6-TG 1.0 x 1.8 x 3.6 x 
Dex 1.0 x 0.8 x 1.6 x 

Death (%) 10 12 6 5 14 
Pail(%) 11 9 8 21 10 
Remit(%) 79 79 76 74 78 

3-Year 36±4 43±4 43±4 49±7 61 ±8 
survival from diagnosis 

Poses and schedules of drugs in these protocols are as follows: 
'I x ara-C, 100mg/m' per day on days 0-7; 1 x DNM, 30mg/m' per day x 3; 1 x Dex, lOmg/m' per day x 3; 1 x 6-
TG 100 mg/m2 per day x 5; 1 x VP-16, 150 mg/m2 x 2. 
bOn CCG-213, after two or three cycles, patients receiving Denver crossed over to "7+3" and vice versa. Hence 
the cumulative drug dose is the same for both regimens. 
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Table 2. Timed-sequential therapy in CCG-2891. Post-remission DFS following 
sequentially timed induction compared to conventionally timed induction therapy 

Timing Conventional Sequential p Value 
(months) (months) 

Regimen X 49± 16 79114 0.013 
Regimen Y 30± 17 391 16 0.04 
Regimen Z 52± 17 59 i 18 0.12 
Combined 37 ±9 60± 9 0.0002 

X,Y and Z refer to the blinded intensification regimens which are allogeneic BMT on 
ABMT or chemotherapy. Data are updated from [5J. 

was necessary. Figure 2 also shows that, with the 
high-dose ara-C complex as intensification, sur
vival among patients receiving maintenance 
chemotherapy is significantly lower than among 
patients who receive none. 

Comprehensive Improvement in Survival and DFS 
in CCG Studies, 1979-1995 

Figures 3-6 show Kaplan-Meier estimates of 
actuarial survival DFS from the time of diagno
sis and from the end of induction in CCG stud
ies CCG-251, CCG-213P, CCG-213, CCG-2861, 
and CCG-2891. The figures document a steady 
significant improvement in survival and DFS. 
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Discussion 

Randomized trials showing significant superiori
ty of one treatment compared to another most 
powerfully argue for a cause and effect relation
ship between the strategy and the outcome. The 
results of CCG trials show that employment of 
three strategies, timed-sequential therapy, allo
geneic BMT, and attenuation of maintenance 
therapy, occur concurrently with a progressive 
improvement in survival and DFS in children 
with AML treated in the CCG. In CCG-2891 the 
induction randomization between sequentially 
timed and conventionally timed chemotherapy 
has demonstrated that sequentially timed induc
tion therapy increases the induction mortality 
rate, reduces the induction failure rate, has little 
effect on the remission induction rate, and sub
stantially improves the post-remission outcome. 
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Fig. 3. Actuarial survival from diagnosis in six successive groups of AML trials 
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Fig.5. Comparison of acturial disease-free survival from end of induction in six successive CCG AML studies 

Post-remission outcome is improved regardless 
of post-remission therapy. Nonetheless, the dif
ferences in DFS among the randomized regimens 
in CCG-2891 indicate that a robust induction 
alone does not suffice. If induction alone deter
mined outcome, in CCG-2891 all sequentially 
timed post-remission regimens would have simi
lar outcomes as would all conventionally timed 
post remission regimens. Studies of timed
sequential therapy in adults with relapsed or 
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recurrent AML support the conclusion that 
timed-sequential therapy contributes to better 
long-term outcome [28]. These findings have 
major implications for the comparison of BMT 
programs that are treating patients who have 
received a variety of induction therapies. 

Several studies in adults with AML report the 
benefits of high-dose ara-C in intensification 
[29,30J. Remarkably, the Pediatric Oncology 
Group did not detect a benefit for high-dose ara-
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Fig.6. Overall actuarial survival from end of induction in six successive groups of CCG AML trials 

C in children [31]. Both dose and schedule may 
be important factors in determining outcome 
with high-dose ara-C. CCG-213P showed that 
dose alone, in the range of 12g/m2 in 36 h does 
not guarantee a better outcome. Only when the 
sequence was repeated 6 days later were the 
benefits apparent. 

Studies in AML of adults have not established 
a statistically significant benefit or a clinically 
important benefit to maintenance therapy in 
AML [32]. CCG-251 showed that there is no dif
ference in outcome between a moderately inten
sive rotating eight-drug maintenance regimen 
and an ALL-like monthly pulse/daily 6-TG regi
men. CCG-213 showed that, not only was main
tenance therapy of no benefit, it actually 
reduced the survival in children with AML. The 
lack of obvious benefit of maintenance therapy 
in CCG trials has led to a progressive attenua
tion of maintenance from 2 years to 16 months 
and to a rudiment of maintenance-like therapy 
for 3 months after high-dose ara-C. Mainten
ance per se is eliminated in CCG-2891, but the 
high-dose ara-C complex still includes 3 months 
of maintenance-like therapy. The next CCG trial 
will eliminate this last vestige of maintenance. 

To date, the Berlin-Frankfurt-Munster (BFM) 
AML trials have published the most successful 
results in AML [33, 34]. The approach to AML in 
children in the CCG contrasts sharply with that 
of the BFM group. First, CCG emphasizes timing 
and dose in induction. The BFM uses a more 

conventional induction. CCG relies on sequen
tially timed high-dose ara-C or BMT for intensi
fication. The BFM trials have not found 
high-dose ara-C beneficial, especially when used 
to provide CNS prophylaxis [34]. Since CCG-
251, CCG AML studies have protected the CNS 
with intrathecal and systemic therapy. 
Meanwhile, the BFM trials have shown that pro
phylactic cranial irradiation provides marrow 
prophylaxis. The BFM trials use a maintenance 
therapy similar to that which CCG has aban
doned. These two contrasting approaches are 
both improving survival in AML. Only random
ized trials focused on each of these differences 
will be able to sort out what to keep and what to 
discard. 

In the United States,S year survival among 
children with AML has increased from 3% in 
1963 to 31 % in 1987, that is, a rate of progress of 
about 1% per year [35,36]. In 1989, 5 year sur
vival in CCG was 39%. In CCG-2891, the majori
ty of events occur in the first 2 years from 
diagnosis; thus, early results of CCG-2891 pre
dict a 5-year survival of nearly 50% among 
patients given intensively timed induction, that 
is, a steady but modest increase in the rate of 
progress. By incorporating sequentially timed 
induction and the two most effective regimens 
from the current CCG AML trial into the next 
trial, even with some regression to the mean, it 
may come to pass that over half the children 
with AML will be cured by the year 1999. 
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Intensified Early Therapy for Childhood Acute Myeloid Leukemia: 
Pilot Studies of the AIEOP Cooperative Group 
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for the AIEOP Cooperative Group 

Abstract. The efficacy and feasibility of two inten
sive three-drug (idarubicin, cytarabine, etopo
side) induction courses were tested in two 
consecutive AIEOP pilot studies (LAM 92P, LAM 
93P) for the treatment of acute myeloid leukemia 
(AML) in children. From April 1992 to March 
1993, 20 patients aged < 17 years from seven 
AIEOP centers entered study LAM 92P. Of the 19 
evaluable patients, one died during induction 
(5%), three were resistant (16%), and 15 achieved 
complete remission (CR; 79%). Thirteen of the 15 
responders completed the therapeutic program, 
including allogeneic bone marrow transplanta
tion (BMT) in four and high-dose cytarabine 
(HiDAC) intensive postremission therapy in 
nine. One patient died in CR, five had recurrent 
disease, and seven remain in continuous CR 
(CCR) with a median follow up of21 months. 

In April 1993 a new pilot study (LAM 93P) 
was activated with the following main changes: 
exclusion of French-American-British classifi
cation (FAB) M3 and M3v; autologous BMT 
(ABMT) as postremission therapy. As of 
December 1994,49 children were enrolled from 
19 AIEOP centers. CR was achieved in 40 
patients (82%). Seven children (14%) died dur
ing induction; two (4%) were resistant. Of the 34 
responding patients evaluable for the follow up 
(six too early), four died in CR and four had 
early relapse «2 months). Twenty-six children 
were submitted to transplant (15 ABMT, 11 
BMT). One of them died in CR and six relapsed. 
Nineteen children are alive in CCR, with a medi
an follow up of 6.5 months. Results suggest that 
aggressive induction treatment was highly effec-

tive in children with AML, but associated with 
severe toxicity and mortality. HiDAC and ABMT 
postremission therapies were feasible after such 
intensive induction. 

Introduction 

Despite recent advances in the treatment of chil
dren with acute myelogenous leukemia (AML), 
only one of three such patients can be expected 
to be a long-term survivor. Improvement in AML 
outcome over current treatment may depend on 
more effective induction therapy to attain higher 
complete remission (CR) rates and on more 
effective postremission approaches to reduce the 
risk of relapse. In recent years more potent 
induction regimens have been employed; the 
addition of etoposide (VP-16) and/or other drugs 
to the standard induction combination of cytara
bine (ara-C) and anthracycline, and the intensifi
cation of chemotherapeutic induction schedules 
resulted in a more than 80% CR rate [1-5]. 

In an effort to improve the CR rate in children 
with AML, since April 1992 the Italian 
Hematology and Oncology Pediatric cooperative 
group (AIEOP) has conducted two consecutive 
pilot studies (LAM 92P, LAM 93P) exploring the 
feasibility of administering two intensive induc
tion courses combining idarubicin (IDA), VP-16, 
and ara-C. The intensity of the second course 
was modulated on the basis of the response to 
the first one. In the first pilot study (LAM 92P), 
induction was followed (for patients lacking an 
HLA-matched sibling) by a single course of high-

Hematology Department of Human Biopathology, University "La Sapienza", Via Benevento 6, 00161 Rome, Italy 
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dose ara-C (HiDAC) and IDA as the sole post
remission therapy. In the second study (LAM 
93P), the feasibility of autologous BMT (ABMT) 
was tested in children without an HLA-compati
ble sibling after the intensive induction therapy. 

Materials and Methods 

Patients younger than 16 years of age with newly 
diagnosed and previously untreated AML were 
eligible for the studies. The diagnosis of AML 
was made using accepted French-American 
- British (FAB) classification criteria. Smears of 
bone marrow and peripheral blood were submit
ted for central review by members of the Italian 
Leukemia Morphology Committee. All F AB sub
types were included in the first LAM 92P trial. 
FAB M3 and M3v were excluded from the sec
ond LAM 93P study. Myelodysplastic syndromes 
in a progressive phase (bone marrow blasts 

> 25%) were included in both trials. Patients 
with blastic transformation of chronic myeloid 
leukemia, with concurrent malignancy and 
patients with Down's syndrome were excluded. 

Therapy 

The outlines of the two studies are illustrated in 
Fig. 1. 

A/EOP LAM 92P. This protocol was opened in April 
1992 and closed in March 1993. Seven selected 
AIEOP institutions participated to the study. 
Induction therapy consisted of two courses of 
IDA, ara-C, and VP-J6 combination (ICE 
3+ 5+ 10; ICE 2 + 3 + 7). Details regarding dosage 
and sequence of drugs and prophylactic CNS 
treatement are shown in Fig. 2. Children with 
CNS disease at diagnosis received weekly 
intrathecal therapy until CSF blast cells were 
eradicated plus further 2-weekIy injections. 

Pottrt·m''''oa 

1AM92P IDA+ARA-C+VP 
3+5+10 

DA+ARA- + 
3+5+10 

or 
2+3+7 

~HlDAC+IDA I 
I OIlT I 

IDA+ARA-C+VP [ J~ IIDA+ARA-C+vp L 3+5+10 f- IDA+ARA-C+VP CR ABIIT 
I 3+5+10 r- Or 2+3+7 

2+3+7 

Fig. 1. AIEOP LAM 92P/93P' -Study designs 

Fig. 2. AIEOP LAM 92P/93P'
induction schema 

• • • • • • • • 
l' 5 

days 

• ARA-C Lt 

~ ARA-C 25 mg/m 2tV . 

• ARA-C 100 mgJm1 / day c.l. x 24 hrs 

VP-16 100 mg/m2 /day c.1. x I hr 

• IDA 12 mg/m 2/day c.I. x I hr 

i 1'0 
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Bone marrow was evaluated on day 21 and 
repeated weekly if hypo cellular and not evalu
able. Children in CR after the first course pro
ceeded to the second 2+3+7 ICE after 
hematological recovery and as soon as clinical 
conditions permitted. Patients with persistent 
leukemia or leukemic regrowth received, with
out any delay, the more intensive 3+5+10 ICE. 
If CR was not achieved after the second course, 
patients were regarded as "off protocol". Pati
ents in CR with an HLA-compatible sibling were 
offered BMT; the other responding patients 
received a single course of very intensive postre
mission therapy with HiDAC (3 g/m2 by Ih infu
sion every 12h x 12 doses) followed by IDA (8 
mg/m2 per day) for the next consecutive 3 days. 

A/fOP LAM 93P. This new pilot study was activated 
in April 1993 with the following changes (a) FAB 
M3 and M3v patients were excluded; (b) the dose 
of IDA during induction was decreased (10 vs.12 
mg/m2 per day); (c) a third course of2+3+7 ICE 
was added for patients requiring two courses to 
enter CR; (d) ABMT was considered as postrem
ission therapy for all complete responders lack
ing an HLA-compatible sibling. Pretransplant 
conditioning was performed according to insti
tutional preference. The study was extended to 
19 AIEOP institutions and is still ongoing. 

Supportive Care 

Supportive care, including patient isolation pro
cedures, methods of enteric decontamination, 
use of systemic antimicrobial therapy, use of 
central venous catheters, indications for blood 
products, was performed according to institu
tional preference, and was not prescribed in the 
protocol. 

Statistical Analysis 

Data were analyzed as of January 1, 1995. 
Disease-free survival (DFS) and overall survival 
were calculated by the product limit estimates of 
Kaplan-Meier. Terminal events, which were 
considered in the DFS determination, include 
relapse at any site or death from any cause. 
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Results 

AIEOP LAM 92P 

From April 1992 to March 1993, 20 consecutive 
patients aged less than 17 years were entered 
into the pilot study from seven selected AIEOP 
centers. The presenting characteristics of the 20 
patients are listed in Table 1. There were 12 
males and eight females; median age was 9 years, 
ranging from 1 month to 17 years. Five children 
had acute promyelocytic leukemia (M3 four 
patients, M3v one patient and seven presented 
with a recognizable monocytic component (M4 
two patients, M5 five patients.) One registered 
patient with AML secondary to Ewing sarcoma 
and age> 16 years was ineligible for the study. 

Of the 19 evaluable children, 15 (79%) 
achieved CR, including ten after the first course 
and two after the second one. In three children 
bone marrow after the first course was hypocel
lular, without leukemic cells, but not completely 
evaluable for response. One patient (5%) died 
during the first course induction from dissemi
nated fungal infection. Three children had pri
mary resistance (Table 2). 

Table 1. Patient characteristics 

LAM92P LAM93P 

Patients (n) 20 49 

Male/Female (n) 12/8 23126 

Age 
Median (n) 9.0 9.1 
Range (n) 0.1-17 0.1-16 

Morphology (FAB) 

Ml(n) 5 10 
M2(n) 2 11 
M3(n) 5 0 
M4(n) 2 13 
M5(n) 5 10 
M6(n) 2 
M7(n) 2 
MO(n) 

WBC x 10'/1 
Median 26.2 17.0 
Range 1.2-227.0 1.9-700.0 

CNS disease (n) 

De novo AML (n) 19 47 

Myelodysplastic disease 
secondary AML (n) 2 

Ewing secondary AML (n) 



Table 2. Induction results 

LAM 92P 

(n) 

Patients 20 

Evaluable 19 

Complete remission 15 
First cycle 10 
Second cycle 2 
Not evaluable 

Early deaths 

N onresponders 3 

Fever and suspected or proven infections 
were major complications during the induction 
period. In the 19 assessable patients there were 
eight cases of sepsis recorded: seven after the 
first course and one with the second course. 
Fungal infection was documented in four 
patients and caused patient's removal from the 
study in one case. Severe gastrointestinal toxici
ty (World Health Organization, WHO grade 
> 3) was observed in the majority of patients (II 
cases), life-threatening in five cases. Hepatic, 
renal, cardiac, and pulmonary toxicity were not 
considerable (Tables 3, 4). 

Of the 15 children who entered CR, one suf
fered from an early relapse (2 months) and 
another was withdrawn from the study because 
of severe pulmonary fungal infection. The 
remaining 13 children completed the therapeu
tic program: nine received the intensive postre
mission treatment and four underwent BMT. 
One patient died in CR of disseminated fungal 
infection occuring during neutropenia induced 
by postremission chemotherapy. Five patients 
had recurrent disease in bone marrow at 3-12 
months (one BMT, four chemotherapy). Seven 
patients are alive and in CCR with a median fol
low up of 21 months (range 2-27 months). The 
projected DFS is 46% at 2 years. 

AIEOP LAM 93P 

From April 1993 to December 1994, 49 children 
were enrolled in this pilot study from 19 AIEOP 
centers. Patient's characteristics at diagnosis are 
shown in Table 1. Age ranged from 1 month to 
16 years, with ten children aged less than 2 
years; 23 children presented with M4-M5 FAB 
subtypes; two patients had AML secondary to 
myelodysplastic syndrome. 

(%) 

79 

5 

16 

LAM 93P 

(n) 

49 

49 

40 
36 
4 

7 

2 

(%) 

82 

14 

4 

Table 3. Induction toxicity 

Total 

(n) 

69 

68 

55 
46 

LAM 92P 
(n) 

6 

8 

5 

Patients 19 

Sepsis 
Course 1 
Course 2 

Fungal infections 
Course 1 
Course 2 

Fever of unknown origin 
Course 1 
Course 2 

Hemorrhage (WHO> 3) 
Course 1 
Course 2 

4 
2 

6 

() 

Table 4. Type of toxicity (WHO) 

(%) 

81 

12 

7 

LAM 93P 
(n) 

49 

17 
7 

9 
6 

24 
11 

11 
2 

Grade 3 Grade 4 Grade 3 Grade 4 
(n) (n) (n) (n) 

Gastrointestinal 6 
Hepatic 1 
Pulmonary 2 
Cerebral 

seizure 
Skin 

15 
3 
2 

4 

6 

Forty children (82%) achieved CR, 36 aiter 
the first course and four after the second one. 
There have been seven (14%) induction deaths: 
five from infection, one from hemorrhage, and 
one from leukostasis. Most of deaths (six out of 
seven) occurred during the first induction cycle. 
There have also been two cases (4%) of primary 
resistant disease (Table 2). 
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Severe infectious complications were frequent
ly observed. There were cases of 24 cases of sepsis 
(three fatal), 17 after the first cycle and seven 
after the second course. Fungal infections were 
also documented in IS patients, causing death in 
two of them. Eleven patients experienced hemor
rhage (WHO grade> 3), fatal in one of them. 

As in the first trial, gastrointestinal toxicity 
was the only severe therapy-related extrame
dullary complication documented in 21 patients 
(WHO grade 4, six patients) (Tables 3, 4). 

Of the 40 complete responders, 34 are evalu
able for the follow up (six too early). Three chil
dren entered CR with the first course, died in CR 
(two infections, one hemorrhage) during the 
neutropenic phase induced by the ICE second 
course. Another patient who required two cours
es to achieve CR, died from infection during the 
third cycle. Four early bone marrow relapses 
( < 2 months) were observed. The remaining 26 
children have already been submitted to trans
plantation, IS autologous and 11 allogeneic. One 
patient died in CR from transplant-related toxic
ity. Relapses occurred in six children (five 
ABMT, one BMT) at 4-12 months (median 9 
months). Bone marrow was the initial site of 
relapse in all patients, associated to testicular 
involvement in one of them. As of January 1, 
1995,19 children were alive in CCR, with a medi
an follow up of 6.5 months (range 1-19 months). 
The projected DFS is 48% at 18 months. 

Discussion 

In the 10 year AIEOP experience (1982-1992), the 
conventional induction anthracycline plus ara-C 
association resulted in CR rates ranging from 
65% to 80% in children with previously untreat
ed de novo AML. The DFS rate ranged from 30% 
to 43% (at 2-7 years) but appears to be relatively 
stable despite the progressive intensification of 
postremission therapy [6-8]. In recent years, 
more potent induction regimens have been 
employed in pediatric AML in an attempt to 
increase the initial leukemic cell killing and con
sequently improve CR rate and duration of ini
tial CR. Encouraging results, with a CR rate of 
more than 80%, have been reported by other 
cooperative groups utilizing a combination of 
three or more drugs administered in more inten
sive induction schedules [1-5]. In particular, in 
the Medical Research Council's randomized 
AMLlO trial, the intensive 10 day, three-drug 
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association (daunorubicin+ara-C+VP-16 or 6-
thioguanine) resulted in a very high remission 
rate (91 %) after one to three courses [1]. 

Based on these data, since April 1992 the 
AIEOP cooperative group has tested the feasibil
ity and efficacy of intensive three-drug induction 
(IDA + VP-16+ara-C) administered according to 
the MRC AMLlO schedule. IDA replaced 
daunorubicin in an attempt to increase the 
antileukemic efficacy and reduce cardiomiotoxi
city. Two consecutive pilot studies, AIEOP LAM 
92P and LAM 93P, were carried out. A total of 69 
children from 21 AIEOP centers were enrolled in 
both studies. Fifty-five of the 68 evaluable 
patients achieved CR, with a CR rate of 81 %. 
Induction failures were essentially represented 
by treatment-related deaths that occured in 
eight children (12%), mostly due to infections. 
The severe gastrointestinal toxicity, observed in 
32 children, could explain the increased suscep
tibility to infections, often arising in the gas
trointestinal tract. The induction-related toxicity 
also caused the death in CR of four patients and 
the removal from the study of another one. 

Allogeneic marrow transplant was offered to 
responding children with an HLA-matched sib
ling. In the other responders, we tested two dif
ferent postremission approaches: the intensive 
HiDAC plus IDA regimen in the first study and 
ABMT in the second one. Our aim was to 
explore the feasibility of both postremission 
modalities after the intensive induction regi
men. A total of 24 children received post remis
sion chemotherapy (nine cases) or ABMT (15 
cases). Only one patient died from chemothera
py-related complications. As of January 1, 1995 
seven of IS patients treated in the first study and 
19/34 evaluable patients from the second trial 
were alive and in CCR with a median follow up 
of 21 and 6.5 months, respectively. Owing to the 
short observation time and the small number of 
patients, the efficacy of both postremission 
approaches is not evaluable at the moment. 

In summary, the intensive three-drug induc
tion regimen demonstrated high antileukemic 
activity, resulting in an 81 % CR rate in children 
with AML. However, severe treatment-related 
toxicity was observed, with 17% induction and 
remission deaths. Postremission therapy with 
either HiDAC or ABMT was feasible after such 
intensive induction. 

Acknowledgments. This work was supported by 
a grant from the Consiglio Nazionale delle 



Ricerche, Progetto Finalizzato "Applicazioni Cli
niche della Ricerca Oncologica", sottoprogetto 
ll.n 

References 

I. Stevens RF, Hann IH, Wheatley K, Gray R (1992) 
Intensive chemotherapy with or without additional 
bone marrow transplantation in pediatric AML: 
progress report on the MRC AML 10 trial. 
Leukemia 6 (SuppI2): 55-58 

2. Woods WG, Kabrinsky N, Buckley J, Neudorf S, 
Sanders J, Miller L, Barnard D, Benjamin D, De 
Swarte J, Kalousek D, Shina D, Hammond GD, and 
Lange BJ (1993) Intensively timed induction thera
py followed by autologous or allogeneic bone mar
row transplantation for children with acute 
myeloid leukemia or myelodysplastic syndrome: a 
Childrens Cancer Group pilot study. J.Clin Oneol 
11: 1448-1457 

3. Nesbit ME, Buckley JD, Feig SA, Anderson JR, 
Lampkin B, Bernstein JD, Kim TH, Piomelli S, 
Kersey JH, Coccia PF, O'Reilly RC, August C, 
Thomas ED, Hammond GD (1994) Chemotherapy 
for induction of remission of childhood acute 
myeloid leukemia followed by marrow transplan
tation of multiagent chemotherapy: a report from 
the Childrens Cancer Group. J.Clin Oncol 12: 
127-135 

4. Ritter J, Creutzig U, Schellong G (1992) Treatment 
results of three consecutive German childhood 
AML trials: BFM-78, -83, and -87 Leukemia 6 (Sup
pI2): 59-62 

5. Weinstein H, Ravindranath Y, Krischer J, Steuber 
P. Civin C, Gresik M, and Vietti T (1992) The 
impact of early intensive therapy on event-free 
survival (EFS) in children with acute myeloid 
leukemia (AML). Leukemia 6 (SuppI2): 52-54 

6. Amadori S, Ceci A, Comelli A, Madon E, Masera G, 
Nespoli L, Paolucci G, Zanesco L, Vegna ML, Moleti 
ML, Testi AM, and Mandelli F (1990) Therapy of 
childhood acute myelogenous leukemia: an update 
of the AIEOP/LAM 8204 study. In: Buchner, 
Schellong, Hiddeman, Ritter (eds) Acute leukemias 
II. Springer-Verlag Berlin Heidelberg, pp 222-225 
(Hematology and Blood transfusion, vol 33). 

7. Amadori S, Testi AM, Arico'M, Comelli A, Giuliano 
M, Madon E, Masera G, Rondelli R, Zanesco L, and 
Mandelli F (1993) Prospective comparitive study of 
bone marrow transplantation and postremission 
chemotherapy for childhood acute myelogenous 
leukemia. J Clin Oneoll1: 1046-1054. 

8. Amadori S, Giona F, Giuliano M, Moleti ML, 
Pession A, Rolla M, Rondelli R, Testi AM, Mandelli 
F (1992) Therapeutic strategies for postremission 
treatment in childhood acute myeloid leukemia 
(AML). The AIEOP experience 1987-1991. Leuke
mia 6 (SuppI2): 44-47 

Appendix 

Porto(ols AIEOP lAM 92P/93P: Participating Institutions 

Institutions 
Clinica Pediatrica I, Bari 
Clinica Pediatrica II, Bari 
Clinic a Pediatrica, Bologna 
Clinic a Pediatrica,Cagliari 
Ospedale Civile, Catanzaro 
Clinica Pediatrica,Firenze 
Ospedale Gaslini, Genova 
Ospedale Galliera,Genova 
Clinica Pediatrica I, Napoli 
Ospedale Pausilipon, Napoli 
Clinica Pediatrica, Padova 
Clinica Pediatrica, Palermo 
Ospedali Riuniti, Parma 
Clinica Pediatrica, Perugia 
Ospedale Civile, Pescara 
Cattedra Ematologia, Roma 
Ospedale Bambino Gesu, Roma 
Ospedale Civile, S.Giovanni Rotondo 
Clinica Pediatrica, Sassari 
Clinica Pediatrica, Torino 
Clinic a Pediatrica, Trieste 
Investigators 
F. Schettini, N. Santoro 
A. Ceci, R. Colella 
G. Paolucci, P. Rosito, A. Pession 
P. F. Biddau, G. Murgia 
S. Magro, C. Consarrino 
G. Bernini, A. Lippi 
P. Mori, E. Micalizzi 
C. Cominetti 
M.T. Di Tullio, F. Casale, P. Indolfi 
V. Poggi, M.F. Pinta 
1. Zanesco, C. Messina, G. Basso 
M. Lo Curto, G. Milici 
G.lzzi 
R. Vaccaro, P. Zucchetti 
G. Torlontano 
F. Mandelli, S. Amadori 
G. De Rossi, C. Miano 
M. Carotenuto, S. Ladogana 
T. Meloni, D. Gallisai 
E. Madon, R. Miniero, E.Barisone 
P. Tamaro, G. Zanasso 

729 



Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et a1. (eds) 
© Springer -V erl.g Berlin Heidelberg 1997 

A Randomized Comparative Study of Purged Autologous Bone Marrow 
Transplantation Versus Intensive Multiagent Consolidation Chemotherapy 
in First Remission of Acute Myeloid Leukemia in Children 
(Pediatric Oncology Group Study-POG 8821) 

Y. Ravindranath l, A. Yeager,' c.P. Steuber,' J. Krischer,' M. Chang,'C.1. Civin,6 J. Graham-Pole,' B. Camitta,' 
M. Gresik,' A. CarrolVo S. Raimondi,ll S. Inouel2, and H. Weinstein13 for the Pediatric Oncology Group 

Abstract. The role of autologous bone marrow 
transplantation (ABMT) for the treatment of 
children with acute myeloid leukemia (AML) is 
unknown. The POG 8821 AML study compared 
the efficacy of ABMT vs. intensive multiagent 
consolidation chemotherapy (leT) as treatment 
for children with AML in first remission. 

Methods. Remission induction therapy consisted 
of one course of daunorubicin, cytarabine and 
6-thioguanine (DAT) followed by high-dose 
cytarabine (HdA; 3gm/m2 every 12 h x 6 doses) 
and one course of etoposide plus azacytidine 
(VP/AZ). Randomization was performed after 
HdA. Allogeneic BMT was offered to patients 
with a matched sibling donor. Those not eligible 
for allogeneic BMT were randomized to receive 
either leT (sequential courses of D/HdA, DAT, 
VP/AZ, HdA, DAT, VP/AZ), or ABMT after a 
preparative regimen of busulfan plus cyclophos
phamide and 4-hydroperoxyocyclophospha
mide-purged marrow. 

Results. Between June 1988 and March 1993, 552 
of 648 (85%) achieved remission (M1 marrow = 

lChildren's Hospital of Michigan, Detroit, MI, USA 
'Johns Hopkins Oncology Center, Baltimore, MD, USA 

507 or M2a marrow = 45; 5-15% blasts). Patients 
undergoing non-protocol ABMT (19), and sec
ondary AML (five) were not eligible for ABMT; 
89 opted for allogeneic BMT; 19 others were 
removed from study prior to randomization. A 
total of 232/421 (55%) were randomized to leT 
(117) or ABMT (ll5). The remaining patients 
non-randomly received leT 189 (45%) because 
of Down's syndrome (28), refusal to be random
ized (83), no funds to support ABMT (64), or no 
ABMT beds (14). The event-free survival (EFS) 
and survival for the entire group at 3 years were 
34% and 42%, respectively. For the randomized 
patients, disease-free survival (DFS) was not sta
tistically different when analyzed by intent to 
treat (3-year DFS: leT 36% vs. ABMT 37%, log
rank test p = 0.20). Overall survival followed a 
similar pattern (3-year survival: leT 44% vs. 
ABMT 40, log-rank test p=0.10). There was a 
lower leukemia relapse rate but a higher treat
ment-related mortality in ABMT vs. leT (15% 
vs. 2.7%, P = 0.005). 

'Baylor College of Medicine, Texas Children's Hospital, Houston, TX, USA 
4POG Statistical Office, Gainesville, FL, USA 
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'Baylor College of Medicine, Texas Children's Hospital, Houston, TX, USA 
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llSt. Jude Children's Research Hospital, Memphis, TN, USA 
l2Hurley Medical Center, Flint, MI, USA 
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Conclusions. Autologous BMT did not improve 
EFS when compared to intensive chemotherapy 
for children with AML in first remission. 

Introduction 

Despite intensification of post -remlSSlOn che
motherapy, the event-free survival (EFS) in acute 
myeloid leukemia (AML) has plateaued at 35%-
45% [1-7]. Pediatric Oncology Group (POG) sur
veys show that only 10%-15% of the children 
may have HLA-compatible siblings, thus limiting 
the option of allogeneic BMT (allo-BMT). Early 
results of 4-hydroxyperoxycyclophosphamide 
(4HC)-purged autologous bone marrow trans
plantation (ABMT) in first or subsequent remis
sion were comparable to those achieved with 
allo-BMT [8, 9). Thus, POG initiated a random
ized study to compare 4-HC-purged ABMT and 
intensive consolidation chemotherapy (lCT) 
early in remission for children with AML. 

Methods 

The eligibility criteria for entering on the POG 
8821 study were as follows: 18 years of age with 
previously untreated AML or secondary AML. 
The exclusions from randomization were: (a) no 
remission after induction course two; (b) no 
insurance or financial support; (c) intent to per
form allo-BMT; (d) secondary AML; (el Down 
syndrome and isolated chloroma. Both Down 
Syndrome [10) and isolated chloroma were 
added as exclusions after the protocol had been 
opened for a few months. 

Treatment Regimen. The treatment schema is out
lined in Fig. 1. The induction consisted of one 
standard 3+7 course of daunomycin,cytarabine 
(ara-C), and 6-thioguanine. Daunomycin was 
given at 45 mg/m2 daily 3 and ara-C was given 
100 mg/m2 daily for 7 days by continuous infu
sion, and 6-thioguanine was given p.o. 100 
mg/m2 per day 7 days. This was followed by a 
course of high-dose ara-C 3 gm/m' every 12 h 6 
doses. Patients who were in remission at the end 
of the second induction course (defined as Ml 
marrow or M2a marrow with < 15% blasts) 
were eligible for post-ren1!SSlOn therapy. 
Children who had an HLA-compatible sibling 
donor were offered allo-BMT. All of those eligi
ble for randomization, except for the exclusions 
as mentioned previously, were randomized to 
either the chemotherapy or ABMT arms. Both 
groups received one course of etoposide at 250 
mg/m2 daily 3 followed by azacytidine at 300 
mg/m2 on days 4 and 5. Patients randomized to 
intensive consolidation chemotherapy then 
received six additional courses of chemothera
py: daunomycin plus high-dose ara-C as 
described previously, 2 + 5 regimen of DAT, 
VP/AZ as previously noted, followed by high
dose ara-C for six doses, DAT (21 5), a VP/AZ. 

CNS Prophylaxis. This consisted of i.t. ara-C (40 
mg/m2) on days 1 and 8 of the DAT induction 
course; two additional doses of i.t. ara-C were 
given on days 12 and 19 for patients with CNS 
disease at diagnosis. All patients also received 
i.t. ara-C on days 1 and 8 of the first VP/ AZ 
course. 

Autologous BMT. Patients randomized to autolo
gous BMT received one consolidation course of 

OAT· 

• HdA • • /Remission IM 1 + M2a < 1 5% blast.s) ... 
Randomize ... ... 

Fig.l. Chemotherapy vs. ABMT for 
childhood AML: POG 8821-treat-

...-------
VP/AZ." VP/AZ." 

1 1 
ABMT 

VP/AZ." 

1 
AlloBMT 

ment schema. Asterisk, intrathecal Cherno = O+ HdA. - OAT _ VP/AZ.-HdA. _ OAT _ VP/AZ. 

ara-C x 2 
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VP/AZ. Upon count recovery, the marrow was 
harvested and purged with 4HC at a concentra
tion of 100 Ilg/ml and an incubation hematocrit 
(Hct) of 5%-10% and stored. The preparative 
regimen consisted of the standard busulfanl 
cyclophosphamide. Patients opting for allo
BMT were recommended to go through one 
course of consolidation with VP/AZ as in the 
other treatment arms. 

Results 

Between June 1988 and March 1993,666 patients 
were registered. This report describes prelimi
nary analysis based on data as of October 1993. 
A total of 648 were evaluable (Fig. 2). There were 
26 early deaths and 67 patients did not respond; 
552 patients (86%) achieved remission (507 M1, 
and 45 M2a). Overall, l31 patients were exclud
ed from randomization for the following rea
sons: 89 opted for allo-BMT, 18 additional 
patients had institutional non-protocol BMT, 
five for secondary AML, and 19 others for mis
cellaneous reasons; 421 patients, or 76% of those 
achieving remission, were eligible for random
ization. Of these 421 patients, 232 (55%) were 
randomized: 117 to intensive consolidation ther
apy, and 115 to ABMT. A total of 189 cases 
(45%) were non-randomly assigned to chemo
therapy because of refusal for randomization 

(89), Down syndrome (21), and others due to 
lack of funds (64) orlack of transplant beds (14). 

Life Table Estimates of Survival. The survival data 
summarized here are based on data as of April 
1994. The event-free survival (EFS) for the entire 
group was 37% at 3 years. The EFS by intent-to
treat for the randomized patients is shown in 
Fig. 3. As can be seen, the 3- year disease-free 
survival (DFS) from randomization for the 
chemotherapy patients was 37%, while that for 
the ABMT arm was 38%, the difference not being 
statistically significant. For patients undergoing 
allo-BMT (n = 84) the 3-year DFS was 51.3%. 

Pattems of Failure. The pattern of failures in the 
two randomized study groups were different. Of 
particular interest is the fact more than a third 
of the patients randomized to the ABMT arm 
were removed from study prior to ABMT, pri
marily because of parental change of preference 
(17), relapse prior to bone marrow harvest (21), 
three patients were removed from the 
chemotherapy arm for allo-BMT, and three oth
ers had disseminated fungal sepsis. Thus, while 
97% of patients on the chemotherapy arm 
received their assigned treatment (1131117), 
only 62% of the patients randomized to ABMT 
actually received their assigned treatment. The 
regimen-related mortality was also significantly 
higher in theABMT arm, nearly 14% compared 

Total Accrual = 666 Evaluable = 648 

Early Deaths 26 14 % 1 
No Response 70 111 %1 

Remissions(Ml =507+M2a = 45) = 552(85%) 

, 
Allo BMT B9 

Non protocol BMT 18 

Secondary AMl 5 

Other 19 

--------. 

189{45%) , 
Aefusal 111 ' . No funds 64. n o beds 14 

Fig. 2. Patient flow chart showing total registrations, evaluable patients, number of patients achieving remission, 
and subsequent disposition of patients. Asterisk, Down syndrome-21 non-randomized, four randomized to 
chemotherapy, two randomized to ABMT 
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Fig. 3. Disease-free survival by intent 
to treat. Disease-free survival estima
tes are calculated from the data of 
randomization and include toxic 
deaths and treatment failures 
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to 2% in the chemotherapy arm. The 14% mor
tality in the ABMT arm of this POG study is sim
ilar to the treatment-related mortality described 
in a recent report of ABMT experience from 
North American Bone Marrow Transplant 
Registry (NABMTR)[ll[. The regimen-related 
mortality was 9% in a recent European study of 
adult AML patients having ABMT with 
unpurged marrow[l2[. Although the study was 
designed for evaluation by intent-to-treat (Fig. 
3), we also looked at the EFS in patients on the 
two randomized arms treated as assigned. The 
3-year EFS as treated in the ABMT arm was 48% 
compared to 37% in the chemotherapy arm and 
58% for allo-BMT patients; the difference was 
not statistically significant. In summary, for the 
entire group, the 3-year EFS from diagnosis and 
remission are 37% and 43%, respectively. For 
the randomized patients, EFS at 3 years for the 
chemotherapy and ABMT groups was not statis
tically different when analyzed by intent to treat 
or as treated. In the ABMT group, the regimen
related mortality was higher, nearly a third of all 
failures occurred before bone marrow harvest. 
Relapses post-auto RMT were rare after 18 
months from randomization while the chemo
therapy group continues to experience relapse 
up to 42 months. Allo-BMT patients had a supe
rior EFS at 3 years compared to either ABMT or 
the chemotherapy patients. 

Conclusions 

The study underscores the logistics involved in 
designing a randomized trial comparing chemo
therapy vs. bone marrow transplantation in 

, , 

Chemo 37% 

ABMT 3B% 
p = 0.143 

___ L __ I _-------:. ___ l_~_ 

2 3 4 5 

Years 

childhood AML. Only 36% of the evaluable 
patients (232/648) were randomized. Further, 
only 62% of patients randomized to ABMT 
received their intended treatment. This, coupled 
with a high regimen-related mortality in the 
ABMT arm, affected the outcome of this study. 
Despite the use of three different intensive 
modes of therapy, the overall 3-year EFS 
remains unchanged at < 40%, suggesting that 
new and novel approaches to therapy must be 
explored. New strategies during induction or in 
the post-remission phase of therapy are clearly 
needed to further improve these outcomes. 
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Introduction 

Acute myeloblastic leukemia (AML) accounts 
for less 25% of all cases of childhood leukemias. 
The homogeneous distribution contrasts with 
the well-known peak of incidence observed in 
acute lymphoblastic leukemia between the ages 
of 2 and 7 years. 

Three major events have marked the evolu
tion of leukemic treatments. First, the discovery 
that cytarabine (ara-C) used as a single agent 
enables 30% complete remission (CR) induction 
rate. Secondly, the fact that daunorubicin alone 
yields a 50% remission induction rate. These 
two findings have led to polychemotherapy, 
raising remission rate to 80% nowadays. The 
addition of 6-thioguanine or other agents in 
induction has not proved beneficial. However, 
the introduction of an intensive consolidation 
regimen with high-dose ara-C has improved the 
outcome [7,9]. During induction and consolida
tion, supportive care has been found to facilitate 
the improvement of results. The third main 
advance in treatment is bone marrow transplan
tation (BMT) with an HLA-identical sibling 
[1-5]. In all studies BMT resulted in a signifi
cantly lower incidence of relapse. 

We report here the outcome of 171 children 
with AML who were enrolled on the prospective 
French Protocol LAME 89/91. This protocol was 
designed to assess the comparative value of 
BMT when an HLA-compatible related donor 
was available versus an aggressive post-remis
sion intensification including high-dose ara-C, 
asparaginase, and amsacrine. 

Patients and Methods 

Previously untreated AML with French
American-British (FAB) subtypes ranging from 
Ml to M7 and age less than 20 years were eligi
ble. Patients with MO or biphenotypic leukemia, 
myelodysplasia, secondary AML and patients 
with Down's syndrome were excluded. A total of 
171 newly diagnosed children from 17 institu
tions were included between December 1988 
and November 1993. 

Induction Therapy. Induction chemotherapy was a 
combination of ara-C (200 mg/m2 per day by 
continuous i.v. infusion from day 1 to day 7) 
and mitoxantrone (12 mg/m2 on days 1-5). 
These drug doses were reduced to two thirds for 
children younger than 1 year of age. Bone mar
row aspiration was performed on day 20 and 
patients who had more than 20% blasts received 
additional chemotherapy consisting of ara-C 
200 mg/m2 per day by continuous Lv. infusion 
for 3 days and mitoxantrone 12 mg/m2 per day 
for 2 days. 

Post-remission Therapy Design. Among 149 patients 
who achieved a CR, 32 had an HLA-identical 
sibling donor and were eligible to receive an 
allogeneic BMT early in first CR. None of these 
patients relapsed or died before the planned 
BMT and all were actually treated with BMT in 
first CR. One additional patient in first CR 
received a BMT from his one antigen HLA-mis
matched father. This patient was analyzed in the 
BMT group, which consequently consisted of 33 
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children. The 116 remaining children (chemo
therapy group) were treated according to the 
post-remission chemotherapy protocol. Post
remission Chemotherapy Protocol: Consolidation Chemo
therapy. Two consolidation courses were given to 
patients without an HLA-matched donor. Con
solidation 1 was a combination of etoposide 
(VP-16; 100 mg/m2 per day i.v. from day 1 to day 
4), ara-C (100 mg/m2 per day as a continuous i.v. 
infusion from day 1 to day 4), and daunorubicin 
(40 mg/m2 per day from day 1 to day 4). 
Consolidation 2, which was given after complete 
hematological recovery, consisted of two cycles 
of ara-C infusions (1 g/m2 every 12 h x 4) 
administered at 7 -day intervals (first cycle on 
days 1 and 2, second cycle on days 8 and 9), each 
cycle being followed by one dose of asparaginase 
at 6000 V/m2. Between the two cytarabine cycles, 
children older than 1 year of age were treated 
with amsacrine at 150 mg/m2 per day i.v. on 
days 4, 5, and 6, whereas younger children did 
not receive this medication. 

Maintenance Chemotherapy. After consolidation 
chemotherapy, patients were treated with a 18-
month maintenance program consisting of con
tinuous oral 6-mercaptopurine 50 mg/m2 per 
day and monthly pulses of subcutaneous ara-C 
25 mg/m2 twice a day for 4 days. In March 1991, 
a decision was made by the participating centers 
to randomize children to receive the mainte
nance chemotherapy versus not receiving any 
further treatment after consolidation 2. An 
interim analysis revealed no difference in 
relapse rate or disease-free survival (DFS) bet
ween these two groups. Consequently, all 
patients treated on the chemotherapy arm were 
analysed as a single group for the purpose of 
comparison with BMT, whether or not they 
received the maintenance program. 

CNS Therapy. CNS prophylaxis was administered to 
patients with the M4 or the M5 FAB subtype and 
to patients with an initial white blood cell (WBC) 
count higher than 50 x 109/1. These patients 
received intrathecal chemotherapy (IT) with five 
doses of ara-C, methotrexate, and steroid. Patients 
with initial CNS involvement received three addi
tional IT doses and 24-Gy cranial radiation after 
hematological recovery from consolidation 2. 

Transplantation Methods. Among 33 transplanted 
children, 23 were conditioned with busulfan 16 
mg/kg or 480 mg/m2 and cyclophosphamide 

(Cy). Cy was given i.v. either at a dose of 60 
mg/kg per day for 2 days or at 50 mg/kg per day 
for 4 days. Ten patients received a total body 
irradiation (TBI) containing regimen with Cy or 
with high-dose ara-C and melphalan. All 
patients received graft-versus-host disease 
(GVHD) prophylaxis consisting of cyclosporine 
A and a short course of methotrexate. The mean 
value of the interval from CR to transplantation 
was 80 ± 13 days. Most of patients received 
consolidation 1 before BMT. 

Results 

Patients Characteristics. Among 171 patients who 
were entered on the protocol, there were 83 boys 
and 88 girls with a mean age of 7.3 ± 0.7 years. 
Twenty-four children (14%) were less than 1 
year old. Mean WBC count at diagnosis was 68.1 
± 13.8 x 109/1 and the distribution of FAB sub
types was as follows: M1 (n = 23), M2 (n = 37), 
M3 (n = 12), M4 (n = 41, 12 of 41 patients with 
the M4eo subtype ), M5 (n = 48), M6 (n = 5), and 
M7 (n = 5). Bulky hepatosplenomegaly, defined 
as either spleen or liver enlargement below the 
umbilicus, was observed in 22 cases (13%). 
Twenty-two children (13 %) had initial CNS 
involvement. The characteristics of the patients 
in the two post-remission groups are listed in 
Table 1. The mean age was significantly lower in 
the chemotherapy group than in the BMT group 
(p = 0.04). The percentage of patients less than 
1 year old and the mean WBC count observed in 
the chemotherapy group were higher than in the 
BMT group, but these differences did not reach 
statistical significance. There were no differ
ences between the two groups for the following 
characteristics: sex ratio, distribution of FAB 
subtypes, incidence of bulky hepatosplenome
galy and CNS involvement, and interval from 
the begining of induction to CR. 

Remission Induction. A total of 149 of 171 children 
(87%) achieved a CR; 133 of them only received 
the standard 7 -day induction course, whereas ten 
required the additional induction chemotherapy 
course. There were 22 failures (13%). They were 
secondary to resistant leukemia (n= 11) or due 
to deaths during induction therapy (n = 11). 

Outcome for All Patients. The probability of DFS was 
57% ± 9% at 3 years and 51 % ± 13% at 4 years 
for the 149 patients who achieved CR after induc-
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Table 1. Patient characteristics in the two post-remission groups 

BMT group Chemotherapy Statistical 
significance (n=33) group (n = 116) 

Age 
Mean' (years) 8.9± 1.5 6.810.9 
Group 
< 1 year (n) 1 18 NS + (p=0.08) 
(%) 3 16 
> 1 year (n) 32 98 
(%) 97 84 

WBC count at 
diagnosis 
Mean' ( x 10'/1) 47.2 ± 24.5 62.6 ± 15.3 

FAB subtype 
M5(n) 10 
(%) 30 

Meningeal 
involvement (n) 3 
(%) 9 

Bulky disease (n) 1 
(%) 3 

Interval 
induction-CR 

[days] 34.4±2.6 

'Mean values ± their 95% confidence interval. 
bStudent's t test. 
'x'test 
dFischer exact test. 
NS, not significant. 

31 
27 

19 
16 

16 
16 

37.1 ± 2.3 

tion therapy. Overall event-free survival was 49% 
± 9% at 3 years and 45% ± 11 % at 4 years for 
the 171 patients entered into the protocol. 

Relapse Rate. Five of 33 children in the BMT 
group relapsed, whereas 40 of 116 patients in the 
chemotherapy group had recurrence of their 
disease. The median value of the time interval 
from CR to relapse was 13 months (range 6-25 
months) in the BMT group and 9 months (range 
2-45 months) in the chemotherapy group. Most 
recurrences occurred in the bone marrow except 
for three patients who had isolated extra
medullary relapses. Only one of 40 relapses 
observed in the chemotherapy group occurred 
before 80 days which was the mean value of the 
interval from CR to transplantation in the BMT 
group. The actuarial risk of relapse at 3 years 
was 22% ± 17% for the BMT group as com
pared to 43% ± 11% for the chemotherapy 
group (Fig. 1). The difference observed between 
the two groups was statistically significant 
(p=0.025). 
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Graft-Versus-Host Disease and Therapy-Related Mortality. 
Thirteen among 33 transplanted children (39%) 
developed acute GVHD (most of them grades 1 
and 2). Chronic GVHD occurred in three of 32 
patients (9%) who were assessable after day 100 
post transplant. Only one patient in the BMT 
group died from a transplant-related complica
tion. Seven patients in the chemotherapy group 
died in CR from infectious complications. 
Probability of therapy-related mortality TRM 
was 3% for the BMT group and 6.4% for the 
chemotherapy group (no statistical signifi
cance). 

Disease-Free Survival. Twenty-seven children in the 
BMT group and 69 in the chemotherapy group 
were alive in continuous CR. The median fol
low-up duration from CR was 25 months in both 
groups. The Kaplan-Meier estimate of DFS at 3 
years was 75% ± 17% for the BMT group as 
compared to 51 % ± 10% for the chemotherapy 
group (Fig. 2) (p = 0.018). 



Fig. 1. Kaplan-Meier probability of 
relapse in the BMT group (n = 33) 
and in the chemotherapy group 
(n = 116). The comparison is made 
using the log-rank test. Numbers in 
parenthesis indicate the number of 
patients at risk at various time 
intervals 

Fig.2. Kaplan-Meier probability 
of DFS in the BMT group (n = 33) 
and in the chemotherapy group 
(n = 116). The comparison is made 
using the log-rank test. Numbers in 
parenthesis indicate the number of 
patients at risk at various time 
intervals 
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Chemotherapy Group. In the univariate analysis, 
children less than 1 year old had a higher risk of 
relapse (71 % versus 40% at 3 years, p = 0.00 I) 
and a lower DFS (26% versus 55% at 3 years, 
p = 0.003) than older children. The M5 subtype 
significantly affected the relapse rate (60% ver
sus 40%, p = 0.006) and DFS (36% versus 56%, 
p=0.008) when compared to other FAB sub
types. A WBC count higher than 50 x 10911 was 
associated with a high risk of relapse (61 % 
versus 35%, p = 0.03) but the impact on DFS did 
not reach the level of statistical significance. 
Meningeal involvement and bulky disease 
did not affect relapse risk or DFS. As shown in 

1 ,0 2,0 

1 ,0 2,0 

Chemotherapy 

.--___ --' (8) 

3,0 

3.0 

p=O.025 

4,0 

(8) 

4.0 

5,0 
years 

p=O.018 

5,0 
years 

Table 2, only two factors were statistically signif
icant in the multivariate analysis: age less than 1 
year old and M5 subtype. Because children 
under 1 year of age had a poor prognosis when 
treated with chemotherapy alone and because 
the transplant group had a fewer proportion of 
such children than the chemotherapy group, we 
compared BMT to chemotherapy after exclud
ing these children from both groups. When only 
children older than 1 year were analysed, DFS 
was 74% in the BMT group and 55% in the 
chemotherapy group (p = 0.07). The relapse rate 
was 24% and 40% respectively (p = 0.09). 

8MT Group. FAB subtype (M5 versus others) and 
WBC count « versus ;:0 50 x 10911) did not 
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Table 2. Multivariate analysis of prognostic factors 
for the probabilities of relapse and DFS in the 
chemotherapy group (Cox regression analysis) 

Criteria Relapse DFS 

Age at diagnosis p=O.OOl p=0.OO3 
« vs.?lyear) RR=3 RR=2.S2 

F AB subtypes p=O.03 p=0.03 
(MS vs. others) RR=2.1 RR= 1.94 

WBCcount NS (p=O.l2) NS (p=0.2S) 
«vs.?SOx109/l 
Hepatosplenomegaly NS NS 

Meningeal involvement NS NS 

Only patients who achieved CR and were treated in the 
chemotherapy arm were included in this analysis 
(n= 116). 
The p values < 0.05 were considered as statistically 
significant. 
NS, not significant; RR, relative risk. 

influence relapse risk or DFS. Children who 
received a TBI-containing regimen had a 64% 
probability of DFS and a 36% relapse rate; chil
dren who received busulfan and cyclophos
phamide had a 81% probability of DFS and a 
15% relapse rate (no statistical significance). 

Comparison with Berlin-Frankfurt-Munster (BFM) Regimen. 
In the French and German [6] protocols, age is 
one of the most important prognostic factors 
and infants have a poor outcome compared to 
older children. According to the results of BFM
AML 3, two different risk groups, low and high, 
were identified. The low-risk group included 
FAB Ml with Auer rods, M2 with WBC less than 
20000, and M3 and M4 with eosinophilia. When 
using these parameters in the LAME protocol, 
we cannot differentiate two risk groups indicat
ing that risk factors can only be regarded in the 
context of overall treatment strategy. 

Discussion 

This study was designed to evaluate the impact 
of allogeneic BMT on the outcome of children 
with AML in first CR. The relapse rate observed 
in the BMT group was lower than in the 
chemotherapy group (22.5% ± 17% versus 43% 
± 11%). The difference was statistically signifi
cant in the univariate analysis as well as in the 
multivariate analysis. Three other studies com
paring allogeneic BMT with consolidation have 
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been reported [1, 2, 4]. All three revealed a sig
nificantly lower relapse rate in the BMT arm. 
However, high-dose ara-C was not used as con
solidation in the treatment program. The effec
tiveness of this intensification in childhood 
AML has been clearly demonstrated by investi
gators from the Childrens Cancer Group (CCG) 
[5,7,8]. 

In our study, the given therapy corresponded 
with the intent to treat as none of the patients 
relapsed or died before their planned graft and 
all of them received BMT during first CR. 

Many published studies have reported that 
the antileukemic effect of BMT was partially 
counterbalanced by a 25% risk of transplant
related mortality [2, 3, 4]. The transplant mor
tality in our trials was only 3% and this 
probability was not statistically different from 
the 6.4% risk of therapy-related mortality 
observed in the chemotherapy group. Trans
plant-related mortality has decreased dramati
cally for children who were transplanted during 
the years 1987-1990 as compared to patients 
grafted before 1987 (3% versus 36%, respectively 
[9]); other investigators have reported similar 
results [5]. It seems to us that shortening the 
interval from CR to transplant could have a 
favorable impact, probably by avoiding cumula
tive toxicity of several intensification regimens 
given before transplantation. 

Our promising results suggest that allogeneic 
BMT in first CR remains the treatment of choice 
for improving DFS in children who have an 
HLA-identical sibling donor. The role of intensi
fication, including high-dose ara-C, improves 
the results for patients lacking an HLA-matched 
sibling. CNS irradiation does not seem useful for 
patients without initial CNS involvement as 
there was no increased relapse rate in the CNS in 
nonirradiated patients. Finally, a 18-month 
maintenance program does not increase CR 
duration in patients receiving a chemotherapy 
program including two aggressive intensifica
tion regimens. 
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Abstract. Between 1984 and 1992, 154 children 
and adolescents were registered to the two con
secutive Austrian-Hungarian cooperative multi
center childhood acute nonlymphoblastic 
leukemia (ANLL), studies AML-IGCI-84 and 90. 
A total of 148 patients were evaluable for treat
ment response. Both protocols represented 
modifications of the German Berlin-Frank
furt-Minster (BFM) study protocols AML-BFM-
83 and-S7, respectively. Aclarubicin (ACR) was 
substituted for daunorubicin in the first -line 
induction protocol. In addition, two courses of 
high-dose cytosine arabinoside plus idarubicin 
or mitoxantrone, respectively, were given as 
early intensification in the IGCI-90 series 
instead of the late intensification courses of 
BFM-87. From IGCI-84 (n = 95) to IGCI-90 
(n = 53) the remission rate improved from 67% 
to 77%, and probability of event-free survival 
(pEFS) from .30 to .37 (not significant, median 
follow up in complete remission (CR) 8.1 and 
3.9 years, respectively). Remission duration was 
not improved (probability of event-free interval, 
pEF!, .44 vs . .48). A relatively high death rate in 
CR and the omission of cranial irrradiation in 
the second study may have been the main rea
sons for the lack of improvement of results. 

Introduction 

In the treatment of childhood acute nonlym
phoblastic leukemia (ANLL), remission rates of 
70% to more than SO% can be achieved by a 
variety of intensive induction chemotherapy 
regimens. A considerable percentage of children 
achieve long-term remissions and may be cured 
[1-10]. 

Aclarubicin (ACR)-a newer generation 
anthracycline antibiotic isolated from 
Streptomyces galilaeus [l1]-was introduced 
into clinical use more than 10 years ago. Phase I 
and II studies had shown a significant anti
leukemic activity of the drug, particularly 
against ANLL [12-18]. Preclinical toxicity stud
ies suggested that ACR was less cardiotoxic than 
the classical anthracycline antibiotics doxoru
bicin and daunorubicin [19-21]. 

From 1984 through 1992 154 children with 
ANLL were treated in two consecutive prospec
tive multicentric studies. Both protocols-AML
IGCI-S4 and AML-IGCI-90-included an 
ACR-based first-line induction therapy. The 
protocols aimed at remission rates and long
term survival comparable to the sister studies 
AML-BFM-S3 and AML-BFM-87, respectively, 
together with the expectation of reduced car
diotoxicity by the substitution of ACR for DNR 
in the first therapy element. 

'Department of Pediatrics, University of Innsbruck, Austria 
'St. Anna Children's Hospital, CCRI, Vienna, Austria 
3Teaching Hospital Szombathely, Hungary 
'Semmelweis University Medical School, Budapest, Hungary 
'Department of Pediatric Hematology/Oncology, University of Graz, Austria 
'IGCI, Internationale Gesellschaft fiir Chemo- und Immunotherapie 
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Material and Methods 

Patients and Diagnosis 

A total of 154 children and adolescents with 
newly diagnosed untreated ANLL were regis
tered (see Table 1 for a description of patient 
characteristics); 148 patients were evaluable for 
response to treatment. They were treated at 18 
different pediatric institutions in Austria and 
Hungary. Leukemias were classified according 
to the cytological and cytochemical criteria of 
the French-American-British (FAB) group [22-
24]. Children with Down's syndrome or severe 

Table 1. Patient characteristics 

IGCI-84 

Patients registered (n) 97 
Deaths before 2 

treatment (n) 
Evaluable patients (n) 
Males : females (n) 
Age-median (years) 
range (years) 
Initial WBC (l/Jll) 
WBC range (l/Jll) 
CNS involvement (n) 

FAB subtypes 
Ml (n) 
M2 (n) 
M3 (n) 
M4 (n) 
M5 (n) 
M6 (n) 
M7 (n) 

95 
46: 49 

7.5 
0-17.9 

18600 
1400-1 35 0000 

3 

29 
13 
I 

26 
20 

2 
4 

IGCI-90 

57 
4 

53 
29: 24 
6.7 
0.3-16.6 

9800 
240-280000 

3 

18 
7 

13 
9 

5 

AML-IGCI-84 

underlying disease were excluded from the 
study. Standardized criteria for response evalua
tion were applied. Complete remission (CR) was 
defined as less than 5% blasts in the bone mar
row aspirate together with recovery of normal 
hematopoiesis and clearance of all signs of 
extramedullary leukemic manifestations. Sur
vival analysis was performed by the 
Kaplan-Meier life-table procedure [25]. Differ
ences of survival between groups were analyzed 
by the log-rank test [26]. 

Treatment-Study Design 

The backbone of the protocols were the German 
Berlin-Frankfurt-Miinster (BFM) therapy stud
ies AML-BFM-83 and AML-BFM-87, respective
ly (Fig. 1) [2,3]. In contrast to the original BFM 
protocols, however, all patients received a first 
induction (11) consisting of cytosine arabinoside 
(ara-C), ACR, and etoposide (VP-16) (Fig. 2). 

/GC/-84. All patients received 11 (Fig. 2). Children 
in CR after 11 proceeded to intensive consolida
tion. Children not in CR after 11 received an 
induction 12 (ADE protocol of AML-BFM-83 
[2]): ara-C 100 mg/m2 per day continuously i.v. 
on days 1 and 2, then 2 x 100 mg/m' per day i.v. 
on days 3-8, daunorubicin (DNR) 60 mg/m' 
perday i.v. on days 3-5, VP-16 150 mg/m' per
day i.v. on days 4-6. After recovery from 11, or 
11 plus 12, respectively, all children proceeded to 
the intensive BFM-83 consolidation: within 8 
weeks this protocol incorporated prednisone 40 
mg/m' daily p.o. on days 1-28, 6-thioguanine 

~~I I Maintenance (BFM-~) LJ L._c_o_n~s~o17i~d~at~i_o_n~~LI ______ __ 
no!cR (BFM-83) (until 2 years after diagnosis) 

Fig. I. Study designs 

~ 

~., 

(BFM-83) 

AML-IGCI-90 

EJ--~ ~ IconSOlidationl 
(BFM-87) 

Maintenance (BFM-87) 
t[ J 
(until 1.5 years after diagnosis) 
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,1,2,3 4 5 6 7 

Fig. 2. Induction II 

(6-TG) 60 mg/m2 daily p.o. on days 1-56, vin
cristine 1.5mg/m2 i.v. and doxorubicin (ADR) 25 
mg/m2 i.v. on days 1,8,15,22, ara-C 75 mg/m2 i.v. 
on 4 consecutive days starting on days 3, 10, 17, 
24, 31, 38, 45, 52, respectively, cyclophos
phamide 500 mg/m2 i.v. on days 29 and 57, and 
age-dependent intrathecal ara-C on days 31, 38, 
45, and 52. The consolidation protocol included 
cranial irradiation at an age-dependent dose 
(12-18 Gy)[2]. Low-dose maintenance with 6-
TG and ara-C was given until 2 years from diag
nosis and included intermittent ADR during the 
1st year. 12, consolidation, and maintenance 
were original protocols of the study AML-BFM-
83 [2]. 

/GC/-90. All patients received II with an increas
ed ACR dose (30 mg/m2 per day instead of 25 
mg/m2 per day). All children proceeded to 12 
and 13 before the intensive consolidation (BFM-
87, shortened by 2 weeks compared to IGCI-
84/BFM-83 [3]) was started (Fig. 1).12 consisted 
of ara-C 2 x 2g/m2 per day i.v. on days 1-3, and 
idarubicin 10 mg/m2 per day i.v. on days 2-4. 13 
included ara-C 2 x 3g/m2 per day i.v. on days 1 
and 2, and mitoxantrone 12 mg/m2 per day con
tinuously i.v. on days 1 and 2 [27]. No prophy
lactic CNS irradiation was given. Low-dose 
maintenance (6-TG, ara-C) was adminstered 
until 1.5 years from diagnosis. Consolidation 
and maintenance were original protocol of the 
study AML-BFM-87 [3]. 

In both studies patients with high initial 
white blood cell counts (WBC) (> 50 000/111) 
and/or extensive organomegaly received a cyto
reductive pretreatment with 6-TG and ara-C. 
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ARA-C 100 mg/m2 i.v. 
(24 hour infusion) 

ARA-C 100 mg/m2 i.v. 
(30 min infusion) 

ACR 25 mg/m2 i.v. 
(30 min infusion) 

VP-16 100 mg/m2 i.v. 
(60 min infusion) 

Days of Treatment 

Results 

The results of two consecutive studies are pre
sented in Table 2. The remission rate of 67% in 
AML-IGCI-84 improved to 77% in AML-IGCI-
90. The death rate in CR was high in both stud
ies (8% and 12%, respectively). In the IGCI-84 
series, 29 patients remain in continuous CR 
(CCR), in the IGCI-90 series 21 patients are cur
rently in CCR. These figures include four and 
five patients undergoing transplantation in CRl, 
respectively. The median follow up in remission 
is 8.1 and 3.9 years, respectively. 

Survival analyses failed to demonstrate a sig
nificant improvement of event-free survival 
(EFS, Fig. 3) or event-free interval (EFl, Fig. 4) 
(log-rank p = .36 and p = .89, respectively). For 
survival analyses patients undergoing transplan
tation in first remission (CRl) were censored at 
the date of grafting. 

Table 2. Treatment results 

IGCI-84 IGCI-90 

Complete remissions (n) 64/95 41153 
(%) 67 77 

Relapses (n) 27 13 
Deaths in remission (n) 5 5 
BMTin CRI (n) 7 7 
Alive in CCR (n) 29 21 
Event-free survival ' .30(SE .05) .37 (SE .07) 
Event-free interval' .44(SE .07) .48 (SE .09) 

'BMT patients censored at the date of grafting in CRr. 



1,00 

,90 

,80 logrank p=0.36 

,70 

,60 

,50 

-,40 .. .37 (SE .07) 
'------- .30 (SE .05) 

,30 

,20 

'!OJ 0,00 
by JAN 31, 1991 

, 
0 2 

years after diagnosis 

Fig. 3. Event-free survival: broken line, IGCI-90 (n = 53); solid line, IGCI-84 (n = 95) 

logrank p=0.89 

--,L.....;",=;.,-____ .48 (SE .09) 
.44 (SE .07) 

8 10 11 

years after remission 

Fig. 4. Event-free interval: broken line, IGCI-90 (n = 41); solid line, IGCI-84 (n = 64) 

Discussion 

In both studies the ACR-based induction 
chemotherapy was effective. However, AML
IGCI-84 showed a high rate of early deaths, 
obviously impamng the remiSSion rate. 
Improved control of induction toxicity led to an 
increased remission rate in the successor study 
AML-IGCI-90, the remission rate of 77% com-

pares well with results achieved by other suc
cessful protocols for childhood ANLL [1-10]. 

The long-term results are also comparable 
with those of most pediatric studies for ANLL 
which published probalilities of EFS (pEFS) in 
the range of .20 to .40 and probabilities of EFI 
(pEF!) in the range of .40 to .50 [1, 4-10]. 
However, the German study AML-BFM-83-the 
most successful childhood ANLL study ever 
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published-showed clearly better results with a 
pEFS of .49 (SE. 04) and a pEFI of .61 (SE .04) 
after 6 years [2, 3j. 

In adults, the value of ACR for the treatment 
of acute myelogenous leukemia (AML) has 
already been demonstrated in refractory disease 
as well as in front-line therapy. Phase I and II 
studies have demonstrated remission rates in 
the range of 20%-40% in patients with relapsed 
or refractory disease [12-lS, 2Sj. In a recently 
published randomized trial, the ACR-containing 
induction course yielded a significantly higher 
remission rate than the one with daunorubicin 
[29j. 

The intensification of early postremission 
chemotherapy by the combined use of high-dose 
ara-C and newer-generation anthracyclines and 
related compounds (idarubicin and mitox
antrone, respectively) in the second series 
(IGCI-90) did not improve remission duration. 
A relatively high rate of deaths in CR may have 
been partially responsible. On the other hand, 
the elimination of cranial irradiation in our 
study AML-IGCI-90 may have impaired the sys
temic efficacy of the protocol. The importance 
of cranial irradiation in the systemic treatment 
of childhood ANLL has recently been demon
strated by the BFM group [30j. 

In conclusion, the two pediatric ANLL series 
IGCI-S4 and -90 revealed results comparable to 
other successful protocols. In the light of the 
superior results of the original BFM trials. AML
BFM-S3 and -S7 [2-4], ACR-containing induc
tion regimens remain approaches of second 
choice for childhood ANLL. Early intensification 
of postremission therapy did not improve 
remission duration, toxicity probably represent
ing the main obstacle. 
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Results of Intensive Chemotherapy of Acute Myeloblastic Leukemia in Children 
According to the Berlin-frankfurt-Munster Strategy: A Single-Institution Trial 
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M.V. Timakova, T.V. Zhiganova, N.M. Zhestkova, and A.G. Rumjantsev 

Abstract. In order to improve the poor results 
of treatment of childhood acute myeloblastic 
leukemia (AML), we applied the Berlin-Frank
furt-MUnster (BFM) strategy for patients with 
AML admitted to the clinic of our institute. The 
reference group included 29 patients treated 
with courses "7+3" and "5+2" (conventional 
doses of cytosine arabinoside, ara-C, and daun
orubicin). The results of this treatment were as 
follows: remission was achieved in 5S.6% of 
patients relapse-free survival at 42 months was 
21.4%. Between February 1990 and May 1994, a 
total of 46 consecutive patients with AML were 
treated according to the BFM strategy (compil
cation from AML-BFM-S3 and AML-BFM-S7 
studies); there were 17 males and 29 females. 
Mean age was 8 years (range 1-15 years). The 
French-American-British (FAB) subtype distri
bution was as follows: MO-4.25%, MI-6.45%, 
M2-19.1% M3-10.65%, M4-23.4%, M5-27.75%, 
M6-6.4%. All patients received an 8-day induc
tion course: conventional doses of ara-C, 
daunorubicin 30 mg/m2 daily-six doses, and 
etoposide 150 mg/m2 a day-three doses. A six
drug (prednisolone; 6-mercapto-purine, 6-MP; 
vincristine; ara-C, cyclophosphamide; doxoru
bicin) consolidation course lasted 6 weeks. 
Twenty three patients received intensification 
therapy: 20 patients with high doses of ara-C 
plus etoposide and three patients with high-dose 
ara-C plus mitoxantrone. Twelve patients did 
not receive an intensification course. CNS pro
phylaxis included ara-C intrathecally and cra
nial gamma-irradiation (1S Gy). As a result of 
the treatment 35 patients (76%) achieved com-

Institute of Children's Hematology, Moscow, Russia 
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plete remission (CR). There were 11 induction 
failures: the toxic deaths (13%) and five primary 
refractory disease (10%). One patient died in CR 
after the intensification course. Of 34 patients 
completing the intensive phase of therapy, five 
patients relapsed (15%). The actuaial event-free 
survival is 63% at 51 months. 

In conclusion our cohort of AML patients is 
characterized by a peculiar distribution of F AB 
subtypes with a prevalence of M4 and M5 sub
types needing intensive regimens of therapy. 
The BFM strategy of intensive treatment showed 
high efficacy in the presented group of patients 
withAML. 

Introduction 

In the past several years results of treatment of 
many children's cancers have improved. In 
acute myeloblastic leukemias (AML) treatment 
with cytosine arabinoside (ara-C) and optimal 
doses of anthracycline results in 75%-85% of 
complete remission (CR). About half of the 
remitters are presumed to achieve long-term 
survival and eventual cure with the use of mod
ern forms of post-remission therapy. In our 
institute before 1990, 26 patients with AML 
received induction of remission consisting of 
conventional doses of ara-C and suboptimal 
doses (90-135 mg/m' bsa) of daunorubicin 
(DNR), according to the 7 + 3 scheme. Remission 
was maintained by several courses of the same 
drug association but on a reduced schedule 
(5+2). Such a treatment yielded 56.8% of CR 



and 21.9% of survival at 4 years in 26 patients 
treated between 1987 and 1990. Since 1990 we 
have begun to treate our AML patients accord
ing to the strategy of Berlin-Frankfurt-Miinster 
(BFM) study group in order to improve such 
dismal results. 

Patients and Methods 

Forty-six consecutive pediatric patients with 
AML hospitalized at the clinic of our institute 
between February 1990 and May 1994 were 
included in the trial. Diagnostic procedures 
included morphological and cytochemical 
(myeloperoxidase, nonsepecific esterase with 
and without inhibition by NaF, Sudan black B in 
the cases of myeloper-oxidase negativity) identi
fication of bone marrow aspirate in all patients. 
In 21 patients immunophenotyping of blast cells 
on was done on a FACS scan. Cytogenetics was 
done in 20 patients. Diagnostic lumbar puncture 
with cytospin of CSF was done in all patients. 
The diagnosis of acute nonlymphoblastic 
leukemia (ANLL) was established according 
to the revised criteria of the French
American-British (FAB) group [1, 2]. Initial 
CNS involvement was diagnosed by CSF con
taining any number of leukemia cells, unex
plainable by contamination by peripheral blood, 
if CSF pleocytosis exceeded 5/fJl and/or if signs 
of cranial nerve or spinal cord infiltration were 
present. Systemic relapse was stated if more 
than 25% of blasts were revealed in bone mar
row (BM), CNS relapse was confirmed according 
to the above-mentioned criteria. Risk groups for 
treatment failure were defined according to the 
AML-BFM-83 study stratification [3]. Patients 
with FAB Ml with Auer rods, M2 with leukocy
tosis below 20000/fJI, all patients with M3 and 
M4 eo were considered as a low-risk group, all 
other patients as high-risk group. 

Treatment. All eligible patients received a three
drug containing induction (conventional doses 
of ara-C, DNR, and etoposide, VP-16), and a 6-
week-six drug consolidation. After entering into 
CR 20 patients received intensification of treat
ment with high doses of ara-C (HD Ara-C) and 
VP-16 (Fig. 1), three patients received HD ara-C 
and novantronej 12 patients did not receive 
intensification. Prophylactic treatment of CNS 
consisted of systematic intrathecal ara-C and 
cranial irradiation at an age-adapted dose. 

Maintenance therapy with daily 6-MP and a 
monthly 4-day cycle of ara-C lasted untill the 18 
month after the beginning of induction [3]. 

Patients. Forty-six consecutive patients aged 
1-15 years were included into the trial between 
February 1990 and May 1994. Patients charac
teristics are shown in Table 1 and Fig. 2. All 
patients were Caucasians, with a male:female 
ratio of 1:1.7 FAB subtypes of AML and stratifi
cation by risk group are shown in Figs. 2 and 3. 
Nineteen patients fulfilled the criteria of low 
risk, 27 patients were included in the high-risk 
group for treatment failure. Ten other patients 
with AML admitted to our clinic during the 
same period were treated according to the same 
protocol but are not included in this report 
because they were heavily pretreated before 
admission. Survival data are based on all 46 
patients; the last update of the trial was 
December 31,1994. The median follow-up dura
tion is 21 months (range 1-55 months). 

Statistics. Evaluation was made from the start of 
induction. Survival curves were constructed by 
the Kaplan-Meier method. 

Results 

Thirty-five of 46 patients entered into the trial 
achieved CR (76%). There were 11 induction 
failures-five toxic deaths (l3%) and six refrac
tory leukemias (11%). Overwhelming sepsis in 
three cases and severe hemorrage in two cases 
resulted in death. One of the remitters died of 
septic shock after the intensification course. Of 
34 patients completing the intensive phase of 
treatment relapse occurred in six at 2.5-25 
months after achievement of CR (Table 2). 
There were four systemic and two combined 
(BM+CNS; BM+peripheral chloroma) relapses. 
Three of the relapsed patients finally died of 
disease progression, but two are alive in second 
continuous remission( > 12 months) and one in 
third CR after salvage therapy. The curves of 
projected event-free survival (EFS) are shown in 
Figs. 4 and 5. Actuarial EFS (aEFS) for the whole 
group is 0.60 at 55 months, for the low-risk 
group the aEFS is 0.82 and for the high-risk 
group 0.47 at 55 months. 
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Fig. 1. Intensive phase of treatment 
according to AML BFM-87. Drb, 
daunorusicin; VP-16, etoposide; cph, 
cyclophosphamide; Vc, vincristine; 
ADR, doxorubicin; Pr, prednisolone 

Induction course (AML-BFM-87) 

I I II I I I I I I I I 
IIIIII 

DOD 

ARA-C 100 mg/m2 , 24 b 
day' 1, 2 

ARA-C \00 mg/m2 ,every 12 b 
days 3-8 

Drb 30 mg/m2 every 12 b 
day 3, 4, 5 

VP-16 150 mg/m2 /d 
days 6, 7, 8 

i.tb. Ara-C 

I I I I I I I I 
,~--,----r---,----r-- ,----,---1 

2 4 5 6 Days 

Consolidation course 

Intensification course 

I I I I I I 

0000 

Discussion 

AraC 3000 mg/m2 every 12 h 
days 1, 2, 3 

VP-16 125 mg/m2 /d 
days 2, 3, 4, 5 

Table 1. Demographic characteristics of patients 
Before 1990 the results of treating children with 
AML in our institute were vey poor with a CR 
rate of 56% and relapse-free survival of 21 %. On 
the one hand, it was due to inappropriate sup
portive care, resulting in high toxic mortality, 
and, on the other hand, to ineffective post
remission therapy. Considerable improvement 
of results has been achieved in the past 4 years 

Patients (n) 
Male (n) 
Female (n) 
M:F ratio 

Age 
Median(years) 
Range( years) 
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46 
17 
29 

1:1.7 

8 
1-14 



Fig. 2. Age distribution 10 
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FAB classification. Standard risk-
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Table 2. Treatment results 

Total 
Early deaths 
Non-response 
CR achieved 
Death in remission 
Relapse 
CCR> 9 months(9-51) 
LFU 
Second CR 
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after the introduction of the BFM-AML-based 
program of chemotherapy. This treatment strat
egy of AML in children yields the best results 
worldwide, with an EFS rate approaching the 
magic 50% margin [4]. At the very beginning of 
trial our major fear was the high potential toxic
ity of this regimen and in fact during first 2 
years of study the toxic mortality rate reached 
25%. However, with the increase of standard of 
supportive measures, toxic mortality could be 
decreased to the very low level we achieved in 
1993-1994 when no patients died from treat
ment-related causes, Although a considerable 
step forward in comparison with past experi
ence, our results are still liable to criticism. First 
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Fig.5. AML standard risk (solid line); AML high risk (broken line) 

of all, our analysis represents only interim 
results of treatment of a small group of patients 
with relatively short follow up and naturally the 
survival curves will be affected by inevitable 
adverse events. Secondly, being a large tertiary 
medical center, we probably do not deal with 
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children at a very high risk of early treatment 
failure due to the impossibility of transferring 
them from local hospitals in our vast country. 
On the other hand, with such intensive thera
peutic regimen as BFM-AML protocols, most 
relapses (up to 75%-90%) occur during first 2 



years after the start of treatment. Thus we do 
not expect an excess of disease recurrences in 
our group of patients. Besides, children with 
adverse prognostic features cleary predominat
ed in our group and therefore this cohort was 
probably balanced from the point of view of risk 
of treatment failure. The BFM-AML protocol 
represents one of the most successful attempts 
at "total therapy" of leukemia. However, it is 
still unclear what the main factors are in achiev
ing such good results. Moreover, several therapy 
components are not widely used in the majority 
of modern protocols. First, the universal use of 
cranial gamma-irradiation [4]-given the high 
cure rate, it is expected that many survivors will 
suffer from some side effects of irradiation, 
including secondary tumors. Furthermore, it is 
unknown whether patients receiving such inten
sive chemotherapy really need any maintenance, 
which is simple and well tolerated but does not 
make treatment cheaper [5,6]. Finally, there are 
some doubts about the rationality of incorporat
ing such agents as vincristine and cyclophos
phamide in the treatment of AML. Future trials 
would certainly answer such questions. 
Neverthelss, the BFM strategy of treating AML 
showed high efficacy and, in our opinion, 
deserves to be widely used until a more success
ful therapy is created. 
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Down's Syndrome and Megakaryoblastic Leukemia 

U. Creutzig', J. Ritter', C. Niemeyer', B. Stollmann-Gibbels', M. Zimmermann', I. Reinisch', and J. Harbott' 

Abstract. Recent reports estimate an approxi
mately 20-fold higher incidence of leukemia in 
children with Down's syndrome compared to 
non-Down's syndrome children and a marked 
increase of the megakaryoblastic subtype (FAB 
M7)[1]. Twenty-six of 42 children with Down's 
syndrome were enrolled in our studies since 
1987 were classified as FAB M7 or presented 
with a preleukemic phase (myelodysplastic syn
drome, MDS) with increased megakaryoblasts. 
All patients were under 3 years (0.4-2.6 median 
1.8 years) and generally had a low leukocyte 
count (1.6-177 median 7.75 x 1O'/mm') and a 
low platelet count (4.0-210 median 26.0 x 
lO'/mm'). Karyotype abnormalities other than 
+21c or [t(21;21}c] were found in 11115 
patients, predominantly trisomies (8/15) involv
ing the chromosomes #8 (n = 5), #21 (n = 2), #11 
(n = 2), #10, #14, #18, #19, and #22 (n = 1). Only 
nine children initially presented with > 30% 
blasts in the bone marrow (BM). In ten patients 
diagnosis of M7 leukemia was based on mor
phology alone, and in 16 patients confirmed by 
immunophenotyping. A preleukemic phase with 
thrombocytopenia for at least 2 months was 
recorded in nine of the 17 patients presenting 
with a low blast count ('" 30%) and myelodys
plasia in the BM. Four children had a history of 
transient neonatal leukemia. Sixteen children 
were left untreated or received only minimal 
treatment and subsequently died due to pro
gressing leukemia. In two of the untreated 
patients, a spontaneous improvement or a stable 
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'University Children's Hospital, GieSen, Germany 

754 

disease (with retinoids) lasting for several 
months was observed. Ten patients were treated. 
Three out of ten had an end-stage disease and 
received inadequate dosages of therapy and died 
early. Six of seven children treated according to 
the AML-BFM protocols including high-dose 
cytosine arabinoside were in continuous com
plete remission for 0.2-4.6 years. We conclude 
that M7 leukemia in Down's syndrome is often 
preceded by a preleukemic phase with thrombo
cytopenia. Patients treated according to the 
AML protocol showed good results. Further 
studies are warranted to clarify whether Down's 
syndrome patients with a preleukemic phase of 
M7 would also benefit from an early and inten
sive treatment. 

Introduction 

Recent reports estimate not only an approxi
mately 20-fold higher incidence of leukemia in 
children with Down's syndrome compared to 
non-Down children but especially a marked 
increase (600x) of the megakaryoblastic subtype 
(French-American-British classification, FAB, 
M7)[1]. In addition, there are more unusual fea
tures of leukemia in children with Down's syn
drome. These include (a) the phenomenon of 
transient myeloproliferation (TMD) in new
borns, which normally disappears spontaneous
ly [2], (b) the peak of incidence under 3 years of 
age [3]; and (c) the occurrence of a preleukemic 



(myelodysplastic, MDS) phase and difficulties in 
classifying the leukemia. According to the pub
lished literature [1, 4] as well as to our results, 
these features can be attributed to a high inci
dence of acute megakaryoblastic leukemia (F AB 
M7) in children with Down's syndrome. 

While outcome in children with Down's syn
drome and acute myeloid leukemia (AML) was 
thought to be poor, in the recent report of the 
Pediatric Oncology Group high rates of event
free survival with intensive AML treatment were 
reported [5] 

In the present study, clinical, hematological, 
immunological, and cytogenetic features and 
outcome of 26 children with Down's syndrome 
and FAB M7 or a preleukemic phase with 
megakaryoblasts are described. 

Patients and Methods 

Between December 1986 and December 1994,42 
children with Down's syndrome were observed 
as non-protocol patients in the cooperative 
AML studies Berlin-Frankfurt-Munster (BFM)-
87 and -93. Twenty-six of these patients were 
classified as FAB M7 or MDS/M7 (defined by 
< 30% of megakaryoblasts in the bone marrow, 
BM). Acute leukemia and MDS were diagnosed 
according to the FAB criteria [6, 7]. 

Immunophenotyping was carried out at the 
central reference laboratory of the AML-BFM 
studies by W.-D. Ludwig, University Hospital 
Steglitz, Berlin. BM samples were centrally kary-

% 70 

60 

50 

40 

30 

20 

10 

0 
MO M1 

otyped in GieGen by J. Harbott, I. Reinisch, and 
F. Lampert. Chemotherapy was applied accord
ing to the protocols of studies AML-BFM-87[8] 
or the standard-risk arm of AML-BFM-93, 
which resembles the therapy of the preceding 
study but includes only one itensification block 
with high-dose cytosine arabinoside (ara-C) and 
etoposide (VP-16) (some patients received only 
essential parts of the protocol). 

Results 

Distribution of morphological subtypes in 
Down's syndrome patients showed a predomi
nance ofFAB M7 (including MDS/M7) subtypes, 
followed by atypical AML with immature and/or 
erythroid features, whereas typical F AB types 
(e.g., MI-M4 with positive peroxidase reaction) 
were only rarely found. Figure 1 compares 42 
children with Down's syndrome with the non
Down patients of studies AML-BFM-87 and -93. 

Initially, 17 of 26 patients with F AB M7 pre
sented with a blast count :( 30% and myelodys
plasia in the BM. Only nine children showed an 
acute onset of leukemia with more than > 30% 
of blasts in the BM and usually a short history of 
a preceding thrombocytopenia (Tables 1 and 2). 
Interval from birth to thrombopenia varied 
between 0 and 30 months. In three children 
thrombopenia was already present at birth. 
Time of the MDS phase as confirmed by BM 
puncture until progressive disease with > 30% 

M2 MJ M4 M5 M6 M7 other 

Fig. 1. Distribution ofFAB types in children with Down's syndrome compared to non-Down patients of studies 
AML-BFM-87 and -93. Dark columns, Down's syndrome patients, n = 43. Light columns, protocol patients, 
n=478 
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blasts in the BM varied from a few days to 15 
months (patient, No. 15). 

Owing to the low blast count in the BM, 
immunophenotyping of these blasts was not 
always predicative. In 16 patients, diagnosis of 
M7 was confirmed by expression of megakary
ocytic associated antigens (CD41, CD42, CD61). 
In 12 of 14 patients at least one or two of three 
panmyeloid antigens (CDl3, CD33, or CDw65) 
were expressed, and in nine of ten patients a 
coexpression of the T cell-associated antigen 
CD7 was observed. 

Cytogenetic results could be obtained in 15 of 
26 children. Fourteen of them showed a trisomy 
of chromosome 21 (+21c), whereas in one girl a 
Robertsonian translocation was found 
[t(21;21)c]. In addition to these constitutional 
aberrations, other acquired chromosomal 
abnormalities could be detected in 11 children. 
In the majority of patients (eight of 15), tri
somies were found involving chromosomes #8 
(n=5), #21 (n=2), #11 (n=2), #10, #14, #18, 
#19, and #22 (n = 1). 

Structural aberrations occurred in eight 
patients, leading to an ubalanced karyotype in 
seven, including three translocations, one dupli
cation [dup(1q)], one isochromosome [i(7q)], 
and three deletions [del(5p), del(9p), del(10q)]. 
Except for the deletions, all abnormalities 
caused a partial trisomy either of long parts of 
chromosome #lq (Fig. 2) or the long arm of #7. 

Outcome. Sixteen children did not receive any or 
only minimal treatment (Table 2). Twelve of 
them died subsequently within 12 days to 6 
months. In three patients, duration until progres
sive disease was> 12 months, including one child 
with spontaneous improvement. Another patient 
who died from cardiac failure had a stable disease 
for several months under retinoid treatment. Ten 
children were treated according to the AML-BFM 
protocols. Three children with delayed onset and 
reduced dosages of chemotherapy died early. Six 
of the seven children receiving the protocol treat
ment, including high-dose ara-C were in continu
ous complete remission for 0.2 to 4.6 years. One 
child relapsed after 7 months. 

Discussion 

According to our results and those of Zipursky 
et al. [1], acute megakaryoblastic leukemia (FAB 
M7 or MDS/M7) is the predominant leukemic 
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Fig. 2. Consensus region of chromosome 1 in four 
patients with Down's syndrome and partial trisomy 1 

subtype in children with Down's syndrome. 
Compared to non-Down's syndrome patients 
with F AB M7 the following distinctive features 
could be found: 

1. The occurrence of a preleukemic phase with 
abnormal megakaryopoesis (MDS/M7) 

2. Differences in the morphology with dysery
thropoetic features or atypical erythroblasts 

3. Coexpression of the immunologic marker 
CD7 

4. Numeric aberrations, trisomies in additional 
to +21c, but not the specific aberrations 
found in non-Down patients with M7 

The description of a preleukemic phase of chil
dren with Down's syndrome and FAB M7 varied 
in the literature, probably due to the fact that 
this phase was usually asymptomatic or charac
terized only by thrombocytopenia. Further
more, the duration of MDS before progression 
to F AB M7 with more than 30% blasts was 
unknown [1]. To our knowledge, this is the first 
report indicating that the preleukemic phase 
varies between 0 and 30 months, and that at 
least in three children thrombopenia had 
already been present at birth. In our series, the 
time of the MDS phase (confirmed by BM punc
ture) varied from several days to 15 months 
(median 3 months). According to case reports in 
the literature, progression to leukemia occurred 



within 6 or 11 months in two patients [l] or 
within 8-22 months in four [9] and two patients 
[10], respectively. 

Differences in morphology and immunophe
notyping in children with Down's syndrome 
compared to non-Down patients have been 
reported by Slordahl et a1. [11 J, suggesting that 
acute megakaryoblastic leukemia in Down's syn
drome is a mixed lineage leukemia with blasts 
presenting with cell surface antigens of the 
myeloid, lymphoid, and erythroid cells and 
therefore indicating the origin from an early 
progenitor cell with the capability of megakary
ocytic differentiation. In our series, the most 
striking difference compared to non-Down 
patients with FAB M7 was the coexpression of 
the lymphoid marker CD7. 

Similarly to these findings, karyotyping 
revealed that mainly trisomies in addition to 
+ 21 c were seen but not the specific aberration 
t(I;22) which was found in non-Down infants 
with FAB M7 [12, l3J. The major difference, 
however, between FAB M7 and children with 
Down's syndrome compared to that in non
Down's syndrome children is a higher cure rate 
which was reported at least in some of these 
patients [1, 5], in contract to the poor response 
rate and low survival rate in non-Down children 
with FAB M7. Only four of 17 children treated 
according to study AML-BFM-87 were alive 
after 2 years (own results). 

As so far mainly patients at the onset of acute 
leukemia have been treated with intensive 
chemotherapy and most of the children with 
Down's syndrome and MDS/M7 remained 
untreated or received only minimal chemother
apy, prognosis in these patients remains 
unclear. Depending on the time of the diag
nositc BM puncture, the interval from diagnosis 
until progression varied from several days to 
more than year, and quite often, therapy was 
suspended due to the uncertain diagnosis. 
Another reason for retaining an AML-specific 
therapy was a well-known clinical and laborato
ry finding indicating deficiencies in humoral 
and cellular immunity in Down's syndrome, 
thus leading to a lower tolerance of intensive 
chemotherapy and a higher mortality rate from 
infections. Therefore, further studies are war
ranted to clarify whether children with Down's 
syndrome and a preleukemic phase of M7 could 
benefit from an early and adequate treatment. 

In conclusion, acute megakaryoblastic leuke
mia is the predominant disorder in children 

with Down's syndrome. It is an unique disease 
occurring during the first 3 years of life with a 
preluekemic phase with abnormal megakary
opoesis and often with dyserythropoesis. 
Immunological features and chromosomal aber
rations were different from those found in 
non-Down patients with M7. It is suggested 
therefore that chromosome 21 is involved in the 
development of the leukemic process in these 
patients. 
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Abstract. The AML Cooperative Group in 
Germany studied the role of different intensities 
of induction therapy, all followed by similar 
postremission treatment. Of the 1034 patients of 
age 16-83 years. 33% were over age 60, 63% 
attained a complete remission, and the overall 
relapse-free surivival rate was 30% after 5 years. 
A significantly higher disease-free survival was 
predicted by: M3 morphology, a favorable kary
otype including t(8;21), t(15;17), and inv(16); 
and the absence of dysmyelopoiesis. In contrast, 
dysmyelopoiesis; high serum lactic dehydroge
nase; age over 64; and unfavorable karyotype, 
including abnormalities of chromosomes 5 or 7 
and complex abnormalities all predicted a low 
relapse-free survival rate. No comparable 
impact on relapse-free survival was found from 
the two randomized different intensities of 
induction treatment in each age-group. Age, 
LDH, M3, and karyotype contributed to a prog
nostic index that identified good, intermediate, 
and poor prognostic groups. Patients older than 
age 60 showed significantly less frequently 
favorable and more frequently unfavorable 
karyotypes and received generally less-intensive 
induction treatment than younger patients did. 
We conclude from these results that, unlike 
some biologic disease characteristics, treatment 
variables are weak prognostic factors and high 
age per se may not be an independent factor of 
relapse-free survival. 

Large controlled trials can act as important 
instruments to identify prognostic factors that 
determine the outcome of patients. On the basis 
of standardized diagnostic criteria and unbiased 
randomized treatment assignment, those prog-

University of Miinster, Germany 

nostic factors can reflect the biology of the indi
vidual disease, which may have more impact on 
the effect of treatment than the actual treatment 
variables have. 

In their 1986 trial, the AML Cooperative 
Group in Germany addressed questions about 
the role of different intensities of induction 
therapy, all of which were followed by similar 
postremission treatment. Since randomization 
was done before any treatment, there were no 
treatment-related exclusions, thus providing 
true intent-to-treat conditions. A total of 1034 
patients from 60 centers throughout Germany 
entered the trial. Patients were randomized in 
two age groups: Those over age 60 were assigned 
to either standard-dose TAD (6-thioguanine, 
ara-C, and daunorubicin) chemotherapy or a 
reduced-dose regimen using daunorubicin at 30 
mg/m2 instead of 60 mg/m2. Those aged 60 and 
younger were randomized between either stan
dard-dose TAD followed by a second induction 
course of TAD or high-dose ara-C and mitox
antrone (HAM). All the younger patients 
received a second course of induction therapy; 
the older patients received a second induction 
course if required. 

Sixty-three percent of the patients achieved a 
complete response. There were some differences 
in response in favor of the TAD-HAM sequence 
and full-dose TAD in the older patients. Once 
the patients were in remission, they all received 
TAD consolidation and monthly myelosuppres
sive maintenance treatment of reduced TAD 
courses for a total of 3 years. The 5-year, contin
uous relapse-free survival rate was 30% for the 
entire population of patients. There were no sig-
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nificant differences between the randomized 
arms. 

On the surface, the data in this study appear 
to show that age was the strongest prognostic 
factor. However, the study had an age-adjusted 
design, where the older patients received less 
treatment. Even in studies with a non-age
adjusted design, the elderly patients received 
less chemotherapy [1]. However, AML itself has 
biologic differences in younger and older 
patients. This can be seen in the chromosome 
abnormalities in these two age groups. Older 
patients almost never have the so-called favor
able abnormalities, but the so-called unfavor
able abnormalities occur three times as often in 
older as in younger patients. Karyotypes were 
very strong prognostic factors in this trial, mak
ing it possible to distinguish three clear prog
nostic groups: favorable, unfavorable, and an 
intermediate group that included both patients 
with normal or other abnorml karyotypes and 
patients in whom there was no karyotype avail
able. Also noteworthly is that the favorable and 
unfavorable karyotypes were found in only 17% 
and 12%, respectively, on the entire population 
with karyotype available, meaning that the vast 

Table 1. Therapeutic and prognostic factors accord
ing to 5-year disease free survival 

Factor 

M3 morphology 
Favorable karyotype 
Absence of 

dysmyelopoiesis 
(patients age < 60 years) 
High dose induction 
(patients under age 

60 years) 
Average patients 
Standard dose induction 
(patients under age 

60 years) 
Dysmyelopoiesis 
Full dose induction 
(patients over age 

60 years) 
HighLDH 
Age over 64 years 
Unfavorable karyotype 
Reduced dose induction 
(patients over age 

60 years) 

LDH, lactic dehydrogenase. 
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Probability of p-value 
disease-free 
survival 

52% 0.0028 
43% 0.0004 
43% 0.0015 

34% n.s 

30% 
27% n.s. 

23% 0.Dl5 
22% n.S. 

20% 0.0002 
18% 0.0001 
18% 0.0004 
17% n.s. 

majority of patients cannot be classified by kary
otype yet. 

The favorable karyotype, as shown previously 
by other studies and confirmed here, includes 
the translocation 15;17 and 8;21 and inversion 
16 [2-6]. The unfavorable karyotype includes 
the abnormalities of chromosomes 5 or 7, the 
so-called complex abnormalities, and transloca
tions involving llq23 [2,6,7], although the data 
about their prognostic significance are conflict
ing. 

In addition to the genotype identified by 
chromosome and molecular analyses, morphol
ogy also reflects some genotypes. For example, 
the M3 subtype [8-11], according to the 
French-American-British (FAB) classification, 
was predictive of a 5-year relapse-free survival 
rate significantly above the mean for the entire 
population. As shown by several groups [5, 8, 
11], another morphologic entity that appears to 
reflect a favorable genotype in the M4Eo subtype 
in our study. However, there was no examina
tion of eosinophils when the trial started so this 
is still under evaluation. 

Another morphologic feature that may also 
reflect genotypes in AML is myelodysplasia. In 
particular trilineage dysplasia was found to pre
dict a poor prognosis [12, 13]. There were 
almost no long-term remissions in this group. 

In addition to parameters reflecting a geno
type of the leukemic cells, there are also more 
functional parameters reflective of leukemic cell 
growth and cell burden. For example, lactic 
dehydrogenase (LDH) activity in serum prior to 
treatment [14, 15] was found to be the second 
strongest prognostic factor after age. Other 
adverse prognostic factors that have been iden
tified are autonomous growth of colonies of 
leukemic cells without the addition of growth 
factors [16] and persistence of minimal residual 
disease [17-19]. Interestingly, the type of thera
py was not found to be a prognostic factor. 

All prognostic factors identified and their sig
nificance by univariate analysis are listed in 
Table 1. 

According to a multivariate CART analysis 
[20] the hierarchy of prognostic factors, from 
highest to lowest, is as follows: (1) age, younger 
or older than 64 years; (2) LDH in both age 
groups; (3) in patients with a low LDH, presence 
of M3 morphology; and (4) favorable kary
otypes. In younger patients with a high LDH, 
however, a higher platelet count was found to be 
indicative of a worse prognosis. The factors 



predictive of longer and shorter relapse-free 
survival are shown in Table l. 

In conclusion, unlike some biologic disease 
characteristics, treatment variables appear to be 
weak prognostic factors, and high age per se 
may not be an independent factor. Future trials 
will be challenged to complete this prognostic 
model in order to identify additional good-risk 
and poor-risk patients who remain hidden in 
the intermediate-risk group. Such information 
on karyotypes, morphology, dysplasia, and 
residual disease will help in the design of thera
peutic strategies that treat patients according to 
their individual risk. 
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Prognostic factor analyses in acute myeloid 
leukemia (AML) or other diseases serve at least 
two general purposes. First, they allow compar
isons between a recently treated group and a 
previously treated group to be more accurate. 
Even in randomized trials that enroll fewer than 
100-150 patients, comparison of prognostic 
characteristics in the various groups (covariate 
adjusting) is important. Second, prognostic fac
tor analysis can identify patients who are highly 
unlikely to benefit from standard therapies and 
hence are candidates for experimental therapies. 

At the M.D. Anderson Cancer Center prog
nostic factor anlayses have been undertaken for 
the last 15 years for the purposes described 
above. These analyses have been multivariate, 
i.e., the effects of different characteristics have 
been examined in relation to each other. For 
example, cytogenetics, antecedent hematologic 
disorder (AHD), bilirubin, age, fibrinogen, 
hemaglobin, and blood urea nitrogen (BUN) 
were each found to be independent predictors of 
complete remission (CR) [1], while performance 
status. bilirubin, age, neutrophil count, fibrino
gen, albumin, hemaglobin, and creatinine were 
each found to be independent predictors of sur
vival 28 days after start of chemotherapy [2]. 
These predictive "models" were based on 
patients who received more or less conventional 
regimens (ADOAP, AMSAOAP). Application of 
the models to a group of patients receiving an 
experimental therapy were used to derive, for 
example, an expected CR rate of 28-day survival 
rate had the patients given the experimental reg-

imen received the standard regimen instead. 
This expected rate could be compared to the 
rate observed with the experimental therapy to 
produce an "OlE ratio," presumably a measure 
of the relative efficacy of the experimental and 
standard regimens. One problem with the OlE 
ratio is that it is difficult to provide a confidence 
limit about the ratio as the statistical variation 
in the expected rate is not accounted for. For 
this reason, use of prognostic factors to compare 
treatments is increasingly being done consider
ing the treatments themselves as potential prog
nostic factors. In this approach patients 
receiving each of more than two treatments are 
lumped together, and treatment is considered 
along with non-treatment-related variables as a 
candidate to enter a prognostic factor model 
[3,4]. 

Experience has also suggested that prognostic 
factor analysis can be improved in several ways. 
For example, consider an attempt to identify 
patients who remain alive and in initial CR 2 
years after first treatment for newly diagnosed 
AML. After this time the probability of long
term disease-free survival exceeds 50% and so 
that endpoint can be taken as a measure of 
potential cure. A total of 879 patients with newly 
diagnosed AML were treated between 1980 and 
1992 and 17% were alive in first CR more than 2 
years later. Characteristics associated with this 
outcome (at p < 10- 3) are shown in Table 1. By 
combining several of these characteristics, 
groups with cure rates of about 40% can be 
identified (Table 2). However, these groups each 

Departments of Hematology and Biomathematics, University of Texas M.D. Anderson Cancer Center, Houston, 
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Table 1. Characteristics associated with potential cure 
(p<.OOI) 

Percentage of Cured 
aB patients % 
% 

Inv 16, t(8; 21), t(15; 17) 17 35 
Normal, Insufficient 45 17 
Other not -5/-7 24 11 
-5/-7 13 4 
Age < 60 years 61 22 
Polymorphonuclear 

leukocytes < 1000 53 21 
NoAHD 66 20 
Performance status < 3 87 19 

metaphases; or with other karyotypes, the four 
groups thus defined clearly have very distinct 
prognoses on day I of treatment, in CR, and for 
the first 9 months of CR. However, after 9 
months in CR, the distinctions between them 
blur. In the meantime new variables measurable 
only after treatment begin to become important. 
An example is provided by a recent attempt to 
identify characteristics associated with achieve
ment of CR on a second course of chemotherapy 
identical to the first course if the first course was 
unsuccessful [5]. Table 3 is a 2 x 2 table illustrat
ing course 2 response by whether there were 
major complications on the first course and 

Table 2. Use of multiple characteristics to predict potential cure 

Cytogenetics Age Polymorphonuclear AHD Performance Percentage Cured 
(years) leukocytes status ofaB (%) 

patients 
(%) 

Good <60 < 1000 No <3 9 41 
Good <60 < 1000 No >2 <1 0 
Good <60 < 1000 Yes <3 1 40 
Good <60 > 1000 No <3 3 39 
Good >59 < 1000 No <3 <1 20 
Normal, intermediate <60 < 1000 No <3 8 27 

Table 3. Course 2 response by ara-C dose and course 1 complications 

Ara-C Course 1 complications 
dose 

No 
(n) 

Standard 461112(.41) 

High 53/98(.54) 
99/210(.47) 

Yes 
(n) 

21/69(.3) 
22/91(.24) 
43/160(.27) 

Total 
(n) 

67/181(.37) 
751189(.4) 
142/370(.38) 

Numbers in parentheses represent proportions (indices). 

include only 1 %-3% of all patients, whereas, as 
noted above, 17% of all patients fit into this 
potentially cured group. 

How more such potentially cured patients 
can be identified forms the principal topic of 
this paper. One way is to use information gath
ered after treatment begins rather than focusing 
primarily on pre-treatment variables as the lat
ter soon lose their predictive ability. For exam
ple, when patients are grouped for analysis by 
cytogenetics as either inv(l6), t(8; 21), or t(15; 
17); -5, 5q-, -7, 7q-; with normal or insufficient 

whether the patient received standard-dose 
cytosine arabinoside (ara-C) or high-dose ara-C. 
Clearly the occurrence of complications on 
course 1 augers poorly for response to course 2. 
However, this is statistically notable only in 
patients receiving high -dose ara -c. In other 
words, there is an interaction between course 1 
and high-dose ara-C. Failure to test for such 
interactions can result in loss of prognostic 
information. 

Another issue is prognostic factor analysis is 
the choice of "cutpoints." This is illustrated by a 
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recent analysis of the prognostic signification of 
CD 7 in newly diagnosed AML. Rather than use 
the traditional cutpoint of > 20% vs. < 20%, a 
systematic search was conducted to see which 
CD 7 percentage would give the best separation 
into two groups with different survivals after 
treatment, Le., which cutpoint was associated 
with the lowest p value. This turned out to be 
> 11 % or < 11 %, at which cutpoint the p value 
was .08. However, because multiple analyses 
were performed, the p-value has to be adjusted 
upward as described by Altman et al. [6], in this 
case to .642. Another approach is to first con
struct a smoothed martingale residual plot 
which indicates how far each patient with an 
individual CD 7 value falls from the average sur
vival. In the case of CD 7, this plot showed a 
crossing (change) from better to worse survival 
between a CD 7% percentage of 5%-15%. 
Searching for the optimal p-value can then be 
done within the small area where the crossing 
occurred necessitating less of a p-value adjust
ment. 

A final issue in prognostic factor analyses is 
that some terms do not enter a model in linear 
fashion. An example is provided by the relation
ship between albumin and survival. Here exami
nation of residual plots indicates that the effect 
of albumin on survival is negative at both low 
and high albumin levels. Under these circum
stances, albumin is said to enter the model as a 
quadratic rather than a linear term. 

In sum, prognostic factor analysis has pro
ceeded a good deal in the last 15 years. We are 
using treatment itself as a covariate, are more 
aware of the time-dependent nature of cov
ariates, the need to gather information after 
treatment begins, the need to account for inter-
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actions between covariates, the need to better 
dichotomize cutpoints and the need to deter
mine if covariates are related in a linear, qua
dratic, or some other fashion to treatment 
outcome. 
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Results of the German AML Cooperative Group 

W. Hiddemanni, A. Heinecke', and T. Biichner' for the German AML Cooperative Group 

Introduction 

After the major break throughs in the treatment 
of acute leukemias that occurred in the late 
1970s and early 1980s, followed by several years 
of stagnation, new therapeutic perspectives have 
recently opened out and a further step forward 
now seems to be at hand.This progress has been 
achieved by further intenstification of AML ther
apy during both induction and postremission 
treatment, which has become feasible owing to 
several recent developments. These include the 
introduction of hematopoietic growth factors 
into AML therapy [1-3], improved management 
of infectious complications, and a better under
standing of the pharmacokinetics and mecha
nisms of action of major antileukemic agents, 
cytosine arabinoside (AraC) in particular. 

First studies with high-dose AraC in high-risk 
patients and patients with recurrent on refracto
ry disease yielded promising results and prompt
ed several groups to also introduce intensified 
regimens with high-dose AraC into first-line 
therapy [4-6]. Recently, significant prolongation 
of remission duration was reported by the 
CALGB for patients receiveing high-dose AraC 
during postremission therapy [7]. This approach 
also appeared beneficial when applied during 
induction and especially improved the outcome 
of patients with unfavorable cytogenetics [8, 9]. 

The concept of intensified treatment was also 
followed by the German AML Cooperative Group 
in a sequence of studies that were based on dou
ble induction as a new element of AML therapy 
in patients less than 60 years of age and the 

assessment of full-dose versus attenuated-dose 
anthracyclines in the older age goup [10-13]. 

Patients and Protocols 

Double Induction for Patients Less Than 60 Years of Age. 
Patients under the age of 60 years with newly 
diagnosed AML were initially randomized to 
receive double induction therapy with the 
sequence of either TAT-TAD or TAD-HAM. 
Patients achieving complete remission all 
received one further course of TAD for consoli
dation and 3 years maintenance on alternating 
cycles of AraC plus daunorubicin, cyclophos
phamide, or 6 thioguanine, as previously des
cribed in detail [10,11,13]. 

Induction with Full-Dose Versus Half-Dose Daunorubicin for 
Patients 60 Years of Age and Older. Patients aged 60 
years or older with newly diagnosed AML were 
initially randomized to receive TAD induction 
therapy with either full-or half dose daunoru
bicin, i.e., 60 mg/m2 perday versus 30 mg/m2 
perday, both given on days 3-5. During consoli
dation the same dose of daunorubicin as initial
ly selected was given. Further postremission 
therapy was carried out as in younger patients. 

Postremission Therapy with Monthly Maintenance Versus 
Intensified 5-HAM Consolidation in Patients Less Than 60 Years 
of Age. After establishment of TAD-HAM as the 
standard induction regimen for patients less than 
60 years of age, a subsequent study of the 
AMLCG addressed the question of monthly main-

iDepartment of Hematology, University of Giittingen, Germany 
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tenance versus intensified S-HAM consolidation. 
For this purpose patients less than 60 years of age 
who achieved a complete remission after TAD
HAM induction were randomized to receive TAD 
consolidation and 3 years monthly maintenance 
or TAD consolidation followed by one course of 
S-HAM as second consolidation, only. 

Results 

Double Induction in Patients Less Than 60 Years of Age. 
Seven hundred and four patients aged from 16 
to 59 years were randomized and evaluable as to 
response and toxicity. As shown in Table 1, a 

higher rate of complete remission was obtained 
with TAD-HAM, although the difference from 
the T AD-T AD arm was not significant. Most 
importantly, no increased mortality was en
countered during TAD-HAM treatment, and 
failure from resistant leukemia also appeared to 
occur less frequently. 

While the median remission duration was 
comparable, a favorable effect of TAD-HAM on 
long-term remission duration emerged (Fig. 1). At 
7 years, continuing remissions were observed in 
36 % of patients after induction with TAD-HAM, 
as compared to 24% after TAD-TAD induction. 

A comparison of these results with the pre
ceding AMLCG study in which patients received 

Table 1. Results of intensification of AML therapy: double induction in patients less than 60 years of age 

Hypoplastic death 
Persistent leukemia 
Complete remission 
Complete remission if day 16 
blasts >40% 

100 

~ 
.l!l 75 
of: 

TAD-TAD (N=347) 

(n) 

57 
62 

228 

12 

% 

16 
18 
66 

25 

AMLCG 86U 
Responders Only 

TAD-HAM (N=357) 

(n) % 

46 13 
54 15 

257 72 

27 46 

TAD9fTAD9 : N = 228 (Censored 103 I 
TAD9IHAM : N = 255 (Censored 132) 

p 

n.s. 

0.02 

O~----.----.-----'-----r----'-----'-----r----'-----r----~ 

o 2 3 4 5 6 7 8 9 10 

Years since CR 

Fig. 1. Duration of remission after double induction therapy with TAD-TAD or TAD-HAM in patients less than 
60 years of age 
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the identical postremlsslOn therapy but less 
intensive induction therapy revealed a signifi
cant improvement in of long-lasting remissions 
(Fig. 2) These data prompted the AMLCG to 
establish TAD-HAM double as the standard 
induction therapy during subsequent trials. 

Induction with Full-Dose Versus Half-Dose Daunorubicin for 
Patients 60 Years of Age and Older. Two hundred and 
three patients aged 60-85 years were randomized 
and evaluable as to response and toxicity. For the 
higher dose group, assessment continued after 
the end of randomization and a further 137 cases 
were entered on this regimen. Table 2 indicates 
that a significantly higher rate of complete 
remission was achieved by full-dose daunoru
bicin, which was also associated with a lower rate 

of early deaths and failure from resistant disease. 
Patients achieving a complete remission experi
enced a comparable disease-free interval (Fig. 3). 

Postremission Therapy with Monthly Maintenance Versus 
Intensified S-HAM Consolidation in Patients Less Than 60 
Years of Age, One hundred and ninety-three 
patients underwent the TAD-HAM induction 
and were randomized between the two postrem
ission therapies. One hundred and thirty-two 
(68 %) obtained complete remission. A prelimi
nary evaluation on an intention-to-treat basis 
indicates no major differences in remission 
duration at the current time, suggesting that one 
course of intensified S-HAM therapy may be as 
effective as 3 years' monthly maintenance for 
postremission treatment (Fig. 4). 

Table 2. Results of intensification of AML therapy: induction in patients 60 years of age and older 

Hypoplastic death 
Persistent leukemia 
Complete remission 
Complete remission after one course 

100 

75 

50 

25 

o 2 3 

TAD 60 (N=237) 

n 0/0 

48 20 
59 25 

130 55 
91 38 

AMLCG 86A 
Responders Only 

4 5 6 

Years since CR 

TAD30(N=103) P 

n 0/0 

32 31 0.03 
28 27 0.60 
43 42 0.03 
21 20 0.001 

TAD9 : N = 129 (Censored 44) 
TAD9IDNR30 : N = 43 (Censored 12) 

7 8 9 10 11 

Fig.2. Duration of remission after full-dose versus half-dose daunorubicin during TAD induction in patients 60 
years of age or older 
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Fig,3. Duration of remission after double induction and single induction in patients less than 60 years of age 
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Fig.4. Duration of remission after TAD-HAM induction and TAD consolidation followed by either monthly 
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Discussion 

This overview of consecutive prospective studies 
of the German AML Cooperative Group indi
cates that a steady improvement of long-term 
outcome in adults with newly diagnosed AML is 
achieved by a gradual increase in treatment 
intensity. The reported data clearly indicate 
that this conclusion applies both to young and 
old patients. In both age groups higher remis
sion rates andlor an improved duration of 
remission are achieved by intensified treatment. 
Remarkably, this advantage is not burdened 
with a higher rate of early deaths or toxicity, but 
on the contrary is associated with a lower fre
quency of total complications. This beneficial 
effect most probably results from the fact that a 
lower proportion of patients, especially in the 
older age group, require a second induction 
course for the achievement of complete remis
sion, and thus experience a shorter duration of 
disease and treatment -associated critical cytope
nia. 

Independent of this effect, the results of dou
b�e induction in younger patients exphasize the 
importance of initial intensification for the long
term outcome. This approach may be of varying 
relevance in different cytogenetic subgroups. 
Patients with unfavorable karyotypes appear to 
benefit more from high-dose AraC. They not 
only achieved a higher rate of complete remis
sions, but also experienced a prolongation of 
remission duration [8, 9]. This finding was also 
observed when high-dose AraC was adminis
tered during postremission treatment, while dif
ferent effects were noted when the outcome of 
patients with favorable karyotypes was assessted 
[9,14]. These findings emphasize our need to 
further understand the biology of different cyto
genetic subgroups of AML and stimulate 
research into potential differences in the metab
olism and mechanisms of action of AraC in 
AML. 
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Intensified Induction Therapy in Acute Myeloid Leukemia 

J.F. Bishop 

Abstract. Optimal initial treatment has made a 
major impact on a number of curable cancers. 
To study methods to improve outcome in acute 
myeloid leukemia (AML), the Australian 
leukemia study group (ALSG) has intensified 
induction therapy in two consecutive random
ized trials. In the first trial, patients were ran
domized to receive standard daunorubicin 
50 mg/m2 daily x 3 and cytarabine 100 mg/m' as 
a continuous infusion for 7 days (7-3) or 7-3 as 
above with additional etoposide 75 mg/m' daily 
x 7(7-3 vs. 7-3-7). Of 264 eligible patients the 
remission duration was significantly longer with 
7-3-7. In a subset analysis patients aged < 55 
years had significantly superior survival on the 
etoposide arm. In a dose intensity multivariate 
anlaysis, we have shown that the initial dose of 
cytarabine and daunorubicin significantly influ
enced the duration of remission in AML. To test 
if cyratabine dose escalation in induction could 
influence outcome, the ALSG randomized 301 
eligible de novo patients to either standard-dose 
cytarabine in the 7-3-7 regimen or to high-dose 
cytarabine at 3 g/m2 twice daily on days 1, 3, 5, 
and 7 with daunorubicin and etoposide as above 
(7-3-7 vs. HIDAC-3-7). HIDAC-3-7 significantly 
prolonged remission duration with a median for 
HIDAC-3-7 of 45 months vs. 12 months for 
7-3-7 (p = 0.0004). The percentage of patients 
who were relapse free at 5 years was 31 % on 
HIDAC-3-7 and 25% on 7-3-7. The rate of 
relapse for HIDAC-3-7 patients was 0.53 relative 
to 7-3-7 patients and the rate of death was 0.86 
relative to 7-3-7 patients. HIDAC-3-7 was asso
ciated with significantly more toxicity in induc-

tion with more leucopoenia, thrombocytopenia, 
nausea and vomiting and eye toxicity (all 
p < 0.001). Although both arms received the 
same post-induction therapy (5-2-5), patients 
who received HIDAC-3-7 in induction had sig
nificantly more myelosuppression. We conclude 
that intensifying induction therapy wtih etopo
side and with high-dose cytarabine can signifi
cantly prolong relapse-free survival with 
increased but acceptable toxicity. 

Introduction 

Induction chemotherapy for acute myeloid 
leukemia (AML) has long been the prototype for 
the intensive chemotherapy, now widely used in 
the treatment of many cancers[l, 2]. Standard 
induction chemotherapy results in severe 
myelosuppression for 14-28 days[3]. This re
quires prolonged blood product support with 
red cells and platelets and prolonged use of mul
tiple potent antibiotics. Major advances have 
been made in platelet transfusion therapy and 
control of sepsis [4,5]. However, the successful 
support of severely myelosuppressed patients 
frequently produces difficult clinical problems. 

It has been over 25 years since cytarabine was 
first shown to produce long-term survivors in 
AML [6]. The two drug combination of 7 days of 
cytarabin and 3 days of daunorubcin (7-3) has 
been used as standard induction therapy for 
many years and produced responses in 
56%-66% of patients [1-3,7]. Efforts to 
improve therapy with the addition of 6-thiogua-
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nine [2,8), lengthening the duration of cytara
bine [2] or substituting daunorubicin [1] or 
amscrine [9] have not been successful strategies 
in randomized trials. 

Idarubicin is an analogue of daunorubicin 
selected for its increased activity against 
leukemia cell lines in vitro. In four randomized 
studies idarubicin has been compared directly 
to daunorubicin in induction [10-13]. These 
studies show a variety of results, either improve
ment in response rates, response duration or 
survival were reported at least for younger 
patients [10-13]. The place of idarubicin com
pared to daunorubicin in induction is now the 
subject of an on-going meta-analysis. 

Etoposide in Induction Therapy 

Etoposide (VP16-213) is a semisynthetic deriva
tive of podophyllotoxin that has been undergo
ing clinical evaluation since 1971. The in vitro 
synergism between etoposide and cytarabine in 
U21 0 cells provides a rationale for the use of 
etoposide in leukemia. Moreover, the mecha
nism of action of etoposide differs from that of 
cytarabine and daunorubicin and its dose-limit
ing toxicity is myelosuppression [14-16]. Etopo
side has been studied most extensively in AML 

Etoposide has been used as a single agent in a 
variety of doses and schedules [17-321. Most of 
the earlier studies involved heavily pretreated 
patients, and the dose and schedules used in 
these highly selected subjects were often subop
timal. Despite this disadvantage, etoposide has 
clearly demonstrated activity in AML, with 39 
complete responses (CR) (17%) reported among 
the 233 patients treated [33J. Many more 
achieved demonstrable anti-leukemic effects 
that fell short of a CR. Two studies of etoposide 
alone as initial therapy in older patients have 
demonstrated clinically useful CR [29, 311. 

Etoposide has been studied in relapsed and 
refractory patients in combination with cytara
bine, daunorubicin, doxorubicin, aclacinomycin 
A, mitozantrone, and 5-azacytidine, among oth
ers. Amsacrine combinations have used etopo
side in total doses of 500 to 630 mg/m2, usually 
given as divided doses during 3-5 days. Fol
lowing etoposide-amsacrine combinations, 28% 
of the patients achieved remissions of short 
duration (12-21 weeks) [34-37]. The combina
tion was myelosuppressive, with marrow recov
ery occurring primarily in patients with CR. 

Gastrointestinal (GI) toxicity, particularly stom
atitis and diarrhoea, was often dose-limiting. 

Etoposide plus 5-azacytidine combinations 
have been studied in 162 patients and an overall 
CR rate of 49% has been reported [38-42]. The 
largest experience with this combination invol
ves children, in whom it appears to be an active 
and tolerable regimen [40-42]. Those who achi
eved CR were cytopenic for a median of 32 days. 
Severe nausea and vomiting occurred in 39%, 
mucositis developed in 39% and was severe in 
15% [42]. 

Etoposide in combination with conventional 
doses of an anthracycline and mitoxantrone has 
produced similar results in 146 relapsed or 
refractory patients, with 51% overall achieving 
CR[43-48]. Ho et al. [46J developed an active 
regimen of etoposide (100 mg/m' daily for 3 or 5 
days) given with mitoxantrone (10 mg/m' daily 
for 5 days). The median duration of CR in that 
study was 4.7 months. The major toxicity, stom
atitis, occurred in 67% but was severe (World 
Health Organisation, WHO,grade 3) in only 18% 
Etoposide (100 mg/m' once or twice daily for 5 
days) has also been given with high-dose cytra
bine (2 mg/m2 during 3 h twice daily for 5 days) 
[49]. Of 41 patients treated, 63% achieved a CR, 
with a median response duration of 34 weeks for 
refractory and 19 weeks for relapsed patients. 

Many combination regimens for AML have 
included etoposide plus cytarabine and either 
doxorubicin or daunorubicin [44,45,50-52]. 
The dose of etoposide has varied from 60 to 100 
mg/m' for 5-7 days. Of 218 patients treated with 
these combinations, 70% achieved CR. These 
programs were well tolerated in general, but 
severe stomatitis (WHO Grade 3-4) was seen in 
33% of patients who received etoposide at 10 
mg/m' daily for 7 days [44J. 

Finally, etoposide has been added to intensify 
other induction regimens in AML [53, 54J. 
Although these regimens have yielded high 
response rates, the remission durations have 
been average. Kalwinsky et al. (53) reported only 
33% of patients relapse free at 2 years. 

These regimens have shown a high degree of 
activity in the phase IT studies discussed. 
However, the specific contribution of etoposide 
to these multidrug regimens remains unclear. 

Baldini et al. [551 compared a standard 
daunorubicin, cytarabine, and 6-thioguanine 
(OAT) regimen for four courses with the same 
chemotherapy alternated with vindesine, cytara
bine and etoposide (OAT IV AE) for four courses 
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in 156 patients with untreated AML. The regi
mens appeared to be equivalent without signifi
cant differences in CR rate, relapse-free survival 
or overall survival. However, the doses of daun
orubicin and cytarabine in the alternating arm 
were only 66% and 80%, respectively, of the doses 
in the standard DAT arm. Thus, reduced-dose 
DAT plus V AE was equivalent to full-dose DAT. 

The Australian Leukemia Study Group 
(ALSG) compared standard-dose daunorubicin 
and cytarabine given for 7 and 3 days (7-3), 
respectively, with the same drugs at full dose 
with etoposide added during a 7-day period 
(7-3-7) in a randomized trial in 264 patients 
[3,33]. Etoposide was given at a dose of 
75 mg/m2 for the 7 days (525 mg/m2 per course 
and was added to both induction and consolida
tion treatment. The CR rates were not signifi
cantly different, with CR occurring in 56% of 
7-3 patients and 59% of 7-3-7 patients. There 
was, however, a significant prolongation of 
remission duration in the etoposide arm (medi
an 12 months with the 7-3 regimen compared 
with 18 months on 7-3-7; log-rank test, 
p = 0.01) although not of overall survival. A 
hypothesis-testing subset analysis, performed to 
identify patients who may have received the 
most benefit from etoposide, indicated that 
younger patients appeared to benefit most. 
Patients younger than 55 years of age treated 
with 7-3-7 has prolonged remission duration 
(median 12 months with 7-3 vs. 27 months with 
7-3-7: p = 0.04). 

Multiple linear regression analyses of prog
nostic factors influencing remission duration 
confirmed the importance of etoposide in signif
icantly influencing remission duration, indepen
dently of other factors. 

The addition of etoposide was well tolerated 
overall, with equivalent hematologic toxicity on 
induction but significantly increased myelosup
pression during consolidation therapy. Stoma
titis did not increase overall, but in the subset of 
older patients (55 years of age or older) the inci
dence of WHO Grade 3 or 4 stomatitis was sig
nificantly higher. 

It has been suggested that etoposide is most 
effective in myelomonocytic leukemia [16, 17]. 
In this trial [3], however, there were 85 patients 
classified as French-American-British (FAB) 
M4 or M5 and the benefits of etoposide were not 
confined to these patients. Neither was there evi
dence of additional benefits in this FAB subset 
compared with other subsets. 
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The 50% increase in median remission dura
tion produced in this trial was a major clinical 
benefit of these patients. Although subset analy
sis indicated a significant survival benefit in 
younger patients, this advantage was short-term 
at 5 years there were no significant differences 
insurvival. 

Dose and Dose Intensity in AML 

It has been suggested that the dose of 
chemotherapy delivered over a period of time, 
or the dose intensity (DI), has an important infl
uence on outcome in a number of tumours. 
Hryniuk et al. [56,57] have suggested the DI 
delivered influences response rates and survival 
in breast and ovarian cancer. Similar correla
tions may exist between the DI of mustine, vin
cristine, procarbazine, prednisolone (MOPP) 
chemotherapy and survival in retrospective 
analyses of patients with advanced Hodgkin's 
disease [58, 59]. However, a meta-analysis of the 
DI of chemotherapy regimens in small cell lung 
cancer has failed to demonstrate any correlation 
with outcome[60]. In some of these DI analyses, 
the protocol dose planned has been used rather 
than the actual dose delivered although in a 
smaller number of studies similar correlations 
have been made with actual dose delivered. 

From these data it is unclear whether dose, 
duration of dosing or the rate of dose delivery 
(DI) are the most important dose delivery para
meters. It is possible that different dose delivery 
parameters have different effects in different 
tumours or chemotherapy regimens. 

Influence of Dose and 01 of Induction and Consolidation 
Chemotherapy on Relapse Rates in 264 De Novo Patients 
with AML on the ALSG Etoposide Study [3,61 J. Cox pro
portional hazards regression models were used 
throughout to identify prognostic factors, 
including dose delivery paramters, influencing 
the rate of relapse. Of 152 patients who achieved 
a CR, 104 relapsed with a median duration of CR 
of 15.8 months. Actual dose delivered was 
prospectively documented. Cox regression 
analysis identified the most significant prognos
tic factors jointly influencing duration of CR as 
performance status (p < 0.0001), percentage 
peripheral blood blast count (P= 0.0015),7-3-7 
treatment arm (p = 0.0075), age < 40 years 
(p = 0.022) and induction-dose cytarabine plus 
daunorubicin (p = 0.029). In this analysis 



patients randomized to the 7-3-7 arm had an 
estimated 43% reduction in the relapse rate and 
each 10% reduction of doses of cytarabine and 
daunorubicin was associated with an estimated 
45% increase in the relapse rate. The number of 
induction courses, delays in treatment and 
induction Dr did not significantly influence the 
duration of CR nor did any of the consolidation 
treatment parameters. In conclusion, the 
authors suggested that the addition of etoposide 
and delivery of full induction doses of cytara
bine and daunorubicin were the most important 
treatment parameters influencing the duration 
of CR. The importance of the dose of cytarabine 
in remission duration has provided an addition
al rationale for the use of high-dose cytarabine 
in induction therapy. 

High-Dose Cytarabine Intensification 
of Induction Therapy 

A rationale for using a higher dose of cytarabine 
is that there appears to be a steep dose response 
curve for cytarabine in experimental tumour 
systems [62,63]. Patients whose myeloblasts 
formed and retained higher levels of cytarabine 
5'-triphosphate had higher CR rates. Thus, high
dose cytarabine could overcome clinical resis
tance by this and other mechanisms. Early 
clinical studies in AML suggested that high-dose 
cytarabine with amsacrine produced high 
response rates in refractory and heavily pre
treated patients [64]. High-dose cytarabine has 
subsequently been successfully used in a num
ber of combinations in relapsed patients and as 
post-induction therapy in phase I and II studies 
[65-67]. 

In a large ALSG study [68], patients aged 
15-60 years, presenting with newly diagnosed 
AML, were randomised to receive either high
dose cytarabine, 3 g/m' every 12 h on days 1, 3, 5 
and 7 for eight doses, daunorubicin so mg/m2 on 
days 1-3, etoposide 75 mg/m2 on days 1-7 
(HIDAC-3-7) or standard-dose cytarabine 100 
mg/m2 continuous intravenous infusion for 7 
days with daunorubicin and etoposide at the 
same dose and schedule as above (7-3-7). 
Patients could receive a second or third induc
tion course if CR was not achieved. All patients 
received the same post-induction consolidation 
therapy (5-2-5) for two courses. Eligible pati
ents had no prior chemotherapy or myelo-

dysplastic disease. Patients have been followed 
for a median of 54 months. Of 301 patients treat
ed, CR was achieved in 71% with HIDAC-3-7 
and 74% with 7-3-7. For patients in CR, the esti
mated median remission duration was 45 
months with HIDAC-3-7 and 12 months with 
737 (p = 0.0005 univariate analysis, p = 0.0004 
multivariate analysis). The estimated per
centange of patients relapse free 5 years after 
achieving a CR was 49% on HIDAC-3-7 and 24% 
on 7-3-7. Patients in CR tended to survive 
longer with HIDAC-3-7 but there were no over
all survival differences between the two arms. 
HIDAC-3-7 was associated with significantly 
more toxicity in induction with more leukope
nia, thrombocytopenia, nausea and vomiting, 
and eye toxicity (all p < 0.001) but a similar 
incidence of severe CNS and cerebellar toxicity 
compared to 7-3-7. The consolidation treat
ment was the same in both arms but caused 
significantly more leukopenia and thrombocy
topenia in patients previously treated with 
HIDAC-3-7 induction (p < 0.0001). The authors 
concluded that a dose-effect relation exists for 
cytarabine in AML and that HIDAC-3-7 pro
longs remission duration and disease-free 
survival and is tolerable when used as initial 
induction therapy in patients with de novo 
AML. 

In the ALSG study, the schedule of eight 
doses of high-dose cytarabine two doses per day 
on alternate days was modified from the six 
doses successfully given by Mayer et al. [66 J 

without major CNS toxicity. This strategy obvi
ously carried the risk that high-dose cytarabine 
was reduced to a less effective dosage. This 
study has shown that this dose and schedule of 
high-dose cytarabine can be successfully given 
in a large cooperative group setting. However, 
the South-West Oncology Group (SWaG) study 
[69] of high-dose cytarabine in induction 
appeared to be associated with unacceptable 
toxicity using a 12-h daily schedule. Based on 
intracellular pharmacology, lower doses of high
dose cytarabine could be equally effective [70]. 

The results of the ALSG high-dose cytarabine 
trial are complementary and remarkably similar 
to those recently reported by Mayer et al. [71] 
using high-dose cytarabine as post-induction 
therapy. In that study, patients in remission 
received six doses per course of high-dose 
cytarabine, 3 gm/m2, compared with an interme
diate dose of cytarabine of 400 mg/m', and stan
dard-dose cytarabine of 100 mg/m2. Patients on 
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high-dose cytarabine received four courses or 24 
treatments. While only 56% of patinets were 
able to complete the four courses of high-dose 
cytarabine, more cytarabine was given than in 
the study conducted by the ALSG. The high
dose cytarabine significantly improved disease
free survival and overall survival when 
compared to conventional-dose cytarabine. The 
disease-free survival of patients on high-dose 
cytarabine was 44% at 4 years for patinets aged 
::::; 60 years, censoring patients who received a 
bone marrow transplant. In the ALSG study, the 
disease-free survival at 4 years was 43% overall 
for patients on HIDAC-3-7. Censoring for mar
row transplant patients, the disease-free survival 
was 44% at 4 years. Comparing HIDAC-3-7 and 
7-3-7, the hazard ration for disease-free survival 
was 0.63. In the study by Mayer et al. [71], high
dose cytarabine post induction resulted in a 
similar hazard ratio for disease-free survival of 
0.67. 

The results of these two studies compare 
favourably with those of autologous bone mar
row transplantation with relapse-free survival 
rates of 25%-50% at 3 years [72]. They may 
compare favourably with 50% relapse-free sur
vival seen with allogeneic transplantation if 
selection factors such as age, performance sta
tus, length of time after CR and tolerance to pre
vious therapy are taken into account [73]. Mayer 
et al. reported few relapses after 20 months. 
However, relapses were seen at 36 months in the 
ALSG study, so that further follow up will be 
required to determine if the remissions noted 
are as durable as those seen with transplanta
tion. 

A three-arm post-induction by the Eastern 
Cooperative Oncology Group (ECOG) compared 
a single course of high-dose cytarabine, 3 g/m2 
for 12 doses plus amsacrine, weekly standard
dose cytarabine plus 6-thioguanine and allo
geneic bone marrow transplantation [74]. The 
event-free survival for patients aged less than 60 
years in CR who received high-dose cytarabine 
and amsacrine was 28% (Standard error 11%). 
There was no difference in outcome in the 
ECOG subset of patients aged less than 41 years 
treated with either high-dose cytarabine, 
amsacrine or allogeneic bone marrow transplan
tation although only 83 patients were compared. 
These results may be similar to those reported 
by Mayer et al. [71] 

It is clear from a number of studies that the 
benefits of intensified therapy in AML are con-
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fined to younger patients [3,66, 71]. In patients 
receiving the three-drug combination with 
etoposide (7-3-7), the prolongation of relapse
free survival was more marked and the survival 
advantage seen over a standard two-drug thera
py was confined to younger patients aged less 
than 55 years [3]. Mayer et al. [71] stratified 
their patients according to age, reported no ben
efit in patients over 60 years of age and could 
not deliver high-dose cytarabine in that older 
age group. This study was age limited but 
younger patients fared better with higher 
response rates. Thus, intensive therapy cannot 
be generally recommended for older patients. 

A more fundamental issue raised by this 
study and those of post-induction intensifica
tion is when in the chemotherapy cascade 
should therapy inAML be intensified [71, 74, 
75]. Treatment could be theoretically intensified 
during the induction phase, immediately after 
remission, or after 2-3 months of preparative 
regimens, as in some transplantation programs. 
The advantages of giving intensive therapy to 
patients in remission are that the marrow con
tains a normal proportion of hematopoietic cell 
progenitors and the patients' general condition 
is better. Thus, intensive treatment is better tol
erated and less dangerous during remission 
than during induction. However, 30%-40% of 
patients on standard regimens never have a 
remission and will never have the chance of ben
efiting from new improved intensified therapies 
that may develop in the future. Other curable 
tumours, such as testicular cancer and some 
lymphomas, appear to benefit from optimal ini
tial treatment. Less high-dose cytarabine may be 
required when used in one or two courses in 
induction, as in the ALSG study, compared to 
the planned 24 doses used in the study by Mayer 
et al. The disadvantage remains the initial toxic
ity of intensified induction. There may be sub
sets of patient in whom it is safe or desirable to 
intensify induction and others where such 
intensification is contra-indicated. 

Regardless of its optimal position in the 
chemotherapy program, it is now clear that a 
dose-response relation exists for cytarabine in 
AML. This has important implications for inten
Sifying induction and post-induction therapies 
and in designing optimal preparative regimens 
for transplantation. 
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Introduction 

Acute pro myelocytic leukemia (APL) is a specif
ic sUbtype of acute myeloid leukemia (AML) in 
the French-American-British classification of 
AML[I], characterized by the morphology of 
blast cells (M3), the t(15; 17) translocation which 
fuses the PML gene on chromosome 15 to the 
retinoic acid receptor alpha (RARa) gene on 
chromosome 17 [2), and by a coagulopathy 
combining disseminated intravascular coagula
tion (DIe), fibrinolysis, and proteolysis [3). 
Intensive chemotherapy, including anthracy
cline was the most effective treatment of APL [4) 
with a high mortality due to the exacerbation of 
coagulopathy. 

Recently, all-trans retinoic acid (ATRA) has 
been shown as a differentiating agent of APL 
blasts [5) and could give complete remission 
(CR) in 95% of patients without worsening of 
coagulopathy, and without aplasia in de novo 
[6) or in relapsed patients [7). However, ATRA 
has two major side effects: the risk of a rapid 
rise in leukocytes and of ATRA syndrome, and 
the risk of rapid relapse unless intensive 
chemotherapy is administered in CR. 

Methods and Results 

The French cooperative group started a treat
ment approach combining ATRA followed by 
intensive chemotherapy in newly diagnosed 

APL; We first performed a pilot study between 
1990 and 1991 where treatment with ATRA was 
given until CR and followed by a combination of 
daunorubicin (DNR) (4 days) and cytosine ara
binoside ara-C (7 days), then three "2 + 5" 
courses, and finally, prolonged continuous 
maintenance with 6-mercaptopurine and 
methotrexate. The first DNR-ara-C course was, 
however, administered as an emergency treat
ment if leukocytes were above 6000/111 by day 5 
or 10 0001111 by day 10, or 15 000/111 by day 15 of 
ATRA treatment in order to prevent ATRA syn
drome. 

Twenty-six patients were included. All had 
leukocytes under 10 000/111; 96% achieved CR, 14 
with ATRA alone, 11 after the addition of 
chemotherapy (only one early death) as com
pared to 76% CR in a historical control treated 
by chemotherapy alone between 1984 and 1989 
[8). 

With a minimum follow up of 38 months 
from CR achievement, event-free survival (EFS, 
including as events: resistance, relapse, and 
death in CR) disease-free interval (DFI, taking 
into account relapse in patients who had 
reached CR, and censoring deaths in CR) and 
survival were 62%, 70%, and 77% at 4 years, as 
compared to 28%, 42%, and 42% in the histori
cal control group and these differences were all 
significant. 

The prolonged follow up now available in 
both cohorts of patients shows that the combi
nation of ATRA and chemotherapy mainly 
reduces the risk of early relapses, within 18 
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months of CR achievement, whereas the risk of 
later relapses is similar to that of the chemother
apy group. This suggested that combination 
therapy did not delay relapses but actually 
reduced their frequency [9]. 

A European trial comparing ATRA follwed by 
chemotherapy and chemotherapy alone in 
newly diagnosed APL was started in April 1991 
after the favorable results obtained in the pilot 
study. In the chemotherapy group, patients 
received three successive courses of DNR and 
ara-C. In the ATRA group, patients received 
ATRA until CR, followed by the same three 
chemotherapy courses. The first course was, 
however, rapidly administered if white blood 
cells (WBC) were greater than 5000/mm3 at 
diagnosis, or increased above thresholds defined 
in the pilot study. The trial was prematurely 
closed in December 1992, because the EFS was 
significantly better in the ATRA group [10]. 

The last analysis, performed at the reference 
date of September 1, 1994, showed actuarial EFS, 
relapse rate, and survival at 2 years of 68%, 25%, 
and 81% in the ATRA group, as compared to 
23%,56%, and 51%, respectively, in the chemo
therapy group (p = 10 4, p = 10 4, and p = 0.009, 
respectively) [11]. 

Whether this additive effect is better achieved 
by administering ATRA and chemotherapy 
together or one after the other is unknown. The 
current Euopean APL trial (APL 93 trial) is try
ing to answer this question by randomizing 
ATRA followed by chemotherapy and ATRA 
plus chemotherapy (started on day 3 of ATRA) 
in newly diagnosed APL. Up to now more than 
180 patients have been included and 95 % of 
patients obtained a CR in both arms. 

In the European APL 93 trial, after two con
solidation courses, patients in CR are random
ized between no maintenance, intermittent 
treatment with ATRA (15 days every 3 months), 
continuous low-dose chemotherapy (6-mercap
topurine plus methrotrexate) or both. (This part 
of the APL 93 trial is organized in cooperation 
with the GIMEMA Italian group). 

Discussion 

In Vivo Differentiation of APL Blasts by ATRA 

Terminal differentiation of bone marrow cells 
appears progressively during the treatment and 
Auer rods are sometimes observed in mature 

cells, thus confirming the differentiation process 
of the leukemic cells [12]. 

Nuclear bodies are ultrastructurally defined 
granules predominantly found in dividing cells. 
PML protein, in normal cells, gives a speckled 
pattern of staining using a PML antibody in the 
cell nucleus and is specifically bound to a 
nuclear body [13]. PML and several nuclear 
body-associated proteins found as auto antigens 
in primary biliary cirrhosis (PBC) are co-local
ized and co-regulated. In APL cells, the PML
RARa fusion protein is predominantly localized 
in the cytoplasm, whereas a fraction is nuclear 
and delocalizes PML protein to multiple 
micropunctated dots in the cytoplasm and the 
nucleus without ultrastructural organization 
[14]. ATRA administration causes the aggrega
tion of PML and PBC proteins into the nuclear 
bodies with return to a speckled pattern of PML 
staining in the nucleus. These findings show that 
PML-RARa fusion appears to disrupt the func
tion of PML-associated nuclear bodies and that 
this disruption could be important in APL 
pathogenesis. 

Retinoic Acid Syndrome 

Incidence and Clinical Symptoms. Frankel et al. [15] 
gave a precise description of the clinical symp
toms of retinoic acid (RA) syndrome. RA syn
drome mainly includes fever and respiratory 
distress, weight gain, edema, pleural or pericar
dial effusions, hypotension, and sometimes 
renal failure. They are preceded by an increasing 
of WBC counts in the majority of cases, but few 
patients develop symptoms at WBC counts < 10 
000/mm3• The spontaneous incidence ofRA syn
drome in de novo patients was 35% in our expe
rience and 23% in the New York experience but 
was very low in the Chinese experience. 
Hyperleucocytosis is more frequent (70% of de 
novo patients, 35% of relapse patients) and also 
not found in China. 

Prevention and Treatment. Once RA syndrome has 
developed, addition of low-dose chemotherapy 
is ineffective in lowering WBC counts and leuco
phereses are unable to reverse symptoms, so two 
different approaches are currently proposed. 
The first approach, used by the European and 
Japanese groups, is to prevent RA syndrome by 
the addition of chemotherapy for patients pre
senting with WBC counts above 5000/mm3, or 
when a WBC increase above the WBC thresh-
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olds defined earlier is seen. This approach has 
proved very effective on a multicenter basis, as 
RA syndrome was seen in only three of 54 
patients treated in the European APL 91 trial, 
three of 71 first patients included in the current-
1y ongoing European APL 93 trial, and seven of 
lO9 patients treated by the Japanese group. Only 
one patient died in the three series (totalling 234 
patients) treated with the combination of ATRA 
and chemotherapy. The second approach, used 
by the United States and Australian groups, is to 
treat RA syndrome by administering high-dose 
intravenous corticosteroids (dexamethasone, 10 
mg Lv. twice daily for 3 or more days) as soon as 
the first symptoms occur. Results of the corti
costeroids as treatment of RA syndrome are 
available from one experienced group and its 
efficacy will have to be confirmed in a large mul
ticenter study. It will therefore be important to 
know the results of the United States intergroup 
study which also uses steroids for the treatment 
of RA syndrome. In fact, it could be dangerous 
to give high-dose corticosteriods to patients 
with fever and dyspnea if an infectious disease is 
suspected [19]. 

Coagulation Disorders 

Coagulopathy of APL and Its Evolution with A TRA. The 
coagulopathy associated with APL results from 
at least three distinct mechanisms due to throm
bin activation by the release of pro-coagulant 
activities, plasmin activation by plasminogen 
activators, and lysosomal neutrophil enzyme 
free activities (human leukocyte elastase, 
cathepsin G, proteinase 3) from the leukemic 
cells. Thrombin activation may lead to DIC, 
plasmin activation to plasmin-dependent pri
mary fibrinogenolysis, while leukocyte-mediat
ed proteolysis is able to cleave various 
substrates including von Willebrand factor and 
fibrinogen itself, both in vitro and in vivo [3]. 
The rapid normalization of the fibrinogen level 
found in APL patients treated with ATRA seems 
to be chronologically related to the disappear
ance of plasmin-dependent primary fib
rinogenolysis. However, the persistence of a 
moderate thrombin activation not compensated 
by primary fibrinolysis during the first weeks of 
ATRA treatment could lead to a transient period 
of hypercoagulability, and a few well-document
ed cases of thromboembolic events in APL 
patients treated with A TRA have been reported 
[20-20]. This observation justifies the use of 
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prophylactic heparin therapy during the first 
2-3 weeks of ATRA treatment. 

Resistance to ATRA 

Primary resistance is rare (less than 2%) in APL 
confirmed by the t(15; 17) translocation or the 
PML-RARa product. Secondary resistance to 
ATRA is, however, observed in almost all 
patients on treatment or after withdrawal of 
ATRA with early relapse (0-6 months). 

Prolonged administration of high doses of 
ATRA results in an increase of proteins that 
induce ATRA catabolism, leading to the reduced 
plasma levels observed during ATRA therapy 
(induction of cytochrome P450 enzymes [16] 
and of cytoplasmic retinoic acid-binding protein 
[17]. 

After ATRA withdrawal, this hypercatabolytic 
state persists for a period of several months 
which may vary according to the duration, dose 
of ATRA therapy, and level of ATRA cell seques
tration. Recovery of ATRA sensitivity after suffi
cient ATRA withdrawal (more than 6 months) is 
frequently observed. 

Minimal Residual Disease in APL 

The PML-RARa product persists in almost all 
APL patients after ATRA-induced CR. Although 
RT -PCR does not allow to distinguish differenti
ated from proliferating APL cells, the fact that 
all patients relapse after ATRA-induced remis
sion, if not consolidated by chemotherapy, sug
gests that the leukemic clone is not sufficently 
eradicated by ATRA. On the contrary, RT-PCR 
is generally found negative after consolidation 
chemotherapy [18]. However, the sensitivity of 
RT-PCR for PML-RARa fusion transcript is low 
compared to the tests performed in other types 
of leukemia. RT-PCR studies will also define 
whether any of the PML-RAR transcript (bcr!, 
bcr2, and bcr3) has an influence in the clinical, 
cytological, or biological features and prognosis 
of APL. It has been suggested in some studies 
that bcr3 transcript was more frequent in chil
dren, was correlated to higher leukocyte counts, 
higher incidence of microgranular APL variant 
and of CD2 expression, and to poorer prognosis 
(c. Chominna, personal communication). The 
higher risk of relapse when bcr3 is present 
(small transcript) [E23] seems to be a feature of 
European-American populations and was not 
found in Japan. 



Role of Bone Marrow Transplantation in APL 

Patients who have relapsed after ATRA plus 
chemotherapy are obvious candidates for allo
geneic bone marrow transplantation (BMT). 
Because more than 70% of the patients in CR 
and treated with ATRA and intensive 
chemotherapy have long survival, the role of 
allogeneic BMT in first CR in these patients is 
questionable even if results of allogeneic BMT 
seem to be better in APL than in other AML. The 
relatively prolonged follow up in the APL 91 
trial, however, suggests that patients presenting 
with high WBC counts (who also often have a 
microgranular variant of APL) are still at rela
tively high risk of relapse (about 40%) and could 
be candidates for allogeneic BMT if an HLA
identical sibling is available. Conversions to 
positive RT-PCR findings for the PML-RAR 
rearrangement during follow up are inevitably 
associated with subsequent relapse. Regular 
monitoring of residual disease by RT -PCR, espe
cially if initial high WBC counts were observed, 
may allow to plan an allograft in the case of pos
itive findings. 

Conclusion 

The confirmation that in vitro differentiation of 
APL blasts by ATRA could be efficiently trans
posed in vivo has not only modified the thera
peutic approach to APL but has also opened· new 
perspectives for differentiation therapy in 
oncology as well as novel research on retinoic 
acid receptor function in the hematopoietic tis
sue. 

The reduced number of cases of RA syn
drome by appropriate treatments, the control of 
coagulation disorders, the better understanding 
of resistance due to hypercatabolism of ATRA, 
and the surveillance of the minimal residual dis
ease by RT-PCR increase the accuracy of the 
dual treatment (ATRA plus chemotherapy). Up 
to now the EFS estimated at 68% at 2 years when 
ATRA is added to chemotherapy compared to 
23% when chemotherapy is given alone is a 
great improvement in the treatment of APL. 
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Abstract. While complete remIssIon may be 
achieved in 65% of adults with de novo AML, 
such remissions lack durability when conven
tional post-remission therapy is administered. 
Uncontrolled trials have suggested that inten
sive post-remission therapy may prolong these 
responses. To assess this concept, the Cancer 
and Leukemia Group B administered induction 
therapy (cytarabine and daunoribucin) to 1088 
adults (median age: 52 years). Of these 1088 
patients, 693 (64%) achieved complete remis
sion of whom 596 were randomly assigned to 
receive four courses of single-agent cytarabine 
in one of three dose schedules: 3 gm/m2 in a 3-h 
infusion every 12 h x 2 on days 1, 3, and 5 
(HiDAc; 187 patients); 400 mg/m2 per day x 5 
days continuous infusion (206 patients); or 100 
mg/m2 per day x 5 days continuous infusion 
(203 patients). All patients then received four 
courses of monthly maintenance treatment. 
After a median follow-up time of 63.5 months, 
the three treatment cohorts had significantly dif
ferent disease-free survivals (p = 0.001). The 
probability of remaining in continuous com
plete remission after 5 years for patients 60 
years of age or younger was 42% for HiDAc, 
29% for 400 mg/m2, and 19% for 100 mg/m2 
(p = 0.0007). In contrast, for patients older than 

age 60 years, the probability of continuous com
plete remission after 4 years was 14% or less in 
each of the three cytarabine groups. With fur
ther maturation of the data, the outcome of this 
trial continues to support the concept of a dose
response effect for cytarabine in patients with 
AML and 60 years of age or younger. The results 
observed with the HiDAc dose schedule in this 
age group are similar to those reported in 
patients with AML who undergo allogeneic or 
autologous bone marrow transplantation during 
first remission. 

Introduction 

Complete remission can be achieved in approxi
mately 65% of previously untreated adults with 
de novo acute myeloid leukemia (AML) who are 
treated with cytarabine and an anthracydine 
with or without 6-thioguanine [1]. These res
ponses, however, are not durable when conven
tional maintenance or consolidation therapy is 
utilized; fewer than 25% of such individuals 
remain in extended remission [1]. The results of 
recent clinical trials have suggested that the 
duration of remission of patients with AML may 
be prolonged through the use of post-remission 
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programs utilizing higher drug doses than those 
given as part of induction regimens [2,3]. 
During the past 25 years, cytarabine has become 
the mainstay of induction regimens for the man
agement of AML. Preclinical studies have 
revealed the presence of a steep dose-response 
curve for this antimetabolite [4] and higher 
doses of the drug have become a fundamental 
component of recent intensive post-remission 
programs for patients with AML [5]. 

To provide an objective assessment of post
remission intensification in patients with AML, 
the Cancer and Leukemia Group B (CALGB) 
focused post-induction therapy on cytarabine 
and designed an investigative program (CALGB 
protocol 8525) comparing the effects of inter
mittent high-dose cytarabine (HiDAc) to stan
dard and intermediate doses of the drug 
administered by continuous infusion on the 
duration of complete remission. The dose 
schedules for the HiDAc regimen and the inter
mediate continuous infusion program were 
determined during an initial phase of the pro
gram which was conducted by the CALGB 
between 1982 and 1985 [6]. 

Methods 

The eligibility criteria, study design, criteria for 
response, and method of statistical analysis uti
lized in this trial have been previously reported 
[7]. In brief, patients 16 years of age or older 
with de novo AML who had received no prior 
anti-leukemia therapy were treated with an 
induction regimen which included a 7-day con
tinuous intravenous infusion of cytarabine (200 
mg/m' per day accompanied by daily bolus 
administrations of daunorubicin (45 mg/m2 per 
day given on the first 3 days of cytarabine thera
py for patients aged 60 years of age or younger, 
30 mg/m2 per day for patients aged older than 
60). If persistent leukemia was present at the 
time of bone marrow examination 14 days after 
the start of treatment, a second course of induc
tion therapy including 5 days of cytarabine and 
2 days of daunorubicin at identical daily doses 
was initiated. 

Patients entering complete remission were 
stratified by the number of induction courses 
required to achieve a remission bone marrow 
(one or two) and their age « 40 years, 40-60 
years, > 60 years) and were randomized to 
receive four courses of single-agent cytarabine 
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in one of three dose schedules: 3 mg/m2 admin
istered in a 3-h infusion every 12 h twice daily 
on days 1, 3, and 5 for a total of six doses per 
course (i.e., HiDAc); 400 mg/m2 per day for 
5 days as a continuous intravenous infusion; or 
100 mg/m2 for 5 days as a continuous intra
venous infusion. Hematopoietic growth factors 
such as granulocyte colony-stimulating factor 
(G-CSF), granulocyte-macrophage CSF (GM
CSF), or erythropoietin were not utilized. 
Following four courses of cytarabine therapy, all 
patients received four identical courses of 
monthly maintenance treatment consisting of 
cytarabine (100 mg/m2 every 12 h, 200 mg/m' 
per day for 5 days by subcutaneous injection) 
and daunorubicin (45 mg/m' by rapid infusion 
on the first treatment day) after which all treat
ment was discontinued. 

Disease-free survival was measured as the 
time from randomization in patients who had 
achieved a complete remission to relapse or 
death from any cause. Survival comparisons of 
post-remission therapies were measured from 
the time of randomization in patients who had 
achieved a complete remission to death from 
any cause. Patients who underwent allogeneic or 
autologous bone marrow transplantation were 
considered censored for disease-free survival on 
the date of the procedure but were still followed 
for survival. 

Results 

Between October, 1985 and October, 1990, a 
total of 1088 evaluable patients (median age: 52 
years; range 16-86 years) were registered onto 
this trial. The morphologic distribution of the 
patients, utilizing the French-American-British 
(FAB) classification system, was similar to that 
of previous reports [8]. Complete remission was 
achieved in 693 (64%) of patients. The likeli
hood of response was age dependent, occurring 
in 75% of 340 patients less than age 40, 68% of 
402 individuals 40-60 years of age, and 47% of 
346 patients older than age 60. Complete respo
nse rates were similar among morphologic sub
sets as defined by FAB criteria, ranging from 
60% (M4) to 74% (M3). 

Of the 693 patients who achieved complete 
remission, 596 were randomized to receive four 
courses of post-remission cytarabine at the 
HiDAc level (187 patients; median age: 43 
years), the 400 mg/m2 dose level (206 patients; 



median age: 49 years), or the 100 mg/m2 dose 
level (203 patients; median age: 48 years). The 
three cohorts were well balanced with regard to 
leukocyte count at the time of diagnosis and 
FAB subtype. The median follow-up time from 
randomization is 63.5 months. The full four 
courses of post-remission cytarabine therapy 
were administered to 56% of the HiDAc group, 
74% of the 400 mg/m2 cohort, and 76% of the 
100 mg/m2 cohort. For patients 60 years of age 
or younger, the likelihood of receiving the full 
four courses was 62%, 76%, and 78% for the 
three different dose levels while for patients 
older than age 60, there was a similar probability 
of receving four courses of treatment for indi
viduals randomly assigned to receive the 400 
mg/m2 or 100 mg/m' but only 29% could toler
ate a full four courses of HiDAc. A clear-cut 
relationship between hematologic toxicity and 
cytarabine dose schedule was noted; the proba
bility for hospitalization because of fever and 
neutropenia and for platelet transfusions was 
71 % and 86% per course in individuals treated 
with HiDAc, 59% and 80% for patients receiving 
400 mg/m2, and 16% and 28% in patients receiv
ing 100 mg/m2, respectively. Central nervous 
system abnormalities were reported only in the 
group of patients assigned to receive HiDAc. 
The probability for developing significant neu
rotoxicity was related to age, being noted in only 
5% of 76 patients under age 40 and 10% of SO 
patients aged 40-60, but 32% of 31 patients 
older than age 60. Of the 22 patients who experi
enced neurologic toxicity, the symptoms totally 
resolved within several days in about 20% of 
patients and receded in a more gradual fashion 
in about 40% of patients; however, persistent 
disability persisted in about 40% of individuals. 
Further HiDAc therapy was not administered 
following recovery from an episode of neurotox
icity. Treatment-related deaths during remis
sion, primarily due to infection, occurred in 5% 
of patients assigned to the HiDAc regimen, 6% 
of those assigned to the 400 mg/m2 level, and 1% 
of patients assigned to the 100 mg/m2 level. 

The probability of remaining alive and free of 
recurrence for patients who had achieved com
plete remission was closely related to age and 
post-remission cytarabine treatment schedule. 
An analysis of all 596 patients randomized to 
receive post-remission cytarabine reveals an 
estimated probability of being alive and disease
free after 5 years of 31 % and 29% for patients 
younger than age 40 and 40-60 years of age, 

respectively; this probability falls to 13% in indi
viduals older than age 60. When analyzed by 
cytarabine treatment schedule, the likelihood of 
remaining alive and disease free after 5 years is 
37% for the HiDAc group, 26% for the 400 
mg/m2 cohort, and IS% for the 100 mg/m2 sub
set (p=0.0014). Relapses continued to occur at a 
steady rate in the 100 mg/m2 and 400 mg/m2 
groups during the initial 3 years of follow up but 
became far less frequent after 2 years in patients 
receiving HiDAc. The probability of remaining 
disease free in relation to post-remission cytara
bine treatment schedule was statistically similar 
in the 225 patients under age 40 and 242 patients 
aged 40-60, so these two groups were combined 
into a single cohort of 467 individuals. The like
lihood of remaining disease free after 5 years for 
this cohort is 42% for the HiDAC group, 29% for 
the 400 mg/m2 group, and 19% for the 100 
mg/m2 (p = 0.0007) (Fig. la.). In contrast, for the 
129 patients older than age 60, the probability of 
remaining disease free after 5 years is 14% or 
less for each of the three post-remission cytara
bine subsets (Fig. 1 b). The probability of 
remaining alive 5 years following randomization 
for patients 60 years of age or younger is 49% 
for the HiDAc group, 41 % for the 400 mg/m2 
cohort, and 33% for the 100 mg/m2 group 
(p = 0.0355) (Fig. 2). For the entire population of 
lOSS evaluable patients who entered the study, 
the likelihood for remaining alive 5 years follow
ing the diagnosis of AML is 35% for patients 
under age 40, 26% for those ages 40-60, and S% 
for individuals older than age 60 (p < 0.001). 

Discussion 

The preliminary results of this trial were pre
sented after a median follow-up time of 37.5 
months [9]. More mature data appeared after a 
median follow-up time of 52 months [7]. The 
present update reflects a median follow-up time 
of 63.5 months. The results of the study contin
ue to demonstrate a significant dose-response 
effect when cytarahine is given as post-remis
sion therapy. Patients 60 years of age or younger 
who were randomly allocated to HiDAc treat
ment has a statistically superior likelihood of 
remaining in remission and an improved sur
vival when compared to similar individuals who 
received lower dose; 42°1<, of this HiDAc cohort 
remain in remission after 5 years of follow up 
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with few relapses having occurred beyond 20 
months of observation. 

Unresolved questions regarding the use of 
HiDAc therapy remain (Table 1). 

Fig. la,b. Probability of disease-free survival for 
randomized patients by cytarabine dose for: a 
patients 60 years of age or younger; b patients 
older than age 60 

Fig. 2. Probability of survival for randomized 
patients 60 years of age or younger by cytarabine 
dose 

quent platelet transfusions, represented the 
major toxicity observed in the HiDAc cohort. 
Could the use of hematopoietic growth fac
tors reduce the extent of myelosuppression 
[10], thereby increasing tolerance for this 
intensive treatment? 1. Significant myelosuppression, as character

ized by the need for hospitalization due to 
fever at a time of neutropenia as well as fre-

2. Is there an optimal dose schedule for HiDAc 
in terms of drug dosage, duration of infu-
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Table 1. Unresolved questions in the use ofHiDAc for AML 

- Can toxicity from drug-induced myelosuppression be reduced? 
- Can an optimal dose schedule be defined? 
- What is the role of additional drugs? 
- Can the probability of neurotoxicity be reduced? 
- If post-remission HiDAc is more active than conventional cytarabine, 

why is HiDAc not more effective during remission induction? 

sion, and number of doses per course? High
dose schedules of cytarabine have ranged 
from 1 to 3 gm/m', administered in an infu
sion ranging from 1-3 h, every 12 h for 6-12 
doses per course [11]. None of these dose 
schedules has been compared in a prospec
tive, randomized manner. Pharmacologic 
studies have demonstrated saturation of the 
kinase enzyme which is required to activate 
the drug at a dose of 1.5 gm/m' [12], suggest
ing that higher doses of HiDAc, such as the 3 
gm/m' which we utilized, may not provide 
further therapeutic benefit but may con
tribute additional toxicity. 

3. What is the role of additional drugs when 
added to HiDAc? The CALGB, in protocol 
9222 (Fig. 3), is presently comparing three 
doses of post-remission HiDAc to one course 
of post-remission HiDAc followed by a single 
course of etoposide and cyclophosphamide 
and a single course of mitozantrone and 
AZQ with G-CSF support. 

4. Is there a manner to overcome cerebellar 
toxicity as was experienced by 22 of the 187 
patients in our study assigned to HiDAc ther
apy? A multivariate analysis has revealed that 
age over 40 years, serum creatinine levels 
> 1.2 mg/dl and a threefold elevation in the 
serum alkaline phosphatase titer are predic
tive factors for neurotoxicity in the patients 

who received HiDAc in our trials [13]; the 
risk for neurotoxicity was < 1 % if none or 
one of these criteria was present but rose to 
37% if two or more criteria were document
ed. Because of the potential of neurotoxicity, 
concern has been raised about the use of 
HiDAc in elderly patients who, ironically, 
have a higher likelihood of having drug
resistant leukemia and most likely would 
benefit from more intensive treatment if it 
were tolerable [14]. 

5. Why is HiDAc, shown in our study to be 
highly effective in prolonging the duration of 
remission compared to standard-dose cyta
rabine, not equally superior when utilized 
during remission induction? Comparisons of 
HiDAc to standard-dose cytarabine in induc
tion programs conducted in Australia [IS] 
and the United States [16], have failed to 
show any difference in the remission rate in 
previously untreated adults with AML. 

The outcome of our study utilizing HiDAc in 
patients 60 years of age or younger merits com
parison with the results of two alternative strate
gies of post-remission management-allogeneic 
and autologous bone marrow transplantation. 
Eligibility for an allogeneic transplant is gener
ally restricted to patients 45 years of age or 
younger who have a histocompatible sibling 

Intensification 

R 
A HiDAc ~ HiDAc 4 HiDAc 

~/ Daunorublcin 
+ ~ 

Ara-C 
complete 4 0 
remission r ~ 

E HiDAc 

Mitoxantrone 
. _"Etoposide + 
--:>' + --1 AlQ 

Cyclophosphamide + 
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Fig. 3. Design of CALGB protocol 9222: phase III trial of intensification therapy in patients < 60 years of age 
with AML in first remission 
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Table 2. Comparison of high-dose cytarabine chemotherapy with allogeneic and autologous bone marrow trans-
plantation as post-remission therapy for patients with AML in first remission 

Treatment modality Source Patients Median age Median Probability of 4 year 
(n) (years) folllow-up time disease- free 

(months) survival (%) 

High -dose cytarabine CALGB 156 40 64 43 
Autologous transplant EBMTR[17] 660 30 -48 47 
Allogeneic transplant MSKCC [18] 31 29 72 45 

Fred Hutchinson 
Cancer Research 71 26 40 58 
Center [19] 
IBMTR [20] 1343 27 49 52 

'EBMRT, European Cooperative Group for Bone Marrow Transplantation; MSKCC, Memorial Sloan-Kettering 
Cancer Center; IBMTR, International Bone Marrow Transplantation Registry. 
bIncludes patients 60 years of age or younger. 

while autologous transplantation may be per
formed on individuals as old as 55 years. A com
parison of the data from our study to the results 
from some of the more recent autologous (reg
istry) [17] and allogeneic (single institution [18, 
19] and registry [20] transplant experiences 
reveals a similarity in the probability of disease
free survival after 4 years (Table 2); this is par
ticularly true in view of the higher median age in 
our patient population (40 years) than that of 
most transplantation programs (less than 30 
years). Prospective comparisons of HiDAc 
chemotherapy and allogeneic transplantation in 
trials conducted by investigators at the 
Univeristy of California-Los Angeles (UCLA) 
[21] and the Eastern Cooperative Oncology 
Group [5] have reached similar conclusions. A 
recent European study [22] comparing a single 
course of post-remission HiDAc chemotherapy 
to autologous bone marrow transplantation 
(randomized comparison) or allogeneic bone 
marrow transplantation (assigned comparison) 
showed there to be a higher probability of 
relapse in patients who received the HiDAc but 
a statistically indistinguishable likelihood of 
overall survival when the three treatment 
approaches were compared. Conceivably the 
administration of additional courses of post
remission HiDAc, such as were used in our 
study, might further reduce the relapse rate and 
make the three management approaches even 
more comparable [23]. 
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Abstract. The AML8A protocol of the European 
Organization for Research on Treatment of 
Cancer (EORTC) and GIMEMA Cooperative 
Groups studied the value of allogeneic (allo
BMT) and autologous bone marrow transplan
tation (autoBMT) in adult acute myelogenous 
leukemia (AML) when performed during first 
complete remission (CR). Following one or two 
courses of remission induction treatment, 66% 
of patients achieved a CR. Then 168 patients 
who had an HLA-identical sibling were assigned 
to alloBMT, while 254 were randomized for an 
autoBMT or for a second intensive consolida
tion course. Disease-free survival (DFS) of the 
intensive chemotherapy arm was 30% at 4 years, 
the DFS in the alloBMT and autoBMT arms were 
55% and 48%, respectively. The two BMT arms 
gave significantly better results than the inten
sive chemotherapy arm (p = 0.03). The main 
reason for failure is relapse in both the autoBMT 
and the chemotherapy arms, while treatment
related mortality is higher in the alloBMT arm. 

Several selection biases are operational during 
selection for alloBMT. A preliminary, retrospec
tive analysis of the role of alloBMT showed that 
patients in whom no HLA typing was performed 
had a poor prognosis. Furthermore, only 68% of 
the patients in CRI with a donor received an 
alloBMT. Patients with a donor and who 
received no alloBMT in CR1 had a poor progno
sis. AlloBMT was performed in 170 patients in 
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3Universita La Sapienza, Rome, Italy 
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CRl, including patients who achieved CRI after 
salvage treatment. The DFS for this group of 
patients is 59% at 4 years. Of the 170 patients 
allografted in CRI 122 patients needed just one 
course of remission induction treatment to 
achieve CR. The DFS at 4 years was 66% and this 
was significantly better compared to the DFS of 
41 % for the 48 patients who needed more than 
one course of remission induction treatment to 
achieve CR (p = 0.003). The disease-free interval 
for early versus late remitters is 84% vs. 57% at 4 
years (p = 0.0003), which shows that the relapse 
rate of early remitters is significantly lower than 
that of late remitters. The treatment-related 
mortality (TRM) for early remitters is 21 % com
pared to 28% for late remitters at 4 years. 
Patients transplanted shortly after achieving CR 
« 8 weeks) appeared to have a worse prognosis 
than those patients transplanted further into 
remission (DFS at 4 years: 33 vs. 67%; p = 0.01). 

Only 60% of the CR patients without a donor 
were randomized between chemotherapy and 
autoBMT. Moreover, only 75% of the patients 
randomized for autoBMT received an autograft. 
An intention-to-treat analysis resolved this last 
selection bias partly. The rate of patients com
pleting the full treatment protocol is still rela
tively low. In the AML8A study only 33.5% of 
registered patients completed the full treatment 
protocol. Results of BMT are difficult to inter
pret because of these selection biases. Most 



selection biases, such as delay of BMT after 
achieving CR, are similar for autoBMT and 
alloBMT. Genetic selection bias is not opera
tional in autoBMT, but exclusion of patients due 
to an insufficient number of colony forming 
units-granulocyte macrophage (CFU-GM) in 
the harvest forms a specific selection bias in 
autoBMT. Careful analysis of these selection 
biases is needed. Prospective randomized trials 
are extremely useful for this approach. 

Introduction 

Intensification of induction chemotherapy regi
mens [1,2] and improvement of supportive care 
have significantly increased the rate of complete 
remission (CR) in acute myelogenous leukemia 
(AML) [1, 3-7]. Thus, 60%-80% of adult pa
tients younger than 60 years of age achieve a CR 
after one to three courses of induction treatment 
[3]. With conventional consolidation and main
tenance chemotherapy, the duration of CR has 
remained relatively short, with the median 
remission duration ranging from 10 to 20 
months in most studies. The reported 5-year 
disease-free survival (DFS) rates were less than 
25% [3,4-6,8]. Intensive chemoradiotherapy 
followed by allogeneic bone marrow transplan
tation (alloBMT) has resulted in long-term DFS 
in 45%-60% of cases if the alloBMT was per
formed in first CR [9]. The role of alloBMT is 
difficult to determine as treatment results are 
biased. AlloBMT for AML patients in first remis
sion is generally restricted to patients with an 
HLA-identical sibling donor. Selection of 
patients for BMT who are in good condition 
occurs, excluding patients who have persistent 
infections or other medical complications. Bias 
also occurs because of the variability of interval 
between the achievement of CR and the time 
when BMT is performed [4]. This bias excludes 
patients who relapse rapidly. 

The results obtained by alloBMT, when per
formed during first CR, are mainly due to the 
activity of combined high-dose cyclophos
phamide and supralethal total body irradiation 
(TBI) [10]. AlloBMT may also confer an 
immunologically mediated graft-vs.-leukemia 
effect [9, 11]. The major reasons for failure fol
lowing alloBMT are toxicities related to the 
transplant procedure itself [10], such as graft
vs.-host disease, interstitial pneumonia, and 
other infections [9]. Approximately 20% of 

patients die from transplant-related complica
tions within 6 months. Delayed complications 
such as chronic graft-vs.-host disease may 
occur. The incidence of transplant-related com
plications increases with advancing age and 
most centers do not perform BMTs in patients 
who are more than 45 years of age [9]. 

The AML8A protocol of the European Org
anization for Research on Treatment of Cancer 
(EORTC) Leukemia Cooperative Group in col
laboration with GIMEMA is the first prospective 
study comparing alloBMT with autologous BMT 
(autoBMT) and intensive consolidation chemo
therapy. The main data have been published 
recently [12]. In this communication we empha
size some of the core results. In addition, we 
evaluated the influence of several prognostic 
factors on the survival of the patient after 
alloBMT. 

Patients and Methods 

The study is a prospective registration study 
conducted from November 1986 to December 
1993 in 60 European centres. Patients included 
those with untreated newly diagnosed AML, 
providing ? 30% blast cells in bone marrow 
smears, aged between 10 and 45 years old, with 
no blast crisis of chronic myeloid leukemia, and 
no leukemias supervening after other myelopro
liferative diseases or myelodysplastic disorders 
of more than 6 months' duration. Patients with 
severe heart, renal, hepatic, or neurological con
comitant disease were excluded from registra
tion. All patients were informed of the 
treatment, the involved risks and gave their for
mal consent. 

Patients were registered at diagnosis and 
induction treatment was subsequently given. 
The induction regimen consisted of dauno
mycin (DNR): 45 mg/m' on days 1,2, and 3, i.v. 
push injection; cytarabine (aRA-C): 200mg/m' 
per day continuous i.v. infusion from day 1 to 
day 7. Patients entering a CR after one or two 
courses of induction regimen received a first 
intensive consolidation course 4 weeks after the 
beginning of the (last) induction course. The 
intensive consolidation (lCI) consisted of: aRA
C 500mg/m', every 12 h, by a 2-h i.v. infusion, 
for 6 days; amsacrine (AMSA): 120mg/m2 i.v., on 
days 5, 6, and 7. 

Complete remission was confirmed by blood 
and BM examination 3 weeks after the end of 
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this consolidation course. At that time, in the 
case of HLA-A and -B identical sibling(s), the 
mixed leucocyte culture (MLC) was performed, 
followed eventually by an alloBMT. This can be 
considered as a randomization by genetic 
chance. Patients not elected for alloBMT, with 
confirmed CR were randomized for either a sec
ond intensive consolidation (JC2) or for 
autoBMT. 

Duration of survival was calculated from the 
date of diagnosis until death. The disease-free 
survival (DFS) was calculated from the date of 
first CR until the date of first relapse or date of 
death in first CR. For the disease-free interval 
(DFI), patients who did not relapse were cen
sored at the time of death in first CR. The dura
tion of survival from CR corresponds to the time 
from first CR to the date of death. The time from 
the date of randomization (alloBMT, autoBMT, 
or JC2) until the date of death in first CR (date 
of relapse = censored observation) was called 
treatment-related mortality (TRM). Actuarial 
curves were calculated according to the Kaplan
Meier technique. The differences between 
curves were tested for statistical significance 
using the two-tailed logrank test. 

Results 

Overall Results of the AML8A Study. Out of 990 
patients registered, 49 patients were either ineli
gible or inevaluable because of inadequate diag
nosis or missing data. Following one or two 
courses, 623 patients (66%) achieved CR; 576 
patients received a consolidation course. Then 
168 patients who had an HLA-identical sibling 
were assigned to alloBMT, while 254 were ran
domized for an autoBMT using an unpurged 
bone marrow, or for an JC2 course. At a median 
follow-up of 3 years, DFS of the intensive 
chemotherapy arm was 30% at 4 years, the DFS 
in the alloBMT and autoBMT arms was 55% and 
48%, respectively. The two BMT arms gave sig
nificantly better results than the intensive 
chemotherapy arm (p = 0.03). The overall sur
vival following CR was not significantly different 
between the three treatment arms. More 
patients who relapsed after JC2 were salvaged 
with autoBMT in second remission. The main 
reason for failure is relapse in both the autoBMT 
and the chemotherapy (CT) arms while TRM is 
higher in the alloBMT arm. A significant differ
ence was observed for the relapse rate (alloBMT 
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< autoBMT < JC2, p < 0.001). The TRM was 
higher after alloBMT, 23%, than after autoBMT, 
10%, or JC2, 6%. These analyses were performed 
on an intention-to-treat basis. Only 144 out of 
168 patients with a donor completed alloBMT, 
95 autoBMT, and 104 IC2. The data have been 
published recently [12]. 

Results of Patients Potentially Available for AlloBMT. 
Some minor discrepancies with regard to the 
overall analysis are due to the time when this 
analysis was made (January 1994 v. November 
1993 for the overall results). Patients from some 
centers treated according to the granulocyte
macrophage colony-stimulating factor (GM
CSF) amendment [13] during the last phase of 
the study were also included in this analysis. In 
view of the fact that alloBMT is not performed 
within 8 weeks of diagnosis or in patients more 
than 45 years of age, all patients who died within 
8 weeks registration were excluded from this 
analysis of the AML8A study. The total number 
of patients of this analysis was 827. All 827 
patients were treated according to the protocol 
with remission induction therapy. A total of 496 
patients achieved a CR after one course (60%); 
108 additional patients achieved a CR after a 
second course of remission-induction therapy 
(13%); 104 patients achieved a CR after receiv
ing salvage therapy (13%). Salvage therapy was 
given outside the protocol and consisted mainly 
of high-dose aRA-C and mAMSA. Altogether, 
708 out of 827 patients who survived more than 
8 weeks after registration achieved a CR. The 
remaining patients achieved a partial remission 
(1 %), showed absolute resistance to treatment 
(11%), or had leukemic regrowth (2%). The 
overall DFS at 4 years for these 708 patients in 
CRis 39%. 

Donor Availability and HLA Typing. Family HLA typing 
was reported in 661 patients (80%) of the 827 
patients included in this analysis: 274 patients 
had an HLA-identical sibling donor and 387 did 
not. Of the patients with a histocompatible sib
ling 199 eventually underwent transplantation. 
Reasons for not performing alloBMT are listed 
in Table 1. Altogether 170 patients were trans
planted in first CR, 29 patients at another stage 
in the disease. The overall survival at 4 years for 
the 170 patients allografted in first CR was 63%. 
The DFS at 4 years was 59%. The relapse rate at 
4 years was 24% and the TRM 22%. 



Table 1. Reasons for not performing aBo BMT in 
patients with histocompatible sibling donors 

Reason 

No complete remission 
Refusal 
Lost to follow up 
Toxic! earl y death 
Early relapse 
Medical decision 
Toxicity 

Number 

12 
18 
2 
7 

14 
5 

17 

Number of Courses and Time to Achieve First CR. The 
patients were divided into early and late remit
ters. Early remitters are the 122 patients who 
achieved CR after one course of remission 
induction treatment. Late remitters are the 
remaining 48 patients who needed more courses 
of remission induction treatment to achieve CR. 
Table 2 shows the survival statistics for patients 
according to the number of courses to achieve 
CR (early and late remitters), as well as accord
ing to the time taken to achieve CR ( < 5 weeks, 
5-10 weeks, and ~IO weeks). The number of 

courses of remission induction treatment corre
sponded to the actual time taken to achieve a 
CR. Early remitters had a significantly better 
survival and DFS and a significantly lower 
relapse rate compared to late remitters. TRM 
was essentially the same for both groups of 
patients (Table 2). 

Interval Between CR and AlloBMT. Patients allografted 
shortly (within 8 weeks) after achieving CR have 
a significantly worse survival and DFS at 4 years 
post transplant compared to patients allografted 
after a longer period of CR. The survival (29%) 
and DFS (29%) was significantly (p = 0.01) lower 
in those patients who were allografted within 8 
weeks following achievement of CR compared to 
the other three groups. This was due to a combi
nation of a higher chance of relapse (53%) and 
TRM (38%) compared to the other groups of 
patients who were transplanted later after achiev
ing CR. The relapse rate and TRM were not sig
nificantly different when all four groups were 
compared despite the higher relapse risk and 
higher TRM in the patients transplanted within 
8 weeks after achieving remission (Table 3). 

Table 2. Results at 4 years from allo BMT in first CR according to number of courses to achieve CR or the time 
from diagnosis to CR 

Patients Survival DFS Relapse rate TRM 
(%) (%) (%) (%) 

Early remitters 122 70 66 16 21 
Late remitters 48 46 41 43 28 

P 0.02 0.003 0.0003 0.43 

Time to CR 
< 5 weeks 101 69 65 17 21 
5-10 weeks 48 60 58 27 21 
? 10 weeks 21 40 34 47 37 

P 0.10 0.01 0.002 0.48 

Table 3. Results at 4 years from aHo BMT in first CR according to time from CR to BMT 

Patients Survival DFS Relapse rate TRM 
(%) (%) (%) (%) 

TimeCR-BMT 
~ 8 weeks 13 29 29 53 38 
9-15 weeks 81 62 60 23 22 
16-24 weeks 56 72 64 22 18 
? 24 weeks 20 65 60 20 25 

P 0.015 0.07 0.11 0.31 
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Discussion 

The AML8 study of the Leukemia Cooperative 
Groups of the EORTC and GIMEMA was under
taken to assess prospectively the role of inten
sive post-consolidation chemotherapy, alloBMT 
and autoBMT following CR in the treatment of 
AMi. The patients registered at diagnosis repre
sented a standard population of patients with 
AML (with an underrepresentation of M3 fea
tures) less than 45 years of age. The proportion 
of patients who entered first CR was comparable 
to results of large chemotherapy trials [4, 9]. 
Studies intended to assess these types of post
remission treatment are controversial. Often the 
number of patients is limited and selection bias
es occur. The superior results following alloBMT 
could be due to selection of patients before 
alloBMT is performed. To avoid this bias, one 
should start the follow up of patients at the time 
of HLA typing. At this time all patients would be 
considered for alloBMT, providing an HLA
identical sibling donor is available. In this study 
73% of patients with an HLA-identical sibling 
donor actually received alloBMT. The remaining 
patients who did not receive the alloBMT had a 
poor prognosis (21%) or refused treatment 
(6%). 

The number of cycles required to reach CR 
had an influence on the outcome of treatment. 
For patients transplanted in first CR the DFS 
was significantly higher for early remitters than 
for late remitters. The relapse rate was signifi
cantly higher for later remitters, but the TRM is 
virtually identical for both groups of patients. 
One would expect that patients who had 
received more chemotherapy to reach CR would 
respond worse to the intensive conditioning reg
imen for transplantation, resulting in a higher 
TRM. This did not appear to be the case. The 
higher DFS rate in the early remitters must 
therefore be due to the lower relapse rate. The 
actual time taken to achieve CR corresponded to 
the number of courses of remission induction 
treatment needed to achieve CR. Forman et al. 
[14] evaluated 69 patients who were allografted 
in first CR. They concluded that the length of 
remission induction therapy had no significant 
influence on the survival of the patient post 
transplant. In most other analyses, the length of 
remission induction therapy is not taken into 
account [15-17]. 

Patients transplanted shortly after achieving 
CR( < 8 weeks) had a worse prognosis than 
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those patients transplanted further into remis
sion. This could be due to the fact that these 
patients might have had a relapse before the 
transplant if they had had to wait longer for the 
allograft. On the other hand, patients trans
planted after a longer period of time might have 
already been cured without the alloBMT. 

The AML8A study shows major differences 
between the three treatment options, especially 
regarding the risk of TRM and of relapse. To 
minimize selection bias, the follow up of 
patients should start at the time of HLA typing 
of the patient. At this time, the proportion of 
patients who have an HLA-identical sibling 
donor is comparable to what could be expected 
in a random sample of patients with at least one 
sibling available for typing. 

The results of this and other studies justify 
alloBMT in AML patients under the age of 45 
years in first CR if an HLA-identical sibling 
donor is available. If a donor is not available, 
further chemotherapy with or without autograft 
should be considered. Only careful analysis of 
prospectively registered patients can evaluate 
treatment modalities such as alloBMT. 
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Abstract. A total of 1900 patients under 56 years of 
age were entered into the Medical Research 
Council (MRC) AML-IO trial, which aimed to 
compare the induction schedules, and the addi
tional impact of a bone marrow transplantation 
(BMT) after all patients had received four courses 
of intensive chemotherapy. The overall remission 
rate was 80% and the survival from trial entry 
was 40%. Of the first 1225 evaluable patients who 
entered complete remission (CR), 26% had a sib
ling donor and are expected to have an allogeneic 
BMT. Of the rest, 40% were randomised to autol
ogous BMT or no further treatment (STOP). No 
survival benefit has been demonstrated for the 
addition of autoBMT although there is a signifi
cant reduction in relapse risk. 

Karyotype and the percentage blasts in the 
bone marrow after course 1 have a considerable 
impact on the subsequent prognosis for the 
patient, irrespective of what treatment is 
applied. Based on a donor-available versus no
donor-available analysis, which is demonstrated 
to be a potentially valid way to evaluate allo
geneic BMT, no survival benefit has yet been 
demonstrated for good and poor-risk groups. 
However, standard-risk patients with a donor 
have a modest, but significant, survival advan
tage compared with those who have no donor 
and receive chemotherapy only. 

Introduction 

The first studies of autologous bone marrow 
transplantaion (BMT) in acute myeloid leukae-

mia (AML) were initiated in the late 1970s, ini
tially as a strategy to enable dose escalation at 
the time of relapse [1]. Shortly thereafter, stud
ies in first and second remission were initiated. 
There were two main theoretical reservations 
about this approach. First, the assumption was 
that the myeloblative treatment used for allo
geneic BMT was the major anti-leukaemic effect 
in that setting. At that time the statistical associ
ation between the relapse and the incidence and 
severity of graft-versus-host disease (GVHD) 
was known but had not actually been shown for 
AML in remission [2,3]. During the 1980s as 
further data accumulated and the results of T 
cell depletion in AML became known, it became 
clear that a component of the curative effect of 
allogeneic BMT is immune mediated and that 
this might not operate in the autologous con
text. However, in vitro studies which suggest 
that this may not be the case and that T-cell, 
autoreactive against the patients own blasts, are 
demonstrable post autograft that are not seen 
with chemotherapy alone [4]. The second objec
tion was, since the majority of AML cases would 
in due course relapse, then it was probable that 
the autologous harvest would have occult dis
ease present which was beyond the routinely 
available methods of detection. This led to the 
development of techniques of in vitro purging, 
usually with a cyclophosphamide derivative [5]. 
However, comparative studies have never vali
dated the value of purging, while registry data 
suggest that the major benefit may be confined 
to patients who are slow to enter complete 
remission (CR) or who have the autograft early 
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in CR [6J. The in vitro approach is not easy to 
standardise for multicentre use, and its in vitro 
efficacy is not easily measured. In spite of evi
dence from gene marking that the autograft can 
contribute to subsequent relapse [7], the major 
priority in recent years has been to conduct 
prospective randomised studies to ascertain the 
value, if any, of autograft in AML rather than 
evaluating purging per se. 

The single-centre studies and the collected 
registry data suggested that patients autografted 
in CRI-could expect durable survival of 45%-
50%, whereas when the autograft is deployed in 
CR2 about 30% will survive. However encourag
ing these results may be, there has been increas
ing concern that the patients presented for the 
procedure have been unconsciously selected 
[8, 9 J. There is a danger that these patients were 
selected because they were considered to be 
haematologically, physically and psychologically 
fit to go forward to the procedure. This issue has 
been highlighted when the effect of time censor
ing is taken into account. There has therefore 
been a compelling need for the proper perspec
tive evaluation of autograft in the clinical trial 
setting. 

MRC AML-l0 Trial 

In the summer of 1988, the Medical Research 
Council (MRC) Adult and Paediatric Working 
Parties opened a prospective trial (AML-I0) with 
the principal aims of comparing two induction 
schedules for the first two courses comprising 
daunorubicin, cytosine arabinoside and thiogua
nine (DAT) versus daunorubicin, cytosine arabi
noside and etoposide (ADE) (Fig. 1). All patients 
who entered CR received a third amsacrine, 
cytosine arabinoside and etoposide, (MACE) 
and fourth mitoxantrone and cytosine arabi
noside, (MidAc) course of chemotherpy. Those 
who lacked, an HLA-matched sibling donor had 
marrow harvested (minimum dose 1.0 x 10' 
nucleated cells/kg) and were randomised to an 
early autograft (Auto) or no further treatment 
(STOP). Those with a sibling donor would 
undergo allogeneic (al1o) BMT after completing 
the fourth course of chemotherapy. 

The intention was to evaluate any additional 
benefit of transplant (allo or auto) in patients 
who have already received four intensive cours
es of chemotherapy. Under these circumstances 
it was not felt that purging of the harvested mar-

row was feasible or necessary. patients in the 
STOP arm are eligible for an autograft if they 
relapse and achieve a second remission using 
the marrow already harvested. The myel oblation 
in CRI is cyclophosphamide and TBI, and in 
CR2 busulphan/cyclophosphamide. Individual 
transplant units can choose whatever methods 
of GVHD prophylaxis or supportive care con
sidered necessary. Haemopoietic growth factors 
are not routinely used. Patients from 0-55 years 
were eligible for entry, while those with a prior 
antecedent hematological disorders were not 
excluded. 

Patient Entry 

The trial was closed in November 1994 when 
1900 patients from over 120 institutions in the 
United Kingdom, Ireland and New Zealand had 
been recruited. The median age was 36 years; 
20% of entrants were children under 15 years. 
The French-American-British (FAB) distribu
tion was MO= 1.7%, MI = 17.4%, M2 = 28.2%, 
M3 = 15.2%, M4 = 20.6%, M5 = 9.3%, M6 = 2.9%, 
M7 = 2.7%. All-trans retinoic acid (ATRA) was 
introduced as an add-on randomised study in 
the FAB M3 group in January 1993. Ninety-two 
of the total 267 M3 patients were included in this 
trial which compared 5 days of A TRA only, 
immediately followed by chemotherapy against 
ATRA given together with the initial chemother
apy and continued daily until complete remis
sion (blasts < 5% was confirmed. 
At present, cytogenetic data are available on the 
first 1327 patients, where an evaluable result is 
available in 1170. A favourable karyotype (t8: 21; 
tl5: 17, invl6) was observed in 24% of cases, 
whereas 12% were designated as being unfavo
urable (abnormalities of chromosomes 5 or 7 or 
a complex karyotype). The remainder were des
ignated as standard risk and included 42% of 
the total with a normal karyotype. 

Results 

Remission Induction. The overall remission rate was 
80%, being higher in the paediatric patients 
(91 %) and lower in those> 45 years (75%); 70% 
of patients who achieved CR did so after the first 
course. There was no difference between DAT or 
ADE with respect to remission rate, reasons for 
induction failure or subsequent disease free sur
vival. 
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Progression Through the Treatment. Each successive 
course resulted in progressively longer periods 
of neutropenia and thrombocytopenia. This 
contributed to some difficulties in eligible 
patients in CR getting randomised to the AUTO 
or STOP option. However, only a small number 
of patients failed to do so because of relapse 
which only happened in about 3.5% of patients. 
Of 1225 evaluable patients, 318 (26%) had a 
matched donor and were expected to undergo 
allo BMT, data on 213 are available at the data 
centre. Of the remaining 907 patients, 365 (40%) 
were randomised to Auto (n = 183) or STOP 
(n = 182). The reasons for randomisation failure 
are illustrated in Fig. 2. This lower than expected 
ability to randomise has become a feature of 
multicentre trials of this type. 

Auto VS. STOP Randomisation. A preliminary analysis 
of the 365 randomised patients has been report
ed on an intention-to-treat basis. The respective 
overall survivals at 5 years from the point of 
randomisation for auto and STOP were 55% vs. 
48%. Of the 183 patients who were allocated to 
the auto arm, 140 are currently known to have 
received the procedure. The remission durations 
are 52% and 37% (p = 0.1). However the risk of 
relapse is substantially reduced in the auto arm, 
39% vs. 61 % (p = 0.008). The ability of the auto 

Died or Relapse 109 

Elected Auto BMT 62 

182 STOP 

to reduce relapse has not been translated into a 
survival benefit because 13% of the auto arm 
died in CR, compared with none of the STOP 
group (p=O.OOOI). It is clear that delayed 
engraftment following the auto is linked with 
post-auto deaths. 

Overall Survival and Key Risk Factors 

The overall survival of the 1900 patients entered 
into the trial is 41%. There is no difference in 
overall outcome between OAT or ADE alloca
tions, but the prospects of survival are influ
enced by the patient age group, with the survival 
at 5 years for patients under 35 years being 
around 50%, and for the older patients being 
around 30%. In the first 1200 patients in whom 
successful cytogenetic analysis was available and 
who are evaluable, the cytogenetic group was a 
powerful predictor of remaining in CR. 

Favourable cytogenetics comprise tIS: 17, t8; 
21 and inverted chromosome 16, which together 
applied to 16% of the patients evaluable. The 
overall survival of the group is 62% at 5 years. 
The unfavourable group demonstrated abnor
malities of chromosome 5 or 7 or a complex 
karyotype. This group comprise 5% of the 
evaluable patients and is characterised by a 
more rapid rate of relapse and a poor overall 

eligible 1225 

Matched Donor 318 

Elected to STOP 344 

Randornised 365 

183 Auto BMT 

Fig. 2. Randomisation for patients in complete remission 
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survival at 5 years (27%). All other karyotypes
including normal-were designated as standard 
risk and had an intermediate overall survival 
(41 %) at 5 years. The reason for the difference in 
outcome on this trial schedule was entirely 
attributable to relapse, since the death rate in 
CR was identical within the groups. 

The second powerful predictor of the proba
bility of remaining in CR was the percentage 
blasts recorded in the marrow on recovery from 
the first course of chemotherapy. This was nor
mally undertaken on day 28-30 after the start of 
therapy. Based on these data, it is clear that 
patients with > 20% residual blasts have a bad 
prognosis-even if they subsequently enter CR 
(24% at 5 years), whereas those with < 5% or 
between 5% and 20% blasts have a similar long
term outcome (44% and 47% at 5 years) once 
they enter remission. This parameter is there
fore of value in identifying poor-risk patients for 
whom alternative approaches to treatment 
might be appropriate. 

These two parameters are independently 
strongly predictive of relapse in multivariate 
analysis (p < 0.0001 in both cases). Using both 
factors as a risk index provides a robust predic
tor which could form the basis of different treat
ment modalities. when cytogenetics or blast 
percentage after course 1, or the combined risk 
index, is examined in the context of the subse
quent mode of treatment, i.e. chemotherapy 
alone, allo or auto BMT, it is highly predictive of 
the outcome in each case. This indicates that the 
biology of the disease is potentially more influ
ential on the subsequent outcome than the ther
apeutic intervention-at least in the context of 
this trial schedule. 

Allogeneic BMT 

Of the 318 patients who have an HLA-matched 
sibling donor and are in CR, the data centre is 
aware of the outcome of 213 patients who have 
received a BMT. The missing 105 patients will 
broadly fall into three categories which are not 
quantifiable at this stage. There will be a propor
tion of patients who are moving through the 
treatment protocol and will come to BMT. Some 
will have had the BMT but the follow-up form is 
not yet returned, but some who are eligible for 
allo on the basis of having a donor available will 
not get a BMT, either because they are medically 
unfit, refuse or relapse before the transplant can 
be done. 
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In order to eliminate bias as far as possible 
from the alloBMT, our patients have been evalu
ated on an intention-to-treat basis (i.e. donor 
availability). In order to reduce the bias result
ing from "time censoring" the comparative 
assessments between the allo group (donor 
available) and the chemotherapy only group, 
only patients in remission at the time of the first 
BMT were included in the analysis. This elimi
nated those patients with a donor who may have 
relapsed or died before that point and also the 
equivalent cohort of chemotherapy patients. 

The importance of time censoring has been 
clearly demonstrated in the auto setting, and 
may also be operating in those patients who 
receive an allo BMT. The important of attempt
ing to compare allo BMT outcome in an inten
tion-to-treat-basis is illustrated in this trial. If 
the survivals at 5 years are compared in three 
groups, namely patients with a donor available 
who have received BMT, patients with a donor 
available who have not received BMT, and the 
no-donor group who received only the four 
course of chemotherapy, the survivals are, 
respectively, 70% 51 %, 63%. 

The fact that those with a donor and without 
BMT do worse than the chemotherapy only 
group implies that those who got the allo were 
subjected to selection biases which could 
explain the modestly superior outcome. Based 
on this form of anlaysis, the comparative out
comes for patients overall in terms of survival 
are donor 57% vs. no donor 50% (p = 0.2) event
free survival; donor 54%, no donor 42% (p = 

0.006) and probability of relapse: donor 32% vs. 
nodonor 50% (p= <0.0001). 

Impact of Risk Groups 

Since the risk index, as defined above, is a key 
parameter in defining subsequent outcome, 
patients have been analysed within each risk 
category. The relative 5-year outcomes are 
shown in Table 1. In terms of survival, alloBMT 
confers significant further benefit on stan
dard-risk patients-who comprise 72% of all 
eligible patients. This is primarily because of a 
highly significant reduction in relapse risk 
which more than outweighs the procedural mor
tality. In good-risk patients, survival benefit 
cannot be demonstrated. Although the relapse 
risk is very small, this does not outweigh the 
procedural related death risk. Poor-risk patients 
with a donor do not survive better, largely 



Table 1. Allogeneic transplant outcomes based on donor vs no donor analysis 

Group Donor No donor Surivival Remission duration Relapse 
(n) (n) 

Good 62 123 
Standard 235 519 
Poor 28 49 

because there is no evidence of a reduction in 
relapse risk. 

Discussion 

The preliminary results from this large trial 
demonstrate a high initial remission rate and an 
encouraging overall survival. In common with 
all other trials of this design, it has proved prob
lematic to randomise the majority of the 
patients to the auto option [10j. However, at the 
moment there is no early survival advantage of 
adding an auto to the four intensive courses 
used in this protocol. Already, however, there is 
a significant reduction in relapse risk, so a later 
survival benefit may yet emerge with longer fol
low up. The actuarial risk of death following 
auto BMT is 13% which is higher than that 
reported in the original single-centre series, but 
may be remediable since it is associated with 
delayed recovery of neutrophils or platelets. 

Of particular importance in this trial has been 
the emergence of a risk index which can identify 
patients whose outlook is sufficiently favourable 
that the additional benefit of alloBMT has not 

yet been demonstrated-despite a highly signifi
cant reduction in relapse. The survival of those 
patients who actually received the allo BMT is 
70% overall from the time of transplant which is 
a very respectable result in a multicentre trial, 
but is limited by the inevitable procedural-relat
ed deaths. 

There is a modest, but significant advantage 
in survival for standard-risk patients in this 
trial-even when analysed on an intention-to
treat hias, i.e. even though some of the patients 
did not receive the therapy. The poor-risk 
cohort are also identified by the risk index, in 
whom allo BMT made no impact either in terms 
of survival or reduction in relapse risk. Clearly 
these patients have biologically unresponsive 
disease. It should be noted, however, that this 
group of patients relapse quickly, so the rela-

p p P 

0.3 0.7 0.007 
0.03 0.006 0.001 
0.7 0.9 0.7 

tively small number who qualified for a BMT 
were a selected group. It is conceivable that 
BMT might be effective if applied at an earlier 
stage of disease. It might be a mistake to gener
alise from this study to all patients. The charac
teristics which have defined risk reflect what is 
being observed in several different trials involv
ing different therapies. However, the failure to 
demonstrate benefit for auto or allo in good or 
poor-risk disease must be seen in the context of 
this protocol where four intensive courses of 
chemotherapy had already been given. This does 
not exclude the possibility of benefit for patients 
treated less aggresively in other schedules. The 
median follow up in this trial is 3 years, so clear
ly longer follow up is merited. 

References 

1. Dicke A, Spitzer G, Peters I. et al. (1979) Auto
logous bone marrow transplantation in relapsed 
adult acute leukaemia. Lancet, i 514-517. 

2. Weiden PL, Flournoy N, Thomas ED et a1. (1979) 
Anti-leukemic effect of graft-versus-host disease in 
recipients of allogeneic marrow grafts. New 
England Journal of Medicine, 300.1068-73. 

3. Weiden PL, Sullivan KM, Flournoy N et a1. (1981) 
Anti-leukemic effect of chronic graft-versus-host 
disease. Contribution to improved survival after 
allogeneic marrow transplantation. New England 
Journal of Medicine, 304: 1529-33. 

4. Reittie JE, Gottlieb D, Heslop HE et a1. (1989) 
Endogenously generated activated killer cells cir
culate after autologous and allgeneic marrow 
transplantation but not after chemotherapy. 
Blood, 73: 1351-8. 

5. Rowley SD, lanes RJ, Piantadosi S, Braine HG, 
Colvin OM, Davis j, Saral R, Sharkis S, Wingard j, 
Yeager AM and Santos (~W (1989) Efficacy of ex 
vivo purging for autologous bone marrow trans
plantation in the treatment of acute nonlym
phoblastic leukemia. Blood, 74: 501-506. 

6. Gorin NC, Labopin M, Meloni G, Korbling M, 
Carella A, Herve 1', Burnett A, Rizzoli V, 
Alessandrino EP, Bjorkstrand B, Ferrant A, 
Loweberg Coser P, Simons son B, Helbig W, Mauri 
SB, Verdonck Lf, Iriondo A, Polli E. Colombat P, 

805 



Franklin 1M, Souillet G and Willemze R. (l991) 
Autologous bone marrow transplantation for acute 
myeloid leukemia in Europe: further evidence of 
the role of marrow purging by masfosfamide. 
Leukemia, 5(10): 896-904. 

7. Brenner MK, Rill DR, Moen RC et al (1993) Gene 
marking to trace origin ofrelapse after autologous 
bone marrow transplantation. Lancet 341, 85-6. 

8. Burnett AK (1988) Autologous bone marrow trans-

806 

plantation in acute leukaemia. Leukaemia Res
earch, 12: 531-6. 

9. Gale RP & Butturini A (1989) Autotransplant in 
leukaemia. Lancet, ii, 315-17. 

10. Zittoun RA, Mandelli F, Willemze R. et al (1995) 
Autologous or allogeneic bone marrow transplan
tation compared with intensive chemotherapy in 
acute myelogenous leukaemia. New England 
Journal of Medicine, 332: 217-223. 



Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et al. (eds) 
(c) Springcr-V (r1ag Berlin Heidelberg 1997 

Bone Marrow Transplantation for Acute Myelogenous Leukemia 

M.M. Horowitz', R.P. Gale', T. Buchner" A. Keating4, P.A. Rowlings', K.A. Sobocinski', 
M.J, Zhang', and P.). Klein' 

Abstract. Options for post-remission therapy for 
acute myelogenous leukemia include consolida
tion chemotherapy with or without mainte
nance, allogeneic bone marrow transplantation, 
and autologous bone marrow transplantation. 
Rare individuals may receive a transplant from 
an identical twin. Risks of treatment-related 
mortality and relapse differ with these appro
aches. Leukemia-free survival appears higher 
with allogeneic transplants than with conven
tional therapy. Leukemia-free survival at 4 years 
is similar with allogeneic, identical twin and 
autologous transplants. 

Introduction-Increasing Use 
of Bone Marrow Transplants 

Bone marrow transplants are increasingly used 
to treat diverse diseases. A survey from the 
International Bone Marrow Transplant Registry 
(IBMTR) indicated more than 5000 allogeneic 
transplants in 1990 with about a 15% annual 
increase over the preceding 5 years [1]. Over 
45000 persons received allogeneic transplants 
between 1970 and 1993. Widespread use of 
autologous transplants (including bone marrow 
and peripheral blood) began more recently than 
the use of allogeneic transplants [2]. The annual 
number of autologous transplants now exceeds 
6000 yearly and is increasing by about 20% a 

year, with over 35000 reClpIents since 1980. 
About 25% of allogeneic and 15% of autologous 
transplants are for acute myelogenous leukemia 
(AML). Most of these are done in first remis
sion. Below are summarized results of allogene
ic, identical twin, and autologous transplants for 
AML as reported to the IBMTR and Autologous 
BMT Registry (ABMTR). 

Methods-IBMTR and ABMTR 

The IBMTR and ABMTR are voluntary working 
groups of over 350 transplant teams that con
tribute detailed data on their consecutive allo
geneic and identical twin (IBMTR) or 
autologous (ABMTR) bone marrow and blood 
cell transplants to a stastistical center at the 
Medical College of Wisconsin [3,4]. The IBMTR 
collects data on allogeneic and identical twin 
transplants from over 200 institutions in more 
than 30 countries. The IBMTR database includes 
40%-45% of all allogeneic transplant recipients 
since 1970. The ABMTR collects data from 
autologous transplants in over 100 institutions 
in North America. The ABMTR database 
includes about 50% of all autologous transplant 
recipients in North America since 1989. IBMTR 
and ABMTR participants are required to report 
all consecutive transplants; compliance is moni
tored by on-site audits. Patients are followed 

'International Bone Marrow Transplant Registry/ Autologous Blood and Marrow Transplant Registry, Health 
Policy Institute, Medical College of Wisconsin, Milwaukee, Wisconsin 53226, USA 
'Bone Marrow and Stem Cell Transplantation, Salick Health Care Inc., Los Angeles, California, 90048-4520, USA 
'Department of Internal Medicine, University of Munster, Munster 48149, Germany 
4University of Toronto Autologous Bone Marrow Transplant Program, The Toronto Hospital, Toronto, Ontario 
M5G 2C4, Canada 

807 



longitudinally. Computerized error checks, 
physician review of submitted data, and on
site audits of participating centers ensure data 
quality. 

Results 

HLA-Identical Sibling Transplants for AML. Results of 
HLA-identical sibling transplants for AML cor
relate with the pretransplant remission state. 
Among recipients of HLA-identical sibling 
transplants reported to the IBMTR between 
1988 and 1993,S-year actuarial probabilities of 
relapse are 23% ± 3% for transplants done in 
first remission (n = 1124), 37% ± 7% in second 
remission (n = 231), and 65% ± 7% in relapse 
(n = 415). Five-year probabilities of leukemia
free survival are 56% ± 3%, 37% ± 7%, and 
19% ± 4%, respectively. Disease-related factors 
predicting outcome of conventional chemother
apy also predict outcome of HLA-identical sib
ling transplants for AML in first remission 
[5-7]. Patients with high leukocyte counts at 
diagnosis, French-American-British (FAB) clas
sification M4 or M5, and certain chromosome 
abnormalities have lower leukemia-free sur
vival. However, a recent IBMTR study com
paring outcome of HLA-identical sibling 
transplants with chemotherapy in a trial of the 
German AML Cooperative Group suggests that 
leukemia-free survival is higher with transplants 
even after adjustment for prognostic factors like 
age, leukocyte count, and FAB type. A recent 
IBMTR study suggests that results of HLA-iden
tical sibling transplants are improving [8]. This 
analysis demonstrated a decrease in transplant
related mortality of about 10% during the 1980s. 
Possible reasons were altered radiation sched
ules, use of cytomegalovirus (CMV)-negative 
blood products, improved antiviral therapy, and 
better graft-versus-host disease (GVHD) pro
phylaxis. There was no significant change in the 
risk of post-transplant relapse during this time. 

Identical Twin Transplants for AML. Immune-mediated 
antileukemia effects (graft-versus-leukemia, 
GVL) appear to be important in preventing 
relapse after allogeneic transplants for AML 
[9-11]. Relapse rates after identical twin trans
plants (no GVL effect) are about 60%, which is 
similar to that reported with conventional 
chemotherapy. Despite higher relapse rates, 
leukemia-free survival after twin transplants is 
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similar to HLA-identical sibling transplants 
because of decreased transplant-related mortali
tywith a twin donor [11]. 

Autologous Transplants for AML. Autologous trans
plants for AML use cells obtained during remis
sion and, is some cases, treated with drugs or 
monoclonal antibodies to remove residual 
leukemia cells [12-15]. Among recipients of 
autologous transplants for AML between 1989 
and 1993, reported to the ABMTR, 3-year 
leukemia-free survival was 52% ± 5% for 598 
patients transplanted in first remISSIon, 
37% ± 6% for 275 transplanted in second remis
sion, and 15% ± 9% for 81 patients transplanted 
in relapse, with corresponding relapse rates 
of 42% ± 5%, 56% ± 7%, and 81% ± 10%. An 
IBMTRlABMTR study comparing leukemia-free 
survival after HLA-identical sibling and autolo
gous transplants in first remission shows similar 
leukemia-free survival at 4 years [16]. 

Summary 

High-dose therapy followed by an HLA-identical 
sibling, identical twin, or autologous transplant 
is effective therapy for AML in first remission 
with leukemia-free survival rates of about 50%. 
Although outcome has improved over the last 
decade, transplant-related mortality after allo
geneic transplants and relapse after identical 
twin and autologous transplants remain impor
tant problems. 
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Abstract. 

Purpose. The aim of this study was to compare 
the impact of autologous progenitor cell trans
plantation (APCT) versus chemotherapy alone 
(CMT) in acute myeloid leukemia (AML) pa
tients in first complete remission (CRI), in eve
nt-free survival (EFS), and overall survival (OS). 

Patients and Methods. A total of 56 patients regis
tered at the Argentine Group of Bone Marrow 
Transplantation (GAMTO) who received an 
APCT between June 1991 and November 1994 
were compared to 55 patients receiving CMT 
registered at the Argentine Group of Treatment 
of Acute Leukemia (GALTA) from March 1986 
to March 1994. Patients in the eMT group had 
to be more than 5 months in CR to be eligible. 
Patients of both groups were matched by age. 
Median age was 35 years (range 3-65 years) for 
APCT, and 34 years (range 3-64 years ) for 
CMT. Eleven patients of both groups were under 
16 years old. Twenty-six with APCT and 25 with 
CMT were males. The ablative regimen in 37 
patients was the classical busulfan 16 mg/kg for 
4 days, plus cyclophosphamide 120 mg/kg for 2 
days. In addition, 15 patients received etoposide 
(VP-16) 2400 mg/m' in 36 h continous infusion 
and four received other regimens. 

Results. At present 21 out of 56 patients with 
APCT have an event (eight treatment-related 
deaths, TRD and 13 relapses). No relapse were 
observed after 20 months. Of the 55 patients 

with CMT, 35 had an event (one TRD and 34 
relapses) with relapses until 43 months. At 36 
months, EFS and survival are 54% and 56% ver
sus 33% and 39% in APCT and CMT groups, 
respectively (p = 0.035 and p = 0.217). 

Conclusions. Patients who received an APCT had 
better EFS and as than the CMT group. This is 
mainly due to lack of relapses after 20 months in 
the group with APCT. The small number of 
patients and short follow up probably preclude 
the observation of statistical differences in sur
vival. 

Introduction 

Around 70%-80% of previously untreated 
patients with acute myeloid leukemia (AML) 
achieve complete remission (CR) with an induc
tion therapy including 7 days of continous 
infusion of cytarabine and 3 days of an anthra
cycline (mitoxantrone or idarubicine). However, 
with standard-dose consolidation, with or with
out maintenance therapy, fewer than 25% of 
patients remain disease-free at 5 years [1,2]. 
Recently, the Cancer and Leukemia Group B [2] 
has confirmed the superiority of high-dose 
cytarabine as consolidation in terms of disease
free survival. In this randomized study, the 
probability of remaining in continous CR at 4 
years for patients of less than 61 years was 24% 
in the 100 mg/m' cytarabine group, 29% in the 
400 mg/m' group and 44% in the 3 gr group 

The Argentine Group of Treatment of Acute Leukemia (GALTA) and Argentine Group of Bone Marrow 
Transplantation (GAMTO), Buenos Aires, Argentina 
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(p = 0.002). Allogeneic bone marrow transplan
tation as consolidation in AML patients in first 
Cr (CRI) has resulted in a disease-free survival 
of 45%-60% of the patients at 5 years [I, 3]. 
Autologous progenitor cell transplantation 
(APCT) has been increasingly used following 
ablative therapy in AML in CRI especially in 
Europe [3-5]. Most of the trials have obtained 
results similar to those of allogeneic transplan
tation with fewer transplant-related deaths 
(TRD), though with a higher relapse rate due to 
the lack of graft-versus-Ieukemia effect [6,7]. 
Several cooperative groups have organised large 
randomized studies comparing allogeneic ver
sus autologous transplant versus only consoli
dation therapy. The results of most of these 
studies suggest that the transplant groups have 
better long-term leukemia-free survival than the 
chemotherapy ones. However, many results are 
controversial and a statement cannot be obtai
ned. This is mainly because, inspite a large num
ber of initially eligible patients, only a small 
fraction can undergo transplantation, making 
the final evaluation of these studies complex [8]. 

The purpose of this presentation is to com
pare the outcome of 56 patients with AML in 
CRI who received an APCT and were treated by 
members of GATMO with 55 patients matched 
by age who received the same induction, but not 
only chemotherapy (CMT) post CR in terms of 
disease-free survival and overall survival. 

Material and Methods 

Patients. Data from 56 patients with AML auto
grafted in CRr were reported to the GATMO reg
istry between June 1991 and November 1994. 
These patients were compared to 55 patients 
entered to GAT LA protocols from March 1986 
to March 1994, who maintained at least a CRI 
for 6 months. Patients of both groups were 
matched by age. Eleven patients in both groups 
were under 16 years old, and received the same 
induction and intensification phase according to 
our current pediatric protocol 4-AML-90 [9]. 
The intensification phase consisted of cytara
bine 3 g/m' every 12 h for six doses plus etopo
side 125mg/m2 daily x 4. According to the 
decision of each institution, after intensification 
children received maintenance therapy or 
Granulocyte colony-stimulating factor (G-CSF) 
was added and primed progenitor cells were col
lected and the patient autografted. All adult 

patients received similar induction with conti
no us infusion of cytarabine 100 mg/m2 per day 
for 7 days, plus 3 days of an anthracycline 
(daunomycin or mitoxantrone) [10]. Twenty
two patients on CMT received two courses of 
intensification with the same dosage of anthra
cycline for 2 days and cytarabine for 5 days [10], 
while 23 received high-dose cytarabine, as did 
the APCT group. No maintanence treatment was 
given. Patients in the APCT group received one 
or two intensification with high-dose cytarabine 
(2g/m' every 12 h for six doses) plus an anthra
cycline (mitoxantrone), followed by cytokines as 
a mobilzation prior to the progenitor cell collec
tion. In 37 patients, days followed by cyclophos
phamide 60mg/kg/per day for 2 days. In 15 
patients etoposide 2.4 g/m' in 36 h infusion was 
added to busulfan-cyclophosphamide; four 
patients received other regimens. 

Six patients were rescued with non-mobol
lised bone marrow, 25 received mobilized 
peripheral blood and bone marow, and 25 
patients only mobilized peripheral blood prog
enitor cells. The hematological reconstitution 
according to the source of progenitor cells has 
been previously report red by our group [11] and 
was faster with the use of peripheral blood. After 
the infusion of the progenitor cells, all the 
patients received hematopoietic growth factors 
(G-CSF orgranulocyte-macrophage CSF GM
CSF) until recovery of neutrophils to > 
1.0 x 109/1. 

Statistical Analysis. All the patients were prospec
tively registered at the GA TLA or GATMO Data 
Center. Both are located in the same place and 
the analysis performed by the same statistician 
(FL).The homogenecity of the treatment groups 
was tested with the Kruskal-Wallis method for 
numerical data and the X' test to compare 
pro potions. 

Disease-free survival was calculated from date 
of diagnosis until date of first relapse, date of 
death in CRI, or last follow up in CR. Overall 
survival was estimated from date of diagnosis to 
date of death or last follow up alive. 

Survival and EFS survivorship functions were 
estimated by the Kalpan-Meier product limit 
method. Comparsion between curves was tested 
for statistical significance with the two-tailed log 
rank test. Treatment-related death (TRD) pro
portions were tested with the two-tailed Fisher 
exact test. The final analysis was done in 
Febraury 1995. 
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Results 

Parameters at diagnosis of both groups are sum
marized in Table 1. Comparison of all the charac
teristics showed a similar distribution by sex age, 
French-American-British (FAB) subtypes, and 
number of white blood cells (WBC) Median follow 
up was longer in the CMT group (53 months) than 
the APCT group (24 months), this was due to the 
difficulties in finding in the GATLA Data Registry. 

The TRD was higher in the APCT group with 
eight out of 56 (14%) deaths in a median of 51 

days (range 9-111 days). The causes of death 
were bleeding in four cases, sepsis in one case, 
Cytomegalovirus (CMV) infection in two cases, 
and venous occlusive disease (VOD) in one case. 
In the CMT group only one patient (2%) had a 
TRD with a meningitis at 7 months (P= 0.032). 

Thirteen patients (23%) of the APCT group 
relapsed, compared to 34 (62%) in the CMT 
group. The actuarial EFS at 36 months in 54% 
for the A PCT group and 32% for the CMT 
group (P=0.035) Fig.1. No relapses were 
observed after 20 months in the APCT group, 

Table 1. Characteristics of autograft and chemotherapy-treated patients 

Characteristics 

Patients (n) 
Male / female (n) 
Median Age - (years) 
Range - (years) 

Unclassified(n) 
Fab Classification M1/M2(n) 
a M3/M4(n) 
b M5/M6(n) 

M7/biphenotypic (n) 
WBC x 103 cellS/ill-Median 

Range 
Time to APCT or eligible-Median (months) 

Range (months) 
Follow up Median-(months) 

"iii 
~ 
2: 
:l 
t/J 
CD 
!! 
IL 

E 
CD 
> 
W 

100 

75 

50 

Range(months) 

" •.•••. i.:.-:. •••••.• , 
................ 

APCT 

56 
25/31 
35 
3-65 
5 
8/16 
5/18 
3/0 
0/1 

14.1 
1.0-690 
7 
4-15 

24 
5-45 

;f. 

25 :··1 ............................. . 

CMT 

55 
26/29 
34 
3-64 
6 
2/16 
7/21 
2/0 
1/0 

17.0 
0.5-317 
>5 

53 
6-68 

o~ __ ~ ____ ~ __ ~~ __ ~ ____ ~ __ ~ 
o 12 24 36 48 60 72 

Months 

Fig. 1. Event-free survival in AML in first complete remission according to treatment. Solid line, APCT, 
n = 21/56,54%; dotted line, CMT, n = 35/55,33%; P = 0.035 
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while the last relapse in the CMT group occured 
at 44 months. 

A total of 21 patients in the APCT group died 
due to TRD or leukemia-related complications, 
compared to 35 patients in the CMT group. At 
36 months, the actuarial OS is 56% for the APCT 
and 39% for the CMT group (P=0.217, Fig. 2). 
The last deaths were reported at 20 and 57 
months, respectively. 

Discussion 

Our non-randomized study comparing chemo
therapy alone versus high-dose chemotherapy 
followed by autologous transplantation in AML 
patients in CRI showed a higher EFS in the 
autograft group despite a higher TRD. The diffe
rence in OS did not reach statistical significance. 
These results confirm several recent non-ran
dom and randomized series, using either allo
geneic or autologous transplantation versus 
chemotherapy and reporting the better EFS of 
the transplant groups, without differences 
between the two transplant modalities [1, 3, 12]. 
Usually the allogeneic transplant produces, 
higher TRO and lower relapse rates, due to the 
graft-versus-Ieukemia effect, though with a sim
ilar number of events when compared to the 
autograft [I, 3]. Also most of the studies have 
not shown statistically significant differences in 

100 

75 
~ 

;" 
:~ 

:.:.: 

as. This is mainly due to the higher probability 
of achieving a CR2 in the chemotherapy group 
and the chance being treated at that stage with 
transplantation. Longer follow up and a larger 
number of patients will be needed in order to 
see a difference between transplanting patients 
in CRI or waiting until CR2. 

Most of the transplant series have shown no 
relapses after 2 years, while later relapses are 
frequently seen in all the chemotherapy series, 
specially with low or intermediate doses of 
cytarabine as intensification [1-5 J. 

The results of allogeneic or autologous trans
plantion in children with AML in CRI compared 
to intensive courses of chemotherapy alone are 
much more controversial. Series from the 
Pediatric Oncology Group (POG) or Childrens 
Cancer Study Group (CCSG) in the United 
States as well as others in Europe, have not 
clearly demonstrated a benefit in EFS or as. 
However, most of the studies have a short follow 
up; longer follow up will be needed to determine 
if any differences will emerge as regards the 
durability of the remissions [12-15]. 

In our study, none of the patients received 
purged APCT, though the benefit of using purg
ing in CR I has not been clearly demonstrated. 
Recently, Laporte et al. [5] reported the results 
of 64 AML patients transplanted in CRI with 
mafosfamide-purged bone marrow with a 
leukemia-free survival of 58% at 8 years. The 

: ..... ~ 
ii 
<II 
.Q 
0 a: 
;;; 
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:; 
:; 
(/) 

50 

25 

... :.. ... ~,~ .. -~-------
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Fig. 2. Overall survival in AML in first complete remission according to treatment. Solid line, APCT, n = 20/56, 
56%; dotted line, CMT, n = 33/55, 39%;p= 0.217 

813 



patients had 30 days to engraftment of neu
trophils and 90 days for platelets. 

The use of perpheral blood progenitor cells 
has shorted the time to engraftment; however, 
AML patients usually show a slower engraft
ment compared to other hematological malig
nancies and solid tumors [llJ. This is probably 
due to the use of high-dose cytarabine during 
intensification. 

We conclude the unpurged APCT in AML in 
CRI resulted in longer EFS when compared to 
CMT. Up to now, we not have been able to 
demonstrate a significant difference in survival; 
however the follow up in the APCT group is still 
short. 
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Abstract. We investigated whether granulocyte
macrophage colony-stimulating factor (GM
CSF) given concomitantly with chemotherapy 
(CT) improves the outcome of adults with de 
novo acute myeloblastic leukemia (AML) by 
increasing the efficacy of CT and reducing infec
tions. CT included cytarabine (ara-C) daunoru
bicin, and etoposide (DA V) for induction and 
early consolidation therapy and one cycle with 
high-dose (patients aged ~ 50 years) or interme
diate-dose ara-C (patients aged > 50 years) 
Idaunorubicin for late consolidation therapy. 
Eighty patients were randomized after DA V 1 to 
receive either GM -CSF (Escherichia coli, 250 
flg/m' per day, s.c.) or placebo starting 48 h prior 
to DA V II and the subsequent courses and given 
throughout CT until the absolute neutrophil 
count had recovered to >500/fll. The CR was 81 % 
in the GM-CSF and 79% in the placebo group 
(p=0.57; Fisher's exact test). After a median fol
low up of 35 months the probability of relapse
free survival (RFS) at 41 months was 42% in the 
GM -CSF and 41 % in the placebo group (p=0.89; 
log-rank test). The probability of RFS for 
patients aged ~ 50 years was 65% in the GM-CSF 
versus 58% in the placebo group (p=0.31; log
rank test). In patients aged> 50 years the proba
bility of RFS under GM -CSF was 20% versus 31 % 
in the placebo group (p=0.28; log-rank test). 

Granulocyte macrophage CSF did not shorten 
the period of neutropenia ~ 500/fll, while it pro-

longed the duration of thrombocytopenia 
~ 25000/fll, especially in patients aged over 50 
years. Taken together, although GM-CSF does 
not have a significant effect on treatment out
come, an age-dependent effect on treatment 
outcome cannot be excluded for the present. 

Introduction 

Recent advances in the treatment of adults with 
de novo acute myelogenous leukemia (AML) 
have led to complete remission (CR) rates of 
60%-80%, and about 20%-30% of the patients 
remain free of recurrence and are probably 
cured (for review see [1,2J. This progress is the 
result of the identification of effective chemo
therapeutic agents, improved supportive care, 
and finally the intensification of both remission 
induction and postremission therapy. Further 
improvement of the prognosis may be achieved 
by an even more intensified chemotherapy (CT). 

In this context, hematopoeitic growth factors 
such as granulocyte-macrophage colony-stimu
lating factor (GM -CSF) and granulocyte colony
stimulating factor (G-CSF) are of interest, 
because of their capability to ameliorate CT
induced myelosuppression and associated com
plications and thereby reduce the dose-limiting 
toxicity (for review see [3-9]). In addition, GM
CSF as well as G-CSF have been found to 
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3Department of Hematology/Oncology, University of Mainz, Germany 
'Department of Hematology/Oncology, University of Freiburg, Germany 
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'Department of Biometry and Medical Documentation, University of Ulm, Germany 
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enhance the cytotoxic effect of chemotherapeu
tic agents on AML blasts in vitro [10,11] and in 
vivo (for review see [7]). However, a negative 
impact on treatment outcome cannot be exclud
ed in that they might increase the susceptibility 
of normal hematopoeitic progenitors to CT 
and/or stimulate the leukemic re-growth after 
CT, since its stimulatory effect on normal and 
malignant progenitors is well documented 
[8,9, 12, 13]. For further analysis of the role of 
GM-CSF in AML therapy, a double-blind, place
bo-controlled multicenter trial was conducted. 
We felt this study necessary since data from 
clinical trials comparing the effect of GM-CSF in 
AML therapy to historical controls were contra
dictory in that both a positive effect of GM-CSF 
on CR rate and/or on neutrophil recovery after 
CT [14,15]' as well as a negative effect on CR 
rate and survival probability (16) had been 
described. The aim of this study was to test the 
hypotheses that (a) the efficacy of CT is 
increased by "priming" of the AML blasts by 
GM-CSF given prior to and concomitant with 
the CT; and (b) that the period of CT-induced 
neutropenia and the incidence of infections is 
reduced by GM-CSF given after CT. The median 
follow up of this study is now 35 months. 

Patients and Methods 

Patients. The entry criteria included: diagnosis of 
de novo AML French-American-British classifi
cation (FAB) MI-M6 [17], age of the patient 
between 15 and 75 years, women after exclusion 
of pregnancy, and written informed consent of 
the patient or legal guardian. According to these 
criteria 82 patients were eligible for this study 
between May 1990 and November 1991. 

Treatment. The first induction course (DA V I) 
included cytarabine (ara-C, 100 mg/m2, on days 
1-8 continuous intravenous infusion (civi), 
daunorubicin (60 mg/m2, i.v. bolus infusion on 
days 3-5) and etoposide (100 mg/m2, on days 
4-8, 2-h i.v. infusion). The second induction 
course (DAV II) was started on day 21 including 
ara-C (100 mg/m2, on days 1-7 24-h civi) , 
daunorubicin (45 mg/m2, bolus i.v. infusion on 
days 3-4), and etoposide (100 mg/m2, on days 
3-7, 2-h i.v. infusion). Patients in CR after DA V 
II received an identical third cycle of the DA V 
regimen (DAV III) as early consolidation after 

recovery of the neutrophil count above 1500/fll 
and of the thrombocytes above 100 OOO/fll. 
Patients not in CR after DA V II were regarded as 
treatment failures and excluded from further
protocol therapy. Late consolidation therapy 
was intitated 4 weeks after recovery from DA V 
III and included one cycle with high-dose ara-C 
(3 g/m2, 2-h i.v. infusion, 12 doses) and 
daunorubicin (30 mg/m2, bolus i.v. infusion on 
days 7-9) (HDA-DNR) for patients aged ~50 
years, who were not candidates for an allogeneic 
bone marrow transplantation. Patients aged 
> 50 years received a reduced dose of ara-C (0.6 
g/m2, 12 doses; IDA-DNR). 

Randomization. The patients were randomized 
after DA V I to receive either recombinant 
human GM-CSF (Escherichia coli, 250 flg/ m2 per 
day, s.c.) or placebo. The participating centers 
received GM-CSF/placebo in numbered, unla
beled vials, which were assigned to the individ
ual patients by the statistical center. 
GM-CSF/placebo therapy was started 48 h prior 
to DA V II and the subsequent courses and was 
continued until the patients had recovered from 
CT- induced neutropenia with an absolute neu
trophil count over 500/fll on at least 3 consecu
tive days. 

The treatment protocol and informed con
sent form had been approved by the Ethics 
Committee of the University of Ulm. 

Supportive Care. Prophylactic platelet transfusions 
were given when platelet counts dropped below 
20 OOO/fll. Antimicrobial prophylaxis and inter
ventional antibiotic and/or antifungal therapy 
were performed as previously described [18]. 

Evaluation. The remission status was evaluated 
after the second induction course (DA V II) 
according to the Cancer and Leukemia Group B 
(CALGB) criteria. Toxicity was quantitated 
according to the Eastern Cooperative Oncology 
Group (ECOG) grading system. Life tables were 
calculated according to the method of Kaplan 
and Meier for overall survival (calculated from 
the 1st day of chemotherapy to death) and for 
relapse-free survival (calculated from the 1st day 
of CR to relapse or death in first CR [19]. 
Patients, who underwent bone marrow trans
plantation (BMT) were censored at the time of 
transplantation. The closing data for statistical 
evaluation was March 30, 1994. 
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Results 

Patient Characteristics 

Eighty out of 82 patients could be randomized. 
The median age of the 80 randomized patients 
was 50 years (range 17-73 years). Sex, leucocyte 
count, and FAB subtypes were equally distrib
uted between the GM-CSF and placebo groups. 

Results of the Induction Therapy 

The results of the induction therapy are detailed 
on Table 1. 

Relapse Free Survival 

Sixteen patients of the GM-CSF group (four 
:S; 50 years old, 12> 50 years old) and 14 
patients of the placebo group (five :S; 50 years 
old, nine> 50 years old) relapsed. In addition, a 
47-year-old patient of the placebo group died in 
CR during late consolidation therapy. 

Five GM-CSF patients aged :S; 50 years under
went BMT in first CR. Another two GM-CSF 
patients with persistent disease after DA V II 
underwent BMT after an alternate salvage thera
py. 

Eleven patients of the placebo group under
went BMT including seven patients in first CR 
(five :S; 50 years old, two :S; 50 years old). Three 
patients aged :S; 50 years with persistent disease 
after DA V II underwent BMT after an alternate 
salvage therapy and one 51-year old patient 
underwent BMT in second CR. 

After a median follow up of 35 months, the 
probability of relapse-free survival (RFS) at 41 
months was 42% (95% confidence intervals, CI, 
22%-61 %) for the GM-CSF patients versus 41 % 
(95% CI, 21%-61%) for the placebo group 
(P=0.89; log-rank test). Median remission dura
tion (MRD) was 24 months for the GM-CSF and 
and 17 months for the placebo group respective
ly. The probability of RFS for patients aged :S; 50 
years was 65% (95% CI, 36%-95%) under GM
CSF versus 58% (95% CI, 31 %-S5%) in the 
placebo group (p=0,31; log-rank test; Fig. O. In 
patients aged> 50 years the probability of RFS 
under GM-CSF was 20% (95% CI, 0%-40%; 
MRD=9 months) versus 31 % (95% CI, 6%-56%) 
in the placebo group (MRD=17months; p=O, 28; 
log-rank test; Fig. 2.). 

SIS 

Overall Survival 

Nineteen patients of the GM-CSF group (five 
:S; 50 years old, 14> 50 years old) died including 
five patients with progressive disease after the 
second induction course (DA V II) and another 
14 patients who died in relapse. In the placebo 
group, 16 patients (eight :S; 50 years, eight> 50 
years old) died including one patient in CR dur
ing late consolidation therapy, five patients with 
progressive disease after DAV II, and ten 
patients in relapse. 

The probability of survival after 43 months 
was 45% (95% CI, 2S%-62%) in the GM-CSF 
versus 49% (95% CI, 31%-67%) in the placebo 
group with a median survival time (MST) of 19 
months of the GM -CSF versus 31 months of the 
placebo group (p=0.66; log-rank test). 

Probability of survival was 70% (95% CI, 
47%-93%) for the GM-CSF patients aged :S; 50 
years versus 50% (95% CI, 24%-76%) in the 
placebo group (p=0.26; log-rank test; Fig. 3). 
The probability of survival of the GM-CSF 
patients aged > 50 years was 24% (95% CI, 
3%-44%; MST=14 months) versus 50% (95% CI, 
26%-75%) in the placebo group (p=O.OS; log
rank test; Fig. 4). 

Toxicity 

The hematological toxICIty is detailed on 
Table 2. The duration of thrombocytopenia 
:S; 25 OOO/fll was longer after all treatment cours
es in the GM-CSF group, with a significant dif
ference after the DA V II, DA V III, and IDA/DNR 
course. This effect was more pronounced in 
those patients aged > 50 years. 

GM-CSF has neither a significant effect on the 
incidence of severe documented infections nor 
on the non-hematological toxicity. 

Discussion 

The strategy to give GM-CSF prior to, concomi
tantly, and after chemotherapy aimed at condi
tioning of priming AML blasts for CT and 
thereby promoting drug-induced cell kill as well 
as an accelerating neutrophil recovery after CT. 
The study design differed from recent trials [14, 
16,20] in that the GM-CSF therapy was only ini
tiated with the second induction course. As a 
consequence, no dose modification or patient 
selection on the basis of leukemic blast number 
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Fig. 2. Relapse-free survival of patients aged > 50 years. Rhombi, GM-CSF: n = IS; Stars, placebo: n = IS. The 
probability of relapse-free survival after 41 months is 20% (95% cr, 0%-40%) for the GM-CSF patients and 31 % 
(95% CI, 5%-57%) for the placebo patients. The median duration of the relapse-free survival is 9 months for the 
GM-CSF and 17 months for the placebo group. Marks indicate patients remaining in remission and alive. 
p = 0.28, log-rank test 
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Fig. 3. Overall survival of patients aged ~ 50 years. Rhombi, GM-CSF: n = 22; Stars placebo: n = 21). The proba
bility for ongoing survival at 42 months is 70% (95% CI, 48%92%) for the GM-CSF and 50% (95% CI, 24%-76%) 
for the placebo group with a median survival time of 23 months for the placebo group. The marks represent sur
viving patients. p = 0.26; log-rank test 

Table 2. Hematological toxicity 

Chemotherapy Study Patients Duration of neutropenia Duration of thrombopenia 
cycle drug (n) ~ 500/~1 25 000/~1 

Median (days) Median (days) 

DAV I 82 19.5 
DAVII GM-CSF 40 12.5 

Placebo 39 11.0 
DAV 1I1 GM-CSF 29 12.0 

Placebo 30 11.5 
HDA/DNR GM-CSF II 25.0 

Placebo 8 22.5 
IDA I DNR GM-CSF 6 17.0 

Placebo II \6.0 

'p < 0.05 (Wilcoxon test). 

was required. The favorable CR rate of 81 % in 
the GM-CSF group argues in favor of an equiva
lent antileukemic activity of this strategy and 
largely excludes a negative effect of GM-CSF on 
treatment outcome, e.g., by a restimulation of 
the leukemic clone [21] and/or a protective 
effect on the cionogenic leukemic blasts from 
the cytotoxic effect of ara-C [22,23]. On the 
other hand, GM-CSF has no significant impact 
on the outcome of the patients. This is in line 

16.5 
10.0 
7.0' 

11.0 
5.5' 

26.0 
21.5 
21.0 
12.0 

with previous data of Witz and co-workers [24} 
in 220 elderly AML patients and suggests that 
GM-CSF did not exert a priming effect in vivo. 
Residual blasts may have an altered GM-CSF 
response shortly after a preceding chemothera
py (DA V I). Supporting evidence for this 
hypothesis is provided by recent data of te 
Boekhorst and co-workers [25} who found a 
reduced growth factor-enhanced cytotoxicity in 
blasts of relapsed or primary refractory AML 
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Fig. 4. Overall survival of patients aged < 50 years. Rhombi, GM-CSF: n-19; Stars placebo: n = 18). The probabil
ity for ongoing survival at 42 months is 24% (95% CI, 4%-44%) for the GM-CSF and 50% (95% CI, 26%-74%) for 
the placebo group with a median survival time of 14 months for the GM-CSF group. The marks represent surviv
ing patients. p = 0.008; long-rank test 

blasts compared with the effect on blasts isolat
ed at diagnosis of these patients. Finally, the 
priming effect of GM-CSF might be age depen
dent as suggested by a separate analysis of the 
two age groups which differed in the late consol
idation therapy they received. This analysis sug
gests opposite effects in the two age groups, 
which may cancel each other out and thus 
obscure GM-CSF activity in the GM-CSF group 
as a whole. Buchner and co-workers [26] made 
similar observations with respect to the RFS 
with a trend in favor of GM -CSF in patients aged 
60 years or less (63% versus 52%; p = 0.07). 

Further evidence that elderly patients 
respond in a different way to GM-CSF is provid
ed by the observation that the GM-CSF-induced 
delay in platelet recovery was more pronounced 
in that particular age group. In contrast to recent 
reports (for review see [7]), in our trial GM-CSF 
did not accelerate neutrophil recovery. One pos
sible explanation for this phenomenon and the 
delayed platelet recovery is that GM-CSF given 
concomitantly with chemotherapy primed nor
mal prognitors and thereby in-creased the cyto
toxic effect of the chemotherapy on these cells. 

As previously reported [27], GM-CSF had no 
significant effect on the incidence of severe 
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infectious episodes and did not increase the 
non-hematological toxicity. 

In conclusion, GM-CSF as an adjunct to AML 
chemotherapy seems feasible in the selected 
strategy. The treatment outcome of the patients 
aged :( 50 years makes this concept worth pursu
ing, while the outcome of the older patents under 
GM-CSF calls this strategy for therapy of de novo 
AML patients aged> 50 years into question. 
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Abstract. A total of 149 consecutive de novo acute 
myeloid leukemia (AML) patients aged 50 years 
or less (median age = 37 years) were enrolled in 
this prospective multicenter trial initiated in May 
1985. All patients received the same induction 
and early consolidation therapy with daunoru
bicin (DNR), high-dose cytosine arabinoside 
(HD-ara-C), and etoposide. HD-ara-CIDNR 
therapy included ara-C at 3 g/m', 12 doses (HD
ara-CIDNR 1) and eight doses (HD-ara-CIDNR 
II), respectively followed by DNR 30 mg/m2 for 3 
days. A complete remission (CR) was achieved in 
104 (70%) patients. sixty-one complete respon
ders received at least one cycle with HD-ara
CIDNR. After a median follow up of 95 months, 
the median relapse-free survival (MRFS) of all 
104 patients was 20 months with a probability of 
relapse-free survival (RFS) at 116 months of 33% 
(95% confidence interval, Cl, 21%-43%). The 
MRFS of the HD-ara-C/DNR-consolidated 
patients was 32 months with a probability of RFS 
at 116 months of38% (95% Cl, 26%-50%). 

The median survival time (MST) of all 149 
patients was 23 months with a probability to be 
alive at 118 months of 29% (95% Cl, 20%-38%). 
MST of the HD-ara-CIDNR-consolidated patients 
was 58 months with a survival probability of 49% 
(95% Cl, 34%-63%) at 118 months. Prognostic 
factor analysis did not reveal any significant 

influence of age, sex, French-American-British 
(FAB) subtype, white blood cell count, hemoglo
bin level, thrombocyte count, lactate dehydroge
nase (LDH), and response to the first induction 
course on RFS of the HD-ara-CIDNR-consolidat
ed patients. In summary, HD-ara-C/DNR consol
idation can improve the long-term outcome of a 
subgroup of denovo AML patients. Further 
improvement of the outcome depends on the 
identification of patients with an inferior out
come under that strategy who might benefit from 
alternative treatment strategies. 

Introduction 

The development of effective chemotherapeutic 
agents together with a substantial improvement 
of the supportive care provide a high likelihood 
of achieving a complete remission (CR) for 
adults with newly diagnosed denovo acute 
myeloid leukemia AML; for review see [1,2]. 
Although it is acknowledged that achievement 
of a CR should be followed by additional chemo
therapy (CT) to eliminate residual leukemic 
blasts, which most likely account for the relapse 
the optimal approach still remains controversial 
(for review see [2, 3]). Based on laboratory [4] 
and clinical studies [5], it was reasoned that a 
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significant increase in the dose of such drugs as 
cytarabine can overcome certain patterns of cel
lular resistance and thereby may eliminate 
residual leukemic cells which have survived 
induction therapy. During the mid-1980s, sever
al investigators reported initial results of uncon
trolled trials involving the use of high-dose ara-c 
(HD-ara-C) after CR had been achieved in 
patients with AML (for review see [I J). These 
promising results with a likelihood of remaining 
in CR 2 years after diagnosis of 30%-62% 
(reviewed in [3]) have prompted us to 50 years 
who are not candidates for allogeneic bone mar
row transplantation (BMT) according to usual 
critera. The median follow up of the patients 
enrolled in this prospective multicenter trial ini
tiated in May 1985 is now 95 months. 

Patients and Methods 

Patients 

The entry criteria were: diagnosis of denovo 
AML, French-American-British Classification 
(FAB) MI-M6; age 15-50 years; exclusion of 
pregnancy; absence of severe organ dysfunction, 
absence of severe complications of the leukemia 
such as shock, pneumonia with hypoxia, and/or 
uncontrolled bleeding unless these complica
tions had been treated successfully; and infor
med consent of the patient or legal guardian. 
Between April 1985 and March 1990, 149 patients 
were consecutively enrolled into this study. 

Treatment 

The first induction course (DA V I) included 
daunorubicin (DNR, 60 mg/m2 per day rapid 
intravenous (i.v.) infusion on days 3-5), ara-C 
100 mg/m' per day 24-h continuous i.v. infusion 
on days 1-8, and etoposide (VPI6-213, 100 
mg/m2 per day 2-h i.v. infusion, on days 4-8. 
The second induction course (DA V II) was given 
after day 21: DNR (45 mg/m2 per day rapid i.v. 
infusion on days 3-4), ara-C (100 mg/m' per day 
2-h i.v. infusion on days 3-7). Patients not in CR 
after DA V II were regarded as treatment failures 
and excluded from further protocol therapy. 

Patients in CR after DA V II received a third 
course of the DA V regimen for early consolida
tion (DA V III). 

Patients in CR who did not fulfil the eligibility 
criteria for allogeneic BMT (histocompatible 

family donor, age ~ 50 years, good perfor
mance status) received one or two courses of 
HD-ara-C and DNR (HD-ara-C/DNR) for late 
consolidation. 

High-dose ara-C/DNR I, including ara-C (3 
g/m' 2 h i.v. infusion every 12 h) on days 1-6 
and DNR (30 mg/m2 per day rapid i.v. infusion) 
on days 7-9, was scheduled to start 4 weeks after 
recovery from early consolidation. Eight weeks 
after recovery from HD-ara-C/DNR I patients 
received HD-ara-C/DNR II with ara-C (3 g/m', 
2-h i.v. infusion every 12 h) on days 1-4 and 
DNR (30 mg/m2 per day rapid i.v. infusion) on 
days 5-7. Patients who experienced severe infec
tious or pulmonary complications during HD
ara-C/DNR I and those with prolonged bone 
marrow aplasia were not given the second 
course of HD-ara-C/DNR. After late consolida
tion no maintenance therapy was administered. 

Supportive Care 

The patients were nursed in single-bed or two
bed rooms under conventional ward conditions. 
Glucocorticoid eye drops were used during the 
HD-ara-C treatment. Prophylactic platelet trans
fusions were given to keep the platelet count 
above 20 000/[11. Selective decontamination was 
used to prevent bacterial and fungal infections 
[6]. 

Evaluation 

The remission status was evaluated after the sec
ond induction course (DA V II) according to the 
Cancer and Leukemia Group B (CALGB) criteria 
[7]. Survival curves were calculated according to 
the method of Kaplan and Meier [8] for overall 
survival (calculated from the 1 day of 
chemotherapy to death) and relapse-free sur
vival (RFS) (calculated from I day of CR to 
relapse or death in first CR). Survival curves 
(e.g., of the different I:'AB subtypes) were com
pared by the log-rank test. The Cox proportional 
hazards model [9] was used to determine the 
influence of age, sex, white blood cell count 
(WBC), hemoglobin level, thrombocyte count, 
serum lactate dehydrogenase (LDH) and res
ponse to DAV I on RFS of the HD-ara-C/DNR
consolidated patients. 

Patients who underwent EMT in first CR 
(n = 26) were censored at the date of transplan
tation. The closing date for statistical evaluation 
was June 30,1995. 
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Toxicity was quantitated according to the 
World Health Organization (WHO) criteria [10). 

Results 

Patients Characteristics 

The characteristics of the 149 study patients are 
outlined in Table 1. 

Results of Induction Therapy 

A total of 104 (70%) out of the 149 study 
patients achieved a CR, seven patients (5%) a 
partial remission, 22 patients (15%) were treat
ment failures, and 14 patients (9%) died during 
induction therapy. In another two patients (1 %), 
response to therapy was not evaluable. All 104 
CR patients received one course of early consoli
dation. 

Table 1. Characteristics of the study patients 

Patients (n) 149 

Sex 
Male (n) 74 
(%) 50 

Female (n) 75 
(%) 50 

Age 
Median(years) 37 
Range(years) 15-50 

FAB 
Ml (n) 22 
(%) 15 
M2 (n) 58 
(%) 39 
M3 (n) 11 
(%) 7 
M4 (n) 35 
(%) 23 
M5 (n) 19 
(%) 13 
M6 (n) 4 
(%) 3 

WBe ( x lQ'/l)-median 16.8 
Hemoglobin-median(g/dl) 9.1 
Platelet count-Median (x 109/1) 44 
LDH median-(Ull} 401 

WBe, white blood cell count: LDH, lactate dehydroge
nase (normal: < 240 U/l). 
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Late Consolidation Therapy 

Of the 104 CR patients, 61 (59%) received late 
consolidation with HD-ara-C/DNR, including 42 
patients with one and 19 patients with two HD
ara-C/DNR courses. The median interval in days 
from CR to HD-ara-C/DNR consolidation was 
75 days (range 42-191 days). Forty-three 
patients did not receive HD-ara-C/DNR therapy. 
Seventeen patients underwent allogeneic BMT 
in first CR. Twenty-six patients neither received 
BMT nor HD-ara-C/DNR due to either refusal 
(n = 1), loss to follow up (n = 1), medical reasons 
against HD-ara-C/DNR consolidation therapy 
(n = 16), death during early consolidation 
(n = 1), or relapse before HD-ara-C/DNR 
(n = 7). Medical reasons against HD-ara-C/DNR 
I included refractoriness to HLA-matched 
platelet transfusions (n = 1), persistence of toxi
city from induction therapy (n = 8), prolonged 
myelosuppression under induction therapy 
(n = 1), severe infections during prior therapy 
(n = 4), and pyschological problems during 
prior therapy (n = 2). 

Forty-two patients did not receive HD-ara-CI 
DNR II due to either refusal (n = 1), life-threat
ening infections and/or prolonged myelosup
pression after HD-ara-C/DNR I (n = 21), 
allogeneic BMT before HD-ara-C/DNR II 
(n = 8), death during HD-ara-C/DNR I (n = 2), 
or relapse prior to HD-ara-C/DNR II (n = 10). 

All patients experienced profound neutro
hand thrombocytopenia after HD-ara-C/DNR 
therapy. Median duration of neutropenia 
< 5001111 was 24 days for HD-ara-C/DNR I and 
18 days for HD-ara-C/DNR II. Median duration 
of thrombocytopenia < 250001111 was 20 days for 
HD-ara-C/DNR I and 16 days for HD-ara-CI 
DNR II, respectively. As a consequence, infec
tions were the most frequent and severe compli
cations (38% of the patients experienced a 
septicemia during HD-ara-C/DNR I versus 32% 
during HD-ara-C/DNR II) and two patients (3%) 
died from infections. Nonmyeloid toxicity con
sisted mainly of nausea, vomiting, liver dysfunc
tion, diarrhea, dermatitis, and conjunctivitis. 
These adverse reactions did not usually exceed 
grade II WHO toxicity. Severe cerebellar or other 
forms of CNS toxicity were not observed. 

Relapse Free Survival 

Fifty-one of the 104 CR patients relapsed includ
ing 31 patients after HD-ara-C/DNR consolida-



tion therapy. In addition, three patients died in 
CR (one during early and two during late con
solidation therapy. 

After a median follow up of 95 months, the 
median duration of RFS (MRFS) for all 104 CR 
patients was 20 months and the probability of 
RFS at 116 months was 33% (95% confidence 
interval, CI, 21%-43%). MRFS of patients who 
had received at least one HD-ara-CIDNR course 

1.00 

0.75 

~ 0.50 :c 
C\I 

.Q 
0 ... 
~ 0.25 

000 
0 20 

was 32 months with a probability of RFS of 38% 
(95% CI, 26%-50%; Fig. 1) at 116 months. 

The probability of RFS and 116 months of 
those patients who had received one cycle with 
HD-ara-CIDNR was 35% (95% CI, 18%-51%; 
MRFS = 15 months) versus 45% (95% CI, 22%-
68%; MRFS = 57 months) of those patients who 
had received two cycles with HD-ara-CIDNR 
(Fig. 2; P = 0.1; log-rank test). 

40 60 
Months 

80 100 120 

Fig. 1. The median duration of RFS of all patients (solid line n = 104) is 20 months and the probability of RFS at 
116 months is 33% (95% cr, 21 %-43%). Marks indicate patients remaining in CR and alive (n = 50). The median 
RFS of those patients who had received at least one cycle with HO-ara-C/DNR for late consolidation (n = 61) is 32 
months and the probability of RFS at 116 months is 38% (95% cr, 26%-50%). Marks indicate patients remaining 
in CR and alive (n = 28) 

1.00 

0.75 

~ 
:c 
C\I 0.50 
.Q 
o 
Ii. 

0.25 ~ 

0.00 
o 

-..._- ... 

L---t ________ , 
1._------ ... 

20 40 

L _____________ + ___ ~----------------.. 

60 

Months 
80 100 120 

Fig. 2. The median duration of RFS of those patients (broken line n = 42) who had received one course of HD
ara-C/DNR solid line postremission therapy was 15 months and the probability of RFS at 116 months was 35% 
(95% cr, 20%-50%). Marks indicate patients remaining in CR and alive (n = 19). The median duration of RFS of 
those patients (n = 19) who had received two courses of HO-ara-CIDNR broken line was 57 months and the prob
ability of RFS at 116 months was 45% (95% cr, 23%-67%). Marks indicate patients in CR and alive (n ~ 9) 
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Overall Survival 

Of the 149 patients 78 have died: 14 patients 
during induction therapy, 25 with refractory dis
ease, three in CR and another 36 patients in 
relapse. The median survival time (MST) of all 
149 patients was 23 months with a probability to 
be alive at 118 months of 29% (95% CI, 
20%-38%; Fig. 3). The MST of those patients 
who had received at least one cycle with HD
ara-C/DNR was 58 months with a probability of 
survival at 118 months of 49% (95% CI, 
34%-63%). 

Prognostic Factors 

The contribution of age, sex, WBC, hemoglobin 
level, platelet count, LDH, response to the DA V 
I and FAB subtype on RFS of HD-ara-C/DNR
consolidated patients was evaluated only in 
those patients who did not undergo BMT in first 
CR. None of the parameters considered had a 
significant influence on RFS of these patients. 

Discussion 

The influence of a HD-ara-C/DNR postremis
sion theapy on un maintained long-term disease
free survival of de novo AML patients aged 0( 50 
years was analysed after an identical induction 
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and early consolidation therapy. After a median 
follow up of 95 months with a maximum of 118 
months, the probability of RFS at 116 months of 
the 104 CR patients was 33% (95% CI, 21%-
43%) and 38% (95% CI, 26%-50%) for the sub
group of patients who had received at least one 
cycle ofHD-ara-C/DNR consolidation. 

In the meantime a series of trials has been 
published dealing with a HD-ara-C-based con
solidation [11-22]. Although these studies dif
fered in the protocol design, the median age of 
the patients, and the median follow up, they 
produced comparable results with respect to 
RFS and overall survival. These data provide 
evidence that an intensified consolidation thera
py may be superior to conventional postremis
sion therapy. This conclusion has been 
confirmed by two recent randomized trials com
paring a HD-ara-C-based postremission therapy 
with a consolidation program including ara-C at 
substantially lower doses (100 mg/m2 or 400 
mg/m2 [16]) or with maintenance therapy (ara
C/6-thioguanine [[12]) in patients 60 years of 
age or younger. 

The results of our trial differ from the studies 
cited above with respect to one important fea
ture. While a stable plateau for RFS could be 
obtained in these trials after the first 2-3 years 
after the achievement of a CR, in our trial 23% 
of the relapses occurred beyond 2 years with the 
latest relapse at 57 months in the HD-ara-

80 100 120 

Fig. 3. The median survival time of all patients (solid line n = 149) is 23 months and the probability to be alive at 
118 months is 29% (95% cr, 20%-38%). Marks represent surviving patients (n = 71). The median survival time of 
the HD-ara-C/DNR-consolidated patients (n = 61) is 58 months with a probability to be alive at 118 months of 
49% (95% cr, 34%-63%). Marks represent surviving patients (n = 37) 
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C/DNR-consolidated patients. The reason for 
this difference remain unclear. One possible 
explanation is that they might have missed late 
relapses due to their substantially shorter follow 
up. 

It cannot be excluded, however, that this phe
nomenon is due to the delay in the onset of the 
HD-ara-C/DNR therapy after attaining CR 
(median interval = 75 days) III our trial. 
Supporting evidence for this hypothesis is pro
vided by two recent trials. In the study of 
Zittoun and co-workers [23], postremission 
chemotherapy including one course of interme
diate-dose ara-C (500 mg/m2) in combination 
with amsacrine followed by one course of HD
ara-C/amsacrine consolidation (median time 
between the achievemtn of CR and onest of 
HD-ara-C/amsacrine: 10 weeks) has produced 
comparable long-term results with relapses 
occurring beyond 5 years. Harousseau and co
workers [14] found some evidence that the pro
gnosis was better for patients receiving the 
intensified consolidation therapy within 60 days 
after the initial treatment than for those who 
received the same regimen beyond that time. 

Combined data indicate that there is a sub
group of AML patients who benefit from an HD
ara-C-based postremission therapy and may be 
definitely cured. The overall results, however, 
remain unsatisfactory in that the majority of 
patients still relapse and ultimately succumb to 
their disease. 

A further intensification of the HD-ara-C
based regimen is, however, limited by a substan
tial treatment-related toxicity resulting in a 
treatment-related mortality of up to 13% in 
patients aged < 60 years [12]. As a consequence 
of this well-documented toxicity, only a fraction 
of patients in recent studies, including our own, 
have actually completed the scheduled intensive 
consolidation therapy. In addition, no significant 
benefit of further therapy following one HD-ara
C cycle could be demonstrated in any of the 
studies cited above. Thus the identification of 
those patients with an inferior outcome after 
intensive consolidation therapy seems necessary 
since their poor prognosis renders these patients 
candidates for new treatment strategies. Pro
gnostic factors associated with the RFS and HD
ara-C/DNR consolidation therapy could not be 
identified in this trial. This might be a statistical 
problem due to the small numbers of patients 
enrolled in the intensified therapy. On the other 
hand, the parameters analysed might not be rele-

vant for the treatment outcome after that thera-
py. 

There is a growing body of evidence that the 
karyotype is the most important prognostic fac
tor in adult de nove AML patients [24]. In a 
recent CALGB trial the outcome of the patients 
with a favourable karyotype, as defined by t(8; 
21) or inv. 16, was significantly better than of the 
"unfavorable group" after an HD-ara-C-based 
postremission therapy [16,25]. In the latter 
group, the dosage of ara-C had no significant 
influence on the RFS at 4 years. 

In summary, this trial with a long follow up 
provides strong evidence, that an HD-ara-C/ 
DNR-based postremission therapy can acutally 
improve the long-term outcome of a subgroup 
of AML patients. Further improvement of the 
prognosis of AML patients requires the identifi
cation of "poor-risk" patients by karyotype 
analysis and the development of effective treat
ment strategies for that particular group. 
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Idarubicin, Cytarabine, Etoposide Versus Risk-Adjusted Daunorubicin Plus 
Cytosine Arabinoside for Induction Treatment of Acute Myeloid Leukemia: 
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Abstract. The aim of study was to evaluate the 
efficacy and tolerability of the the idarubicin, 
cytarabine (ara-C), and etoposide (ICE) remis
sion induction protocol in comparison to the 
modified, risk-adjusted daunorubicin(DNR) and 
ara-C (DA) schedule. Fifty-six adults with pri
mary acute myeloid leukemia (AML); median 
age 36 years, range 16-60 years, males 46%) 
were centrally randomized to receive one of the 
following two induction treatments: (a) ICE 
7/10: idarubicin 10 mg/m2 per i.v. on days 1,3,5 
ara-C 100 mg/m2 per day continuous infusion 
on days 1-7110, etoposide 100 mg.m2 per day on 
days 1-5; (b) DA 3+7, high dose (HD) ara C: 
daunorubicin 60 mg/m2 per day i.v. on days 1,2, 
3 ara-C 100 mg/m' per day continuous infusion 
on days 1-6 and then modified depending upon 
the day 6 bone marrow biopsy; in responders 
displaying > 30% blast reduction and < 20% 
blasts in the specimen, the initial dose was con
tinued up to day 7-10 (age adjusted). In non
responders with lower cytoreduction, HD-ara-c 
1.5 g/m' infusion every 12 h was administered 
on days 7-10 dependent upon age. In addition, 
etoposide 65 mg/m2, i.v. was given in French
American-British classification (FAB) M4/5 
patients. Patients reaching Complete remission 
(CR) received two mitoxantrone+ ara-C consol
idation courses and thereafter were submitted to 

bone marrow transplantation (BMTl, autolo
gous BMT (ABMT), or maintanence treatment. 
Both groups were well balanced with compara
ble of distribution prognostic factors. The CR 
rates obtained with ICE and DA 3 + 7 ± HD
araC were comparable (63% vs 61%). CR was 
obtained more frequently after one cycle using 
ICE when compared to DA 3+7 ± HD-ara-C, 
and the time to CR was significantly shorter 
(93% vs 55%, and 31:i 6 days vs 44 ± 13 days). 
In the ICE group the following side effects were 
observed more frequently: diarrhea (31 % vs 
17%) WHO grade 3/4 infections (60% vs 42%) 
and hepatotoxicity (24% vs 0%). 

The early results obtained with both regimens 
are comparable. The advantage of the ICE pro
tocol is a quick achievement of CR, mostly with 
one cycle, but this benefit is paid for by a higher 
rate of side effects and a more intensive sup
portive care than with the risk-adjusted DA 3+7 
± HD-ara-C regimen 

Introduction 

Pharmacokinetic studies suggest that idarubicin 
is more effective when compared to daunoru
bicin (DNR) as a result of its longer half-life, 
faster cellular uptake, and higher activity in 
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inhibiting DNA polymerases and RNA synthesis 
[1,2]. The antileukemic activity of idarubicin 
has been found to be two to five times higher 
than that of other anthracyclines [3]. 
Advantages of remission induction programs 
employing idarubicin have recently been 
demonstrated in multiple clinical trials [4-10]. 
The aim of this study was to evaluate the efficacy 
and tolerability of the idarubicin, cytarabine 
(ara-C), and etoposide (ICE) remission induc
tion protocol in comparison to the modified 
risk-adjusted DNR plus ara-C ± high-dose (HD) 
ara-C schedule in a prospective randomized, 
cooperative study organised by the Polish Acute 
Leukemia Group (PALG). 

Material and Methods 

Starting in 1993, 56 adult patients suffering from 
acute nonlymphoblastic leukemia (ANLL) were 
included in a randomized, prospective trial in 
eight cooperating centers. Newly diagnosed 
adult patients were registered by telephone and 
fax to the coordinating center and randomized 
to receive either ICE or "DA 3+7±HD-ara-C 
remission induction treatment. Both arms were 
balanced according to the risk factors. 

Inclusion criteria were as follows: (a) newly 
diagnosed ANLL; (b) age 16-60 years; (c) writ
ten informed consent; (d) performance status 
< WHO grade 2 (Karnofsky's index> 50%). 

Table 1. Characteristics of the randomized groups 

ICE 

Sex:M/F (n) 13115 
Age (years) 34±13 
Median (years) 33 
Range (years) 17-59 
WBC (gil) 51.2 ±58.3 
Median 29.0 
Peripheral bold blasts (gil) 32.1 ±29.8 
Bone marrow blasts(%) 77±14 
FAB: Mlf2/3/4/5 (n) 9/8/1/7/3 
Platelets (gil) 59.0 ±39.0 
Hbgldl 8.7±2.1 
Karnofsky (%) 70± 10 
Fever (OC) 37.3 ± 1.0 
Infections (%) 52 
Bleeding (%) 46 
WHO grade 1.6 ± 1.7 
> Liver (%) 44 
> Spleen (%) 19 
> Lymph nodes (%) 50 
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Exclusion criteria included: (a) previous 
chemotherapy; (b) co-existence of another neo
plastic disease; (c) myelodysplastic syndrome in 
transformation; (d) hepatic or renal failure 
(serum bilirubin; Serum glutamic oxalo-acetic 
transaminase, SGOT; serum glutamic Pyruvic 
transaminase SGPT; and serum creatinin levels 
twice above the normal levels), pulmonary and 
myocardial insufficiency, and central nervous 
system failures; (e) pregnancy. 

Twenty eight patients (13 males-46% and 15 
females-54%) were included in each arm. The 
distribution of risk factors in both arms was 
comparable (Table 1) except for insignificant 
differences in white blood cell count (WBC) and 
in F AB subtype distribution 

The general design of the study is presented 
in Fig.l and the exact chemotherapy schedules 
were as follows: 

ICE. Idarubicin 10 mg/m2 i.v. on days 1, 3 and 5; 
ara-C 100 mg/m2 per day continuous infusion 
on days 1-7/10, etoposide 100mg/m2 per day in 
60-min infusion on days 1-5. 

DA 3+7 ± HD-ara-C Daunorubicin 60 mg/m2 per 
day i.v. on days 1,2,3, ara-C 100 mg/m2 per day 
continuous infusion on days 1-6 and then mod
ified depending on the day-6 bone marrow biop
sy; in responders displaying > 30% blast 
reduction and < 20% of blasts in the specimen, 
the initial dose was continued up to day 10 in 

DA 3+7 ± HD-ara-C 

13/15 
35 ± 10 
38 
16-55 
39.3 ±48.0 
23.0 
28.0± 18.4 
80± 14 
5/6/1/11/5 
39.0± 16 
8.0±2.3 

70± 10 
37.5±0.6 
58 
24 
2.0± 1.0 

54 
37 
37 
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Fig. 1. General Design of the Polish Acute Leukemia Group ANLL Trial, 1993 MitidAC mitoxantrone-ara-c 

patients aged < 30 years, day 9 in patients aged 
30-40 years, day 8 in patients aged 40-50 years 
and day 7-10 in patients aged 50-60 years. In 
non-responders with lower cytoreduction, HD
ara-C 1.5 glm' infusion every 12 h was adminis
tered on days 7-10 in patients aged < 30 years, 
and on days 7 and 8 in patients older than 30 
years. In addition, etoposide 65mg/m' i.v. per 
day was given in FAB M4/5 patients. Non
responders received a second cycle before evalu
ation. Patients reaching CR obtained two 
mitoxantrone + Ara-C consolidation courses 
and thereafter were submitted to BMT, ABMT, 
or maintenance treatment. 

Results 

The results are presented in Table 2. Fifty-five 
patients were eligible for final evaluation: 27 in 
the ICE arm and 28 in the DA 3+7 ± HD-ara-C 
arm. One female patient was excluded from 
analysis because she died from pseudomonas 

sepsis before the induction treatment was initi
ated. The CR rate was comparable in both 
arms-63% and 61 %, respectively. 

In the ICE-treated group, 93% of patients 
reached CR after one remission induction cycle 
only, whereas in the DA 3+7 ± HD-ara-C arm 
only 55% of responders achieved CR with one 
cycle X' = 8.791, P < 0.02), and the remaining 
45% needed two induction cycles. In the ICE
treated group, both the average and the median 
time to achieving CR was about 10 days shorter 
than in the second arm. Hematopoetic reconsti
tution as measured by the time of granulocyte 
recovery to values> 0.5 gil occurred only slight
ly later in the ICE arm. Young patients appeared 
to respond better to the treatment and the medi
an age 0/ the CR patients was luwer if compared 
to the non-responder group (30 vs. 40 years). 

In the ICE-treated subgroup, 15% of patients 
(four patients out of ten non-responders) died 
in the period < 30 days from starting of induc
tion therapy. Two patients died from hemor
rhage disorders and the other two from sepsis. 
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Table 2. Results of induction treatment and some factors characterizing induction 

ICE 

Total (n) 28 
Died before therapy (n) 
Evaluable (n) 27 
CR/NR (n) 17/10 
CR rate (%) 63 
Age of CR patients (years) 34.8 ± 13 
Median (years) 30.0 
Died < 30 days of induction (n) 4 
(%) 15 
HD-ara-C treatment (n) 
(%) 
No. of induction cycles 1-78%,2-22% 
No. of induction cycles 1-93%,2-7% 
patients 
Time to CR (days) 32.9 ± 8.3 
Median (days) 30.5 
after one cycle (days) 31.2 ± 5.8 
Median (days) 29.5 
Nadir of aplasia (days) 13.9±4.5 
Median (days) 12.0 
Granulocytosis> 0.5 25.6±4.9 
Median (days) 24.0 

In the DA 3+7 ± HD-ara-C arm, the mortality 
in the same time period was 8%. The causes of 
death were sepsis in one case and cerebral 
bleeding in the other. Out of 28 patients treated 
with DA 3+7 ± HD-ara-C, in six cases the day-
6 bone marrow evaluation revealed resistance to 
the standard treatment. In all these patients 
therapy was continued using HD-ara-C, and in 
three patients it resulted in achieving CR. 

The frequency and WHO grading of the side 
effects are listed in Table 3. In the ICE arm the 

Table 3. Side effects 

ICE 

WHO 112 WHO 314 
(n) (n) 

Nausealvomiting 90 5 
Diarrhea 21 10 
Infection 15 60 
agranulocytosis 10 75 
Bleeding 20 75 
Cardiotoxicity 0 0 
Alopecia 42 47 
Polyneuropathy 0 0 
Hepatotoxicity 14 10 
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DA 3+7 ± HD-ara-C 

28 
0 

28 
17111 
61 
38.1 ± 10 
40.0 
2 
8 
6 

21 
1-46%,2-54% 
1-55%,2-45% 

43.8 ± 13.4 
48.0 
40.0± 16.9 
31.5 
12.4 ± 1.6 
13.0 
22.0±4.5 
22.0 

following side effects were more frequent than 
in the other group: diarrhea (30% vs. 17%), 
WHO grade 3/4 infections (60% vs. 42%), and 
hepatotoxicty (24% vs. 0). No cardiotoxicity was 
observed in the idarubicin-treated group, 
whereas in the DNR ara-C arm it was reported 
in 10% of patients. 

Substitution of platelets and erythrocytes was 
necessary more frequent in the ICE group if 
compared to the DA 3+7 arm (8.1 ± 5.7 ± 8 
units, and 3.2 ± 1.9 vs 2.3 ± 1.61, respectively). 

DA3+7 plus 

WHO 1/2 WHO 314 
(n) (n) 

67 17 
17 0 
42 42 
8 75 

17 83 
05 5 
25 67 
0 0 
0 0 



Discussion 

The CR rate achieved with ICE in this study was 
comparable to that obtained in the modified DA 
3+7 ± HD-ara-C group. The advantage of the 
ICE protocol was a quick achievement of CR, 
mostly with one cycle, but this benefit was paid 
for by a higher rate of side effects and a require
ment for more intensive supportive care than 
with the risk-adjusted DA 3+7 ± HD-ara-C reg
imen. Some studies do not confirm significant 
differences between idarubicin and DNR phar
macokinetics [11], but most clinical trials 
demonstrate essential advantages of the idaru
bicin-containing regimens [4-10]. However, 
some of these studies involved a small number 
of patients and the remission rates obtained in 
the control arms employing DNR appear to be 
too low [10, 12]. 

In the present study we have compared the 
ICE protocol with a modified risk adjusted DA 
3 + 7 + HD-ara-C based on earlier results 
obtained in multi-institutional trails organised 
by PALG. 

The ICE program, employing fixed-dose cyto
static composition, is aggressive and according 
to the expectations of the European Organiza
tion for Research on Treatment of Cancer 
(EORTC), it should allow CR to be achieved 
with one single induction course in the maximal 
number of patients. The DA 3+7 ± HD-ara-C 
program, based on conventional doses of ara-C 
and DNR in the first 6 days, is then adjusted to 
the response (1 HD-ara-C) depending upon the 
response evaluated using a 6-day bone marrow 
biopsy. The third drug-etoposide-is adminis
tered optionally in M4 and M5 FAB subtypes 
only. 

Summarising, in this study the ICE program, 
applied at its full strength in each case was com
pared to a risk-adjusted and potentially less haz
ardous schedule of the DA 3+7 + HD-ara-C 
regimen. 

In our experience, the overall CR rates were 
comparable in both chemotherapy groups, but 
in the ICE arm patients entered CR significantly 
more frequently after a single cycle. 
Concurrently, the time to CR was significantly 
shorter in the ICE group, suggesting a better 
prognosis. In contrast, in the DA 3+7 ± HD
ara-C group about one half of the patients need
ed a second induction cycle before CR was 
reached. These results are in line with some 
other reports [4-6,9, 10,12,13]. 

It is noteworthy that CR in the idarubicin
treated group was achieved in patients younger 
than in the DNR-treated one (median age 30 vs 
40 years). This confirms, to some extent, the 
observations of the GIMEMA group [13]. The 
results published recently by Ruutu et al. [19] 
also confirm the advantages of using oral idaru
bicin for older patients. 

Some advantages of the ICE regimen are paid 
for by more frequent non-hematological adverse 
events such as diarrhea, hepatotoxicity and 
infections [4,5,7,9,10, 13, 14,16]. In contrast, 
cardiotoxicity was not observed in the idaru
bicin-containing regimen, whereas in the DNR 
treated patients it was present in 10% of cases. 
This confirms some other reports [1,5]. In the 
ICE arm only in one case did we notice the first 
type of resistance according to Preissler and this 
indirectly confirms the efficacy of idarubicin in 
patients expressing MDR genes as suggested by 
some authors [1, 17, 18]. 

Among non-hematological adverse reactions 
about one quarter of the idarubicin-treated 
patients suffered from hepatotoxicity which was 
also reported by Wiernik et al. [9] and Pagano 
et al. [15]. 

Owing to the higher cytotoxic potency of the 
ICE composition, also resulting in a higher early 
death rate, the supportive treatment was more 
intensive in the ICE arm. Red blood cell substi
tution therapy was used in all patients in both 
arms. Platelet transfusions were applied in 95% 
of patients in the ICE arm and in 91 % of 
patients in the DA arm. Both the frequency of 
platelet substitution and the volume of erythro
cyte substitution were significantly higher in the 
ICE-treated group. 

Conclusions 

1. The regimens under study produced a com
parable CR rate. 

2. The advantages of ICE were the following: 
CR was achieved significantly more frequent
ly after one cycle of induction as compared 
to DA 3+ 7 + HD-ara-C (p < 0.02) and the 
time to CR was signi ficantly shorter. 

3. Side effects such as diarrhea, infections and 
hepatotoxicity were more frequent in the 
I CE-treated group but cardiotoxicity was 
noted only in the DA 3 + 7 arm. 

4. A more intensive supportive therapy was 
required after ICE. 
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Abstract. The goal of the study was to determine 
the role of etoposide (VP-16) as an additional 
component to the standard 7 + 3 regimen 
applied in two-step induction fashion in de 
novo acute myeloid leukemia (AMI} Treatment 
for each patient consisted of four cycles 7 + 3 or 
7+3+VP-16 according to the arm of random
ization. M3 patients were treated with the 7 + 3 
regimen. The type of maintenance was also 
defined by randomization: repetition of 7 + 3 
with 6-8 weeks interval or a rotation program (5 
days cytarabine, ara-C, with daunorubicin or 
cyclophosphamide or 6-mercaptopurine) with a 
4-week interval for 3 years of complete remis
sion (CR). 

From August 1992 until January 1995, 188 
patients were enrolled in the study from 18 par
ticipating hematological centers. Ninety-three 
patients were randomized to 7 + 3 and 96 
patients to 7+3+VP-16. Forty-seven patients 
were excluded from the analysis. Nine M3 
patients were analyzed separately. Sixty-two 
patients (34 males, 28 females; median age 34 
years; MI-9, M2-25, M4-20, M5-6, M6-1, M7-1) 
on 7 + 3, and 70 patients (30 males, 40 females; 
median age 33 years; MI-Il, M2-27, M4-29, M5-
3) on 7+3+VP-16 were finally evaluated. The 
CR rates were 60% and 66%, drug resistance 
(DR) 19% and 10%, early death(ED) 21% and 
24% respectively. The death rate in consolida
tion was 11% on 7+3 and 20% on 7+3+VP-16. 
Among nine M3 patients, four died during 
induction (cranial hemorrhages), one patient 
had resistant leukemia, four patients achieved 
CR. Event-free survival over 2.5 years in the 7+ 3 

arm was 22% (37 patients and in the 7 + 3 + VP-
16 arm 36% (46 patients) (p=0.59). Event-free 
survival according to the type of maintenance in 
the 7 + 3 group was 32% on the rotation program 
(13 patients) and 88% on 7-t-} maintenance (13 
patients) (p = 0.47); in the 7+3+VP-16 group 
the rate was 20% on the rotation program (13 
patients) and 42% on 7+3 maintenance (11 
patients) (p=0.17). 

These results indicate that VP-16 does not 
improve CR rate and event-free survival in AML 
patients in a 2.5 year follow-up period. More 
intensive maintenance seems to have some, 
though not statistically significant, benefit over 
the rotation program. A high death rate in 
induction and consolidation, especially on 
7+ 3+ VP-16, may make the advantages of addi
tion of VP-16 to the standard 7 + 3 regimen 
questionable. 

Introduction 

Though acute myeloid leukemia (AML) treat
ment seems to have been well defined for more 
than 15 years, there are still many questions and 
debates. Conventional chemotherapy with low
dose maintenance provides standard long-term 
results with almost of 25% event-free survival 
[1,2]. For years it has been discussed whether 
the introduction of new drugs (idarubicin; 
amsacrine; mitoxantrone; etoposide, VP-16), or 
high-dose cytarabine (ara-C) in induction/con
solidation with or without prolonged mainte
nance, or usage of time-sequential protocols 
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may improve the outcome in AML patients. The 
same question is posed regarding new non-cyto
static agents recently introduced in AML thera
py, i.e., growth factors and retinoid acid [3]. 
Allogeneic bone marrow transplantation (BMT) 
is considered almost unanimously to reduce the 
risk of relapse thus increasing survival up to 
50% in a selected group of patients [4]. 

Intensified AML therapy is now believed to 
provide some, though not dramatic, advantages 
over the gold standard-the 7+3 regimen. This 
conclusion was reached mostly following the 
results of single-center studies, and a few large 
multicenter trials have proved this concept [5]. 

The goal of our study group was to determine 
the role of VP-16 as an additional agent to the 
7 + 3 regimen applied in a two-step induction 
fashion in de novo AML therapy. The results of 
this multicenter randomized trial comparing 
7+3 and 7+3+VP-16 are now discussed in this 
paper. 

Materials and Methods 

The study comprised 18 participating centers 
and was started in August 1992. The criteria for 
study enrolment were: de novo AML, age 16-60 
years, no previous treatment for AML. The 
study design is shown in Fig. 1. 

1.0 

0.9 

0.8 

0.7 

0.6 

P 0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

10 months 

Fig. 1. Design of the study 
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All patients (except M3) were randomized to 
7+3 or 7+3+VP-16. VP-16 was administered 
for 5 days at a dose of 120 mg/m2 per day, 30-
min infusion started on day 10 after finishing 
7+3 (Fig. 2). The treatment for each patient 
consisted offour induction/consolidation cours
es. Patients who did not achieve complete remis
sion (CR) after two courses were excluded from 
the protocol as having resistant leukemia. After 
finishing the induction/consolidation program, 
patients were randomized either to 7 + 3 mainte
nance with a 6-8 week interval or to a rotation 
protocol (5 days ara-C 100 mg/m2 s.c. plus 
daunorubicin 45/m2 on days 1,2; or cyclophos
phamide 600 mg/m2 on day 1; or 6-mercaptop
urine 60 mg/m2 on days 1-5) with a 4-week 
interval between courses. The whole treatment 
was conducted for 3 years of CR. 

Supportive Care. All patients received nistatin and 
cotrimoxazole p.o. as decontamination and if 
necessary antibiotic treatment was started 
according to the protocol of empirical antibiotic 
therapy (first line-cephalosphorins of the third 
generation plus aminoglycosides; second
addition on day 3-4 of vancomycin or unasin; 
third-addition on day 6-7 of antifungal drugs: 
amphotericin B, or fluconazol, or itraconazol; 
then according to the positive cultures obtained 
from blood or catheter, etc.). 

20 30 
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Fig. 2. 7 + 3 + VP-J6 schedule 

From August 1992 until December 1994, 188 
patients less than 60 years old with de novo 
AML were randomized: 93 to the 7 + 3 protocol 
and 95 to the 7+3+VP-16 protocol. The data on 
excluded and analyzed patients is presented in 
Fig. 3. As already mentioned, M3 patients were 
analyzed separately. 

Survival analysis was estimated by the 
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Fig.3. Data on excluded and analyzed patients 
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Kaplan-Meier method for CR patients according 
to the type of induction (for M4-5 patients sepa
rately) and according to the type of mainte
nance. Events were deaths or relapses. Four 
patients underwent transplantation in their first 
remission, and in the life-table analysis they 
were censored at the time of BMT. 

-
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Results 

After 2.5 years of on-going trial the data from 
132 patients were evaluable. The results of treat
ment in AML patients according to the type of 
induction are presented in Table 1. We also 
compared the results obtained in our center
the National Research Center for Hematology 
(NRCH)-and in all the other participating cen
ters as this could easily demonstrate the advan
tages of a single-center trial. 

We did not observe any difference between 
the two protocol arms. The CR rate was almost 
identical with slightly more patients in the 
7+3+VP-16 group achieving CR after the first 
course of induction (87% vs. 68%). In both 
treatment groups there was high early death 
(ED) rate (death within 6 weeks of therapy). The 
causes of ED are shown in Table 2. As the 
majority of complications occurred during the 
neutropenic phase, the comparison of critical 
neutropenia duration (leukocytes < 1.0 x 10911) 
and platelet transfusion support was performed 
(Table 3). One platelet unit presented in this 
analysis consitutes -40 x 109 platelets obtained 
from 500 ml blood. These data again show no 
differences between the two protocol arms but 
they do reveal the insufficient transfusion sup
port used in the study. 

Among nine M3 patients, only four achieved 
CR (all after the second course of 7 + 3), one 
patients was resistant, and four died in induc
tion due to cranial hemorrhages. Three out of 
four CR patients relapsed within 1 year of CR. 

All patients needed antibiotic treatment dur
ing induction. Fever of unknown origin was the 
reason to start the antibiotic therapy in 90% of 
cases and pneumonia in 10% of cases. The data 
for the precise infection analysis were evaluable 
in 38 patients. The first-line antibiotics (cefoper
azon+gentamycin) were effective in 32% (12 
patients) of 38 cases; 36% (nine patients) out of 
25 patients in whom it was indicated (24% of all 
patients responded to the second-line therapy 
with the addition of unasin); an antifungal drug 
(third line-fluconazol) was applied to 39% (15 
patients) of all patients and 53% (8 patients) of 
them responded. One death occurred during the 
first-line treatment, one death during the second 
line, and three deaths during the third line of 
protocol (in two cases it was fungal sepsis). Of 
all patients, 10% (4 patients) did not respond to 
this protocol, so the overall response rate was 
76%. There were no differences between induc-
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tion groups. regarding the antibiotical protocol 
application. 

Among 46 CR patients in the 7+3+VP-16 
group, nine (20%) died in consolidation. Until 
December 1995, 26 had come through four 
induction/consolidation courses and were ran
domized to 7+3 maintenance (13 patients) and 
the rotation protocol (13 patients). Among 37 
CR patients in the 7 + 3 group, four died (11 %) 
in consolidation and 24 were randomized to the 
maintenance protocol: 11 patients to 7+3 main
tenance and 13 patients to the rotation program. 

Event-free survival according to the type of 
induction is presented in Fig. 4. Survival at 2.5 
years constitutes 36% in the 7 + 3 + VP-16 group 
and 22% in the 7+3 group. Event-free survival 
according to the type of induction for patients 
with M4 and M5 was evaluated separately and is 
shown in Fig. 5. M4-M5 patients did slightly bet
ter on the 7+3+VP-16 protocol with 30% achi
eving 2-year survival vs. 18% on 7+3. Figures 6 
and 7 show event-free survival according to the 
type of maintenance in the 7 + 3 and 7 + 3 + VP-
16 groups. Both figures show a slight advantage 
for the 7 + 3 maintenance over the rotation pro
gram. In no one case of survival analysis was a 
statistical difference found. 

Discussion 

Intensification of AML treatment is going in dif
ferent directions: dose acceleration, incorpora
tion of new cytostatic drugs, and use of time
sequential protocols and priming effects in 
induction and in postremission therapy. In initi
ating the study with VP-16 applied as the second 
step after the 7 + 3 regimen, we tried to follow 
two of these principles, i.e., the addition of new 
drug and time sequence with a priming effect. 
VP-16 has been reported by some groups to 
bring some additional effects in AML. Bishop 
et al. [6] showed statistically better 4-year event
free survival in a younger group of patients treat
ed with 7+3 combined with VP-16 75 mg/m2 for 
7 days in comparison with those treated with 
7+3: 36% vs. 15%. In a retrospective analysis, a 
higher remission rate (72%) was reported by 
Leoni et al. [7] in 61 patients treated with the 
daunorubicin, cytarabine, and 6-thioguanine 
(OAT) regimen where thioguanine was replaced 
by VP-16 vs 57% in 35 patients who were treated 
with the original OAT. In the German Berlin
Frankfurt-Munster (BFM) study, the addition of 
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Table 3. eutropenia duration and lransfusion support according to induction COurSe 

Characteristics 7+ 3 7+3+ VP-16 

First course econd course First course Second course 

Neutropenia (days) 13.5 8.S 15 10 
Platelets (unilS) 16 4 16 14 

1.0 
II .. 

0.9 

0.8 

0.7 
P 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

0 10 months 20 30 

Fig. 4. Event-free survival in AML patients according to the type of induction. Thick line, 7+ 3+ VP-16 induction 
(46 patients); thin line, 7+ 3 induction (37 patients); p = 0.59 

Induction I Consolidalion Maintenance 

R ..? 
~ 

[ETI rml [ETI r+ 31 

If8l rml 17+3 1 [7+3 1 
~ ~ VP-16 VP-16 

the ara-C+ VP-16 course before the main proto
col brought substantially better survival results 
in children in all AML subtypes except MS [8]. In 
all these studies VP-16 administered together 
with ara-C, but some authors reported that the 
activity of ara-C may be reduced by the con
comitant use of VP-16 [9]. Following this data, 
we decided to infuse VP-16 after finishing the 
ara-C infusion. Another point that was taken 
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Fig. 5. Event-free survival in patients with 
M4 and MS AML according to the type of 
induction. Thick line, 7+3+VP-16 induction 
(22 patients); thin line, 7+3 induction (16 
patients); p = 0.35 

into consideration was the evidence of drug
induced humoral stimulatory activity (HSA) pre
sent in serum following initial cytoreduction and 
associated with endogenous growth factor activi
ty [10]. As a result, there is a predictable peak in 
in vivo post-drug residual tumor proliferation 
(day 8) [11]. So the application of the cytostatic 
drug at days 8-10 after initial chemotherapy 
(7+3) may increase tumor clearance. These facts 



7+3 VP-16 
Fig. 6. Event-free survival according 
to the type of maintenance in patients 
treated with 7 + 3 induction protocol. 
Thick line. 7+3 maintenance (11 
patients); thin line, rotation pro
gramme (13 patients); p ~ 0.17 

ARA-C 100 mg/m2 bid 

"~"~'ll ••• 120 mg/m2 

DAUNO 45 mg/m2 

2 3 4 5 6 7 8 9 10 I I 12 13 14 15 16 I 7 18 19 20 21 

7+3 

93 

31 

7+3+VP-16 

Randomized 

Excluded 

Too early to evaluate 6 
No data 9 
Patients refusal 3 
Death before treatment 6 
Protocol deviation II 
Secondary I pretreated AML 7 
Wrong diagnosis 5 

M3 9 

Analysis 

95 

25 

Fig. 7. Event-free survival according to the type of maintenance in patients treated with 7 + 3 + VP- 16 induction 
protocol. Thick line, 7 + 3 maintenance (13 patients); thin line, rotation programme (13 patients); p = 0.47 

became the basis for the two-step induction pro
tocol 7+ 3+ VP-16 that was proposed to be com
pared with the standard 7 + 3 in a multicenter 
randomized study. 

In 132 patients were analyzed: 62 patients in 
the 7+3 induction arm and 70 patients in the 
7+ 3VP-16 arm. Forty-five patients were exclud
ed, mostly (32 patients) due to unprecise fulfill
ment of the protocol (wrong diagnosis, 
secondary AML, pretreated AML, dose reduc
tions, no information about the patient, and 
other protocol deviations). Six patients (3% out 
of all randomized) died before any treatment 
was started, this is a common situation in rural 
regions of Russia where patients are admitted to 

hospital in the terminal phase of the disease due 
to a late diagnosis. Both groups were similar in 
AML subtype distribution and median age. It is 
worth noting that the median age of patients 
enrolled in the study is young (33-34 years). 
There may be two explanations: the caution of 
participating centers who do not randomize 
older patients (subjective reason) and a very low 
median life duration of people in Russia-65 
years (objective reason). So the results of the 
AML chemotherapy discussed here and the con
clusions refer, to some extent, to a selected 
group of patients. 

Results of induction treatment do not differ 
much from those reported elsewhere for multi-
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center trials: a 60% CR rate on 7 + 3 and 66% on 
7+3+VP-16 [12]. The exception is promyelo
cytic leukemia as only 44% of patients achieved 
CR, possibly due to a high incidence of death 
during induction. There is a real problem with a 
supportive care as 21%-24% of patients died 
during induction. We also revealed a very low 
level of transfusion support during induction 
(16 units) and this fact can explain the high inci
dence of hemorrhagic deaths (62% on 7 + 3 and 
29% on 7+3+VP-16). Deaths from infection 
occurred in 57% (17 patients) of 30 induction 
patients. Infections were the major cause of 
death in consolidation too (11% CR patients 
died in the 7 + 3 arm and 20% in the 7 + 3 + VP-
16 arm). These induction/consolidation deaths 
affected the event-free survival in CR patients, 
and the higher death rate in the 7+3+VP-16 
group may conceal the antileukemic effect of 
this protocol. 

Event-free survival (36%) during the short 
period of follow up (2.5 years) in patients treat
ed with the 7+3+VP-16 regimen is almost iden
tical to that reported by Kurrle et al. [13], i.e., 
42% at 22 months in patients treated with the 
DAV regimen (ara-C 100 mg/m' continuous 
infusion on days 1-7, daunorubicin 60-45 
mg/m' on days 1-3, VP-16100 mg/m' on days 5-
-7). The remission rate described in this report 
is also the same as in our study-67%. There 
was no statistical difference in survival between 
the 7+3 and 7+3+VP-16 groups in our study. 

Results in M4-M5 patients treated with 
7+3+VP-16 show some trend in favour of a 
protocol including VP-16, but only long-term 
follow up will provide clear conclusions. The 
event-free survival curve for four CR M3 
patients cannot be shown, but three relapses 
(two of them were early relapses within 6 
months of CR) demonstrated the poor efficacy 
of 7 + 3 courses. 

It is clear that there are few patients in the 
analysis but perhaps it would be reasonable to 
increase the dose of daunorubicin for M3 
patients up to 60 mg/m' in the 7 + 3 schedule. 
Retinoids are currently not evaluable in Russia. 

The idea of comparing more or less aggres
sive maintenance treatment within the same 
period of time (3 years of CR) was tested in our 
trial. It appeared once again that at this period 
of follow up no one type of maintenance therapy 
showed statistically better results; there is only a 
trend towards better remission duration on 7 + 3 
maintenance than on the rotation protocol. 
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However the groups of patients are small (11-13 
patients) and the period of follow up is short. 
Moreover, almost all the patients on 7+3 main
tenance needed hospitalization and supportive 
measures during their treatment. In approxi
mately 75% of patients on 7 + 3 maintenance a 
dose reduction of up to two thirds of the expect
ed dose was needed. There were much fewer 
problems in the rotation arm. 

The conclusions after 2.5 years of this on
going trial are: 

- The addition ofVP-16 to the induction proto
col did not improve the CR rate but did not 
worsen the induction death rate in adult AML 
patients. 

- 7+3+VP-16 gives a 36% and 7+3 a 22% 2.5 
years event-free survival rate in adult AML 
patients. -7+3+VP-16 does not improve sur
vival in M4-M5 AML patients at 2.5 years of 
follow up. 

- 7 + 3 maintenance has no statistically reliable 
advantages over the rotation program. 

- More time and more patients are needed to 
reach more exact conclusions. 
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Abstract. Eleven poor-risk acute myelogenous 
leukemia (AML) patients were treated with fiu
darabine + cytosine arabinoside + granulocyte 
colony-stimulating factor (FLAG). The median 
age was 38 (range 31-51 years) and five patients 
were female. Six patients were resistant to a pre
vious induction chemotherapy (European 
Organization for Research on Treatment of 
Cancer, EORTC, AMLlO protocol), two patients 
had AML secondary to myelodysplastic syn
drome, one had chronic myelomonocytic 
leumekia and two patients were in first resistant 
or subsequent relapse. According to the French
American-British (FAB) classification, patients 
presented with the following subtypes: four M4/ 
M5, three not classifiable, two M2, one CMML, 
one M6. Seven patients achieved a complete 
remission (CR) (63%), of these four patients 
were MDR positive. The median time to achieve 
CR was 39.5 days (range 28-49 days). Four 
patients relapsed after 1, 2, 3, 3 months, respec
tively, while three patients (all MDR positive) 
are still in CR after 3, 7, and 12 months. In our 
experience, no major toxicities were observed 
during the treatment, except mild mucositis. 
Our results confirm the feasibility of this sched
ule and its efficacy in poor-risk AML, suggesting 
a preferential role in AML patients expressing 
the MDR phenotype. 

Introduction 

Treatment of acute myelogenous leukemia 
(AML) with initial induction chemotherapy 

induces complete remission (CR) in approxi
mately 70% of patients and cure may be 
obtained in about 30%-40% [1-4). Despite these 
results in the treatment of newly diagnosed 
AML, refractoriness to multiple chemotherapeu
tic agents remains a major cause of treatment 
failure. Although many AML patients can 
achieve a first CR after a second induction 
course or a second CR after reinduction chemo
therapy, the response duration is usually short 
and long-term survival is observed in fewer than 
5% of patients with a new chemotherapeutic 
approach Only a bone marrow transplantation 
(BMT), allogeneic or autologous, may offer a 
potential curative alternative [5-7). Two major 
pathogenetic mechanisms are responsible of 
refractoriness: (a) failure of initial chemothera
py (primary resistant leukemia); and (b) devel
opement of resistance to chemotherapy in 
initially responding patients who have then 
relapsed (early or late). The poor prognosis of 
these patients has been associated with the pres
ence ofleukemic clones resistant to convention
al drugs. Thus, patients not achieving CR after 
one course of intensive induction chemotherapy 
represent a poor prognosis group. 

Multidrug resistance (MDR) is so far a poorly 
understood phenomenon. Recently it has been 
proved that an overexpression of MDRI gene is 
closely related to clinical drug resistance and is 
predictive of treatment outcome in several 
hematologic diseases [8-10). Therefore, agents 
not related to MDR are in evaluation with the 
aim of overcoming MDR. Among these agents, 
fiudarabine phosphate, an adenosine nucleoside 
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analogue, has been successfully used as single 
agent in lymphoproliferative disorders. This 
drug exerts its antileukemic activity by interfer
ing with tumor cell growth by directly or indi
rectly inhibiting DNA replication. Moreover, 
recently the association of fludarabine + cyto
sine arabinoside 'ara-C' was proven to increase 
the intracellular arabinosylcytosine 5'-triphos
phate (Ara-CTP) accumulation beyond that pos
sible with a single dose of ara-C [11]. 

Cytosine arabinoside is one of the most used 
and effective agents for the treatment of AML. 
Its cytotoxic activity depends on the intracellu
lar conversion of ara-C to its active metabolite, 
the 5'-triphosphate ara-CTP that inhibits DNA 
synthesis; thus, ara-C is a cell cycle-specific drug 
that exerts its cytotoxic effects predominantly in 
S phase [12-13]. 

The administration of granulocyte colony
stimulating factor (G-CSF), given prior to and 
during drug administration, has been shown to 
improve ara-C cytotoxicity in AML [14-15]. 
Recent clinical trials by Estey et al. [16] have 
demonstrated that fludarabine infusion prior to 
ara-C increased ara-CTP accumulation and G
CSF infusion enhanced F-ara-ATP accumulation 
in AML blasts in vivo. A first study by this group 
tested this combination in relapsed or refractory 
AML, producing 59% CR [17]. These results 
induced these authors to use the association G
CSF and fludarabine/ara-C in poor-prognosis 
newly diagnosed AML or myelodysplastic syn
drome (MDS) patients; 65% of 69 AML patients 
and 60% of 49 MDS patients achieved CR [18]. 

Based on these data, we have used the combi
nation of G-CSF and fludarabine/ara-C (FLAG) 
as a therapeutic synergistic strategy in order to 
improve the remission rate in patients with 
poor-prognosis AML. 

Patients and Methods 

Patients. Since November 1993, 11 poor-risk 
AML patients have been enrolled. Poor-risk 
AML was defined as follows: (a) patients with all 
cytological types of AML according to the 
French-American-British (FAB) classification, 
except M3 AML, who are resistant to standard 
induction chemotherapy (European Organi
zation for Research on Treatment of Cancer, 
EORTC, AMLlO protocol); (b) patients in first 
relapse resistant to standard reinduction 
chemotherapy or in second/subsequent relapse; 

(c) MDS evolved with AML or secondary AML 
not eligible for standard induction chemothera
py. Inclusion criteria were as follows: (a) perfor
mance status of 0-2 according to the World 
Health Organization (WHO) grading and life 
expectancy of more than 3 months; (b) bilirubin 
and creatinine < 2 mg/dl; (c) left ventricular 
ejection> 50% with no cardiac dysfunction; (d) 
informed consent of the patient. The median age 
was 38 years (range 31-51 years) and five 
patients were female. Six patients were resistant 
to previous induction chemotherapy (EORTC 
AMLlO protocol), two patients had AML sec
ondary to a myelodysplastic syndrome, one had 
chronic myelomonocytic leukemia (CMML) and 
two patients are in first resistant or subsequent 
relapse. According to the FAB classification, 
patients presented with the following subtypes: 
four M4/M5, three not classifiable, two M2, one 
chronic myelomonocytic leukemia (CMML), 
oneM6. 

Prophylaxis against P. carinii infection was 
scheduled using cotrimoxazole, and herpetic 
complications were prevented by acyclovir (5 
mg/kg per day). Broad-spectrum antibiotics 
were given in case of fever during neutropenia. 
Patients characteristics are listed in Table 1. 

Treatment. The patients were treated with 30 
mg/m2 per day fludarabine by 30-min infusion 
(days 1-5) followed by 4-h infusion of ara-C at 
2 g/m2 per day (days 1-5); G-CSF was admi
nistered on days 0-5 in six patients and from 
day 0 to a polymorphonuclear (PMN) recovery 
(defined as PMN value greater than 500/mmc) in 
five patients (FLAG regimen). 

Bone marrow (BM) was evaluated on day 26 
after the begining of the course. Patients who 
did not achieve CR received a second identical 
course after 3-4 days from evaluation of 
response, with a new BM control 26 days after 
the initiation of this second cycle. 

Patients achieving CR after one or two cours
es of induction were submitted to a consolida
tion course starting 4 weeks after the completion 
of the last induction course. This consolidation 
course was identical to the induction course 
with the omission of G-CSF. 

The patients in CR after the consolidation 
course were then planned to a post-remissional 
program that included allogeneic or autologous 
BMT or conventional maintenance therapy in 
patients ineligible for transplantation proce
dures. 
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Complete remission was defined according to 
the conventional criteria of the Cancer and 
Leukemia Group B [19}. Failures to induction 
therapy were classified according to Preisler 
et a1. [20], whereas toxicity was assessed accord
ing to the WHO criteria [21}. 

Biological Study. All patients included in the study 
were evaluated for MDR expression and 
leukemic growth patten. Biological studies were 
performed before G-CSF administration. 

The detection of MDR expression was made 
using the flow cytometric Rhodamine-123 func
tional test performed in the presence or absence 
of cyclosporine A(CSA), used as a MDR-revers
ing agent [22-23}. Samples were incubated with 
Rhd-123 (1 fig/I) for 15 s, then washed and 
exposed to an MDR-reversing agent for 60 min. 
Evaluation in the presence or absence of CSA 
was performed at 0, 15 and 60 s comparing with
in each sample the percentage decrease of mean 
fluorescence. Flow cytometric measurement was 
performed using a FACScan (Becton Dickinson) 
and its software for analysis. 

The effect of G-CSF administration on the 
proliferative potential of clonogenic leukemic 
cells was assessed by in vitro cultures of BM and 
peripheral blood samples. Cultures in cytokine
free medium were also established in order to 
determine the autologous proliferative activity 
of AML cells. The effect of G-CSF was evaluated 
by comparing the clonogenic leukemic (CFU-L) 
growth detected in cultures performed before 
and 24 h after in vivo G-CSF administration 

Results 

Clinical Results 

Seven out of 11 patients (63%) entered a CR, all 
of them after one course of FLAG. Among the 
seven patients who achieved CR, four were MDR 
positive. The median time to achieve CR was of 
39.5 days (range 28-49 days). Five out of six 
patients with resistant disease achieved CR, 
while the two patients in first resistant and in 
second relapse developed resistance and second 
CR, respectively. The two patients with AML 
secondary to a myelodysplastic phase did not 
enter CR because of persistant hypoplasia and 
resistant disease, respectively. 

Reasons for failure were resistance in three 
patients and persistent hypoplasia in one 

patient. All but one, of the patients, received a 
consolidation course; persistent infection was 
the cause of the one patient not being treated. 
Four patients relapsed after 1, 2, 3, 3 months 
respectively with three patients (all MDR posi
tive) are still in CR after 3, 7, and 12 months (see 
Table 1). 

Toxicity 

Nine out of 11 patients were evaluable for hema
tological recovery. The median time to obtain a 
PMN> 500/mmc was 23 days (range 20-27 days) 
while a median interval of 28 days (range 20-35 
days) was required to achieve a platelets value 
> 50 OOO/mmc. No differences were observed 
among patients receiving G-CSF from day 0 to 
day 5 or from day 0 until PMN recovery. 
Generally, the FLAG regimen was well tolerated 
and only mild mucositis was observed. Eight 
patients developed fever during the treatment: 
in patients cases a sepsis by Gramnegative bac
teria was detected, in two patients a pulmonary 
infection by Aspergillus had complicated a lung 
infection observed during the previous induc
tion chemotherapy, one patient developed a 
Gram-negative sepsis in association with sinusi
tis caused by Aspergillus. 

Biological Results 

MDR Expression. In ten out of 11 evaluable patients 
the mean Rhd-efftux value was 19.8% (range 
4.5%-51.2%) showing in all cases a high dye 
efflux, although to a different degree, efficiently 
blocked by the MDR-reversing agent, indicating 
a MDR functional expression [18}. 

C/onogenic Assay. The clonogenic cell growth at 
time 0 and after 24 h of in vivo G-CSF adminis
tration showed only minor changes in standard 
culture conditions, whereas a rise of the 
autonomous proliferation of BM clonogenic 
leukemic cells was detected after G-CSF in all 
but two cases with a 13-fold mean increase. 

Therapy of resistant/relapsed disease remains 
a major prohlem in treating AML patients. 
Several mechanisms of drug resistance, includ
ing decreased drug accumulation (antifolate 
resistance), altered drug metabolism (ara-C and 
alkylating agents), increased repair (alkylating 
agents), altered drug targets (topoisomerase II 
activity), and altered gene expression are most 
likely involved in the emergency of leukemic 
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clones. In this tissue the role of typical MDR and 
altered ara-C metabolism seems particularly rel
evant since standard AML induction regimens 
are based on ara-C and MDR-related drugs. To 
circumventing this problem, various strategies 
have been explored, such as the use of high dose 
ara-C or of MDR-un related drugs [24]. In this 
setting, the M.D. Anderson Group [18], among 
others investigated the efficacy and the safety of 
the association of fiudarabine + ara-C with and 
without G-CSF in relapsed and refractory AML 
patients, and obtained promising results. These 
preliminary data allowed us test the FLAG pro
tocol in a small group of poor-risk AML 
patients. In our experience, among 11 patients 
evaluable for clinical response, seven achieved 
remission, three did not, and one was consid
ered as having persistent hypoplasia; these data 
confirm the results obtained by other groups 
using the FLAG protocol [17, 18,25]. It is worth 
noting that among seven patients expressing the 
MDR phenotype, four achieved remission, sug
gesting that the FLAG regimen may be effective 
in inducing CR in poor-risk AML patients char
acterized by high MDR expression. These pre
liminary data suggest the efficacy of the FLAG 
protocol in AML patients characterized by high 
MDR expression and the possibility of an elec
tive use of this association in large series of 
patients expressing the MDR phenotype at the 
onset of the disease and/or in relapse. 

Furthermore, the FLAG protocol seems to be 
a tolerable regimen with mild toxicity, as report
ed by our group and by others. The role of 
growth factor priming of G-CSF in these 
patients will be further evaluated in the ongoing 
study. 
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Granulocyte-Macrophage Colony-Stimulating Factor 
During and After Remission Induction Treatment for Elderly Patients 
with Acute Myeloid leukemia 
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Abstract. From May 1992 to November 1994,240 
patients with de novo acute myeloid leukemia 
(AML) and aged 55-75 years (median 68 years) 
were enrolled in a multicenter, double-blind 
randomized study comparing placebo and gran
ulocyte-macrophage colony-stimulating factor 
(GM-CSF) (Escherichia coli derived) (5/flg/kg 
per day 6-h infusion) during induction 
chemotherapy (idarubicin 8 mg/m2 per day Lv. 
on days 1-5 plus cytarabine, ara-C, 100 mg/m2 
per day continuous infusion on days 1-7) and 
until recovery of a neutrophil count > 
0.5 x 109/1. Post-remission therapy was identical 
in the two arms. The two groups were compara
ble regarding the following parameters: age, sex, 
performance status, fever, organomegaly, initial 
blood cell counts, French-American-British 
(FAB) classification, presence of myelodysplas
tic features, and incidence of karyotypic abnor
malities. Of the 209 patients currently evaluable, 
130 (62%) achieved complete remission (CR) 
with no significant difference between patients 
aged 55-64 (57190 = 63%) and patients aged 65 
to 75 years (731119 = 61%). There were 17 (8%) 
early deaths, 18 (9%) deaths in aplasia, and 45 
(21 %) failures. No significant difference was 
observed between the GM-CSF group (n = 103) 
and the placebo group (n = 106) regarding the 
CR rate (63% vs. 61%), the incidence of early 
deaths (10% vs. 6%), of deaths in aplasia (8% vs. 
9%), and of failures (19% vs. 24%). The duration 
of neutropenia was shorter in the GM-CSF 
group (median 22 days vs. 26 days, p = 0.002). 
However, the incidence of febrile episodes and 
of bacteriemias and the duration of hospitaliza-

tion was similar in the two groups. With a medi
an follow up of 19 months, the overall survival 
of all eligible patients was similar in both groups 
(39% actuarial survival at 2 years in the GM-CSF 
group vs. 33% in the placebo group, p = 0.45 
log-rank test). Nonetheless, the disease-free sur
vival was longer for patients who achieved CR in 
the GM-CSF group (44% continuous CR rate at 2 
years vs. 19%, p = 0.024). The study medication 
was prematurely stopped due to toxicity in 17 
patients (14 GM-CSF, three placebo; p = 0.003). 
We conclude that (a) the induction treatment 
with idarubicin and conventional doses of ara-C 
obtains a high CR rate in elderly patients (b) the 
administration of GM-CSF during and after 
induction chemotherapy results in a faster 
recovery of neutrophils but does not reduce 
infectious toxicity and increases neither the effi
cacy of this chemotherapy nor the overall sur
vival. However, the disease-free survival was 
significantly longer for patients who received 
GM-CSF before achieving CR. 

Introduction 

While it is currently possible to cure an increas
ing number of younger patients with acute 
myeloid leukemia (AML), the results in elderly 
patients have been unsatisfactory. The induction 
treatment for AML in the elderly remains disap
pointing for two main reasons. First, a higher 
incidence of adverse prognostic factors which 
explain an increased failure rate. Secondly, and 
most obviously, there is a higher toxicity of 
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intensive chemotherapy which increases the 
death rate during aplasia. Therefore the use of 
hematopoietic growth factors in combination 
with intensive chemotherapy has appeared as a 
potentially highly effective approach for 
improving outcome in fit elderly patients. Two 
separate mechanisms of granulocyte-macro
phage colony-stimulating factor (GM-CSF) have 
been demonstrated in AML. When given during 
chemotherapy, GM-CSF can recruit leukemic 
blast cells into cell cycle thus making them more 
susceptible to killing by S phase-specific agents 
[1]; on the other hand, when given after 
chemotherapy, GM-CSF may reduce the dura
tion of neutropenia and therefore decrease the 
rate of infection. In early 1992 the French GOE
LAM group initiated a randomized trial 
designed to evaluate the effects of GM -CSF given 
both during and after induction chemotherapy 
for AML in elderly patients. 

Patients and Methods 

Design. The trial was designed as a prospective, 
randomized, double-blind, placebo-controlled 
study. The objectives were to compare in a GM
CSF group of patients and in a placebo group 
the complete remission (CR) rate, the duration 
of neutropenia, the rate of infections, the dis
ease-free survival (DFS), and the overall sur
vival. Patients were eligible for the study if they 
were aged 55-75 years with a diagnosis of de 
novo AML and a performance status before 
diagnosis of less than 2 according to the World 
Health Organization (WHO) grading system, 
and no severe organ failure. Patients with previ
ous unexplained cytopenia were included in the 
study. Conversely, patients with a history of 
preleukemia syndrome or secondary AML could 
not enter the study. 

Treatment Program. Induction chemotherapy con
sisted of idarubicin 8 mg/m2 per day i.v. for 5 
days and cytarabine (ara-C) 100 mg/m2 per day 
as a continuous infusion for 7 days. Patients 
were randomized to receive identical study 
medication, placebo, or GM-CSF. Recombinant 
human GM-CSF derived from Esherichia coli 
was provided by Pharmacia-Farmitalia Onco
logy Department and administered at a dose of 5 
jlg/kg per day. Study medication was started on 
day 1 and given as a 6-h infusion until neu
trophil recovery (with more than 0.5 x 109 neu-

trophils/1 for 3 days) or up to day 28. In patients 
with more than 50 x 109 white blood cells 
(WBC) per liter before treatment, the study 
medication was delayed by 1-2 days. Randomi
zation was balanced within each center and was 
stratified according to age with a cut -off at 65 
years. Post-remission treatment was identical in 
the GM-CSF and placebo groups. Two strategies 
were used according to age. Patients aged 65-75 
received maintenance treatment for 1 year with 
6-thioguanine and ara-C weekly and every 3 
months a reinduction with CCNU, mitoguazone 
and ara-C. Patients aged 55-64 were randomly 
assigned to receive consolidation treatment fol
lowed by maintenance treatment or mainte
nance treatment only. Consolidation treatment 
consisted of intermediate-dose ara-C 1 g/m2 
every 12 h for 4 days and amsacrine 100 mg/m2 
per day for 2 days. 

Patients. As of November 15, 1994, 240 patients 
were registered in the study. Of the 226 patients 
analysed, 221 were eligible and 209 can be evalu
ated for efficacy of the induction treatment. 

Results 

The median age of the overall group was 68 
years; 90 patients were aged 55-64 years and 119 
patients were 65-75. The initial characteristics 
of the patients were similar in the GM-CSF 
group (103 patients) and the placebo group (106 
patients). There was no statistical difference 
between the two groups regarding median age, 
proportion of older people, sex ratio, history of 
unexplained cytopenia and incidence of poor 
clinical condition at presentation, or frequency 
of fever at diagnosis. The two groups were also 
comparable considering the initial hematologic 
characteristics of the patients, especially the 
French-American-British (FAB) subtype, the 
blood cell counts, the presence of morphologic 
features of myelodysplasia and the incidence of 
cytogenetic abnormalities. 

Remission Treotment Outcome. Overall CR rate was 
62% (130/209) with no significant difference 
between patients aged 55-64 years (63%) and 
patients aged 65-75 (61%). There were 17 (8%) 
early deaths, 18 (9%) deaths in aplasia, and 45 
(21 %) failures. No significant difference was 
observed between the GM-CSF group and the 
placebo group regarding the CR rate (63% vs. 
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61 %), the incidence of early deaths (10% vs. 
6%), deaths in aplasia (8% vs. 9%), and failures 
(19% vs. 24%). The incidence of early regrowth 
of blood leukemic blasts was similar in the two 
groups (9% in the GM-CSF group vs. 7% in the 
placebo group). 

Duration of Neutropenia. Median duration of neu
tropenia in patients who entered and came out 
of neutropenia was 22 and 26 days in the GM
CSF and placebo groups, respectively (p = 

0.002). However, the incidence of febrile 
episodes and documented infections like bac
teriemias was similar in both groups as was the 
duration of antibiotic use (median 21 days in the 
GM-CSF group vs. 23 days in the placebo group; 
p = 0.28), and the duration of hospitalization 
(median 30 days vs. 32 days; p = 0.08). 

Toxicity. GM-CSF treatment was discontinued in 
14% of patients due to intolerance, whereas the 
rate for placebo discontinuation was only 3% (p 
= 0.003). The main reasons for discontinuation 
were fluid overload symptoms (five patients) 
and side effects like flushing, hypotension, and 
fever. In four patients with multiorgan failure, 
the study medication was discontinued only as a 
precaution. Severe extra-hematologic toxicities 
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(National Cancer Institute Ncr, grade ~ 3) were 
comparable in both groups. 

Survival. The median follow-up time is 19 
months. Despite similar overall outcome after 
induction treatment in the two groups, the DFS 
was significantly longer for patients who 
achieved CR in the GM-CSF group. The proba
bility of continuous CR after 2 years is shown in 
Fig. 1: 44% in the GM-CSF group vs. 19% in the 
placebo group (p = 0.024, log-rank test). We 
have checked that post-CR treatment was actu
ally identical in both groups, especially after the 
second randomization. Nonetheless, the overall 
survival of all eligible patients was almost the 
same in both groups as shown in Fig. 2: the 2-
year actuarial survival was 39% in the GM-CSF 
group vs. 33% in the placebo group (p = 0.45, 
log-rank test). 

Discussion 

The results of this last interim analysis of our 
trial are still preliminary. However, several 
points are noteworthy. The induction treatment 
with idarubicin and conventional doses of ara-C 
achieves a high CR rate in elderly patients. 

24 

Fig. 1. Disease-free survival in patients in 
CR, n = 130. Broken line, GM-CSF, n = 65; 
Solid line, placebo, n = 65; p = 0.024 



Specially in the subgroup of patients aged 65 
and older, the 61 % CR rate compares favorably 
with other regimens [2]. 

The administration of GM-CSF resulted in a 
faster recovery of neutrophils (22 days vs. 26; p = 

0.002) but did not reduce either the incidence of 
severe infections or the duration of anti-infectious 
treatment and the duration of hospitalization. 
Several clinical trials of hematopoietic growth fac
tors in conjunction with chemotherapy have been 
reported in AML since 1989 [3]. Considering 
comparative trials which have used GM-CSF, 
the results agree on the reduction of the time to 
neutrophil recovery [4-8]. However, this acceler
ated neutrophil recovery did not translate into 
significant reduction in the rate of severe infec
tions. 

In our study, GM-CSF appears ineffective in 
increasing CR rate and also in reducing early 
death, toxic death rates and failure rate. 
Similarly, none of the reported studies in which 
patients received GM-CSF found an improve
ment in CR rate whatever the timing for CSF 
administration had been (either after; or before 
and during; or before, during, and after 
chemotherapy) [5,6,8-11]. 

Fig. 2. Overall survival (eligible patients, 
n = 221). Broken line, GM-CSF, n = 107; Solid 
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Considering survival, in our study DFS was 
longer for patients who had received GM-CSF 
before achieving CR (p = 0.024). Nonetheless, 
overall survival of all patients was almost the 
same in both groups (p = 0.45). The reason for 
this discrepancy between the DFS and overall 
survival curves is not yet clear. A somewhat sim
ilar result with an equivalent outcome of induc
tion treatment and surprisingly longer DFS in 
patients having received GM-CSF has already 
been reported by Buchner et al. [6]. In this 
study, which included 33% of patients 60 years 
and over, patients received GM-CSF before, dur
ing, and after chemotherapy for induction as 
well as for consolidation treatment. Only one 
study, reported by Rowe et al. [8] found 
chemotherapy associated with GM-CSF to have 
an improvement in survival rate in elderly 
patients aged 55-70 years. 

Up to now, the clinical use of GM-CSF has 
not really shown a marked impact on overall 
survival in elderly patients with AML. The issue 
remains unsettled and further analysis is 
required to identify possible subgroups of 
patients who could benefit the most from GM
CSF treatment. 
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Abstract. From November 1987 to April 1994, 522 
adult (15-50 years) patients with de novo acute 
myeloblastic leukemia (AML) were included in 
the GOELAM 1 protocol comparing allogeneic 
bone marrow transplantation (BMT), intensive 
consolidation chemotherapy (ICC) and autolo
gous BMT (ABMT). For induction treatment, 
patients were randomized to receive a combina
tion of cytosine-arabinoside (ara-C) (200 mg/m' 
per day continuous infusion on days 1-7) and 
either idarubicin (!DR) (8 mg/m2 per day on 
days 1-5) or rubidazone (RBA) (200 mg/m2 per 
day on days 1-4). After achievement, of com
plete remission (CR) an allogeneic BMT was 
proposed to patients up to the age of 40 with an 
HLA-identical sibling. Other patients in CR had 
to receive a first course of ICC (ICC1) with high
dose ara-C (3 g/m' every 12 by 3-h infusion on 
days 1-4, eight doses) and either !DR (10 mg/m' 
per day on days 5-6) or RBZ (200 mg/m2 per day 
on days 5-6). Bone marrow was collected after 
ICC1 and cryopreserved without any in vitro 
manipulation. If the hematopoietic quality of 
the collected marrow was adequate, patients 
were then randomly assigned to receive a sec
ond course of ICC (ICC2) with m amsacrine 
(AMSA); (150 mg/m2 per day on days 1-5) and 
etoposide (VP-16) (100 mg/m' per day on days 
1-5) or an ABMT after a preparative regimen 
with busulfan (4 mg/kg per day for 4 days) and 
cyclophosphamide (50 mg/kg per day for 4 
days). As ofJuly 1, 1994490 patients were evalu
able and 361 (74%) achieved CR with no signifi
cant difference between IDR and RBZ. An 
allogeneic BMT was planned in 83 cases and was 
actually performed in 67. Out of the 278 other 
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patients 227 did receive ICCI. The median dura
tion of neutropenia after ICCl was 19 days and 
there were nine toxic deaths (4%). A total of 171 
patients were randomized between ICC2 (84) 
and ABMT (87), and 128 have currently been 
analyzed (61 ICC2, 67 ABMT). The main reasons 
for exclusion were toxicity, refusal, poor hema
tologic reconstituion post ICCI, and relapse. 
With a median follow up of 44 months, the over
all survival of the entire cohort of patients is 
37% at 6 years (median 22 months) with no dif
ference between the two induction treatment 
arms. The 4-year disease-free survival (DFS) of 
the patients in CR who actually received the 
assigned treatment was 45% for allogeneic BMT, 
53% for ICC2, and 47% for ABMT. When con
sidering intention to treat there was no signifi
cant difference in DFS between allogeneic BMT 
and other forms of post-remission therapy or 
between rCC2 and ABMT. We conclude that (a) 
a significant improvement of survival can be 
obtained for patients with de novo AML up 50 
years of age with three different modalities of 
intensive consolidation; (b) the three approach
es give comparable results-after [CCI, ICC2 
appears to be as effective as unpurged ABMT 
and is easier to perform; (c) new strategies are 
needed to reduce the exclusion rate. 

Introduction 

The optimal strategy for post-remission therapy 
in acute myeloid leukemia (AML) remains a 
controversial issue. Three different approaches 
are currently being debated: allogeneic bone 
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marrow transplantation (BMT), autologous 
BMT (ABMT), and chemotherapy. Most reports 
on allogeneic BMT and ABMT in AML have 
come from single institutions [1-4] or from 
international registries [5, 6] and could therefore 
reflect a selection bias. Several small controlled 
studies comparing allogeneic BMT, chemothera
py [7-9] or ABMT [10-12] have been published. 
However, the need for large randomized studies 
was underlined by the controversy persisting in 
the literature [13, 14]. Moreover, in these studies 
the post-remission chemotherapy was used at 
conventional dosage. The issue of dose intensity 
in post-remission consolidation chemotherapy 
has been raised after the publication of several 
pilot studies showing that disease-free survival 
(DFS) rates of 30%-50% could be achieved after 
short-term intensive consolidation chemothera
py (ICC) [15-19]. A first randomized trial 
addressed the issue of the dose-response effect 
in AML [20]. The clear demonstration of better 
results with high-dose schedules has recently 
been published by the Cancer and Leukemia 
Group B (CALGB) [21]. 

We present the results of a prospective multi
center randomized study initiated in 1987 by the 
GOELAM group with the main goal of compar
ing allogeneic BMT, ABMT, and ICC as post
remission therapy in adult AMi. 

Patients and Methods 

Patients. Patients aged 15-50 years with de novo 
AML were eligible for entry into a multicenter 
trial involving 16 centers of the GOELAM group. 
Patients with a preexisting myelodysplastic syn
drome or with a blastic transformation of a 
chronic myeloproliferative disorder were ineli
gible. Patients with preexisting cardiac or renal 
failure or with liver disease and patients who 
had previously received chemotherapy and/or 
radiotherapy were not included. 

Remission Induction Theropy. The induction treat
ment was randomized between cytarabine (ara
C) 200 mg/m2 per day (continuous infusion) for 
7 days plus idarubicin (IDR) 8 mg/m2 per day 
for 5 days, and ara-C at the same dosage plus 
rubidazone (RBZ) 200 mg/m2 per day for 4 days. 
A bone marrow aspiration was performed on 
day 17. In the case of minimal residual leukemia 
( ~ 50% blasts and reduced cellularity), a second 
course was administered with 3 days of ara-C 
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plus 2 days of either IDR 10 mg/m2 per day or 
ZRB 200 mg/m2 per day. When the marrow was 
hypoplastic and non-blastic, no further treat
ment was given. All other cases were classified 
as failures and treated with salvage regimens. 

Post-remission Theropy. Patients in complete remis
sion (CR) were allografted if they were 40 years 
and younger and had an HLA-identical sibling. 
The conditioning regimen and the graft-versus
host disease prophylaxis and treatment varied 
according to protocols used in the different 
transplant centers. Patients over 40 years of age 
or without a suitable donor received a first 
course of intensive consolidation chemotherapy 
(ICCl) with ara-C (3 g/m2 in a 3-h infusion every 
12 h for eight doses on days 1-4) and either IDR 
10 mg/m2 on days 5-6 or ZRB 200 mg/m2 on days 
5-6. After hematopoietic recovery, marrow was 
collected. No in vitro manipulation was done. 
Patients were then randomized between a second 
course of ICC (ICC2) with m AMSA 150 mg/m2 
per day on days 1-5 and etoposide (VP-16) 100 
mg/m2 per day on days of 1-5. The preparative 
regimen to ABMT was the Baltimore combina
tion busulfan 4 mg/kg per day for 4 days and 
cyclophosphamide 50 mg/kg per day for 4 days. 

Statistical Analysis. Comparison of patient charac
teristics within the two induction treatment arms 
and of CR rates were evaluated by X2 tests. 
Disease-free survival (DFS) was calculated from 
the date of the first CR until the date of the first 
relapse or the date of death in CR. Overall sur
vival was calculated from the date of the 1st day 
of treatment until the date of death or oflast visit. 
Actuarial curves were drawn according to the 
Kaplan-Meier technique and differences between 
curves were based on the log-rank test. The medi
an follow-up time is 44 months. The outcome was 
analyzed according to the post-remission treat
ment actually received by the patients. However, 
a number of patients did not receive their 
assigned treatments. Therefore the analysis was 
also performed on an intention-to treat basis. 

Results 

From November 1987 to April 1994, 522 patients 
were registered. Eighteen were ruled ineligible 
(nine inadequate diagnosis, nine other exclusion 
criteria), 14 could not be evaluated (four deaths 
before any treatment, seven major violations 



three missing data). Thus, a total of 490 patients 
were evaluated (246 in the IDR arm, 244 in the 
HRBZarm). 

The characteristics of the patients are shown 
in Table 1. There was no significant difference 
between the two induction treatment arms 
regarding the incidence of these initial charac
teristics. 

Remission Induction Therapy. Of the 490 evaluable 
patients, 361 (74%) achieved CR with no signifi
cant difference between IDR (172/246 = 70%) and 
HRBZ (189/244=77.5%) (p = 0.06). There were 
eight early deaths (1.5%), 21 deaths in aplasia 
(4%), and 100 failures (20.5%). CR was achieved 
with only one course of induction in 95% of cases. 

Feasibility of Post-remission Therapy. Of the 361 
patients in CR, 24 were considered as unfit for 
any intensive therapy. Eighty-three patients 
aged 15-40 years with an HLA-identical sibling 
were scheduled for allogeneic BMT. However, at 
the time of this analysis, only 67 allogeneic BMT 
have been actually performed. A total of 254 
patients were assigned to ICCl. Only 227 ICCI 
had been performed by November 1994. 
Altogether 171 patients were randomized 
between ABMT (87 patients) and ICC2 (84 
patients). In only 128 of these patients was the 
assigned treatment actually performed. Overall, 
195 out of the 361 patients in CR (54%) did 
receive the planned treatment. Twenty-one 
patients (6%) are not currently evaluable 
because of missing data and 145 (40%) were 
excluded at different steps of the post-remission 

Table 1. Characteristics of the patients 

SexM/F (n) 
Median age (years) 
Performance status 

(WHO 0-112/3-4) 
White blood cell countOO'/!!I) 

-Range 
Median 

Platelet count (1O'/fll) 
-Range 

Median 
Fever at diagnosis (%) 
FAB classification 
(Ml, M2, M3, M4, Ms,) 

M6,M7 
Cytogenetic abnormalities 

'Data missing for 13. 

240/250 
36 
314/114/62 

0.4-486 
13.7 

2-999 
62 
41 
104/144/36/68/81/7/5' 
(32 unclassified) 

199/350 evaluable 
karyotypes (57%) 

therapy for the following reasons: major proto
col violation or physician's decision (29 
patients), poor or slow hematopoietic recovery 
(27 patients), patient's refusal (22 patients), rel
apse (22 patients), extrahematological toxicity 
(20 patients), infection (15 patients), toxic death 
(nine patients), second cancer (one patient). The 
median interval between CR achievement and 
the first intensive treatment was 68 days for allo
geneic BMT (range 9-200 days) and 20 days for 
ICC (range 0-98 days). The median interval 
between the rCC2 and ABMT was 93 days for 
ABMT (range 61-l37 days), and 76 days 
between ICCI and ICC2 (range 33-216 days). 

Hematological Toxicity of Post -remission Therapy. The 
median duration of neutropenia ( < 0.5 X 109!1) 
was 19 days after ICC, 24 days after ICC2, and 
24.5 days after ABMT. The median duration of 
hospitalization was 30 days after rcC!, 33 days 
after ICC2, and 37.5 days after ABMT. There 
were 15 toxic deaths, 9/227 (4%) patients after 
rcC!, 1161 patients (1.5%) after rCC2, and 5/67 
patients (7.5%) after ABMT. 

Overall Survival. The probability of 6-year survival 
was 37% for the 490 patients evaluable for 
induction remission treatment with no signifi
cant difference between the two anthracyclines. 
The overall median survival was 22 months. 

DFS of Patients in CR. Out of the 195 patients who 
actually received the assigned treatment, 72 
relapsed (19/67 allogeneic BMT, 26/61 ICC, 
27/67 ABMT) and 21 died in first CR (15/67 allo
geneic BMT, 1161 ICC, 5/67 ABMT). The actuari
al risk of relapse at 4 years was 38% for the 67 
patients undergoing allogeneic BMT, 56% for 
the 221 patients who received at least ICC1, 43% 
for the 61 patients who received ICC2, and 44% 
for the 67 patients undergoing ABMT. The actu
arial probability of remaining in first CR after 4 
years was 45% after allogeneic BMT, 53% after 
ICC, and 47% after ABMT (Figs. 1,2). The inten
tion-to-treat analysis of the 83 patients sched
uled for allogeneic BMT and of the 254 patients 
scheduled for rCCl showed no difference in the 
DFS curves (Fig. 3). Similarly, the intention-to
treat analysis of the 84 patients scheduled for 
ICC2 and of the 87 patients scheduled for ABMT 
showed no significant difference between the 
two therapeutic options. The 4-year actuarial 
DFS was 49% after rCC2 and 42% after ABMT 
(p not significant)(Fig. 4). 
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49 % 

12 18 30 36 42 4. 54 60 66 72 78 Months 

Fig. 1. Disease-free survival (dotted line) and probability of relapse (solid line) after allogeneic BMT (67 
patients) 

12 18 30 36 42 48 54 60 66 72 78 Months 

Fig. 2. Disease-free survival after the second course of ICC ( dotted line; 61 patients) or after unpurged ABMT 
(solid line; 67 patients) 

,- .. _-_.-------

12 18 24 ]0 ]6 42 48 54 60 66 72 78 Months 

Fig. 3. Disease-free survival. Comparison between allogeneic bone marrow transplantation (solid line; 83 
patients scheduled for allogeneic BMT) and other intensive therapies (ICC1; dotted line; 254 patients scheduled 
for the first course of ICC) (intention-to-treat analysis) 
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49 % 

12 18 24 30 36 42 48 54 60 66 72 78 Months 

Fig. 4. Disease-free survival. Comparison between the second course of (ICC dotted line; 84 patients) and ABMT 
(solid line; 87 patients) (intention-to-treat analysis) 

Discussion 

The trial was closed for accrual in April 1994 but 
the final analysis has not yet been done. 
Therefore the current results must be interpret
ed with caution. However, they appear to con
firm the results of an interim analysis performed 
previously [22]. 

The CR rate (74%) is in the range of currently 
achieved CR rates in the same age population. 
This result confirms our previous experience 
with HRBZ [19] together with the good antileu
kemic activity of IDR shown by other groups 
[23-25]. However, only 5% of the CR were 
achieved thanks to the second course of induc
tion and there was a 20.5% failure rate. 

The different types of intensive first-remis
sion therapy all raise the issue of feasibility. 
Only 195 out of the 361 patients in CR (54% of 
the remitters) could actually receive the inten
sive treatment assigned by a design of the proto
col (allogeneic BMT, ICC, or ABMT). As in other 
comparable studies [11,26]' a large number of 
patients did not complete the whole program for 
a variety of reasons including physician's deci
sion, patient's refusal, hematological or extra
hematological toxicity of treatment. For 
instance, in the recently published the European 
Organization for Research and Treatment of 
Cancer (EORTC) study [26], only 343 of 623 
patients in CR (55%) completed the assigned 
treatment (allogeneic BMT, ABMT, or intensive 
chemotherapy). In the CALGB trial comparing 
three doses of ara-C administered during a four
course post-remission therapy, 62% of patients 

under the age of 60 years, received the full four 
courses of the high-dose schedule [21]. New 
strategies are clearly needed to reduce the toxic
ity of these intensive regimens. The use of 
hematopoetic growth factors (granulocyte 
colony-stimulating factor G-CSF, or granulo
cyte-macrophage CST GM-CSF) could be of 
value in this regard, since it appears that after 
intensive chemotherapy, if any, the risk of 
leukemic blast stimulation is limited [27]. 
Another alternative could he the use of periph
eral blood stem cell collected during CR. 

In our experience, allogeneic BMT does not 
appear to yield a better outcome than ICC or 
ABMT, since 4-year DFS was only 45%. These 
results are in discrepancy with those published by 
other groups [10,26]. They are somewhat inferior 
to those currently achieved for AML in first CR. 
This was not explained by a higher rate of trans
plant-related mortality but by a relative high risk 
of relapse. The actuarial risk of relapse was 38% 
at 4 years. It should be noticed that in the EORTC 
trial allogeneic BMT was performed after the first 
course of ICC and that in this multicenter trial 
the actuarial risk of relapse after allogeneic BMT 
was lower (24.4%). Thus new strategies are also 
being discussed in order to reduce the relapse 
rate after allogeneic BMT (lce prior to allogeneic 
BMT, new conditioning regimens, modulation of 
graft-versus-host prophylaxis). 

Our study does not show any significant dif
ference in terms of DFS between ICC and 
ABMT. This is true not only when comparing 
patients who actually received the treatment 
assigned by randomization but also when com-
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paring the total cohort of randomized patients 
on an intention-to-treat basis. 

These results also differ from those reported 
by the EORTC-GIMEMA group [26]. With a 
comparable design, this study showed that 
ABMT resulted in better DFS than ICC (48% at 4 
years versus 30%). Apparently this discrepancy 
is not explained by differences in the ABMT 
procedures since in our study DFS after ABMT 
is quite comparable (47%). The difference 
between the two studies appears to be a better 
antileukemic activity of our ICC with a 4-year 
DFS of 53%. We have no definite explanation for 
this apparent superiority of our ICC regimen 
since the design of the two protocols was very 
similar and since in both studies the interval 
between each phase of the treatment had to be 
the shortest possible. We can only underline 
some differences: the dose of m AMSA is much 
higher in the GOELAM protocol (600 mg/m' 
total dose versus 360 mg/m'); VP-16 is used in 
the GOELAM protocol but not in the EORTC 
protocol; the EORTC group use daunorubicin 
for induction and ICC, whereas the GOELAM 
group use IDR or HRBZ. Our results appear to 
be comparable to those achieved by the CALGB 
group with four courses of high-dose ara-C 
since the 4-year DFS of patients aged 60 years or 
younger was 44% 

Finally, our study confirms that a significant 
improvement of survival can be obtained in 
AML for patients up to the age of 50 years 
thanks to better induction remission treatment 
and to different modalities of intensive post
remission therapy. 

Conclusion 

In the GOELAM group experience, after a first 
course ofICC, a second course ofICC appears to 
be as effective as an unpurged ABMT and can be 
offered to a larger number of patients. In our 
ongoing study, ICC is considered as the refer
ence arm and ABMT is no longer used as con
solidation of first CR. 
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Late Relapses in Adult Acute Myelogenous Leukemia: 
A Retrospective Study of Characteristics and Outcome in 76 Cases 

X. Thomasl, L. Vila', J. Tronci, D. Fiere', and E. Archimbaudl 

Abstract. Relapses in acute myelogenous leu
kemia (AML) are generally considered of poor 
prognosis. Late relapses are known to represent 
a special entity with better prognosis. Whether 
late relapses occur from the original leukemic 
clone or not is still questioned. 

In order to provide clues, the characteristics 
and outcome of 76 patients with AML who had 
experienced a first relapse after a first complete 
remission (CR) duration longer than 18 months 
(late-relapse AML) were analyzed. Major differ
ences, reflecting exclusively the tumor burden, 
were noted between presentations at initial diag
nosis and after first relapse. Sixteen patients 
were initially classified as Ml, 22 as M2, 12 as 
M3, 12 as M4, 12 as M5, and two as M6. At the 
time of first relapse, morphologic changes of 
blast cells caused assignment to another F AB 
subgroup in only three patients by comparison 
with diagnosis. Cytological dyshemopoiesis fea
tures, involving at least one lineage, were 
observed in 29% of patients at diagnosis and 
33% at relapse. Metaphase chromosomes were 
analyzed both at the time of diagnosis and at the 
time of first relapse only in 15 cases. No differ
ences were noted in karyotypic patterns except 
in three patients: one patient with normal kary
otype at diagnosis presented at relapse with - Y, 
+8 and + 15; one presented at relapse with t(15; 
17) not detected at diagnosis; one with del(21) at 
diagnosis and t(1; 17) at relapse. 

Overall, none of the features at time of 
relapse allow us to suggest a relationship 
between these late relapses and the development 
of new leukemias. 

Introduction 

Complete remission (CR) may be achieved in 
50%-80% of adult patients with acute myeloge
nous leukemia (AML) [1,2]. However, relapse 
occurs in 50%-90% of patients with newly diag
nosed AML achieving CR when they are treated 
by chemotherapy only [3]. Relapses are general
ly considered of poor prognosis [1,3] and are 
often diagnosed during the 1st year following 
CR achievement. However, some relapses arise 
later and little is still known about these late 
relapses regarding their pathogenesis and their 
prognosis. Whether late relapses occur from the 
original leukemic clone or not is still ques
tioned. Residual leukemic cells could remain 
uncycling or controlled by the immune system 
for a long time. Relapse could then occur from 
the original clone displaying either similar or 
modified malignant cells, since it is now well 
established that the cell capacity to mature can 
be lost to some degree at the time of relapse 
[4-6]. Another hypothesis in late relapses could 
be the development of a new leukemia. Late 
relapses could represent a special entity with 
better prognosis since several studies have show 
correlations between the duration of first CR 
and the ability to achieve a second CR [6-9]. It is 
now also well established that some patients in 
first relapse can still achieve long-term second 
CR when treated with autologous bone marrow 
transplantation [10,11] or chemotherapy [12]. 
We therefore analyzed the characteristics and 
outcome of patients in our institution who expe
rienced relapse after a first CR duration longer 
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than 18 months (late-relapse AML) with the aim 
of better evaluating patients with late relapse 
leading to a better understanding of the patho
genesis of the disease. 

Material and Methods 

Patient Selection. Among 895 patients with newly 
diagnosed leukemia treated by chemotherapy in 
our institution between 1974 and 1991, 76 who 
experienced their first relapse more than 18 
months after CR achievement were included in 
this study. AML was diagnosed according to the 
revised French-American-British (FAB) Group 
criteria [13]. Cytological dyshemopoiesis fea
tures were analyzed at the time of diagnosis in 
63 cases and at the time of first relapse in 61 
cases on May-Grunwald Giemsa-stained bone 
marrow (BM) smears. The presence of at least 
one of the following characteristics was taken 
into account for dyshemopoiesis: nuclear frag
mentation, nuclear cytoplasmic maturation as
ynchrony, large and small erythroblasts for 
dyserythropoiesis; hypogranulation, monocy
toid appearance of neutrophilic granulocytes, 
Pelger-Huet nuclear abnormality for dysgranu
lopoiesis; and micromegakaryocytes, hyper- and 
hyposegmented megakaryocytes for dysmega
karyopoiesis. Metaphase chromosomes were 
analyzed in 37 patients at diagnosis of whom 22 
(59%) displayed a normal karyotype. Twenty
seven patients were analyzed at the time of first 
relapse, and only 15 both at the time of diagno
sis and at the time of first relapse. CR and 
relapse were defined according to Cancer and 
Leukemia Group B (CALGB) criteria [14]. All 
patients presented with medullary relapse 
except for one with only central nervous system 
involvement. 

Treatment Received by the Patients. At diagnosis, all 
patients received one or two courses of induction 
chemotherapy including daunorubicin (67 
patients) or mitoxantrone (nine patients) in asso
ciation with cytosine arabinoside at conventional 
doses, according to seven successive protocols 
[15-2\]. Once CR was achieved, patients received 
either maintenance therapy or additional courses 
of myelosuppressive consolidation according to 
the protocol design in which they were included. 
At the time of relapse, eight patients died before 
any therapeutic attempt or received only pallia
tive therapy, and 68 received reinduction 

chemotherapy. Among them, 38 patients 
received a timed-sequential therapy based either 
on a daunorubicin and cytarabine combination 
(n = 17) [22J, or on mitoxantrone, etoposide, 
and cytarabine (n = 20) [12J. Seven patients 
aged over 60 years were treated with daunoru
bicin from day \ to day 4 (n = 6) or mitox
antrone from day 1 to day 3 (n = \) followed by 
carboplatin from day 4 to day 7 [23]. Fifteen 
patients received daunorubicin for 3 days in 
association with cytarabine at conventional doses 
for 7 days as reinduction at relapse. Two patients 
with promyelocytic acute leukemia were treated 
with all-trans retinoic acid associated with 
daunorubicin and cytarabine [24]. Three patients 
received amsacrine for 3 days and cytosine arabi
noside for 5 days, and four were treated only with 
low-dose cytarabine. Seven patients underwent 
allogeneic (n=4) or autologous (n=3) bone 
marrow transplantation (BMT) while in second 
CR. For analysis of survival following first 
relapse, patients in second CR were convention
ally censored at the time of transplantation. 

Results 

Characteristics at Diagonsis and at First Relapse. Forty 
males and 36 females with a median age of 51 
years at presentation (range 17-78 years) and 53 
years at first relapse (range 20-81 years) were 
studied. Pretreatment parameters differed sig
nificantly between diagnosis and first relapse 
particularly for those involving leukemia bur
den. Twenty-five patients presented with tum
oral syndrome at initial diagnosis versus 16 
patients at first relapse (p = O.l). Mean percent
ages (± standard deviation, SO) of blast cells in 
peripheral blood and in bone marrow were 
respectively 42% ± 36% and 77% ± 17% at initial 
diagnosis, versus, respectively, 26% ± 34% and 
58% ± 27% at first relapse (p - 0.0004 and p = 

0.0001). Mean value ( +: 5D) of lactate dehydro
genase, (LOH) levels was 576 units per liter 
1416 units per liter at initial diagnosis versus 
431 units per liter :t 415 units per liter at first 
relapse (p-0.0001). Sixteen patients were ini
tially classified as Ml, 22 as M2, 12 as M3, 12 as 
M4, 12 as M5, and two as M6. At the time of first 
relapse, morphologic changes of blast cells 
caused assignment to another FAB subgroup in 
three patients by comparison with diagnosis: 
one patient classified as Ml was switched to M4, 
and two patients initially registered as M5 were 
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switched to M4. No differences were noted in 
karyotypic patterns except in three cases: one 
patient with normal karyotype at diagnosis pre
sented at relapse with - Y, +8, and + 15; one 
presented at relapse with t(15; 17) not detected 
at diagnosis; one with del(21) at diagnosis and 
t(1; 17) at relapse. Cytological dyshemopoiesis 
features involving at least one lineage were 
observed in 14 of the 63 studied cases (29%) at 
diagnosis and in 15 of the 61 studied cases 
(33%) at relapse. Morphologic changes were 
noted only in five of the 59 cases studied both at 
the time of diagnosis and at the time of relapse. 
Decreases and increases were equally represent
ed since three patients showed acquisition of 
dyshemopoiesis features at relapse, while two 
patients lost dyshemopoiesis features initially 
described. 

Overall Outcome. Median time from diagnosis to 
first relapse was 27 months (range: 18-118 
months). After first relapse, eight patients died 
before any treatment achievement or received 
only palliative therapy. Among the 68 patients 
in whom active chemotherapy was attempted, 
44 (65%) achieved a second CR and 24 (35%) 
failed or died during post-relapse induction 
chemotherapy. Median second CR duration was 
8 months (range: 1-64+months). The median 
overall survival after first relapse was 10 
months. Sixteen patients are still in second CR 
at the time of analysis. Twenty-eight relapsed 
among whom only five achieved a third CR 
(18%). 

Prognostic Factors for Outcome. Rapid first CR 
achievement (p = 0.03), age :S; 50 at diagnosis 
(p = 0.004), low white blood cell (WBC) count at 
relapse (p = 0.01), and percentage of circulating 
blast cells :s; 60% at relapse (p = 0.01) were asso
ciated with a probability of achieving a second 
CR. Only a low WBC count at relapse appeared 
to be correlated with the length of second CR 
duration (p = 0.04). Rapid first CR achievement 
was also associated with longer survival after 
first relapse (median survival: 11 months versus 
4 months; p = 0.03). 

Discussion 

We studied the clinical and biological character
istics of 76 patients experiencing late relapse, 
defined as more than 18 months, CR, and their 
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prognostic value for outcome. A decreased cell 
mass was found between initial diagnosis and 
first relapse. Careful monitoring of patients in 
first CR could explain these differences; i.e., 
there was early diagnosis of relapse before major 
deterioration of peripheral blood and BM char
acteristics. Cytological dyshemopoiesis features, 
involving either erythropoietic, granulocytic, or 
megakaryocytic lineages, were observed in 29% 
and 33% of the cases at diagnosis and at relapse, 
respectively. Similarly to an earlier report [5], 
acquisition and loss of dyshemopoiesis features 
were both represented. However, very few 
patients revealed maturation changes at the 
time of relapse, confirming that the loss of dif
ferentiation at relapse when present was more 
predictable using immunophenotyping than 
morphologic examination [6]. A favorable kary
otype was shown more frequently in patients 
whose first CR was> 12 months [8]. This tend
ed to be confirmed in our study since 22 of our 
patients presented with normal karyotypes. 
Unfortunately, only 15 of these patients were 
analyzed at the time of first relapse. Only three 
showed different karyotypes of whom only one 
could suggest the involvement of a new 
leukemia. In our series, the second CR rate was 
65%. It is known that a high second remission 
rate can be achieved using the same chemother
apy for patients whose initial remission ended 
after 2 years of CR [25]. This suggests the persis
tance of drug sensitivity and implies that malig
nant cells belong to a clone initially kinetically 
quiescent. In our study, some characteristics 
were found related to prognosis after first 
relapse, in agreement with previous reports: age 
[7,8,26]' high leukocyte count [9], and rapid 
achievement of the first CR [27]. However, these 
previous reports selected both early and late 
relapses. 

Overall, none of the features at the time of 
relapse allows us to suggest a relationship 
between late relapses and the development of 
new leukemias. The relapses arising during this 
period seem to represent the regrowth of 
leukemic cells which were present at the time of 
initial diagnosis. A longer first remission dura
tion could involve a leukemic cell population 
more sensitive to therapy or with a slower dou
bling time. 
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Methods to Detect Prognostic Factors in Acute Myeloid Leukemia 
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Abstract. To identify prognostic subgroups, two 
statistical methods were applied to the data of 
1042 adults with acute myeloid leukemia (AML) 
treated betwen 1986 and 1992 by a protocol of 
the AML cooperative Group. 

Introduction 

Risk-adapted treatment in acute myeloid 
leukemia (AML) requires a clear and practical 
definition of prognostic subgroups. For this pur
pose two methods are at hand: the method of 
classification and regression trees (CART) and 
Cox regression. Both methods were compared 
using data of 1042 adults treated between 1986 
and 1992 by an intensive and prolonged 
chemotherapy according to an AML Coopera
tive Group (AMLCG) protocol [I]. Basic statis
tics for these 1042 patients are shown in Table 1. 
A total of 656 patients (63%) had a complete 
remission (CR). Further analysis is restricted to 
those 589 (90%) responders with all the covari
ates shown in Table I available. 

Method 

Prognostic subgroups were defined with respect 
to disease-free survival (DFS) which is defined 
as time from CR to relapse or death. The covari
ates considered for construction of prognostic 
subgroups were sex, age, platelets, white blood 
cell count (WBC), serum lactate dehydrogenase 

(LDH), French-American-British (FAB) sub
type, and karyotype. For the purpose of this 
analysis karyotype was categorized as normal 
(22% of responders), favorable [t(8, 21), invI6, 
t(I5,I7); 7%], unfavorable (-5/5q-, -7/7q-, 
abnormal llq23, complex abnormalities; 5%), 
other karyotype (8%), not evaluable (II %), and 
not done (47%). 

Classification and Regression Trees. This analysis con
sists of a series of binary splits. At each step the 
split point is found by maximizing the log-rank 
statistic over the range of each of the considered 
covarities [2]. To adjust for different numbers of 
possible splits, the p value of the log-rank maxi
mum of each covariate is adjusted using the 
Schumacher-Lausen formula [3]. Only those 
splits are accepted which are based on an adjust
ed p value of less than 5%. Splits resulting in 
subgroups of fewer than 25 patients are rejected. 
The results of CART are conveniently displayed 
by means of a binary tree. Besides the splitting 
condition, each node in the tree contains the 
group size and the median disease-free survival 
(DFS) median in months. 

For the seven terminal nodes the 5-year DFS 
rate is included (see Fig. I). 

Cox Regression. Cox regression is based on the 
well-known proportional hazard model [4]. This 
model states that DFS prognosis can be calculat
ed from a general baseline prognosis which is 
modified by a so-called prognostic index (PI). PI 
is a linear expression of the prognostic covari-
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Table 1. Patient Characteristics 

Mean Median Range 

Observation time 5 2-9 
(years) 

Age (years) 50 52 17-83 
Platelets (T/cmm) 72 49 0-514 
WBC(T/cmm) 42 17 0.1-1038 
Serum LDH (uti) 590 420 86-4362 

Sex-
Male (0/0) 46.4 
Female (0/0) 53.6 

FAB subtype 
Ml (0/0) 18 
M2(0/0) 31 
M3(0/0) 5 
M4(0/0) 29 
M5(0/0) 3 
M6(0/0) 

Disease Free SUrvival (months) 

PI = .00032 x LDH+ .00947 x age-.77964 x (FAB
M3) + .51794 x (unfavorable karyotype). 

Discussion 

Concentrating the results of CART in to three 
main groups we get the following: Good progno
sis: 5-year DFS rate of more than 50%, group 
size n = 61 (10% of evaluable responders). The 
group is defined by age less than 64 years, LDH 
less than 750 U/I and FAB M3 or favorable kary
otype. Intermediate Prognosis: median DFS 21 
months, 5-year DFS rate of about 30%, group 
size n = 330 (56%). The group is defined by age 
less than 64 years, LDH less than 750 U/l and no 
FAB M3 and no favorable karyotype document
ed. Poor prognosis: median DFS of less than 12 

I I I I I I I I I I I I I • 
16 12 14 16 18 ~ 22 24 16 28 36 32 34 

I I I I I I 
10 12 14 16 18 ~ 22 24 16 28 30 

Disease Free SUrvival (months) 

ates. A small PI means good prognosis, a large 
PI means poor prognosis. A covariate is includ
ed into PIon the basis of a stepwise procedure. 
Considering the same covariates as with CART, 
the only covariates to be included into PI are 
LDH, age, FAB M3 (yes = 1, no = 0), and unfa
vorable karyotype (yes = 1, no = 0). The result
ing PI is: 
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Fig. 1. Prognostic subgroups as iden
tifed by CART, median(months); p, 5-
year rate 

months, group size (n) = 198 (34%). The group 
is defined by age 64 years, and older or LDH 
more than 750 U/I. The Kaplan-Meier estimator 
for these prognostic groups is displayed III 

Fig. 2. 
The result of Cox regression may be 

described in a similar way by classifying PI into 
three classes: Good prognosis: 5-year DFS rate of 
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more than 50%, group size n = 34 (6% of evalu
able responders). This group is defined by a 
PI < .25. Intermediate prognosis: median DFS 
about 15 months, 5-year DFS rate about 30%, 
group size n = 358 (961 %). The group is defined 
by .25 :::;; PI < .70. Poor prognosis: median DFS 
less than 12 months, 5-year DFS rate less than 
20%, group size n = 197. This group is defined 
by a PI ~ 0.70. The Kaplan-Meier estimator for 
these prognostic groups is displayed in Fig. 3. 

On the basis of our data, results of CART 
analysis and Cox regression are in good agree
ment. Both methods show the same interaction 
of age and LDH and identify the same group of 
best DFS prognosis: moderate age and serum 
LDH together with FAB M3. With CART this 
group is supplemented by a favorable kary
otype. While CART gives a clear-cut definition 
of prognostic subgroups, Cox regression may 
give a deeper insight into the dependence of 
prognosis on the interaction of covariates. 
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Idarubicin or Mitoxantrone, VP-16, and Cytarabine for Induction/Consolidation 
Therapy Followed by Autologous Stem Cell Transplantation 
in Elderly Patients with Acute Myeloid leukemia: A Feasibility Study 

E. Archimbaud', U. Jehn2, F. De Cataldo" C. Martin" and X. Thomas' 

Abstract. Seventy-four patients of median age 70 
years (range 61-83 years), with acute myeloid 
leukemia (AML) at diagnosis, 56 of them with de 
novo AML and 18 with AML secondary to pri
mary myelodysplastic syndrome or toxic expo
sure (sAML), received inducton therapy with 
idarubicin, 8 mg/m2 per day on days 1,3, and 5, 
or on a randomized basis, mitoxantrone, 7 
mg/m2 per day on days 1, 3, and 5, both associ
ated with VP-16, 100 mg/m2 per day on days 1-3 
and cytarabine (ara-C), 100 mg/m2 per day, on 
days 1-7 Granulocyte colony stimulating factor 
(G-CSF),5 [lg/kg per day, was administered after 
chemotherapy in patients aged more than 70 
years. Patients in complete remission (CR) 
received one course of consolidation using the 
same schedule as for induction except for the 
shortening of ara-C administration to 5 days. 
Patients aged less than 70 years were then 
scheduled to undergo autologous stem cell 
harvest on days 5-7 of G-CSF, 5 [lg/kg per day, 
initiated after hematopoietic recovery from con
solidation. Autologous transplantation was per
formed after conditioning with carmustine 
(BCNU), 800 mg/m2 or busulfan 16 mg/kg. G
CSF was administered when neutrophils were 
<0.1 x 109/!. Among 71 patients evaluable for 
induction, 39 (55%) achieved CR. The CR rate 
was 58% in de novo AML and 44% in sAML 
(p=NS). There was no significant difference in 
CR rate between the idarubicin (51 % CR) and 
mitoxantrone (5R% C,R) arms, nor between 
patients aged < 70 years (58% CR) and '? 70 

'Hopital Edouard Herriot, Lyon, France 
'Klinikum Grosshadern, Mtinchen, Germany 
'Ospedale Maggiore Ca Grand, Milano, Italy 
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years (53% CR). There was no significant differ
ence in aplasia duration between the two arms. 
Median time to neutrophil recovery was 22 days 
in patients who received G-CSF and 24 days in 
patients who did not (p = 0.1). Severe toxicities 
of induction did not differ between the two arms 
and included sepsis (42%), diarrhea (10%), 
hyperbilirubinemia (7%), hemorrhage (6%), 
and vomiting (1%). Overall, four patients (6%), 
two in each arm, died from toxicity of induction. 
First consolidation was administered in 31 
patients and four (13%) died from toxicity. At 
this time, eight patients have received transplan
tation. This procedure was well tolerated, with a 
median duration of neutrophils < 0.5 x 109/1 of 8 
days and of platelets < 50 x 109/1 of 18 days and 
no lethal toxicity. We conclude that this regimen 
is well tolerated and has a good efficacy to 
induce CR. Intensive postinduction is feasible, 
induding transplantation up to the age of 
70 years. 

Introduction 

Results of chemotherapy in elderly patients with 
newly diagnosed acute myeloid leukemia (AML) 
have been disappointing, with a complete remis
sion (CR) rate ofless than 50% in most series of 
un selected patients and median CR duration 
often less than 6 months with very seldom pro
longed survival [1]. Some randomized studies in 
AML suggest the superiority of mitoxantrone 
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[2,3] and idarubicin (4,5,6) over daunorubicin 
to induce CR. The addition of etoposide (VP-16) 
to an anthracycline-cytarabine (ara-C) regimen 
during induction and consolida~ion has be~n 
shown beneficial for prolongatIOn of CR m 
young adults with newly diagnosed.AML [7]. . 

Postinduction with myeloablatlve CytotoxIC 
therapy followed by unpurged bone marrow 
stem cell rescue as postinduction therapy has 
been shown to be superior to non-myeloablative 
chemotherapy alone to prevent relapse in pa
tients aged less than 60 years in the large 
EORTC-GIMEMA AML-8A randomized trial 
[8]. These results constitute a strong incentive to 
try to extend the use of postinduction with mye
loablative therapy followed by stem cell rescue 
to older patients. . . 

Nitrosourea compounds exert cytOtoxICIty 
against AML cells in vitro [9]. They have been 
used in AML therapy as part of standard
chemotherapy regimens [10]. They are also part 
of CBV and BA VC myeloablative regimens 
which have been used prior to autologous bone 
marrow rescue in AML, showing good therapeu
tic efficacy in preventing relapses with de~reas.ed 
toxicity by comparison to total body madla
tion (TBI) containing pretransplant regimens 
[11,12]. .. . 

Unlike previously mentioned condittolll~g 

regimens, the use of which has been rep~rt.ed m 
patients aged less than 60 years, the admllll.stra
tion of carmustine (BCNU) alone as a smgle 
dose of 800 mg/m2 prior to autologous bone 
marrow rescue has been shown feasible in more 
than 125 patients aged up to 66 years, presenting 
with glioma, with only 12% severe aplasia and 
6% toxic death partly attributable to the long
term corticotherapy used in these glioma 
patients to prevent cerebral edema [13,14]. 

Patients and Methods 

Patient Selection Criteria 

Patients aged more than 60 years, with a newly 
diagnosed de novo AML or AML secondary to 
previous primary myelodysplastic. syndrome ~r 
to toxic exposure (sAML) were eltglble for thiS 
trial provided they had a good performance ~ta
tus (grade 0, 1 or 2, World Health Orgalllza
tion, WHO, scale) and no severe organ failure. 
AML was diagnosed according to the French
American-British (FAB) criteria [15]. 
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Therapeutic regimen 

Chemotherapy. Induction therapy included idaru
bicin, 8 mg/m2 per day on days 1, 3 and 5 or, 
according to the result of initial randomization, 
mitoxantrone, 7 mg/m2 per day on days 1,3, and 
5 both associated with VP-16, 100 mg/m2 per 

, 2 d day on days 1-3 and ara-C, 100 mg/m per ay 
as a continuous infusion on days 1-7. Granulo
cyte colony-stimulating factor (G-CSF), 5 Ilg/~g 
per day was administered after chemotherapy m 
all patients aged more than 70 years. Its use was 
also allowed in younger patients. CR was de
fined according to the Cancer and Leukemia 
Group B (CALGB) criteria [16]. Patients in CR 
after one or two courses of induction received 
one course of consolidation administered as 
early as possible after hematologic recovery 
from induction using the same schedule as for 
induction except for the shortening of ara-C 
administration to 5 days. 

Stem Cell Transplantation. Patients treated in Lyon 
aged less 70 years or, since September 1994, less 
than 75 years, with a performance status of 0 or 
1 (WHO scale) after consolidation chemothera
py were then scheduled to undergo an intensive 
conditioning regimen followed by autologous 
stem cell transplantation. peripheral blood stem 
cell (PBSC) harvest was performed through two 
to three standard daily aphereses beginning on 
day 5 of treatment with G-CSF, 5 Ilg/kg per ?ay, 
initiated within 2 weeks after hematopOIetIC 
recovery from consolidation. PBSC transplanta
tion was performed after conditioning with 
BCNU, 800 mg/m2 on day -3, or busulfan, 4 
mg/kg per day on days -6 to -3. G-CSF, 5 Ilg~kg 
per day was administered after transplantatIOn 
when the neutrophil count dropped below 0.1 x 
109/1 until recovery. 

Results 

Patient Characteristics 

Seventy-four patients were entered on this trial 
between April, 1993 and November, 1994. Fifty
six had de novo AML while 18 had sAML. 
Sixteen patients had AML which could not be 
classified in the FAB scheme. The main patient 
characterisitics are listed in Table 1. 



Table 1. Initial patient characteristics (n = 74) 

Age-Median (years) 70 
Range (years) 61-83 

Sex (M/F) (n) 38/36 

Etiology of AML 
Primary (n) 56 
Secondary (n) 9 
Transformed myelodyspIastic 9 

syndrome (n) 

Extramedullary involvement (yIn) 23/51 

Hemoglobin-Median (gil) 89 
Range (gil) 41-140 

Platelet-median (x 10'/1) 63 
Range ( x 10'/1) 5-1232 

WBC-Median ( x lO,n) 6.9 
Range ( x 1091l) 0.7-295 

Blood blasts-Median (%) 28 
Range (%) 0-97 

Bone marrow blasts-Median (%) 64 
Range (%) 10'-100 

FAB subtype 
MO(n) I 
MI(n) 11 
M2(n) 16 
M3(n) 0 
M4(n) 11 

M5(n) 17 
M6(n) 2 
M7(n) 0 
Unclassified (n) 16 

, Two cases with < 30% blasts (one FAB M2, one FAB 
M6). 

Results of Induction 

Three patients died early, within 7 days of 
induction therapy, and 71 were evaluable for 
induction, 35 of them allocated to the idarubicin 
arm and 36 to the mitoxantrone arm. Thirty
nine patients (55%) achieved CR, including 

three of six patients in whom a second induction 
course was attempted after failure of the first 
induction attempt. A total of 39% of patients 
had resistant disease while 6% died from toxicity 
of induction (Table 2). There was no significant 
difference between the two arms, with 51 % and 
58% CR, respectively, in patients treated with 
idarubicin and mitoxantrone. The CR rate was 
58% in de novo AML and 44% in sAML (p = NS). 
There was no significant difference in CR rate 
between the 33 patients aged < 70 years (58% 
CR) and the 38 patients aged ;;;: 70 years (53% 
CR), nor between the 44 patients who received 
G-CSF (55% CR) and the 27 patients who did not 
(56% CR). Among CR patients, the median time 
to neutrophil recovery > 0.5 x 109/1 and 
platelets> 50 x 10'/1 was 23 days (range: 19-40 
days) and 23 days (range: 17-34 days), respec
tively, in patients who received idarubicin, and 
24 days (range: 13-32 days) and 25 days (range: 
19-79 days) Respectively in patients treated with 
mitoxantrone. Median time to neutrophil recov
ery was 22 days (range: 18-40 days) in patients 
who received G-CSF and 24 days (range: 13-36 
days) in those who did not (p = 0.1). Severe 
(WHO grade 3 or more) toxicities of induction 
did not differ between the two arms and includ
ed sepsis (42%), diarrhea (10%), hyperbiliru
binemia (7%), hemorrhage (6%), and vomiting 
(1 %). Overall, four patients (6%), two in each 
arm, died from toxicity of induction, three of 
them from infection and one from hemorrhage. 

Results of Post-Induction 

First consolidation was performed in 31 
patients. Reasons for not undergoing this con
solidation included patient refusal (one patient), 
persisting cytopenia after induction (one pa
tient), persisting infection (three patients) and 

Table 2. Efficacy on induction according to treatment arm 

Treatment arm Patients CR RD OF 

(n) (n) (%) (n) (%) (n) (%) 

Idarubicin 35 18' (51) IS 2 
Mitoxantrone 36 21b (58) 13 2 

71 39 (55) 28 (39) 4 (6) 

'Including two CR after two courses (four second induction courses attempted). 
bIncluding one return to previous MDS phase (non-blastic) and one CR after two 
induction courses (two second induction course attempted). 
CR, complete remission; RD, resistant disease; OF, other failure (toxic death). 
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early relapse (three patients ). Median time to 
neutrophil recovery > 0.5 x 109/1 and platelets 
> 50 x 109/1 was 22 days (range: 16-39 days) and 
22 days (range: 13-61 days), respectively, with
out any difference between the idarubicin and 
mitoxantrone arms. Four patients (13%), two in 
each arm, died from toxicity of consolidation, 
three of them, infection and from hemorrhage. 

At this time, eight patients, representing 50% 
of age-eligible patients who received the first 
course of consolidation in Lyon, have received 
autologous stem cell transplantation, one of 
them from bone marrow and seven from PBSC. 
Reasons for not undergoing transplantation 
included death from toxicity of consolidation 
(one patient), patient refusal (one patient), 
relapse 2 patients, persisting infection, (two 
patients), persisting cytopenia (one patient) and 
inadequate stem cell harvest (one patient). The 
median age of these patients was 69 years 
(range: 61-74 years). Pretransplant conditioning 
used BCNU in six patients and busulfan in two. 
Patients were grafted with a median 8.05 x 108 

MNC/kg (range: 1.5-15.3) containing 23.7 x 104 

colony-forming units granulocyte-macrophage 
(CFU-GM)/kg (range: 5.2-64.1). This procedure 
was well tolerated, with a median duration of 
neutrophils <0.5 x 109/1 of 8 days (0-12 days) 
and of platelets < 50 x 109/1 of 18 days (3 - 60+ 
days). Severe (WHO grade 3) or more toxicities 
included sepsis (three patients), vomiting (one 
patient) and diarrhea (one patient). No toxic 
death was observed. 

At a median follow-up of 8 months, 22 
patients have relapsed after 1-9 months in CR, 
six of them despite receiving autologous trans
plantation. Twelve patients are in continuing CR 
for 1-20 months two of them after receiving 
autologous transplantation. 

Discussion 

Our study shows the feasibility and efficacy in 
elderly patients of a chemotherapy regimen using 
adapted doses of recent intercalating agents such 
as idarubicin and mitoxantrone in association 
with VP-16 and ara-C. Such associations have 
been found to be highly efficient in inducing CR 
in young adults with AML and the use of such 
regimen has already been reported in a short 
series of 23 patients of median age 65 years in 
whom association of mitoxantrone, intermediate
dose ara-C, and VP-16 induced a 78% CR rate 
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[17]. The good tolerance of our regimen is reflect
ed by the similar results achieved in patients aged 
~ 70 years by comparison to younger patients, 
with a CR rate of more than 50% even in the older 
group, although these groups are not directly 
comparable since patient selection for referral to 
our centers might have occurred in the older age 
group and G-CSF was more widely used in this 
group. The use of G-CSF during chemotherapy
induced aplasia has shown to increase CR rate in 
a recent trial in elderly patients with AML [18]. 
This potential effect could not be tested in our 
non-randomized study. 

Consolidation chemotherapy using reduced 
dosages of ara-C could be administered to most 
patients in CR after one or two courses of induc
tion. However, four toxic deaths were observed 
and more patients are required to fully evaluate 
the toxicity of this procedure. Intensive 
chemotherapy conditioning followed by autolo
gous stem cell rescue could be administered 
safely to 50% of patients having undergone the 
first consolidation and potentially eligible 
according to their age. The use of autologous 
stem cell transplantation is generally restricted 
to patients aged less than 60 years and no 
patient was aged more than 65 years among 919 
patients who underwent autologous bone mar
row transplantation for AML included in a 
recent report by the European Bone Marrow 
Transplantation Group (EBMT) [19]. Extension 
of this procedure to older age groups might be 
permitted by using reduced, less intensive, sin
gle-agent conditioning regimens, together with 
PBSC rescue which is known to induce earlier 
hematopoietic recovery by comparison with 
bone marrow stem cell rescue [20,21]. This 
allowed us to perform transplantation to 50% of 
potentially eligible patients according to age, 
representing an exclusion rate similar to that 
observed in younger patients [8]. In our experi
ence, stem cell transplantation using this less 
toxic approach appeared better tolerated than 
consolidation chemotherapy and might even 
have been carried out in ambulatory patients in 
some cases. However, early relapses after trans
plantation were observed in our patients. 
Therefore, it remains to be seen whether this 
approach using reduced dosage conditioning 
will significantly decrease the relapse rate, par
ticularly since the poor tolerance of intensive 
consolidation in these patients probably pre
cludes adequate disease reduction before stem 
cell harvest and the graft itself. 
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Introduction 

High-dose chemotherapy and total body irradia
tion (TBI) followed by infusion of bone marrow 
from a histocompatible sibling have been used 
extensively in the treatment of acute and chron
ic leukemias. Long-term disease-free survival 
has been achieved in 10%-20% of patients with 
relapsed acute leukemia and in about 50% of 
selected patients who received this treatment 
during first remission of their disease. Because 
of the long-term consequences of TBI, alterna
tive high-dose regimens solely based on chemo
therapy have been developed. Tutschka et al. [1) 
reported on the combination of busulfan (16 
mg/kg body weight) and cyclophosphamide 
(200 mg/kg body weight) without TBI, which 
allows for full hemopoietic engraftment, hemo
poietic chimerism, and control of leukemia in 
most patients. A variation of this regimen with a 
lower cyclophosphamide dose (120 mg/kg body 
weight) was equally effective and less toxic. 
Other regimens without TBI, such as combina
tions of cyclophosphamide, BeNU, and VP-16 
showed similar activity [2). VP-16 has been 
introduced into high-dose therapy in combina
tion with busulfan and busulfan/cyclophos
phamide [3-5). We explored the combination of 
busulfan, cyclophosphamide, and VP-16 in 
patients with acute myeloid leukemia in first, 
second, and third remissions and relapse. 

The conditioning arrangements consisted of 
busulfan (4 mg/kg) on days -8, -7, -6, -5, VP-16 

(30-45 mg/kg) on day -4, and cyclophos
phamide (60 mg/kg) on days -3 and -2. 

Allogeneic bone marrow was given at day -0. 
Autologous marrow had been purged with 
mafosfamide (60 flg/ml), frozen, and stored in 
liquid nitrogen. The marrow was thawed at the 
bedside and intravenously infused on day O. 

Materials and Methods 

Graft-Versus-Host Disease Prophylaxis. Prophylaxis in 
allogeneic bone marrow transplantation, con
sisted of cyclosporin A 3 mg/kg and methotrex
ate 10 mg/kg on days +1, +3, +6, +11, or 
prednisone instead of methotrexate at a dose of 
1 mg/kg. 

Infection Prophylaxis. Infection prophylaxis consist
ed of ciprofloxacin 2 x 500 mg daily p.o. or 
ofloxacin 2 x 200 mg daily p.o., fluconazole 
2 x 100 mg daily, and amphomoronal suspen
sion p.o. Trimethoprim-sulfamethoxazol2 x 160 
mg daily p.o. Friday - Sunday. 

Patient Population. A total of 53 patients under
went transplantation. Two out of 53 received 
busulfan, cyclophosphamide, and VP-16 as a 
conditioning for the second transplant. Thirty
six patients received an allogeneic transplant: 21 
in first complete remission, nine in second com
plete remission, and three out of six in refracto
ry relapse or primary refractory disease. 

'Bone Marrow Transplantation Unit, Universitatskrankenhaus Eppendorf, Hamburg, Germany 
'Department of Pediatric Oncology, Universitatskrankenhaus Eppendorf, Hamburg, Germany 
'Department of Hematology, AK St. Georg, Hamburg, Germany 
'Department of Hematology and Oncology, Universitatskrankenhaus Eppendorf, Hamburg, Germany 
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Seventeen were transplanted autologously, five 
in first complete remission, 12 in second and 
third complete remission. The median age was 
28 years (range 4-56 years). 

Results 

Thirty out of 53 patients are alive, 29 in com
plete remission (Tables 1, 2). Seven of 21 (82%) 
of allogeneic patients and three of five autolo
gous patients transplanted in first complete 
remission are alive in continuous complete 
remission (Fig. 1). Major causes of death for all 
groups were graft-versus-host disease (two 
patients) infections (ten patients), relapse 

(seven patients). All but one patient experienced 
mucositis grade II, one patient had grade IV. 

Discussion 

The combination of busulfan, cyclophospha
mide, and VP-16 is well tolerated and effective 
in acute myeloid leukemia in first complete 
remission [3-5]. The low mortality and low 
relapse rate in first complete remission justifies 
allogeneic transplant for all patients in first 
complete remission who have an HLA-identical 
donor. The regimen is less effective and more 
toxic for patients with advanced disease. 
Patients with refractory leukemia are presently 

Table 1. Allogeneic bone marrow transplantation for acute myeloid leukemia 

Status pre-bone Patients GVHDgrades Survival at 1211994 Cause of death (n) Survival (months) 
marrow trans- II-IV Median 
plantation Alive InCCR Dead Range 

(n) (n) (n) (n) (n) (months) 

First complete 21 12 17 17 4 Sepsis 1 26 0.5-51 
remission Mucositis 1 

Pneumonia, GvHD 1 
Cerebral bleeding 1 

Second and 9 7 8 Relapse 3 2 1-48 
third complete Cerebral bleeding 1 
remission CMV,GvHD 1 

Aspergillus 1 
Sepsis 2 

Relapse 6' I' 5 Relapse 2 3.5 2.5-57 
Interstitial pneumonia, 
GvHD 1 
Encephalitis 1 
Toxoplasmosis, GvHD 

'One patient with a hepatic relapse. 
GvHD, graft-versus-host disease; cmv, cytomegalovirus. 

Table 2. Autologous bone marrow transplantation for acute myeloid leukemia 

Status pre- Patients Survival at 12/1994 Cause of death (n) Survival (months) 
bone marrow Median 
transplantation Alive InCCR Dead Range 

(n) (n) (n) (n) (months) 

First complete 5 4 3 Relapse 1 7.5 4-43.5 
remission 

Second and third 12 6 6 6 Relapse 4 10 0.5-48 
complete remission Aspergillus sepsis 1 

Toxic cardiomyopathy + 
Venous occlusive 1 
disease 
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Fig. 1. AML - allogeneic BMT in first CR 

conditioned with TBI, VP-16, and cyclophos
phamide. For patients with acute myeloid 
leukemia in first complete remission who have 
good prognostic factors for long-term survival, 
i.e., chromosome translocation 8; 21, 15; 17, 
inversion 16, the option of allogeneic bone mar
row transplantation should be offered in view of 
the fact that they still have a high relapse rate 
with conventional chemotherapy and in the case 
of relapse no guarantee of achieving a second 
remission [6-9]. In view of the uncertainty 
about the best strategy the patient should be 
fully informed about the options and offered an 
allogeneic transplantation. 
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Abstract. Twenty-eight patients with acute 
myeloid leukemia (AML) and chronic myeloid 
leukemia (CML) were treated in a phase I/II 
multicenter trial and pilot single-center trial 
with YNKOI an oral cytosine arabinoside (ara
C) derivative. In contrast to ara-C, YNKOI is 
resistant to cytidine deaminases. Therefore 
YNKOI is converted to ara-C in the liver and 
released slowly into blood. It has been shown in 
ongoing pharmacokinetic studies that a mean of 
16% of YNKOI is secreted as ara-U into the 
urine. Twenty-two patients with AML (12 
patients with relapse, five with secondary AML, 
five with primary, not qualifying for intensive 
chemotherapy) were included, median age 67 
(range 22-79 years, 13 pretreated /11 with ara
C). In the AML trial the doses of YNKOI were 
escalated interindividually from a daily 100 
mg/kg body weight up to 1200 mg/kg body 
weight for 14 days. Cycles were repeated every 
21-28 days. Major toxicities at the 900- and 
1200-mg dose levels were nausea grade 3 
(WHO) in one patient; diarrhea grade 3 in five 
patients, grade 4 in one patient; exanthema 
grade 3 in one patient; and stomatitis grade 3 in 
one patient, grade 4 in one patient. At the lower 
dose levels no grade 3 or 4 organ toxicities were 
observed. Six patients (median age 53 years, 
range 26-64 years) were included in the CML 
pilot trial. Treatment was started with interferon 
(IFN)-a-2b5 x 106 units s.c. daily. After 1 week 
YNKOI 600 mg daily continuously was added. 
IFN and YNKOI were modified according to tox
icity and effectivity. Maximum toxicities were 

diarrhea grade 3 in one patient bone pain grade 
3 in one patient. 

In AML patients complete remission (CR) 
was observed in two of 21 patients, partial 
remission (PR) in one of 21 patients, and stable 
disease for up to 70 months in four of 21 
patients. In CML six of six patients achieved a 
complete hematologic response (CHR) after 7 
months of continuous treatment and two of six 
patients had a partial cytogenetic response 
(PCR), and two of six patients are in minor cyto
genetic response (MCR). We conclude that 
YNKOI has a mild toxicity profile in patients 
with hematological malignancies. Diarrhea 
seems to become the dose-limiting toxicity. The 
maximum tolerable dose ofYNKOl seems to be 
reached at the 1200-mg dose level in AML. 

Phase II studies will be performed to further 
evaluate the efficacy of the drug in AML patients 
as a maintenance treatment and in CML follow
ing the pilot trial. 

Introduction 

Cytosine arabinoside (ara-C) is one of the most 
effective drugs in the treatment of hematologic 
malignancies, especially in the therapy of acute 
leukemias. Furthermore, the induction of cyto
genetic responses has been reported in chronic 
myeloid leukemia (CML). Ara-C is known to 
inhibit DNA synthesis by acting as a pyrimidine 
antagonist. Ara-C is immediately deaminated in 
the human body and converted to the cytotoxic 

lDepartment of Hematology and Oncology, University of Medicine, Rostock, Germany 
2ASTA Medica Frankfurt, Germany 
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inactive metabolite ara-U. As a result, ara-C has 
an extremely short half-life time of about 60 min 
in blood. Therefore, ara-C derivatives with 
resistance to cytidine deaminases have been 
developed. YNK01 (cytarabine ocfosfate, l-~-D
arabinofuranosykytosine-5' -stearylphosphate) 
is an oral prodrug of ara-C. It is metabolized in 
the liver and is released into blood gradually. 

In the ongoing phase IIII study in acute 
myeloid leukemia (AML) and in the pilot study 
of YNK01 in combination with interferon a-2b 
in CML, 28 patients were included from August 
1992 until February 1995. 

Materials and Methods 

The aims of the studies were the determination 
of the maximal tolerable dose (MTD) of YNKO 1; 
the determination of the dose-limiting toxicity 
(DLT) of YNK01; the collection of information 
on the efficacy ofYNK01; and the determination 
of the pharmacokinetic parameters of YNK01 
and ara-C. 

The study design is a multicenter phase IIII 
study in patients with AML and a monocenter 
pilot phase IIII trial in patients with CML. 

Study I was the administration of YNK01 in 
AML patients. The treatment plan was as fol
lows. YNK01 100-mg capsules was provided by 
ASTA Medica AG, Germany. The starting dose 
and schedule were 100 mg/day absolutely on 
days 1-14, every 3-7 weeks, depending on he
mogram and bone marrow cellularity. Dose es
calation was in 100-mg steps with three to six 
patients per dose level. Treatment duration was 
for a maximum of six cycles. Specific inclusion 
criteria included: relapsed AML in second or 
further relapse; first relapse of AML with com
plete remission (CR)<6 months; primary refrac
tory AML; AML in elderly or unfit patients; AML 
secondary to myelodysplastic syndrome (MDS); 
or AML secondary to previous chemotherapy or 
radiation. A specific exclusion criterion was any 
patient qualifying for bone marrow transplan
tation. 

Study IV was the administration of YNKOI 
and interferon (IFN) a-2b in CML. The treat
ment plan was as follows. YNKOI was provided 
by ASTA Medica AG, Germany, and IFN-a-2b 
was provided by Essex Pharma, Germany. The 
starting dose and schedule were: days 1-14-3 
x 106 U/m' IFN-a-2b S.c. daily; from day 15 on 
U/m' IFN a-2b s.c. daily; from day 8 on; YNKOI 

3 x 2 capsules (600 mg) daily; continuous daily 
application, dose modification according to tox
icity and efficacy; dose escalation and de-escala
tion was directed by white blood cell (WBC) 
count (goal: 2-3 x 10'/111) and tolerability. 
Treatment duration was until achievement of 
complete hematologic remission. A specific 
inclusion criterion was newly diagnosed Ph-pos
itive CML. Specific exclusion criteria included: 
CML in the accelerated phase; CML in blast cri
sis; and, pretreatment of the CML. 

Twenty-two patients with AML were treated 
with 48 cycles of YNKOI between August 1992 
and December 1992 (Table 1). Six patients with 
newly diagnosed CML are under continuous 
treatment with YNKOI in combination with 
IFN-a-2b in a pilot study since February 1994 
(Table 2). 

Twenty-two patients with AML were includ
ed: 12 relapsed AML patients (one early relapse, 
six in first relapse) (three in second relapse, two 
in third relapse); five patients with AML sec
ondary to MDS; and five patients with AML 
were elderly or unfit, not qualifying for intensive 
chemotherapy. 

Table I. Number of Patients and cycles per dose level 

Dosage Patients Cycles 
(mg) (n) (n) 

100 3 10 
300 3 10 
400 2 8 
600 3 4 
600 6" 
900 5 10 

1200 6 6 

'Patients with continuous treatment in combination 
with interferon a-2b; dose modification. 

Table 2. Patient characteristics 

Patients (n) 
Age-Median (years) 
Range (years) 
Sex (mit) (n) 
Pretreated (n) 
Pretreated with ara-C 

AML CML 

22 
67 
22-79 
10/12 
13 
11 

6 
53 
24-64 
511 
o 
o 
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Results 

Clinical Response in AML. Seven of 22 patients with 
AML responded to YNKOI (Table 3). 

Clinical Response in Newly Diagnosed CML. In all six 
patients with eML, the treatment with YNKOI in 
combination with IFN-a-2b resulted in hemato
logic responses. The doses were modified 
according to the responses and toxicities. All 
therapies are ongoing (Table 4). 

Table 3. Clinical response in AML 

Toxicity. Overall, 59 patients were included for the 
toxicity analysis. The results of two further clini
cal phase IIII studies in patients with MDS and 
low-grade non-Hodgkin lymphoma (NHL) are 
summarized. The patients were treated with the 
same schedule as in the AML trial. Neutropenia 
and thrombocytopenia were dose dependent. 
Non-hematologic toxicities of WHO grade 3 or 4 
were seen only at the 900- and 1200-mg dose 
levels. In one AML patient at the I200-mg dose 
level, therapy had to be stopped because of 
WHO grade 4 diarrhea. At the 900-mg dose 
level, one MDS patient had bone marrow aplasia 

Patient Diagnosis Dosage Cycles Maximal response! 
No. (mg!kg body weight) (n) duration of response 

Secondary AML 300 8 SD after first cycle 
for 6 months 

2 Secondary AML 400 8 SD after first cycle 
for 6 months 

3 AML in an 600 2 CR after second cycle, 
unfit patient duration 4 months 

4 Second relapse 900 2 CR after second cycle, 
duration 3 months 

5 First relapse 900 PR after first cycle, 
ongoing 

6 Secondary AML 1200 4 SD after first cycle 
for 3 months 

7 AML in an 1200 SD after first cycle 
elderly patient 

SD, stable disease; CR, complete remission; PR, partial remission. 

Table 4. Clinical response in newly diagnosed CML 

Patient YNK01 IFN Treatment Response 
No. (mg) (U!m' per day) duration 

(months) 

600 5 x 106 12 CHR after 7 months 
- 0-100 - 2.5 x 106 MCR after 11 months 
-200 3-5 days!week 

2 600 3 X 106 9 CHR after 4 months 
- 200-600 -5-3x 106 MCR after 6 months 
-400 

3 600 3 X 10' 9 CHR after 4 months 
-5-3 x 10' PCR after 6 months 

4 600 3 X 106 9 CHR after 4 months 
-200 -1.5 x 106 

5 600 3 X 106 7 CHR after 1 months 
-300 - 4 x 106 PCR after 2 months 

6 600 6 X 106 3 CHR after 1 month 
-300 -4 x 106 

CHR, complete hematologic response; PHR, partial hematologic response; PCR, partial 
cytogenetic response; MCR, minor cytogenetic response. 
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beyond day 50; the patient had hematologic 
recovery after the treatment was stopped. 
Another MDS patient at the 900-mg dose level 
had grade 4 stomatitis. Diarrhea seems to 
become the DLT. The MTD is defined as organ
toxicity grade 4 in three cases at one dose level. 
In MDS one of five patients at the 900-mg level 
had grade 4 diarrhea. In the CML pilot trial 
YNKOI in combination with IFN-a-2b is well 
tolerated. Adverse events consisted in depres
sion, fever, chills, and vasculitis which were 
attributed to IFN-a-2b treatment. These toxici
ties were not seen in any of the YNKOI 
mono therapy trials (Table 5). 

Pharmacokinetics. The preliminary results of the 
pharmacokinetic data show the following. There 
are very long half-life times of YNKOI and its 
metabolites in the plasma. For ara-C half-life 
time is about 22 h. After continuous infusion of 
ara-C, the plasma half-life time is clearly shorter 
with half-life time for ara-C at 60 min. Up to the 
1200 mg/day dose level, absorption and metabo
lism of YNKO I seem not to be limited. There is a 
linearity between the excretion of ara- U in the 
urine and the administered YNKOI dose. 
Interindividual variability of metabolism is con
siderable, but intraindividual variability is low. 
The metabolic bioavailability of YNKOI is about 
16%. The maximum plasma concentrations of 
ara-C after oral application of 900 or 1200 mg 
YNKOI exceed plasma levels of low-dose ara-C 
therapy (20 mg/m'/per day s.c.). 

Conclusions 

The results of these ongoing studies show a rela
tive mild spectrum of toxicities up to dose levels 
of 900 mg absolute daily for 14 days. Even con-

Table 5. Grade 3 and 4 non-hematological toxicities 

Toxicity WHO grade 

Stomatitis 
4 

Diarrhea 3 
3 
3 
4 

Nausea 3 
Exanthema 3 

Dose level 
(mg) 

100 
900 
200 
900 

1200 
1200 
900 
900 

Patients 
(n) 

3 

tinuous administration of 600 mg absolute daily 
YNKOI in combination with IFN-a-2b is well 
tolerated. The treatment is feasible in the 
out-patient setting if monitored regularly for 
hematologic toxicities. Clinical responses were 
observed in palliative treatment with a day 1-14 
administration in AML. In newly diagnosed 
CML, YNKOI in combination with IFN-a-2b ac
hieved rapid hematologic and cytogenetic 
responses in this pilot trial. The pharmacokinet
ic data show that oral application of YNKOI is 
able to exceed the ara-C plasma levels reached 
by conventional low-dose ara-C treatment. 
Phase II studies will be performed to further 
evaluate the efficacy of the drug in AML patients 
as a maintenance treatment and in CML follow
ing the pilot trial. 
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Abstract. Secondary leukemias occur after a pre
ceding myelodysplastic phase and/or following 
an exposition to mutagens. On the cytogenetic 
level, secondary acute myeloid leukemia (S
AML) are well characterized by the extent and 
special types of karyotypic abnormalities. 
Furthermore, distinct karyotypic changes can 
discriminate S-AML from de novo AML and 
myelodysplastic syndrome (MDS). Patients with 
S-AML have the highest proportions of clonal 
abnormalities (72%), of complex abnormalities 
(37% of abnormal cases), and of karyotype evo
lution (26% of abnormal cases) as compared to 
MDS and de novo AML. Both karyotype evolu
tion and complex abnormalities are late mani
festations of genetic instability which is already 
demonstrable in early MDS. They are indicators 
for a rapid disease progression and therapy 
refractoriness. Karyotype evolution is the pre
requisite for an accumulation of genetic defects 
which occurs in a nonrandom fashion in S-AML. 

Cytogenetic analyses of flow-sorted stem cells 
revealed that initiating as well as progression
associated cytogenetic changes occur at the level 
of immature CD34 + ICD38 - progenitor cells in 
de novo and secondary AML, thus defining the 
stem cell-like compartment as the target for 
genetic defects. 

Several lines of evidence imply that loss of 
material from chromosomes Sq and 7q might 
initiate the multistep process of karyotype evo
lution in S-AML. To further clarify the molecu
lar basis of genetic instability in myeloid 

malignancies, genes regulating cell cycle control 
and DNA repair are promising candidates for 
future investigations. 

Introduction 

Secondary leukemias uccur after a preceding 
myelodysplastic prephase and/or following an 
exposition to mutagens. They evolve via a multi
step pathogenetic pathway from a genetically 
unstable stem cel1 which expands to a 
preleukemic cell clone showing primary cytoge
netic changes [1, 2J. The occurrence of sec
ondary genetic changes and clonal evolution 
herald the transformation to secondary 
leukemia which is characterized by an expansion 
of genetically unstable cell clones with complex 
chromosome abnormalities. In secondary acute 
myeloid leukemia (S-AML), genetic instability is 
a key mechanism manifesting as karyotype evo
lution and leading to complex abnormalities. To 
understand the pathogenetic meaning of genetic 
instability in myelodysplastic syndrome (MDS) 
and S-AML, the timepoint of its occurrence, its 
cel1ular targets, and the molecular background 
for this phenomenon have to be delineated. 

Material and Methods 

Cytogenetic examinations of 179 patients with 
MDS, of 103 patients with S-AML, and of 498 

IZentrum Innere Medizin, Abteilung Hamatologie/Onkologie, Georg-August-Universitiit, Robert-Koch-Str. 40, 
37075 G6ttingen, Germany 
'Arbeitsgruppe Tumorcytogenetik, Institute fUr Humangenetik, Medizinische Universitiit zu LUbeck, Ratze
burger Allee 160,23538 Lubeck, Germany 
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patients with de novo AML were performed in 
Lubeck by the tumor cytogenetics working 
group. Eleven of 13 flow-sorted specimens were 
analyzed in Gottingen, two in Liibeck. The 
patients' leukemias and MDS were morphologi
cally classified according to the French
American-British (FAB)-classification [3,4]. 
Cell cultivation, chromosome preparation, 
banding procedures, and staining were per
formed as described [5]. The documentation of 
karyotypes was performed according to the 
ISCN supplement [6]. Immunophenotyping, cell 
sorting, and the special conditions for the cyto
genetic examination of flow-sorted cells are 
described elsewhere in this issue (Haase et al.). 

Results 

Cytogenetic analyses of 103 patients with sec
ondary AML and 179 patients with MDS were 
compared with those of 498 patients with de 
novo AML. Summarizing our findings, four 

types of karyotype abnormalities can be distin
guished in AML, MDS, and secondary AML 
(Table 1). Karyotypic changes nearly exclusively 
associated with de novo AML are inversion 16 
together with its variants, and the reciprocal 
translocations t(8; 21) and t(15; 17). Another 
group of chromosomal abnormalities is mainly 
associated with MDS and S-AML. The most 
important changes in this group are trisomy of 
Iq, partial or total monosomy 5, monosomy 7, 
and other chromosome 7 abnormalities as well 
as trisomy 8. In secondary AML, these abnor
malities signal a preceding myelodysplastic 
prephase. A further group of abnormalities 
encompassing 12p abnormalities and trisomy 21 
can be observed in advanced MDS and sec
ondary AML. They regularly herald or become 
visible during transformation of MDS to AML. 
The fourth group of karyotype abnormalities 
occurs nearly exclusively in secondary AML. 
Most frequent in our patients were anomalies 
of 3q, llq23 and monosomy 18. It is supposed 
that they are sufficient to cause overt acute 

Table 1. Frequency of cytogenetic abnormalities in MDS, S-AML, and de 
novoAML 

Chromosome MDS S-AML De novo AML 
abnormalities (n= 179) (n= 107) (n =498) 

t(8; 21) 
t(15; 17) 0 4' 26 
inv(16) and variants 
+lq 15 14 4 
-S/Sq- 32 27 II 

-7/7q- 24 10 8 
+8 14 16 17 
der3q 3 10 3 
der Ilq 2 15 4 
-18 3 12 3 

+21 7 13 4 
der 12p 8 15 2 

'Percentage of abnormal cases der, derivative; n.d., not determined. 

Table 2. Cytogenetic findings in MDS, S-AML, and de 
novoAML 

MDS S-AML de novo AML 
(%) (%) (%) 

Abnormal 51 72 59 
Complex 10 37 8 
Karyotype evolution 9 26 9 
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leukemia rapidly without any myelodysplastic 
prephase. 

Besides these distinct karyotypic changes, 
one of the most characteristic findings in S-AML 
is the phenomenon of karyotype evolution 
which is most frequent in S-AML as compared 
to MDS and de novo AML. Karyotype evolution 
is the prerequisite for the accumulation of 
genetic defects with the endpoint of a complexly 



rearranged unstable genome. Like karyotype 
evolution, complex abnormalities are most fre
quent in secondary AML (Table 2). 

There is increasing evidence that in neoplasia 
the accumulation of genetic defects takes place 
in a nonrandom sequence as has been demon
strated paradigmatically for colon cancer [7]. To 
clarify the succession of karyotypic changes in 
AML, we analyzed patients with complex abnor
malities treated in the German AML Cooperative 
Group trial. It turned out that 5q- or -5 were the 
initial abnormalities in 64% of cases. Monosomy 
7 or 7q- and trisomy 8 were primary in 12% of 
cases each. The most frequent secondary and 
tertiary anomalies were +8, -7/7q-, and rear
rangements of II q, 12p, 17p, and trisomy 21. 

Myelodysplastic Syndrome and S-AML are 
considered as stem cell diseases [1,8]. However, 
all inferences voting for a stem cell involvement 
were indirect and not based on the examination 
of stem cells themselves. Neither had the ques
tion been answered whether disease progression 
was initiated from the stem cell compartment. 
Thus we performed cytogenetic analysis of 
highly purified early hematopoetic precursors 
characterized and flow sorted according to their 
expression of CD34 and CD38. 

We were able to demonstrate clonal chromo
somal abnormalities in the CD34+ stem cell-like 
compartment in two cases of secondary AML, 
five cases of de novo AML, and in one case of 
secondary MDS (further details are given in our 
other paper in this issue). We conclude from our 
investigations that in de novo AML, S-AML, and 
MDS clonal chromosome abnormalities occur at 
the level of immature stem cell-like progenitors 
independently of the immunophenotype of the 
bulk leukemic population. This may not be true 
in promyelocytic leukemia, but we have not 
examined M3 cases as yet. Furthermore, kary
otype evolution and thus the accumulation of 
genetic defects takes place at a very early level of 
the hematopoietic hierarchy. 

Taken together, our data imply that not only 
disease initiation but also disease progression 
are driven from the stem cell compartment in 
MDS and AMI" 

An interesting matter concerning genetic 
instability is the the timepoint of its occurrence. 
Is it restricted to very advanced disease or is it 
an early, possibly initiating event, as has been 
proposed for MDS pathogenesis by Jacobs [2]. 

Within the scope of a cytogenetic study of 
patients with MDS we were already able to 

observe chromosomal breakage in early MDS 
before the occurrence of clonal chromosome 
abnormalities [9]. In total, we observed genetic 
instability without clonal abnormalities in 12% 
of 179 patients with MDS. 

In advanced MDS and S-AML, genetic insta
bility manifests itself not only as chromosomal 
breakage but also as complex abnormalities, 
karyotype evolution, single and double minutes, 
homogenously staining regions, and other 
bizarre karyotypic changes often occurring as 
cell-to-cell variations, which was summarized by 
Sakurai and Sandberg [10 I with the term "major 
karyotypic abnormalities" (MAKA). 

The prognostic impact of such complex 
anomalies is extremely bad even if very recent 
therapy strategies are applied, which can be 
inferred from the data of Buchner et al. in this 
issue. 

Discussion 

The phenomena of karyotype evolution and 
complex abnormalities are manifestations of the 
pronounced genetic instability in S-AML. Our 
data vote for an immature stem cell-like popula
tion as the target for initiating genetic events. 
Progression likewise seems to be driven from 
this compartment. Genetic instability is detect
able early during the course of MDS before clon
al chromosome abnormalities occur. During 
disease progression, genetic instability is the 
prerequisite for karyotype evolution and thus 
for the accumulation of genetic defects for ter
minating in secondary leukemia with a MAKA 
karyotype. However, the possible causes for 
genetic instability in MOS and AML are still 
obscure. 

r f we take the very recent findings in heredi
tary colon cancer as a paradigm for neoplastic 
transformation [11-13], genetic instability in 
hematopoietic diseases might result from defi
cient DNA repair caused by mutations of DNA 
repair genes. On the other hand, disturbances of 
cell cycle regulation might likewise, at least indi
rectly, result in increased genetic instability. 

Several lines of evidence imply that the loss of 
genetic material from 5q and possibly 7q might 
initiate genetic instability in MDS leading to 
karyotype evolution and complex abnormalities. 
The chromosomal localization of DNA repair 
and cell cycle-regulating genes in the long arm 
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of chromosome 5 [14] and on chromosome 7 
[13] is a strong argument for this assumption. 

Functional and molecular studies of DNA 
repair and cell cycle regulation are needed to 
clarify the molecular basis of genetic instability 
in MDS and AML. 

We have started a research program on DNA 
repair in MDS. Very recent results show an 
interesting tendency. Lymphocytes of patients 
with MDS and healthy controls were irradiated 
with 0.5 Gray. After 1 h of DNA repair time, a 
cell cycle analysis was performed. Our hypothe
sis was that deficient DNA repair in MDS must 
lead to a higher increase of cells in G2/M phase 
as compared to normal controls, since damaged 
cells are not repaired sufficiently to pass the G2 
checkpoint [15]. What we observed was the 
opposite: the G2 increase was significantly lower 
than in the control group. Thus, we would tenta
tively like to speculate that in MDS the G2 
checkpoint might be defective. However, these 
results cannot exclude combined defects of cell 
cycle control and DNA repair. 

Molecular and functional studies of DNA 
repair in MDS have to be performed to elucidate 
the mechanisms leading to genetic instability in 
MDS andAML. 
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Abstract. In a prospective setting we investigated 
several cytomorphological features in 128 
patients with de novo acute myeloid leukemia 
(AML) treated in the AML cooperative Group 
(CG)-92 trial. The most important question to 
be answered was whether or not dysplasia had a 
prognostic impact for the remission rate and 
survival in AML. We could demonstrate a signif
icantly lower remission rate for patients with tri
lineage dysplasia (TLD) in comparison to those 
without any dysplastic features. The overall sur
vival was worse for patients with TLD as well but 
this was not statistically significant at the time of 
this analysis. Further investigations will help to 
define new risk factors as a result of this detailed 
analysis of bone marrow morphology. 

Introduction 

The prognostic significance of dysplastic fea
tures in de novo acute myeloid leukemia (AML) 
has been investigated by several groups [1-7]. In 
some studies a poor outcome seemed to be asso
ciated with the detection of dysplastic features 
but the results remain controversial. This may 
be due to retrospective approaches. Further
more, the criteria for the presence or absence of 

dysgranulopoiesis (DysG), dyserythropoiesis 
(DysE), dysmegakaryopoiesis (DysM), and for 
trilineage dysplasia (TLD) were different in 
some studies. This makes it very difficult to 
compare results or to discuss their prognostic 
value. In this prospective study, we analysed the 
incidence and the influence of dysplasia in de 
novo AML in 128 patients treated in the AML 
cooperative group (CG)-92 trial. 

Material and Methods 

Between December 1992 and April 1995 de novo 
AML was diagnosed in 128 patients treated in 
the AMLCG-92 study [8, 9]. Treatment results 
and survival data were available at the time of 
this interim analysis for all patients. Bone mar
row and blood smears were sent for diagnosis 
and several cytomorphological studies to our 
reference cen tre. In alJ cases a detailed exam ina -
tion of the bone marrow features was per
formed. All submitted bone marrows were 
analysed irrespective of whether the patient 
would be treated or not. This avoided a bias 
caused by the treatment results. 

Bone marrow smears were stained according 
to standard procedures [10]. For dysplasia 
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Pappenheim and myeloperoxidase staining were 
examined. Dysplasia was defined according to 
standard criteria [4]: granulocytic dysplasia 
(DysG) was defined as > 50% of at least ten 
polymorphonuclear neutrophils (PMN) being 
agranular or hypogranular, or with hyposeg
mented nuclei (pseudo Pelger-Huet anomaly). 
At least 25 cells were observed but usually 100 
cells were counted. Myeloperoxidase deficiency 
in the (PMN) was defined as 50% or more 
myeloperoxidase-negative cells in at least ten 
PMN after confirming strong positivity of 
eosinophils or other PMN. 

Erythroid dysplasia (DysE) was defined as 
50% or more of dysplastic features in at least 25 
erythroid precursors: megaloblastoid aspects, 
karyorrhexis, nuclear fragments, or multinu
clearity. A minimum of 25 cells were counted 
but usually it was possible to count 100 cells. 

Megakaryocytic dysplasia (DysM) was diag
nosed when at least three megakaryocytes or 
> 50% in at least six cells showed dysplastic fea
tures such as microkaryocytes or multiple sepa
rated nuclei. 

Trilineage dysplasia was diagnosed when 
DysG, DysE, and DysM were detectable. 

Results 

A total of 128 patients with de novo AML were 
analysed (male, 55; female 73). Median age was 
53 years (range 17-74) years. According to 
the French-American-British (FAB) classifica
tion [11] two patients were classified as AML 
MO, there were 26 M1 (20.3%), 47 M2 (37.1%), 
five M3 (3.6%), 22 M4 (17.2%), seven M4Eo 

Table 1. Frequency of dysplastic features in de novo AML 

Author Reference Study Year 

Brito-Babapulle et aI .• ,b [1] MRC, 1987 
}innai et aI. [2] 1987 
Estienne et al. [3] Lille, 1990 
Goasguen et al. [4] ECOG, 1992 
Goasguen et aI. [5] AMLCG, 1993 
Ballen et aI .•. b [6] 1994 
Kuriyama et al. [7] 1994 
Haferlach et aI. AMLCG, 1995 

(5.5%), four M5a (3.1 %),10 M5b (7.8%), five M6 
(3.8%), and no M7. Table 1 gives the percentage 
of dysplastic features according to the FAB crite
ria as mentioned before in comparison to other 
studies for all FAB subtyps combined. 

The percentage of DysG, DysE, or DysM dif
fered widely in the different studies. Even if the 
same investigator analysed the bone marrow 
smears [4, 5], variations of 100% were pub
lished. This demonstrates the complexity of 
detecting dysplasia and one should avoid final 
conclusions from these retrospective studies. 

In contrast, the frequency of patients without 
any dysplasia or with TLD ranged within small 
limits. Thus, it seems much easier to achieve 
reliable results especially for these two groups of 
patients if one starts to analyse dysplasia in 
AML. For this reason and because of the num
ber of patients in our prospective study recruit
ed so far, we started to compare our results with 
others regarding the influence of dysplasia in 
one cell line only or the detection of TLD with 
no dysplasia at all. The results for remission 
rates are controversial so far and are shown in 
Table 2. 

The most important factor to achieve com
plete remission (CR) in our patients was the 
absence of dysplastic features (CR 86.7%) in 
comparison to patients with TLD (CR 57.8%, P 
= 0.042). If patients with TLD achieved a CR, 
the event-free survival was worse than for 
patients without any dysplasia but this is not 
significant so far (Table 3, p = 0.0632, Fig. 1). 

Only two studies could demonstrate the 
prognostic value of TLD for event-free survival 
[3, 7]. In one study, DysM seems to influence 
this parameter [5]. 

Patients 
(n) 

160 
127 
132 
336 
219 
106 
230 
128 

No Dys DysG DysE DysM TLD 
(%) (%) (%) (%) (%) 

15 
12.6 

28 23 15 23 11 
46 24.7 33.6 24.1 11.6 
38.4 54.8 20.1 20.5 7.8 

7 7 18 17 9 
17 

29.7 21.1 14.8 35.8 14.8 

'The criteria for dysplastic features were different to this analysis. Data were adapted to the FAB criteria as 
defined by Goasguen [4]. 
bSeverai therapy regimens were used in this study. 
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Table 2. Influence of dysplastic features on remission rates in de novo AML 

Author Reference Study Year Patients DysG 
(n) 

DysE DysM TLD 

Brito-Babapulle et al. [I] MRC, 1987 160 n.d. n.d. n.d. • 
p = 0.001 

Jinnai et al. [2] 1987 127 n.d. n.d. • n.d 
p=0.025 

Estienne et al. [3] Lille, 1990 132 o 0 0 • 
p=O.003 

Goasguen et al. [4] ECOG, 1992 336 • 0 a • 
p=O.013 p=0.03 

Goasguen et al. [5] AMLCG, 1993 219 0 0 • n.d. 
p = 0.017 

Ballen et al. [6] 1994 106 0 0 0 0 
Kuriyama et al. [7] 1994 230 n.d. n.d. n.d • 

p=O.OI 
Haferlach et al. AMLCG, 1995 128 0 0 0 • 

p=0.042 

n.d., not done; 0, no influence; ., bad influence. 

Table 3. Influence of dysplasia for event-free survival in de novo AML 

Author Reference Study Year 

Brito-Babapulle et al. [ 1] MRC, 1987 
Jinnai et al. [2] 1987 
Estienne et al. [3] Lille, 1990 

Goasguen et al. [4] ECOG, 1992 
Goasguen et al. [5] AMLCG, 1993 

Ballen et al. [6] 1994 

Kuriyama et al. [7] 1994 

Haferlach et al. AMLCG, 1995 

n.d., not done; 0, no influence;., bad influence. 

Discussion 

The identification of new prognostic factors in 
AML would be helpful to stratify patients into 
low-risk and high-risk groups and to modify 
therapy approaches in the future. Some studies 
were able to demonstrate the significance of cyto
genetic results for the outcome of patients 
[12-16], others identified age [17] or leucocyte 
count [18], but these results remain controversial. 

We have investigated morphological dysplasia 
in 128 patients with de novo AML to clarify its 
clinical significance. All patients were treated in 
the AMLCG-92 trial. We were able to identify two 
subgroups of patients with a superior or a worse 
complete remission (CR) rate. Patients without 

Patients DysG DysE DysM TLD 
(n) (n) 

160 n.d. n.d. n.d. 0 
127 n.d. n.d. 0 n.d. 
132 0 0 0 • 

p=O.OOOI 
336 0 0 0 0 
219 0 0 • n.d. 

p=0.002 
106 0 0 0 0 

230 0 0 0 • 
p=0.0005 

128 0 0 0 0 
p=0.0632 

any dysplasia in the bone marrow had a very high 
CR rate (86.7%) in comparison to all patients 
combined (71.8%) and especially in contrast to 
patients with TLD (CR 57.8%). Even if some 
other studies were retrospective and criteria for 
dysplasia differed, it is possible to compare these 
data. Similar results were reported by some 
groups [I, 3, 4, 7]. Others failed to demonstrate a 
significantly lower CR rate for patients with TLD 
but used unconventional criteria for the defini
tion of dysplasia; this makes it impossible to 
compare the results with all the other studies [6]. 

We were not able to clarify the prognostic sig
nificance of dysplasia if only one cell line was 
affected because the number of cases was too 
small. Further investigations are under way and 
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Fig. 1. Trilineage dysplasia (TLD) is a bad prognostic factor in patients with do novo AML. Solid line, no dyspla
sia, n = 38 (27 censored); broken line, TLD), n = 19 (II censored) 

may help to define smaller subgroups of patients 
with special combinations of dysplastic feature. 
A multivariant analysis will help to grade the 
importance of several cytomorphological results. 

In conclusion, TLD is correlated with a signif
icantly lower remission rate in de novo AML. 
This may show that the malignant transforma
tion is near the pluripotent stem cell level which 
is less sensitive to chemotherapecutic agents. 
We have not been able to demonstrate the influ
ence of dysplasia for event-free survival yet. The 
correlation with other prognostic factors such as 
chromosomal status is necessary as well and will 
be investigated. It may be that TLD reflects only 
one of a number of coherent factors with nega
tive influence on the prognosis of AML. Because 
dysplatic features are detectable at the time of 
diagnosis in the first bone marrow and seem to 
give important information about treatment 
outcome, the search for dysplasia should be 
inclulded in every bone marrow analysis in 
AML. Further results could be of interest for dif
ferent therapeutic strategies such as high-dose 
chemotherapy or bone marrow transplantation. 
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Introduction 

For more than 20 years now, secondary 
leukemias following treatment of Hodgkin's dis
ease (HD) have been reported in the literature 
[1-7]. Most of these reports refer to adults
corresponding to the higher incidence of HD in 
adults compared to children but cases following 
treatment in childhood have also been pub
lished. Usually these secondary leukemias pre
sent as acute myeloid leukemia (AML), with or 
without a myelodyplastic prephase, and have a 
very poor prognosis. As to causative factors, it 
became increasingly evident that specific ele
ments of the chemotherapy are dicrectly respon
sible. Retrospective studies were able to identify 
alkylating cytotoxic agents as the main risk fac
tor, especially nitrogen-mustard (synonyms:me
chlorethamine, mustargen) [8-12J. Today it is 
widely accepted that the mustine vincristine 
procarbazine and prednisone (MOPP) combina
tion is associated with a considerably higher risk 
for secondary leukemias than ABVD which 
includes no alkylating drug [8, 12]. 

For a long time, precise statements on the 
incidence and risk factors of secondary 
leukemias following HD in children could not be 
given as reports on large series were lacking. In 
1989, data from a large pediatric patient group 
(n = 979) were published by Meadows with the 
international Late Effect Study Group (LESG) 
[13]. Within 11 years after the diagnosis of HD, 
20 events of secondary hematologic malignan
cies (SHM) were observed: 16 AML, one chronic 

IUniversity Children's Hospital, Miinster, Germany 
'University Children's Hospital, GieBen, Germany 
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myelogenous leukemia (eML) and three non
Hodgkin's lymphoma (NHL). The cumulative 
risk of SHM after 15 and 20 years was 4% for the 
total group, 6% for the patients who has 
received chemotherapy (predominantly MOPP) 
and 8% for those who had been additionally 
treated with salvage therapy. No SHM were 
found after radiotherapy alone. Using a specially 
developed score, the applied cumulative dose of 
alkylating agents was identified as a clearly sig
nificant risk factor. In addition, splenectomized 
patients showed a higher risk for SHM than 
those without splenectomy. 

We have tried to determine the risk of SHM 
in those patients treated in four consecutive 
German-Austrian studies for HD since 1978 
[15-18]. Against the background of the high 
overall survival rate which can be reached with 
modern treatment strategies in childhood 
Hodgkin's disease, the risk of secondary malig
nancies evidently deserves general close atten
tion. An additional aim of our analysis was to 
compare our data with those of the LESG con
sidering the aspect that in the chemotherapy of 
the German-Austrian pediatric studies much 
lower cumulative doses of alkylating agents 
were used and no nitrogen mustard at all. 

Patients and Methods 

The total patient group for this analysis com
prised all 667 patients of the German-Austrian 
studies HD-78, -82, and -87 enrolled by 70 par-



ticipating centers [15-18]. The median age of 
patients at the time of primary diagnosis was 12 
years 2 months with a range of 1 year 11 months 
to 16 years 3 months. The sex ratio was 418 
boys / 249 girls (1.7/1). As of 31 August, 1994, 
the Kalpen-meier analysis for all 667 patients 
(Fig. 1) reveals a probability for survival at 15 
years of95% (SD 1 %). 

Combined modality treatment was used for 
patients at all disease stages. The number of 
chemotherapy blocks in front-line therapy was 
two in 330 patients (50%), four in 140 (21%), six 
in 168 (25%) and eight in 29 (4%). Drug combi
nations in blocks 1 and 2 were OPPA (vin
cristine, prednisone, procarbazine, adriamycin) 
or OPA (without procarbazine) and in the subse
quent courses COPP (C, cyclophosphamide) or 
COMP (M, methotreaxate). Thus, alkylating 
agents in the primary treatment were procar
bazine, applied to 65% of the patients, and 
cyclophosphamide, given to about 50% at a 
cumulative total dose of 2000, 4000, or 6000 
mg/m'. Nitrogen mustard was never used. The 
cumulative total dose of adriamycin was 160 
mg/m' in all patients. Radiotherapy, which fol
lowed chemotherapy was applied as extend
edfield irradiation with maximum doses of 36-40 
Gy in study HD-78 and as involved-field irradi
ation with 20-35 Gy (depending on treatment 
group and study) in HD-82, HD-85, and HD-87. 

Seventy-five patients (11%) had to undergo 
salvage therapy due to resistant or recurrent dis
ease. Second-and third-line therapy was less 
uniform than front-line therapy. Beside ABVD 

Survlval 
\.0 

0.8 

>. ..... 
:: 0.6 .... 
.Q 
10 667 
.Q 

536 
eo .• 
Q. 

0.2 

N=667, 32 deaths 

0.0 

and COPP, combinations containing etoposide 
and ifosfamide were used [19]. 

Major efforts on a cooperative basis were 
made in 1994 to collect information about the 
current status of the patients. The median fol
low-up time is 7 years 10 months (range 1-16 
years), the median age at the last examination or 
information 20 years Imonths (range 3 years 9 
months to 31 years I month). 

The cumulative probabilities of the incidence 
of SHM after HD were estimated with the 
Kalpan-Meier method [20J using the SAS statis
tical software where the corresponding estimate 
of the standard error and the confidence limits 
are computed with Greenwood's formula [21]. 
Differences between groups were assessed with 
the log-rank test and Wilcoxon test [22]. 

Results 

A total of five patients developed SHM: four 
AML and one Myelodyplastic syndrome MDS. 
Non-Hodgkin's lymphomas were not observed. 
Some data concerning primary disease and 
treatment three as well as secondary malignan
cy are shown in Table 1. The sex ratio was two 
boys/three girls. Three patients were in first 
remission of Hodgkin's disease (stage lA, IlIA, 
IVB), two had developed a relapse and were 
additionaly treated by salvage therapy. The 
median time between day I of primary therapy 
and diagnosis of the secondary malignancy 
was 5 years 3 months (range 2 years 7 months -

0.94;SD=0.01 

232 29 patlents at rlsk 

31. August 1994 

0 3 5 6 7 8 9 10 11 12 13 U 15 16 17 
Years 

Fig. 1. Kalpan-Meier analysis of survival for the total group of 667 patients in the four German-Austrian trials 
HD-78, HD-82, HD-85, HD-87 
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10 years 5 months). The median age at diagnosis 
of AML/MDS was 13 years 2 months (range 11 
years 4 months - 1 years 10 months). All five 
patients died after treatment with chemotherapy 
and (in two cases) additional autologous bone 
marrow transplantation (ABMT). 

The cumulative risks for AML/MDS at 5, 10 
and 15 years in the total group of all patients are 
0.5% (SD 0.3%), 0.7% (SD 0.3%), and 1.2% (SD 
0.6%), respectively (Table 2). Patients were sub
divided in to three groups for further evalua
tions (Table 2). 

Group 1: 296 patients who had received chemo
therapy only with two blocks of OPPA or OPA 
and have remained in first remission. Survival 
rate at 15 years of this group is 99.6% one case 
of AML was observed after 4 years 5 months. 
The cumulative risk for AML/MDS is 0.4% (SD 
0.4%) at 5, 10, and 15 years. 

Group 2: 296 patients who had received, in addi
tion two blocks of OPPA or OPA, chemotherapy 
with COPP or COMP and have remained in first 
remission. One AML after 10 years 5 months 
and one MDS after 5 years 3 x were observed. 
The prospective survival rate at 15 years in this 
group is 94% (SD 2%). The cumulative risks for 
AML/MDS are 0 at 5 years, 0.4% (SD 0.4%) at 
10 years and 1.4% (SD 1.0%) at 15 years. 

Group 3: 75 patients who had received salvage 
therapy in addition to primary treatment. Two 
casees of AML were observed after 2 years 7 
months and 3 years 6 months. The prospective 
survival rate at 12 years in this group 7% (SD 
5%). The cumulative risk for AML/MDS is 3.3% 
(SD 2.3%) at 5 and 10 years. The value for 15 

years cannot yet be given, but the risk at 14 
years is identical (3.3%). 

The differences between group 3 (salvage 
therapy) versus group 1 or 2 are statistically sig
nificant: group 1 vs group 3: p = 0.02 (Wilcoxon), 
0.03 (log-rank test); group 2 vs group 3: p=0.02 
(Wilcoxon), 0.05 (log-rank test). The difference 
between groups 1 and 2 is not significant (Fig. 2) 

Splenectomy was not identified as a risk fac
tor. Four of 329 splenectomized patients devel
oped AML/MDS, compared with one of 338 
non-splenectomized patients (cumulative risk at 
15 years 1.7% vs. 0.3%). However, the difference 
is not significant (p = 0.23). 

Discussion 

In our analysis five SHM (four AML, one MDS, 
no NHL) were observed in 667 children treated 
for HD in four German-Austrian trials between 
1978 and 1990 (follow-up time up to 16 years, 
median 7years 10 months). Four of the five SHM 
were diagnosed between the 3 and 6 year after 
onset of therapy for HD and the last one in the 
11 year. It is consistent with other published 
data that secondary leukemias and MDS after 
HD in adults and children arise nearly exclu
sively during the first 10-12 years [10, 12-14]. 
After this period the risk for further SHM 
approaches zero. 

Compared to most of the recent reports in 
the literature, the incidence of SHM in our 
group of HD patients is relatively low: the 
cumulative risk for SHM in our total group is 
0.7% at 10 years and 1.2% at 15 years, wereas 
risks of 4%-6% were found in several other 
analyses after HD in adults [10, 12, 14] and chil
dren [13]. Of special interest in the comparsion 

Table 2. Overall survival, number of secondary hematologic malignancies and cumulative risk (%) at 5, 10 and 
15 years for the entire group of patients and the three subgroups with different chemotherapy for HD 

(n) SV SHM Cumulative risk 

5 years 10 years 15 years 

(%) (%) (SD) ('Vo) (SD) (%) (SD) 

Total group 667 95 0.5 0.3 0.7 0.3 1.2 0.6 
Group 12 x OPPA or OPA 296 99 0.4 0.4 0.4 0.4 0.4 0.4 
Group 2 plus COPP or COMP 296 95 0 0.4 0.4 0.4 1.4 1.0 
Group 3 salvage therapy 75 77 2 3.3 2.3 3.3 2.3 

The differences between group 1 vs 3 (p = 0.02) and group 2 vs. 3 (p = 0.02) are significant. sv, overall survival; 
SHM, secondary hematologic malignancy. 
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Fig. 2. Cumulative percentage of patients who developed a secondary leukemia 1 MDS among the entire popula
tion of patients (n = 667) and those of group 1 (n = 296), group 2 (n = 296), and group 3 (n = 75), respectively 

of our results with those of international pedi
atric LESG [13]. In the total group of 997 LESG 
patients the risk is 3% at 10 years and 4% at 15 
years in the 698 patients who had received 
chemotherapy (with or without radiotherapy) 
5% at 10 years and 6% at 15 years. Using confi
dence limits we compared these data with our 
own findings (Table 3). After a follow up of 10 
years, there is no overlap of the confidence lim
its at the 5% level. After 15 years we found no 
overlap with the group treated with chemother
apy and a marginal overlap between the total 
groups. Thus, there is strong support for the 
conclusion that the incidence of SHM in our 
group is significantly lower than in the LESG 
patients. A similar difference is found for the 
patients who underwent salvage therapy as well: 
3.3% at 10 years in our 75 patients versus 6% at 
10 years and 8% at 15 years in the 365 patients 

of the LESG. As the standard deviations for this 
subgroup were not published by the LESG [13] a 
statistical comparsion is not possible. 

Discussing potential causes for these differ
ences in the risk of SHM we recognize that the 
main features of the two patient groups are 
quite similar, partly identical. This is true for the 
size of the groups, patient age at diagnoses of 
HD, sex ratio, percentage of stage I and II 
patients and time of follow up [13]. In contrast, 
major differences exist in important details of 
the front-line therapy and in the percentage of 
patients who needed salvage therapy (11% in 
our group 37% in the LESG). While MOPP was 
the chemotherapy predominantly used for the 
LESG patients, front-line chemotherapy in our 
group included no nitrogen mustard at all, but 
cyclophosphamide in about 50% of the patients 
at relatively low cumulative doses. Procarbazine 

Table 3. Estimated confidence limits (at 5% level) for the risk of SHM after HD. Comparison 
of our results with the data of the LESG [13] 

After 10 years
all patients 
patients with Chemotherapy 
After 15 years-
all patients 
Patients with chemotherapy 

(n) 

667 
Identical group 

667 
Identical group 

Own data 
Risk 
(%) 

0.2-0.7-1.2 

0-1.2-2.1 

(n) 

997 
698 

997 
698 

LESGdata 
Risk 
(%) 

2-3-4 
3-5-7 

2-4-6 
4-6-9 

All 667 patients in our group had received chemotherapy in contrast to 698/997 patients in the 
LESGgroup. 
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was administered in 65% of our patients, but 
mostly limited to two to four blocks. It is obivi~ 
ous from the published data that the cumulative 
total doses of alkylating drugs are considerably 
lower in our patients. Applying the LESG score 
for alkylating agents (range in LESG patients 0 ~ 

10), more than 60% of our patients have score 
of,:; l. 

In general, the differences in the exposition 
toward alkylating cytotoxic agents explains both 
the different risk of secondary leukemia in our 
own study compared to the LESG results and the 
significantly increased risk after additional 
salvage therapy. Our comparative evaluation 
cannot answer the question whether nitrogen
mustard has a specifically high leukemogenic 
effect, i.e., whether or not omitting this drug was 
the decisive factor in the lower incidence of 
leukemia in the German~Austrian studies. 
Henry~Amar et al. [12] concluded, from a multi~ 
variate analysis of 872 adult HD patients that, 
among the alkylating agents used, only nitro~ 
gen-mustard was shown to be significantly 
associated with an increased risk of secondary 
leukemias. In view of the fact that nitrogen
mustard is still widely used in the treatment of 
HD, it is of major importance to clarify this 
question, especially for children. 

Owing to the low absolute count of 
AMLIMSD in our studies, our results cannot 
contribute to the discussion of whether or not 
splenectomy increases the risk for SHM after 
HD [13,23,24,25]. 

Conclusions. This analysis gives strong evidence 
that the lower incidence risk of SHM in the 
patients of the German~Austrian trials com~ 
pared to those of the LESG is mainly due to the 
lower cumulative doses of alkylating agents. The 
question of a specific impact of omitting nitro
gen-mustard within this framework needs to be 
evaluated in further studies. Moreover, the high 
efficacy of front-line therapy with a relatively 
small percentage of patients needing salvage 
therapy is a major factor because relapse treat
ment considerably increases the cumulative 
doses of alkylating agents as well as of etoposide 
and other drugs targeting at DNA topoisu
merase II. Hence, differences in the incidence of 
SHM reflect complex differences between the 
overall treatment strategies for HD. 
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Introduction 

Low-dose chemotherapy in myelodysplastic 
syndromes (MDS) gives overall limited results 
in high-risk MDS [1-3]. Intensive chemotherapy 
in MDS and secondary leukemias (i.e., acute 
myeloid leukemia, AML, following de novo or 
therapy-related MDS) gives lower complete 
remission (CR) rates and shorter CR duration 
than in de novo AML [4-11]. This may be due in 
part to a higher incidence of mdr gene expres
sion in MDS than in de novo AML as mdr gene 
expression is associated in our experience, with 
very low CR rates with intensive chemotherapy 
[12]. These recent results suggested that the use 
of agents capable of reverting mdr gene expres
sion could improve the CR rate in MDS and sec
ondary leukemias. 

Patients and Treatment 

We designed a trial of intensive chemotherapy: 
mitoxantrone 12 mg/m2 on days 2-5 plus cyto
sine arabinoside (ara-C) I g/m2 every 12 h on 
days 1-5, with or without (randomized) quinine 
30 mg/kg per day (continuous infusion, maxi
mum 2 g per day), an agent capable of reverting 
the mdr phenotype [13]. 

Patients younger than 65 and older than IS 
with high-risk MDS were eligible. High-risk 
MDS was defined as (a) AML following a proven 
MDS phase; (b) refractory anemia with excess of 
blasts in transformation (RAEB-T); or (c) RAEB 
or chronic myelomonocytic leukemia (CMML) 

with neutrophils < SOO/mm3 and/or with in
fectious episodes or with platelet count 
< 50 000/mm3 and/or bleeding symptoms or 
with a transfusion requirement> two red cell 
units per month or with rapid worsening of 
cytoipenias. Patients should have given their 
informed consent. 

Patients younger than 55 years achieving CR 
were scheduled to be autografted (ABMT) after 
bone marrow (and more recently peripheral 
blood: three cases) stem cell collection. The con
ditioning regimen was: cyclophosphamide: SO 
mg/kg per day and busulfan 4 mg/kg per day for 
4 days. 

Complete remission criteria were stringent 
and included normalization of cytopenias and of 
karyotype (if initially abnormal), in addition to 
the presence of :s; 5% blasts and disappearance 
of MDS features on bone marrow smears. Partial 
response was defined by (a) presence of :s; 5% 
bone marrow blasts with an increase of the neu
trophil and platelet count of at least 1000 and 
SO 000/mm3, respectively, and with an increase 
of the hemoglobin level of 2g/ dl; or (b) normal
ization of both peripheral blood and bone mar
row cell count with persistent myelodysplastic 
features and/or abnormal karyotype. Patients 
older than 55 years or who could not be auto
grafted received three courses of consolidation 
chemotherapy with mitoxantrone 12 mg/m2 on 
days and ara-C 100 mg/m' every 12 h on days 
1-5. 

Expression of mdr gene was assessed by flow 
cytometry on bone marrow or blood mono
nuclear cells (in patients having progressed to 
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AML) using MRK16 monoclonal antibodies 
(MAb) or immunocytochemistry on bone mar
row slides using JSBI MAb (in patients treated 
in MDS phase) 

Results 

From October 1992 to October 1994,84 patients 
were included: median age was 54 (range: 18-68 
years, 34 patients older than 55); 49 patients had 
progressed to AML and 35 were still in the MDS 
phase (eight RAEB, 26 RAEB-T, one CMML). 

Seventy-two patients are currently evaluable 
for response. Twenty-nine patients (40%) achie
ved complete remission (CR), eight patients 
(11%) achieved partial response, 15 (21%) had 
early death, and 20 (28%) had resistant disease. 
Analysis of pretreatment prognostic factors of 
complete remission is currently underway. Of 
the 16 patients aged ::;; 55 years who achieved 
CR, ten were actually autografted. Reasons for 
not doing bone marrow transplantation were: 
early relapse (three patients), poor clinical con
dition (one patient), allogeneic bone marrow 
transplantation (one patient), patient refusal 
(one patient). One patient in whom stem cells 
were collected was awaiting bone marrow trans
plantation. 

Bone marrow was harvested in 11 patients. 
Despite several collections, the quality and/or 
quantity of harvested cells was insufficient in 
three patients of whom one relapsed. Con
sequently, peripheral stem cell harvesting was 
proposed in order to reduce the interval 
between CR achievement and stem cell collec
tion. This procedure was successfully performed 
in three patients and allowed transplantation in 
a patient for whom bone marrow stem cell col
lection had failed. 

Hematological reconstitution occurred in all 
patients after delays similar to AML. A signifi
cantly more prolonged duration of aplasia was 
observed in patients treated with quinine (29 vs 
25 days with ANC ::;; 1000/mm3; p < 0.03). 
Sixteen of the 29 patients who achieved CR had 
relapsed after 2-18 months and 13 were still in 
complete remission after 1-19 months. Six of 
the autografted patients had relapsed, after 4-18 
months, one died after the procedure and three 
were still in CR after 8-9 months. 

Median overall survival from the onset of 
treatment was 8 months. Median CR duration 
was 10.5 months. The CR rate, CR duration, and 
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survival from treatment were 42% and 38%, 11 
months and 10 months, 8 months and 7.5 
months, respectively, in patients treated with 
and without quinine (differences not signifi
cant). 

The effect of quinine was particularly 
analysed in patients expressing mdr at the onset 
of treatment. Results of the mdr gene expression 
are currently available in 44 patients of whom 14 
are positive. The CR rate was 28% in these 14 
mdr-positive patients as compared to 40% in the 
30 mdr - negative cases. In the 14 mdr-positive 
cases, four of the nine patients (44%) treated 
with quinine and none (0%) of the five treated 
without quinine achieved CR (p = 0.07). Median 
survival was 6.4 months in mdr-positive patients 
treated with quinine and was not reached in 
mdr - positive patients treated without quinine. 

Discussion 

Our results confirm the relatively low CR rates 
previously obtained with intensive chemothera
py in MDS and the short CR duration [4-11). In 
our previous report [12), a CR rate of only 14% 
had been obtained after intensive chemotherapy 
without quinine in mdr - positive MDS patients. 
We found an increase of the CR rate to 44% in 
mdr-positive cases treated with qumme 
although in a small patient population. These 
findings are of course preliminary but they sug
gest a potential benefit of quinine in mdr-posi
tive MDS. Accrual of a larger number of patients 
in this randomized study should help us answer 
this issue. 

Complete remission duration after intensive 
chemotherapy appears to be generally very 
short in MDS [5-11). Very few previous works 
have assessed the feasibility of autologous bone 
marrow in MDS after CR achievement [14). A 
prerequisite for bone marrow or peripheral 
blood stem cell harvest for autologous trans
plantation is good quality remission. This led us 
to use stringent CR criteria. In spite of this, our 
preliminary findings suggest a higher rate of 
relapse after autologous transplantation in MDS 
than in AML, as previously described in two 
reports [14, 15). Only prolonged follow up will 
permit an assessment of the benefit of this form 
of intensive consolidation in MDS and whether, 
contrary to intensive chemotherapy, it provides 
prolonged CR. Finally, no previous studies of 
MDS transplanted with peripheral stem cells are 



available in the literature, to our knowledge. 
Our preliminary results suggest that peripheral 
stem cell collection is of interest in cases of fail
ure of bone marrow harvest and this procedure 
may now be proposed as soon as CR is obtained 
in order to reduce the risk of early relapse, a fre
quent event in MDS treated with intensive che
motherapy. 
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Introduction 

Patients with high-risk myelodysplastic syn
dromes (MDS) face a poor prognosis with a 
median survival time of less than 12 months. 
The only curvative treatment known so far is 
allogeneic bone marrow transplantation which 
is available for younger patients with an HLA
matched sibling and hence for a minority of 
cases only. Acute myeloid leukemia (AML)-type 
combination chemotherapy can achieve com
plete remissions (CR) in the range of 15%-51 %, 
however, remission duration is short (1,2). 
Treatment failures are due to primary drug 
resistance and a high early death rate. The latter 
may be related to a longer duration of treat
ment-induced aplasia as compared to AMi. 

Sequential high-dose cytosine arabinoside 
(ara-C) (1.0 g/m' on days 1, 2; 8,9) and mitox
antrone (10 mg/m2 on days 3,4; 10,11) has 
proven an effective antileukemic therapy in 
refractory and relapsed AML with a CR rate 
exceeding 50% even in patients with an age > 60 
years old [3]. In an earlier study Biichner et al. 
[4]. showed that 250 flg/m2 granulocyte- macro
phage colony-stimulating factor (GM-CSF) 
given after sequential HD-AraC/mitoxantrone 
(S-HAM) chemotherapy for relapsed AML was 
able to reduce the duration of critical granulocy
topenia < 500/fll by 9 days. This translated into 
a reduction of the early death rate from 39% to 

14% (p = 0.009). In 1990 Bettelheim et al. [5] first 
applied GM-CSF prior to AML induction 
chemotherapy to recruit quiescent leukemic 
blasts into the cell cycle to overcome a cell 
kinetic resistence to S phase-specific chemother
apeutic agents like ara-C. We therefore initiated 
a double-blinded, placebo-controlled trial to 
assess the role of GM-CSF (250 flg/m' once daily 
s.c.) starting 48 h prior to S-HAM chemotherapy 
and continuing until the end of aplasia in 
patients with high-risk MDS. The aim of the 
GM-CSF application is: (a) to increase the effica
cy of S-HAM induction chemotherapy; (b) to 
reduce early death rate by shortening the time of 
bone marrow hypoplasia. We report here the 
overall results of the first 32 patients enrolled 
into the study. Because the trial is still blind, 
no data concerning the impact of GM-CSF is 
available at the present time. 

Patients, Protocol, and Methods 

Patients. Eligibility criteria included adult 
patients of all ages with a diagnosis of refractory 
anemia with excess of blasts (RAEB), RAEB in 
transformation (RAEB-T), and chronic mey
lomonocytic leukemia (CMML). Patients with 
abnormal hepatic, renal, or cardiac function 
were excluded. A written informed consent was 
obtained from every patient upon entrance into 
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'Department oflnternal Medicine A, Westf. Wilhelms-University, Miinster, Germany 
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the trial. All investigations were performed after 
approval by the local ethics committee and are 
in accordance with the declaration of Helsinki. 

Study Design. Therapy according to the S-HAM 
protocol consisted of ara-C (1 g/m2) on days 1, 
2,8, and 9 and mitoxantrone (10 mg/m2) on 
days 3, 4, 10, 11, respectively. All patients 
received glucocorticoid eye drops during the 
ara-C administration for the prophylaxis of 
photophobia and conjunctivitis. GM-CSF (250 
fIg/m') or placebo given as single subcutaneous 
injection once daily was started 48 h prior to 
chemotherapy and continued until neutrophil 
recovery. GM-CSF or placebo was discontinued 
if the day 14 bone marrow showed more than 
5% blasts. In order to avoid selection of patients 
with different prognosis, the randomization was 
balanced for the following stratification criteria: 
(a) age < and> 60 years; (b) RAEB, RAEB-T, 
CMML; (c) Diisseldorf risk score. Antileukemic 
response was judged according to Cancer and 
Leukemia Group B (CALGB) criteria and side 
effects were evaluated following World Health 
Organization (WHO) definitions. The interval 
between the onset of therapy and the post-treat
ment achievment of more than 20 000 
platelets/mm3 and more than 500 granulo
cytes/mm' was defined as time to recovery (TR). 

Results 

Until February 1995, 32 patients were enter
ed into the study from six participating cen
ters (Giittingen, Miinster, Diisseldorf, Hamm, 
Oldenburg) in Germany and the United States 
(Rochester). Patient's characteristics are listed 
in Table 1. From the 32 patients randomized, 
four patients were not evaluable for response 
due to protocol violation (two) and false diagno
sis (one: aplastic anemia). One patient was still 
undergoing therapy at the time of writing. Of 

Table I. Patient characteristics 

Age 

FAB type 

Risk score 

~ Median(years) 
~ Range (years) 
RAEB (n) 
RAEB-T (n) 
CMML (n) 
Diisseldorf B (n) 

C(n) 

57 
24-73 
6 

20 
3 
8 

21 

the 28 evaluable patients, 11 (39%) achieved a 
complete remission (CR), seven (25%) had per
sistent MDS, ten patients (36%) died within the 
first 6 weeks after the start of therapy (early 
deaths, ED). The percentage of cases with an 
adequate blast clearance to less than 5% 
leukemic cells in a day-14 bone marrow was 
84%. Median time to CR was 44 days. The medi
an time to hematologic recovery (neutrophils 
> 500/fIl and platelets > 20 OOO/fIl) and time to 
neutrophil recovery above 1500/fIl was 29 and 35 
days, respectively. Median remission duration of 
patients achieving CR was 190 days (6.35 mon
ths) (range: 25-416 days). One patient received 
allogeneic bone marrow transplantation(BMT) 
in first CR and is disease-free 100 days+, one 
patient transplanted in second CR died of 
venoocclusive disease. Two patients underwent 
transplantation with persistent MDS: one allo
geneic one, autologous transplant. Both are dis
ease free 1558 and 1480 days post BMT. Figure 1 
depicts the Kaplan-Meier survival plot censored 
for patients treated by allogeneic or autologous 
BMT. A subanalysis according to Diisseldorf 
risk score indicates a higher CR rate of 48% for 
patients with risk score c: as opposed to 14% for 
risk score B (Table 2). 

Analysis of ED revealed infection as the 
major cause of death (eight of ten cases). In five 
of these, fungi could be documented either in 
blood cultures or bronchoalveolar lavage: Asper
gillus fumigatus (one), Calldida tropicalis (one), 
Candida species without further differentiation 
(three). In two bleeding was considered as cause 
of death. Nonhematological toxicity consisted 
mainly of nausea and vomiting, mucositis, and 
diarrhae, In one patient an increase of bilirubin 
and liver enzymes of WHO grade IV was associ
ated with a systemic candidiasis. No CNS toxici
ty due to high-dose ara-C (lg/m') was observed. 
Toxicity data are listed in Table 3. 

Discussion 

Complete remission rates of patients with MDS 
and secondary AML are usually lower than 
those of patients with de novo AML treated with 
similar chemotherapeutic regimens. The higher 
failure rate can be explained partly by the longer 
duration of hypoplasia after chemotherapy, but 
also by a higher drug resistence of the leukemic 
clone. The CR rate of 39% achieved in the first 
28 patients treated in the current study is in the 
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Fig. l. Treatment of high-risk MDS with intermediate-dose ara-C and mitoxantrone with or without GM-CSF 
(protocol URCC 4990): all evaluable patients 

Table 2. Response to S-HAM chemotherapy ± GM-CSF 

Risk score CR Persistent-MDS ED 

(n) (%) (n) (%) (n) 

Dusseldorf B 1 14 3 43 3 
Dusseldorf C 10 48 4 19 7 

11 39 7 25 10 

Table 3. Toxicity according to WHO grade 

Grade IIII Grade III/IV 
(%) (%) 

Nausea/vomiting 25 30 
Renal 5 
Hepatic 25 15 
Infection 26 47 
Bleeding 33 19 

range of results reported by other groups in 
high-risk MDS [1,6-8]. Unfortunately, the ED 
rate is high (36%). Our preliminary results are 
similar to those reported by Preisler and 
coworkers [9] who treated 67 patients with sec
ondary AML with high-dose ara-C. In this study 
persistent leukemia occurred in only 22%, but a 
high ED rate of 34% was responsible for the low 
CR rate of 42%. The median time of neutrophil 
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(%) 

43 
33 

36 

recovery above SOO/j.tl was 29 days in our study, 
5 days longer than compared to a historical con
trol group of relapsed AML patients treated with 
S-HAM (24 days). These, data confirm the pro
longed duration of bone marrow hypoplasia in 
MDS patients. It is likely that the high incidence 
of infectious complications, especially of fungal 
infections with lethal outcome, is due to this 
fact. However, the acquisition of infectious foci 
in the period of disease-related immunosup
pression before the initiation of treatment may 
also playa role. The results of Preisler and our 
data stress the potential benefit of a cytokine 
given after high-dose ara-C which reduces the 
time of critical granulocytopenia. This question 
will hopefully be answered in the future when 
the number of patients is sufficient to unblind 
the study. Interestingly, there is a trend toward a 
higher CR rate in risk group C (48%) than risk 
group B (I 4%) as defined by the Dusseldorf 



score. Because the numbers are still to small, 
this finding has no significance yet. The median 
remission duration of 6 months is short, but 
comparable to results achieved in patients with 
relapsed AML without consolidation or mainte
nance treatment. The potentially lower CR rate 
and the short remission duration of patients 
with Dusseldorf risk score B contrasts with a 
longer natural disease history. Thus chemother
apy cannot be recommended for patients in this 
risk group unless an allogeneic BMT can be per
formed as consolidation therapy. 
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Childhood Myelodysplastic Syndromes Treated 
with Acute Myeloid Leukemia Regimens 

H. Haslel and G. Kerndrup2 

Abstraa. Myelodysplastic syndromes (MDS) in 
children are often considered as variants of 
acute myeloid leukemia (AML) and are fre
quently treated as such. However, there are very 
few reported data on the outcome after AML 
treatment in children with MDS. During the 
period 1984-1991, 19 children with MDS were 
treated according to the Nordic AML protocol. 
All children had de novo MDS. The median age 
at presentation was 4.2 years. The median inter
val from first admission to first course of AML 
treatment was 80 days (range 2-961 days). At 
presentation the children were classified as: two 
refractory anemia (RA), five RA with excess of 
blasts (RAEB), five RAEB in transformation 
(RAEB-T), seven chronic myelomonocytic 
leukemia (CMML). When the AML treatment 
was initiated, five had progressed to AML. Seven 
attained complete remission, four had refractory 
disease, and eight died during the cytopenia that 
followed the induction. Two of the responders 
were later treated with allogeneic bone marrow 
transplantation (BMT), both died of procedure
related toxicity. Only two of the 19 children are 
still alive. One never entered remission on ther
apy, but showed a spontaneous remission sever
al months after the end of all therapy. The only 
child entering remission on therapy and still 
alive presented with RAEB and chloroma. Of 
eight children with MDS treated with allogeneic 
BMT without previous chemotherapy, five are 
still alive. Conventional AML regimens in child
hood MDS are associated with a low rate of 
complete remission, a high risk of death in 
cytopenia, and a very limited curative potential. 

Introduction 

Myelodysplastic syndromes (MDS) in children 
have generally been considered to be very rare. 
However, our population-based study suggested 
that MDS constitute 9% of all childhood 
leukemias thus approximating the incidence of 
acute myeloid leukemia (AML) [1]. MDS in chil
dren have been considered as variants of AML 
and it has been recommended that they should 
be treated as such [2]. However, there are very 
few reported data on the results of AML treat
ment in children with MDS. A review of the 
sparse published data on the outcome after 
intensive chemotherapy not follwed by bone 
marrow transplantation (BMT) showed a 3-year 
survival probability of only 14% [3]. 

We present the results of the Danish experi
ence with AML treatment of 19 cases of child
hoodMDS. 

Material 

During the period 1984-1991, 19 children with 
de novo MDS were treated at the four depart
ments of pediatric hematology in Denmark 
according to the Nordic Organization of 
Pediatric Hematology/Oncology (NOPHO) AML 
protocols; NOPHO-84 (II patients) and 
NOPHO-88 (eight patients) (Table 1). 

All cases were categorized according to the 
French-American-British (FAB) classification 
[4,5], with the exception that in some of the 

lDepartment of Pediatrics, Odense University Hospital, 5000 Odense C, Denmark 
'Department of Pathology, Odense University Hospital, 5000 Odense C, Denmark 
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Table 1. NOPHO AML induction regimens 

NOPHO-84 NOPHO-88 

Course 1 6-Thioguanine 200mg/m2 x 2 on days 1-4 
Cytarabine 200 mg/m2 on days 1-4 
Doxorubicin 75 mg/m2 

6-Thioguanine 200 mg/m2 x 2 on days 1-4 
Cytarabinc 200 mg/m2 on days 1-4 
Doxorubicin 75 mg/m2 

Course 2 As course 1 

Course 3 As course 1 

Chronic myelomonocytic leukemia (CMML) 
patients more than S% of myeloblasts in the 
blood was accepted. According to the FAB clas
sification, these cases should have been classi
fied as refractory anemia with excess of blasts in 
transformation (RAEB-T), but they all showed 
typical CMML (juvenile chronic myelogenous 
leukemia, CML) features; leukocytosis, monocy
tosis, and hepatosplenomegaly, and all had 
fewer than 20% of myeloblasts in the bone mar
row. 

Results 

The patient characteristics at presentation are 
shown in Table 2. The disease stage according to 
the F AB classification at presentation and at the 
initiation of therapy is shown in Table 3. Five 
patients had progressed to AML before the initi
ation of therapy. The median interval from first 
admission to treatment was SO days (range 
2-961 days). The outcome following each course 
of induction therapy is shown in Fig. I. Only 
three children attained a complete remission 
following the first induction course, a further 
four children attained remission after the sec
ond induction. Eight died during the cytopenia 
that followed the induction therapy (six from 

VP·16 100 mg/m2 on days 1-4 
Mitoxantrone 10 mg/m2 on days 1-3 
Cytarahine 200 mg/m2 on days 1-4 
As course 1 

Table 2. Patient characteristics at presentation 

De novo MDS(n) 
Boys(n) 
Down syndrome(n) 
Cytogenetics 

Monosomy 7(n) 
Other abnormalities (11) 
Normal (n) 
Not done (11) 

Age~Median (years) 
Range (years) 

19 
11 
2 

6 
4 
8 
1 
4.2 
0.2-15.0 

infection and two from hemorrhage). The out
come was analyzed in separate subgroups to 
search for prognostic factors (Table 4). All 
groups fared poorly and no poor-risk group 
could be identified. There was a tendency to a 
higher rate of cytopenia-related deaths in chil
dren treated with NOPHO-SS. This protocol was 
characterized by a shorter interval between the 
first and second induction courses than the 
NOPHO-S4 protocol (median 18 versus 24 
days). 

Only two of the 19 children are still alive and 
both showed very unusual features of MDS: A 5-
month-old boy with RAEB did not attain remis
sion on therapy but showed a spontaneous 
remission many months after the end of all ther
apy. He was 8 years old at the time of writing 

Table 3. FAB groups at presentation and at the initiation of treatment 

Presentation 

RA 
RAEB 
RAEB-T 
CMML 

Treatment start 

RAEB RAEB-T 
(n) (11) 

1 
2 

4 

3 4 

CMML AMI. Total 
(11) (n) (n) 

2 

7 7 
7 19 

913 



\0
 

:;
 

In
du

ct
io

n 
3 

Fi
g.

 1
. 

T
re

at
m

en
t o

ut
co

m
e 

fo
ll

ow
in

g 
ea

ch
 i

nd
uc

ti
on

 c
ou

rs
e.

 C
R,

 c
om

pl
et

e 
re

m
is

si
on

; 
N

R
, 

n
o

 r
em

is
si

on
; 

O
ut

, w
it

hd
ra

w
n 

be
ca

us
e 

o
fN

R
 



Table 4. Number of children with complete remission, 
refractory disease, or induction-associated deaths in 
selected subgroups 

Patients CR RD Deaths 
(n) (n) (n) (n) 

All Patients 19 7 4 8 
Boys 11 4 4 

Diagnosis at presentation 
RA 2 1 0 
RAEB 2 2 
RAEB-T 5 2 0 3 
CMML 7 2 2 3 

Diagnosis at treatment 
RAEB 
RAEB-T 4 2 0 2 
CMML 7 2 2 

AML 5 2 2 

Cytogenetics 
Monosomy7 6 2 
Other abnormalities 4 2 
Normal 8 2 5 

Protocol 
NOPHO-84 11 5 
NOPHO-88 8 2 5 

CR, complete remission; RD, Refractory disease. 

without evidence of disease. Only one child 
entered remission on therapy and is still alive. 
She presented at the age of 8 years with chloro
ma. The bone marrow showed slight dysplastic 
traits with 11% myeloblasts. Cytogenetic studies 
were not done. At the time of writing, the child 
is in continued complete remission 10 years 
from diagnosis. 

The 3-year-survival rate of the 19 children 
was 11 % (Fig. 2). 

Two of the 19 children were treated with allo
geneic BMT following the induction therapy, 
both died of procedure-related toxicity. During 
the same period (1984-1991), eight Danish chil
dren with MDS were treated with allogeneic 
BMT without previous induction chemotherapy, 
five of them are still alive. 

Discussion 

The poor outcome following intensive chemo
therapy in this series is in accordance with the 
few reported experiences in childhood [3]. The 
outcome is significantly inferior to the results in 
children with AML treated with the same proto
col [6]. Monosomy 7 was found in a high pro
portion of the children, none of these survived, 
but the remission rate was not inferior to chil-

O~------------L-------------~----~------~----

o 6 12 18 24 30 36 

Months 

Fig. 2. Survival of 19 children with MDS treated with AML regimens. Survival curves are shown from presenta
tion and from the initiation of induction therapy 
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dren with other cytogenetic abnormalities or 
with normal karyotype. The overall survival of 
childhood MDS is low, and it is uncertain 
whether monosomy 7 is an independent prog
nostic factor [3]. Children with CMML may 
obtain complete remission following intensive 
chemotherapy, but virtually all relapse [7, B]. 
This is in accordance with cell culture studies 
that showed persistent leukemic cell growth 
despite clinical remission [9]. The low remission 
rate in MDS may be related to a low number of 
nonmalignant progenitor cells and a high 
expression of the multidrug resistance P-glyco
protein [10]. 

The poor outcome following intensive thera
py is also found in adults. The remission rate in 
47 adults was only 47% with 21 % hypoplastic 
deaths and 32% with resistant disease [11]. 
Patients with RAEB-T and normal karyotype 
had the longest survival [11]. Higher remission 
rates have been reported in smaller series of 
adults [12], a remarkably high remission rate 
was found in RAEB-T patients treated with 
idarubicin and high-dose cytarabine [13]. 

Only two of our patients are still alive, both 
had very unusual features of MDS. One child 
with normal cytogenetics experienced what we 
consider to be a spontaneous remission. The 
other patient presented with a chloroma. No 
cytogenetic studies were done. Cases of granulo
cytic sarcoma are often associated with t(B; 21) 
and a favorable prognosis and may not repre
sent "true MDS" [14]. If we exclude these two 
exceptional cases, none of the patients became 
long-term survivors following these convention
al AML induction regimens. 

Children with Down syndrome and AML 
(preceded by MDS or not) show a very favorable 
response to antileukemic therapy [15, 16]. Of 
our two patients with Down syndrome, one died 
during cytopenia and one attained complete 
remission. The latter relapsed and was not 
retreated. With our current knowledge he might 
have been cured following intensive therapy at 
relapse. Children with Down syndrome may be 
an exception to the conclusion that standard 
AML regimens are of little benefit in children 
withMDS. 

Patients with Fanconi anemia are more sus
ceptible to chemotherapy and radiation and not 
all cases are recognized at the initiation of thera
py [17]. Chromosome breakage tests were only 
performed in three patients (all normal). 
Cytogenetic studies were performed in all 
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patients except one (one of the survivors). None 
of the classic cytogenetic studies showed an 
increased frequency of spontaneous chromo
some breakage. We cannot exclude that children 
with Fanconi anemia were included, but it 
seems unlikely that they made any significant 
contribution to the cohort. 

Most of the therapy-related deaths occurred 
following the second induction course which 
was usually initiated before hematologic recov
ery. The mortality rate might have been de
creased if the treatment had been postponed to 
hematologic recovery or if the chemotherapy 
courses were followed by hematopoietic growth 
factors [lB]. 

The two children who received BMT follow
ing intensive chemotherapy died of therapy
related toxicity. In contrast, five of the eight 
children who received BMT without prior 
chemotherapy are alive in continued remission. 
The present study does not allow any firm con
clusion concerning the role of chemotherapy 
prior to BMT but is in accordance with data 
from the European BMT Group showing a high
er risk oftransplantaion-related death (41% ver
sus 25%) in patients who received intensive 
chemotherapy prior to BMT [19], suggesting 
that prior induction chemotherapy is of no ben
efit. 

Conclusion 

Our experience with treatment of childhood 
MDS with conventional AML regimens can be 
summarized as follows: (a) a very low rate of 
complete remission; (b) a high risk of death in 
cytopenia; (c) a very limited curative potential. 
The distinction between MDS and AML seems 
to have major therapeutical implications. 
Myeloablative therapy supported by allogeneic 
stem cell infusion may be necessary to cure 
childhood MDS. 
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Remission Rates, Survival, and Prognostic Factors 
in Ninety Patients with Advanced Myelodysplastic Syndromes Treated 
with Intensive Chemotherapy 

C. Aui, V. Runde, U. Germing, M. Burk, A. Heyll, B. Hildebrandt, and R. Willers 

Abstract. Previous studies have suggested that 
intensive chemotherapy in myelodysplastic syn
dromes (MDS) is associated with low rates of 
complete remissions and considerable toxicity. 
These assumptions, however, are based on small 
patient series. We retrospectively analyzed the 
outcome of 90 patients (median age 54 years, 
range 16-74 years) with advanced primary MDS 
who were treated with intensive antileukemic 
regimens at our hospital between 1979 and 1994. 
The median time from diagnosis of MDS to 
initiation of chemotherapy was 1.5 months. 
French-American -British (F AB) classification 
types at treatment begin were refractory anemia 
with excess of blasts (RAEB) in ten, chronic 
myelomonocytic leukemia (CMML) in four, and 
RAEB in transformation (RAEB/T) in 37 cases; 
39 patients had already transformed to AML 
(MDS-AML). The Karnofsky score ranged 
from 35% to 100% (median, 80%). Chromosome 
studies were performed in 61 patients of whom 
26 (43%) presented with an abnormal kary
otype. Sixty-four patients received thioguanine 
cytosine arabinoside (ara-C) and daunorubicin 
(TAD), 11 patients idarubicin plus ara-C, ten 
patients a double-induction regimen, and five 
patients other protocols for remission induc
tion. Fifty-five patients (61%) entered complete 
remission (CR), and seven patients (8%) had a 
partial response. Early death occurred in 14 
cases (16%), and 14 patients (16%) had refracto
ry disease. No unusual toxicities of chemothera
py were noted. The median duration of bone 
marrow aplasia (leukocytes < 1 x 109/1 andlor 

platelets < 20 x 10911) for patients achieving CR 
after one cycle of induction therapy was 19 days. 
After entering CR, 47 patients received one to 
two cycles of consolidation chemotherapy and 
18 patients monthly myelosuppressive mainte
nance chemotherapy over a maximum period of 
3 years. Median follow up of the patients is now 
21 months. Actuarial overall survival was 33% at 
2 years and 21 % at 5 years. The projected 2-year 
and 5-year disease-free survival was 30% and 
23%. From these data we conclude that intensive 
AML-type chemotherapy can be successfully 
administered to patients with high-risk MDS. In 
selected patients, this approach offers a chance 
oflong-term remission and potential cure. 

Introduction 

Myelodysplastic syndromes (MDS) are acquired 
clonal bone marrow disorders, characterized by 
progressive peripheral blood cytopenias and an 
increased risk of transformation into acute 
myeloid leukemia (AML). The role of aggressive 
chemotherapy in the treatment of advanced 
myelodysplastic syndromes is not clearly 
defined. Early studies suggested that MDS is 
refractory to intensive chemotherapy. Complete 
remissions (CR) occurred in fewer than 20% of 
patients, and a considerable proportion of 
patients had early deaths due to prolonged 
chemotherapy-induced bone marrow aplasia 
[1,2]. More recent trials have questioned these 
findings by reporting remission rates as high as 
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60% in selected groups of patients [3,4]. 
However, durable remissions were rarely 
obtained, suggesting that cure of MDS with 
standard AML protocols can hardly be achieved. 
All studies published so far have considerable 
limitations. Results are difficult to interpret 
because of low numbers of patients, varied dis
tribution of morphological subgroups, and dif
ferences between treatment protocols. In this 
paper, we describe the clinical course of 90 
patients with advanced-stage primary MDS who 
were treated with standard AML protocols over 
a time period of 15 years at the University of 
Dusseldorf. 

Patients and Methods 

Patients. From February 1979 to December 1994, 
90 patients (51 male, 39 female) with an initial 
diagnosis of primary MDS (refractory anemia 
RA, three; RA with ring sideroblasts, RARS, one; 
RA with excess of blasts, RAEB, 22; RAEB in 
transformation RAEB/T, 51; and chronic 
myelomonocytic leukemia CMML, five) were 
treated with intensive antileukemic chemothera
py. Besides hematological parameters, patient 
selection was guided by performance score, 
absence of concomitant non-hematological dis
orders and the patient's wish to be treated. Fifty
seven patients started treatment within 3 months 
and 33 patients more than 3 months after diag
nosis of MDS. Their median age was 54 years 
(range, 16-74 years). French-American-British 
(F AB) classification categories at treatment 
begin were RAEB in ten, CMML in four, and 
RAEB/T in 37 cases; 39 patients had already pro
gressed to overt AML (MDS-AML). Other clini
cal and hematological characteristics of the 
patient population are summarized in Table 1. 

Treatment Protocols. Chemotherapeutic regimens 
used for remission induction are summarized in 
Table 2. In general, treatment followed well
known protocols that were standard therapy for 
AML in our clinic at the time when individuals 
MDS patients started chemotherapy. Despite 
changing protocols, all patients were treated 
with conventional or high-dose cytosine arabi
noside (ara-C) in combination with an anthra
cycline or an anthrachinone. Sixty-four patients 
received one or two cycles of ara-C, daunoru
bicin, and thioguanine (TAD) for remission 
induction. Eleven patients were treated with ara-

Table 1. Clinical and hematological characteristics of 
90 patients with advanced primary MDS receiving 
intensive chemotherapy 

Disease duration-Median(months) 1.5 
Range (months) 0-41 

Age-median (years) 54 

Range (years) 16-74 

SexMfF (n) 51-39 

Karnofsky score-Median(%) 80 
Range (%) 25-100 

FAB categories 
RAEB(n) 10 

(%) II 
CMML(n) 4 

(%) 4 
RAEBfT(n) 37 

(%) 41 
MDS-AML(n) 39 

(%) 43 

Neutrophils-Median( 1 0' il) 1.4 
Range (109fL) 0.02-25 

Platelets-Median( WI!) 50 
Range (109fL) 1-1300 

LDH-MedianUil 335 
Range Uil 129-3485 

Bone marrow blasts-Median(%) 27 
Range (%) 9-95 

Lineage Involvement 
Trilineage dysplasia(n) 53 
(%) 59 
Bilineage dysplasia(n) 26 
(%) 29 
Monolineage dysplasia( n) II 
(%) 12 

Cytogenetics 
Normal(n) 35 
(%) 39 
Abnormal(n) 26 
(%) 29 
Not obtained(n) 29 
(% ) 32 

C and idarubicin. Ten patients received an 
intensified induction regimen in which the ini
tial TAD course was shortly followed by chemo
therapy with high-dose ara-C and mitoxantrone 
(HAM). Five patients were treated with other 
protocols, including HAM, sequential HAM, or 
polychemotherapy with ara-C and doxorubicin. 
Supportive care was provided by oral antibiotic 
and antimycotic prophylaxis as well as transfu
sion of red blood cells and HLA-matched 
platelets. After entering CR, 47 patients received 
one or two cycles of consolidation therapy, 
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Table 2. Chemotherapeutic protocols used for remission induction of the MDS patients 

Patients Regimen On days 
(n) 

64 TAD 6-Thioguanine 100mg/m2 q 12 h orally 3-9 
Ara-C 100 mg/m'/day continuous infusion 1-2 
100 mg/m'q 12 h i.v. 3-8 
Daunorubicin 60 mg/m'/day i.v. 3-5 

11 IA Idarubicin 10 mg/m2/day i.v. 1-3 
Ara-C 100 mg/m'q 12 h i.v. 1-5 

10 TADIHAM 6-Thioguanine 100 mg/m'q 12 h orally 3-9 
Ara-C 100 mg/m'/day continuous infusion 1-2 
100 mg/m'q 12 h i.v. 3-8 
Daunorubicin 60 mg/m2/day i.v. 3-5 
Ara-C 3g/m2q 12 h i.v. 21-23 
Mitoxantrone 10 mg/m2/day i.v. 23-35 

5 Other protocols (HAM, sequential HAM, ara-C+doxorubicin 

depending on the type of protocol used. 
Eighteen patients in remission received monthly 
maintenance chemotherapy according to the 
recommendations of the German AML Study 
Group [5]. 

Response Criteria. CR and partial remissions (PR) 
were defined according to Cancer and Leukemia 
Group B (CALGB) criteria [6]. Early death was 
defined as death during the first 6 weeks after 
the start oftreatment, and non-response (NR) as 
failure to achieve CR or PR in patients surviving 
for at least 6 weeks of therapy. 

Results 

Fifty-five patients (61%) entered CR, and seven 
patients (S%) had a PRo Fourteen patients (16%) 
died of infections, hemorrhages, or anthracy
cline-induced cardiac failure within 6 weeks fol
lowing induction chemotherapy. Three patients, 
all presenting with fever at the start of 
chemotherapy, died before the induction course 
was completed. In 14 patients (61%), MDS was 
refractory to aggressive chemotherapy. CR rates 
stratified by induction protocol were not differ
ent. No unusual toxicities of chemotherapy were 
noted. The median duration of bone marrow 
aplasia (leukocytes < 1 x 109/1 and/or platelets 
< 20 x 109/1) in patients entering CR after one 
cycle of induction therapy was 19 days (range, 
3-46 days). Nearly all induction cycles (98%) 
were associated with fever, requiring antibiotic 
or antifungal treatment. Seven patients died 
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from septicemias or proven or suspected fungal 
pneumonias. Severe bleeding was seen in nine 
patients, including five fatal hemorrhages. 
Cardiac toxicity occurred in eight patients. A 32-
year-old woman without preexisting heart dis
ease died from intractable congestive heart 
failure attributed to chemotherapy with dauno
rubicin and mitoxantrone. 

Several patient and disease characteristics at 
treatment begin were screened by univariate 
analysis for their association with successful 
remission induction (Table 3). Using a cut-off 
level of 50 years, age had no significant influence 
on remission induction (p = O.IS). Favorable 
prognostic factors were good performance status 
(Karnofsky score > 70%), absence of bleeding 
symptoms, lactate dehydrogenase (LDH) levels 
below 500 U/l, low numbers of medullary blast 
cells, absence of pseudo-Pelger cells and normal 
karyotype. The CR rate in 54 patients treated 
while still in MDS phase was 76%, compared to 
39% in 36 patients treated after progression to 
AML (p = 0.0004). A total of SO% of 35 patients 
with a normal karyotype entered CR, whereas 
the respective percentage for 26 patients with an 
abnormal karyotype was only 42% (p = 0.002). 

Figure 1 shows the overall and disease-free 
survival for our patient population. After a 
median follow up of 21 months, 34 to 90 patients 
remain alive 2-73 months from the start of 
induction therapy. Twenty patients are alive in 
continued first CR 1-72 months after remission 
induction, and six patients are alive with resis
tant or recurrent MDS 2-42 months from induc
tion treatment. In addition, four of 17 patients 



Table 3. CR rates according to various pretreatment 
characteristics 

Variable 

Age 
< 50 years 
~ 50 years 

Sex 
Male 
Female 

Karnofsky score 
>70% 
";70% 

Disease duration 
,,;3 months 
>3 months 

Fever 
Yes 
No 

Hemorrhage 
Yes 
No 

LDH 
< 500 uti 
~500U!l 

Peripheral blood blasts 
<5% 
~5% 

Bone marrow blasts 

,,;30% 

>30% 

Karyotype 
Normal 
Abnormal 

Patients 
(n) 

36 
54 

39 
51 

54 
36 

61 
29 

29 
61 

36 
54 

67 
22 

39 
48 

54 

36 

35 
26 

CR P 
(%) 

69 0.18 
56 

72 0.07 
53 

72 0.008 
44 

66 0.20 
52 

52 0.20 
66 

47 0.02 
70 

67 0.02 
41 

72 0.06 
52 

76 0.0004 

39 

80 0.002 
42 

who received reinduction therapy after relapse 
are alive in second CR for 5-12 months after sal
vage chemotherapy. Actuarial overall survival 
for the entire group of patients was 33% at 2 
years and 21 % at 5 years. Achievement of CR 
was a significant predictor of survival. Median 
survival for patients entering CR was 27 months, 
compared with only 4 months for patients fail
ing to achieve CR. Survival curves for partial 
remitters and patients not responding to induc
tion chemotherapy were not significantly differ
ent. Median actuarial disease-free survival for 
patients achieving CR was 16 months. The pro
jected 2-year and 5-year disease-free survival 
was 30% and 23%, respectively. No differences 
were observed between treatment groups. 

Univariate analysis of various pretreatment 
characteristics showed that only two morpho-

logical parameters were significantly correlated 
with the duration of disease-free survival. These 
included the presence of hypo segmented granu
locytes and an abnormal peroxidase staining of 
neutrophil precursors. Median disease-free sur
vival for patients with or without pseudo-Pelger 
cells was 6 and 17 months, respectively (p = 

0.005). The corresponding values for patients 
with or without peroxidase-deficient neutrophil 
precursors were 10 and 16 months, respectively 
(p = 0.04). In addition, the presence of pseudo
Pelger cells was negatively correlated with over
all survival. Age, bone marrow blast count, and 
karyotype were not predictive of disease-free 
survival, but were significantly related to overall 
survival. 

Discussion 

Based on previous reports, it has been assumed 
that aggressive chemotherapy, as employed for 
treatment of AML, is not very effective in MDS. 
This view, however, is challenged by our re
trospective study which shows that, with ap
propriate selection of patients, aggressive 
chemotherapy produces high rates of CR in 
advanced-stage primary MDS. According to our 
results, it is particularly successful in patients 
with a low tumor burden and normal bone mar
row karyotype, whose remission rates approach 
80%. Contrary to previous clinical observations 
and in vitro findings of an increased P-glycopro
tein expression in MDS [7,8], drug resistance 
was uncommon in our series. In the majority of 
cases, antileukemic chemotherapy was associat
ed with an acceptable degree of toxicity, as 
assessed by the percentage of lethal complica
tions and the duration of bone marrow aplasia. 
Overall, 16% of our patients died during the 
induction phase of chemotherapy, whereas in 
other series the early death rate was as high as 
33% [9]. 

It should be emphasized that approximately 
one fifth of the complete responders entered 
long-term remission. The decreasing slope of 
the survival curve suggests to us that at least 
some patients may be cured with intensive 
chemotherapy. These findings are not only of 
academic interest. Considering that in recent 
years nearly one third of MDS patients in our 
department received intensive treatment, our 
data emphasize the feasibility and clinical rele
vance of aggressive chemotherapy in MDS. 
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Secondary Myelodysplastic Syndromes: Morphological Findings, 
Cytogenetics, and Clinical Course in 55 Patients 

H. Minning, C. AU!, V. Runde, U. Germing, and W. Schneider 

Abstract. Between 1974 and 1994, 55 patients with 
Myelodysplastic Syndromes (MDS) following 
previous antineoplastic or immuno-suppressive 
treatment were identified at the University of 
Diisseldorf. In a retrospective study, the clinical 
and hematological features of these patients 
were examined and compared with those in 918 
patients with primary MDS, diagnosed during 
the same time period. 

Morphological subtypes of patients with sec
ondary MDS (sMDS) were refractory anemia 
(RA) in 21%, RA with ring sideroblasts (RARS) 
in 21 %, RA with excess of blasts (RAEB) in 26% 
RAEB in transformation (RAEBIT) in 19%, and 
Chronic myelomonocytic leukemia (CMML) in 
13%. On cytogenetic analysis, nine of 11 patients 
had clonal chromosomal abnormalities includ
ing monosomy 7, monosomy 5, and multiple 
aberrations. The most frequent primary diseases 
were multiple myeloma in 21%, malignant lym
phoma in 20%, and breast cancer in 19% of 
sMDS patients. Twenty-six patients had been 
treated with chemotherapy alone, with cylopho
sphamide, melphalan, or procarbazine being the 
most frequently administered agents. Twelve 
patients had been treated with radiotherapy 
alone and 12 patients with combined radio
chemotherapy. Five patients with sMDS had 
been treated with immunosuppressive therapy 
because of nonneoplastic diseases such as 
rheumatoid arthritis, chronic polymyositis, or 
kidney transplantation. The median latency for 
development of MDS was 41 months (range, 
12-174 months) following combined radioche
motherapy, compared with 60 months (range 

17-369 months) after chemotherapy and 132 
months (range 71-528 months) after ionizing 
radiation. Prognosis of patients with sMDS was 
very poor. Their actuarial median survival was 9 
months, as compared with 23 months for 
patients with primary MDS. Fourteen patients 
with sMDS died after transformation acute 
myeloid leukemia (AML), whereas 16% and 21 % 
of patients succumbed to infectious or hemor
rhagic complications, respectively, without 
leukemic tranformation. 

Introduction 

Myelodysplastic syndromes (MDS) and acute 
myeloid leukemia (AML) belong to the most 
feared long-term complications of antineoplas
tic treatment. According to previous studies, 
alkylating agents such as cyclophosphamide, 
melphalan or procarbazine have the strongest 
leukemogenic potential [1, 2 J. Most disturbing 
is the induction of secondary MDS (sMDS) dur
ing the treatment of a nonneoplastic disorder, 
for example, after immunosuppressive treat
ment of rheumatoid diseases [3]. 

Secondary MDS differs from primary MDS 
(pMDS) in several respects. Patients with sMDS 
often have a younger age and more profound 
peripheral blood cytopenia. Former histological 
studies often found a reduced bone marrow cel
lularity with varying grades of reticulin fibrosis. 
The prognosis of patients with sMDS is very 
poor, with a higher rate of transformation to 
AML as compared to patients with pMDS [4]. 

Department of Internal Medicine, Hematology and Oncology, Heinrich-Heine-Universitiit, Dusseldorf, Germany 
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Patients with sMDS are also characterized by a 
higher incidence of clonal karyotype abnormali
ties, often of a complex nature, which were pre
sent in up to 90% of cases in previously 
published series. Characteristic findings in 
patients with sMDS include losses of part or all 
of chromosomes 5 and 7 as well as complex 
aberrations [5,6]. 

Material and Methods 

The study population consisted of 55 patients 
with therapy-related MDS, identified by retro
spective analysis of 973 MDS patients diagnosed 
between 1974 and 1994 at the University of 
DUsseldorf. The morphological diagnosis of 
MDS was based on the criteria proposed by the 
French-American-British (FAB) Cooperative 
Group [7]. 

Conventional hematological parameters were 
determined according to standard methods. In 
11 patients, chromosome studies were per
formed on bone marrow aspirates. Trypsin -
Giemsa - banded metaphases obtained from 
direct preparations and from 24-h or 72-h cul
tures without added mitogens were examined. 
In each patient with analyzable mitoses, at least 
15 metaphases were karyotyped and classified 
according to the International System for Hu
man Cytogenetics Nomenclature. 

Data analysis was performed using the BMDP 
statistical package. The Kaplan-Meier product 
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limit method was employed to estimate actuari
al survival. Survival was measured from diagno
sis of MDS to death or last follow up (December 
31,1994). Survival curves of the different patient 
groups were compared by the log-rank test. 

Results 

The number of patients with sMDS diagnosed in 
our clinic has risen constantly over the last 20 
years (three patients in 1974-1978, seven 
patients in 1979-1983, 21 patients in 1984-1988, 
and 24 patients in 1989-1994). The relative 
frequency of sMDS cases, however, remained 
constant (5.8%-6.3%) since there was a propor
tional increase in pMDS patients (Fig. 1). 

Table 1 summarizes the clinical and hemato
logical features of our 55 patients with sMDS. In 
addition, it contains the respective findings for 
our pMDS population (n = 918). The median age 
of sMDS patients was 65 years (range, 27-84 
years), as compared to 72 years (range, 13-97 
years) in pMDS patients. Morphological sub
types at diagnosis were refractory anemia(RA) 
in 12 cases, RA with ring sideroblasts (RARS) in 
12, RA with excess of blasts (RAEB) in 14, 
Chronic myelomonocytic leukemia (CMML) in 
six and RAEB in transformation (RAEB/T) in 11 
cases. No subcategory was overrepresented, as 
compared to the pMDS population. Peripheral 
blood cytopenia was more profound in patients 
with sMDS with median hemoglobin levels of8.1 

Fig. 1. Incidence of sMDS and pMDS in our clinic between 1974 and 1994 
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Table 1. Clinical, hematological, and cytogenetic findings at diagnosis of 55 patients 
with secondary (treatment-related) MDS and 918 patients with primary MDS 

Patients (n) 
Age - median (years) 
Range (years) 
SexM/F (n) 

Laboratory findings 
Hemoglobin - median (g/dl) 
Range (g/dl) 
WBC - median (109/1) 
Range (lO'/I) 
Platelets - median (109/1) 
Range (l 09/1) 

Bone marrow cellularity 
Reduced I normal (n) (0/0) 
Increased (n) (0/0) 

FAB subtypes 
RA(n) (0/0) 
RARS (n) (%) 
RAEB (n) (0/0) 
CMML(n) (0/0) 
RAEB/T (n) (0/0) 

Karyotype 
Patients (n) 
Normal (n) (0/0) 
-51 5q- (n) (0/0) 
-717q- (n) (0/0) 
Complex aberrations (n) (0/0) 
Other aberrations (n) (0/0) 

gldl (pMDS: 9.3 g/dl), white blood cell count 
(WBC) of 2.8 x 109/1 (4.3 X 109/1) and platelet 
count of 78 x 109/1 (125 x 109/1). The majority of 
patients in both diagnostic groups showed an 
increased bone marrow cellularity (64% versus 
58%). On cytogenetic analysis, nine of 11 
patients (82%) with sMDS had clonal chromoso
mal abnormalities, whereas the respective per
centage in pMDS patients was only 58%. The 
most frequent aberrations encountered in sMDS 
were mono so my 7 and complex aberrations 
(three patients each). 

The most frequent diseases for which anti
neoplastic treatment was started were malignant 
lymphoma (21 %), multiple myeloma (21 %), and 
breast cancer (19%). The series also included 
five patients who had been treated with imm
unosuppressive agents for benign primary dis
eases, such as rheumatoid arthritis and other 
collagen vascular diseases, or following kidney 
transplantation. Twenty-one of 25 MDS patients 
treated with chemotherapy alone had received 
alkylating agents: cyclophosphamide (cumula-

Secondary MDS PrimaryMDS 

55 918 
65 72 
27-84 13-97 
20/35 491/427 

8.1 9.3 
4.0-15.8 3.2-16.6 
2.8 4.3 
0.7-143.0 0.2-147.0 
78 125 
3-283 0-999 

20 36 385 42 
35 64 523 58 

12 21 198 22 
12 21 213 23 
14 26 222 24 
6 13 138 15 
11 19 147 16 

11 163 
2 18 94 58 

10 10 6 
3 27 2 1 
3 27 20 12 
2 18 37 23 

tive doses, 1.5-298.5 g), melphalan (1.3-10.2 g), 
or procarbazine (5.6-33.6 g). Patients treated 
with ionizing radiation alone had often been 
exposed to high-dose radiotherapy (40-60 Gy) 
involving large volumes of the hematopoietic 
bone marrow. In addition, four patients had 
received 131-iodine therapy (255-1400 mCi) for 
metastatic thyroid cancer. Median latency to the 
development of MDS was strongly inft.uenced by 
the type of treatment. It was 132 months after 
radiotherapy, 60 months after chemotherapy, 
and only 41 months after combined radio 
chemotherapy. 

Our series confirmed the grim outlook of 
sMDS cases. The actuarial median survival in 
this patient population was 9 months, whereas 
the corresponding figure for patients with de 
novo AML was nearly 2 years (Fig. 2.) Table 2 
shows the outcome of sMDS and pMDS patients. 
Only one patient (2%) in the sMDS group, but 
26% of patients in the pMDS group were still 
alive at the time of last follow up. Transfor
mation to AML was the most frequent cause of 
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Fig.2. Kaplan-Meier survival curves of 55 patients with sMDS (broken line) and 918 patients with pMDS (solid 
line);p< 0.00005 

Table 2. Outcome of 55 patients with sMDS and 918 patients with pMDS 

Secondary MDS (n = 55) 

(n) (%) 

Causes of death 
Infection 9 16 
Bleeding 12 22 
Transformation to AML 14 26 
Unrelated to MDS 6 
Unknown 6 
Alive 1 
Lost to follow up 7 

death in patients with sMDS, followed by hem
orrhage (22%) and infections (16%). 

Discussion 

This study was performed in an attempt to ana
lyze in greater detail the risk, clinical course, 
and outcome of patients with therapy-related 
MDS. The absolute number of sMDS cases rose 
constantly during our study period (1974-1994), 
emphasizing the increasing importance of this 
MDS category. Our data confirm previous ob
servations according to which sMDS represents 
a prognostically unfavorable entity. Although 
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11 
11 
2 
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Primary MDS(n = 918) 

(n) (%) 

159 18 
76 9 

179 19 
142 15 
91 10 

236 26 
27 3 

more than 40% of our MDS patients belonged to 
the RA and RARS categories, their clinical 
course was characterized by rapid deterioration, 
high incidence of transformation to AML, and a 
significantly reduced life expectancy (9 months 
versus 23 months for pMDSj P < 0.00005). Con
sidering the poor prognosis of therapy-related 
MDS patients and their generally poor response 
to conventional aggressive chemotherapy, new 
strategies to minimize their incidence are 
urgently required. These could include the use 
of non-leukemogenic cytostatic drugs, reduction 
in dosage and duration of alkylating agents, and 
avoidance of long-term chemotherapy at low 
dosages. Chemotherapeutic agents should not 
be used for treatment of nonneoplastic diseases. 



Finally, there is still a lack of systematic 
investigations into risk factors for therapy-relat
ed myeloid malignancies. A more meaningful 
analysis of antineoplastic treatment and MDS 
would require prospective studies that could 
provide detailed information on the multistep 
development of secondary hematopoietic neo
plasms. 
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Abstract. Allogeneic bone marrow transplanta
tion (BMT) offers potential cure for younger 
patients with myelodysplastic syndromes (MDS) 
or secondary acute myeloid leukemia (sAML). 
Until now 450 patients from more than 4S 
European centers have been reported to the 
European BMT group (EBMTG). We retrospec
tively analyzed those patients who received allo
geneic BMT without prior remission induction 
chemotherapy (n = 107). Ninenty-one marrow 
donors were genotypically HLA-identical sib
lings and 16% received T cell-depleted marrow. 
The 4-year disease-free and overall survival for 
the entire group of patients was 31% and 39%, 
respectively. Forty-three patients (40%) died 
from transplantation-related complications, 
most often graft-versus-host disease and/or 
infections. MDS/ AML recurred in 27 patients 
between 1 and 36 months after transplant, for an 
actuarial probability of relapse of 34% at 4 years. 
Disease-free and overall survival was dependent 
on the pretransplant bone marrow blast count. 
Patients with refractory anemia (RA)/RA with 
ring sideroblasts (RARS), RA with excess of 
blasts (RAEB), RAEB in transformation 
(RAEBIT), and sAML had a 4-year disease-free 
survival of 45%, 33%, 24%, and 20%, respective
ly. The 4-year overall survival for the respective 
patient groups was 52%, 46%, 23%, and 22%. 
Younger age was a favorable prognostic factor 
for overall survival and transplant-related mor
tality. In addition, a longer interval between 
MDS/sAML and BMT was associated with a 
higher incidence of transplant-related mortality. 
From these data, we conclude that allogeneic 

BMT without prior remission induction chemo
therapy can be recommended for younger pa
tients with early-stage MDS. 

Introduction 

Myelodysplastic syndromes (MDS) comprise a 
heterogeneous group of hematopoietic stem cell 
disorders with varying clinical, laboratory, and 
morphological features. According to the pro
posals of the French-American-British Coop
erative Group (FAB), five morphological entities 
can be distinguished, including refractory ane
mia (RA), RA with ring sideroblasts (RARS), RA 
with excess of blasts (RAEB), RAEB in transfor
mation (RAEB/T), and chronic myelomobocytic 
leukemia (CMML) [1]. Treatment of MDS has 
generally been unsatisfactory. Because of their 
advanced age, most patients are solely treated 
with supportive measures. Limited success has 
been reported with low-dose cytosine arabi
noside [2], retinoic acid [3], corticosteroids [4], 
and hematopoietic growth factors [5]. Young 
patients with advanced MDS may achieve pro
longed, disease-free survival when treated with 
intensive antileukemic chemotherapy [6]. 
However, remission duration has generally been 
short. Nowadays, allogeneic bone marrow 
transplantation (BMT) is considered the treat
ment of choice for younger patients with histo
compatible siblings. Most MDS patients in 
North America have been transplanted without 
prior induction chemotherapy, whereas 
European BMT centers generaly administer 
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remission induction treatment prior to BMT, at 
least in advanced cases of MDS [7]. The purpose 
of this study was to retrospectively analyze the 
outcome of allogeneic BMT in 107 MDS patients 
not receiving conventional induction treatment 
prior to BMT. 

Patients and Methods 

Study Population. Questionnares were sent to all 
centers which had reported cases of MDS, 
sAML, and therapy-related MDS/AML to the 
Leukemia Working Party of the European 
Cooperative Group for Blood and Marrow 
Transplantation (EBMT). Centers were asked to 
report all patients transplanted for these dis
eases, to provide additional clinical information, 
and to send peripheral blood smears, bone mar
row smears, and trephine biopsies of patients 
who received no intensive remission induction 
chemotherapy before BMT. Data of 107 patients 
(Table 1) from 31 centers and bone marrow 
slides of 43 patients treated between 1978 and 
1993 were collected. Four patients received one 
or more courses of low-dose cytosine arabi
noside (ara-C) without achieving remission 
before BMT was performed. In 24 of 38 cases, a 
central bone marrow cytology review confirmed 
the FAB diagnosis reported by the local center. 
In the remaining 14 cases, morphology classifi
cation was different (Table 2). In three cases the 
quality of the bone marrow aspirate was too 
poor to allow an accurate diagnosis by the 
reviewer. In two cases the exact F AB type was 
not specified by the BMT center, and central 
review led to a diagnosis of RA and RAEB, 
respectively. The analysis of treatment outcome 
only referred to the F AB diagnosis made by the 
centre at the time of transplant. 

Treatment. Median time from diagnosis of 
MDS/AML to BMT was 6 months (range, 1-126 
months). Ninety-three donors were HLA-identi
cal siblings, four were identical twins, four were 
other family donors. Four patients had matched 
unrelated donors, and two had haploidentical 
unrelated donors. Detailed information on 
patients and treatment is given in Table 1. 

Statistical Analysis. The Kaplan-Meier product 
limit method was employed to estimate survival 
and disease-free survival. Survival was mea
sured from the day of BMT to death or last fol-

low up. Multivariate modeling was performed 
using the stepwise proportional hazard Cox 
regression model. The covariates age and dis
ease duration were entered in three different age 
(~20, 21-40, and> 40 years) and disease dura
tion categories (~3, 3-12, and> 12 months), 
respectively. 

Results 

Cumulative overall survival, disease-free sur
vival (DFS), relapse risk, and transplant-related 
mortality (TRM) 4 years after BMT for the entire 
group of patients (n = 107) and for patients with 
HLA-identical sibling donors (n = 93) are given 
in Table 3. 

Survival. At the time of analysis 44 patients (41 %) 
were aliive with a median follow up of 39 
months (range, 3-179 months). The 4-year over
all survival for the entire group of patients was 
39%. The 4-year overall survival for patients 
with RA/RARS (n = 37), RAEB (n = 27), RAEB T 
(n = 24) and sAML (n cc 17) was 52%, 46%, 23%, 
and 22%, respectively (Fig. 1). Chromosomal 
characteristics at the time of BMT had a strong 
influence on survival. The 4-year survival for 
patients with single chromosomal aberrations 
was 52%, whereas it was 37% for patients with 
normal karyotypes and 17% for patients with 
complex aberrations (p = 0.02). Other pretreat
ment factors that were correlated with longer 
survival of patients were a low medullary blast 
cell count and younger age. 

Transplant-Related Mortality. Forty-three patients 
(40%) died of transplant-related complications, 
most often graft-versus-host disease and/or 
infections. Four years after transplant, patient 
aged less than 21 years had an actuarial TRM of 
20% compared to 44% in patients aged 21-40 
years, and 65% in patients older than 40 years. 
In addition, a longer interval between diagnosis 
of MDS/ AML and BMT was associated with a 
higher rate ofTRM. 

Relapse. Recurrence of MDS/ AML occurred in 27 
patients between 1 and 36 months (median, 6 
months) following transplant. The 4-year actu
arial probability of relapse in patients with 
RA/RARS, RAEB, RAEBT, and sAML was 25%, 
52%, 44%, and 43%, respectively. Patients with 
normal karyotypes had a lower relapse risk 
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Table 1. Clinical and transplantation characteristics of 107 patients with myelodyspla
sia or postcytotoxic AML 

Characteristic 

Patients studied (n) 
Age-Median (years) 

Range (years) 
Males/females (n) 
Disease duration 

Disease etiology 

FAB subtype at BMT 

Cytogenetics 

Marrow donar 

Conditioning regimen 

GVHD prevention 

-Median (months) 
Range (months) 

Idiopathic (n) 
Cytotoxic treatment for 

Hodgkin's disease (n) 
ALL (n) 
Cutaneous sacroma (n) 
Multiple sclerosis (n) 

RA (n) 
RARS (n) 
RAEB (n) 
RAEB/T (n) 
CMML(n) 
sAML/tAML (n) 
Normal karytope 
5q-,-5 (n) 
8+ (n) 
7q-,-7 (n) 
Miscellaneous single aberrations (n) 
7q-,-7 with other aberrations (n) 
Miscellaneous complex aberrations (n) 
No results (n) 
Identical twin (n) 
HLA-identical sibling (n) 
Phenotyp. HLA-matched family member (n) 
1-3 HLA-AG mismatched family member (n) 
HLA-identical unrelated donor (n) 
1-3 HLA-AG mismatched unrelated donor (n) 
Chemotherapy + TBI (n) 
Chemotherapy alone (n) 
None (n) 
Cylocosporin A (n) 
Cyclosporine A and MTX (n) 
MTX(n) 
T cell depletion (n) 
T cell depletion and others (n) 

Data 

107 
31 

2-58 
63/44 

7 
1-126 

94 

10 

35 
2 

27 
24 
2 

17 
15 
2 

8 
10 
3 
3 

65 
4 

93 
1 
3 
4 
2 

79 
28 
4 

26 
53 

7 
3 

14 

ALL, acute lymphocytic leukemia; RA, refractory anemia; RARS, refractory anemia 
with ring sideroblasts; RAEB, refractory anemia with excess of blasts; RAEB/T, refracto
ry anemia with excess of blasts in transformation; CMML, chronic myelomonocytic 
leukemia; AML, acute myeloid leukemia; tMDS/tAML, postcytotoxic MDS/AML; HLA, 
human leukocyte antigen; TBI, total body irradiation; MTX, methotrexate: GVHD, 
graft-versus-host disease. 

compared to patients with clonal cytogenetic 
abnormalities, but these differences failed to 
reach statistical significance. 

Disease-Free Survival. At the time of analysis, 37 
patients (35%) were alive and disease free. The 
4-year disease-free survival for the entire group 
of patients was 31%. Four years after BMT, 
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patients with RA/RARS, RAEB, RAEBT, and 
sAML had an actuarial DFS of 45%, 33%, 24%, 
and 20%, respectively (p = 0.04; Fig. 2). Patients 
with single chromosomal aberrations had a 
4-year DFS of 38%, whereas patients with a nor
mal karyotype or complex chromosomal aberra
tions had a DFS of 24% and 18%, respectively 
(p=0.045). 



Table 2. Results of central bone marrow morphology review in 38 

patients 

FAB diagnosis after central review 

RA/RARS RAEB RAEB T AML CMML 
(n) (n) (n) (n) (11) 

F AB diagnosis 
reported 
RA/RARS 13 2 
RAEB 2 6 
RAEB/T 3 2 
AML 2 
CMML 2 

Consistent diagnosis = 24/38 (63%). Ra, refractory anemia; RARS, refrac
tory anemia with ring sideroblasts; RAEB, refractory anemia with excess 
of blasts; RAEB/T, refractory anemia with excess of blasts in transforma
tion; CMML, chronic myelomonocytic leukemia; AML, acute myeloid 
leukemia. 

Table 3. Cumulative probability at 4 years for overall survival, disease free survival, relapse risk, and transplant
related mortality. All patients (n = 107) and patients with HLA-identical sibling donor (n = 93) (results in paren
theses) 

Cumulative probability 4 years after BMT 

Patients Overall DFS Risk Relapse TRM 
survival 

(11) (%) (p) (%) (p) (%) (p) (%) (p) 

All patients 107 (93) 39 (40) 31 (32) 44 (42) 44 (45) 
Ra/RARS 37 (30) 52 (45) 0.Q2 45 (40) 0.04 25 (27) 0.60 40 (45) 0.07 
RAEB 27 (24) 46 (54) (0.17) 33 (38) (0.23) 52 (45) (0.72) 32 (31) (0.28) 
RAEB/T 24(20) 23(28) 24 (29) 44 (40) 57 (51) 
CMMI. 2 (2) 

AML 17(17) 22 20 43 65 

Age (years) 00 26 (21) 57 (54) 0.03 35 (32) 0.09 56 (60) 0.64 20 (20) 0.01 
21-40 54 (47) 41 (44) (0.05) 33 (36) 0.15 41 (36) (0.33) 44 (44) (0.01) 
>40 27 (25) 20 (22) 21 (23) (38 (33) 65 (66) 

Interval ~3 37 (34) 54 (56) 0.09 39 (42) 0.25 44 (41) 0.50 31 (29) 0.04 
diagnosis- 4-12 43 (39) 32 (32) (0.04) 28 (28) (0.08) 47 (45) (0.74) 47 (50) (0.03) 
BMT (months) 12 25 (18) 26 (23) 23 (17) 45 (52) 59 (64) 
tMDSI No 94 (81) 40 (41) 0.33 31 (32) 0.41 47 (46) 0.92 41 (42) 0.38 
tAML Yes 13 (12) 29 (31) (0.41) 29(31) (0.60) 22 (14) (0.42) 63 (63) (0.30) 
Tcell No 90 (82) 42 (41) 0.31 33 (33) 0.33 43 (42) 0.86 42 (43) 0.31 
depletion Yes 17 (11) 23 (27) (0.34) 19 (18) (0.24) 53 (45) (0.35) 59 (67) 0.43 

DFS, disease free survival; TRM, transplant-related mortality; RA, refractory anemia; RARS, refractory anemia 
with ring sideroblasts; RAEB, refractory anemia with excess of blasts; RAEB/T, refractory anemia with excess of 
blasts in transformation; CMML, chronic myelomonocytic leukemia; AML, acute myeloid leukemia; BMT, bone 
marrow transplantation, tMDS/tAML, postcytotoxic MDSI AML. 

Discussion analyzed. At a median follow up of 39 months, 

37 patients (35%) were alive and free of disease. 

In this retrospective study, 107 patients with Our results are similar to those reported in four 

MDS who underwent allogeneic BMT without other series [8-11]. Only the study from Detroit 

prior remission induction chemotherapy were which included relatively few patients with a 
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FAB classification at the time of 
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short follow up (median, 20 months) reported 
better results with a DFS of 62% [12). Our analy
sis, therefore, strongly supports the conclusion 
that BMT performed as primary treatment in 
MDS cures approximately one third of patients. 

The DFS of our MDS patients was dependent 
on the pretransplant bone marrow blast count. 
Results in patients with RA/RARS were compa
rable to those achieved in CML patients trans
planted in first chronic phase. On the other 
hand, we could demonstrate that BMT in sAML 
patients without prior remission induction ther
apy produced an unfavorable long-term out
come comparable to CML patients grafted in 
accelerated phase. Patients with RAEB or RAEB 
T had an intermediate outcome with a 4-year 
DFS of 33% and 24%, respectively. In contrast to 
the Seattle series in which no relapses occurred 
after more than 2 years [8], 40% of the RAEB 
patients in our cohort relapsed during the 3rd 
year after BMT. 

932 

60 

Fig. 2. DFS according to FAB classi-
fication at the time of BMT (p = 0.04; 
Breslow and Mantel-Cox) 

60 

Which patients should receive remission 
induction treatment prior to BMT? Previous 
reports have shown that patients with RAEB/T 
have an excellent response to conventional 
antileukemic therapy, with remission rates of 
69% [6). These cases and patients with AML fol
lowing MDS should probably undergo BMT in 
first CR. The data of our study suggest that allo
geneic BMT without prior remission induction 
chemotherapy should be primarily used for 
younger patients with early-stage MDS whose 
cure rates approach 50%. With regard to the 
results of our central review of bone marrow 
slides, it should be emphasized that in one third 
of reviewed cases differences in morphological 
classification between the central reviewers and 
local morphologist were found. Therefore, com
parison of results from different single centers 
should be interpreted with caution. 



References 

1. Bennett J, Catovsky D, Daniel M, Flandrin G, 
Galton DAG, Gralnick H, Sultan C. Proposals for 
the classification of myelodysplastic syndromes. 
British Journal of Haematology. 1982; 51: 189-299 

2. Aul C, Schneider W. The role oflow-dose cytosine 
arabinoside and aggressive chemotherapy in 
advanced myelodysplastic syndromes. Cancer. 
1989; 64: 1812-8 

3. Aul C, Runde V, Gattermann N. All-trans retinoic 
acid in patients with myelodysplastics syndromes: 
results of a pilot study. Blood. 1993; 82: 2967-74 

4. Bagby GC, Gabourel jD, Linman jW. Gluco
corticoid therapy in the preleukemic syndrome 
(hemopoietic dysplasia). Annals of Internal 
Medicine. 1980; 92: 55-8 

5. Greenberg PL. Treatment of myelodysplastic syn
dromes with hemopoietic growth factors. Seminars 
in Oncology. 1992; 19: 106-14 

6. Fenaux P, Preudhomme C, Hebbar M. The role of 
intensive chemotherapy in myelodysplastic syn
dromes. Leukemia and Lymphoma. 1992; 8: 43-9 

7. De Witte T, Gratwohl A. Bone marrow transplan
tation for myelodasplastic syndromes and sec
ondary leukemias. British journal of Haematology. 
1993;84:361-4 

8. Anderson JE, Appelbaum FR, Fisher LD, Schoch G, 
Shulman H, Anasetti C, Bensinger WI, Bryant I, 
Buckner D, Doney K, Martin Pj, Sanders jE, 
Sullivan KM, Thomas ED, Witherspoon RP, 
Hansen jA, Storb R. Allogeneic bone marrow 
t~ansplantation for 93 patients with myelodysplas
hc syndromes. Blood. 1993; 82: 677-81 

9. Longmore G, Guinan EC, Weinstein Hj, Gelber 
RD, Rappeport JM, Antin JH. Bone marrow trans
plantation for myelodysplatic and secondary acute 
nonlymphoblastic leukemia. journal of Clinical 
Oncology. 1990; 8: 1707-14 

10. Nevill Tj, Shepherd JD, Reece DE, Barnett Mj, 
Nantel SH, Klingemann HG, Phillips GL. 
Treatment of myelodysplastic syndromes with 
busulfan-cyclophosphamide conditioning fol
lowed by allogeneic BMT. Bone Marrow 
Transplantation. 1992; 10: 445-50 

11. O'Donnell MR, Nademanee AP, Snyder DS, 
Schmidt GM, Parker PM, Biermann Pj, Fahey jL, 
Stein AS, Krance RA, Stock AD, Forman SJ, Blume 
KG. ~one marrow transplantation for myelodys
plastIc and myeloproliferative syndromes. journal 
of Clinical Oncology. 1987; 5: 1822-6 

12. Ratanatharathorn V, Karanes C, Uberti), Lum LG, 
de Planque MM, Schultz KR, Cronin S, Dan ME, 
Mohamed A, Hussein M, Sensenbrenner LL. 
Busulfan-based regimens and allogeneic bone 
marrow transplantation in patients with myelodys
plastic syndromes. Blood. 1993; 81: 2194-9 

13. Appelbaum FR, Banall ), Storb R, Fischer LD, 
Schoch G, Ramberg RE, Shulman H, Anasetti C, 
Bearman SI, Beatty P, Bensinger WI, Buckner D, 
Clift RA, Hansen jA, Martin P, Petersen FB, 
Sanders JE, Singer j, Stewart P, Sullivan KM, With 
erspoon RP, ~homas. ED. Bpne marrow transplan
tatIOn for pahents With myelodysplasia-pretreat
ment variables and outcome. Annals of Internal 
Medicine. 1990; 112: 590-7 

933 



Acute Leukemias VI 
Prognostic Factors 
and Treatment Strategies 
Buchner et a!. (eds) 
© Springer-Verlag Berlin Heidelberg 1997 

Cyclosporin A in the Treatment of Myelodysplastic Syndrome 

V.G. Savchenko, E.N. Parovitchnikova, and E.A. Mihailova 

Abstract. Cyclosporin A (CsA) was tested in the 
treatment of five patients with different forms of 
myelodysplastic syndrome (MDS). Three 
patients (two with refractory anemia, RA, and 
one with RA with excess of blasts, RAEB) were 
pretreated with prednisone and interferon u. In 
two patients (one with RA, one with RAEB in 
transformation, RAEB/T) CsA was applied as the 
first -line treatment. Four out of five patients 
were transfusion dependent and all had a medi
an of 6 months disease course. CsA was adminis
tered orally at an initial dose of 10 mglkg per day 
constantly with modifications according to toler
ability and creatinine level. The duration of 
treatment was about 6 months with a final dose 
of CsA to be 4-5 mglkg per day. In one case 
(MDS relapse after autologous bone marrow 
transplantation, BMT) there was no effect and 
CsA was stopped after 1 month of treatment. 
There was a clear response in three cases 
(RA, RA, RAEB) regarding peripheral blood 
cytopenia, percentage of bone marrow blasts, 
and transfusion requirements. In one case we 
observed freedom from progression. Two 
patients received one CsA cycle, one-two cycles, 
and one-three cycles. We conclude that in some 
MDS patients CsA can improve the clinical 
course of the disease, but the repeated prolonged 
applications of the drug seem to be necessary. 

Introduction 

Myelodysplastic syndrome (MDS) is a clonal 
disorder of multi potential stem cell comprising 

a variety of different clinical forms with com
mon morphological features of dysmyelopoiesis 
and peripheral blood (PB) cytopenia [1-3]. 
Usually PB cytopenia is in striking contrast to 
normal or hypercellular bone marrow. However, 
in some cases severe hypoplasia is noted in bone 
marrow biopsies and the most important crite
ria for differentiating MDS from aplastic anemia 
(AA) is dysmyelopoiesis determined in bone 
marrow smears [4]. Another commonly recog
nizable characteristic of MDS is its frequent 
transformation into acute myeloid leukemia 
(AML), especially in refractory anemia (RA) 
with excess of blasts (RAEB) and RAEB in trans
formation (RAEB/T)[5]. 

Even if MDS patients do not progress to overt 
AML they have significantly increased morbidity 
and mortality rate due to complications of their 
cytopenias. Though a lot of different therapeuti
cal approaches have been tested in RA, RA with 
ring sideroblasts (RARS), RAEB, and RAEB/T, 
no exact well-defined treatment protocols have 
been established so far. Differential, cytostatic, 
cytokine therapy provides some, though usually 
not stable results in a minor proportion of MDS 
patients. Long-term remissions can be obtained 
after aggressive chemotherapy followed by bone 
marrow transplantion (BMT) in younger 
patients. In most cases the treatment is directed 
to the improvement of PB cytopenia leading to a 
decrease in transfusion requirements and inci
dence of infectious complications. 

Recently, some studies have shown that inef
fective hematopoiesis in MDS resulting in PB 
cytopenia is a consequence of a high intrame-
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dullary cell death rate via apoptosis [6-8]. Thus, 
the inhibition of programmed cell death (PCD) 
may become one of the most important mecha
nisms in the treatment of MDS. Among suppres
sors of apoptosis are vialability factors 
(colony-stimulating factors, CSFs). Their effica
cy has already been proven in MDS. Inhibition 
of apoptosis by such immunosuppressive drugs 
as cyclosporin A (CsA) and FK 506 was also 
proven in in vitro models: T cell hybridomas, 
thymocyte cultures, etc. [9,10]. Here we report 
our experience in the treatment of five MDS 
patients with CsA. 

Material and Methods 

Since October 1991 we have treated five patients 
with different forms of MDS with CsA. Their 
clinical characteristics before treatment are pre
sented in the Table 1. CsA was administered per 
os at an initial dose 10 mg/kg per day. After 2-4 
weeks of treatment the dose of CsA was modi
fied in all patients according to tolerability and 
creatinine level. The final CsA dose used in the 
patients was 4-5 mg/kg per day. 

The level of CsA in blood was monitored in 
the 1st month of treatment by radioimmunoas
say done twice a week, and then twice/once a 
month. The treatment duration in case of 
response after 1 month of therapy was 6 
months. Then it was stopped and started again 
with the previously adjusted dose if deteriora
tion occurred. 

Results 

Five patients were treated with CsA at a dose of 
10-4 mg/kg per day. Patient Nl received five 
courses of CsA, patient N4-two courses, 
patients N2 and N3-one course. In patient N5 
the treatment was stopped within 1 month due 
to non-response. Results of treatment are sum
marized in Table 2. 

In two cases (N3, N5), CsA became the 
first-line treatment. Patient N5, in whom we 
started CsA as the first-line therapy, was the 
most complicated case. He underwent trans
plantation with autologous bone marrow in 
April, 1991, in first remission of AML (M4). 
Duration of complete remission (CR) before 
BMT was 5 months. Within 1 year, in February, 

1992, he relapsed with 60% blasts in bone mar
row and was treated with the 7 + 3 program 
including mitoxantrone (cytosine arabinoside 
ara-C, 100 mg/m2 bid for 7 days, mitoxantrane 
10 mg/m2 once a day on days 1-3). CR was 
achieved after the first course and afterwards he 
received five courses. During the last two cours
es, extremely prolonged and deep cytopenias 
occurred (leukocytes < 1 x 109/1 for 35 days) and 
PB counts did not restore to normal. Bone mar
row was hypoplastic with 2%-5% of blasts and 
dysmyelopoietic features. The situation was 
considered to be an MDS relapse. The patient 
was not treated for 9 months, only regular ery
throcyte and platelet transfusions were per
formed (twice a month). In December, 1993, PB 
cytopenia was no longer corrected with transfu
sions, blast cells exceeded 10% in bone marrow, 
and in January, 1994 we started CsA. However, 
there was no response for 1 month: bone mar
row blasts increased to 25%, PB cytopenia was 
not improved. The patient died of progressive 
leukemia 1 month after CsA cessation. In 
patient N3 CsA stabilized the progressive 
decrease in PB count. At the moment of diagno
sis the Hb level in this patient was 95 gIl, throm
bocytes 130 x 109/1, leukocytes 3.5 x 109/1. 
During the 6 months after MDS diagnosis Hb 
decreased to 80 g/1, platelets to 70 x 109/1, 
leukocytes 2.5 x 109/1. At these PB counts the 
treatment was started and in the following 6 
months of treatment there was no further PB 
count decrease and Hb was slightly elevated to 
90 g/l. 

In three other patients, CsA was the second 
or even the third line of treatment. It is of inter
est that patient Nl suffered his MDS for 18 years 
before CsA treatment. The disease began in 1974 
with leukopenia (2.9 x 109/1) and thrombocy
topenia (47 x 109/1). Hb level was normal. Bone 
marrow biopsy showed partial hypoplasia with a 
few microforms of megakaryocytes. The diagno
sis made in a regional hospital was aplastic ane
mial (AA). The patient was treated with 
prednisolone and androgens with some effect. 
In 1978 he was splenectomized but during the 
following 10 years thrombocytopenia (50-70 x 
10911) and leukopenia (3-3.5 x 10911) persisted 
without deterioration. In 1989 anemia (Hb 
75-80 g/1) developed and levels ofthrombocytes 
and leukocytes decreased. Prednisolone was 
started again but without any effect. The patient 
became transfusion dependent. Bone marrow 
biopsy repeatedly showed hypoplasia. Bone 
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Table 2. Results of CsA treatment in MDS patients 

Patient Follow up Hb Leukocyte 
onCSA elevation elevation 
(months) 

NI 30 + + 
N2 10 + 
N3 7 + 
N4 II + + 
N5 

marrow morphology showed the evident fea
tures of dysplasia. Since that time (November, 
1991) the patient was treated in our clinic. The 
diagnosis of MDS (RA) was considered to be the 
most appropriate in this case and CsA treatment 
was initiated in Spring 1992. He responded with
in 1 month with an improvement in PB cytope
nia followed by a marked decrease in 
transfusions. Within 3 months of CsA therapy, 
transfusions could be stopped. After cessation of 
treatment after 6 months of therapy deteriora
tion occurred quite rapidly (within 1 month). 
The treatment was restarted. In total there were 
five CsA courses. 

In patient N4 CsA treatment was started after 
14 months of disease following unsuccessful 
prednisolone therapy and severe deterioration 
of PB cytopenia during the application of mini
dose interferon alpha (1 x 106 U s.c. once every 3 
days, five injections). At this moment there was 
aplastic bone marrow according to biopsy and 
dysmyelopoiesis in bone marrow smear with 
7%-12% of blasts and extremely poor physical 
status After I month of treatment there was suf
ficient improvement in PB counts and in two 
months bone marrow contained 0.9% blast cells, 
Hb level 81 g/1, platelets 32 x 10'/1, leukocytes 
2.5 x 10'/1. After II months there were 2% bone 
marrow blasts, Hb was 91 g/1, platelets 
43 x 10'/1, leukocytes 2.6 x 109/1 without any 
transfusion. 

Patient N2 presented with anemia Hb 70 g/1, 
thrombocytopenia 10 x 109/1, and leukopenia 
(2.5 x 10'/1). Prednisolone was used for 7 
months without any effect. After admission to 
our department prednisolone was stopped and 
mini-dose interferon-a was started. Interferon a 
was used for 2 months with substantial 
improvement in red blood cell (RBC) levels (Hb 
100 g/1) with slight but short (1 month) increase 
in platelet count (25 x 10'/1). Two months after 
interferon alpha, CsA was started. Platelet count 

Platelet Transfusion Freedom 
elevation independence from 

progression 

+ + + 
+ + + 

+ + 
+ + 

was 2-5 x 109/1 with platelet transfusions twice a 
week. Hb and leukocyte levels were stable. 
Within 2 months thrombocyte count reached 
50-70 x 109/1. After CsA cessation, platelet 
count decreased slightly to 35-40 x 109/1 but 
remained stable for 2 months. No transfusions 
were used for 8 months (since CsA initiation). 

Toxicity was tolerable with none of these 
patients showing arterial hypertension, severe 
gingivitis, renal, hepatic or cerebral side effects. 
Though during administration of the loading 
dose of 10 mg/kg per day, CsA levels in blood 
exceeded normal values of 200-400 ng/ml two to 
three times, no one showed a creatinine level of 
more than 1.5 mmoUl. In none of these patients 
did we notice an increased susceptibility to 
infections, that means immunosuppression cau
sed by CsA was not so pronounced. Moreover, 
the PB count improvement correlated with a 
decrease in the incidence of infectious episodes. 

In three cases CsA therapy was conducted on 
an outpatient basis. Patient N 4 spent I month 
in the department untill CsA treatment brought 
results, then for I year all treatment took place 
on outpatient basis. Patient N5, who did not 
respond to treatment stayed in the clinic until 
his death. 

Though the group of patients discussed here 
is small, we have defined different types of 
response to CsA treatment. The clinical effects 
are (a) no response or progression; (b) freedom 
from progression (stabilization); (c) PB cytope
nia improvement; (d) decrease in transfusion 
requirements or independence from transfu
sions. The duration of response is (a) stable sta
tus for more than 6 months after CsA cessation; 
(b) stable stauts for more than 2-3 months after 
CsA cessation with repeated courses of CsA; (c) 
stable effect on CsA treatment with deteriora
tion after its cessation. In our study we observed 
each type of response except stable status for 
more than 6 months after CsA cessation. 
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Discussion 

As already discussed, no totally effective form of 
therapy has been developed in MDS. In patients 
in whom the disease does not appear life-threat
ening at the moment of diagnosis a conservative 
or "wait and see" approach is warranted. 

Corticosteriod, vitamin B12, folic acid, and 
androgen therapy have generally proven to be 
ineffective [11,12], though up to 10% responses 
on corticosteroids have been reported [13]. One 
of the possible mechanisms of their action, espe
cially in high-dose therapy, is the increase in 
endogenous granulocyte-macrophage CSF 
(GM-CSF) levels [14]. 

Based on the leukemic nature of the disease, 
various chemotherapeutic options have been 
tested, ranging from aggressive cytotoxic thera
py to low-dose therapy with ara-C or hydrox
yurea. However, in the case of chemotherapy, 
the major point to be taken into consideration is 
the generally elderly age of these patients (65% 
are over 65 years old). In addition, a high pro
portion of these patients have marrow cells with 
multi-drug resistant phenotype resulting in 
chemotherapeutic failure [15]. Intensive chemo
therapy provides a variable proportion (13%-
51 %) of CR with a high incidence of toxic 
deaths, and low-dose ara-C treatment results in 
a 10%-20% CR rate [11]. The duration of these 
responses is usually short. For young MDS 
patients allogeneic BMT may become a treat
ment of choice as general results in this category 
of patients are good-40% 7-year disease-free 
survival [16]. 

Marrow culture studies have generally 
demonstrated subnormal clonal growth and 
defective cellular maturation of myeloid and 
erythroid precursors [17]. The evidence of cell 
maturation arrest in MDS became a basis for 
testing differentiation -inducing agents [18]. 
These agents can be subdivided into three 
groups: non-cytotoxic and cytotoxic drugs and 
hematopoietic growth factors or CSFs. The first 
group comprises vitamin D3, retinoid acid, int
erferons, hexamethylene-bisacetamide (HMBA), 
the second group-5-azacytidine, low-dose ara
C, the third-a variety of CSFs (erythropoietin; 
G-CSF; GM-CSF; interleukin-3, IL-3; stem cell 
factor; SCF). All these agents can be used alone 
or in combination with each other. Neither 
retinoid acid, vitamin D3, or standard-dose 
interferons alone nor low-dose ara-C or erythro
poietin (EPO) alone has shown consistent or 
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durable responses in a substantial proportion of 
MDS patients [11,19]. Promising results were 
reported regarding combined application of 
retinoid acid, vitamin D3 and interferon a with 
a 40% CR and partial response (PR) rate, mini
dose interferon a with a 43% CR + PR, 5-azacyti
dine with a 53% response rate (CR, PR, 
improvement), and HMBA with a 22% CR + PR 
rate [19-22]. 

The vast majority of reports on MDS treat
ment are now concentrated on CSFs, their com
binations and concomitant use with other drugs 
such as ara-C. The data from in vitro culture 
techniques provided a biological framework 
which demonstrated MDS marrow cells to have 
a proliferative and differentiative response to G
CSF, GM-CSF, IL-3, SCF [23-25]. The clinical 
use of recombinant human hematopoietic 
growth factors in patients with MDS shows a 
distinct but unstable response in white blood 
cells (G-CSF, GM-CSF, IL-3) plus improvement 
in platelet and reticulocyte counts (IL-3) [26,27]. 
However, despite the demonstration of 
improvements in neutrophil levels and some
times in platelet count, and of a somewhat better 
disease course with fewer transfusion require
ments, large randomized trials are needed to 
determine whether the natural history of MDS 
will be altered by treatment with the CSFs. 

Recent studies have demonstrated that MDS 
is a highly proliferative disorder with a median 
labeling index in bone marrow biopsies of 26% 
and cell cycle time (Tc) of 44 h. Moreover, these 
studies revealed an extensive apoptosis with 
more than 75% of cells committing suicide in 25 
of 40 biopsies examined [6,7]. The conclusions 
drawn by the investigators support the hypo
thesis that increased apoptosis may be the me
chanism responsible for the premature 
intramedullary cell death in MDS [8]. The high 
birth rate of cells is canceled by the high death 
rate, resulting in functionally aplastic marrows 
requiring supportive care for therapy. All CSFs 
are vial ability factors and are proven to suppress 
the programmed cell death (apoptosis) in nor
mal and leukemic hematopoietic cell cultures 
[28,29]. Though there are some exceptions, for 
example, in murine myeloid leukemia cell line 
C2M-SA G-CSF induces apoptosis instead of 
suppression [30]. In human hematopoiesis only 
IL-3 and GM-SCF were determined as factors 
maintaining survival in Go of the cell progenitors 
[31]. Thus, beside the proliferative and differen
tiating action of CSFs in MDS, the inhibition of 



apoptosis may play one of the most important 
roles in the improvement ofPB cytopenia. 

Cyclosporin A is a well-known PCD inhibitor 
for various thymocyte lines and T cell hybrido
mas. It is believed that the effect of such 
immunosuppressive drugs as CsA and FK 506 is 
based on the regulation of thymocyte sensitivity 
to clonal deletion via apoptosis. CsA or FK 506 
block the TcR-activating signal transduction, in 
this way protecting cells from activation
induced apoptosis [9]. 

In our small study the efficacy of CsA is 
promising. There has only been one report con
cerning a patient with hypoplastic MDS who 
responded to CsA treatment by complete nor
malization of PB count and disappearance of 
apoptosis in BM biopsy [7]. We had two patients 
with hypoplastic MDS: RA (patient Nl) and 
RAEB (patient N4). We did not observe com
plete normalization of PB count, but a dramatic 
improvement with cessation of transfusion sup
port and a sufficiently better quality of life were 
attained. Patient Nl had a very prolonged dis
ease course of 18 years before CsA administra
tion. CsA improved PB counts and the patient 
did not need transfusions during treatment. 

Deterioration occurred after CsA cessation. 
The disease duration on CsA treatment in this 
case has already exceeded 2.5 years. Patient N4 
improved PB and BM counts within 1.5 months 
of CsA treatment and remained well for 1 year 
with constant CsA application. This patient is 
young and we can speculate that, if effective CsA 
treatment may provide such young MDS 
patients a chance to undergo transplantation in 
a stable disease status without constant blood 
component transfusions, thus decreasing the 
toxic death rate during the BMT procedure. Two 
other cases represent a classical MDS picture 
with hypercellular dysmyelopoietic bone mar
row. Patient N2 demonstrated a good response 
to mini-dose interferon a regarding anemia but 
continued to require frequent platelet transfu
sions. CsA treatment for 6 months resulted in a 
substantial elevation of thrombocytes from 
2-5 x 10'/1 to 45-75 x 109/1. Beside a possible 
inhibition of increased apoptotic cell death, CsA 
can also act as a drug converting allosensibiliza
tion in the case of heavily transfused patients. 
Patient N 3 received CsA as first-line treatment 
and was free from progression of PB cytopenia 
for 7 months. 

We demonstrated good responses to CsA 
treatment in four cases. It means that CsA is a 

drug that can be included in the list of remedies 
possessing some efficacy in MDS. More trials 
with a good scientific basis are needed to prove 
these preliminary results. 

We have started a study on the CsA treatment 
of MDS patients together with cytogenetic 
analysis and apoptotic cell death rate measure
ments and hope it will contribute new data to 
our knowledge about this diverse hematological 
disorder. 
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Abstract. Severe sepsis is defined as a systemic 
inflammatory response to infection associated 
with organ dysfunction or hypoperfusion ab
normalities. The validity of this definition based 
on readily available clinical and laboratory crite
ria was prospectively examined in 117 patients 
with acute myeloid leukemia and chemothera
py-induced leukocytopenia of < 109/1. The 
results demonstrate that the detection of 
microorganisms in the blood is of limited value 
for the identification of patients at high risk of 
dying from septic complications. The cumula
tive incidence of severe sepsis and septic shock 
was found to be linearly related to the duration 
of leukocytopenia. However, both the rate of 
progression from severe sepsis to septic shock 
and sepsis-related mortality disproportionately 
increased when the duration of leukocytopenia 
exceeded 20 days. Plasma concentrations of 
tumor necrosis factor-a, interleukin-6 and -8 
were significantly increased at the onset of 
severe sepsis and septic shock and remained ele
vated for up to 96 h. Peak cytokine levels were 
positively associated with the severity of septic 
complications and fatal outcome, but were unre
lated to leukocyte counts and markers of mono
cyte or granulocyte activation. It is concluded 
that the cytokine release associated with evolv
ing sepsis or septic shock does not depend on 
circulating leukocytes. The evaluation of cyto
kine measurements as an adjunctive tool to 
assess mortality in septic patients with leukocy
topenia is warranted. 

Introduction 

In recent years sepsis has been conceptually 
redefined as a systemic inflammatory response 
to an active infectious process, manifested by 
fever or hypothermia, tachycardia, tachypnea, 
and an altered white blood cell count (WBC). 
The term "severe sepsis" applies to sepsis with 
organ dysfunction or hypo perfusion disclosed 
by abnormalities such as lactic acidosis, oliguria, 
or an altered mental status [1]. According to the 
revised definition, the presence of demonstrable 
microorganisms in the blood has limited impli
cations for the diagnosis of sepsis, although the 
control of the infectious process with appro
priage antimicrobial therapy is a fundamental 
determinant of outcome [2]. The definition of 
sepsis based on these readily available clinical 
criteria has been validated in a prospective set
ting [1,3], but its applicability to severely leuko
cytopenic patients has not been examined. 

Cytokines, namely interleukins-I. -6, -8 (IL -
1, -6, -8), and tumor necrosis factor alpha (TNF
a), have been identified as key mediators of the 
systemic host response in patients with severe 
sepsis and septic shock [4]. In non-Ieukocy
topenic patients with sepsis, the levels ofIL-I~, 
IL-6, TNF-a are directly related to disease sever
ity and outcome [5-7]. However, cytokine levels 
in leukocytopenic patients with evolving sepsis 
or septic shock have not been studied. Hence, it 
is unclear whether the release of cytokines to 
potentially hazardous levels depends on the 
presence of at least normal numbers of circulat
ing leukocytes, which are considered a major 
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endogenous source for pro inflammatory cyto
kines [8]. 

The present study was initiated to examine 
the validity of the above clinical criteria for the 
diagnosis of severe sepsis in leukocytopenic 
patients and to evaluate the cytokine response 
during evolving sepsis in this patient group. 

Patients and Methods 

A total of 117 patients with acute myeloid 
leukemia (AML) were prospectively recruited to 
the study before undergoing cytoreductive 
chemotherapy for remission induction or consol
idation. Patients were treated according to stan
dardized protocols with respect to both cytostatic 
and antimicrobial therapy. All patients provided 
informed consent to participate. The study pro
tocol was approved by the local ethics committee. 

Episodes of severe sepsis of septic shock were 
documented when occurring during chemother
apy-induced leukocytopenia defined as a total 
WBC < 109/1. The diagnosis of severe sepsis was 
made according to the criteria outlined above: 
(a) evidence of infection; (b) hyperthermia 
> 38°C or hypothermia < 36°C; (c) tachycardia 
> 90 beats/min; (d) tachypnea with a respirato
ry rate> 20 breaths/min or PaCOz < 32 torr; (e) 
signs of inadequate organ perfusion (plasma 
lactate > 1.8 mmol/l, oliguria < 30 ml/h for at 
least 1 h, hypoxemia with PaO/FiOz < 280, or 
an acute alteration in mental status). Septic 
shock was diagnosed when the patients met the 
criteria for severe sepsis as well as those for 
shock (i.e., systolic blood pressure < 90 mm Hg 
or a fall in systolic blood pressure of more than 
40 mm Hg for at least 1 h despite adequate vol
ume replacement). Recurrence of sepsis after 
defeverescence for at least 5 days was consid
ered a separate event. 

Blood samples were taken before chemothera
pywas instituted (A) and when the WBC had fall
en to < 109/1 (B). During the initial course of the 
study, additional blood samples were obtained 
on days 1, 2, 4, and 7 of any febrile episode. 
Subsequently, blood sampling was restricted to 
patients who developed severe sepsis or septic 
shock, with the first sample being obtained with
in 2 h of onset. Further blood samples were taken 
after 6, 12, 18, 24, 36, 48, 60, and 96 h. 

Cytokine concentrations in plasma samples 
were determined by enzyme immunoassays 
according to the instructions provided by the 
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manufacturers. ELISA kits for IL-l~, IL-6, and 
TNF-a were obtained from Medgenix (Ratingen, 
Germany). The assay for IL-8 was purchased 
from Biermann (Bad Nauheim, Germany). Low
er limits of detection in plasma were 2 pg/ml for 
IL-l~, 3 pg/ml for IL-6 and TNF-a, and 18 pg/ml 
for IL-8. Serum neopterin levels were measured 
by ELISA (Medgenix) with a lower limit of 
detection of 0.05 ng/ml and with normal values 
in healthy individuals ranging below 3 ng/m!. 
Neutrophil elastase in plasma was determined as 
elastase-ai-proteinase inhibitor complex using 
an immunoactivation method (IMAC-Elastase, 
Diagnostica Merck, Darmstadt, Germany). The 
lower limit of detection was 8 ng/ml, with nor
mal values ranging below 40 ng/m!. 

For statistical analyses, cytokine concentra
tions were log-transformed in order to obtain 
normal distributions. The influence of time and 
patient group on the evolution of median 
cytokine levels was examined using analysis of 
variance. For univariate within or between 
group comparisons, the non-parametric Mann
Whitney test was employed. 

Results 

Data on 138 courses of cytoreductive chemo
therapy for remission induction or consolida
tion in 117 patients with AML were evaluable. 
Forty-one patients experienced a total of 47 
independent episodes of severe sepsis (n = 25) 
or septic shock (survived n = 10; fatal n = 12). 
Bacteremia was documented by positive blood 
cultures in 16 out of 47 episodes (34%). Patients 
with severe sepsis and positive blood cultures 
were more likely to develop septic shock (50% 
versus 14%, p < 0.03). However, neither the total 
sepsis-related mortality nor the mortality for 
patients with septic shock differed significantly 
between patients with and without positive 
blood cultures (Fig. 1). 

The cumulative incidence of severe sepsis or 
septic shock was a linear function of the dura
tion of leukocytopenia, i.e., the incidence of sep
sis remained constant over time (Fig. 2). 
However, the severity of septic episodes incre
ased during prolonged leukocytopenia. In se
vere sepsis occurring beyond day 20, the rate of 
progression to septic shock increased from 17% 
to 50% (p < 0.05) and the mortality rose from 
14% to 42% (p < 0.03) when compared to septic 
episodes arising within the first 20 days of 



Fig. 1. Prognosis of patients with 
severe sepsis or septic shock accord
ing to the presence or absence of 
documented bacteremia 
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Fig.2. Cumulative incidence of severe sepsis or septic shock in relation to the duration of leukocytopenia 

leukocytopenia. A leukocyte count below 108/1 
at the onset of severe sepsis tended to be associ
ated with a higher rate of progression to septic 
shock (35% versus 17%) and a higher mortality 
(31 % versus 8%) than observed at leukocyte 
counts> 108/1 and < 109/1. However, these dif
ferences were statistically not significant 
(p = 0.26 and p = 0.11, respectively). 

Median plasma concentrations of TNF-a, IL-
6, and IL-8 peaked within ~ 12 h of onset of 
severe sepsis or septic shock and remained ele
vated for up to 96 h at levels significantly above 
those measured in patients with uncomplicated 
febrile episodes (time course not shown). 
Maximum cytokine concentrations were signifi-

cantly higher in patients who developed septic 
shock than in those who did not (Fig. 3). In con
trast, IL-1 ~ was detected in fever than 5% of all 
plasma samples. 

In order to examine the relationship between 
plasma cytokine release and sepsis-related mor
tality, a score was established based on the num
ber of cytokines (TNF-a, IL-6, IL-8) that 
exceeded arbitrarily chosen threshold concen
trations within 48 h of onset of severe sepsis or 
septic shock. Figure 4 demonstrates a significant 
increase in mortality with the cytokine score. 

Markers of monocyte or neutrophil activa
tion (neopterin and elastase, respectively) 
remained low in patients with severe sepsis or 
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Fig. 3. Peak plasma concentrations of TNF-a, IL-6, and IL-8 in patients with severe sepsis or septic shock. The p
values indicate the significance levels between group comparisons. Hatched areas, range of cytokine concentra
tions measured during the course of uncomplicated febrile episodes; A, severe sepsis, n = 21; B, septic shock, 
n=17 

septic shock and were unrelated to the increase 
in plasma cytokine concentrations. In addition, 
there was no association between TNF-a, IL-6, 
and IL-8 concentrations and leukocyte counts. 

Discussion 

The adapted consensus criteria for the definition 
of severe sepsis and septic shock [1] proved to 
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Fig. 4. Relationship between sepsis
related mortality and plasma 
cytokine score. The score was based 
on the number of cytokines (TNF-a, 
IL-6, IL-8) that exceeded arbitrarily 
chosen threshold levels within 48 h 
of the onset of severe sepsis or septic 
shock 

be valid for the identification of AML patie
nts with chemotherapy-induced leukocytopenia 
who are at high risk of dying from severe infec
tious complications. In our study as well as in an 
earlier report on non-leukocytopenic patients 
[3], the presence of documented bacteremia was 
associated with a higher rate of progression to 
circulatory shock. Nonetheless, the detection of 
microorganisms in the blood had little impact 
on sepsis-related mortality and, thus, is not a 



requirement for the diagnosis of severe sepsis or 
septic shock. This may be due to the fact that 
many patients develop septic complications 
while receiving antibiotics and these may pre
vent bacterial growth in blood cultures. We con
clude that the diagnosis of severe sepsis and 
septic shock in leukocytopenic patients can be 
made on the basis of readily available clinical 
and laboratory criteria and that these criteria 
allow the identification of candidate patients for 
clinical trials on new treatment strategies. 
However, our findings do not obviate the need 
for a thorough search for causative microorgan
isms in order to guide adequate antimicrobial 
therapy for the control of the underlying infec
tion. 

The duration of leukocytopenia was linearly 
related to the cumulative percentage of patients 
who developed severe sepsis or septic shock. 
This observation is in line with an early report 
by Bodey and coworkers [9] who demonstrated 
a linear association between the duration of 
granulocytopenia and the frequency of infec
tion. An important novel aspect from our study 
is that both the progression rate to circulatory 
shock and the mortality from septic complica
tions disproportionately increased when the 
duration of leukocytopenia exceeded 20 days. 
Thus patients with severe sepsis during pro
longed leukocytopenia are at high risk for the 
imminent development of septic shock and 
organ failure. This observation may have impor
tant bearing on the design of clinical trials eval
uating the benefit of hematopoietic growth 
factors and progenitor cell support in patients 
after cytoreductive chemotherapy. 

The peak levels of IL-6, IL-8, and immunore
active TNF-a measured in our patients with sep
sis in leukocytopenia are within the range of 
plasma concentrations reported for non-Ieuko
cytopenic patients with sepsis [7, 10]. Peak con
centrations were related to the severity of the 
septic inflammatory response and to outcome, 
suggesting that sepsis in leukocytopenic patients 
with AML can be considered a cytokine release 
syndrome. On the other hand, cytokine concen
trations were unrelatred to leukocyte counts and 
neither elastase and neopterin increased at the 
onset or during the course of sepsis in this 

patient group. This indicates that activation of 
circulating monocytes or granulocytes is not 
required for the inflammatory cytokine response 
to occur. The association of cytokine plasma lev
els and outcome warrants further evaluation of 
cytokine measurements as prognostic markers 
in leukocytopenic patients with sepsis. 
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Abstract. Different treatment strategies for 1573 
patients with neutropenia < 1 000/~1 and fever 
38.5 °C after cytotoxic chemotherapy were com
pared. 79% of patients had acute leukemia, 
11.5% high-grade non-Hodgkin's lymphoma, 
and 9.5% blast crisis of chronic myeloid 
leukemia or advanced myelodysplastic syn
drome. Patients with unexplained fever were 
randomized to a three-phase sequential study for 
different established drug regimens. If an infec
tion could be defined microbiologically or clini
cally, treatment modifications were determined. 

In phase I, treatment for all patients consisted 
of acylamino penicillin (PEN) plus aminoglyco
side (AMG), or third-generation cephalosporin 
(CEPH) plus AMG, or PEN plus CEPH. In 800 
patients with unexplained fever the response 
rates were: PEN/AMG (n=258): 74.4%, CEPHI 
AMG (n = 252): 73.4%; PEN/CEPH (n = 290): 
70.0%. Total response rate was 72.5%. In phase 
II, patients not responding after 3 days received 
PEN/CEPH/vancomycin (n = 70) or PEN/CEPHI 
AMG (n = 74). The respective response rates 
were 52.9% and 55.4%, total 54.2%. If fever did
not resolve,the patients received either PENI 
CEPH (n = 40) orimipenem/cilastatin (n = 59) 
both in combination with amphotericin-B/5-
flucytosin/rifampin. The response rates were 

62.5% and 79.7%, respectively (p = 0.07), total 
72.7%. Overall the differences between the treat
ment results were not significant. Analyzing all 
three phases together, 91.3% of patients with 
unexplained fever were cured. The response rates 
were also analyzed in patients with documented 
infections: in Gram-positive bacteremia (n = 183) 
the response rate was 82.5%, with Gram-negative 
organisms (n = 145) it was 78.6%, and in 
fungemia (n=5l) 43.1% (p<O.OOl). In patients 
with lung infiltrates (n = 269), the response rate 
was 61.3% (p < 0.001), in clinically documented 
infections (n = 198) it was 84.4%, and in clinically 
and microbiologically documented infections 
(n=84) 82.1%. If infections were defined after at 
least 5 febrile days, more lung infiltrates and fun
gal infections occurred (p < 0.001). Leukocytes 
recovering above 500//..11 during the infection pre
dicted better response rates (p<O.OOl): in unex
plained fever 97.8% vs. 86.5% and lower death 
rates 1.5% vs. 8.5%. In documented infections 
the response rates were then 89.9% vs. 62.3% and 
the death rates 7.0% vs. 20.5%. Therapy of neu
tropenic fever and infections must be adapted 
according to risk factors and should include early 
empiric antifungal therapy, especially in patients 
with lung infiltrates. The duration of neutropenia 
must be limited by hematopoietic growth factors. 

IMedizinische Hochschule, Abteilung Hiimatologie und Onkologie, 30625 Hannover, Germany 
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6Paul Ehrlich Gesellschaft fiir Chemotherapie (PEG), Studienzentrale, 81701 Munich, Germany 
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Introduction 

Infections due to severe neutropenia are a major 
cause of death in patients with hematological 
malignancies who are undergoing intensive 
cytotoxic chemotherapy [1-3]. Up to 75% of 
fatal complications in these patients are caused 
by infections during neutropenia [4-7]. Studies 
on the efficacy of antimicrobial treatment regi
mens resulted in response rates of 40%-70% 
[2,3,8-13]. Neutropenic infections demand a 
rapid initial therapy without knowing the 
causative organism. Therefore, treatment must 
cover a broad spectrum of probable harmful 
bacteria. Beside Gram-negative bacteria, Gram
positive organisms have gained increasing 
importance. In unresponsive patients, fungi and 
even opportunistic organisms have to be consid
ered. However, the place for empirical antimi
crobials directed against Gram-positive bacteria 
or fungi is still controversial. The aim of this 
prospective multicenter trial was the investiga
tion of different treatment strategies in neu
tropenic patients with unexplained fever and of 
defined approached for documented infections 
[14, IS]. 

Materials and Methods 

Patient Eligibility 

Patients over 15 years of age with high-grade, 
malignant hematological disorders, including 
acute myeloid leukemia (n = 976), acute lym
phoblastic leukemia (n = 267), blast crisis of 
chronic myeloid leukemia, advanced myelodys
plastic syndrome (n= 149), or high-grade lym
phoma (n = 181) were treated with this protocol. 
A granulocyte count < 1000/111 and fever 
;;:, 38.5 DC after cytotoxic chemotherapy not 
related to the administration of drugs or blood 
products were the entry criteria for the study. 
Patients who had received parenteral antimicro
bial drugs within the 7 preceding days or who 
had been in the study within the past 4 weeks 
were not eligible. In total 1573 patients were 
studied. 

Treatment Protocol 

Patients with unexplained fever were random
ized to a three-phase sequential study for differ
ent established drug regimens. If an infection 

could be defined microbiologically or clinically, 
treatment modifications were determined. 

In phase I, treatment for all patients con
sisted of acylaminopenicillin (PEN) plus ami
noglycoside (AMG) or third-generation 
cephalosporin (CEPH) plus AMG or PEN plus 
CEPH (see Fig. 1,2). 

Unexplained Fever. In phase I, all patients were 
randomized to one of three treatment groups: 
PEN plus AMG, CEPH plus AMG, or PEN plus 
CEPH. Initial response was evaluated on days 
4-6 of the study (Fig. 1). In responders, the 
applied regimen was maintained for at least 2 
days post defervescence in patients with increas
ing neutrophil counts > 1000/111 or for 7 days in 
patients with persistent neutropenia « 1000/ 
Ill). In phase II, non-responders with persistent 
unexplained fever were randomized at days 4-6 
to one or two new treatment groups: PEN plus 
CEPH in combination with either vancomycin 
(V AN) or AMG, and checked for response on 
days 8-11. Responders to the phase II regimen 
were maintained on treatment as described 
above. Patients with persistent unexplained 
fever or secondary non-responders were ran
domized in phase III to further two treatment 
groups: amphotericin B (AM-B) plus 5-flucyto
sine (5-FC) plus rifampin (RIFA) in combina
tion with either the continued PEN/CEPH 
regimen or with imipenem/cilastatin (IMI). The 
maximum duration of the study was 21 days. 

Defined Infections. The initial therapy of defined 
infections was identical to phase I therapy of 
unexplained fever. Modifications were defined 
according to the type and the response of the 
infection (Fig. 2). 

Microbiologically Defined Infections. Treatment for 
infections with proven pathogens could be mod
ified according to the respective susceptibility 
patterns if necessary. These patients were 
included in the analysis. 

Clinically Defined Infections. In the case of clinically 
defined infections (CDI), the initial combination 
was supplemented with RIFA in patients with 
lung infiltrates, with V AN for skin or venous 
access inflammation or with metronidazole in 
the case of abdominal or perianal symptoms. If 
no clear microbiological definition of infection 
was possible, non-responders were treated with 
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IMI, RIFA, AM-B plus 5-FC starting from days 
4-6 of the study. 

Selection and Dosage of Antimicrobial Drugs 

The dosage of all antimicrobial agents used in 
the study was prescribed according to approved 
manufacturer guidelines. To allow for the local 
susceptibility patterns of Gram-negative aerobic 
bacilli and Staphylococcus aureus, the following 
options were available to the participating cen
ters: azlocillin (5.0 g every 8 h) or piperacillin 
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(4.0 g every 8 h) as the PEN; cefmenoxime, cefo
taxirne, ceftazidime, or ceftizoxime (2.0 g every 
8 h) as the third-generation CEPH; amikacin 
(7.5 mg/kg of body weight every 12 h), gentam
icin, tobramycin (both 1.5 mg/kg every 8 h), or 
netilmicin (2.0 mg/kg every 8 h) as the AMG; 
For other trial agents daily dosages were: IMI 1.0 
g every 8 h; VAN 0.5 g every 6 h; metronidazole 
0.5 g every 8 h; RIFA 0.6 g once daily; 5-FC 37.5 
mg/kg every 6 h; and AM -B 0.5 mg/kg every 24 h 
or 1.0 mg/kg every 48 h. Dosages were adjusted 
according to renal function if required. 



Randomization Procedure and Control 

Sequential randomization was performed by 
attaching three sealed and numbered envelopes 
to the case record form assigned to each patient 
selected for the study. The second and third 
envelope were to be opened only for non
responders in the previous study phase. Case 
record forms were reviewed for correct handling 
by the study centers before data analysis. 

Response Criteria 

In the case of unexplained fever, response was 
defined as defervescence with no requirement 
for further antimicrobial treatment for at least 7 
days after the termination of treatment. In clini
cally defined infections, resolution of the respec
tive clinical signs was also required, without a 
recurrence of the infection for at least 1 week 
after the initial antibacterial regimen had been 
stopped. The causative pathogen also had to be 
eliminated. Patients fulfilling response criteria 
on days 4-6 of the respective treatment phase, 
but subsequently relapsing with fever and/or 
clinical symptoms under continuing antimicro
bial therapy or within 2 days after cessation of 
treatment were regarded as secondary non
responders. The addition of any antibacterial, a 
change to the initial therapy, or proceeding to a 
subsequent treatment phase, was recorded as 
non-response [16]. Patients with initial response 
and relapse of fever within 7 days were assessed 
as non-responders. Patients who did not res
pond during any of the study phases or who 
died as a result of infection were recorded as 
failures. 

Results 

Unexplained Fever 

In 800 patients with unexplained fever the res
ponse rates were: PENI AMG (n = 258): 74.4%, 
CEPH/AMG (n=252): 73.4%; PEN/CEPH (n= 
290): 70.0%. Total response rate was 72.5%. In 
phase II, patients not responding after 3 days re
ceived PEN/CEPHIV AN (n = 70) or PENI CEPHI 
AMG (n = 74). The respective response rates 
were 52.9% and 55.4%, total 54.2%. If fever did 
not resolve, the patients received either PENI 
CEPH (n=40) or IMI (n=59) both in combina
tion with AM-B/5-FC/RIFA. The response rates 
were 62.5% and 79.7%, respectively (p = 0.07), 
total 72.7%. No significant differences between 
the treatment modalities compared were found. 
Analyzing all three phases together, 91.3% of 
patients with unexplained fever were cured. 

Documented Infections 

The response rate was also analyzed by patients 
with Gram-positive bacteremia (n = 183), res
ponse rate: 82.5%; Gram-negative organisms 
(n= 145) 78.6%; fungemia (n=51) 43.1% (p< 
0.001) (see Table 1); lung infiltrates (n = 269) 
61.3% (p < 0.001); clinically documented infec
tions (n = 198) 84.4%; and in clinically and mi
crobiologically documented infections (n = 84) 
82.1%. Table 2 shows the results bacterial blood
stream infections and clinically defined infections 
according to the initial treatment modalities. 

If the causes of infections were diagnosed 
after at least 5 febrile days, more lung infiltrates 
and fungal infections occurred (p < 0.001; see 
Table 3). 

Table 1. Response in patients with microbiologically defined infections 

Pathogen Total Complete response Non -response Death 

(n) (%) (n) (%) (n) (%) (n) (%) 

Gram-positive 18 40.5 151 82.5' 14 7.7 18 9.8 
Gram-negative 145 32.1 114 78.6' 10 6.9 21 14.5 
Fungi 51 11.3 22 43.1' 12 23.5 17 33.3 
G-pos. + G-neg. 37 8.2 29 78.4 2 5.4 6 16.2 
G-pos. + fungi 16 3.5 8 4 4 
G-neg. + fungi 14 3.1 9 4 
G-pos. + G-neg. + fungi 20.4 
Others 4 0.9 4 

452 100.0 337 74.6 44 9.7 71 5.7 

'CR rate bacterial vs. fungal infections: p < 0.001 (Fisher's exact test). 
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Table 2. Treatment results in defined infections according to antibiotic therapy 

Defined Result Treatment group 
infection 

PENAMG CEPHAMG PENCEPH Modified 

(n) (0/0) (n) (0/0) (n) (0/0) (n) (0/0) 

Bactermia Response 21 87.5 17 89.4 25 89.2 24 82.7 
Gram-positive NR 5.2 1 3.5 3 10.3 

Death 3 12.5 5.2 3 10.7 2 6.8 

Bacteremia - Resp 15 93.7 21 87.5 16 76.1 24 82.7 
Gram-negative NR 4.7 1 3.4 

Death 6.2 3 12.5 4 19.0 4 13.7 

Clinically Resp 44 91.6 51 86.4 51 86.4 22 68.7 
defined NR 3 6.2 4 7.1 5 8.4 7 21.8 
infection Death 1 2.8 4 7.1 3 5.0 3 9.3 

Patients who were initially treated with different or additional drugs are analyzed in the group "modified", there 
were no significant differences in response rates; NR, no response. 

Table 3. Changes of patterns in patients with defined infections under study 

Defined at 

Days 1-5 

(n) (0/0) (n) 

Site of infection 
Lung infiltrate 269 30.5 171 
Venous access 
infection 184 20.8 142 
Abdominal infection 71 8.0 60 
Bacteremialfungemia 222 25.1 213 
Other 137 15.5 114 

Total no. 
of infections 883 100.0 700 
(superadditive )b 

Pathogens 
Gram-positive 269 46.2 244 
Gram-negative 213 36.6 188 
Fungi 95 16.3 39 
Other 5 3 

Total no. of pathogens 582 474 

'Fisher's exact test. 

Days 6-21 

(0/0) (n) 

24.4 98 

20.3 42 
8.6 11 

30.4 9 
16.3 23 

100.0 183 

51.5 25 
39.7 25 

8.2 56 
2 

108 

(0/0) 

53.6 

23.0 
6.0 
4.9 

12.6 

100.0 

23.1 
23.1 
51.9 
n.s. 

p' 

<0.001 

<0.001 

<0.001 
0.01 
<0.001 

b In case of multiple sites of infection, each site was counted separately. 

In patients with lung infiltrates (LI), response 
rates among the three initial treatment groups 
in phase I: PEN/AMG4 (n=68): 55.9%; vs. 
CEPH/AMG (n=69): 62.2% vs. PEN/CEPH 
(n = 72): 63.9%, were not significantly different 
(p = 0.78). In 60 patients the initial treatment 
regimen was modified, resulting in a response 
rate of 60%. In 67 patients, RIFA could not be 
administered as scheduled, mostly due to elevat-
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ed liver enzymes. However, they were assessed 
and evaluated as study patients. Their response 
rate (58.2%) did not differ from those patients 
administered RIFA as scheduled (response rate, 
62.4%, p = 0.57). In 123 patients, LI were only 
clinically defined and in 79 patients they were 
also defined microbiologically. In 67 patients, 
LI were associated with another defined infec
tion. 



The response rates among these three sub
groups were not significantly different (63.4% 
vs. 58.2% vs. 60.8%, P = 0.77). In patients with 
microbiologically defined LI, fungi were most 
common (42.7%), followed by Gram-negative 
(31.3%), and Gram-positive pathogens (22.3%), 
while Pneumocystis carinii was detected in four 
cases (3.9%). The response rate in LI with fungal 
involvement (46.3%) was significantly inferior 
to that of LI from bacterial origin (76.3%, p = 

0.01). Among 44 documented fungal pneumo
nias, there were 19 cases of aspergillosis, seven 
patients were non-responders and six died dur
ing the study. 

Leukocyte Counts and Response. Leukocytes nsmg 
above 500/111 during the infection predicted bet
ter response rates (p < 0.001): in unexplained 
fever 97.8% vs. 86.5% and lower death rates 
1.5% vs. 8.5%. In documented infections the 
response rates were then 89.9% vs. 62.3% and 
the death rates 7.0% vs. 20.5%. 

Discussion 

Despite marked differences in their in vitro 
activity, and in contrast to other clinical studies 
on agents used in this trial in a comparable 
patient population, no significant differences 
with respect to response and death rates could 
be detected between the different first -line treat
ment regimens or between the different eligible 
agents within the treatment groups. In unex
plained neutropenic fever, a first -line regimen 
combining a modern ~-lactam and an aminogly
cos ide antibiotic or two ~-lactams with reliable 
efficacy against Gram-negative aerobic patho
gens and Staphylococcus aureus results in an ini
tial response rate of 70%-74%. Similar results 
were reported by others [10, 17, 18]. The treat
ment modifications in unresponsive fever with 
added VAN or AMG are equivalent, but have 
only moderate success. The change at second 
modification to carbapenem antibiotics and the 
addition of antifungal therapy was effective and 
should be considered earlier during the course 
of the infection. Thus, after stepwise modifica
tions, the overall response in unexplained fever 
was 91.6%. 

In documented bacterial infections, the dif
ferent treatment schedules were not significantly 
different, either in Gram-negative or in Gram
positive organisms. However, the response rate 

in Gram-negative organisms is lower. Thus 
improvement of therapy is necessary. 

Patients with fungal infections had the worst 
outcome. The rate of these infections was signif
icantly increased when the pathogen was isolat
ed beyond 5 febrile days. Hence antifungal 
therapy is warranted earlier during the course of 
the fever. LI are caused by fungi in a high pro
portion of cases and patients have a poor prog
nosis. Therefore they should also be treated 
initially with antifungal drugs. The failure rate 
declined in all types of infection if leukocytes 
recovered during the course of infection. 
Therefore the stimulation of leukocyte recovery 
with hematopoietic growth factors should be 
evaluated during neutropenia [19-21]. Finally, 
this study has shown that risk factors can be 
identified in neutropenic patients with fever, 
which should be considered in the treatment 
strategy. 
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Cytomegalovirus Infections in Allogeneic Bone Marrow Transplant Recipients 
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for the Canadian Bone Marrow Transplant Group 

Abstract. It is now possible to either prevent or 
successfully treat cytomegalovirus (CMV)-relat
ed disease in a significant number of bone mar
row transplant reCIpients using multiple 
approaches. The clinical study performed by the 
Canadian Bone Marrow Transplant Group 
(CMBTG) testing resulted in a decreased rate of 
severe acute graft-versus-host disease and a 
more favorable response of patients that devel
oped CMV disease in spite of the prophylaxis 
was observed for patients in the CMV 
immunoglobulin (CMV -Ig)-treated group. 
Acyclovir and CMV-Ig did not result in a signifi
cant survival advantage of the group treated 
with the combined strategy over the group 
receiving acyclovir alone. Preemptive therapy 
with ganciclovir holds promise to represent a 
successful and cost-effective strategy to prevent 
development of CMV disease in patients at risk. 

Introduction 

The survival of recipients of bone marrow allo
grafts has significantly improved over the past 
15 years. This has been demonstrated in reports 
by various single institutions and bone marrow 
transplant (BMT) registries. A review of 97 con
secutive patients undergoing transplantation at 
the Princess Margaret Hospital 1979-1994 for 
acute myeloid leukemia in first complete remis
sion demonstrated a significant improvement 
over time. Patients undergoing transplantation 
between 1979 and 1986 showed as-year event
free survival of 42%. At 10 years 32% were alive 

and free of disease. In comparison, the event
free 5-year survival of patients undergoing 
transplantation since 1986 amounts to 67%. 
Since all patients were prepared with the same 
transplant regimen, it is likely that the improved 
survival resulted from better support as well as 
more effective prophylaxis against and therapy 
for transplant-related complications. The 
improvement coincided with the routine use of 
prophylactic cyclosporin and the advent of 
effective antiviral agents. A retrospective review 
of 177 consecutive patients undergoing trans
plantation at the Princess Margaret Hospital 
between 1979 and 1986 revealed 21 cases of 
biopsy or autopsy-proven cytomegalovirus 
(CMV) related interstitial pneumonitis. Twenty 
of these patients died as a result of their CMV 
infection (Table 1). The high fatality rate con
firmed the universally poor experience of BMT 
centers with this complication [I]. The availabil
ity of acyclovir, ganciclovir, and immunoglobu
lin preparations with high anti-CMV titers led to 
the development of various strategies to im
prove the outcome of patients at risk for life
threatening CMV infections. These strategies 
have included prophylactic approaches [2-7J 
and preemptive therapies [8, 9J as well as treat
ment trials for established CMV infections [10, 
llJ. 

The focus of the present report is the descrip
tion of a study that was designed to test the pro
phylactic value of acyclovir and CMV 
immunoglobulins (CMV -Ig) in the prevention 
of CMV infections. It also includes a preliminary 
assessment of preemptive therapy with ganci-

University of Toronto, The Princess Margaret Hospital, Toronto, Canada 
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Table 1. CN.'V -related disease in three cohorts of consecutive patients undergoing 
transplantatIOn at Pnncess Margaret Hospital 

Parameters Group I Group II Group III 
(1992-1994) (1979-1986) (1989-1992) 

Patients (n) 177 166 129 
Patients at risk 
forCMV' (n) ** 91 66 
Patients at risk (%) 54.8 
Mode of detection Histology Histology 

51.1 
Histology 
culture, 
immunofluo
rescence 

culture, 
immunofluo-
rescence 

CMV positive 
(n) 21 
% of total 11.8 
% of at risk 

Died from CMV 
Number 20 
% of CMV positive 
patients 95 
% of patients 13.3 
% of at risk 

'CMV-positive recipients and/or donor 
bNot available 

22 
13.0 
24.1 

6 

27 
3.6 
6.6 

clovir for patients found to be CMV positive on 
screening bronchoscopy around day 35 after 
BMT. 

Study Background 

A number of studies have demonstrated that the 
development of CMV disease may be influenced 
by the prophylactic, preemptive, or therapeutic 
administration of agents with antiviral activities. 
There is evidence for the beneficial therapeutic 
effect of ganciclovir combined with immunoglo
bulines in the treatment of established CMV
related pneumonitis [10, 11]. In addition, it has 
been shown that prophylaxis with acyclovir may 
prevent the development of CMV disease in 
patients at risk [5]. 

A multicenter, randomized study was con
ducted under the auspices of the Canadian Bone 
Marrow Transplant Group (CBMTG) to evaluate 
whether or not the prophylactic effect of acy
clovir could be enhanced by the intravenous 
administration of an immunoglobulin (CMV-Ig) 
preparation with high anti-CMV titers (CMV 
IVEEGAM, Immuno, NY, NY, USA). The study 
was supported by the Canadian Red Cross and 
Immuno Clinical Research Corporation. 
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Study Design 

17 
13.2 
25.7 

5.9 
0.8 
1.5 

Adult BMT recipients that were either CMV pos
itive or who underwent transplantation with 
marrow from a CMV-positive donor, or both, 
were eligible for the study. 

All patients received acyclovir at an intra
veno.us dose of 500 mg/m2 every 8 h for 28 days 
startmg on the day of the transplant. Patients 
were randomized to receive or not to receive 
intravenous immunoglobulins at a dose of 500 
mg/kg every 14 days x 4 months (nine doses) 
starting 1 week before the transplant. Patients 
were stratified according to transplant center, 
age, disease-related risk group, and availability 
of a related or unrelated donor. Predetermined 
endpoints of the study included: (a) develop
ment of CMV disease; (b) frequency and severi
ty of acute graft-versus-host disease; (c) overall 
survival. Patients that developed CMV disease 
were treated at the discretion of their physi
cians. 

Results 

A total of 180 patients were entered into the 
s.tu~y and randomized. At the time of this pre
hmmary assessment complete data were avail-



able on lSI patients. The data are summarized 
in Tables I and 2. As can be seen, the prophylac
tic use of CMV-Ig, in addition to acyclovir, did 
not reduce the incidence of CMV-related dis
ease. Patients receiving CMV-Ig, however, had a 
lower incidence of severe graft-versus-host dis
ease compared to patients receiving only acy
clovir. Similarly, patients in the CMV-Ig group 
that developed CMV disease seemed to have a 
more favorable survival compared to the acy
clovir group. The study did not demonstrate a 
significant survival advantage for CMV-Ig treat
ed individuals. Survival at one year was 68% for 
the CMV-treated group compared to 59% of the 
controls only treated with acyclovir (p = not sig
nificant). The projected 4-year survival amount
ed to 60% versus 42%. Again, the differences in 
favor of combined therapy at this time are not 
statistically significant. The study would have to 
be expanded to include 328 or 396 patients, 
respectively, for a one-or two-sided test of suffi
cient statistical power to determine whether or 
not the observed difference of 18% reflects a real 
difference between the two areas of the study. 
This approach did not seem to be prudent in the 
light of promising therapeutic benefits of pre
emptive therapy with ganciclovir for individuals 
at risk of developing CMV disease as defined by 

a positIVe broncho-alveolar lavage performed 
around 35 days after the transplant. 

Preemptive Therapy with Ganciclovir 

Subsequent to the previous study, 69 consecu
tive patients that fulfilled the same eligibility cri
teria underwent transplantation at the Princess 
Margaret Hospital and, as patients in the above 
study, followed with a strategy that included a 
screening bronchoscopy with bronchoalveolar 
lavage. Patients demonstrating the presence of 
CMV either by immunofluorescence or shell vial 
culture were started on ganciclovir at a dose of 5 
mg every kg 12 h for 14 days, followed by main
tenance treatment of 5 mg per day x 5 days per 
week for 8 weeks and 5 mg/kg three times week
ly for a further 8 weeks. Seventeen of the 69 
patients were found to shed CMV (Table I). All 
17 patients responded to ganciclovir. However, 
one patient died 6 months later with CMV-relat
ed interstitial pneumonitis that was unrespon
sive to further therapy. As shown in Fig. 1, this 
highly effective therapy is associated with a sig
nificantly reduced cost compared to the tested 
prophylactic regimen, if one only takes into 
account the direct costs related to medications 
and diagnostic procedures. 

Table 2. Patient Description and Outcome Measures 

Parameters 

Patients (n) 
Median age (years) 
Standard risk (n) 
High risk (n) 
Related donor (n) 
Unrelated donor (n) 

frequency of CMV disease 
and resolution 

CMV pneumonitis 
CMVenteritis 

Acyclovir 
CMV-Ig 

71 
38 
41 
30 
59 
12 

5/8 
4/7 

CMV retinitis 2/2 

Mortality of patients with CMV 
infection 

Alive (n) 10 
Dead (n) 

Acute GVHD" 
Grade 0-1 27 
Grade 2 32 
Grade 3-4 8 

Acyclovir 

80 
37 
43 
37 
6S 
12 

7/11 
3/3 

2 
12 

32 
20 
26 

P <, 0.005 

p<0.005 

"GVHD, graft-versus-host disease, six, patients died before they were at 
risk of developing GVHD. 
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$825 K SII3 K 

I 
PFX failure 

S711 K 

9 Intervention Failure 
CMVdise .. e 
1 patient 

J 
S150K S104K $12 K 

O Dead 
1 pi 

$22K $104 K S15K 

per patient life saved 

Fig. 1. Cost comparisons of three different strategies to manage CMV disease. They include treatment of estab
lished CMV disease using ganciclovir and CMV-Ig. Prophylaxis with acyclovic plus/minus CMV -lg, and preemp
tive therapy of patients found to shed CMV on a screening bronchoscopy performed around day 3S after BMT. 
The costs are based on current Canadian figures . They include only the cost for relevant diagnostic procedures 
and therapies. Secondary costs such as management of complications are not included 
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Challenge of Alloimmunization and Refractoriness to Platelet Transfusion 

CA Schiffer 

Abstract Alloimmunization and refractoriness to 
platelet transfusion remains the major problem 
following repeated platelet transfusions. 
Approaches to donor selection for alloimmu
nized recipients include a variety of strategies 
for HLA matching and platelet crossmatching of 
random donor units of platelet concentrates as a 
means of identifying new compatible apheresis 
donors. Some patients can be managed with 
platelets obtained by apheresis during remission 
and cryopreserved for transfusion during subse
quent periods of thrombocytopenia. Trials are 
under way evaluating the role of leukocyte 
depletion by platelet filtration and UVB irradia
tion of platelet preparations as a means of pre
venting alloimmunization. These approaches 
remain investigational at this time. 

Introduction 

Technologic advances permitting efficient col
lection and longer-term storage of platelets for 
transfusion represent one of the important suc
cess stories of leukemia treatment in the last 2 
decades. It is now unusual for patients to suc
cumb to hemorrhage prior to receiving adequate 
courses of treatment for leukemia and other 
hematologic malignancies. Nonetheless, platelet 
transfusion remains expensive and occasionally 
clinically ineffective, and can be associated with 
a number of side effects. Alloimmunization to 
antigens expressed on platelets with refractori
ness to platelet transfusion remains the major 

problem following repeated platelet transfu
sions. This article will discuss new approaches 
to the management of this problem as well as 
techniques to reduce the incidence of alloimmu
nization. 

Alloimmunization should be suspected when 
patients fail to have adequate platelet count 
increments following transfusion. In general, at 
least two ABO-compatible transfusions stored 
less than 72 h with poor increments should be 
documented prior to searching for histocompat
ible transfusions because, for reasons that are 
sometimes impossible to explain, patients can 
have poor increments to a single transfusion 
with subsequent sustained excellent responses 
to subsequent transfusions. Approximately 90% 
of patients refractory to platelet transfusion will 
have antibody detected by either platelet anti
body testing or lymphocytotoxic antibody test
ing, the latter detecting antibody directed 
against HLA antigens [1]. Inadequate count 
increments measured 10 min after the comple
tion of transfusion correlate well with the pres
ence oflymphocytotoxic antibody [2, 3]. 

Matching of donor and recipient for HLA A 
and B antigens has been the mainstay of support 
for alloimmunized recipients. Overall, about 
50%-60% of HLA-selected transfusions produce 
satisfactory increments in alloimmunized pa
tients [4]. The ability to identify adequate num
bers of donors in part depends on the frequency 
of the recipient's HLA antigens. For some 
patients, sometimes depending on the ethnic 
diversity of the donor pool, few if any available 

Division of Hematologic Malignancies, University of Maryland Cancer Center, Division of Hematology/Medical 
Oncology, University of Maryland School of Medicine, Baltimore, MD 21201, USA 

960 



donors can be found [5]. The heterogeneity in 
the published response to HLA-matched trans
fusions is a consequence of a number of factors 
including: the titer and degree of reactivity of 
the recipient's antibody; the persistence of the 
antibody (anti-HLA antibodies can disappear in 
some patients over time and therefore should be 
monitored periodically) [6]; other complicating 
clinical conditions and particularly the presence 
of splenomegaly; the avoidance of donors with 
HLA types which have not produced successful 
increments in the past (and conversely, repeated 
use of donors with HLA types whose platelets 
have produced good increments in the past); 
inclusion of some patients in whom refractori
ness is a consequence of medication-associated 
antiplatelet antibodies [7]; differing selection 
strategies for mismatching certain antigens 
between donor and recipient. The latter strategy 
can be quite successful and biologically intrigu
ing. For example, HLA B44 and B45 can have 
variable expression on the lymphocytes and the 
platelets from the same individual. This antigen 
is often strongly expressed on leukocytes but 
weakly expressed on platelets. Thus, even when 
adiministered to patients with antibody against 
these antigens, platelets mismatched for HLA 
B44 or 45 can produce satisfactory increments 
approximately 75% of the time. Because this 
antigen is relatively commonly expressed, it is 
often possible to substantially increase donor 
availability for some patients [8]. Conversely, 
one can rarely successfully mismatch donors 
and recipients for HLA A2, an antigen found in 
40%-50% of the Caucasian population [4]. 

There is some controversy about whether 
platelet antibody testing using the platelet as the 
target cell adds substantially to the results of 
donor selection by HLA typing [9]. This 
approach has the advantage of decreasing the 
requirement for recruitment oflarge numbers of 
HLA-typed platelet donors. We have utilized a 
solid-phase platelet crossmatching assay, which 
can be performed within 30-60 min, as a means 
of identifying donors for patients for whom 
HLA donors cannot be readily identified, either 
because of unusual HLA type or if HLA typing 
could not be performed, and as a supplement 
when only a small number of HLA-matched 
donors are available [10]. Samples are obtained 
sterilely from single units of platelet concen
trates and units identified as compatible in vitro 
are transfused in aliquots of one to three units. 
If the transfusion produces an adequate correct-

ed count increment, then the original red blood 
cell donor is contacted and asked to serve as an 
apheresis platelet donor. In a sense, the donor 
has "passed" both in vitro as well as in vivo 
crossmatch testing. This approach has worked 
quite well both as a means providing immediate 
platelet transfusion support as well as identify
ing new donors. Interestingly, some of the suc
cessful donors identifed in this fashion would 
not have been selected by HLA-matching crite
ria. In more heavily alloimmunized patients, it is 
sometimes necessary to crossmatch more than 
100 units to identify even a single potentially 
compatible donor, and it is in this group of 
patients that we have found this approach to be 
of particular value. It is unknown whether this 
platelet crossmatching technique is more likely 
to be successful or cost effective than selection 
by HLA typing in less strongly alloimmunized 
recipients. 

If compatible donors cannot be identified, the 
management of alloimmunization can be quite 
difficult. It is generally inadvisable to continue 
to provide prophylactic transfusions if the 
patient is not bleeding. Hemorrhage can be 
managed by the administration of "massive" 
doses of pooled random donor platelets. An 
occasional response is seen with this approach, 
which may sometimes be related to transient 
decrease in antibody titer, allowing subsequent
ly administered platelets to circulate and exert a 
hemostatic effect [11]. It is also possible that, if 
many units of platelets from multiple donors are 
given, a histocompatible unit may be transfued 
fortuitously. Therapies that are of value in 
patients with immune thrombocytopenic pur
pura, such as intravenous gammaglobulin [12], 
corticosteroid therapy, splenectomy [13], and 
aggressive plasma exchange [14] are not of value 
in such alloimmunized patients. For many 
years, we have had a program of platelet cryop
reservation in which alloimunized patients with 
leukemia in remission undergo platelet ph ere sis 
with cryopreservation of autologous Platelets 
using dimethylsulfoxide as a cryoprotective 
agent. These autologous platelets, which can be 
stored successfully for many years, are utilized 
during subsequent periods of thrombocytope
nia. While the results are variable, on average, 
these frozen platelets produce increments 
approximately two thirds of those expected 
from fresh, histocompatible allogeneic platelets 
[15]. 
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Prevention of Alloimmunization 

There is strong evidence both from in vitro 
studies and murine platelet transfusion experi
ments demonstrating that it is the residual 
leukocytes contaminating platelet transfusions 
rather than the platelets themselves which pro
vide the primary antigenic stimulus for the 
development of antibody against HLA antigens 
on platelets [16]. Because of this, there has been 
great interest in either reducing the level of con
taminating leukocytes or "neutralizing" their 
antigenicity by UVB irradiation as a means of 
preventing the development of alloantibody. A 
number of highly efficient filters have been 
developed which are capable of relatively reli
able, 3-4 log reduction in leukocyte contamina
tion of platelets obtained either by apheresis or 
prepared as platelet concentrates. A "target 
level" of fewer than 5 x 106 leukocytes per trans
fusion has generally been stated, although there 
are virtually no data about how many leukocytes 
suffice to serve as an immunologic stimulus 
[17]. Leukocyte filtration is not without its prob
lems, however. The filters are expensive, associ
ated with appreciable loss of platelets (up to 
25%-35% and sometimes greater when fresh 
apheresis platelets are filtered) and sometimes 
"fail" and permit excessive numbers of leuko
cytes to be transfused [18]. All red blood cell 
transfusions also have to be adequately leukode
pleted, further adding to the cost of this treat
ment. 

Although a number of small studies [19-23] 
suggested reduction of alloimmunization in 
patients receiving filtered platelets, these studies 
can be faulted because of: small patient numbers 
with low statistical power; heterogeneity in the 
patient population and the type of cytotoxic 
treatment administered; variability in quality 
control testing of the platelet product; different 
criteria for definition of alloimmunization and 
refractoriness; imbalances in known predispos
ing factors for alloimmunization such as prior 
pregnancies or transfusions; differing approach
es to leukocyte depletion of red blood cell trans
fusions. Two recently published small trials 
failed to show benefit from leukocyte filtration 
including one in which filtration was done at the 
bedside, rather than in the blood bank [23,24]. 
Similarly, a small trial evaluating UVB irradia
tion also failed to show a significant decrease in 
recipient alloimmunization [25]. Two editorials 
in Blood, published 4 years apart, reached simi-
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lar conclusions, cautioning that leukocyte deple
tion is not yet proven to be a reliable means of 
preventing alloimmunization and refractoriness 
and should not be considered as standard care 
[26,27]. 

A large, randomized, multi-insitutional trial 
(in the United States) (Trial to Reduce Allo
immunization to Platelets, TRAP) has recently 
completed registration of approximately 600 
patients. This study evaluates both the rate of 
alloimmunization as assessed by antibody 
development and associated platelet refractori
ness, in four groups of patients with newly diag
nosed acute myeloid leukemia (AML) receiving 
standard induction therapy. The control group 
receives standard pooled platelet concentrates 
and is being compared to leukodepletion of 
platelet concentrates by filtration, UVB irradia
tion of pooled platelet concentrates, and leu
kodepleted single-donor platelets prepared by 
apheresis. The results of this large trial should 
be available within 1 year and hopefully will 
resolve many of the remaining issues about the 
value of different approaches to reduce alloim
munization. 

It has also been suggested that leukocyte 
depletion of red blood cells prior to platelet con
centrate preparation and storage might be more 
efficient and also might have a favourable effect 
on transmission of cytomegalovirus infections 
and the incidence of febrile transfusion reac
tions [28]. There is, however, at least a theoreti
cal concern that this leukocyte depletion could 
have an adverse effect on the incidence of bac
teremias following transfusion of stored 
platelets because leukocyte removal could allow 
increased proliferation of organisms inadver
tently contaminating the platelets at the time of 
venipuncture. This is an uncommon, but well
described consequence of platelet transfusion 
[29] and represents a consideration as more 
modifications of blood products prior to trans
fusion are utilized and evaluated. It should also 
be noted that only a subfraction of patients 
would benefit from any successful approach to 
reduce the rate of alloimmunization. Only 
30%-40% of patients become alloimmunized 
using standard, nonleukocyte-depleted platelets 
and red blood cells [30]. Not all of these 
30%-40% of patients achieve complete remis
sion and receive intensive post-remission thera
py. It has therefore been estimated that only 
10%-15% of patients with newly diagnosed 
AML might actually benefit clinically from any 



successful method of reducing alloimmuniza

tion [25]. Therefore, even if leukodepletion is 

proven to be partly effective in reducing the rate 

of alloimmunization, cost considerations will be 

of importance in deciding the widespread 

applicability of this approach. 

In summary, although most alloimmunized 

patients can be managed successfully utilizing 

donor selection by other HLA typing or platelet 
crossmatching, it is hoped that ongoing clinical 
trials will demonstrate that the rate of alloim
munization can be decreased by modification of 

the transfused platelets. Until this time, it is 

advisable to monitor patients serologically to 

anticipate the need for histocompatible platelets 

and to treat patients in an environment in which 

such sophisticated transfusion support is readily 

available. 
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Abstract. To improve the detection of clinically 
relevant Aspergillus species a polymerase chain 
reaction (peR) technique was designed to 
amplify a DNA sequence out of the 18ssu rRNA 
gene which is highly conserved among a variety 
of different fungal pathogens. Thus, by comput
er-assisted alignment of DNA sequences of vari
ous infectious agents, primers were chosen 
allowing specific and sensitive detection (100 fg 
of genomic fungal DNA) of all clinically relevant 
Aspergillus species. A wide variety of clinical 
isolates of Aspergillus species was reliably 
amplifiable by this peR assay. To assess clinical 
applicability of the assay, blood samples from IS 
healthy control persons and blood and plasma 
samples from 12 patients with proven as
pergillosis were tested. All blood samples from 
the control persons were negative by peR. Blood 
samples obtained from nine patients with 
proven invasive aspergillosis were found peR 
positive. Moreover, five out of nine plasma sam
ples of another three patients with proven inva
sive aspergillosis proved to be PCR positive and 
hybridized specifically with the Aspergillus 
oligonucleotide probe. Thus, this assay allows 
sensitive and specific detection of Aspergillus 
DNA in blood and plasma samples of patients 
with proven aspergillosis. 

Introduction 

In recent years, Aspergillus species have emerged 
as important nosocomial pathogens [1]. The 

diagnosis of invasive pulmonary aspergillosis, a 
life-threatening condition in the immunocom
promised host, is often made only at autospy [2] 
with blood cultures being positive only in rare 
occassions. Serological kits available for the 
detection of Candida and Aspergillus infections 
often have problems in sensitivity or specificity 
or both [3-61. Consequently, in immunosup
pressed patients, the potentially highly toxic 
antifungal therapy is administered more often 
for presumed than for proven fungal infection. 

Thus, more sensitive techniques for detection 
of fungal pathogens are urgently needed to earli
er diagnose fungemia. In recent years, molecular 
biological techniques, hybridization assays with 
fungus-specific DNA probes [7,8] and the poly
merase chain reaction (PCR) assays [9-15] have 
been developed and applied to the detection of 
pathogenic fungi. 

Here we present a peR assay which allows 
sensitive detection of all clinically relevant 
Aspergillus species. 

Material and Methods 

Materials 

Various Aspergillus species (see Table 1) were 
collected III the department of Medical 
Microbiology in Tiibingen. Further Aspergillus 
strains were kindly provided by the Fred 
Hutchinson Cancer Research Center, Seattle, 
USA. 

'Medizinische Klinik and Poliklinik, Abt eilung II and Sektion fUr Transplantationimmunologie and [mmun
hamatologie, Universitat TUbingen, 72076 TUbingen, Germany 
'Medizinische Klinik and Poliklinik, Tnstitut fiir Medizinische Mikrobiologie, lIniversitat TUbingen, 72076 
Tiibingen, Germany 
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Table 1. Fungal pathogens (species/strains) analyzed 
in this study 

Fungal species 
(strains detected) 

A. fumigatus 
A·flavus 
A. terreus 
A. niger 
A. nidulans 
A. versicolor 

Clinical isolates tested 
(n) 

8 
6 
5 
7 
5 
3 

All these isolates and laboratory strains were obtained 
from the Department of Medical Microbiology, 
Tiibingen, Germany, from the FRCRC in Seattle, USA, 
and the Department of Medical Microbiology of the 
University ofInnsbruck, Austria. 

Fungal Cultures. Blood samples were cultured in 
culture medium (Bactec Fungal Medium, Becton 
Dickinson, Heidelberg, Germany) for 7 days at 
30°C and tested daily for microbial growth by 
infrared detection (Bactec 860, Becton 
Dickinson). When detected positive, samples 
were subcultured on Sabouraud medium. Other 
clinical specimens (bronchoalveolar lavage, 
pleural effusions, cerebrospinal fluid, and biop
sy specimens) were cultured for 7 days on 
Columbia blood, brain heart infusion, and 
Sabouraud agar. 

DNA Extraction. Fungal suspensions were cen
trifuged at 5000 rpm for 15 min and then the 
pellet was incubated with 5 ml white cell lysis 
buffer consisting of proteinase K 200 Ilg/ml 
(Boehringer Mannheim, Germany) and 0.2% 
sodium dodecyl sulfate (SDS). 

The pellets were treated with 500 Ilg zymo
lyase (300 mg/ml) (lCN, Biomedicals, Coast 
Mesa, California, USA) to lyse the fungal cell 
wall. After centrifugation at 3000 rpm, the pellet 
was resuspended in 0.5 ml Tris/EDTA and then 
incubated with 50 mllO% SDS to lyse the spher
oblasts. After protein precipitation with 5 M 
potassium acetate (30 min on ice), DNA was 
precipitated with ice-cold isopropanol. The pre
cipitate was collected by microcentrifugation 
and airdried after washing twice with ice-cold 
70% ethanol. After resuspension in 30-50 ~ 
double-distilled H20, DNA content and purity 
were determined by spectral photometry at 260, 
280, and 320 nm. 

Seeded blood culture medium, EDTA-antico
agulated blood, and all other clinical materials 
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(plasma, pleural effusions, cerebrospinal fluid, 
bronchoalveolar lavage, and homogenized biop
sies) were preincubated with white cell lysis 
buffer (WCLB) and further processed as already 
described. 

Oligonucleotide Design. The design of oligonu
cleotide primers used in this study was based on 
comparison of the sequences of 18ssu ribosomal 
RNA genes (rDNA) in the GenBank database 
(EMBL, DDBJ databases). The amplification 
product amplified by these primers is 503 bp in 
length. Oligonucleotide probes were designed 
for specific hybridization with A. fumigatus, A. 
flavus, and A. versicolor, as well as one probe for 
A. fumigatus, A. flavus, A. niger, A. terreus, A. 
nidulans, and A. versicolor. 

PCR Assay. Amplification reactions were per
formed on 50-Ill volumes consisting of 10 mM 
Tris pH 9.6, 50 mM NaCl, 10 mM MgC12' 200 
Ilg/ml bovine serum albumin, 0.5 mmol/l 
deoxyribonucleotide triphosphates, 100 pmol 
forward and reverse primer and 1.5 U of Taq 
polymerase (Amersham, Braunschweig, 
Germany). Template DNA (Ioo ng and if nega
tive in a second experiment 500 ng) was added 
and 35 cycles of repeated denaturation, primer 
annealing, and enzymatic chain extension per
formed in a Biomed thermocycler (model 60). 
The amplification program included 30 s at 
94°C, 1 min at 62°C, and 2 min at 72°C. The lat
ter program was preceded by an incubation step 
of 4 min at 94°C and, after 35 cycles, followed by 
a 5-min incubation at 72°C. To monitor for 
false-positive results caused by contamination 
of clinical specimens during the extraction of 
DNA, aliquots of saline were prepared concur
rently by the same procedure. Each PCR analysis 
of clinical samples included a positive control as 
well as negative controls (DNA extracted from 
human fibroblasts) to ascertain standardized 
conditions and specific amplification in each 
experiment. 

Detection of the Amplification Products. 10 III Aliquots 
of each amplification product were elctro
phoretically separated in a 2% agarose gel in 
50 x TAE buffer pH 8.0 (2 M Tris acetate pH 7.5, 
0.1 M Na-EDTA). Amplification products were 
visualized by ethidium bromide staining. 
Transfer of the amplicon was performed by vac
uum filtration onto nylon membranes (Hybond, 
Amersham, Braunschweig, Germany). Digoxi-



genin-labeled oligonucleotide probes were used 
for specific hybridization in the southern blot 
assay. 

Sensitivity Studies. To determine the sensltlVlty 
limit of fungal DNA detection by PCR, PCR 
assays were performed on 100 ng, 10 ng, 1 ng, 
100 pg, 10 pg, 1 pg, 100 fg, 50 fg, 10 fg genomic 
DNA of the Aspergillus species. 

Patients 

To assess clinical applicability of the assay, 
blood samples from 15 control persons and 
blood and plasma samples were obtained from 
12 immunocompromised patients with proven 
invasive aspergillosis. 

Results 

Detection of Various Aspergillus Species 

All the clinical isolates of the Aspergillus species 
shown in Table 1, either isolated from clinical 
material or obtained from the FHCRC in Seattle, 
USA, or the Department of Microbiology in 
Innsbruck, Austria, could be successfully ampli
fied and detected in the ethidium bromide
stained gel. 

Two oligonucleotide probes for specific 
detection of Aspergillus species were designed 
and synthesized. One of these probes showed 
specific hybridization with all the Aspergillus 
species, the other one hybridized with A. fumi
gatus, A. flavus, and A. versicolor only. To be 
able to detect all the Aspergillus species, espe
cially A. terreus and A. versicolor, the DNA 
extraction protocol had to be slightly modified 
by the addition of NaOH because zymolyase and 
SDS treatment alone only induced insufficient 
DNA release from these Aspergillus species. By 
this modification, DNA release could be consid
erably improved to ascertain high sensitivity of 
detection of all the Aspergillus species. 

Sensitivity 

Different dilutions of purified extracted DNA 
(lOng, 1 ng, 100 pg, 10 pg, 1 pg, 500 fg, 100 fg, 50 
fg) from each of the Aspergillus species listed in 
Table 2 were amplified according to the PCR 
protocol shown. After electrophoresis in a 2% 
agarose gel and ethidium bromide staining, 100 

fg of isolated DNA from all the Aspergillus 
species could be detected. By Southern blot 
hybridization, the sensitivity of fungus detection 
could be further increased to 50 fg isolated DNA 
of A. fumigatus, A. flavus, A. terre us, A. niger, A. 
nidulans, and A. versicolor. 

Specificity 

A wide range of template DNA extracted from 
different bacterial and viral pathogens, non
infected cells, tissues and cell lines was analyzed 
for DNA amplification in the ethidium bromide
stained agarose gel and in the Southern blot 
assay. None of the bacterial and viral pathogens 
analyzed nor DNA from human cells and tissues 
showed amplification products after PCR with 
the fungus-specific primers in the ethidium bro
mide-stained agarose gel or after hybridization 
with the Aspergillus-specific oligonucleotides, 
which hybridized either with A. fumigatus, A. 
flavus, A. versicolor, A. niger, A. nidulans, and A. 
terreus, or with A. fumigatus, A. flavus, and A. 
versicolor only. 

Application to Clinical Material 

Screening of Healthy Blood Donors. Fifty-three blood 
samples from 15 healthy control persons were 
analyzed by PCR assay. None of the 53 blood 
samples from these patients without evidence of 
local or systemic fungal infection showed fun
gus-specific amplicons after amplification with 
the pair of primers described. 

Screening of Patients with Proven Aspergillosis. Twelve 
patients were diagnosed to suffer from invasive 
pulmonary aspergillosis. Five of these 12 
patients with nodular pulmonary infiltrates were 
found to be culture-positive for A. fumigatus in 
the broncholaveolar lavage, in seven further 
patients diagnosis of invasive pulmonary 
aspergillosis was made post mortem (three of 
them had additional brain lesions). Blood sam
ples obtained at the time of clinical manifesta
tion from nine patients and five out of nine 
plasma samples of three patients were found 
PCR positive for fungus-specific DNA segments 
in the agarose gel, and all these amplicons 
showed hybridization only with the Aspergillus
specific oligonucleotide probes. 

Screening of Clinical Material Apart from Blood Samples for 
the Presence of Fungal Pathogens. Five bronchoalveo-
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lar lavage samples and one pleural effusion 
specimen were analyzed for the presence of 
Aspergillus DNA. Amplicons of the DNA 
extracted from these samples hybridized with 
the Aspergillus-specific oligonucleotide probe. 

Discussion 

The PCR assay presented allows highly sensitive 
and specific detection of all clinically relevant 
Aspergillus species. A high sensitivity of the PCR 
assay is essential to detect fungal pathogens in 
blood samples obtained from patients with inva
sive aspergillosis as positive blood cultures in 
these patients are found in only about 1 %. For 
clinical isolates of all Aspergillus species CA. 
fumigatus, A. niger, A. nidulans, A. flavus, A. 
versicolor, A. terreus), as few as 100 fg purified 
DNA could be detected after amplification and 
additional hybridization with a labeled internal 
oligonucleotide corresponding to two fungal 
genomes. 

To achieve this high sensitivity of detection, 
the method of DNA extraction from molds had 
to be improved by the addition of NaOH which 
markedly increased the yield of DNA from these 
cells, epecially from A. terreus and A. versicolor. 

Invasive pulmonary aspergillosis (IPA), usu
ally caused by A. Jumigatus or A. flavus, is a 
life-threatening condition of the immunocom
promised host. Again, early diagnosis and treat
ment of this condition results in a more 
favorable outcome, so it is important that rapid 
methods for detecting the fungus are developed. 
Culture of A. Jumigatus or A. flavus from respi
ratory tract specimens of immunosuppressed 
patients is usually indicative of IP A, but the 
diagnosis is not excluded by a negative result for 
the sensitivity ranges from only 50%-70%. 
Thus, improving the sensitivity of detection of 
Aspergillus species in broncho-alveolar lavage 
samples is essential. Using the 18ssu-rRNA
based PCR assay Aspergillus-specific DNA 
fragments could be detected in five broncho
alveolar lavage and in one pleural effusion spec
imen obtained from five patients with invasive 
aspergillosis. Three of these specimens, but not 
the pleural effusion sample, were also found to 
be culture positive for Afumigatus. 

The high sensitivity of our assay encouraged 
us to also screen for Aspergillus DNA in blood 
samples obtained from patients with invasive 
aspergillosis. In 12 patients with histopathologi-

968 

cally andlor broncho-alveolar lavage-proven 
invasive pulmonary aspergillosis-positive PCR 
signals were obtained from DNA extracted from 
blood nine or plasma three samples. In none of 
these patients were blood samples, drawn three 
times per week, found culture positive for 
Aspergillus in spite of the use of lysis culture 
assays. The higher sensitivity of detection of 
Aspergillus species in broncho-alveolar lavage as 
demonstrated for the PCR assay described com
pared to culture assays has been confirmed for 
another PCR assay [12]. 

Thus, PCR assays obviously provide 
improved sensitivity for detection of fungal 
pathogens in clinical material and thus might 
help to earlier diagnose and treat patients at risk 
of developing invasive aspergillosis. 
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Abstract. To improve the detection of 
cytomegalovirus (CMV) infection following 
allogeneic bone marrow transplantation (BMT), 
three highly sensitive detection methods 
(Polymerase chain reaction PCR, from whole 
blood, plasma PCR and antigenemia assay) were 
applied to weekly screen blood samples in 
patients receiving an allogeneic marrow trans
plant. By standardizing the number of blood 
cells analyzed, similar sensitivity and specificity 
of CMV detection could be achieved with all 
three highly sensitive techniques. To prove that 
highly sensitive screening actually allows earlier 
detection of CMV infection after BMT, the virus 
culture technique and PCR from whole blood 
were compared for the detection of CMV infec
tion in this patient cohort. peR assays allowed 
detection of the virus a median of 15 days prior 
to the culture technique. Following these 
promising findings, peR-based preemptive ther
apy was administered to patients receiving an 
allogeneic marrow transplant and compared to 
preemptive therapy based on a positive virus 
culture assay from blood, urine, and throat 
washings. In a prospective study, 66 patients 
either received preemptive therapy based on the 
much more senstitive PCR technique (34 
patients) or on culture assays (32 patients). 
Therapy was continued in both groups until 
clinical signs disappeared and PCR negativity 
was documented. Twenty-two patients in the 
peR and 15 patients in the culture group 
received antiviral therapy. peR allowed detec-

tion of the virus (median day + 32 compared to 
day + 49) and introduction of antiviral therapy 
significantly earlier than in the culture group 
(median day + 44 compared to day + 54). The 
incidence of CMV disease (2/34 vs. 8/32, 
P = 0.02) and CMV -associated mortality (0/34 
vs. 5/32, P = 0.02) was significantly lower in the 
peR group. Thus, preemptive therapy based on 
more sensitive detection methods like the PCR 
assay enables a reduction in the incidence of 
CMV disease and CMV-related mortality. Addi
tionally, stopping and withholding antiviral 
therapy in a PCR-negative patient is safe and 
might help to reduce the duration of antiviral 
therapy. 

Introduction 

Cytomegalovirus (CMV) infection is still associ
ated with a substantial proportion of the infec
tious morbidity and mortality following 
allogeneic bone marrow transplantation (BMT). 
Prior to the introduction of new antiviral agents 
such as ganciclovir and foscarnet, the case fatali
ty rate was 85% among patients diagnosed with 
CMV pneumonia after allogeneic BMT [1]. 
Thus, until recently, approximately 15%-20% of 
the deaths occurring after transplant could be 
attributed to CMV disease of the lung [2]. 

In two recent studies [3,4], prophylactic gan
ciclovir administered to CMV -seropositive allo
geneic BMT recipients in a randomized trial was 
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shown to reduce the incidence and severity of 
CMV infection, but was found to be frequently 
associated with neutropenia and increasing 
rates of bacterial and fungal infections. No 
reduction in early post -transplant mortality 
could be demonstrated for the patient group 
receiving prophylactic ganciclovir. Recent stud
ies have demonstrated that preemptive therapy 
with ganciciovir for culture-proven CMV infec
tion is effective in reducing CMV disease and 
transplant-related mortality in seropositive allo
geneic BMT recipients [5, 6J. However, approxi
mately 12%-13% of patients presented with 
CMV disease before or coincident with CMV 
excretion as determined by conventional and 
shell vial culture assays [5, 6J. 

Thus, rapid, specific, and sensitive methods 
are essential for early diagnosis of CMV infec
tion as well as for the monitoring of antiviral 
therapy. We have described the use of the poly
merase chain reaction (PCR) for more rapid and 
sensitive detection of CMV infection after allo
geneic BMT compared with the use of virus cul
ture technique [7]. PCR proved to be a better 
predictor of the efficacy of antiviral therapy than 
virus culture or clinical assessment [SJ and 
could be shown to provide a negative predictive 
value of 100% [9J. In recent publications, the 
amplification of DNA in plasma samples and the 
CMV antigenemia assay also proved to be rapid, 
sensitive, and specific methods for early detec
tion ofCMV infection [10-14J. 

Thus, these techniques were compared for 
sensitive CMV detection in blood samples 
obtained from BMT recipients. To evaluate clin
ical applicability of these new techniques, pre
emptive therapy with ganciclovir based on the 
PCR assay was compared with early intervention 
based on the conventional culture technique. 

Patients and Methods 

Patients and Clinical Specimens. To compare the three 
sensitive detection methods, 15 consecutive 
patients undergoing allogeneic or autologous 
BMT (median age 36 years, range IS-51 years) 
were monitored weekly hetween days + 15 to 
> + 100 for CMV infection by CMV DNA PCR, 
plasma PCR, pp65 antigenemia, and convention
al as well as rapid shell vial culture technique. 

Preparation of Target DNA. DNA was extracted from 
plasma or blood cells after proteinase K diges-

tion using phenol/chloroform/isoamylalcohol 
extraction and precipitation as described before 
[7,SJ. Plasma samples obtained from EDTA 
blood were maintained at - SO°C in a period 
ranging from 1 week to 6 months; 100 ng 
extracted cellular DNA or the total amount of 
DNA extracted from 70 III plasma (after two 
cycles of phenol/chloroform/isoamylalcohol 
extraction and precipitation) were used for PCR. 

Polymerase Chain Reaction. Amplification of a 147-
bp DNA fragment between positions 1767 and 
1913 of the fourth exon of the immediate early 
gene of the HCMV strain AD169 using primers I 
and II has been described before [7, SJ. Briefly, 
100 ng extracted DNA or the total amount of 
DNA extracted from 70 III plasma was dena
tured at 94°C for 5 min and specifically ampli
fied. Thirty-two cycles, each of which included 3 
min for annealing and primer extension at 66°C 
followed by 1 min of denaturation at 94°C, were 
administered. To exclude the presence of poly
merase inhibitors and to test the quality of the 
extracted DNA, a fragment of the human HLA 
class I genes (fourth exon, 129 bp long) was 
amplified in all samples in parallel. In all plasma 
samples no HLA class I signals could be detect
ed. Therefore 100 ng DNA extracted from 
peripheral blood lymphocytes obtained from a 
CMV -seronegative person were added to each 
specimen to exclude the presence of polymerase 
inhibitors. Results were considered valid only if 
consistent in at least two independent experi
ments and when none of the negative controls 
showed amplification in either the agarose gel or 
after hybridizaion. Detection of the amplifica
tion products in a 2% agarose gel or by Southern 
blot analysis with a gamma 12P-dATP-end
labeled internal oligonucleotide has been 
described previously [7, 8J. Each PCR analysis of 
clinical samples from patients before and after 
BMT included titrated cloned pCM5018 as posi
tive control and several samples of DNA from 
peripheral blood of sero- and culture-negative 
normal donors as negative control. A semiquan
titative analysis was performed with titrated 
amounts from 100 to 0.1 fg doned HC:MV DNA 
fragment pC:M50 I R. After Southern bolt 
hybridization, the signal of 100 fg HCMV DNA 
fragment pCM50 IS was scored + + +, the signal 
of 10 to I fg pCM5018 + +, and the signal of the 
lowest amount detectable, almost 0.1 fg, was 
scored +. The intensity of the signals of the 
titration curve was compared to the clinical 
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samples and a semiquantative analysis from + 
to + + + was performed. 

Detection of CMV Antigenemia. Polymorphonuclear 
leukocytes (PMNL) were isolated from 6 ml 
freshly collected citrate-anticoagulated blood 
using a dextran sedimentation method [10]. 
After two washes with phosphate-buffered 
saline (PBS) 2 x 105 leucocytes were cytocen
trifuged on glass slides (Cytospin 3, Shandon 
Scientific Ltd., Astmoor, UK). Cytospin prepar
tions were fixed with acetone/methanol (1:1) for 
90 s at 4°C, air dried and stored at - 80°C. After 
1 h of incubation with a combination of 25 III of 
each of two monoclonal antibodies directed 
against pp65 (Clonab,ClO and Cl1, Biotest AG, 
Dreieich, Germany) in a humid chamber, the 
slides were washed with Tris-buffered saline 
(TBS, 0.05 M, pH 7.6) and incubated for 30 min 
with 25 III rabbit anti-mouse Ig (Dakopatts a/s, 
Glostrup, Denmark) diluted 1:20 in TBS. After 
washing three times with TBS, the slides were 
incubated with the alkaline phosphatase anti
alkaline phosphatase (APAAP) immune com
plex (Dako APAAP kit, Dakopatts) for 30 min at 
room temperature and washed thereafter with 
TBS, followed by incubation with 50 III substrate 
(Neufuchsin solution K698, Dako, Carpenteria, 
USA) for 15 min. Counterstaining was per
formed with hematoxylin. The number of posi
tive cells per 2 x 105 cells was counted using a 
Zeiss ZS500 microscope. CMV-infected fibro
blasts were used as positive controls. A semi
quantitative evaluation of the cytospin 
preparates was performed with 1-10 positive 
cellsl2 x 105 leukocytes being +, 11-100 positive 
cells/ 2 x 105 leukocytes + +, and > 100 positive 
cells/2 x 105 leukocytes + + +, respectively. 

Virus Culture. Blood, urine, and throat washings 
were conventionally inoculated on human 
embryonic lung fibroblasts maintained accord
ing to standard tissue culture techniques. CMV 
was identified by production of its characteristic 
cytopathic effects on human embryonic lung 
fibroblasts after at least 4 weeks of culture. 
Monoclonal antibodies directed against the 
early and immediate early antigen were addi
tionally applied 48 h after inoculation of the 
fibroblasts for detection of viral antigen expres
sion. 

CMV Disease. CMV pneumonia, enteritis, or 
hepatitis were diagnosed according to the crite-
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ria that were defined by the Fourth International 
Cytomegalovirus Workshop in Paris 1993 [14]. 

Patients Receiving Preemptive Therapy. To evaluate the 
clinical utility of the sensitive techniques, 66 
patients either received PCR-based or culture
based preemptive antiviral therapy with ganci
clovir. These patients had received an allogeneic 
BMT at the BMT unit in Tiibingen (Kinderklinik 
and Medizinische Universitatsklinik) for a 
hematological malignancy. The CMV serostatus 
of patients and bone marrow donors as well as 
of blood donors was determined by the ELISA 
technique. CMV -seronegative patients receiving 
a transplant from a CMV-seronegative donor 
and blood products from CMV -seronegative 
blood donors were also included to screen for 
false-positive results. Criteria for study entry 
included age > 6 years, no documented CMV 
infection at the time of BMT, and a serum crea
tinine of less or equal to 220 Ilmoili. For the 
conditioning regimen, total body irradiation 
(TBI) was performed on 3 successive days (2 Gy 
twice a day, lung shielding 10 Gy). 
Cyclophosphamide 2 x 60 mg/kg was infused 
following TBI (Cy/TBI). In patients with acceler
ated chronic myelogenous leukemia (CML) or 
acute leukemia not in first remission, etoposide 
(VP-16/Cy/TBI) was added at a dosage of 40 
mg/kg on day 3. Patients treated with busulfan 
and cyclophosphamide received busulfan at a 
dosage of 4 x 4mg/kg per day and cyclophos
phamide at a dosage of2 x 60 mg/kg. 

Antiviral Treatment. Patients were followed by 
weekly viral cultures and PCR monitoring start
ing on the day of transplant. Patients were thor
oughly screened until day + 100 after BMT. 
Patients received antiviral therapy either at the 
time of the second consecutive positive PCR sig
nal (PCR group) or of a positive culture from 
urine, throat washings, and/or blood samples 
(culture group). To reduce overtreatment, only 
patients with two consecutive PCR-positive 
blood samples received preemptive therapy. 
Ganciclovir was given at a dose of 5 mg/kg body 
weight, administered intravenously twice daily 
for 14 days plus CMV hyperimmunoglobulin at 
a dosage of 0.2 g/kg body weight administered 
on days, 1,3,5,7, and 14. Maintenance treat
ment with ganciclovir 5 mg/kg per day was 
administered when peR monitoring still showed 
a positive result after cessation of antiviral ther
apy. If two consecutive positive PCR results 



were obtained in a patient who had been suc
cessfully treated (documented clearance of the 
virus by PCR), ganciclovir was reinstituted at a 
dosage of 5 mg/kg intravenously twice daily. 

Results 

CMV Detection: Comparison of PCR, Plasma PCR, CMV 
Antigenemia, and Conventional Virus Culture. A total 
amount of 109 blood samples of the 15 patients 
were tested simultaneously by PCR, plasma 
PCR, and CMV antigenemia. Overall, 96 to 109 
blood samples showed identical results in the 
three assays (p < 0.01). Thirty-nine blood sam
ples were found to be positive and 57 to be nega
tive by all the assays applied. Discordant results 
between the three assays were only found when 
a low amount of virus was present. Only nine of 
the 15 patients developed culture-proven 
viremia and/or viruria, whereas all the 15 
patients were found to be CMV positive by PCR, 
plasma PCR, and CMV antigenemia. CMV was 
diagnosed prior to a positive result in the virus 
culture by all three assays, confirming our previ
ously reported results. All three assays proved to 
be negative at the end of antiviral therapy. 

Preemptive Therapy. Sixty-Six patients who receiv
ed an allogeneic BMT at the BMT unit in 
Tiibingen were included in the study entry. 
About one third of the patients in each group 
received their transplant from a family donor 
not completely HLA matched or from an unre
lated donor representing a population at very
high risk of developing CMV disease. The 
patients in the two groups were balanced for 
source of transplant and CMV serostatus of 
donor and recipient. The patients who received 
preemptive therapy based on culture technique 
did not differ from those receiving PCR-based 
preemptive therapy concerning age, condition
ing regimen, graft-versus-host-disease (GVHD) 
prophylaxis and grade of acute GVHD prior to 
the development of CMV infection. 

CMV Detection: Comparison of PCR and Culture Assay. 
Twenty-two patients were found to be PCR posi
tive in the PCR group, and culture assays 
revealed 15 patients to be CMV infected in the 
culture group. Fifteen of 34 PCR-monitored 
patients excreted CMV in the PCR group com
pared to 15 of 32 patients in the culture group. 

The number of patients who became culture 
positive for CMV in blood, urine, and/or throat 
washings was not different. None of the PCR
negative patients; CMV was culture positive. 
None of the blood samples obtained from CMV
seronegative patients with a CMV-seronegative 
donor was found to be PCR- or culture-positive. 
The median day of diagnosis of CMV infection 
was day + 32 in the PCR group and day +49 in 
the culture group (Fig. 1). PCR positive always 
preceded a positive culture assay in the patients 
analyzed simultaneously by both techniques. 
Among the patients of the PCR group, CMV 
infection was diagnosed by PCR assay a median 
of 15 days prior to culture positivity. In ten 
PCR-monitored patients, therapy had already 
been started at the time of first detection of the 
virus by culture technique. 

Antiviral Therapy Based on PCR or Culture Assay. 
Treatment was started a median of 44 days after 
BMT in the PCR and a median of 54 days after 
BMT in the culture group. The duration of treat
ment was shorter for the PCR-monitored 
patients (see Fig. 1) 

CMV Disease. All CMV -infected patients who 
developed CMV disease presented with disease 
as first manifestation and did not progress to 
disease during or following antiviral therapy. In 
seven of the ten patients who suffered from 
CMV disease, the marrow donor was CMV 
seropositive. Whereas only two PCR-monitored 
patients developed CMV disease (one CMV 
interstitial pneumonia, one CMV enteritis) a 
total of eight culture-monitored patients were 
found to have symptomatic CMV infection (six 
CMV interestitial pneumonia, two CMV enteri
tis). Two patients with CMV disease in the PCR 
group survived, whereas five patients died due 
to CMV disease in the culture group. Thus, 
CMV -related mortality was higher among the 
culture-monitored patients (five of 32 patients) 
compared to the PCR-monitored ones 
(0/34)(p = 0.02). Overall survival until day + 100 
was better for the PCR group (32/34) compared 
to the culture group (23/32) (p < 0.05). 

Discussion 

In recent studies we demonstrated the PCR 
technique as allowing CMV detection in blood 
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o 14 28 42 56 70 
Days after BMT 

Fig. 1. Time schedule of diagnosis of CMV infection and treatment. Time points of diagnosis of CMV infection 
and of initiation and of termination of antiviral therapy are given for the two treatment groups. PCR group: pre
emptive therapy was initiated when PCR assays were positive for CMV DNA from two consecutive blood sam
ples. Culture group: preemptive therapy was initiated when CMV could be cultivated from urine, throat washing 
and/or blood samples 

and urine samples in BMT recIpients earlier 
than the virus culture technique [7]. 
Additionally, PCR was successfully used to mon
itor antiviral therapy for CMV infection after 
allogeneic BMT [8,9]. The aim of the first part of 
the study was to compare the CMV antigenemia 
assay and the plasma PCR with the established 
PCR from whole blood for early diagnosis of 
CMV infection and assessment of the efficacy of 
antiviral treatment. Recently, clinical applica
tion of these techniques in the surveillance of 
patients after BMT at risk of developing CMV 
infection was reported [7,8,10-15,17]. A total 
of 109 blood samples of 15 consecutive patients 
transplanted in the BMT unit in Tiibingen for 
different hematological malignancies were 
simultaneously analyzed for CMV infection by 
PCR, CMV antigenemia assay, plasma-PCR and 
CMV shell vial culture. All 15 patients proved to 
be CMV positive by PCR, plasma PCR, and CMV 
antigenemia after BMT, whereas only nine of 15 
patients developed culture-proven viremia 
and/or viruria, confirming our recently pub
lished results [8,9]. In total 96 of 109 blood 
samples revealed identical results by PCR, plas
ma-PCR, and pp65 antigenemia. Discordant 
results in l3 blood samples could be attributed 
to the different sensitivity of the assays applied 
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and occurred exclusively when a low amount of 
virus in the blood samples was present as, for 
example, in the early phase of CMV infection or 
after cessation of antiviral therapy. 

Quantitative evaluation of CMV content of 
blood samples could be easily performed by the 
CMV antigenemia assay, but also DNA PCR 
from whole blood and plasma PCR, provided a 
semiquantitative analysis of the amplicons. No 
obvious advantage for either of the assays for 
the evaluation of the efficacy of antiviral therapy 
could be demonstrated. 

Thus PCR, CMV antigenemia, and plasma 
PCR all seem to be suitable in monitoring BMT 
in recipients for CMV infection and controlling 
the efficacy of antiviral therapy in this patient 
population. 

In two recent studies [3,4], preemptive thera
py with ganciclovir could be shown to reduce 
the incidence of CMV disease and CMV-related 
mortality in recipients of an allogeneic BMT. 
Preemptive therapy was started when a positive 
culture was obtained either from bronchoalveo
lar lavage [5] or from blood, urine, and throat 
washings [6]. Unfortunately, in these studies 
12%-13% of patients developed CMV disease 
before or at the time of a positive surveillance 
culture. Thus, earlier therapeutic intervention 



based on more sensitive techniques was suggest
ed [13]. In the second part of the study, the 
highly sensitive PCR assay was applied for early 
CMV detection and institution of antiviral ther
apy. PCR monitoring revealed 65% of patients 
to be CMV-DNA positive, whereas culture 
assays only demonstrated 50% of the patients as 
developing active CMV infection. This corre
sponds to our previous findings [7] showing 
80% ofPCR-positive patients to be or to become 
also culture positive for CMV. As already 
reported before [7,8], PCR could be shown to 
detect the virus earlier after BMT than culture 
assays-in this study by a median of 15 days. 

Thus treatment was started earlier in PCR
than in culture-monitored patients. This result
ed in a significant reduction not only in the 
incidence of CMV disease (2/34 vs. 8/32), but 
also in a prevention of CMV-related and a 
reduction in overall mortality, as demonstrated 
in this study. The high incidence' of CMV disease 
among the culture-monitored patients (24%) is 
most likely due to the high percentage of 
patients in both groups receiving a transplant 
from an unrelated or from a mismatched family 
donor. This patient cohort had been shown to 
represent a group at very high risk to develop 
CMV disease (19). 

Polymerase chain reaction-based preemptive 
therapy appears to allow introduction of antivi
ral treatment at a time of still low virus load in 
blood and organs and thus to effectively prevent 
fatal CMV disease in recipients of an allogeneic 
BMT, even from an HLA-mismatched family or 
unrelated marrow donor. 

Treatment was stopped in all patients in both 
groups when blood samples were found to be 
PCR negative after antiviral therapy. None of the 
PCR-negative patients in either group developed 
CMV disease following cessation of therapy. 
Thus, withholding antiviral therapy in a PCR
negative patient was found to be safe. 

Thus, sensitive screening for CMV infection 
in recipients of an allogeneic BMT and conse
quent early introduction of antiviral therapy 
help to reduce CMV -associated mortality fol-
10wingBMT. 
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Abstract. Sepsis is a major cause of death in neu
tropenic cancer patients. We have shown the 
prognostic significance of endotoxin plasma lev
els in neutropenic patients with sepsis syn
drome, and other groups have suggested the 
efficacy of polyclonal IgM-enriched immuno
globulins in the treatment of endotoxin-positive 
sepsis in non-neutropenic patients. To evaluate 
the efficacy of polyclonal IgM-enriched immu
noglobulins in the treatment of sepsis syndrome 
in neutropenic patients with hematologic malig
nancies, a randomized, placebo-controlled trial 
was initiated at our institutions. The patients 
were randomly assigned to either the human 
polyclonal immunoglobulin preparation every 6 
h for 3 days (total dose, 1.3 I with 49.4 g IgG, 7.8 
g IgM, 7.8 g IgA) or the equivalent dose of 5% 
human albumin. In the 52 entered patients with 
sepsis syndrome followed to death or day 28, 
there were ten deaths among the 22 recipients of 
albumin (46%) and nine deaths among the 30 
recipients of immunoglobulin (30%; p > 0.05). 
In the subgroup of patients with sepsis syn
drome but without shock at entry, the mortality 
was 11 % (one of nine) in the albumin and 12% 
two of seventeen in the immunoglobulin group. 
However, the immunoglobulin administration 
reduced mortality from 69% nine of thirteen to 
54% (seven of thirteen) in the subgroup of 
patients with shock at entry and from 89% to 
67% in the subgroup of patients with organ fail
ure at entry, (acute lung, renal or hepatic failure 
or disseminated intravascular coagulation). This 
interim analysis suggests that human polyclonal 

IgM-enriched immunoglobulins may reduce the 
mortality from sepsis syndrome in neutropenic 
cancer patients. A completion of the ongoing 
trial is needed to substantiate these findings tak
ing into account that randomization has to be 
stratified for sepsis syndrome with and without 
septic shock at entry because of the different 
risk of death. 

Introduction 

Sepsis is a major cause of death in neutropenic 
cancer patients [I], and, on the other hand, can
cer is one of the most common underlying dis
eases in patients with sepsis [2]. Thus, 
neoplasmas were 37% of the underlying diseases 
in 200 patients with Gram-negative bacteremia 
and severe sepsis [2]. In patients with severe 
neutropenia from hematologic malignancy, the 
incidence of Gram-negative bacteremia is con
sidered 15% of [3, 4] with an associated mortali
ty of 15% [3,4] and the incidence of severe 
sepsis and/or septic shock 25% [5] with a death 
rate of 35% [5]. However, most of the urgent 
questions concerning definition, pathophysiolo
gy, and therapy of sepsis in neutropenic cancer 
patients are still open. 

Until now, the absence of firm definitions for 
sepsis has had little practical consequence 
because the only therapy available has been 
antibiotics and supportive care. Given the abun
dance of new agents under active investigations, 
however, more precice diagnostic guidelines are 

IDepartment of Hematology/Oncology, University of Gottingen, Robert-Koch-Str. 40, 37075 Gottingen, Germany 
'Department of Hematology/Oncology, University of Munster, Albert -Schweitzer-Str. 33,48161 Munster, Germany 
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needed to evaluate efficacy, to determine which 
patients might benefit from such therapy, and to 
compare the results of different clinical trials. 
Therefore, new firm definitions of sepsis and its 
sequelae have been proposed, such as sepsis 
syndrome and septic shock by Bone et al. [6] or 
systemic inflammatory response syndrome 
(SIRS)/ sepsis, severe sepsis, septic shock, and 
multiple organ dysfunction syndrome (MODS) 
by the American College of Chest Physicians/ 
Society of Critical Care Medicine consensus con
ference [7]. However, the clinical practicability 
of the new terminology "sepsis syndrome", 
defined as the earliest stage during an infectious 
process at which evidence of altered organ per
fusion can be detected [6], has not been evaluat
ed and proven in patients with neutropehia yet. 

With respect to the pathophysiology of sep
sis, it has become clear that endotoxin, (LPS) 
triggers humoral mechanisms involving the 
complement, clotting, fibrinolytic, and kinin 
pathways [8]. Fever and inflammation are medi
ated by cytokines, such as tumor necrosis factor 
(TNF)-a and interleukin-l (IL-1) [9], which are 
released from host defense cells such as mono
cytes and macrophages in response to the lipid 
A moiety of endotoxin [lO]. In this sense, sepsis 
syndrome may be considered a constellation of 
signs and symptoms which represents the host's 
response to infection, whereby the effects of 
cytokines or substances triggered by cytokines 
are responsible for most of the clinical manifes
tations [8]. 

In spite of this pathogenetic hypothesis, no 
new anti-endotoxin or anti-cytokine therapy for 
sepsis has shown clinical efficacy yet [11, 12]. 
Ten clinical trials using anti-endotoxin core 
antibodies produced inconsistent results and 
did not conclusively establish the safety or bene
fit of this approach [11-14]. Both IL-l receptor 
antagonist and a murine monoclonal anti-TNF 
antibody have been beneficial in some animal 
models of sepsis, but did not clearly improve 
survival in human trials [15, 16]. 

However, one group has suggested the effica
cy of human polyclonal IgM-enriched immuno
globulins in the treatment of endotoxin-positive 
sepsis in non-neutropenic patients [17]. There
fore, after having shown the prognostic signifi
cance of endotoxin plasma levels in neutropenic 
patients with sepsis syndrome in a pilot study 
[18], we carried out a randomized trial to evalu
ate the efficancy of therapy with human poly
clonal IgM-enriched immunoglobulins in 
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neutropenic patients with hematologic malig
nancies and sepsis syndrome. 

Materials and Methods 

Patients. Patients fulfilling all of the following 
criteria were eligible for the study: (a) acute 
leukemia or high-grade lymphoma; (b) neu
tropenia < 1000/~1; (c) sepsis syndrome or sep
tic shock; (d) informed consent. Patients 
fulfilling one of the following criteria were 
excluded from the study: (a) age:::;; 18 years; (b) 
Pregnancy or lactation; (c) prior allergic reac
tion to study drugs; (d) HIV infection; (e) prior 
enrollment into the study during the last 4 
weeks. 

Definitions of Sepsis. Sepsis syndrome or septic 
shock were defined according to Bone et al. [6] 
and Glauser et al. [8]. Sepsis syndrome: clinical 
evidence of infection, tachypnea (respirations 
> 20/min; if mechanically ventilated> 10 
lImin), tachycardia (pulse> 90/min), hyper
thermia or hypothermia (core or rectal tempera
ture > 38.3°C or 35.6°C), and evidence of 
inadequate organ perfusion, including one or 
more of the following : hypoxemia (PaO/Pi02 

:::;; 280, without other pulmonary or cardiovascu
lar disease as the cause), elevated plasma lactate 
concentration (exceeding upper limits of normal 
for the laboratory), or oliguria (documented 
urine output < 0.5 mllkg of body weight for at 
least 1 h, in patients with catheters); septic shock: 
sepsis syndrome with hypotension (sustained 
decrease in systolic blood pressure to < 90 
mmHg or drop by > 40 mmHg for at least 1 h 
when volume replacement is adequate, the 
patient is taking no antihypertensive medica
tion, and other causes of shock such as hypov
olemia, myocardial infarction, and pulmonary 
embolism are absent). Organ failures such as 
acute lung, renal, or hepatic failure, or dissemi
nated intravascular coagulation were defined 
according to Schuster [19]. Acute lung failure: 
hypoxemia (Pa02 < 75 mmHg or PaO/Pi02 :::;; 

280), pathologic chest X-ray, and mechanical 
ventilation; acute renal failure: increase of 
serum creatinine > 3 mg/dl and/or dialysis; 
acute hepatic failure: increase of serum bilirubin 
> 2mg/dl and increase of aspartate aminotrans
ferase or alanine aminotransferase levels more 
than twice the normal laboratory value; dissemi
ated intravascular coagulation: decrease of 



platelet count (thrombocytopenia or drop by 
150 000/111), decrease of fibrinogen (hypofib
rinogenemia or drop by 150 mg/dl), and at least 
two abnormal plasmatic coagulation tests (PT, 
PTT, TT, factor II, factor V, factor X). 

Interventions. After enrollment into the study, the 
patients were randomly assigned to either the 
human polyclonal immunoglobulin preparation 
Pentaglobin (Biotest, Dreieich, Germany) or the 
equivalent dose of 5% human albumin. 
Pentaglobin is obtained from the Cohn fraction 
III out of the pooled plasma of at least 1000 nor
mal donors, and treated with B-propiolactone for 
inactivation of potentially contaminating viruses. 
It contains 50 gil total protein comprising 
approximately 6 gJl IgG (12%), 6 gIl IgA (12%), 
and 38 gJl IgG (76%). After an initial loading dose 
of 0.2 I, patients received 0.1 I of immunoglobulin 
preparation every 6 h for 72 hours as slow intra
venous infusions for a total dose of 1.3 I corre
sponding to 49.4 g IgG, 7.8 g IgM, and 7.8 g IgA. 
All patients received a standardized antibiotic 
therapy according to the interventional antimi
crobial strategy of the German multicenter trials 
I and II of the Paul Ehrlich society [20,21]. 

Statistics. Patients with sepsis syndrome were fol
lowed to death or day 28. The primary endpoint 
of the randomized trial was the 28-day all-cause 

mortality. A total of 164 patients are planned to 
be enrolled into the study to detect a significant 
(ex. < 0.05) difference between the two treatment 
groups with an 80% power (B = 0.2) in the x2test 
by Mantel-Haenszel, assuming that the mortali
ty from sepsis syndrome can be reduced from 
50% in the albumin group to 30% in the 
immunoglobulin group. After 50 enrolled 
patients, an intent-to-treat interim analysis has 
been scheduled. 

Results 

Demographic Characteristics. Fifty-two patients from 
the Departments of Hematology and Oncology 
of the University of Giittingen and University of 
Miinster entered the randomized trial between 
August 1992 and September 1994. The median 
age was 50 years in the immunoglobulin and 55 
years in the albumin group. The majority of 
patients suffered from acute myelogenous 
leukemia: 74% (22/30) of the immunoglobulin 
group and 64% (14/22) of the albumin group.Of 
the immunoglobulin group, 13% (4/30) and 13% 
(4/30) suffered from acute lymphoblastic 
leukemia and high-grade lymphoma in compar
ison to 23% (5/22) and 13% (3/22) of the albu
min group (Table 1). Of the patients with sepsis 
syndrome, 50% (26/52) revealed septic shock at 

Table 1. Demographic characteristics by treatment group: age, underlying disease, and 
severity of sepsis syndrome at study entry 

Albumin Immunoglobulin 

Patients (n) (n) 22 30 
Age-Median (years) 55 50 
Underlying disease 
AML (n) 14 22 

% 64 74 
ALL (11) 5 4 

/fa 23 13 
High-grade NHL (n) 3 4 

% 13 13 
Severity of sepsis syndrome at entry 
No septic shock at entry (11) 9 17 

% 41 57 
Seplic shock al entry (n) 13 13 

0/c) 59 43 
Organ failure at entry (n) 9 9 

% 41 30 
Disseminated intravascular coagulopathy (n) 7 8 
Acute lung failure (11) 3 3 
Acute renal failure (n) 
Acute hepatic failure (n) 2 2 
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entry, and 35% (18/52) initial organ failure 
[acute lung (n = 6), renal (n = 3), or hepatic 
(n = 4) failure, or disseminated intravascular 
coagulation (n = 15)] (Table 1). 

Mortality. In the 52 patients with sepsis syn
drome, there were ten deaths among the 22 
recipients of albumin (46%) and nine deaths 
among the 30 recipients of immunoglobulins 
(30%) (Table 2). This reduction of the 28-day 
mortality by immunoglobulin administration 
from 46% to 30% was not statistically significant 
(p > 0.05, chi-square a test), ). In the subgroup 
of patients with sepsis syndrome but without 
shock at entry, the 28-day mortality was 11 % 
(one of nine) in the albumin and 12% (two of 17 
in the immunoglobulin group. However, the 
immunoglobulin administration reduced mor
tality from 69% (nine of 13) to 54% (seven of 13) 
in the subgroup of patients with shock at entry 
and from 89% (eight of 9) to 67% (six of 9) in 
the subgroup of patients with organ failure at 
entry (Table 2). 

Discussion 

The current randomized trail tries to elucidate 
the impact of a thereapeutic intervention with 
an IgM-enriched human polyclonal immunolgo
bulin preparation (Pentaglobin) on the clinical 
out- come of neutropenic patients with hemato
logic malignancies and sepsis syndrome. 

No anti-endotoxin core or anti-cytokine ther
apy for sepsis has shown clinical efficacy yet [11, 
12]. The efficacy of the human or murine mono
clonal IgM antibodies against endotoxin core, 
HA-IA [2, 13] and E5 [14], and of the IL-l 
receptor antagonist [15] and a murine mono
clonal anti-TNF antibody [16] could not be 

proven by randomized clinical trials, and a 
recombinant human dimeric anti-TNF antibody 
actually produced harm [22]. Perhaps more 
accurate clinical and laboratory predictors are 
needed to identify patients who may benefit 
from a given treatment strategy. On the other 
hand, the therapeutic premises may be wrong. 
Targeting a single microbial toxin such as endo
toxin may not represent a viable strategy for 
treating a complex inflammatory response to 
diverse bacteria. Similarly, the strategy of 
inhibiting the host inflammatory response may 
not be beneficial because immune cells and 
cytokines play both pathogenetic and protective 
roles. Finally, our scientific knowledge of the 
complex timing of mediator release and balance 
during sepsis may be insufficient to develop suc
cessful therapeutic interventions for sepsis syn
drome. 

Because of the failure of anti-endotoxin core 
and anti-cytokine therapies in the treatment of 
sepsis, human polyclonal immunoglobulins 
have become a major interest of sepsis research 
under the hypothesis that they may provide a 
broad-spectrum antibacterial [23], antitoxic 
[24], and antiinflammatory [25] efficacy. In par
ticular, experimental data strongly suggest a 
greater antitoxic and protective effect of poly
clonal IgM rather than IgG preparations 
[26-28]. The applied IgM-enriched human poly
clonal immunoglobulin preparation Pentaglobin 
was shown to contain antibody titers to a variety 
of Gram-negative bacteria [23]. In the preceding 
pilot study of the current randomized trial, anti
endotoxin core antibodies like IgM and IgG 
antibodies against lipid A and Re LPS increased 
significantly under immunoglobulin therapy 
[18]. Because it is prepared from pooled human 
plasma, the immunoglobulin preparation may 
also contain a greater amount [29] of several 

Table 2. Twenty-eight day mortality for all patients with sepsis syndrome and the subgroups 
of patients without septic shock at entry, with septic shock at entry, and with organ failure 
(acute lung, renal, or hepatic failure, or disseminated intravascular coagulation) at entry 

Subset 28-day mortality 

Albumin Immunoglobulin 

(n) (%) (n) (%) (n) 

Sepsis syndrome 52 46 10/22 30 9/30 
No septic shock at entry 26 11 1/9 12 2/17 
Septic shock at entry 26 69 9/13 54 7/13 
Organ failure at entry 18 89 8/9 67 6/9 
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antibodies to the immunodominant, species
specific endotoxin side chains, which may be 
protective against the homologous endotoxin 
[26]. Moreover, Pentaglobin was shown to pro
tect non-neutropenic animals from endotox
emic and Gram-negative bacteremic death [23, 
24]. In a therapeutic trial, it reduced mortality 
from, endotoxin-positive sepsis in non-neu
tropenic patients [17], and it decreased the risk 
of infectious death (0129 versus 6/34 deaths) 
after bone marrow transplantation when applied 
prophylactically [30]. 

The interim analysis of the present ongoing 
randomized trial suggests that the polydonal 
immunoglobulins administered every 6 h for 3 
days (total dose: 49.4 g IgG, 7.8 g IgM, 7.8 g IgA) 
may reduce the mortality from sepsis syndrome 
in comparison to 5% human albumin. 
Immunoglobulin administration reduced mor
tality from 46% (ten of 22) to 30% (nine of 30) in 
patients with sepsis syndrome, from 69% (nine 
of 13) to (seven of 13) in the subgroup of patients 
with septic shock at entry, and from 89% to 67% 
in the subgroup with initial organ failure (Table 
2). A completion of the ongoing trial is needed to 
substantiate these findings, taking into account 
that randomization has to be stratified for sepsis 
syndrome with and without septic shock at entry 
because of the different risk of death. 
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The 1 O/NL Trigger for Prophylactic Platelet Transfusion 
in Acute Myeloid Leukemia: A Prospective Comparative Multicenter Study 
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Abstract. This study shows that the 10Ini trigger 
for prophylactic platelet transfusion according 
to the inclusion criteria of our transfusion pro
tocol is as safe as the traditional platelet transfu
sion threshold of 20/n1. The main cause of 
severe acute bleeding complications in acute 
myeloid leukemia patients is not the absolute 
count of thrombocytes but local problems such 
as gastrointestinal lesions, local infiltrations or 
hyperleucocytosis and coagulation disorders 
such as disseminated intravascular coagulopa
thy during septic shock. A total of 78% of our 
patients with severe bleeding complications 
were classified as M4 or M5 (FAB). These 
myeloid leukemias are often complicated by 
hyperleucocytosis and local infiltrations. Succes
sful therapeutic management of these problems, 
beside platelet transfusions, is most important 
to stop bleeding complications. In no case was 
the major cause of death fatal bleeding. Our 
observation confirms the analysis of recent 
studies in this field. 

IStiidtisches Klinikum, NUmberg, Germany 

The 38% reduction of platelet products 
(p < 0.05) in the stringent transfusion group A, 
despite the longer thrombocytopenia, is clinical
ly relevant: 

- lower need of platelet transfusions in the light 
oflimited numbers of donors 

- Reduction in cost of about DM-400 000 in our 
study period or DM-3700 per treatment cycle. 
This may be important in reducing the com
plications following multiple transfusions 
such as transfusion-associated infections and 
refractoriness. 

Introduction 

As we know from patients with Myelodysplastic 
Syndrome (MDS) and (ITP), a thrombocyte 
count of 20/nl is not a magic threshold for 
bleeding complications. Patients with thrombo
cytes of 10lni or even lower can live for long 

'Medizinische Hochschule, Hannover, Germany 
'Stiidtisches Krankenhaus, MUnchen-Hariaching, Germany 
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times without bleeding complications. One clin
ical study and some reviews for platelet transfu
sion in recent years favorize a lower trigger for 
prophylactic transfusion (1-3). 

Patients and Methods 

From April 1992 to July 1993 we studied 
prospectively the safety and economy of the 
routine morning IOlnl trigger for prophylactic 
platelet transfusion in AML patients (FAB M3 
excluded) compared to the traditional20/nl trig
ger. Exclusion criteria for routine platelet trans
fusion below this 10lnl trigger were as follows: 
in the case of fever > 38.5°C and rapid decrease 
of platelet count the morning trigger should be 
15/nl; a minimum of 20/nl of platelets should be 
maintained in any of the following situations: 
disseminated intravascular coagulopathy (DIC) 
or other coagulation disorders, major bleeding 
(WHO grade> 2), any kind of biopsy, deteriora
tion of sight by retinal bleeding, use of drugs 
affecting platelet function. 

Eight centers of our AML group accepted this 
experimental prophylactic transfusion protocol 
(group A) and nine centers were reluctant and 
used the traditional 20/nl trigger (group B). 
From April 1992 to July 1993, 105 consecutive 
patients of our AML group were included in the 
study and evaluated regarding bleeding compli
cation according to the WHO criteria. The num
bers of platelet transfusions in both groups were 
compared. The economics of both transfusion 
protocols were calculated. In both groups ran
dom single-donor and multiple-donor platelets, 
as available, were mainly transfused with leuko
cyte filters. HLA-compatible transfusions were 

Table 1. Patient characteristics 

Median (years) 
Range (years) 
femalelmale (%) 
Leucocyte count before treatment> 100/nl(%) 
Platelet count before each cycle < 100 nIl 
> 100lnl 
AMi (MO/MlIM2)(%) 
AMi (M4/MS)(%) 
AML (M6/M7) (%) 
Complete remission rate (%) 
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performed only after 
unmatched transfusions. 

Results 

refractoriness to 

We examined prospectively 2198 days of throm
bopenia « 25/nl) during 110 treatment cycles 
in group A and 1645 days during 106 cycles in 
group B, respectively. Mean age of all patients 
was 47 years (range 17-73 years). The groups 
were comparable for age, sex, and FAB classifi
cation. Pretreatment blood cell counts and the 
Complete Remission (CR) rate were both in 
favor of group B (See Table 1). The relationship 
of single-donor vs. multiple-donor platelets 
used in groups A and B was well balanced, 1: 5.1 
vs. 1:5.3, respectively. The median time of 
thrombopenia per treatment cycle was longer 
for the stringent transfusion group A as expect
ed: 18 days for group A vs. 13 days for group B. 
Bleeding WHO grade 0/1 was 82% vs. 83%, 
grade 2 was 18% vs. 9% and grades 3 and 4 was 
0% vs. 8%. There was no statistically significant 
difference between the two groups for clinically 
relevant bleeding complications (> grade 2). 

The reduction of platelet transfusion in group 
A compared to group B was 38% (p < 0.05) 
despite the longer median time of thrombocy
topenia in group A. The nine patients with grade 
3 and 4 bleeding were all in group B. Six of these 
patients had a platelet count > 30/nl at the time 
of seven complication. Seven out of nine had 
AML M4 or MS. Four patients died the day fol
lowing bleeding, but none of fatal bleeding. The 
causes of death were: two irreversible septic 
shock with acute respiratory distress syndrome, 
(ARDS), one acute heart arrest during hyperleu-

Group A GroupB 

4S.2 49.1 
17-72 25-73 
50/50 49151 
6 3.6 

56.9 36.6 
43.1 63.4 
50 46.7 
44.6 46.7 
5.4 6.6 

53.5 68.1 



Table 2. Analysis of major bleeding complications of WHO grades 3 and 4 

Patient No. AML WHO grade Bleeding site 

M4 3 Diffuse 
2 M5 3 Vaginal, 1 week 

post partum 
3 M4 3 Rectal 
4 M4 3 Unclear decrease 

ofHb 
M5 4 Diffuse plasmal. 

coagulation disorder 
6 M4 3 Unclear decrease 

ofHB 
7 M2 4 Gastrointestinal, 

stress ulcer 
8 M2 Rectal and vaginal 
9 M4 3 Hemorrhagic 

diarrhea 

cocytosis, one hepato-renal failure in a patient 
with liver cirrhosis (see Table 2). 

The cost analysis per treatment cycle (platelet 
transfusions and costs for medical personnel) in 
group A compared to group B were DM-5932 vs 
DM-9643. This led to an overall reduction of costs 
for group A of DM-400 000 in the study period. 

Acknowledgment. This was a cooperative AML 
study by the siiddeutsche Hamoblastosegruppe 
and was supported by the Deutsche KrebshiIfe. 

Platelets/nl Major complications Outcome 

58 Bacterial sepsis Resolved 
53 None Resolved 

17 Sigmoiditis Resolved 
9 Pneumonia Resolved 

36 Hepatic-renal Death, hepatic 
syndrome failure 

36 Hyperleucocytosis Death, heart 
arrest 

36 Septic shock! ARDS Death, irreversible 
shock 

13 None Resolved 
50 Septic shock! ARDS Death, irreversible 

shock 
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Introduction 

The transplantation of allogeneic peripheral 
blood progenitor cells (PBPC) could provide 
durable hematopoietic engraftment. In healthy 
bone marrow (BM) donors, large amounts of 
PBPC can be mobilized with hematopoietic 
growth factors (1-7). However, the high content 
of immunocompetent T cells in apheresis prod
ucts may expose recipients of allogeneic PBPC to 
an elevated risk of acute graft-versus-host disease 
(aGVHD) [2,8,9]. Thus, the use of an appropri
ate T cell reduction, but not depletion technique 
might reduce this risk [9,10]. The hazards of 
rejection and of a higher relapse rate should be 
avoided by maintaining a portion of the T cells in 
the graft [10, 11]. The positive selection of CD34+ 
cells from peripheral blood preparations simulta
neously provides an approximately 1000-fold 
reduction of T cells [8,12]. Purified CD34+ cells 
containing committed and pluripotent stem cells 
[13-16] may be sufficient for allogeneic trans
plantation [17]. The aim of the study was the 
development of a protocol for allogeneic trans
plantation of PBPC instead of BM cells. 

Materials and Methods 

Three patient groups were studied: group I 
received unmanipulated (BM), 4.5 x 106 CD34+ 
and 172.3 x 105 CD3+ cells/kg and stored 
immunoselected (IS) PBPC, 3.3 x 106 CD34 + and 
3.7 x lOs CD3+ cells/kg; group II was transplant-

'BMT Unit, Medical School Hannover, Germany 
2CellPro Inc., Bothell, W A, USA 
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ed with both IS BM, 1.6 x lO" CD34+ and 0.6 x 105 

C03+ cells/kg and stored IS PBPC 2.3 x 106 

C034+ and 2.7 x lOs C03+ cells/kg; group III 
received only fresh IS PBPC, 6.2 x 106 CD34 + and 
9.4 x 105 CD3+ cell/kg. Granulocyte colony-stim
ulating factor (G-CSF) primed (2 x 5 f,1g/kg) 
PBPC were collected on days 4 and 5 (groups I 
and II) or on days 4-7 (group III) of mobiliza
tion. BM harvest was performed on day O. CD34+ 
cells were selected from the pooled PBPC con
centrates or BM harvests by immunoadsorption 
onto avidin with the biotinylated anti-CD34 
monoclonal antibody 12.8 (Ceprate SCR, Cellpro, 
Seattle, USA). A historical control group trans
planted with a mean of 5.2 x 106 CD34~ cells/kg 
and 156 x lOs CD3+ cells/kg from BM alone was 
assembled for comparison. Patients were condi
tioned with either busulfan (16 mg/kg) or 12 Gy 
total body irradiation (TBI) followed by 120 
mg/kg cyclophosphamide. Cyclosporin A (CsA) 
and short methotrexate were used for GVHD 
prophylaxis. Group III patients only received 
CsA. After transplantation all study and control 
patients received G-CSF (5 f,1g/kg per day iv.) and 
erythropoietin (150 U/kg per day, continuous Lv. 
infusion). 

Results 

Median recovery times of neutrophils, platelets, 
and reticulocytes (Ret) are shown in Table 1. 
The rates of acute GVHD in groups I-III were 
similar to control patients. So far no graft rejec
tion or leukemic relapse has occurred. 



Table 1. Median recovery time 

Group l(n - 5) Group II (n = 5) Group III (n = 3) 
(days) 

Controls (n = 12) 
(days) (days) (days) 

Neu> 100/!.!1 12 14 
Neu >500/!.!1 15 15 
Neu> 1000/!.!1 17 18 
Pit> 50000/!.!1 24 35 
Ret> 10000/!.!1 14 16 

Neu, neutrophils; pit, platelets; Ret, reticulocytes. 

Discussion 

The addition of allogeneic PBPC to bone mar

row cells accelerated the hematopoietic recovery 
as compared to historical control patients. Also, 
in comparison with published data, this effect 

was evident in neutrophil and erythrocyte re
generation. The platelet recovery of our control 
group was longer than the usual 12-24 days 

[18J. However, patients who received PBPC 
alone had a short interval of 15 days to platelet 
recovery. Similar data have been published with 
unselected PBPC by other groups [19-21]. 

With this protocol of combined transplanta
tion we were able to switch the allogeneic trans
plantation program in adult patients from bone 
marrow to blood stem cells. We are now investi

gating whether immunoselected PBPC along 
with low numbers of T cells (1 x 105/kg) are suit
able for stem cell grafting. However, there are 

several open questions, if PBPC are transplanted: 

I. What number and quality of blood stem cells 
are required for durable engraftment? 

2. Is the incidence of acute and chronic GVHD 
increased if large amounts of T cells from 
peripheral blood are transplanted without 
prior T cell depletion? 

3. Will the graft-versus-leukemia effect be more 
potent, if more T cells are transplanted? 

4. If T cells are depleted, will the known prob
lems of this method, such as rejection, graft 
failure or leukemic relapse recur? 

S. Are there late sequelae of using G-CSF for a 
healthy donor1 

Several prospective studies have now begun, 
in order to find answers to these questions. 
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Quality of Life in Patients with Acute Myeloid Leukemia - A Longitudinal Study 

A. Schumacher, T. Kessler, T. BUchner, and j. van de Loo 

Abstract. In oncology, quality of life (QL) has 
become an essential criterion for evaluating the 
effects of therapy in clinical trials. So far, in 
adult patients suffering from acute leukemia 
assessment of QL has not been considered pos
sible due to poor prognosis and the acute course 
of the disease. Advances in chemotheraphy sig
nificantly prolong survival of patients with acute 
myeloid leukemia (AML) and may cure a signifi
cant percentage (25%-30%) of patients. 
Therefore, the assessment of QL of patients 
undergoing chemotherapy is of growing inter
est. This study was designed to evaluate QL in 
patients with AML treated according to the pro
tocol of the German AML Cooperative Group 
(Munster). 

The dynamic concept of QL can change as an 
adaptational process interacting with life cir
cumstances. The assessment of QL is usually 
achieved by an evaluation of specific compo
nents contributing to the QL construct. Based 
on conceptual, methodological, and practical 
criteria, the European Organization for 
Research on Treatment of Cancer (EORTC)
QLQ c30 questionnaire was used. Patients' indi
vidual perception of their disease and therapy 
was evaluated by a semi-structured interview. 
QL will be analysed during induction therapy 
and maintenance therapy over 3 years, evaluat
ing defined specific parameters at 12 different 
time points. The questionnaire is administered 
in the first four courses of chemotherapy (dou
ble induction, consolidation, first cycle of main
tenance therapy) during in-patient treatment, 
before and after drug-induced myeloid aplasia. 

Every 6 months during out-patient treatment, 
patients assess a set of mailed questionnaires up 
to the end of their treatment. 

Currently, 74 patients are enrolled in the pro
tocol. Those patients having completed the 
course of in-patient treatment are evaluated for 
changes in the conceptually distinct QL 
domains: physical functioning (p = .000) and 
emotional functioning (p ~ .001) improve signif
icantly from beginning of chemotherapy to the 
end of in-patient treatment. Individual assess
ment of global health status and subjective QL 
(p = .000) improve significantly over the same 
time. Patients suffer significantly less from 
fatigue, nausea/emesis, and loss of appetite 
(p = .000). The content analysis of the interviews 
shows to what extent aspects of the in patient 
setting influence patients' QL. As clarified by the 
qualitative data, a substantial number of 
patients experience a secondary benefit from 
their disease. Although only a minority of 

patients with AML remain in continuous com
plete remission, the evaluation of QL in patients 
undergoing treatment shows that subjective 
benefit outweighs the adverse effects of anti
leukemic therapy. 

Introduction 

In hematology, quality of life (QL) has become 
an essential criterion for evaluating the effects of 
therapy in clinical trials. So far, in adult patients 
suffering from acute leukemia, assessment of QL 
has not been considered possible due to poor 

University of MUnster, Department of Internal Medicine A, 48129 MUnster, Germany 
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prognosis and the acute course of the disease 
[1]. Advances in chemotherapy significantly 
prolong survival of patients with acute myeloid 
leukemia (AML) and may even cure a significant 
percentage (25%-30%) of patients [2]. 
Therefore, the assessment of QL of patients 
undergoing chemotherapy is of growing inter
est. This study was designed to evaluate QL in 
patients with AML treated according to the pro
tocol of the German AML Cooperative Group in 
Miinster 

Material and Methods 

According to current standards [3,4] at least 
three domains should be included in order to 
evaluate QL: physical, psychological, and func
tional status. The dynamic concept of QL can 
change as an adaptational process interacting 
with life circumstances. The assessment of QL is 
usually achieved by an evaluation of specific 
components contributing to the QL construct. 
Based on conceptual, methodological, and prac
tical criteria, we used the QL questionnaire 
developed by the European Organization for 
Research on Treatment of Cancer (EORTC): 
EORTC-QLQ C30 [5]. The EORTC QLQ-C30 is a 
30-item questionnaire composed of multi-item 
scales and single items that reflect the multidi
mensionality of the QL construct (Table 1). 

Quality of life will be analysed during induc
tion therapy and maintenance therapy over 3 
years, evaluating defined specific parameters at 
12 different time points. The questionnaires are 

double 
induction 

consolidation 

TAD9 

Table 1. EORTC-QLQ C30 subscales 

Functional scales 

Physical functioning 
Role functioning 
Emotional functioning 
Cognitive functioning 
Social functioning 
Global health status! 

quality of life 

Symptom scales 

Fatigue 
Nausea and vomiting 
Pain 
Dyspnea 
Sleep disturbance 
Appetite loss 
Constipation 
Diarrhea 
Financial impact 

administered in the first four courses of 
chemotherapy (double induction, consolidation, 
first cycle of maintenance therapy) during in 
patient treatment, before and after drug
induced myeloid aplasia. Every 6 months during 
outpatient treatment, patients assess a set of 
mailed questionnaires up to the end of their 
treatment. Patients' individual perception of 
their disease and therapy is evaluated by a semi
structured interview during the first cycle of 
maintenance therapy (Fig. 1) . 

Results 

Currently, 74 patients are enrolled in the proto
col. Those patients having completed the course 
of in-patient treatment are evaluated for 
changes in the conceptually distinct QL 
domains: physical functioning (from 62.92 to 
92.36, P = .000) and emotional functioning 

AD 

maintenance 
therapy 

AT TAD 9/ 
HAM Prolonpd mDin.Mllc¥ thten:rpy 

.. "1iI3~aftnCR 
AD, J\. T, AC a monthly main t.rru:uz c::roun.t 

Fig. 1. Design of the study 
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a 

(59.38 to 74.27, p-.001) significantly improve 
from the beginning of chemotherapy to the end 
of in-patient treatment (Fig. 2). This means that 
at the end of in-patient treatment, patients' 
physical fitness has improved and patients do 
not worry that much anymore. Individual 
assessment of global health status and subjective 
QL (Fig. 3) significantly improve over the same 
time (42.71 to 69.94, p=.OOO). The symptoms 
fatigue, nausea/emesis, and loss of appetite vary 
during the course of treatment (Fig. 4). Accor
dingly, patients suffer significantly less from 
fatigue (61.81 to 28.18, P = .000), nausea/ emesis 
(22.22 to 14.58, P = .000), and loss of appetite 
(45.14 to 18.75,p=.000) at the end of in-patient 
treatment. 

Discussion and Outlook 

Although only a minority of patients with AML 
remain in continuous complete remission, the 
evaluation of QL in patients undergoing treat-
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Fig.2a,b. EORTC-QLQ-C30 subscales "physical func
tioning," U(a,n = 24; P = .000)" emotional functioning 
(Ub, n = 24',p = .001) (a higher scale score representing 
a higher level of functioning) 
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Fig. 3. EORTC-QLQ C30 subscale "Global health sta
tus/quality of life" (n = 24; P = .000) (a higher scale 
score representing a higher level of QL). 
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ment shows that subjective benefit outweighs 
the adverse effects of antileukemic therapy. This 
seems to be somewhat unexpected since one 
would assume that treatment toxicity and poor 
prognosis would be associated with poor QL. 
However, for example, a number of studies with 
breast cancer patients [6-8] highlight the fact 
that patients set different priorities in defining 
their individual QL to what doctors and nurses 
would consider, e.g., they may trade more toxic
ity for a brief extension oflife [9]. 

The interviews in our study underline these 
results and highlight the different aspects of 
patients' QL. The content analysis of data (spon
taneous statements) shows to what extent 
patients rely on the emotional support they get, 
not only from their family but from nurses, med
ical staff, and psychologists as well. This is a very 
important factor contributing to patients QL 
during in-patient treatment (Fig. 5). Other 
aspects of the in-patient setting diminish 
patients' QL. Patients complain about the lack of 
entertainment facilities when staying in hospital 
for such a long time. Lack of privacy bothers 
quite a number of patients. The quality of hospi
tal food is obviously one of the most important 
aspects of QL. At first glance, this may seem to be 
a minor fact. However, if one takes into account 
the fact that patients usually have only very 
reduced ways of experiencing the outside world, 
the sensual enjoyment of food intake plays a 
dominant role in their subjective well-being. 

The analysis of the interviews reveals certain 
major factors influencing patients' psychosocial 
well-being. Undergoing treatment for such a 
long time makes it difficult for patients to cope 
with their disease. Of 23 patients, 78% find it 
hard to set up a daily routine at home as they 
frequently have to go back to hospital for several 
courses of in-patient therapy. During out
patient treatment, the monthly course of ther
apy means an interruption in their everyday 
routine like work, family and household tasks. 

• Emotional support (51 %) ',+ 

• Quality of hospital food (35%) -
• Boredom (13%) -
• Lack of privacy (18%) ,-, 
Fig. 5. Aspects of in-patient treatment setting con-
tributing to patients' QL (n = 23) 
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"Leading a plain, ordinary life, back in my daily 
routine" is a highly desired aim for most 
patients. Uncertainty about long term remission 
is another threat to patients' psychosocial well
being (23%). Recurrent offers to talk about 
whatever seems vital to them can help patients 
adjust to their situation and can even encourage 
them to see positive changes in their life. We 
find some patients experience a kind of sec
ondary benefit from their disease: many of them 
(65%) claim they get a different perspective on 
life, being ill makes them readjust their priori
ties, life has become more valuable to them and 
therefore they are able to enjoy it in a very 
intensive way. 

Acute myeloid leukemia patients have to 
undergo treatment for a long period of time 
without ever being sure about long-term remis
sion. To support these patients and help them 
cope with the uncertainity is a major challenge 
for all medical personnel. 
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