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Preface

The progress in the treatment of childhood and adult acute leukemias within
the last 10-15 years was pioneered by the work of single institi:tions
incorporating modern leukemia cell research and pharmacology into the
design of chemotherapeutic regimens. These new approaches, however, had
to be validated by representative prospective studies in order to clearly
demonstrate the efficacy of special concepts and to identify prognostic
determinants and differences between patient subgroups.

It was therefore the aim of the First International Symposium “Acute
Leukemias: Prognostic Factors and Treatment Strategies” held in Miinster
in 1986 to provide a broad overview over the present status of chemotherapy
and bone marrow transplantation in childhood and adult leukemias with
special emphasis on the results of multicenter trials recruiting large numbers
of patients in Europe and oversea countries. In addition, new aspects of
cytogenetics, leukemia cell biology and modern diagnostic techniques as well
as improvements in supportive treatment were covered.

In an attempt to summarize the major results presented during this
meeting, which are given in detail in the present book, the following
conclusions may be drawn: In adults with acute myeloid leukemia complete
remissions are achieved in 60 to 70% of all patients and translate into long-
term remissions in 15 to 25% of responders. Monthly maintenance
chemotherapy was found to prolong remission duration significantly. In
addition, late intensification, early consolidation or, as a new approach.
double induction therapy seem to improve remission duration whereas
intensive immunotherapy with neuraminidase-treated blasts failed to in-
fluence the outcome. Treatment of childhood acute myeloid leukemia by
extended multidrug chemotherapy or intermittent consolidation resulted in
40-60% long-term remissions as reported by three different studies. In
children with acute lymphoblastic leukemia the overall cure rate approaches
70-75% based on risk-adapted treatment stratifications. Similar concepts
for the therapy of acute lymphoblastic leukemia in adults have produced
long-term remissions in approximately 40-50% of responders and may be
further improved by intensive consolidation. Additional progress in first line
therapy of acute leukemias can be expected from new second line regimens
producing high response rates in refractory leukemias. Encouraging results
were also reported, both in children and adults, after allogeneic bone marrow
transplantation in first remission and in more advanced disease. preliminary
data of autologous bone marrow transplantation with or without in vitro
purging seem also promising.



The results of these trials obviously open new ways of effective anti-
leukemic therapy and certainly stimulate the evaluation of other therapeutic
approaches. The hope for further increasing cure rates in acute leukemias
seems therefore justified and will result from the combined efforts of clinical
and basic research.

Miinster, Spring 1987 T. BUCHNER
G. SCHELLONG
W. HIDDEMANN
D. UrRBANITZ
J. RITTER
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Cell Kinetics in Leukemia and Preleukemia*™

P. Dormer!, G. Ucci?, Ch. Hershko?, and W. Wilmanns*

A cell lineage affected by acute leukemia is
distinguished from the corresponding nor-
mal lineage by a prevalence of immature
blast cells and a deficit of mature cells. Cur-
rently there are two different concepts of
antileukemic therapy that might profit from
a clearer understanding of the causes of the
excess of blast cells. These concepts are ei-
ther to sweep out the leukemic cells by cyto-
toxic treatment, or to induce them to differ-
entiate in a fashion like normal cells. We are
interested to know if cell kinetics can add to
this understanding.

In general, neoplastic lesions are associ-
ated with an increased number of proliferat-
ing cells. However, in the full-blown
neoplastic state the proliferative activity of
the individual cells is not necessarily in-
creased. In fact, it may even be decreased.
The primary cause of the increased number
of proliferating cells is as yet unresolved. It
might be a defect in the regulation of either
proliferation or differentiation. The abso-
lute number of proliferating cells in a tumor
results from the ratio of the rates of relative
cell production and cell loss. Cell loss means
either death or disappearance of cells from a
compartment by differentiation. While there
are tools for studying the relative cell pro-
duction rate in humans by dividing the label-

* This study was supported by the Deutsche For-
schungsgemeinschaft: Do 184/2-3.

! GSF, Institute for Experimental Hematology,
Munich, Federal Republic of Germany.

2 Istituto di Patologica Medica I, Universita di
Pavia, Italy; 3 Shaare Zedek Medical Center, Je-
rusalem, Israel; * Medizinische Klinik I1I, Klini-
kum GroBhadern, Miinchen, Federal Republic of
Germany.

ing index by the DNA synthesis time in a
compartment [2, 3], there are no such means
for determining the rate of cell loss as far as
steady state-like conditions are concerned.
Many of our studies, therefore, deal with
only one side of the coin, and it is only infer-
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Fig. 1. Relative rates of cell production in the vari-
ous bone marrow cell compartments of healthy in-
dividuals and patients with myeloproliferative dis-
orders. Vertical bars indicate +SEM. BM, bone
marrow; PE, proerythroblasts; BE, basophilic
erythroblasts; PL, polychromatic erythroblasts;
M B, myeloblasts; PM, promyelocytes; MC, mye-
locytes. (From [5])
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red that the other side is roughly equivalent,
which may be permissible as long as there is
no gross change in the total cell number dur-
ing the observation period.

When the relative rates of cell production
(Fig.1) in normal hemopoiesis and in
chronic myeloid leukemia (CML) are con-
sidered, a comparable increase from mye-
loblasts to promyelocytes, and from pro-
myelocytes to myelocytes is seen. On the
other hand, erythropoiesis in CML shows
reduction in the relative production rate of
polychromatic erythroblasts consistent with
the notion of premature cell death in the
compartment of polychromatic erythro-
blasts [5, 17]. All cases of CML and acute
myeloid leukemia (AML) as well as two out
of four cases of blast crisis were studied prior
to antileukemic treatment. In AML a high
relative cell production rate is only seen in
the myeloblast compartment. Promyelo-
cytes and myelocytes exhibit the so-called
maturation arrest. Although erythropoiesis
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in AML shows a reduced relative cell pro-
duction rate present as early as at the proery-
throblast stage, the absolute proerythroblast
production rate may be still normal when al-
lowance is made for the increased total
number of cells. On the other hand, in agree-
ment with morphological findings [16], a
marked amount of premature cell death can
be deduced from the relative production
rates of basophilic and polychromatic ery-
throblasts, since there is no increase over the
respective preceding compartment. Blast cri-
sis in CML shows a kinetic pattern interme-
diate between AML and CML.

In summary, these data suggest a primar-
ily proliferative lesion in CML without alter-
ation of the differentiation into granulo-
cytes. Maturation arrest becomes obvious at
the stage of transition to blast crisis, which
thus might be a secondary process. Concern-
ing erythropoiesis, a defect in differentiation
is also apparent, however, without changes
in proliferation in the earliest recognizable
compartment. This may suggest that the de-
regulation of proliferation and differenti-
ation is caused by different molecular mech-
anisms. In AML cell kinetics provide no def-
inite answer as to whether the primary lesion
concerns proliferation or differentiation.

The cell kinetic properties of individual
leukemic blast cells may be quite similar to
those of corresponding normal cells.
Gavosto et al. [8] showed some 20 years ago
that the labeling index of the blast cells de-
creases with nuclear size. On the other hand,
we observed a long time ago [4] that the
DNA synthesis time of blasts in leukemia as
well as preleukemia also depends on nuclear
size (Fig.2). These findings have been es-
sentially confirmed in a human leukemic cell
line by Yen et al. using the labeled mitoses
technique [20]. It is therefore plausible that,
comparable to normal hemopoiesis, there is
also some proliferative hierarchy in leu-
kemic blasts, such that large cells have short
cycle times and divide into smaller cells with
longer cycle times. These, in turn, transit
into small nonproliferating cells that even-
tually die. Concerning the mode of self-re-
newal of AML blasts, it is still speculative
whether a lineage-like model with a small
self-maintaining precursor compartment or
a recruitment model with the same probabil-
ity for any blast to serve as a stem cell applies



Table 1. DNA synthesis time and labeling index in
euploid cases of AML

Case no. t, (h) Li (%)
1 10.8 17.0
2 12.0 5.2
3 12.6 3.9
4 15.7 9.6
5 16.3 4.9
6 18.8 19.5
7 21.6 6.8
8 25.6 8.9

t,, DNA synthesis time; Li, labeling index.

[14, 15]. Cell surface investigations favor the
former model by demonstrating that the pre-
cursor compartment has properties of more
immature cells than do the cells grown to
colonies [11, 13, 19]. This field is definitely
complicated by findings of the Fialkow
group indicating that in some cases of acute
nonlymphocytic leukemia (ANLL), only the
granulocytic lineage is involved in the leu-
kemic process, while in other cases the stem
cell is at least bipotential [7].

In untreated acute myeloid leukemias se-
lected for euploidy in terms of DNA con-
tent, a broad distribution of the mean blast
DNA synthesis time 1is encountered
(Table 1). The mean value for normal mye-
loblasts is roughly 13h [1]. It is obvious, as
has been shown by many others before, that
the labeling index is markedly lower than in
normal myeloblasts. There is no correlation
between DNA synthesis time and labeling
index in these cases. However, a close corre-
lation between the labeling index and the
fractional birth rate of blasts is encountered
(Fig. 3). The labeling index determined by ei-
ther autoradiography or an adequate flow
cytometric method can thus be taken as a
measure of the relative cell production rate
of these blasts.

Comparable observations were made in
childhood acute lymphoblastic leukemia
(ALL) [6]. Here we also find a close correla-
tion of the labeling index with the relative
cell production rate of blasts. We further ob-
served (Fig. 4) that the DNA synthesis time
and the labeling index of hyperdiploid cases
were increased by the same factor over dip-
loid cases. This means that the mean DNA
synthesis rate is equal in both groups. Look

et al. [12] were the first to report a relation-
ship between aneuploidy and the S-phase
fraction in childhood ALL and suspected
that hyperdiploidy is associated with a pro-
longed DNA synthesis time. Based on obser-
vations of a better prognosis in hyperdiploid
than in diploid cases, they have inferred that
a higher probability exists for the individual
cell of hyperdiploid cases to be hit by an
antileukemic drug while staying in the S-
phase. Our data support their suspicion.
However, we would hesitate to subscribe to
their interpretation of the better prognosis,
since hyperdiploidy may equally indicate
higher genetic instability and thus a higher
vulnerability towards antileukemic treat-
ment.

An interesting correlation exists (Fig. 5)
between the DNA synthesis rate of leukemic
blasts in bone marrow and peripheral blood
of the same patient [18]. This includes ALL
as well as ANLL cases. In all cases the rate
of DNA synthesis in peripheral blood is
higher by roughly the same factor than in
bone marrow. We are unable to define the
rules of this relationship. However, it seems
permissible to state that leukemic blasts
show some adaptative behavior towards
their environment. The so-called autono-
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Fig. 3. Relative cell production rates of blasts in
eight cases of euploid AML plotted against the
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mous growth of leukemic blasts thus does
not preclude their capability for some
adaptation. On the other hand, the most sig-
nificant type of adaptation has been lost: to
adapt the production rate of cells to the ac-
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tual cell mass in a compartment. Figure 6
shows that in childhood ALL there is no cor-
relation between the blast cell count in pe-
ripheral blood, used here as an indicator of
total leukemic cell mass, and the cell produc-



Table 2. Effect of cytostatic treatment in CML (chronic phase + blatic crisis) on
duration of DNA synthesis. Statistical evaluation (¢-test) of untreated vs. treated

group

Normal CML CML P

untreated treated

(n=5) (n=4) (n=4)
Proerythroblasts 9.4+1.9* 9.7+2.0% 14.2+2.8* 0.05
Basophilic erythr. 11.04+2.3 12.0+3.7 18.6+3.0 0.05
Polychrom. erythr. 17.0+3.4 19.54+5.7 254453 n.s.?
Myeloblasts 13.2+1.8 13.3+£2.2 179423 0.05
Promyelocytes 134109 13.2+2.0 18.5+1.5 0.05
Myelocytes 141+11 169+2.5 19.942.7 n.s.
* Means +SD.

® n.s., not significant.

tion rate. While this suggests an adaptative
defect, it also indicates that total cell mass is
not a consequence of proliferative activity.
Apparently, the balance between cell pro-
duction and cell loss rate determining the to-
tal tumor mass varies from one case to an-
other.

All these data show few ways in which
antileukemic therapy could profit from spe-
cific cell-kinetic properties of cells in acute
leukemia. On the other hand, it cannot be
excluded that antileukemic therapy has
some influence on the kinetics in leukemias,
for example, by way of a clonal selection
process or by a general alteration of the rep-
licative capability. We have compared the
DNA synthesis time of four CML patients
prior to busulfan treatment (Table 2), which
was normal, with that of four other cases
after busulfan treatment. In this latter group

a treatment-free interval of at least 4 weeks
preceded the cell-kinetic study. A prolonga-
tion of DNA synthesis time was present in
all cell compartments and in most cases was
statistically significant. However, before
stating that busulfan prolongs the DNA
synthesis time it has to be confirmed that
this is not due to the natural history of
CML, since in the second group the disease
had lasted for a longer period. In view of an
increasing genetic instability with time of the
CML cells the latter possibility needs clarifi-
cation.

Preliminary data from a recently finished
prospective study on the kinetics in preleu-
kemia will be briefly described. We found a
close correlation (Fig. 7) between the degree
of ineffective granulocytopoiesis and the
colony-forming  unit-culture (CFU-C)
numbers in bone marrow. This indicates
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that in disorders associated with ineffective
granulocytopoiesis, CFU-C numbers do not
necessarily tell much about the size of the
precursor compartments. The same was true
for erythropoiesis. Thus, no rehable in-
formation on the size of the precursor com-
partments in AML is derived from conven-
tional precursor studies. It was further inves-
tigated whether the transition from preleu-
kemia to overt leukemia is a continuous or
a discontinuous process. Several cases of re-
fractory anemia with excess of blasts
(RAEB) showed that both processes may be
found. In some patients there was a continu-
ous increase in the blast count and number
of blasts in S-phase in the bone marrow as-
sociated with a corresponding decrease of ef-
fective granulocytopoiesis. Other cases of
RAEB, however, did not show significant
kinetic changes over a long period. Then a
sudden change with an acute increase in the
number of blasts in S-phase and a decrease
of effective granulocytopoiesis was ob-
served. This suggests the evolution of a new
clone with different kinetic properties.

In clonclusion, cell kinetics as a method of
dynamic cell population statistics do show
basic alterations of leukemic cells, and in
some instances point to the type of defect in
the underlying molecular mechanisms. In
other instances the underlying mechanisms
remain obscure. Therapy can profit only
little from differences between leukemic and
normal cell kinetics. Cell death kinetics in
vivo as pioneered by Hiddemann et al. [9, 10]
could be of higher significance for treatment
procedures than cell production kinetics, but
routine methods for this purpose are not yet
available. Cell production kinetics, on the
other hand, are easily accessible by determi-
nation of the labeling index.
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Acute Nonlymphocytic Leukemia in Adults:
Pathophysiology, Status of Current Therapy, and New Approaches

R.H. Mertelsmann and F. Herrmann'?

New Pathophysiologic Aspects
of Leukemogenesis and Leukemic Growth

Recent information concerning the cell biol-
ogy of leukemias has provided new insights
into the pathophysiology and pathogenesis
of acute leukemia, involving the detection of
leukemia viruses, oncogenes and their prod-
ucts, and the discovery of factors supporting
clonal leukemic growth. Murine, avian, and
cat leukemia viruses are well characterized.
To date, only HTLV I appears to be a likely
candidate as a human leukemia virus. For
both avian and murine viruses, there is a
fundamental classification distinction be-
tween long-latency viruses (LLV) and acute
transforming viruses (ATV). The ATV are
replication defective and must be propa-
gated with a helper virus. They have within
their genome an identifiable oncogene. The
LLV do not contain such an oncogene and
presumably act by “promotor insertion”,
€.g., a retroviral long terminal repeat (LTR)
inserted 5’ to the cellular oncogene. Acutely
appearing neoplasms are probably not clo-
nal, but reflect infection of multiple target
cells. Long-latency neoplasms, however, are
clonal and probably reflect expansion of a
random oncogenic event. There are usually
differences between in vitro and in vivo tar-
get cell specificities for these viruses. Fur-
thermore, pathogenicity in the animal is
greatly affected by animal age, inoculum
route, and the genetics of the recipients. Tar-
get cell specificities will hopefully be classi-

! Department of Hematology, Johannes Guten-
berg-University, Mainz, Federal Republic of Ger-
many.
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fied by new in vitro culture techniques for
hematopoietic cells. Three avian ATV are
interesting because of their apparent target
cell specificity:

AEV (erythroblastosis virus), AMYV
(myeloblastosis virus), and MC 29 (myelo-
cytomatosis virus). Relative numbers of tar-
get cells appear to differ for these viruses: 50
for AEV, 700 for AMYV, and 3500 for
MC 29. AEV (V-erb B) affects erythroid
precursors (presumably BFU-E), AMV (V-
myb), early myeloid precursors, and MC 29
(V-myc), macrophage-like cells. In vitro
AEV and MC 29, but not AMV, transform
fibroblasts.

These viruses illustrate general issues con-
cerning acute transforming oncogenic
viruses: (a) is the defect the result of a block
at a specific point in a hematopoietic lin-
eage? (b) Is the block affected by constitutive
or high-level production of crucial cellular
genes particular to that stage of differenta-
tion? (c) If so, can analogous cellular gene
products be found in these cell types?

Pragmatically, ATV are capable of ex-
panding a specific compartment of hemato-
poietic cells, which makes possible their mo-
lecular characterization (e.g., Friend ery-
throleukemic virus).

An example of “promotor insertion” ap-
pears to occur in the murine WEHI-3B cell
line, where LLV insertion near the interleu-
kin-3 gene results in its constitutive synthesis
and subsequent autocrine stimulation of cell
growth [1]. Similarly, in human leukemia,
the “leukemogenic event” may result from
virus infection with expression of the viral
oncogene or possibly from the juxtaposition
of cellular proto-oncogenes with genes



undergoing rearrangement during normal
hematopoietic development. In this context,
C-fms is of interest.

C-fms, the cellular homologue to V-fms,
the oncogene of a feline sarcoma virus, was
found to be related to the receptor for CSF-
1, a lineage-specific growth factor for the
proliferation of monocytoid precursor cells
[2]. Overexpression of CSF-1 receptors may
result in abnormal proliferation of the re-
spective cell type. Since C-fms is located on
chromosome 5(q), an absence of the CSF-1
receptor, as seen in 5q~ syndrome, may
have complex effects resulting in acute non-
lymphocytic leukemia (ANLL). Also, auto-
crine stimulation of leukemic growth may
take place in the pathogenesis of human
ANLL. It is difficult to determine primary
oncogenic events, since proto-oncogene am-
plification or constitutive expression may
only reflect an additional selective growth
advantage acquired after the initial deregu-
lation of growth control. However, analo-
gously to the events causing myeloid leu-
kemia in animal models, there may be corre-
sponding mechanisms of leukemogenesis for
humans. It might be hypothesized that a leu-
kemic event such as transformation by a hu-
man leukemia virus or activation of one or
more proto-oncogenes by other mecha-
nisms, take place in a normal myeloid proge-
nitor cell, which then expands as a clonal
population of cells with progenitor cell
properties, unrestricted growth, and limited
differentiative capacity.

A small subset of leukemic cells (< 1% of
the total leukemic population) from many
patients with ANLL has been shown to form
clones in vitro in semisolid medium [3].
These clonogenic cells, leukemic colony-
forming cells (L-CFC), have several proper-
ties that are not shared by the majority of
leukemic cells: A high fraction of L-CFC is
in S-phase, the cells have the ability to divide
rapidly in vitro and have self-renewal capa-
bility [4, 5]. L-CFC share these properties
with normal myeloid progenitor cells. It has
been proposed that L-CFC act as progenitor
cells in vivo and are responsible for the
maintenance of the leukemic blast cell popu-
lation. Growth of L-CFC ist dependent on
growth factors that are only poorly defined.
The possibility that some autocrine growth
factors are secreted and utilized has also

been considered, but not investigated exten-
sively. However, recent studies with recom-
binant granulocyte/macrophage colony-
stimulating factor (GM-CSF) have sug-
gested that L-CFC proliferation in a large
proportion of ANLL patients can be effec-
tively induced by that factor [6]. Moreover,
in some patients, it was possible to demon-
strate the constitutive secretion of a growth
factor with GM-CSF biological activity by
leukemic cells. The autonomous growth of
L-CFC by these patients was further sub-
stantiated by Northern blot analysis of pa-
tients’ mRNA with a specific cDNA probe
for GM-CSF and immunologic identifica-
tion with anti-GM-CSF monoclonal anti-
body [7]. Further investigations are cur-
rently in progress to establish whether all
leukemic cells secrete GM-CSF or other
CSF species or whether only a subset is re-
sponsible (proliferating or nonproliferating
cells). It is possible, for example, that only
the latter differentiated and nonproliferating
cells secrete CSF. If so, this would presum-
ably be in a constitutive, nonregulated man-
ner which could contribute to the prolifera-
tive thrust of the tumor, since normal differ-
entiated myelomonocytic cells do not secrete
CSF without inducing factors [8].

Basic research on the molecular basis of
leukemogenesis, the regulation of expression
of relevant genes, and their modulation by
agents with therapeutic potential should
eventually lead to more rational and effec-
tive models of therapy.

Status of Current Therapy

Acute nonlymphoblastic leukemia can now
be cured in some adult patients. At present,
10%-30% of all patients started on treat-
ment survive more than 5-10 years. At-
tempts to recognize prognostic factors iden-
tifying patients with good or poor prognosis
at diagnosis have led to several interesting
observations which eventually should allow
stratification to more or less intensive treat-
ment regimens based on prognostic param-
eters.

The standard induction treatments for
ANLL employ a combination of an anthra-
cycline and cytosine arabinoside (ara-C) at
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intermediate, and more recently, at high
doses, giving remission rates of between
50% and 90%, depending on patient age,
risk factors, and other prognostic param-
eters. Induction treatment is followed by one
or more consolidation cycles with either the
same regimen used for induction or with a
sequence of potentially non-cross-resistant
combinations. In children and young adults,
very intensive consolidation treatment
cycles are well tolerated and appear to be as-
sociated with longer remissions in these pa-
tients [9, 10]. Older patients do not tolerate
repeated cycles of nadir-inducing regimens
very well, and deaths in complete remission
can be a major problem when using an ag-
gressive consolidation approach. Studies re-
porting advantages for intensive consolida-
tion over no consolidation have not been
randomized, and patient selection has to be
considered as a factor responsible for the ob-
served differences between patients with and
without “intensification” [11, 12]. There is
very little evidence to suggest that mainte-
nance treatment is of benefit in ANLL. Simi-
larly, the role of early and late intensification
has not been clearly identified. The single-
arm studies presented to date have not taken
into account the fact that patients who are in
continuous complete remission at 1 year (the
usual time point selected for late intensifica-
tion) have a 10-year survival of approxi-
mately 50% even without “late intensifica-
tion”.

Ongoing studies of ANLL and related
disorders include both clinical studies and
laboratory projects to elucidate mechanisms
of leukemogenesis and leukemia pathophys-
iology in an effort to design new therapeutic
strategies. The clinical studies focus on (a)
further phase I, II, and III trials of new
chemotherapeutic agents; (b) allogeneic
bone marrow transplantation; (c) autolo-
gous marrow transplantation with and with-
out in vitro elimination of leukemic cells
(“purging”™); (d) prognostic factor analysis
with stratification to different therapeutic
approaches for prognostic subgroups; and
(e) phase 1, I1, and III trials of biological re-
sponse modifiers (BRM). Preclinical in vitro
and in vivo evaluation of new agents include
BRM and attempts at purging bone mar-
rows of leukemic cells for later autologous
transplantation.

12

Prognostic Factor Analysis

The ongoing analysis with respect to prog-
nostic - factors of all patients with ANLL
treated on recent protocols has documented
advanced age, an absence of Auer rods, and
elevated terminal deoxynucleotidyl transfer-
ase activity (Tdt) as unequivocally associ-
ated with a poor prognosis. ANLL develop-
ing after a preceding myelodysplastic syn-
drome (MDS) or secondary ANLL develop-
ing after chemotherapy and/or radiotherapy
also respond poorly to conventional ara-C/
anthracycline combinations, but might be
more responsive to high-dose ara-C/anthra-
cycline combinations or to low-dose ara-C.
Upon completion of the statistical analysis
of prognostic factors, stratification is plan-
ned in order to explore new treatment strate-
gies, using BRM, for example, for patients
expected to do poorly on convential re-
gimens.

Recently, a subgroup of myelomonocytic
leukemia with eosinophilia (M4Eo) and a
specific chromosome inversion (16, p13q22)
has been recognized that is associated with a
high rate of complete remission (>90%),
long remissions (median, 18 months), and
long survival (median 34 months). This
group was further characterized by a high
incidence (35%) of CNS disease. It is antici-
pated that more precise classification of leu-
kemias by cytogenetic and recombinant
DNA techniques will lead to further defini-
tion of prognostic subgroups with therapeu-
tic implications, as evidenced by the M4Eo
subcategory.

New Approaches
New Drugs and Schedules

The introduction of new anthracyclines and
related agents has increased the spectrum of
drugs that can be used successfully for re-
mission induction in ANLL. So far, how-
ever, only decreased toxicity or a different
spectrum of toxicities, rather than increased
therapeutic efficacy have been achieved and
might lead eventually to the replacement of
daunorubicin by other agents as the anthra-
cycline of choice. The combination of
AMSA (Z. Arlin, personal communication)
or daunorubicin [13] together with high-



dose ara-C might prove to be the most effec-
tive induction/consolidation regimen avail-
able today. While the search for more effec-
tive and less toxic drugs will have to conti-
nue, alternative forms of therapy will have
to be pursued more actively in view of the
consistently poor overall results, especially
for older patients with ANLL [14]. The
pharmacologic, biological, and clinical ef-
fects of low-dose ara-C are under active in-
vestigation here and elsewhere. Although
not very efficacious, it appears to offer a less
toxic therapeutic alternative for poor-risk
patients with ANLL or MDS (for review, see

[15)).
Autologous Marrow Transplantation

The indications for allogeneic marrow trans-
plantation in young patients with ANLL in
complete remission and with a compatible
sibling donor appear to have been estab-
lished. Autologous marrow transplantation
without [16, 17] or with in vitro elimination
of residual leukemic cells, in particular L-
CFC, by immunologic [18] or chemothera-
peutic [19, 20] techniques for older adult pa-
tients or those without a suitable donor is an
area of intensive research pursued at several
centers [21].

Biological Response Modifiers

With the rapidly expanding knowledge of the
molecular basis of leukemogenesis [22], as
well as of the control of growth and differ-
entiation [23], more rational approaches to
leukemia control can be designed. Differ-
entiation-inducing agents such as 13-cis reti-
noic acid and 1,25-dihydroxy vitamin D3
have been very active in various in vitro sys-
tems, but their clinical use has so far been
rather disappointing. New agents under
study include hexamethylenebisacetamide
(HMBA) and, possibly, physiologic differ-
entiation-inducing peptides produced by he-
matopoietic cells. The observation that al-
pha-interferon is a uniquely effective treat-
ment for hairy cell leukemia would suggest
that other lymphokines and cytokines might
also be of therapeutic benefit in specific he-
matopoietic neoplasias. Cytokines in cur-
rent or planned clinical trials at our depart-

ment include interleukin-2, gamma-inter-
feron, tumor necrosis factor, and colony-
stimulating factors. These agents should
also prove useful in the in vitro manipula-
tion of bone marrows in preparation for au-
tologous transplantation.

Outlook

Although complete remission rates for
ANLL, especially in younger patients, have
increased dramatically in recent years, re-
mission durations have been far less encour-
aging. It is hoped that further understanding
of the pathogenetic mechanism underlying
leukemogenesis and the remission status will
lead to a more rational approach to the use
of chemotherapeutic and BRM agents, as
well as of autologous and allogeneic bone
marrow transplantation. More efficacious
treatments and approaches associated with
less morbidity have to be developed for this
disease, which is still fatal for the majority of
patients.
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Prognostic Significance of Chromosome Changes in Acute Leukemia
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The recognition that chromosome changes
constitute an independent variable bearing
upon the prognostic aspects of acute leu-
kemia has now been well established [1-3].
This applies equally to acute nonlympho-
cytic leukemia (ANLL) and acute lympho-
blastic leukemia (ALL). The present paper
will deal with a succinct evaluation and clari-
fication of the relative importance of estab-
lished cytogenetic changes in the prognostic
aspects of acute leukemia. The chromo-
somal (karyotypic, cytogenetic) abnormali-
ties concerned with the prognostic aspects of
acute leukemia can be classified as follows,
in the order of their relative importance:
1. Specific (primary) karyotypic change
2. Secondary chromosome changes
3. The presence or absence of cytogeneti-
cally normal cells in the marrow
4. The presence of double minute chromo-
somes (DMS) or homogeneously staining
regions (HSR)
5. Numerical chromosome changes (with-
out morphologic abnormalities)

Specific (Primary) Karyotypic Change

It is now generally accepted that the primary
(specific) chromosome change in acute leu-
kemia is probably related to, if not necessary
for, the process of malignant transformation
and closely associated with those molecular
events which may, in fact, be responsible for
this transformation, if not for the causation

! Department of Genetics and Endocrinology
Roswell Park Memorial Institute, Buffalo, NY
14263, USA.

of the disease [4-6]. A major feature of the
specific chromosome changes is the recogni-
tion that they may characterize well-defined
subgroups within an existing acute leukemia
entity (Tables 1 and 2) [7]. For example, the
FAB M2 type of acute myeloblastic leu-
kemia (AML) has been shown cytogeneti-
cally to be a rather heterogeneous disease in
that subgroups within this entity can now be
defined karyotypically and include cases
with translocations between chromosomes 8
and 21, t(8;21)(q22;q22), other cases with
t(6;9)(p23;q34), and still others with a Phil-
adelphia (Ph) chromosome due to
t(9;22)(q34;q11). Furthermore, the AML
cases with t(8;21) are usually associated with
Auer bodies in the leukemic cells, a ready re-
sponse to therapy with long complete re-
missions, and a relatively long survival
among the ANLL cases. On the other hand,
AML with a Ph chromosome appears to
have a rather poor prognosis with short-
lived complete remissions, when these can be
attained, and a rather short survival. A simi-
lar situation applies to M4 (acute myelomo-
nocytic) type of ANLL, in which several
subcategories, including that with an 11q —,
another with inversion of chromosome 16,
and still others with a Ph chromosome; ap-
pear to exist within this entity. The impor-
tant point to stress is that the primary chro-
mosomal event appears to determine the ba-
sis biology of the disease and thus the re-
sponse to therapy, survival, as well as other
clinical aspects of the acute leukemia.
Although a few conditions among the
acute leukemias have been studied [8-11],
what remains to be determined are the basic
molecular events, such as involvement and
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Table 1a. Specific (primary) karyotypic changes in ANLL and

related disorders

Type of acute ANLL

Chromosome change

M1, M2 inv(3) (q21q25-27)
M2, M4 +4

M1, M2, M4, M5, M6 —5 or 5q— (q13931)
M1, M2 1(6; 9) (p22.2; q34)

M1, M2, M4, M5, M6

M1, M2, M4, M5, M6 +8

—7 or 79— (q31.2q36)

M2 1(8; 21) (q22.1; q22.3)

M2, M4, M5a 1(9; 11) (p22; q23)

M1, M2 1(9; 22) (q34.1; q11.2)

M3 t(15; 17) (q22; q11.2)

M2, M4, M5b inv(16) (p13.122.1) or 16q— (q22)
M2 t(3; 5) (q26; q22)

Table 1b. Specific karyotypic changes in myelo-
dysplastic or myeloproliferative disorders and
preleukemia, conditions which may precede or
change into ANLL

t(1; 3) (p36; q21)
t(1; 7) (p11; p11)
t(2; 11) (p11; q23)
del(9) (q13q22)
del(20) (q12q13)
t(3; 17) (926; q22)
t(11; 21) (q22; q21)
21q—

del(13) (q14)

+8

expression of particular oncogenes and
other genes in each cytogenetically defined
subgroup of acute leukemia and the nature
of their products, particularly proteins,
which may play a direct role in the causation
and biology of the leukemia. Thus, the es-
tablishment of the primary chromosome
change can serve as an important guide to
molecular biologists in recognizing the genes
involved in the process of malignant trans-
formation and affected by the karyotypic
changes [12]. Since, as mentioned above, in
each category of the FAB classification of
ANLL and ALL a number of subentities are
apparently defined cytogenetically in terms

Table 2. Specific (primary) karyotypic changes in ALL

Type of ALL Type of cell involved Specific chromosome change
L1 (L2) Pre-B cell t(1; 19) (921 —q23; p13.3)
L3 B-cell t(2; 8) (p11-13; q24.1)

(L1), L2 Early pre-B precursor t(4; 11) (q21; q23)

L2 Common B-cell del(6) (q21925)

L3 B-cell t(8; 14) (q24.1; q32.3)

L3 B-cell t(8; 22) (q24.1; q11)

L1 Common B-cell or T-cell 9p—

L1, (L2) Early pre-B cell t(9; 22) (q34.1; q11.2)

(L1), L2 T-cell t(11; 14) (p13-14; q11.2-13)
L1, (L2) Common B-cell t(11; 14) (q13; q32)

(L1), L2 Common-B-cell 12p— (p12)

L2 Common B-cell +21

L1, L2 T-cell 14q9+(q32) or 149 —(ql1)
L1, (L2) B-cell Near haploid




Table 3. Relation of primary karyotypic change to prognosis in ANLL

Type of ANLL Primary karyotypic change

Relative prognosis

M2 t(8; 21) (q22; q22) Good
M1 or M2 or M4 +8 Intermediate
M2 or M4 t(6; 9) (p23; q34) Intermediate
M4 Inv(16) (p13q22) or 16q— (q22) Good
M1 or M2 t(9; 22) (q34; q11) Poor
Secondary -5,5q—, =7, 79— Poor
MS5 t(9; 11) (p21; q23) Poor

Table 4. Relation of primary karyotypic change to prognosis in ALL

Type of ALL Primary karyotypic change Relative prognosis
L1or L2 Numerical, e.g., +21 Good

L1or L2 6q— Intermediate

L1 or L2 t(1; 19) (q23; p13) Good

L3 t(8; 14) (q24; q32) Poor

L2 t(4; 11) (q21; q23) Poor

of the primary chromosomal event, with the
latter serving as a key prognostic index, it is
important to continue to define further vari-
ous subentities in ANLL and ALL, cytoge-
netically and/or molecularly.

Tables 3 and 4 show the relative roles
played by the primary chromosomal
changes in some ANLL and ALL entities in
the prognosis of acute leukemias.

Secondary Chromosome Changes

In all probability, each form of acute leu-
kemia is at its lowest level of malignancy
when the leukemic cells contain the primary
karyotypic change only. The biology of the
disease is almost invariably worsened by the
appearance of secondary chromosome
changes, regardless of the nature of the pri-
mary karyotypic event. Thus, in cases with
t(8;21) the disease has a rather “benign”
course until secondary changes, usually con-
sisting of loss of a sex chromosome, +8 or
other abnormalities, appear in the leukemic
cells. Once such a secondary change occurs,
the disease assumes a more aggressive course
with resistance to chemotherapy and diffi-
culty in obtaining complete or long re-
missions. In some acute leukemias, the
course of the disease appears to change for

the worse without the appearance of second-
ary chromosome changes, and in these cir-
cumstances it is possible that the secondary
events take place at the molecular level, e.g.,
either abnormal activation of oncogenes (or
other genes) with overproduction of normal
products or the production of abnormal
products. That leukemic cells in which only
a primary chromosomal event is present are
capable of expressing a number of onco-
genes has been established [10, 11, 13],
though the order in which such oncogenes
are activated and the nature of the activation
(transient or permanent, normal or abnor-
mal) has yet to be established.

Whether there is a nonrandom pattern to
the appearance of secondary chromosome
changes in acute leukemia has not been es-
tablished with certainty. For example, tri-
somy 8 is a common event in some of the leu-
kemias, but whether there is a specificity to
this secondary change has not been ascer-
tained.

In addition to the qualitative secondary
chromosome changes in acute leukemia, the
prognostic aspects appear also to be related
to quantitative anomalies [14]. Thus, the
presence of major karyotypic changes
(MAKA) appears to reflect a much poorer
prognosis than the presence of minor karyo-
typic abnormalities (MIKA). Thus, one ob-
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tains the impression that the appearance of
more and more karyotypic changes worsens
the prognosis of a particular disease, those
associated with MAKA having a much
shorter survival than those with MIKA.

Presence or Absence
of Cytogenetically Normal Cells

Within each category of acute leukemia as-
sociated with an established primary karyo-
typic change, a factor affecting prognosis is
related to the presence or absence of cytoge-
netically normal cells in the bone marrow, a
factor first pointed out by us more than 10
years ago [15]. Thus, patients whose marrow
contains only abnormal cells (AA cases) ap-
pear to have a much poorer prognosis than
those who have some cytogenetically normal
cells (AN cases) admixed with the abnormal
ones or only normal cells in the marrow (NN
cases). It must be unterstood that this classi-
fication is basically a quantitative one, since
there ist little doubt that if an inordinately
large number of cells were to be examined in
either AA or NN cases, normal or abnormal
cells would be encountered, respectively.
What these findings do indicate is that the
presence of a substantial number of normal
cells in the marrow of a patient treated with
chemotherapy possibly allows repopulation
of the marrow by the normal cells once the
leukemic cells have been eradicated by such
therapy. In the absence of cytogenetically
normal cells, the marrow is not readily re-
populated with the normal ones, and the pa-
tient is then subject to complications of mar-
row deficiency, e.g., anemia, bleeding due to
thrombocytopenia, and, most importantly,
overwhelming infections due to the shortage
of proper leukocytes. The value of the AA,
AN, and NN classification appears to have
been established more firmly for ANLL
than for ALL, though there are reports in
which correlations between the presence or
absence of cytogenetically normal cells in
ALL appears to bear definitely upon the
prognosis of the disease {16, 17].
Establishing a meaningful and reliable
AA, AN, or NN classification of a marrow
requires examination of a relatively large
number of cells (e.g., more than 50), though
considerable information may be obtained
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from a lesser number of cells. The examina-
tion does not require unusual expertise,
since the recognition of even a single normal
metaphase in a marrow allows it to be classi-
fied as AN, thus affording the clinician im-
portant information regarding the therapeu-
tic approaches and ultimately the prognostic
aspects of the disease.

Double Minute Chromosomes
and Homogenously Staining Regions

The presence of DMS in leukemic cells, par-
ticularly those of ANLL, has been thought
to carry with it a rather poor prognosis [1].
Though it is possible that DMS may be as-
sociated with gene amplification and thus
possibly lead to drug resistance [18], recent
evaluation has led us to believe that the pri-
mary chromosomal event plays a much
more profound role in the prognostic
aspects of acute leukemia than the presence
of DMS. For example, some cases of ANLL
with DMS in otherwise karyotypically nor-
mal cells have been described [19] and the re-
sponse of these patients to therapy and,
hence, their survival appear to have been re-
lated more to the basic karyotype than the
presence of DMS. Nevertheless, future eval-
uations of the role of DMS vis a vis the pri-
mary chromosomal change, as far as prog-
nosis of acute leukemia is concerned, will
have to be undertaken in a larger series of
patients, with the type of the acute leukemia
and particularly the primary karyotypic
event taken into careful consideration.

HSR which are thought to be related to
DMS [18] are very seldom seen in cells of
acute leukemia; in all probability what has
been said about DMS applies to HSR as far
as the prognostic aspects of this phenome-
non in acute leukemia are concerned.

Numerical Changes in Acute Leukemia

Some acute leukemias, particularly ALL,
may be associated solely with numerical
chromosomal changes. Hyperdiploid ALL
cases, ANLL cases with trisomy 8, and sec-
ondary leukemias with either a —5 and/or
— 7 are examples of such numerical changes.



When such numerical changes represent the
primary karyotypic event, they probably
have a role, as far as the prognosis of the
acute leukemia is concerned, similar to that
of other primary events, such as transloca-
tions, deletions, insertions, or inversions.
Nevertheless, in ALL it appears that the
presence of only numerical karyotyic
changes, particularly those leading to hyper-
diploidy, is associated with a much better
prognosis than with karyotypic changes of
the morphologic type [3, 17]. The same may
be true of ANLL, though here the situation
is more complicated since the number of
cases of ANLL with numerical changes only
is rather small as compared with ALL. In the
case of secondary leukemia monosomy 5 or
7 invariably indicates a very poor prognosis
with very rare complete remissions, and
when such are achieved they are of relatively
short duration with the result that survival
in the particular acute leukemia (almos al-
ways ANLL) is very short [2].

Absence of Metaphases in Marrow

In some cases of acute leukemia, and this ap-
plies more to ALL than ANLL, no meta-
phases can be found in the bone marrow
preparation, and the question arises as to the
significance of this finding. Obviously, re-
peat cytogenetic examinations should be
performed just in case a particular specimen
does not contain metaphases, possibly due
to a number of technical and other reasons.
However, the consistent absence of meta-
phases in the bone marrow of patients with
acute leukemia tends to indicate a rather
poor prognosis, as based on general experi-
ence [3, 20]. Why that is so is not clear, but
the possibility exists that since dividing cells
are more susceptible to the effects of chemo-
therapy, the absence of a sufficient number
of such cells may render the therapy much
less efficacious than when metaphases are
encountered in the marrow.
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Introduction

In 1978, two pilot studies evaluating the effi-
cacy of new treatment strategies for mor-
phologically defined acute lymphoblastic
leukemia (ALL) or acute undifferentiated
leukemia (AUL) and for acute myelogenous
leukemia (AML) were initiated in the Fed-
eral Republic of Germany. These studies
were followed by controlled randomized
trials in 1981 and 1982 respectively. While
the main objective of these studies was to im-
prove remission quality and duration, the
trials further aimed at establishing prog-
nostic factors. It was therefore decided to
concentrate the morphological and cyto-
chemical characterization and the immuno-
logic surface marker studies at single institu-
tions for all patients enrolled in the ALL/
AUL trial. For patients with AML, a central
review panel judged all equivocal cases after
a primary diagnosis had been made by the
local hematologist. The results obtained
from the investigation of patients participat-
ing in either of these studies are presented in
this report.

Material and Methods

ALLJ/AUL Group. Samples of 471 patients
were examined independently by two differ-

* Supported in part by the Bundesministerium fiir
Forschung und Technologie, Federal Republic of
Germany.

! For the German AML Cooperative Group,
H.Loffler: Department II of Internal Medicine,
University of Kiel, D-2300 Kiel, Federal Republic
of Germany.

ent central review institutions (Kiel and Mu-
nich), one being responsible for morphologi-
cal and cytochemical investigation and the
other for immunologic studies. Patients were
recruited by the German Multicenter Ther-
apy Trial [1] between January, 1981, and
April, 1985.

The morphological appearance of blasts
on smears of bone marrow and peripheral
blood stained with May-Griinwald-Giemsa
was classified according to the FAB criteria
[2]. Cytochemical examination of bone mar-
row and blood smears included the follow-
ing reactions according to standard pro-
cedures: (a) myeloperoxidase, (b) periodic
acid Schiff reaction (PAS), (c) acid naphthyl
acetate esterase (ANAE), (d) acid phospha-
tase (AcP), (e) dipeptidylaminopeptidase IV
(DAP1V) [3]. Terminal deoxynucleotidyl
transferase (TDT) was qualitatively deter-
mined by immunofluorescence [4] using
commercially available antisera (Bethesda
Research Labs, Eggestein, Federal Republic
of Germany; P-L Biochemical, St. Goar,
Federal Republic of Germany).

Immunologic phenotypes of leukemic
blasts were characterized by immuno-
fluorescence techniques detailed elsewhere
(see Thiel et al., this volume).

ALL and AUL were defined by morpho-
logical and cytochemical examination, irre-
spective of the results of immune phenotyp-
ing, thus allowing independent evaluation of
both diagnostic methods. Blasts lacking
myeloperoxidase and monocyte-type es-
terase were regarded as ALL if a block or
coarse granular PAS reaction and/or a focal
AcP reaction (or both patterns of PAS and
AcP) were present. Cases negative for mye-
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loperoxidase, PAS, and AcP, were defined
as AUL, irrespective of ANAE, DAP IV,
and TDT reactions. ANAE reaction was
considered positive if dot-like staining was
present. Presence of DAP IV was regarded
positive independently of the localization of
the staining pattern. Immune phenotypes
were classified as follows: (a) CALLA/pre-
B/pre-pre-B type (C/pB), (b) T type (T), (c)
pre-T type (pT), (d) B type (B), (e} O type
(0), and (f) mixed lymphomyeloid type
mixed).

All cases were examined for myeloperoxi-
dase and PAS, 96.2% of all cases for AcP,
95.1% for ANAE, 67.5% for DAPIV,
77.3% for TDT, and 70.9% of all patients
were examined by immunologic phenotyp-
ing.

Statistical analysis was done by y? test.

AML Group. The diagnosis of AML and its
subtypes was based on May-Griinwald-
Giemsa-stained marrow aspirates and
blood smears of 407 patients. Patients were
recruited by the German AML Cooperative
Group [5]. In this study, the primary diagno-
sis was made by the local hospital, but the
smears were reviewed during regular slide
conferences by members of the diagnostic
comittee. In equivocal cases, discriminating
stains including peroxidase and esterase
were obligatory.

Results
Diagnostic Groups and Subgroups

ALL was diagnosed in 392 (83.2%) of 471
patients, while AUL was present in 79
(16.8%) patients. Morphological classifica-
tion revealed a predominance of L2 in
67.6% of all patients, while the L1 type oc-
curred in 27.5% and L3 in only 4.9%
(Fig.1A). Immunologic investigation re-
vealed C/pB type in 44.8% of the patients, O
type and T type in about equal proportions
(23.6% and 22.7% respectively), pT type in
5.7%, and B type in 3.0% of cases. The
blasts of one patient showed a pattern of
mixed type immunologically (Fig.1B).
While cases of AUL had to be negative for
PAS and AcP by definition, typical dot-like
ANAE positivity was detected in 6.4% of
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AUL vesus 12.4% of ALL (not significant).
Positivity for DAP IV was exclusively re-
stricted to ALL. TDT was present in 85.9%
of ALL versus 50.9% of AUL (p<0.001).

Characterization
of Morphological Subtypes (FAB)

Blasts of L3 type were present to a signifi-
cantly higher degree in AUL (10.1%) as
compared with ALL (3.8%, p<0.05). Al-
though L1 morphology was more frequent
in ALL (29.3%) as opposed to AUL
(17.7%) and L2 distribution was slightly
more common in AUL (72.2%) as opposed
t0 66.8% for ALL these differences were not
statistically significant.

Cytochemical reactions within FAB sub-
groups (Fig.2) were significantly different
for PAS in L1 as opposed to L2 and L3
(»<0.01), for AcP in L1 as opposed to L2
and L3 (p<0.01), for DAPIV in all sub-
groups (p<0.05), and for TDT in L3 as op-
posed to L1 and L2 (p<0.001).

Distribution of immunologic types within
each of the three FAB groups revealed a sig-
nificantly higher percentage of T type in the
L1 subgroup (p<0.05) and of B type in the
L3 subgroup (p<0.001), while the C/pB
type was far less common the in L3 sub-
group (p<0.001). One case of mixed type
occurred in the L1 group (1%).

Correlations
Between Cytochemical Markers

Significant correlations could be observed
between (a) AcP and ANAE (p<0.001), (b)
AcP and DAP IV (p<0.001), and (c) ANAE
and DAP IV (p <0.05).

Characterization
of Immunologic Subgroups

As has already been pointed out, distribu-
tion of the different immunologic pheno-
types in the FAB subgroups was not at ran-
dom. Thus, each of the immunologic sub-
groups was composed of different propor-
tions of morphological types (Table 1). B-
type blasts were mainly of L3 and, to a
lesser, degree, of L2 morphology, while L1



L2 (67.6%)

T type (22.7%/

pT type (5.7%)

b

L3 (4.9%)

0 type (23.6%)

Fig. 1a,b. Proportions (in percent) of morpho-
logical subgroups of a 471 patients with ALL

B type (3.0%

L1 (27.5%)

C/pB type (44.8%)

mixed type (0.3%)

(n=392) or AUL (n=79) (FAB classification) and
b 334 patients with ALL (n=288) or AUL (n=46)

Table 1. Distribution of morphological subtypes (L1, L2, L3) in different immune phenotypical groups

C/pB T pT (¢} B

() (%) () (%) (n) (%) () (%) ()
L1 45 30.0 31 40.8 5 25.0 18 2341 0
L2 104 69.3 42 55.2 14 70.0 55 70.5 3
L3 1 0.7 3 4.0 1 5.0 5 6.4 7
n 150 100 76 100 20 100 78 100 10

The significance of the distribution of the various immunologic groups is as follows: B/L3 vs. L1, L2:
p<0.001; C/pB/L1, L2 vs. L3: p<0.001; T/L1 vs. L2, L3: p<0.05).
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K ; B type, X3. 4cP: T, pT vs. C/pB, O,B,
p<0.001; D4PIV: T, pT vs. C/pB, O, B,
p<0.001; TDT: C/pB, T, pT vs. O, p<0.05; TDT:
Ovs. B, p<0.05



morphology was not found within this cat-
egory. The proportion of 1.3 morphology in
the other immunologic subgroups ranged
from 0.7% (C/pB type) to 6.3% (O type).
The frequency of L1 morphology was
highest in T types, which revealed a lower
percentage of L2 morphology.

Cytochemical reactions of the different
immunologic subgroups are indicated in
Fig. 3. The main differences consisted of sig-
nificantly higher percentages of AcP and
DAP IV in T type and pT type as opposed
to other immunologic subtypes (p <0.001).
In addition, the percentage of AcP positivity
in T as compared with pT type was also sig-
nificant (p <0.05). While the AcP reaction
was not completely restricted to ALL of T
lineage, DAP IV positivity only occurred in
T and pT type, with the exception of one pa-
tient whose leukemia had been classified as
C/pB type immunologically. The higher per-
centage of ANAE positivity in the T and pT
types as opposed to the C/pB and O types
did not reach significance (y*=3.37), nor
did the lower percentage of PAS in the B
type as compared with the remaining immu-
nologic subgroups. One of five patients of B
type exhibited TDT-positive blasts; immu-
nologically, these blasts revealed rather im-
mature B characteristics (surface immuno-
globulin positive, cytoplasmic immunoglob-
ulin negative, B antigen positive, CALLA
positive).

In relation to the diagnostic subgroups of
ALL and AUL, the former comprised more
C/pB and T types, while the O and B types
were represented to a considerably higher
degree in the latter group.

AML Subgroups

In our study, the original FAB categories
were used. FAB M4 Eo and M7 were not in-
cluded at that time.

Frequenc distributions of the FAB sub-
types were as follows: 106 patients, M1; 140
patients, M2; 14 patients, M3; 92 patients,
M4; 44 patients, M5; and 11 patients, M6.
While there was no difference in the percent-
age of relapse-free survival between the vari-
ous subtypes, there is some indication of a
worse prognosis for patients with the M5
subtype in the maintenance therapy arm; at

the moment, however, the figures are too
small for meaningful statistical evaluation.

Relapse-free survival of patients with the
M2 subtype is significantly better if these pa-
tients are treated after obtaining complete
remission, as compared with patients ran-
domized to the observation arm.

Discussion

The objective of our study was to investigate
the correlation of morphology (according to
FAB criteria), cytochemistry, and immuno-
logic classification using a battery of rou-
tinely available methods. The results of mor-
phological characterization, which were
supplemented by the evaluation of TdT ac-
tivity in 476 adults with ALL or AUL being
treated in the cooperative trial in the Federal
Republic of Germany, were achieved inde-
pendently of immunologic analysis.

Among the morphological classifications
which have been proposed to define ALL,
the FAB classification is now widely used.
We applied the criteria originally described
by Bennett et al. [2]. Regardless of the immu-
nologic characterization, AUL was defined
as an acute leukemia lacking any marker
thought to identify AML or ALL positively:
Thus, the PAS and focal AcP reactions had
to be negative.

One of the interesting features is the cor-
relation between L3 and the B phenotype. In
our series B-ALL blasts were mostly, but not
exclusively, of L3 morphology, since three
out of ten cases with immunologically
proven B-ALL belonged to the L2 category.
Regarding all cases of L3 morphology, there
was a considerable and statistically highly
significant predominance of the B type, but
other immune phenotypes were also present
in this group: one C-All, three T-ALL, one
pre-T-ALL, and five O-ALL. In L1 and L2
groups, C-ALL is the most frequent, and T-
ALL is significantly correlated with L1, but
this is not of clinical relevance.

Comparing FAB categories with cyto-
chemical phenotypes, there is a significant
correlation between AcP and L1 and be-
tween DAP IV and L1, which in both cases
can be related to immunophenotypes with
more statistical power and clinical relevance.
In addition, we compared the cytochemical
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patterns described earlier with the immuno-
phenotypes determined in our study (see
Thiel et al, this volume). There is a highly
significant correlation between focal AcP
and the T and, to a lesser degree, the pre-T
phenotypes, compared with only a small
proportion of C/pB and O-ALL disclosing
this pattern of AcP reaction. The most spe-
cific, but least sensitive technique is the
DAP IV method: With only one exception,
it was exclusively positive in the T and pre-
T-ALL cases. Since the first description of
ALL with a focal AcP pattern and the clini-
cal features of T-ALL [6] and the correlation
to E-rosette~positive ALL [7] this relation-
ship has been confirmed in several publica-
tions. It is correlated to earlier stages of T-
cell development than the E-receptor—posi-
tive T-ALL.

DAP IV has been shown to be expressed
by a proportion of T-lymphocytes at differ-
ent stages of development belonging in most
cases to the Tp subpopulation [3]. It has
been demonstrated in some cases of T-lym-
phoblastic lymphoma, as well as in T-ALL.
Our investigations confirmed the value of
this method, which is the most specific cyto-
chemical technique for a subset of T-ALL.
Preliminary statistical analysis of our data
aiming at correlating morphological and cy-
tochemical analysis to clinical data showed a
significantly higher complete remission rate
and a longer remission duration in cyto-
chemically defined ALL compared with
AUL (85% vs. 61%; median not reached vs.
17 months), independently of immune phe-
notype.

In the AML cooperative trial, the fre-
quency distribution of the subtypes was in
the range of other comparable studies, M2
being the most frequent subtype (140 of 407
patients).

At the moment, the only statistically sig-
nificant result is related to the M2 subtype:
Relapse-free survival of patients with this
subtype is significantly better if they are
treated after complete remission as com-
pared with patients randomized to the ob-
servation arm.

Recently, several groups revealed M4 and
M35 morphology as a negative prognostic
factor in children and adults with AML [8,
9]. Others showed a higher relapse rate after
allogeneic bone marrow transplantation or
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chemotherapy in these subtypes [10-12]. So
far, it has not been able confirm this in our
study, although there is a tendency for a
worse prognosis for M5 leukemia with pa-
tients given maintenance therapy.
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Introduction

This is a summary report on the progress
made by Cancer and Leukemia Group B
(CALGB) in the treatment of acute myelo-
cytic leukemia (AML) in the adult during
the past 10 years. CALGB Study 7421 [1}
was initiated in April 1974 to determine
through a large, randomized multiinstitu-
tional trial whether intensive chemotherapy
delivered with the aim of rapidly ablating the
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04326, CA-02599, and CA-23459 and by grants
from the Helena Rubinstein Foundation, Rosen-
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! Division of Hematology-Oncology, Long Island
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11042, USA.

Survial
all patients

254 %

(R 111/152 MED =19 MO'S
PR 35/38 MED =13
NR 160/162 MED =1

Years from onset of treatment

marrow will result in an increase in the inci-
dence of complete remission (CR), as shown
in a small single-institutional pilot study by
Yates et al. [2]. The importance of achieving
CR is shown in Fig. 1, which depicts the sur-
vival of 352 patients studied in CALGB 7421
[1]. Virtually all 162 Patients who failed to
achieve a response died, 75% of them within
2 months and most others within a year.
Those achieving a partial response fared
only slightly better than the nonresponders.
In contrast, the survival curve of 152 pa-
tients who achieved CR is significantly bet-
ter than that of the two groups.

The objectives of our efforts during the
past decade were the following:

1. To find methods of treatment which
would increase the incidence of CR in
AML

2. To find methods of treatment which
would keep the patients in CR once CR
was achieved

Fig. 1. Duration of survival according to
the outcome of remission induction therapy
in 352 patients with AML. CR, Complete
remission; PR, partial remission; NR, no
response. Number of patients at risk for
each 1-year interval is as follows:

Year 0 1 2 3 4 5 6

CR 152 105 67 53 44 36 11
PR 38 21 7 5 1 0 0
NR 162 12 4 2 1 1 0



Remission Induction

The three successive trials, CALGB 7421 [1],
7521 [3], and 7721 [4], covering the time pe-
riods 1974-1975, 1975-1977, and 1977-1979
respectively, demonstrate the achievement
of a relatively unchanging, yet moderately
high incidence of CR during this 5-year time
span. The subsequent studies, CALGB 7921
[5] and 8221 [6] have been analyzed only dur-
ing the past few months, and these reports,
now being finalized by Harvey Preisler and
Robert Mayer respectively, demonstrate a
substantial increase in the CR rate in the sec-
ond S5-year time span.

In CALGB 7421 [1], we demonstrated
that intensive chemotherapy consisting of
continuous IV infusion of cytosine arabino-
side (100 mg/m? per 24 h from days 1 to 7
and IV injection of daunorubicin (45 mg/m?
per day) on days 1, 2, and 3 (this therapy is
now well known as the standard “7-and-3 re-
gimen”’) induced a CR in 56% of patients
(59% in the group less than 60 years and
45% in the group aged 60 and over). This
was a significantly higher incidence than the
less aggressive S5-and-2 regimens. Thus, the
7-and-3 regimens contributed to the im-
provement in the mean rate of CR among all
the 376 patients treated on study 7421. In
studies 7521 [3] and 7721 [4], this approach
of attempting a fast ablation of marrow with
intensive induction therapy was refined to
the extent that the results for a large number
of patients in each of the three major age
groups studied became predictably repro-
ducible. These resuls are shown in Table 1.

These results on 1774, patients demon-
strate an overall CR rate of 43%, which is al-
most twice as high as the CR rate we were
able to achieve just a decade earlier [7]. The
CR incidence initially remained at 57% for
the age group under 40 and increased to
65% in study 7721. For the other age

Table 1. CALGB data on CR 1974-1979

groups, those aged 40-59 and 60 and over,
these rates remained very stable at about
43% and 25% respectively.

Although there have been several reports
suggesting some benefit from the prophy-
lactic use of cotrimoxazole in patients with
acute leukemia by reducing the incidence of
severe life-threatening septic complications
during induction therapy, none of these was
definitive [8]. Therefore, because the exact
role of cotrimoxazole during initial chemo-
therapy in AML was unclear, it was decided
to investigate this on large numbers of pa-
tients in a controlled clinical trial in 1979. In
CALGB 7921 [5] we randomized patients
prior to the initiation of induction chemo-
therapy either to receive cotrimoxazole or
not to receive it. Each of these two arms in-
cluded more than 320 patients. We found no
difference in either the incidence of severe or
life-threatening sepsis or in the CR incidence
between the groups receiving or not receiv-
ing cotrimoxazole. The three chemotherapy
arms (by random allocation) for remission
induction phase of this study were the 7-and-
3 regimen, TAD (thioguanine, cytosine ara-
binoside, daunorubicin), and the 10-and-3
regimen (10 days of cytosine arabinoside by
continuous infusion). More than 210 pa-
tients were included in each of thse three re-
gimens, and the overall CR incidence was al-
most constant for all groups at about 56%.

Finally, in the recently concluded study
8221 [6] in which the dose of cytosine ara-
binoside was increased to 200 mg/m? per
day in the 7-and-3 regimen, 68% of 205 pa-
tients achieved a CR, including 85% of
those aged under 40 years (n="73), 63% of
those aged 40-60 years (n="71), and 52% of
those aged 60 and over (n=61).

These results of the CALGB studies of
AML (for all adults over the age of 18)
clearly demonstrate that the overall inci-
dence of CR has increased from 43%

Age group <40 years 40-59 years >60 years Total all ages
Study () (o) SO (o) ™ (%)
7421 84/147 57 44/110 40 27/119 23 155/376 41
7521 142/249 57 91/208 44 63/229 28 296/686 43
7721 145/224 65 102/237 43 62/251 25 309/712 43
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(achieved up to 1979) to the currently
achieved levels of 68%. Although very high
incidences of CR were reported [9, 10] sev-
eral years ago by investigators involved in
clinical trials at single institutions, the results
of CALGB reported here represent a major
increase in CR rates in large multiinstitu-
tional, cooperative, randomized trials.

Duration of Remission

In studies 7421 [1], 7521 [3], and 7721 [4], we
treated patients in the postremission induc-
tion phase with monthly courses of cytosine
arabinoside given for 5 days along with the
addition of another chemotherapeutic agent
on a rotational schedule. This second drug
was one of the following: 6-thioguanine,
cyclophosphamide, daunorubicin, 1-(-2-
chloroethyl)-3-cyclohexyl-1-nitrosourea
(CCNU) on a 4-month rotation in 7421, or
6-thioguanine, daunorubicin, or a combina-
tion of vincristine and prednisone in the
other studies. The median durations of re-
mission and of survival of 760 patients [11]
observed over an 8-to-10-year period were
1.1 years and 1.6 years respectively. The
largest proportion of relapses (and deaths)
occurred during the first 2 years, approxi-
mately 41% in the 1st year and 30% in the
2nd year. However, relapses were seen con-
tinuously throughout 9 years of follow-up,
although the percentage of relapses dropped
to less than 10% during the 3rd and 4th year
of remission in our study, in which the mini-
mum follow-up period was 6 years. In study
7921, the maintenance therapy was ran-
domly chosen either to be discontinued after
8 months of treatment or to be continued
until relapse [5]. There were about 75 pa-
tients in each of these two arms neither of
which show any significant difference in the
duration of remission or of survival between
these two regimens (about 1.4 years and
about 2 years respectively).

The latest study, CALGB 8221 [6], which
was a pilot to our currently active group-
wide study 8525, showed that postremission
induction phase consolidation therapy can
be safely recommended with single-agent cy-
tosine arabinoside in high doses, given for 5
days at monthly intervals. The maximum
tolerated dose on intermittent dosage is 3 g/

m? IV by infusion over a 3-hour period; a
12 h given on days 1, 3, and 5 (6 doses in 5
days); or 400 mg/m? per 24 h for 5 days by
continuous infusion. Only 24 and 29 patients
respectively following these two regimens
are evaluable at this time. These early obser-
vations indicate that the median durations
of remission and of survival have so far not
been reached in either of these groups with
a maximum follow-up of about 1 year.

In summary, prior to CALGB study
7421, the median duration of remission in
CALGRB studies was 1.5 years [1] with ap-
proximately 24% of patients in continuous
CR at 5 years. With 760 patients in CR on
long-term follow-up (minimum period of 6
years) in studies 7421, 7521, and 7721, the
median duration of remission was 1.1 years
with 22% in CR at 5 years [11]. The cur-
rently active studies of CALGB are still on-
going, but the initial evaluations at this time
strongly suggest that early consolidation
therapy in the immediate postremission in-
duction period seems to prevent early re-
lapses.

The progress witnessed by CALGB both
in remission induction and in prolongation
of remission in AML in adults reflects that
achieved by other institutions around the
world as well. This progress offers a signifi-
cantly better outlook for these patients in
1986 than was the case in 1976.
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The Ninth British Medical Research Council Trial
for the Treatment of Acute Myeloid Leukaemia

J.K.H. Rees!, R. Gray?, and F. G.J. Hayhoe!

The Ninth British Medical Research Coun-
cil trial for the treatment of acute myeloid
leukaemia (AML) opened in February 1984
to all patients with primary or secondary
forms of the disease; there was no age limit.
Patients were randomised to receive either a
1+5 DAT combination (daunorubicin
50 mg/m?i.v. on day 1, cytosine arabinoside
100 mg/m? i.v. every 12 h on days 1-5, and
6-thioguanine 100 mg/m? every 12 h on days
1-5) or a 3+ 10 DAT regime (daunorubicin
at the same dose on days 1, 3, and 5 and cy-
tosine arabinoside and 6-thioguanine again
at the same doses as in the 1 4 5 combination
but on days 1-10).

Following remission, patients were ran-
domised for a second time to

either 2 C 2 C
+ 0 + 0

7 AT 7 T oa

DAT P DAT P

or 2 M 2 M
+ A + A

7 5z "1 ¥z

DAT E DAT E

COAP consists of cyclophosphamide
600 mg/m?i.v. on day 1, Oncovin 1.5 m?i.v.
on day 1, Ara-C 100 mg/m?i.v./s.c. on days
1-5, and prednisolone 60 mg/m? orally on
days 1-5.

MAZE consists of m-AMSA 100 mg/m?
i.v. on days 1-5, 5-azacytidine 100 mg/m?

! Department of Haematological Medicine, Uni-
versity of Cambridge Clinical School, Hills Road,
Cambridge CB2 2QL, England.

2 Department of Cancer Studies, University of
Oxford, Oxford, England.

i.v. on days 1-5 and etoposide (VP-16)
100 mg/m? i.v. on days 1-5.

The interval between consolidation
courses in the COAP arm is 21-28 days. In
the MAZE arm the intervals are longer —
generally between 28 and 40 days.

Patients who are to receive either an allo-
geneic or autologous bone marrow trans-
plant (BMT) are not randomised for conso-
lidation therapy.

When consolidation therapy is complete,
patients are randomised a final time between
maintenance therapy (eight courses of cy-
tosine arabinoside and 6-thioguanine every
12 h for 5 days each month followed by four
courses of COAP) and stopping all treat-
ment.

In the 2 years up to the end of January
1986, 441 patients were accepted into the
trial; 14 additional patients were deemed in-
eligible because of an incorrect diagnosis.
The median age is 54 years. Although paedi-
atric cases are accepted into the study, very
few have been entered (seven cases) because
a separate study has been devised for the
management of paediatric AML in Britain
with which the majority of centres are col-
laborating.

Table 1. Remission rates by age group

Age group All cases De novo cases®
() (%) () (%)
0-39 79/ 98 81 78/ 94 83
- 40-59 76/119 64 73/113 65
60+ 59/133 44 52/114 46

* Excluding patients with secondary leukemias.
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Table 2. Remission rates age group/therapy

Age group Treatment A Treatment B All cases
(n) (%) (n) (%) (™) (%)
0-39 40/46 87 33/46 72 73/ 92 79
40-59 34/58 59 40/59 68 74/117 63
60+ 28/64 44 29/67 43 57/131 44
Table 3. MRC AML 9: Supportive care to remission or death
No. evaluable Mean Range Median
patients
Units blood 190 16.2 0-107 14
Units platelets 188 66 0-347 48
No. days i.v. antibiotics 190 22 0/ 79 19

Table 4. MRC AML 9: Supportive care to
remission or death

1+5 3410
Units blood 17.3 13.9 p=0.05
Units platelets ! 59 p=0.17
No. days IV 24.8 184  p=0.005
antibiotics

This report gives the preliminary results
on the first 350 patients in the study for
whom there has been an adequate period of
follow-up. Among this group are 29 patients
with secondary leukaemia. The overall re-
mission rate is 61% (214/350). The remission
rate for the cases of AML arising de novo is
63% (203/321), and 11/29 (38%) of the pa-
tients with secondary leukaemias achieved
complete remission. The remission rates by
age group are shown in Table 1.

There is no significant difference between
the remission rates among the patients re-

Table 5. Failure type by age/treatment group

ceiving 1 +5 DAT compared with the 3+ 10
DAT as shown in Table 2, which excludes
ten patients who were not randomised at the
beginning of the trial but were given 3410
DAT - all entered complete remission.

The average number of courses of the 1+
5 regime required to achieve complete re-
mission was 2.5 after an average of 46 days
in hospital. For those patients receiving the
3+ 10 combination, the average number re-
quired was 1.3 after an average period of 38
days in hospital.

The amount of supportive care required
during induction therapy has been calcu-
lated for the first 190 patients and a com-
parison made between patients receiving the
different forms of induction (Tables 3 and
4).

The reasons for failure to enter remission
were classified according to the following
categories:

A. Inadequate trial. Patient dies during or
less than seven days after completing
the first course of therapy.

Age 145 3410
group
A B C D E F Totaa A B C D E F Total
0-39 2 6 3 2 13 2 21 5
40-59 2 2 302 6 3 18 6 1 6 7 1 3 24
60+ 6 1 10 4 11 3 35 2 1 0 1t 6 5 35
66 64
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. Marrow hypocellularity attained but re-
generating population consists predomi-
nantly of blast cells.

. Marrow hypocellularity with no periph-
eral blood blasts attained but patient
dies during the hypoplastic period from
haemorrhage or infection.

. Decrease in bone marrow blast cell pop-
ulation to 10%-15% (partial re-
mission).

. Failure of therapy to achieve any or sig-
nificant effect on the marrow blast cell
poplation.

. Any other course of events not covered
by A-E.

Table 5 shows that the number of patients
classified as having refractory disease is, as
one might expect, lower among those reveiv-
ing the more intensive treatment. Consolida-
tion therapy was designed to be intensive,
but unfortunately this has produced irre-
versible myelosuppression in 21 patients
who have died in remission of haemorrhage
or infection; the majority were over the age
of 60.

The period of follow-up is at the moment
too short — the longest is 2 years — for any
conclusions to be reached on the relative
values of the two forms of induction and
consolidation therapy in maintaining long-
term remissions and survival.
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Summary

The Swiss group for clinical cancer research
(SAKK) completed two first line protocols
for the treatment of acute myelogenous leu-
kemia (AML). In the first protocol (SAKK
AML 74, from August 1974 to April 1977,
107 patients) the effectiveness of immuniza-
tion with viral oncolysate during mainte-
nance treatment was tested. After succesful
induction treatment, the patients were ran-
domized in two groups: Group A: monthly
maintenance chemotherapy for 2 years and
group A+IT, which received the same
maintenance chemotherapy regimen plus,
on day 15, injection of viral oncolysate. Of
the 107 patients, 57 (53%) achieved com-
plete remission, 29 then being randomized to
group A, 28 to group A+IT. As of August
1984, there is no statistical difference be-
tween the survival times of the two groups
(p=0.288). Ten years after the start of the
study there is still no clear plateau of the sur-
vival curve. Nine percent of all patients
(18% of the remission patients) are alive to-
day. With the treatment of the mid-se-
venties, therefore, the cure of a patient suf-
fering from AML was a rare event.

The second protocol (SAKK AML 77,
from April 1977 to April 1982; 162 patients)
was designed to evaluate the usefulness of a
prolonged maintenance treatment after

* The studies were supported by the Schweizeris-
che Nationalfonds zur Forderung der wissenschaft-
lichen Forschung, the Schweizerische Krebsliga,
and the Ziircher Kantonale Krebsliga.

! Division of Oncology, Department of Medicine,
University Hospital, Ziirich, Switzerland.
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early consolidation. The 74 patients who
were still in remission after early consolida-
tion treatment were assigned to either main-
tenance chemotherapy or to observation
only. At 3.5 years after the last patient’s en-
try there was no difference between the
groups in duration of survival (p=0.332).
Patients above 40 years of age survived
longer after early consolidation (median 4
years) than did patients aged 40 and below
(median 1.75 years, p= 0.0001).

At 4.5 years the survival curves of both
protocols meet. Both studies show a similar
proportion of long-term survivors. The con-
clusions drawn a few years ago hold up:
Viral oncolysate does not prolong survival,
maintenance chemotherapy after early con-
solidation treatment does not prolong sur-
vival either.

Introduction

Results of treatments of patients suffering
from acute myelogenous leukemia (AML)
are mostly published after a medium obser-
vation time of a few years. The usual
Kaplan-Meier presentation [1] of survival
curves then shows plateaus at different levels
depending on the observation time. Of
course these plateaus do not represent the
percentage of cured AML patients, since ev-
ery late relapse lowers the plateau. We there-
fore thought it important to analyze our
AML studies 10 and 8.3 years after their im-
plementation to better clarify the curability
of AML with modern cytotoxic chemother-
apy. At the same time we would be able to
judge long-term effects of our immunologi-



cal manipulation with viral oncolysate and
of early consolidation with or without main-
tenance treatment.

Patients and Methods
First Protocol (SAKK AML 74)

From August 1974 to April 1977, previously
untreated patients suffering from AML were
admitted to this study irrespective of age
provided they had never received any of the
drugs prescribed in this study. One-hundred
seven patients were adequately documented
according to the protocol. Sixteen patients
who were announced for the protocol but
then were either not treated according to the
treatment plan or insufficiently documented
could not be evaluated. The characteristics
of the 57 patients entering the randomized
maintenance study described below were the
following: Median age 41 (2-76) years, 27
women, 30 men. The cut off for study anal-
ysis was August 1984. Induction treatment
consisted of cytosine arabinoside (Ara-C)
continuously administered intravenously for
7 days at 100 mg/m? and daunorubicine at a
dose of 45 mg/m? by direct intravenous in-
jection on days 1, 2, and 3. If complete re-
mission as defined by Ellison et al. [2] was
achieved, the patients were randomized in
one of the two maintenance regimens (A or
A+1IT) as described later. If complete re-
mission was not achieved, a second course of
induction treatment reduced to 5 days of
Ara-C and 2 days of daunorubicine was
given. Those patients achieving complete re-
mission now entered the maintenance pro-
tocol as well.

Maintenance treatment (group A) con-
sisted of 5-day courses every 4 weeks of Ara-
C 100 mg/m? i.v. every 12 h. In each course

one of the following drugs was added: 6-
thioguanine (200 mg/m? per os per day for 5
days), cyclophosphamide (1000 mg/m? i.v.
on day 1), CCNU (75 mg/m? per os on day
1), daunorubicine (45 mg/m? i.v. on days 1
and 2). This 4-month cycle was repeated five
times or until relapse. The patients random-
ized to group A +1IT received the same che-
motherapy. In addition, on day 15 of each 4-
week cycle, 1.0 ml viral oncolysate was in-
jected as described elsewhere in detail [3].

Second Protocol (SAAK AML 77)

During the period of this study (April 1977
April 1982) previously untreated patients
with AML were admitted to the study if
their AML met the criteria of the French-
American-British (FAB) classification [4]
and if they were aged under 65 years. Of the
195 patients admitted, 33 were not evaluable
because of protocol deviations. The 162
evaluable patients consisted of 96 (59%)
women and 66 (41 %) men. Their median age
was 43 (range 7-65 years). The last study
analysis was done in August 1985. A sum-
mary of induction and early consolidation
treatment is shown in Table 1. Patients who
successfully completed their last consolida-
tion course were randomized to mainte-
nance treatment (for details see [5]) or obser-
vation only.

Statistical Evaluation

The duration of survival was measured from
time of diagnosis of AML. The probability
of staying alive was calculated according to
the Kaplan-Meier method [1]. Survival
curves were compared by the use of the log-
rank test [6]. To test the influence of factors

Table 1. Induction and early consolidation treatment of protocol SAKK AML 77

Drug Dosage Route Day Day
mg/m?/day course 1, 3, 4 course 2
Cytosine arabinoside 100 Continuous 1-7 1-5
i.v. infusion
Daunorubicine 45 Lv. 1,2,3 1,2
Vincristine 0.8 iv. 10 8
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therapy; A+ IT, patients with maintenance che-
motherapy plus viral oncolysate

Table 2. Results of the induction treatment of protocol SAKK AML 77

195
Patients evaluable 162
Bone marrow remission
— Early relapse

Patients entered

117 (72%)

— Off protocoll in remission before randomization to maintenance or

25 (15%)
18 (11%)

observation (bone marrow transplantation, protocol deviation)

— Reaching randomization for maintenance or observation

74 (46%)

such as sex and age on survival, these vari-
ables were used as covariants in a propor-
tional hazard model. Calculations were done
with the BMDP2L program.

Results

Protocol SAKK AML 74

The results of the induction treatment were
as follows: Of the 107 evaluable patients, 57

(53%) achieved a complete remission (CR).
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All patients not achieving a CR died within
1 year of diagnosis. The survival of the 57
CR patients is shown below in Fig.5. Ten
patients (18% of the CR patients or 9% of
all evaluable patients) are alive as of August
1, 1984. The last death due to AML relapse
occurred 9.5 years after diagnosis. Of the 57
patients in CR, 29 were randomized to
group A maintenance treatment, 28§ to group
A+IT. The survival of the two groups is
shown in Fig. 1. There is no statistical differ-
ence between the two survival curves (p=
0.288).
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Fig. 2. Survival of remission patients from SAKK
AML 77. Continuous line indicates observation
(26 patients), and dotted line indicates mainte-
nance chemotherapy (48 patients)
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Fig. 3. Survival of remission patients from SAKK
AML 77: Number of inductions to achieve re-
mission. Continuous line indicates bone marrow
remission only after more than one induction
cycle, and dotted line indicates bone marrow re-
mission after first induction cycle

Fig. 4.Survival of remission patients from SAKK
AML 77. Continuous line indicates patients aged
40-65 years (41 patients), and dotted line indicates
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patients aged less than 40 years (33 patients). 4,
maintenance; B, observation
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Fig. 5. Comparison of survival of remission pa-
tients of SAKK AML 74 (dotted line) and SAKK

Protocol SAKK AML 77

The results of the induction treatment are
shown in Table 2. Eighty-three percent of
the patients under 40 and 65% of the pa-
tients above 40 (p=0.011) achieved bone
marrow remission. All patients not achiev-
ing CR or relapsing during consolidation
died within 1.5 years of diagnosis. The sur-
vival data are presented in Figs. 2-5. For
both groups (maintenance and observation)
the median survival time was 2.5 years.
There was no difference with respect to long-
term survival (p=0.332; Figs.2 and 5). Co-
variance analysis of the influence of sex (p=
0.543), number of induction treatment
courses to achieve remission (p=0.385;
Fig. 3), and age (<40 years vs.>40) showed
that only age significantly affected prognosis
(p=0.0001; Fig.4).

Discussion

Cytosine arabinoside (Ara-C) and daunoru-
bicine (DNR), both introduced in the 1960s,
remain the main drugs used for the treat-
ment of AML. The mode of application
(Ara-C 100 mg/m? continuous infusion over
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AML 77 (continuous line). A, maintenance;
B, observation

7 days and DNR 45 mg/m?i.v. ondays 1, 2,
and 3) has remained the standard induction
treatment for 10 years now. The strategy,
however, has changed today. Early consoli-
dation with the same drugs is more the rule
[7], while prolonged maintenance treatment
is not routinely applied any more [5, 8].
Comparing the survival curve of the CR pa-
tients in the study SAKK AML 74 with the
one of the successive Swiss AML study
(SAKK AML 77) where early consolidation
was applied, the main difference was during
the first 4.5 years: Median survival was little
more than 1 year in the study of 1974 vs. 2.5
years in the successive one. The 5-year sur-
vival, however, according to a Kaplan-
Meier estimate [1], is about the same with
25% survivors (Fig. 5). The chances of AML
patients achieving a long-term remission
(except perhaps for the rare patient who gets
a bone marrow transplantation) might
therefore in the mid-eighties be the same as
they were in the mid-seventies.

Figure 5 shows that even at 9 years there
is no plateau. Relapses between 4 and 7
years are well known [9]. Therefore, we hesi-
tate to state that the 9% survivors of our
study of 1974 are cured. We prefer to call
them, for the time being, long-term re-



mission patients. Compared to the Swiss re-
sults of the early 1970s, when only 0.7% sur-
vivors were observed at the end of 6 years
[10], the treatment of the mid-seventies defi-
nitely improved survival of AML patients in
Switzerland.

To improve long-term survival many “im-
munotherapy” trials were implemented in
the 1970s [11]. Our study of 1974, which for
the first time took advantage of the immu-
nopotentiating effect of myxoviruses [12] in
a randomized trial, did not show any ben-
eficial effect of the immunization by viral
oncolysates. As with all imnmunotherapeutic
trials, two main questions have to be asked:
1. Were the patients immunocompetent? 2.
Were tumor-associated antigens (TAA)
present in the immunizing material? The an-
swer to the first question is certainly yes,
since delayed skin reactions [3] and anti-
FPV antibodies [13] could be observed. The
immunization with respect to viral antigens
was successful. There was an inverse correla-
tion between the production rate of anti-
FPV antibodies and prognosis [14]. The an-
swer to the second question could well be no.
In animal experiments, antiviral antibodies
parallel tumor immunity [15], which appar-
ently was not the case in the present study.
This could mean that there were no TAA in
the allogeneic immunizing material. TAA
might therefore be specific — if present at all
— for each individual AML patient. Studies
using autologous viral oncolysate would be
interesting, but technically difficult to real-
1ze.

The analysis of August 1985 of the study
SAKK AML 77 produced similar results as
in February 1983 [S]. The median remission
times of the maintained and unmaintained
groups are both around 18 months, a favor-
able result compared to the recently pub-
lished German study. Here the median re-
mission time of the maintained group is 13
months versus 8 months for the observation
group [16]. Two years of maintenance treat-
ment did not affect survival as shown in
Fig.2.

The conclusions of these two studies are:

1. Immunization with viral oncolysate does
not prolong survival. The rate of antiviral
antibody production is a prognostic indi-
cator.

2. Early consolidation increased the median
survival time of remission patients from
1.3 years (SAKK AML 74) to 2.5 years
(SAKK AML 77).

3. After the first induction cycle the evalua-
tion of the success is too early. About
one-half of the prospective remission pa-
tients reach a normal bone marrow only
after the second induction cycle [5].

4. After early consolidation AML patients
do not benefit from conventional mainte-
nance treatment.

5. Patients up to 65 years should be treated
as aggressively as younger patients. Sur-
vival of CR patients above 40 is signifi-
cantly longer then below 40.

6. The long-term results of these two studies
with about 10% survivors call certainly
for new treatment strategies in order to
improve the prospects for the mid-nine-
ties.
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Introduction

The in vitro clonogenic assay in acute my-
elogenous leukemia (AML) has brought the
possibility to study the proliferative and dif-
ferentiating capacity of the clonogenic cells
as well as their in vitro sensitivity to antileu-
kemic drugs. Although these clonogenic
cells do not represent the true leukemic stem
cells, their properties of colony formation
and in vitro self-renewal have been consid-
ered to reflect the characteristics of the leu-
kemic proliferation and be correlated with
the outcome of the disease [8].

The in vitro evaluation of anticancer
drugs using the human tumor clonogenic as-
say has been widely applied over the past 15
years [15] and is proposed for screening of
new drugs, in vitro phase II studies, as well
as drug selection in individual patients.
However, such selection is hardly feasible in
most untreated acute leukemic patients, due
to the necessity of starting chemotherapy in
less time than that required for the in vitro
assay. Therefore, the clonogenic assay must
at the moment be considered mainly in
AML for its prognostic value.

Several studies have shown that the in vi-
tro sensitivity of clonogenic leukemic cells
correlates with the outcome of the remission
induction treatment [1, 3, 6, 9, 11]. However
the practical value of such a correlation is
still questioned [13] and only McCulloch et
al. [8] have attempted to integrate the clono-
genic assay among the various clinical and
biological parameters which have been

! This address is valid for all authors: Service
d’Heématologie, Hotel-Dieu, Paris, France.

shown to be of prognostic importance in
AML [4, 5, 12, 16]. Moreover, the recent in-
troduction of the clonogenic assay pre-
cluded the attempt to assess its prognostic
value for remission duration. We had con-
firmed previously the prognostic value of the
clonogenic assay in AML for remission in-
duction [7]. In the present work we have at-
tempted to study the place of the clonogenic
assay among other clinical and biologic vari-
ables for remission induction through a mul-
tivariate analysis, and to look for a possible
role of clonogenic cell properties for the pre-
diction of remission duration.

Patients and Methods

Ninety-one AML patients (77 not pre-
viously treated and 14 in relapse) have been
studied. Clonogenic assay was performed as
previously described [7]. Briefly, bone mar-
row blast cells were separated using density
1077 MSL (Eurobio). T cell depletion was
performed by rosetting with sheep erythro-
cyte. 3x 109 cells were incubated in alpha
medium containing 10% FCS for 30 min
with 1077, 1079, and 10~5 M daunorubicin
(DNR), pelleted, washed twice in alpha
medium, and plated. For cytosine arabino-
side (Ara-C), continuous exposure to 1077,
1075, and 105 M was realized by including
the drug to the culture medium. Cells incu-
bated with both DNR (10~ ° M/30 min) and
Ara-C (10”7 M continuous exposure) were
also plated. For measurement of the suicide
index, cells were incubated for 20 min with
3H-thymidine (0.1 mCi, 25 Ci/mmol,
Amersham Lab), washed with cold thy-
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midine, and plated. A total of 2x10* T-
depleted cells in 1 ml alpha medium were
plated with methylcellulose (0.8%), 20%
FCS, and 10% PHA-leucocyte conditioned
medium, in 1 ml microwells (Titertek Lab),
with a minimum of 4 microwells for each
drug concentration or control, and incu-
bated in a moist atmosphere with 6% car-
bon dioxide. Aggregates greater than 20 cells
were counted in the control microwells after
7 days (plating efficiency 1, or PE1), and col-
onies were pooled for replating under the
same conditions to study the self-renewal
(plating efficiency 2, or PE2). Drug inhibi-
tion was assessed at day 7 and expressed as
a percentage of control.

The following biological studies have
been also performed: measurement of the S-
phase fraction using a cytofluorograph
equipment, in vitro inhibition by DNR (10~
6 and 1077 M) and Ara-C (107> to 10~
10 M) of 3H-thymidine uptake in all blast
cells, in vitro growth on agar medium using
placenta conditioned medium (“CFU-
GM™). Cytogenetic analysis was not consid-
ered for this analysis for practical reasons.

The first eight patients were treated ac-
cording to the EORTC AML 5 protocol
with adriamycine 50 mg/m? on day 1, vin-
cristine 1 mg/m? on day 2, and Ara-C
80 mg/m? q 12 h on days 3-9, with five pa-
tients achieving a CR.

Most patients (62) were treated according
to the EORTC AML 6 protocol with one or
two cycles of DNR: 45 mg/m? on days 1-3,
vincristine: 1 mg/m? on day 2, and Ara-C:
200 mg/m? on days 1-7 (half by continuous
i.v. infusion and half by i.v. push every 12 h
33 patients achieved a CR. Four patients
aged more than 65 years received only
30 mg/m? DNR days 1-3 (AML 7 protocol)
with two achieving a CR.

Eight patients were treated according to
the AML 8 pilot study with DRN 45 mg/m?
on days 1-3 and Ara-C 200 mg/m? i.v. con-
tinuous infusion on days 1-7, with five
achieving a CR. Finally eight relapsing pa-
tients received an induction treatment with
high dose Ara-C 2 g/m? q 12 h on days 1-6
and AMSA 120 mg/m? on days 5-7, with six
patients achieving a CR.

The correlation between single param-
eters and induction treatment outcome was
obtained through chi-square method or
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comparison of means using the 7 test. Multi-
variate analysis was performed using the
Cox’s stepwise logistic regression model
(BMDP program). Comparison of re-
mission duration curves was made using
Kaplan-Meier’s method.

Results

The main clinical and biological single vari-
ables which appeared to have a significant
prognostic value at a minimum of p <0.1 are
listed in Tables 1 and 2. One can see that the
main clinical parameters are age and second-
ary leukemia, and the main cytological pa-
rameters are the number of circulating blast
cells — or the WBC count as well — and the
presence of Auer rods.

The in vitro growth using a CFU-GM as-
say with placenta conditioned medium had a
borderline value. The in vitro inhibition of
leukemic clonogenic cells correlated with
clinical sensitivity to antileukemic combina-
tion (CR versus resistance) at the p < 0.01 for
Ara-C 1077 M, at the p<0.1 for DNR 10~
6M, and at p<0.01 for DNR 10" M+
Ara-C 1077 M.

All other single variables were not signifi-
cant for induction treatment outcome: sex,
hemoglobin, FAB subtype, LDH, fibri-
nogen, S-phase fraction, in vitro inhibition
of 3H-thymidine uptake by DNR and Ara-
C, PE1, PE2, suicide index, and in vitro in-
hibition of leukemic clonogenic cells by
other concentrations of DNR and Ara-C.

The prognostic value of the main clinical
and biological factors was studied using a
stepwise logistic regression. The value of the
index proposed by Keating et al. [5] was con-
firmed (p=0.011); Auer rods and the
number of circulating blast cells did not add
to this value, but the fibrinogen level ap-
peared as a supplementary prognostic factor
at a second rank (p=0.024). The in vitro
sensitivity to Ara-C 10~ M had more value
(p=0.005) than the sensitivity to DNR (p=
0.026). By combining the index of Keating et
al. (KI) and the clonogenic assay, both ap-
peared as important and independent prog-
nostic variable with the K1 sorting first when
looking at distinction between CR and resis-
tance +death (KI=0.001, sensitivity to Ara-
C+DNR =0.016), while the vitro sensitivity



Table 1. Prognostic value of main significant single clinical or biological factors and of the Keating’s

index for the remission induction outcome

n CR Resistant  Death p
disease during
induction
Age 91 44+16 51+19 63+ 9 <0.001
Auer rods 80 f fg 1(5) é <0.01
Number of circulating 86 27449 42148 67175 <0.05
blast cells (x 103/ul)

Secondary _yes 4 9 3
Leukemia } 1 o 41 21 13 <01

_nlor0 21 17 4
CFU-GM 84 micro or macro CL. 19 11 12 <01
Keating’s index (%) 74 60+22 47423 37+22 <0.01

Table 2. Prognostic value of clonogenic assay for CR induction

n CR Resistant disease  p
CFU-L inhibition by
Ara-C 107°M ! 62.7+31 43+29 <0.01
DNR 107°M 59 74.7+27 62422 <0.1
Ara-C 10""M+DNR 10" *M 79 79 +25 62119 <0.01

sorted first when looking at difference be-
tween CR and resistant disease. The model
which fitted best for probability of CR ver-
sus resistance corresponded to the logistic
regression equation:

P

=(0.053 x CA)+
(0.045 xKI)—6, (1)

log e

where CA is the in vitro simultaneous sensi-
tivity to both DNR and Ara-C on clono-
genic assay and KI the index defined by
Keating et al.

The prognostic value of the clinical and
biological factors studied for the remission
duration is shown in Table 3. Although the

Table 3. Prognosis of CR duration

number of patients is relatively low in this
series, one can see that the clonogenic cell
properties were the only ones which corre-
lated with CR duration, when comparing
patients who relapsed within 8 months, i.e.,
the median duration of the whole series, with
patients with CR longer than 8 months:
early relapses were characterized by a higher
suicide index of the clonogenic cells, a para-
doxical higher in vitro sensitivity to Ara-C
10~7 M, a lower in vitro sensitivity to DNR,
and a higher in vitro self-renewal (PE?). A
significant correlation was observed be-
tween suicide index and in vitro sensitivity to
Ara-C 1077 M (r=0.65, p<0.02). All other
single parameters had no significant prog-

n CR>8months CR<8months p
PE? 14 9+11 37432 <0.05
Suicide index 19 21417 39423 =0.05
CFU-L inhibition by Ara-C 10°"M 35 27423 48+25 <0.05
CFU-L inhibition by DNR 105 M? 20 81+26 58125 <0.05

? In patients treated with 3 days’ DNR + 7 days” Ara-C.
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nostic value for remission duration age, he-
moglobin, number of circulating blast cells,
LDH, fibrinogen, Auer rods, S-phase ratio,
number of courses to CR, and in vitro in-
hibition of clonogenic leukemic cells by
other concentrations of DNR and Ara-C.

Discussion

Our study confirms the prognostic value of
the in vitro sensitivity of the leukemic clono-
genic cells to the antileukemic drugs cur-
rently used for remission induction. As em-
phasized in a previous study, the multivari-
ate analysis indicates a best fit when both an-
thracyclines and Ara-~C are combined in the
in vitro test system, with short exposure to
anthracyclines and continuous exposure to
Ara-C |6, 11].

This sensitivity appears to be independent
of the other variables with known prog-
nostic value for CR induction. Our data
show that, contrarily to recent statements
[14], clonogenic assay can be actually con-
sidered as of major prognostic importance
for both remission induction and duration.
The relative importance of other biological
determinants, such as drug uptake or cyto-
genetics, must await further studies.

The practical interest of the in vitro sensi-
tivity for remission induction remains, how-
ever, open to discussion in AML: in most
patients, treatment must be started before
the results of the clonogenic assay are avail-
able. The possibilities which could be exam-
ined in the future are related to the simulta-
neous study of the in vitro response to other
antileukemic agents (i.e., AMSA, mitoxan-
trone, VP-16 213, etc.). One could hope,
when looking by day 7 both at the results of
the clonogenic assay and the bone marrow
cellularity at that moment [14], to identify
the patients more likely to resist the first
conventional combination and the drugs
which could be combined for an immediate
second step induction treatment.

Our study also shows that the properties
of the leukemic clonogenic cells could be of
paramount importance for the prognosis of
remission duration. The in vitro self-renewal
capacity, as indicated by the second plating
efficiency, has been related to the prolifera-
tive capacity of leukemic stem cells [10]. A
high suicide index of the CFU-L, as well as
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a high sensitivity to Ara-C 107’ M — two
data which have been correlated in our study
— indicates that a high percentage of clono-
genic cells are in S phase and that most of
these cells are actively dividing. Such condi-
tions have been frequently correlated with a
high rate of early relapses, perhaps through
an increased occurrence of mutations and
acquired drug resistance.

On the other hand, a high in vitro sensitiv-
ity of CFU-L to DNR correlated with
longer duration of CR. In another multivari-
ate analysis of factors associated with out-
come of treatment in AML, the remission
duration was correlated with the total dose
of DNR administered during remission in-
duction [16], highlighting the contribution
of anthracyclines in leukemic cell kill during
induction and consolidation.

Our results differ from those reported by
McCulloch et al. [8]. While our methods of
clonogenic assay were identical — and dif-
fered from those utilized by other authors [3,
6, 11, 12] - the in vitro drug sensitivity corre-
lated significantly in our study with re-
mission induction or clinical resistance; on
the other hand the self-renewal correlated
for McCulloch both with remission induc-
tion and overall survival, whereas its prog-
nostic value was limited in our study to re-
mission duration.

Finally, it is interesting to point out that
contrarily to recent statements, some in vitro
assays which had been shown in the past as
significantly correlated with the outcome of
AML, i.e., the S-phase ratio for remission
induction and duration, and the inhibition
of 3H-thymidine uptake for CR induction
[2, 16], had no prognostic value in our pres-
ent study. This shows that the prognostic
value of most clinical and biological factors
can vary with time, depending especially on
the efficacy of the treatment protocols.
Moreover, it constitutes a major argument
in favor of considering the clonogenic leu-
kemic cells as a subset of major biological
importance and as the key target, rather
than the bulk of leukemic blast cells.
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Introduction

While both remission rates and duration

have improved in acute myeloid leukemia

(AML), the overall prognosis remains poor.

Large multicenter studies using DAT or

DAT-derived remission induction regimens

have failed to reproduce the complete re-

mission (CR) rates (75%—-85%) obtained in
small single-institution studies [1-3]. Main-
tenance therapy has been demonstrated to
improve CR duration [4, 5]; yet ultimately,
less than 20% of all treated patients will
achieve long-term disease-free survival

(DFS) [6-8]. Furthermore, modalities of

maintenance regimens remain debated:

while both early intensification and semi-

continuous maintenance therapy have im-

proved DFS in large studies [4, 8, 9], they

carry drug-related lethal toxicity in 5%—

10% of patients [8-11]. Prognostic factors

that could affect both indications and moda-

lities of therapy are still poorly understood
in AML, thus preventing the design of more
specific treatment.

In previous studies we failed to show any
benefit of three- and four-drug regimens
over Ara-C-zorubicin combination therapy
[12]. Thus, the Leukemia Group of the
French Society of Hematology undertook in
1981 a study in order to:

1. Improve CR rates in AML using high-
dose zorubicin and Ara-C combination
chemotherapy, since previous studies and
experimental data [13] strongly suggested

! Institut de Recherches sur les Leucemies et les
Maladies du Sang, Hop Saint Louis, 2 place du Dr
Fournier, F-75010 Paris, France.
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a dose-effect relationship in tumor
burden reduction achieved with anthra-
cyclins. Zorubicin was chosen because of
its improved therapeutic index over dau-
norubicin (DNR)[13]. The possible bene-
fit of the addition of cyclophosphamide
(CPA) over this two-drug regimen — sug-
gested by results of allogeneic bone mar-
row transplantation — was also studied.

. Define better maintenance regimens.

. Define some prognostic indicators in
AML.
Preliminary results of this study involving

17 departments of hematology are reported.

w N

Patients and Methods
Patients

From September 1981 to December 1985,
444 patients were enrolled in the 01AMS81
protocol. To be eligible, patients had to be
between 01 and 65 years old; diagnosis of de
novo AML according to FAB classification
had to be confirmed by the Cytology Group
of the French Society of Hematology: Pa-
tients with M3 leukemia were treated ac-
cording to specific modalities and thus not
included in the 01AMS81 protocol. Patient
characteristics are shown in Table 1.

Remission Induction Modalities

Patients were randomized to receive Ara-C
200 mg/m?/day for 7 days given as continu-
ous infusion and RBZ 200 mg/m?/day for
4 days given as 1 h infusion (regimen A) or



Table 1. Characteristics of 444 patients aged 1-65
(m=46) at presentation. FUO, fever of unknown
origin; major infection: septicemia and/or lung,
liver, gastro-intestinal tract infection; DIC, diffuse
intravascular clotting

n %

FAB M1 125 28
M2 165 37

M4 66 15

M5 57 13

Other 31 7

WBC > 50g/1 103 23
<100 g/l 43 10

Platelets <50g/1 103 23
<10g/l 19 4

Infection FUO 41 9
Minor 105 24

Major 50 1

Complications DIC 35 8
Renal failure 9 2

Leukostasis 4 1
regimen B where cyclophosphamide

(1500 mg/m? day 5) was added to regimen
A. Bone marrow was studied at day 15: in
case of persisting leukemic cells, patients re-
ceived either Ara-C (200 mg/m?/d for 3
days) and RBZ (200 mg/m?/day for 2 days)
or Ara-C and AMSA (200 mg/m?/day for 2
days). In case of persisting leukemic cells,
patients were classified and reported as fail-
ures even though CR could be achieved us-
ing other regimens or investigational agents.
Depending on the institution’s facilities, pa-
tients were cared for either in a highly pro-
tected environment with oral nonabsorbable
antibiotics or in a conventional reverse isola-
tion room. Prophylactic red blood cell and
platelet transfusions were used in all pa-
tients. CR was defined as disappearance of
all clinical and hematological evidence of
leukemic infiltration with normal hemato-
poiesis recovery lasting more than 30 days.

Maintenance Modalities

When CR was achieved, patients were ran-
domized to one of three maintenance arms.

Arm 1. Sequential courses of chemotherapy
with Ara-C 100 mg/m?/12 h subcutaneously

for 5 days and alternatively prednisone
(40 mg/m?/d for 5 days) and vincristine
(1.4 mg/m? day 1); methylglyoxal (400 mg/
m? day 1 and 4); CPA (600 mg/m? day 1);
RBZ (120 mg/m? day 1-2) every 6 weeks;
RBZ was stopped after 12 months of con-
tinuing CR. All therapy was stopped after 36
months of continuing CR.

Arm 2: Similar regimen where 6-mercapto-
purine (200 mg/m?/day for 5 days) replaced
Ara-C.

Arm 3. The first four courses associated Ara-
C and m-AMSA (120 mg/m? d1); thereafter
therapy was identical to arm 1.

Patients with acute monoblastic leukemia
(M35) and/or hyperleukocytosis at presenta-
tion received CNS prophylaxis (intrathecal
methotrexate (12 mg/m?) for 6 weeks and
skull irradiation delivering 24 Gy) and
maintenance regimen identical to arm 1.

Patients less than 30 years with an HLA
identical sibling could receive allogeneic
bone marrow transplantation; such patients
were not evaluated for CR duration.

Statistical Evaluation

CR was defined as above; failure as de-
scribed; deaths were classified as toxic
deaths (without persisting leukemic cells in
the marrow) or failure deaths. Comparison
between induction arms and analysis of
prognostic factors related to CR were done
using chi-square analysis.

Survival was calculated from the start of
treatment to death; DFS was calculated
from day of CR to either day of relapse or
death. Life table analyses were done accord-
ing to Kaplan and Meier [14]. Comparison
between induction and maintenance arms
and prognostic factors related to DFS were
done by the log rank test [15].

Results
Remission Induction Regimen

CR was obtained in 358/444 patients (81%);
five patients (1.4%) died before completion
of the first 5 days of induction regimen; in 40
patients CR was not achieved by planned
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Fig. 1. Results of remission induction therapy

chemotherapy (9%) although a further re-
gimen achieved CR in seven of them; finally,
41 patients (9%) died after bone marrow
aplasia was obtained (Fig.1).

After the first course of combination che-
motherapy, 326 CR were achieved (91% of
CR); 32 (9%) after a second course. Median
duration of pancytopenia (WBC <0.5 g/
and/or -platelets <30 g/1) has been 21 days
(14-44 days).

CR rate was strongly dependant upon
age: 231/260 patients younger than 50 years
(88%) achieved CR as compared to 127/184
patients (69%) over 50 years (p=0.000002).

Irrespective of age, significantly higher
CR rates were obtained in patients with
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01-19.9 y (104 pts)

20—39.9 y (111 pts)

40-49.9 y (58 pts)

-./\/50—65 y (171 pts)

.all ratients (444)

myelomonocytic leukemia (CR =90%; (p=
0.02) and in patients with platelets below
50 g/1 at presentation (84%; (p=0.004). On
the other hand, neither tumor masses, leu-
kemic complication (DIC, leukostasis, renal
failure), infection at presentation, nor ab-
normal cytogenetics influenced CR rate. Fi-
nally, addition of CPA to Ara-C and RBZ
did not improve remission induction results
(79% vs. 82% CR).

Remission Duration, Survival,
Disease-Free Survival

Overal remission duration and survival are
shown in Fig.2. As previously stated, they
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have been computed only for those 422 pa-
tients who did not receive allogeneic bone
marrow transplantation: median duration
of CR was 19 months with a projected CR
rate of 29% at 48 months; overall median
survival was 20 months with 32% of patients
projected to survive 48 months. A plateau
has not been reached as yet, and five relapses
have already occurred in 43 patients after
the end of therapy.

As the number of patients at risk after 36
months is still limited within each subgroup,
comparisons have been carried only up to 36
months.

CR duration was strongly dependent
upon age at diagnosis: median CR duration
was 13 months in 144 patients less than 30
years with 30% of them in continuing CR at
36 months as compared with 22 months and
40% in 278 patients over 30 years (p < =
0.005).

Actuarial CR duration according to
maintenance arm is shown in Fig. 3. Thirty-
two patients could not be analyzed because
of early deaths (10 patients) or major pro-
tocol violation (22 patients). Median CR du-
ration and percentage of patients in continu-
ous complete CR were 20 months and 37%
in 81 patients treated in maintenance arm 1;
14 months and 21% in 72 patients in arm 2;
22 months and 37% in 77 patients in arm 3;
25 months and 47% in arm 4.

Thus, maintenance arm 2 carried a signifi-
cantly worse prognosis than other mainte-
nance arms. On the other hand, no signifi-
cant difference was found between other
maintenance modalities. Only three menin-
geal relapses have occurred; one in a patient
with M5 type after CNS prophylaxis; two in
patients who did not receive CNS prophy-
laxis.
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Fig. 3. Actuarial remission duration according to maintenance modalities

CR duration did not appear to be influ-
enced by FAB type, WBC, platelet count at
presentation, tumor masses, abnormal cyto-
genetics. Patients who needed two courses to
achieve CR had shorter remission duration
(15 months) (NS).

Finally the addition of CPA to Ara-C/
RBZ induction regimen failed to improve
CR duration.

Discussion

In this multicenter study of 444 patients with
AML, Ara-C-zorubicin combination
achieved 81% CR, the highest CR rate re-
ported to date in a multicenter study. Pre-
sentation and age of patients do not appear
to differ from those described in large multi-
center trials [1, 3, 6-9]. The fact that M3 leu-
kemia was not included in this trial cannot
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account for such results since M3 leukemia
accounts for less than 5% of AML [16] and
we have achieved 82% CR rate using same
induction regimen in M3 leukemia (unpub-
lished data). Ara-C-RBZ combination could
therefore provide optimal remission induc-
tion regimen for ANLL. Addition of cyclo-
phosphamide failed to improve those re-
sults. We previously obtained similar results
when adding vincristine-prednisone or 6-
mercaptopurine-methylglyoxal to Ara-C-
RBZ combination [12]. A possible benefit of
three- or four-drug combinations remains,
therefore, questionable. That higher CR
rates are achieved in younger patients has in-
deed been found in most studies: this relates
mostly to better tolerance. Although we do
confirm in this study our prior finding of in-
creased chemosensitivity in M4 [12, 13],
similar results have not been reported by
others.



CR and DFS duration thus remains the
major unsolved therapeutic problem in
ANLL. The value of some (any) type of
maintenance therapy is now widely accepted
[4]. However, one should keep in mind that
— as in experimental models — CR duration
is strongly dependent upon initial tumor
burden reduction. Although these data arise
from sequential studies [12, 13], median CR
duration has increased from 9 to 20 months
using similar intermittent maintenance ther-
apy as doses of Ara-C and zorubicin used in
remission induction therapy were increased.
The benefit of early consolidation therapy
has been suggested in large studies [4, 6, 8,
11]; however, median duration of CR did
not exceed 20 months in most studies: in
01AMS81 protocol, similar values were
achieved without early intensification while
Ara-C-AMSA early intensification signifi-
cantly improved these values. Rees at al.
have shown that late intensification using
COAP will increase 4 years RFS from 23%
to 40%; this could also lead to the conclu-
sion that sustained intensive monthly
courses up to at least 12 months are useful.
That therapy should not be stopped after 1
year is strongly suggested in our study by a
linear monthly relapse rate up to at least 36
months. That patients with M35 and/or ini-
tial hyperleucocytosis do not carry a worse
prognosis was somewhat unexpected: it
strengthens previous findings that CNS pro-
phylaxis will prevent high CNS relapse rate
in these patients [17]; furthermore, less than
3% CNS relapses were observed leading to

the conclusion that other forms would not

benefit of CNS prophylaxis.

As others [9], we have found that median
duration of CR is shorter in younger pa-
tients. Opposite results have generally been
reported [4]. No imbalance between charac-
teristics at presentation was found in
younger and older patients, and the mecha-
nisms underlying this difference remain un-
known.

Preliminary conclusions from this study
are:

1. Ara-C-RBZ appears to be an optimal re-
mission induction regimen in AML.

2. Prolonged DFS or cure should be
achieved in 20%—-25% of patients, thus
leading to a significantly increased cure
rate in AML.

3. While maintenance therapy appears
mandatory, optimal modalities are still
questionable and will need further stud-
ies.
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Various intensive induction regimens for
adult AML involving a total of 3380 patients
produced a median of 60% complete re-
missions (CR) ranging from 47% to 72% in
multicenter [2, 4, 8, 10-12, 14] and major
monocenter [5, 6, 9, 13] studies. The prob-
ability of continuous CR in these studies
ranges from 8% to 45% (median, 24%) at 3
years. Corresponding data projected to 5
years yield a continuous CR rate of 10%—
28% (median, 21%). No clear correlation
has been found between CR duration and
the type of induction or postinduction treat-
ment. In particular, the role of consolidation
and long-term maintenance therapy has re-
mained controversial.

Initiated in 1978, the AML Cooperative
Group in Germany has been conducting
three multicenter trials on the role of major
postinduction treatment variables (1978 pi-
lot study and 1981 randomized study) and a
new concept of double induction treatment
(1985 pilot study).

Patients and Therapy

The design of the studies is shown in Figs. 1
and 2. So far, 877 adult patients with AML
according to FAB criteria M1-M6 [1] have

* Supported by grant BMFT 01 ZP 0123 of the
Federal Government.

! For the German AML Cooperative Group:
Clinic for Internal Medicine and Poliklinic, Uni-
versity of Miinster, Miinster, Federal Republic of
Germany.

been treated in the three studies. The courses
administered in the different phases of treat-
ment have been as follows:

Induction and Consolidation. TAD9 [2] in-
duction courses contained thioguanine (TG)
200 mg/m? daily p.o. on days 3-9, ARA-C
100 mg/m? daily by continuous i.v. infusion
on days 1 and 2 and by 30-min i.v. infusion
q 12h on days 3-8, and daunorubicin
(DNR) 60 mg/m? daily by i.v. injection on
days 3-5.

In the 1978 pilot and 1981 randomized
study, TAD?9 induction was repeated once if
the bone marrow on day 16 contained 5% or
more leukemic blasts. TAD9 was adminis-
tered in the same manner for consolidation.

In the 1985 pilot study, a second induc-
tion course was given to each patient. This
course was applied prior to achievement of
CR, if possible, and patients were random-
ized to receive TAD-9 or high-dose ARA-C
plus mitoxantron (HAM) as second course.
HAM comprised ARA-C 3 g/m? q 12 h by
3-h i.v. infusion on days 1-4 and mitoxan-
trone 10 mg/m? daily by 30-min. i.v. infu-
sion on days 2-5. In a reduced version
(HAM mod), ARA-C was given on days 1-3
and mitoxantrone on days 3-5 only. Conso-
lidation and maintenance, as for the pilot
phase of this new trial, has been uniform for
all patients and identical to the two previous
studies. In the 1985 pilot study, patients 60
years of age and older were treated differ-
ently from the younger patients, receiving a
second induction course only if required and
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being randomized to receive TADY induc-
tion courses either by original or 50% dos-
age for DNR. In addition, DNR in consoli-
dation is administered at 50% dosage uni-
formly in the higher age group, and mainte-
nance is the same as for younger patients.

Maintenance. Patients receive monthly 5-
day courses of ARA-C 100 mg/m? q 12 h al-
ternatingly combined with DNR 45 mg/m?
i.v. injections on days 3 and 4 (Maint 1), TG
200 mg/m? p.o. on days 1-5 (Maint 2 and 4),
or cyclophosphamide 1 g/m? i.v. injections
on days 3 (Maint 3). Maintenance courses
are recycled until relapse or for 3 years.

In the 1978 pilot study, patients in CR at
the different centers nonrandomly received
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either one to two courses of consolidation,
consolidation and maintenance, or mainte-
nance alone. A fourth group did not receive
any treatment in CR either by protocol or as
a result of early relapses.

In the 1981 randomized study, patients in
CR randomly received consolidation with
our without maintenance. Patients in CR at
three centers entered a special subtrial on
immunotherapy presented separately in this
volume (see Urbanitz et al.).

Results

In the 1978 pilot study, 242 patients at a me-
dian age of 50 (range, 15-78) years were
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Table 1. AML Cooperative Group randomized studies. Response data in the 1981 randomized study
and the 1985 pilot study for patients of all ages and for patients in the older and younger age groups

Age 16-59 years 60-80 years Total

Study 1981 1985 1981 1985 1981 1985
Patients (n) 454 46 148 19 602 65
CR (%) 64 67 42 53 59 63
PR (%) 6 7 7 5 6 6
NR (%) 15 11 17 21 15 14
ED (%) 15 15 34 21 20 17

CR, complete remission; PR, partial remission; NR, nonresponse; ED, early death within 6 weeks from
treatment start.
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Table 2. AML cooperative group 1985 pilot study:
data on intestinal toxicity during and after the
second induction course for the three regimens
administered

ment types in CR in this nonrandomized
trial. Remission duration was significantly
shorter, however, in patients without treat-
ment in CR, and none of the patients in this
group achieved a long-term CR (Fig. 3).

Second course TAD9 HAM HAM For the 1981 randomized study, response

mod data are given in Table 1. The median age is
Patients (1) 20 1 3 48 (range, 16-80) years. In f[his study, 70%
Diarrhea (%) 30 8 25 of CRs were ach1eyed with _one TAD9
Tleus: reversible (%) 8 course, only. Remission duration and sur-
Tleus: irreversible (%) 12 vival for the two treatment arms in CR, ex-

evaluable, and 70% achieved a CR. Of this
group, 65% achieved a CR after only one
TAD?9 course. Remission duration did not
differ significantly for the different treat-
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cluding patients entering the immuno-
therapy subtrial (see Urbanitz et al.) are
shown in Figs. 4 and 5.

Response data from the 1985 pilot study
are given in Table 1 and compared with
those of the 1981 randomized study. In the
younger age group, two induction courses
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have been given to 40 patients so far. Start-
ing with HAM at the original dosage, unac-
ceptable gastrointestinal toxicity (Table 2)
and prolonged recovery time for granulo-
cytes and platelets (Fig. 6) were observed.
The subsequently reduced version HAM
mod was found to be identical to TAD-9 in
its toxicity (Table 2) and recovery time
(Fig. 6). Preliminary survival of all treated
patients entered and CR duration of those
receiving two courses of induction are given
in Fig.7.

Discussion

As shown by our 1978 pilot and 1981 ran-
domized studies [2, 3] the TAD9 intensified
induction regimen was found to be highly ef-
fective, combining high remission rates with
rapid response in multicenter trials. Even the
59% CR rate in the 1981 trial is in the upper

range of comparable studies and is exceeded
only by studies using bone marrow criteria
[11]; excluding very early deaths [12], pa-
tients over 50 [13] or patients over 69 years
[4]; or including children [11]. The rapidity
of response may be higher by TAD9 than by
the original TAD [7], as the median time to
CR was 33 days for TAD?9 as opposed to 45
days for TAD [5].

Myelosuppressive postremission chemo-
therapy was found to be a prerequisite of
long-term remissions, as already shown by
the 1978 pilot study [2]. There was not a sin-
gle long-term remission in the nontreatment
group, although two-thirds of the patients
remained untreated for reasons other than
early relapse [3].

The importance of myelosuppressive che-
motherapy of a certain duration is under-
lined by the 1981 randomized study showing
significantly superior remission duration in
the monthly maintenance arm. In addition,
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the 30% continuous CR rate at 3 years may
represent a therapeutic improvement, as this
has not been reached by any other multi-
center study and has been markedly ex-
ceeded by only one monocenter result in pa-
tients up to 50 years [13]. Thus, it was possi-
ble to establish the validity of monthly main-
tenance after intensive induction and conso-
lidation in our study.

It is a common finding in all comparable
AML studies that the highest rate of relapses
occurs during the first year of CR. The most
recent concept of multiple intensive consoli-
dations aims at preventing this early steep
decline in the remission curve (see Rai et al.,
this volume). As an alternative approach,
the AML Cooperative Group has been de-
signing a new study introducing a concept of
intensive two-course preremission therapy.
In addition, we are randomly comparing a
recycling to an alternating version of induc-
tion. Through a pilot phase of this trial and
its first update, we can demonstrate the
practicability of this new approach, which
does not result in increased early lethality
and shows a promising CR rate, total sur-
vival, and remission duration. We have also
been able to contribute data on the toxicity
and the optimum dosage of the new combi-
nation HAM as a second induction course,
a regimen proving highly effective in refrac-
tory AML, as seen in a multicenter study of
our group presented in this volume (see Hid-
demann et al.).

In the next 2-3 years, we should see
whether the long-term results in AML can
be improved by either postinduction or
preremission intensification of chemother-

apy.

Summary

Major chemotherapeutic alternatives for
AML have been implemented and compared
in three multicenter studies, including a total
of 877 adult patients of all ages. The results
strongly suggest that myelosuppressive pos-
tinduction treatment is a prerequisite for the
achievement of long-term remissions. In ad-
dition, it was possible to establish an impor-
tant antileukemic effect of monthly mainte-
nance chemotherapy. Initial results from an
intensive two-course preremission therapy
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concept revealed good practicability and ac-
ceptable toxicity, as well as promising re-
sponse and remission durations by this new
approach.
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Summary

Between July 1, 1981, and July 1, 1985, 167
patients with acute myelogeneous leukemia
(AML) were treated with one or, if neces-
sary, two courses of a modified TAD re-
gimen (TAD9) for induction. 96 patients
(58%) achieved a complete remission (CR);
62 achieved CR after one and 34 patients
after two courses of TAD9. 29 patients
(17%) were considered early deaths, and 42
patients (25%) nonresponders. For CR
maintenance 64 patients were eligible ac-
cording to protocol criteria; 33 patients were
randomized to chemotherapy, only, (CT) by
monthly courses of cytosine arabinoside
(ARA-C) alternatingly combined with dau-
norubicin or thioguanine or cyclophos-
phamide, while 31 patients were randomized
to receive immunotherapy in addition to
chemotherapy (CIT) by intradermal injec-
tions of 10'® neuraminidase-treated viable
allogeneic blasts per immunization inter-
spersed between the CT courses. Mainte-
nance therapy was given for up to 3 years.
The median survival in CT patients is 23
months, while in CIT patients the median
has not been reached after 54 months; corre-
sponding median relapse-free survival is 15
months for the CT patients as opposed to 40
months for the CIT group. The differences
are not significant.
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Miinster

2 Klinikum Steglitz, University of Berlin
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Comparing CT with CIT, the survival
data show a persistent trend in favor of CIT;
under the conditions of the study, however,
a substantial benefit of immunotherapy may
be restricted to a certain subset of patients
with low risk for early relapse.

Introduction:

Since AML in CR represents a minimal re-
sidual disease with a greatly reduced tumor
load [1] one important condition for a po-
tentially successful immunotherapeutic ap-
proach is given. Out of several different im-
munotherapy trials related to AML in re-
mission, the most encouraging results have
been reported by Bekesi et al. [2, 3]. By using
neuraminidase-treated allogeneic blasts in a
high dosage, they have obtained a highly sig-
nificant prolongation of both CR and sur-
vival. Until now, however, studies confirm-
ing these results have not been published.

Therefore, in 1981 we decided to initiate a
randomized study using the same mainte-
nance chemotherapy and immunotherapy as
Bekesi and his group.

Patients and Methods
Induction Therapy

Patients with AML according to FAB crite-
ria [4] admitted to the hospitals between July
1981 and July 1985 were treated with a
modified TAD regimen, the TAD9 protocol
[5] for induction: Ara-C 100 mg/m? per day
by continuous infusion on days
1 and 2 followed by a 30-min infusion of
Ara-C 100 mg/m? every 12 h from day 3 to
day 8, thioguanine 200 mg/m? per day per os



Table 1. Results of induction therapy

Table 2. Results of maintenance therapy

Patients admitted between 195
6/81 and 6/85 (n):
Excluded from TAD9 (n): 28

Evaluable patients (n): 167

Mean age (years): 48.6 (range, 17-76)
CR (n): 9 (58%)

NR (n): 42 (25%)

ED (n): 29 (17%)

from day 3 to day 9, and daunorubicin
60 mg/m? per day i.v. on days 3, 4, and 5.
Patients expiring within 6 weeks after onset
of induction therapy were considered early
deaths (ED), those not achieving CR after
two cycles of TAD were designated nonre-
sponders (NR).

Maintenance Therapy

Patients achieving CR after one or two
cycles of TAD9 were randomly allocated to
one of two maintenance regimens: chemo-
therapy only (CT) or chemotherapy and im-
munotherapy (CIT). For CT, monthly
courses of Ara-C alternatingly combined
with daunorubicin, thioguanine, or cyclo-
phosphamide were given according the
CALGRB protocol [6]. A permanent dose re-
duction of 50% for all drugs was necessary
if two severe episodes of cytopenia had oc-
curred (granulocytes <500/mm® and/or
platelets <20 000/mm?® with a further re-
duction to 25% of the original dose after an-
other two severe cytopenic episodes.

CIT included for the same protocol and in
addition immunotherapy with doses of 101°
viable allogeneic neuraminidase-treated
blasts injected intracutaneously at 50 differ-
ent sites [3]. The effectiveness of the neur-
aminidase treatment was proven by estima-
tion of the amount of neuraminic acid split
off in every case. The original dose of 101°
viable blasts per immunization was main-
tained by taking into account only viable
blasts in the final blast suspension. Immuno-
therapy was given on day 14 after the onset
of each preceding CT cycle if platelet levels
had recovered to>50 000/mm? and leuko-
cyte levels to > 1500/mm?; otherwise, immu-
notherapy was delayed for 1 week. Analo-
gous delays were provided in the chemother-
apy group. CT was administered 2 weeks
after each immunotherapy course.

Patients randomized (n): 64
For CT(n): 33 (mean age,
42.9 years)
For CIT(n): 31 (mean age,
43.5 years)
Median observation time
For survival: 31.5 months
For CR duration: 28.0 months
Median survival
CT: 23 months
CIT: 54+ months
Median relapse-free survival
CT: 13  months
CIT: 17 months

Maintenance therapy was continued for
up to 3 years.

Statistics

Life table analyses were performed accord-
ing to Kaplan and Meier; significances were
determined by the logrank test.

Results

The data concerning induction therapy are
depicted in Table 1. The reasons for exclu-
sion from TAD?9 included medical contrain-
dications (n=16), protocol violation (n=
10), and refusal (n=2).

For the results of maintenance, sece
Table 2.

The reasons for excluding 32 patients
from randomization according to protocol
criteria involved refusal (r=11), medical
contraindications (n=8), no blasts for im-
munization available (n=7), social reasons
(n=3), protocol violation (n=2), and death
before randomization (n=1).

The life table analyses for survival and re-
lapse-free survival (Figs.1 and 2) disclose
nearly identical patterns for CT and CIT pa-
tients for the first 18 months of remission;
for longer-lasting remissions, a trend in
favor of CIT is observed. The differences are
not significant. After the exclusion of cases
involving death before or during the first CT
course (n=2), relapse before the first course
(n=1), meningeosis after the first course of
IT (n=1), and randomization despite persis-
tent extramedullary leukemia (rn=1) or sev-
ere diabetes mellitus (n=1), survival and re-
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lapse-free survival (Figs.3 and 4) show a
slightly enhanced tendency in favor of CIT.

Focusing on the three late relapses in the
CIT group (28, 39, and 43 month’s CR dura-
tion respectively), a common feature of these
patients is a dose reduction for maintenance
chemotherapy to =25%. Only eight of the
64 patients randomized required dose reduc-
tions to 25% or less. These patients seem to
have a poor prognosis since no long-term re-
mission has been observed among these pa-
tients compared with those tolerating 50%
or more of the original dose (Fig. 5).

After exclusion of patients with less than
three cycles of maintenance chemotherapy
and dose reduction to 25% or less (regard-
less of being randomized for CIT or CT), a
marked tendency in favor of CIT is evident
(Fig. 6), but again the difference is not signif-
icant (p=0.1).

Discussion

The survival data show nearly identical
values over the first 2 years of CR for the
two treatment groups, confirming the data
of Bekesi et al. who obtained an advantage
for the CIT arm only after CR of more than
2 years duration. A possible explanation of
this phenomenon could be that the blasts
used for immunization are only weak immu-
nogens and have to be administered several
times in order to elicit a clinically relevant bi-
ological response. After more than 2 years of
CR, a consistent trend in favour of immuno-
therapy is observed which increases if pa-
tients with dose reductions of cytostatics to
<25% are excluded. A dose reduction to
<25% was not equivalent to a relapse, since
bone marrow monitoring did not reveal
blast regrowth and the time period from
dose reduction until relapse lasted for 2-3.5
years in the three CIT patients with late re-
lapse.

The inability of patients to tolerate rea-
sonable doses of CT in remission may be a
reflection of impaired stem cell function
and/or a reduced number of stem cells,
which itself may be due to a high residual tu-
mor load.

Taking these considerations into account,
patients with a longer-lasting CR (permit-
ting a certain number of immunotherapy
courses) and with a sufficient CT dose may
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be candidates for an effective immunothera-
peutic approach of this kind.

Under the conditions of the study, we
were not able to confirm the results of Bekesi
et al. who achieved a significant advantage
for the entire group of CIT patients. Results
of other authors using identical maintenance
therapy for CT/CIT have not been pub-
lished.

Immunologic data as presented by
Pielken et al. (see this volume) point to an
immunosuppressed state in CR patients, re-
gardless of whether they receive CT or CIT.
Whith increasing remission duration the im-
mune response recovers partially.

A more intensive induction of early con-
solidation regimen as proposed by the Ger-
man AML Cooperative Group (see Biichner
et al., this volume) potentially leading to
more long-term remissions may improve
conditions for an immunotherapeutic ap-
proach toward AML in remission.
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Within the last 10 years the prognosis of
childhood AML has been improved by more
intensive combination chemotherapy and
better supportive care, but not in the same
degree as in childhood ALL [1]. The German
AML studies, BFM-78 and -83, demon-
strate increasing rates of long-lasting re-
missions. The large number of patients have
allowed us to define prognostic factors in
childhood AML.

Patients and Methods

One-hundred fifty-one children under the
age of 17 years entered the AML study
BFM-78 between December 1978 and Oc-
tober 1982. One-hundred forty-three pa-
tients were registered on BFM-83 between
December 1982 and January 1986. Patient
characteristics for both studies are given in
Table 1.

Diagnostic criteria and treatment of chil-
dren in the study BFM-78 have been de-
scribed [2]. In the study BFM-83, an 8-day
intensive induction precedes the induction-
consolidation and maintenance therapy of
the BFM-78 study: Cytosine arabinoside
(100 mg/m? per day) 24-h infusion for 2 days
followed by 2 x (100 mg/m? per day) 30 min
infusion for 6 days; daunorubicin (60 mg/m?
per day) days 3-5, and VP-16 (150 mg/m?
per day) 60-min infusion days 6-8.

* Supported by the Bundesminister fiir Forschung
und Technologie, FRG.
! For the BFM-AML Study Group: University
children’s Hospital, D-4400 Miinster, Federal
Republic of Germany.

Response to induction therapy is evalu-
ated on day 15. If the bone marrow (BM)
contains < 5% blasts, the induction-consoli-
dation therapy of the BFM-78 study with
minimal modifications begins after hemato-
logical recovery of the peripheral blood. In
case of more than 5% blasts the same induc-
tion-consolidation therapy should be given
without delay if the patient’s condition is
judged stable enough to proceed. Complete
remission (CR) is documented when the
bone marrow contains <5% blasts and
there is no evidence of disease at other sites.
In the study BFM-83, the CALGB criteria
of hematological recovery [3] were followed,
which was not possible in the BFM-78

Table 1. Patient characteristics

AML- AML-
BFM BFM
78 83
Number of patients 151 143
Age, median (years; months) 9; 11 93
Sex (% m:f) 54:46 52:48
WBC (median x 103/pl) 24.0 28.5
CNS involvement (%) 9 7
Extramedullary organ 18 32
involvement (%)
FAB* M1 (%) 24 22
M2 (%) 23 20
M3 (%) 4 2
M4 (%) 26 22
M35 (%) 21 28
M6 (%) 2 3

# In 2 children of the study BFM-83, the FAB type
is unclassifiable.

!



study, because the continuous induction-

consolidation did not allow full recovery.

Definitions and assumptions of Kaplan-
Meier life table analyses [4] were:

1. Event-free survival (EFS): in the total
group of patients, all events leading to re-
mission failure or termination of survival
in first CR were evaluated.

2. Event-free interval (EFI): in patients
achieving CR, the time of first relapse or
death in remission was evaluated.

3. Relapse-free interval (RFI): only the first
relapse was counted as failure; death in
remission was censored.

4. Withdrawals from the study were always
censored at that time point.

Statistical comparisons between life table
curves were performed with the log rank
test. The importance of prognostic factors
has been examined by the analysis of contin-
gency tables (Yule’s association analysis,
X2-test, stratified analysis) [5]. The follow-
ing initial features were evaluated: age, sex,
white blood count (WBC), platelet count,
hemoglobin, liver and spleen enlargement,
extramedullary organ involvement (liver
and spleen excluded), and CNS involve-
ment. Extramedullary organ involvement
was mainly seen in the skin, tonsils, subman-
dibular and lacrimal glands, testes, lung, and
pericardium. In the BFM-83 study, involve-
ment of the orbits, kidneys, and bones were
also documented. It should be mentioned
that multivariate analysis by Cox’s re-
gression or logistic regression gave no fur-
ther insight into the data [5, 6].

Results

The overall results are presented in Table 2.
Eleven children (4%) died prior to therapy
of hemorrhage and/or leukostasis. Of the
treated children, 119/149 (80%) in BFM-78
and 104/134 (78%) in BFM-83 achieved
complete remission. In both studies 19/283
(7%) patients had early deaths from hemor-
rhage and/or leukostasis, and 7/283 (2%)
patients died due to other complications
within the first 6 weeks of treatment. Thirty-
four of the 283 (12%) children were partial
responders or nonresponders. In the BEM-
78 study, 54 relapses (8 with CNS involve-
ment) occurred after a median follow-up
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Table 2. Results of the AML studies BFM-78
and-83, January 1986

BFM- BFM-
78 83
Patients 151 143
Death before onset of therapy 2 9
Death during induction
hemorrhage/leukostasis 12 7
other complications 5 2
Partial/nonresponder 13 21
Complete remission achieved 119 104
Death in remission 6 4
Withdrawals® (BMT) 5(2) 6(6)
Relapses 54 25
In CCR 54 69
Alive 66 88

BMT, bone marrow transplantation.

® Three children were withdrawn because of
alteration or refusal of chemotherapy or loss to
follow-up.

time of 5.3 years (range 3.3-7.0 years). The
life table estimations for the EFS and EFI
after 7.0 years are 38% (SD 4%) and 47%
(SD 5%) respectively (Fig. 1).

In the BFM-83 study, 25 relapses oc-
curred (four with CNS involvement) after a
median follow-up of 1.8 years (range 0.2-3.1
years). The life table estimations are EFS
48% (SD 5%) and EFI 62% (SD 6%)
(Fig.1). By comparison, the corresponding
values after 3.1 years of the BFM-78 study
are EFS 41% (SD 4%) and EFI 51% (SD
5%).

Results by morphological subtypes are
given in Table 3. The rate of early death
from hemorrhage and/or leukostasis was
highest in the M5 type, while nonresponders
were almost equally distributed among the
four subtypes with a greater number of pa-
tients. In the BFM-78 study, relapse rates
were high in the subtypes M2 and M4, which
in contrast holds till now for the M35 type in
the BFM-83 study. Life table estimates for
EFS show that patients with the M1 type
have the best prognosis. The difference in
EFS between the M1 and M4 subtypes in pa-
tients in both studies is significant (p <0.05,
log rank test). Four of nine patients with M3
type had early deaths, whereas no relapses
have occurred but two children have died in
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Fig.1. Probability of event-free interval in the

AML studies BFM-78 and -83. Diagonal indicates
last patient entered the group. Solid line, AML-

CR from infection. All seven children with
M6 type achieved CR, of whom three had
early relapses and one received a bone mar-
row transplantation in first remission.

For the analysis of the risk factors for
early death and nonresponse, the patients in
both studies were evaluated together, but for
the risk of relapse only the children of the
BFM-78 study were analyzed because of
their longer follow-up time.

The risk for early fatal hemorrhage and/
or leukostasis is significantly increased in
children with M5 type, with hyperleukocy-
tosis (<100 x 103/ul), and with extramedul-

Table 3. Results by FAB subtypes®

Y T T T T

2 3 4 5 8 7 YEARS

BFM 78 (n=119, 54 in CCR); dotted line, AML-
BFM 83 (n=104, 69 in CCR)

lary organ involvement. The combination of
these features is extremely unfavorable.

The risk of nonresponse to treatment is
also increased in patients with hyperleuko-
cytosis; 12/34 nonresponding patients had
hyperleukocytosis in contrast to only 31/223
responders (p < 0.05, y? test). The prognostic
value of the percentage of blasts in the BM
on day 15 is seen in the BFM-83 study: 9/14
nonresponders had >5% blasts in the BM
in contrast to only 25/95 responders
(p<0.05, x? test).

The risk of relapse also depends on the
size of the WBC (Fig. 2): In patients with a

AML-BFM 78 AML-BFM 83
M1 M2 M4 M35 M1 M2 M4 M5
Total (n) 36 34 40 32 32 29 32 40
Death before onset of therapy - - - 2 - - 1 8
Death during induction 3 - 4 7 1 3 2 2
(hemorrhage/leukostasis) 3) - ?2) 6) 1) ?2) 1) 2)
Nonresponder 4 1 5 3 4 4 7 5
Complete remission achived 29 33 31 20 27 22 22 26
Death in remission 1 - 3 1 - 1 1 1
Withdrawals 3 - 1 1 - - 4 1
Relapses 10 19 16 6 5 5 5 9
In CCR 15 14 11 12 22 16 12 14
EFS® (%) 48 41 26 42 66 47 41 36
EFI® (%) 59 42 33 63 78 62 58 46

2 For results of FAB M3 and M6 see text.

® Kaplan-Meier estimation (standard deviations according to patient numbers 8%—-14%).
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Fig.2. Probability of relapse-free interval related
to WBC in AML study BFM-78. Diagonal indi-
cates last patient entered the group. Solid line,
WBC<10x103/ul (n=42, 16 relapses); dotted

low WBC (<10 x103/ul) the RFI is 60%
(SD 8%) and in those with a WBC
2100 x 103/ul it is 32% (SD 11%) after 7.0
years (p=0.06, log rank test).

Initial CNS involvement is also a risk fac-
tor for relapse. RFI estimations for the pa-
tients of both studies are CNS positive: 32%
(SD 14%), 9 relapses in 16 patients; CNS
negative: 57% (SD 4%), 69 relapses in 201
patients after 4 years (p=0.05, log rank
test).

Analysis of toxicity in the BFM-83 study
is preliminary. In the BFM-78 study six chil-
dren died from sepsis or pneumonia in the
pause after the first 4-week phase or during
the second phase of induction-consolidation

Fig. 3. Pattern of risk factors in childhood AML
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6 7 YEARS
line, 10 x 103/l < WBC <100 x 103/l (n=57, 25

relapses); dashed line, WBC =100 x 103/ul (n=
20, 13 relapses)

therapy, while in the BFM-83 study only one
child has died of infection in association
with the second phase of therapy. Although
the frequency of sepsis was nearly 30% dur-
ing the first 2 weeks of BFM-83 induction,
no child has died from these complications.
The most important cause of early death was
fatal hemorrhage or leukostasis, which oc-
curred in a well-defined risk group of chil-
dren (see above) in both studies.

Discussion and Conclusions

The present data of the two consecutive Ger-
man AML studies in childhood show that



nearly 80% of patients achieve complete re-
mission and that the probabilities of contin-
uous complete remission (EFT) are over 50%
after 3 years. Special analyses show that the
intensification of induction therapy in the
BFM-83 study has improved the treatment
results in the FAB types Ml to-M4 but not
in the M5 type.

Risk factor analysis is difficult because of
the heterogeneity of AML (Fig.3). Hyper-
leukocytosis is the main risk factor for early
death from hemorrhage or leukostasis, for
nonresponse, and for relapse. We have seen
this in the morphological subtypes with
great enough numbers of patients (M1, M2,
M4, M5) and cannot comment on how they
relate to the M3 and M6 types, because of
small numbers of patients and generally low
WBC. In the myeloblastic subtypes M1, M2,
and M4, the risk of fatal events increases
with the degree of hyperleukocytosis
(=100 x 103/ul). In the MS5 type, the risk,
especially of early fatal hemorrhage and leu-
kostasis, begins with an even lower WBC
(<100 x 103/p]). In the monocytic subtypes,
M4 and especially M35, the extramedullary
burden of leukemic blasts increases the risk
of fatal events not only early after diagnosis,
but also after achieving remission. This was
not seen in the M1 and M2 types with extra-
medullary organ involvement.

We conclude that intensification of ther-
apy in childhood AML may improve the
long-term prognosis without increasing the
incidence of early deaths due to toxicity of
therapy. New initial treatment strategies are
necessary for children with high risk of early
death from hemorrhage and/or leukostasis,
i.e., especially with M5 type and hyperleuko-
cytosis or extramedullary organ involve-
ment. In addition, a modification or intensi-
fication of chemotherapy is warranted in the
MS type because of the high relapse rate.
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Introduction

In contrast to recent advances in the treat-
ment of acute lymphoblastic leukemia
(ALL) where cure rates of nearly 70% have
been obtained [1, 2], the outcome of the
treatment for acute nonlymphoblastic leu-
kemia (ANLL, AML) is less successful. In
general, remission rates of about 70% have
been obtained [3-9]. But the relapse rate is
high, and so CCR rates of 50% after 2-3
years are exceptions [3, 4, 10].

In this paper we will report the most im-
portant results of the AML study I/82 of the
GDR multicenter study group Pediatric He-
matology and Oncology. The patients were
treated as laid down in the BFM-AML pro-
tocol 78 [11].

Patients and Methods
Patients

A total of 87 patients were treated in one of
the 14 centers of Pediatric Oncology of the
GDR. Sixteen children entered a pilot study
between June 1979 and December 1981, and
71 consecutive patients from January 1982
to February 1986. All patients were under 16
years of age. A pretreatment for ALL of up
to 14 days was permitted.

Diagnosis

The diagnosis of the ANLL subtypes was
made in the respective treatment center and

! For the GDR multicenter AML study Universi-
tats-Kinderklinik, Jena, German Democratic Re-
public.
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the study center (Jena) simultaneously. The
subtypes of ANLL were determined accord-
ing to the FAB classification [12] on Pappen-
heim stained bone marrow and blood
smears and special stains, including PAS,
POX, Sudan black, and alpha-naphthylace-
tate esterase with and without NaF inhibi-
tion. In some cases an immunologic exami-
nation with monoclonal antibodies (VIM 2,
12,13, and D 5) was performed.

Treatment

Patients with initial leukocyte counts of
more than 20 Gpt/l and/or hepatosplenome-
galy received a pretreatment with low doses
of 6-thioguanine (6-TG), 30 mg/m? p.o. and
cytosine arabinoside (Ara-C), 40 mg/m? i.v.
daily for up to 10 days.

The initial treatment consisted of two
phases of 4 weeks each (Fig.1). During
phase I (induction) patients received predni-
solone, vincristine, adriamycin, Ara-C, and
6-TG. After a treatment-free interval of 1-2
weeks cyclophosphamide,, Ara-C, 6-TG,
and adriamycin were given in phase II (con-
solidation). At the same time the patients re-
ceived CNS prophylaxis consisting of four
intrathecal injections of methotrexate and
cranial irradiation. Therapy-free intervals of
several days were allowed during phase Il in
patients with severe bone marrow de-
pression. The bone marrow status was per-
formed after phase I and after phase II in
cases of partial response or nonresponse.

Maintenance therapy was started 2 weeks
after the end of phase II with 6-TG (40 mg/
m? p.o.), Ara-C (40 mg/m? s.c.) daily for 4
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Fig. 1. Induction/consolidation therapy of AML
study 1/82 (BFM-AML 78).PRED, prednisolone,
60 mg/m? p.o. daily for 28 days; 6-7G, 6-thiogua-
nine, 60 mg/m? p.o. daily for 28 days x 2;VCR,
vincristine, 1.5 mg/m? i.v.x4; maximal single
dose 2 mg; ADR, adriamycin, 25 mg/m? i.v. x 6;
Ara-C, cytosine arabinoside, 75 mg/m? i.v. x 32;
CY, cyclophosphamide, 500 mg/m? p.inf.x2;
MTX, methotrexate, 12.5 mg/m? i.t. x4; Cranial
irradiation, 12 Gy in 1st year of life, 15 Gy in 2nd
year of life, 18 Gy after 3rd year of life

days every 4 weeks and adriamycin (25 mg/
m?i.v.) every 8 weeks for the 1st year. Main-
tenance therapy was stopped after 2 years.

Colistin or neomycin, nystatin and cot-
rimoxazole as well as i.v. gammaglobuline
and appropriate care of mucous membranes
were given to all patients.

Statistical Methods

Life table analyses were performed accord-
ing to the method of Kaplan and Meier [13].
They were based on the following defini-
tions:

Survival. The time from diagnosis to death
was evaluated for the total group of protocol
patients.

Event-Free Survival ( Disease-Free Survival).
All events in the total group leading to re-
mission failures (early death, nonresponse)
or to termination of survival in remission
(relapse, death in remission) were evalu-
ated.

Event-Free Interval ( Disease-Free Interval).
The analysis was based on patients of the re-

mission group. The time of first relapse or
death in first remission was evaluated.
Transplanted patients were censored at time
of transplantation.

Relapse-Free Interval. The analysis was
based on patients of the remission group.
The time of first relapse was evaluated.
Transplanted patients were censored at time
of transplantation.

Results
Total Group

Eighty-seven patients had entered the study
by 15 February 1986 (Table 1). Four pa-
tients had not yet achieved remission at the
time of evaluation. Seventeen patients
(20%) died before attaining remission eight
of whom (10%) died of hemorrhages. Eight
patients failed to respond (10%). Thus, the
remission rate was 70%. One patient (M 4)
died of septicemia 1 year after diagnosis in
remission. Six patients received a bone mar-
row transplantation. Two of these patients
died (one of encephalopathy and one of fatal
GVHD). Twenty-three children (28% of the
total group) relapsed. The life table analysis
revealed a probability for event-free survival
of 39% and an event-free interval of 51%
after 68 months (Figs.2 and 3).

Results Obtained
with ANLL Subtypes M 1 to M 5
(Table 1 and Fig. 4)

Acute Myeloblastic Leukemia without Matu-
ration (M 1). Fifteen patients belonged to
this group. The remission rate was 87%.
Three patients relapsed. Of the children in
the remission group, 74% are in CCR.

Acute Myeloblastic Leukemia with Matura-
tion (M 2). Of the 18 patients in this group
75% attained remission. The relapse rate
was 25% (5 patients). Fifty-four percent of
the children in the remission group remained
in CCR.

Acute Promyelocytic Leukemia (M 3). The
one girl of this group attained remission but
relapsed after 30 months and died.
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Table 1. Distribution of ANLL subtypes and results of therapy (0-68 months) — 15 February 1986

Results of Total M1 M2 M4 M5 M3 M6
therapy :
m () W %) M %) @ %) O % O ®

Study patients 83 100 15 100 20 100 24 100 22 100 1 1
+not yet in CCR  +4 - +2 - - - - - +2 - - -
Early deaths (4 w.) 17 20 2 13 4 20 5 21 6 27 - -
(Bleeding) ® 1 O O @ W O G O O 6O O
Nonresponder 8 10 - - 1 5 5 21 3 14 - -
Remission 58 70 13 87 15 75 14 58 14 64 1 1
Deaths in first CCR 1 1 - - - - 1 4 - - - -
BMT 6 7 2 13 2 10 2 8 - - - -
Patients with 23 28 3 20 5 25 5 21 9 41 1 -

relapses
Event-free survival 0.362 0.654 0.410 0.340 0.171 - -

SD 0.056 0.125 0.12 0.102 0.10 - -
Event-free interval  0.508 0.741 0.546 0.584 0.256 0.0 1.0

SD 0.072 0.12 0.15 0.14 0.14

AML/Event free survial

10 ———————  GOR 81 (15/2/86) n=87, 28 in CCR, 6 BMT
vmsssrsnieseessens BEM 78 {3/5/85) n= 149, 54 in CCR

08 1,

0,6
=
I_—E
®
0
S
&
041 L T R e e 037(SD= 0,04)
0,36 (SD =0,06)
0,2
15/2/86
‘i 2 3 b é é 7 é Years

Fig. 2. Probability of event-free survival. Solid line denotes AML 1/82 GDR, dotted line denotes BFM
78

Acute Myelomonocytic Leukemia (M 4). mission group are in CCR after 64 months.
Only 14 of 24 children in this group achieved  One patient of this group died in remission.
remission (58%). Ten children died before

attaining remission or were nonresponders.  Acute Monocytic Leukemia (M 5). Twenty-
Five patients (21%) relapsed. Thirty-four four children belonged to this group. There
percent of the total group and 58% of there-  were 6 cases of early death. Two of them
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AML/Event free interval

10 11, =———— GDR 81 (15/2/86) n=62, 28 in CCR, 6 BMT
~~~~~~~~~~~~~~~~~~~~~~ BFM 78 (3/5/85) n=19, 54 in CCR
— (GDOR 1970 -1980 (30/6/81) n=117
08 1
06 1
z
Z 0,51 (SD=10,07)
m
=] ressesneneaisseniny
E eeversscemsiteiaesetrereranenn
a 0,46 (SD=0,05)
0.4
02 0,21 (SD=0,07)
15/2/86
1 2 3 kL 5 6 7 8 Years

Fig. 3. Probability of event-free interval. Solid line  notes BFM 78, solid line (thin) indicates retro-
(thick) denotes AML 1/82 GDR, dotted line de-  spective study GDR 1970-1980

AML/Event free interval rveveinnnnenne M=1 (0 213, 3 Relapses)
———————— M-2 (n=15, 5 Relapses)
———— M-3(n=1 1 Relapse)

W07 1 - M-4 (n=1, 5 Relapses)
| M-5 (n=14, 9 Relapses)
08
06 J,. ...... 058 (sD=016) .,
= T s e
o
g |
a
04 l
|
1 M-5
{ 0.26 (50-0.14)
02 |
! 15/2/86
1 2 3 A 5 6 7 8 Years

Fig. 4, Probability of relapse-free interval for ANLL subtypes
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Table 2. Frequency and sites of relapses in ANLL study 1/82 (0-68 months) — 15 February 1986

Relapses Total M1 M2 M4 M5 M3 M6
m (R @ B @ % @ % B (% ® (n)

Patients in 58 100 13 100 15 100 14 100 14 100 1 1

remission
Relapses 23 40 3 23 5 33 5 36 9 64 1 -
BM 15 26 3 23 4 27 3 21 5 36 - -
BM + Skin 1 2 - - - - — ~ 1 7 - -
BM+CNS 1 2 - - - - 12 7 - - - -
Skin 1 2 - - - - - - 1 7 - -
CNS 1 2 - - 1 7 - - - - - -
Eye 2 3 - - - - 1 7 1 7 - -
Testes 1 2 - - - - - - 1 7 - —
Abdomen 1 2 - - - - - - - - 1 -
# After primary CNS involvement.

AML/Event free interval
10 T+ Event free interval: ~ WBC<10,0 GPT/L (n=21, 10 REL)
' A WBC 10-100 GPT/L (n=31, 9 REL)
WBC>100,0 GPT/L (n=6, 4 REL)
08
b
l_____jL .
RGP - 10 -100 GPT/L

>\0,6
E e 0-10 GPT/L

0k

02 100 GPT/L

' 0,21 (SD=0,18)
15/2/86
1 2 3 5 6 7 g Years

Fig. 5. Probability of relapse-free interval according to initial leukocyte counts

died of hemorrhages and 3 were non re-
sponders. Of the patients, 64% attained
complete remission. The relapse rate of 41%
was very high; 17% of the total group and
26% of the remission group remain in CCR.
Of the 9 relapses, 7 occured during the first
6 months of remission.
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Relapses

Twenty-three (40%) of the 58 patients in re-
mission relapsed. Table 2 summarizes the lo-
calization of relapses. Specific organ in-
volvement (skin, eye, testes) was found ex-
clusively in myelomonocytic and monocytic



leukemia. Two CNS relapses were regis-
tered, one after initial CNS involvement
(M 4, combined CNS and bone marrow re-
lapse). As shown in Fig.5, the highest risk
factor for getting a relapse seems to be an
initial leukocyte count of more than
100 Gpt/l.

Discussion

In contrast to adults, there is relatively little
information about ANLL therapy studies in
childhood [3, 4, 6-8, 10, 14]. As a rule, there
are remission rates of more than 60% in
these studies. Most of them have a high re-
lapse rate, and so the remission level is
mostly below 30% after 2-3 years. We had
similarly discouraging results in our research
group from 1970 to 1980 (Fig.3). Only few
studies achieved a higher rate of continuous
complete remissions [3-5, 10].

The therapy concept presented here was
developed from the BFM-ALL protocols by
Riehm and Schellong. Therapy was intensi-
fied, cytostatics (6-TG, Ara-C) particularly
effective in ANLL were increasingly applied
and asparaginase, which has little effect in
AML, was omitted.

The total results of our study AML I/82
exactly correspond with those of the BFM-
AML study 1978 (Figs.2 and 3). But if the
results of the subtypes (Schellong, personal
information) are compared, there are con-
siderable discrepancies which can be con-
stantly demonstrated from the very begin-
ning.

This is particularly evident in relapse-free
interval (RFI). While in the BFM group
M1, M 2, and M 4 have remarkably worse
results, these are significantly better in M 5
(RFI 0.63 BFM vs. 0.27 GDR after 5
years).

The toxicity of the protocol is acceptable.
Whereas the induction therapy can mostly
be carried out without notable interruption,
intervals are frequently necessary in the con-
solidation therapy due to bone marrow de-
pression. the maintenance therapy is easily
controllable. Only one patient (the first of
the pilot study) died of septicemia in bone
marrow depression 1 year after the begin-
ning of the therapy.

Bone marrow transplantation has
brought about an essential improvement of
ANLL prognosis: 50%-70% of patients can
be cured with it [10, 15-17]. However, this
therapy is limited to patients with histocom-
patible bone marrow donors. The main risk
factors are toxicity of therapy, fatal infec-
tions, GVHD, and recurrent leukemia. Two
of six children died of encephalopathy after
total body irradiation and of fatal GVHD.

Conflicting recommendations have been
published for treatment of pediatric patients
with ANLL in first remission. In Seattle and
Minnesota, results are sufficiently superior
with marrow grafting to justify transplanta-
tion of all children with matched donors.
Other authors, however, believe that the
superiority of either chemotherapy or trans-
plantation has not been established and that
studies comparing the best chemotherapy
regimens with marrow grafting need to be
completed. For a child with newly diagnosed
ANLL, the modality recommended will de-
pend on the institution’s expertise {10, 18].
Because of the good relapse-free interval in
patients with M1, M 2, and M 4 (74%,
54%, and 58%) in our study, we can only
recommend BMT in first remission for
monocytic leukemia.

Summary

Eighty-seven children with acute nonlym-
phoblastic leukemia were treated with the
AML protocol BFM 78 between June 1979
and February 1986 in a multicenter study in
the GDR. Seventeen children (20%) died
from early complications, eight did not re-
spond to therapy. Fifty-eight patients (70%)
achieved a complete remission. Twenty-
three patients relapsed. The life table analy-
sis revealed after 5 years a probability for
event-free survival of 36% (SD=6%) and
an event-free interval of 51% (SD =8%). Six
patients were transplanted in first remission.
Two of them died; one (M 1) on day + 19
from encephalopathy and one (M 4) on day
+ 60 from acute GVHD. The overall results
are in good correlation with the original
BFM study, but there are differences in the
subtypes. Results are superior to other AML
protocols in our group.
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Introduction

In 1976 we designed a treatment protocol for
children with acute myelogenous leukemia
(AML) that featured a cytokinetically based
induction regimen and 30 months of mainte-
nance chemotherapy employing vincristine-
doxorubicin-cyclophosphamide, cytarabine,
and 6-mercaptopurine [1]. The intent was to
determine if relatively nontoxic chemother-
apy would cure a significant number of pa-
tients, with the benefit of fewer adverse side
effects. About one-third of the patients were
randomized to a splenectomy group in an ef-
fort to determine if the spleen is a clinically
important sanctuary for leukemic cells. In
1980 we drastically changed our therapeutic
strategy to an intensive induction followed
by either sequential intensive chemotherapy
or bone marrow transplantation [2].

These two protocols represent very differ-
ent approaches to the treatment of child-
hood AML. In this article, we compare the
antileukemic effectiveness and toxicity of the
two chemotherapeutic strategies. Our analy-
sis indicates that intensive chemotherapy, as
described here, is more effective than cy-
tokinetically based treatment for early con-
trol of leukemia, but does not yield a signifi-
cantly higher proportion of long-term sur-
vivors. Although not included in the formal

* Supported by grants CA-20180 and CA-21765
from the National Cancer Institute, and by the
American Lebanese Syrian Associated Charities
(ALSAC).

! This address is valid for all authors: Department
of Hemathology-Oncology, St.Jude Children’s
Research Hospital, 332 N. Lauderdale, P.O. Box
318, Memphis, TN 38101, USA.

comparison, bone marrow transplantation
in the AML-80 protocol has produced excel-
lent short-term results and appears to offer
the greatest likelihood of securing perma-
nent remissions.

Materials and Methods

One hundred eighty-two consecutive un-
treated patients with AML were admitted to
two successive clinical trials at St. Jude Chil-
dren’s Research Hospital. From January
1976 to February 1980, 95 children were ad-
mitted to the AML-76 study, and from
March 1980 to October 1983, 87 were admit-
ted to the AML-80 study. None of the pa-
tients had preleukemic syndromes or second
malignancies. AML was diagnosed by stan-
dard morphologic and cytochemical criteria,
and cases were classified by the French-
American-British (FAB) system [3].

All investigations were approved by the
institution’s clinical trials committee; in-
formed consent was obtained for all pa-
tients.

Treatment

In the AML-76 study [1], remission induc-
tion therapy consisted of weekly daunorubi-
cin (Dauno, 25 mg/m?i.v. day 1), vincristine
(1.5 mg/m? i.v. day 1), 6-azuridine (15 mg/
m? i.v. daily x 3), and cytarabine (Ara-C,
150 mg/m? i.v. daily x4) administered ac-
cording to a cell kinetic rationale for up to 6
weeks. Children who achieved complete re-
mission were randomized to undergo or not
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undergo splenectomy. Subsequently, all pa-
tients received monthly vincristine, doxoru-
bicin, cyclophosphamide, and weekly Ara-C
and 6-mercaptopurine for 30 months. All
patients in continuous complete remission
received late intensive therapy (prednisone,
vincristine, methotrexate and 6-mercapto-
purine) on months 31 and 32 before cessa-
tion of chemotherapy.

In the AML-80 study [2], remission induc-
tion therapy consisted of Dauno [45 mg/m?>
i.v. daily x 3) and Ara-C (100 mg/m? by con-
tinuous infusion daily x 7) with an addi-
tional course of Dauno (daily x 2) and Ara-
C (continuous infusion daily x 5) adminis-
tered if hypoplasia was not induced or when
hematopoietic recovery occurred (consoli-
dation phase). Those failing to achieve re-
mission with two courses of Dauno/Ara-C
were treated with etoposide (VP16, 250 mg/
m? i.v. daily x 6) and S5-azacytidine (5-Az,
300 mg/m? i.v. daily x 4). Remissions were
maintained with intensive chemotherapy
consisting of sequenced drug pairs — doxoru-
bicin/Ara-C, VP16/5-Az, 6-thioguanine/
Ara-C — administered monthly over 12
months. Patients in complete remission who
had HLA-matched siblings were eligible for
transplantation within 16 weeks of the date
of remission.

Statistical Analysis

The Kaplan-Meier procedure was used to
estimate the proportion of patients in com-
plete remission; the resulting curves were
compared by the Cox-Mantel test. Follow-
up observations extended through February
1986. Deaths in remission were considered
relapses, while withdrawals were evaluated
up to the time the patients left the study.

Results
Initial Clinical Features

The presenting clinical features of the pa-
tients in these studies were essentially identi-
cal (Table 1). For AML-76, the 95 patients
ranged in age from 3 months to 19 years 11
months (median, 8.8 years), and had a me-
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dian leukocyte count of 26.0x10°/L. In
AML-80, the 87 patients ranged in age from
2 months to 19 years 9 months (median 11.4
years), with a median leukocyte count of
24.6 x10°/L. No child had Down’s syn-
drome, and only one had the Philadelphia
chromosome.

Remission Induction

Sixty-eight (72%) of the 95 patients treated
in AML-76 attained a complete remission.
Of the 27 failures, eight died within 14 days
after admission, four died before marrow re-
covery, three recovered with leukemic cells,
and 12 failed to achieve marrow hypoplasia
despite 3-5 weeks of therapy. Promyelocytic
leukemia accounted for one-third of the
cases of drug resistance.

Similarly, in AML-80, 65 (75%) of 87 pa-
tients entered complete remission. Six of the
22 who failed died within 14 days of the ini-
tiation of therapy; ten died during the antic-
ipated period of marrow aplasia induced by
Dauno/Ara-C; and six failed to achieve hy-
poplasia despite receiving VP16 and 5-Az.
Four of the six early failures had promyelo-
cytic leukemia, emphasizing the high likeli-
hood of failure associated with this subtype
of ANLL.

Remission Duration

Postinduction responses are compared in
Fig. 1. The 68 patients achieving a complete
remission in the AML-76 study have been
followed for a median of 7.7 years. There
have been 50 relapses (74%) but no deaths
during remission. A similar proportion of
patients have relapsed in the chemotherapy
arm of AML-80, 33 of 50 (66%), with a me-
dian follow-up of 3.7 years. Complete re-
mission durations in the two groups are not
significantly different (p =0.13), and the esti-
mated probabilities of 3-year relapse-free
survival are similar (29+11% versus
35+20%). Patients undergoing splenec-
tomy in the AML-76 study did not fare bet-
ter than the group without splenectomy (p=
0.25).

Although no ultimate therapeutic benefit
could be demonstrated for the AML-80 re-



Table 1. Comparison of presenting features: AML-76 versus AML-80

Feature Category AML-76 AML-80
Sex M 42 52
FF 53 35
Age (yr) < 3 31 16
3-11 31 30
12-17 25 31

= 18 8 10

Race w 81 76
B 14 1
Auer rods Yes 50 41
No 45 46
Leukocyte count (10°/L) < 20 43 39
= 20 52 45
FAB type M1 1 27
M2 38 20
M3 6 6
M4 24 18
M5 14 16
M6 2 0
CNS at diagnosis Yes 14 26
No 81 58
Liver size (cm)# < 5 74 72
> 5 21 15
Spleen size (cm)? < 5 79 70
> 5 16 17
Platelet count (10°/L) <100 72 60
>100 23 27
Hemoglobin (g/dL) < 9 59 45
=z 9 36 42
Coagulation abnormalities Yes 20 16
No 75 gl

2 Edge palpable below the costal margin.

gimen, it should be noted that the patterns of
failure in the two studies were quite differ-
ent. Whereas the majority (64%) of patients
in AML-76 relapsed before 1 year from the
date of complete remission, failures in the
more aggressively treated group tended to
occur later (Fig. 1). The median duration of
complete remission was 20 months for the
AML-80 group versus <12 months for pa-
tients treated in AML-76. Incidences of
extramedullary relapse in these studies were
10% and 12%.

Of the 64 children who achieved complete
remission in AML-80, 21 had HLA/MLC
matched siblings for marrow donors. Thus,

15 patients underwent bone marrow trans-
plantation, with six excluded because of par-
ental refusal (2), clostridial osteomyelitis (1),
systemic aspergillosis (1), severe neuropathy
(1), and young age (1).

The median time from remission induc-
tion to transplantation was 72 days (range,
41-102). Seven patients have failed (three
from transplant-related complications and
four from recurrent marrow disease), while
eight (53%) remain in continuous complete
remission for 27+ to 56+ months (median,
34+ months). Three patients have moder-
ate-to-severe chronic graft-versus-host dis-
ease (GVHD).

85



o

£
2 08 Strata__N_Failures (%)
e L — AMLBO 50 33 66
- [} ——- AML76 68 50 74
sosb \
8 06 } Fig. 1. Comparison of complete
<3 ‘.| remission durations among pa-
£ 04r tients treated in AML-76 and
5 | e WL Al oLl _LLLLL AML-80 (chemotherapy group
B 02 L only). The Kaplan-Meier plots
= are not significantly different
W | 1 L L L ! [ »=0.13)

OO | 2 3 4 5 6 8 9

Years

Toxicity tered drug pairs or bone marrow transplan-

Chemotherapy in AML-76 was generally
administered in the outpatient clinic and was
well tolerated. Although 83 of 95 patients re-
quired hospitalization during induction
therapy to receive antibiotics for fever and
neutropenia, the median number of hospital
days was only 14 (range, 1-70). Complica-
tions during continuation therapy were rare,
with an occasional patient admitted for
treatment of infection associated with neu-
tropenia. There were no deaths in complete
remission.

In AML-80, by contrast, induction che-
motherapy could not be given in an ambula-
tory setting. All 87 patients required hospi-
talization to receive chemotherapy and for
management of hypoplasia-related compli-
cations. The median number of hospital
days during induction therapy was 38 (range
1-148). During the intensive sequential
maintenance chemotherapy, 50 patients
were hospitalized for a median of 63 days for
treatment of infections associated with neu-
tropenia. Two children treated with chemo-
therapy died of bacterial sepsis, and three
who received a marrow transplant died of
hyperkalemia [1], interstitial pneumonitis
[1], and chronic GVHD [1}].

Discussion

The outcome of the AML-76 study sug-
gested that cytokinetically based induction
chemotherapy, followed by relatively non-
toxic continuation treatment, will induce re-
missions in a respectable proportion of pa-
tients. An alternative approach, intensive in-
duction therapy with sequentially adminis-
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tation for remission maintenance, was tried
in the subsequent protocol, affording the op-
portunity to compare end results obtained in
a single institution.

The remission induction rate for AML-80
was not different from that in AML-76, nor
was there a difference overall in complete re-
mission durations. This suggests that che-
motherapy failed to adequately reduce the
initial leukemic cell burden or to adequately
control residual leukemia in patients who at-
tained complete remission. Intensification of
chemotherapy to improve prognosis in
AML is a relatively recent concept that re-
mains controversial. Vaughan et al. [4] have
reported a 38% 4-year relapse-free survival
rate in adult patients treated with timed-se-
quential chemotherapy that included two
cycles of daunorubicin and moderate-dose
Ara-C, one for induction and for consolida-
tion. Weinstein et al. [5] using very intensive
postinduction chemotherapy, have pro-
jected a 4-year continuous complete re-
mission rate of 50%. More recently, investi-
gators in West Germany reported that 52%
of children treated in their BFM-78 study
(intensified induction and consolidation
therapy) will remain in complete remission
for over 4 years [6].

Current results in AML-80 show little im-
provement over those obtained with less ag-
gressive chemotherapy. Moreover, there was
a marked increase in hospitalization of pa-
tients and a greater interruption of normal
activities. Two patients died in complete re-
mission as a result of treatment-related
aplasia. Reasons for this lack of efficacy are
not clear, but may be related to inadvertent
selection of a favorable-prognosis group for
marrow transplantation or to the sequenc-



ing of drug pairs during remission. If the
timing for introduction of each pair was not
optimal or if some drugs used in combina-
tion were cross-resistant, one could expect
the development and overgrowth of drug-re-
sistant leukemic cells.

The acceptance of marrow transplanta-
tion as the treatment of choice for AML in
children in first complete remission has been
limited by the necessity for HLA-matched
donors. While transplantation has generally
been restricted to younger patients with an
HLA-matched sibling, it is acknowledged to
yield long-term relapse-free survival in 40%
-70% of patients [7-10]. Results in our
AML-80 study indicate a 3-year complete
remission rate of 53%, for bone marrow
transplantation, although GVHD persists in
one-third of this group and there was appre-
ciable early mortality even when suboptimal
candidates were excluded.

The fact that the majority of patients with
AML still relapse within 2 years indicates
the inability of chemotherapy, as described
here, to eradicate small numbers of residual
leukemic cells. Our comparison of two
strategies of chemotherapy for AML sug-
gests that disease control in AML is more
likely to be improved in the future by ex-
perimental therapies, such as bone marrow
transplantation. Increased understanding of
normal and leukemic cell growth may sug-
gest an innovative approach to therapy, in-
cluding use of lymphokines to modify cell
growth or agents such as retinoic acid to in-
duce cell maturation.
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Introduction

Advances in chemotherapy and supportive
care have been associated with an increase in
the complete remission rate of patients with
AML and the percentage of patients, espe-
cially children, in long-term continuous re-
mission (>than 5 years) [1-3]. Although
these results have been gratifying, approxi-
mately 25% of children still fail to enter
complete remission and 50%-70% relapse
after treatment with chemotherapy. Previ-
ous analyses of many adult and pediatric
ANNL studies have failed to identify consis-
tent prognostic factors.

Between 1976 and 1984, we treated chil-
dren with AML with two successive pro-
tocols using adriamycin or daunorubicin
and cytosine arabinoside for remission in-
duction followed by 12-14 months of post
remission intensive sequential chemother-
apy. We have reviewed these two protocols
to update the results of the treatment pro-
grams and to identify prognostic factors that
were associated with either failure to induce
complete remission or leukemic relapse.

Material and Methods

Sixty-one consecutive, previously untreated
patients less than 18 years of age were eval-
uated and entered into the VAPA protocol

! Division of Pediatric Oncology and Biostatis-
tics, Dana-Farber Cancer Institute; Division of
Hematology-Oncology, The Children’s Hospital,
and Department of Pediatrics, Harvard Medical
School, Boston, MA 02115, USA.
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between February 1976 and May 1980. The
next 64 patients were entered into a suc-
cessor protocol (80-035) from May 1980
through March 1984. The diagnosis for
AML was based on morphologic examina-
tion of bone marrow aspirate and on histo-
chemical staining. The morphologic sub-
groups were classified according to the
French-American-British classification. The
clinical and laboratory features of the pa-
tients treated on both protocols were similar
and are therefore presented as a combined
group in Table 1.

Table 1. Patient characteristics

Feature Patients
(n) (%)
Patients entered 125
Sex
Male 53 42
Female 72 58
Age (years)
<2 35 42
2-18 90 72
Initial WBC
<100000 103 82
>100000 22 18
FAB type
M1 and 2 48 38
M3 8 6
M4 42 34
M5 17 14
M6 5 4
UNCL 5 4
No. with CNS leukemia 11 17

at diagnosis (80035)




Table 2. Induction of remission

Drug Dosage Route Course 1 Course 2
day day
Daunorubicin 45 mg/m? v 1,2,3 1,2
Cytosine arabinoside 200 mg/m? Continuous IV infusion 1-7 1-5
Cytosine arabinoside 40 mg/m? Intrathecal 1 1

Table 3. Intensive sequential therapy

Sequence I (Courses 1-4)

Sequence II (Courses 5-7)

Sequence III (Courses 8-11)

Drugs Drugs
Daunorubicin 45 mg/m?
Day 1 day 1

Cytosine arabinoside
200 mg/m?
Day 1-5 (constinuous sq
infusion)

infusion

Thioguanine 200 mg/m?
Day 1-5 orally

(Given 4 times at 3—4 week

intervals) intervals)

Daunorubicin 30 mg/m?

Azacytidine 150 mg/m?
day 1-5 (continuous IV

(Given 4 times at 4 week

Drugs

Cytosine arabinoside 200 mg/m,
day 1-5 (continuous sq
infusion)

Thioguanine 200 mg/m?
day 1-5 orally

(Given 4 times at 34 week
intervals)

Intrathecal Ara-C 40 mg/m? — Courses 1, 2 (day 1,5), courses 5, 7 (day 1), and courses 8, 11 (day 1).

Treatment

Details of the VAPA protocol have been
published [4]. The 80-035 protocol is de-
tailed in Tables 2 and 3. As in the VAPA
protocol, patients were removed from the
study and induction therapy was considered
a failure if a complete remission (CR) was
not reached after two courses. Patients who
entered CR were treated with 12 months of
intensive sequential chemotherapy.

The major differences between the VAPA
and 80-035 protocols included (a) the substi-
tution of daunorubicin for adriamycin, (b)
doubling of the cytosine arabinoside dose
during remission induction, (c) the periodic
administration of intrathecal cytosine ara-
binoside, and (d) the addition of thioguanine
to early and late intensification.

Statistical Analysis
Duration of remission extended from the

time bone marrow remission was confirmed
and the duration of survical was measured

from the time of initial therapy. Kaplan-
Meier analyses were performed for survival
and disease-free survival estimates. Statisti-
cal tests of significance were made with the
log-rank test or Cox model when appropri-
ate. Remission deaths were evaluated as re-
lapses.

Results
Induction of Remission

Rates of complete remission were 74% (45/
61) and 70% (45/64) for VAPA and 80-035,
respectively. They were not statistically sig-
nificantly different by protocol, age, sex, ini-
tial white cell count, or FAB subtype of
AML.

Duration of Remission
The median (range) follow-up for patients in
continuous complete remission is 6.7 years

(5.59.4) and 3.4 years (1.8-5.4) for the
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Table 4. Causes of failure during complete
remission

VAPA 80-035
No. in complete remission 45 45
Deaths during remission 0 6
Relapses (total no.) 22 20
CNS 8 3
Bone Marrow 13 17
Myeloblastoma 1 0

VAPA and 80-035 protocols, respectively.
Figure 1 shows Kaplan-Meier plots for the
probability of remaining disease-free for the
VAPA and 80-035 protocol treated patients.
For patients treated with VAPA, the 4-year
actuarial disease-free survival is 50%. For

patients treated with 80-035, the 4-year ac-
turarial disease-free survival is 40%. The
curves in Fig.1 are not statistically signifi-
cantly different (p=0.4). Tabel 4 lists the
causes of failure during complete remission.
Eight of 22 relapses in VAPA occurred ini-
tially in the central nervous system (CNS).
In contrast, only three of the 20 relapses in
80-035 occurred in the CNS. Six other fail-
ures in 80-035 were secondary to deaths in
complete remission (1 from hemorrhage, 2
from infections, 1 from broncholitis oblit-
erans 22 months in remission), and 1 from
pneumocystis pneumonia in a patient who
was withdrawn from the study for a marrow
transplant. There were no remission deaths
in VAPA. Figure 2 shows Kaplan-Meier
plots of the probability of survival for all pa-
tients. The 4-year survival probability esti-
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mates are 44% for patients treated with
VAPA and 36% for patients treated with 80-
035.

Prognostic Factors
for Remission Duration

Factors that may have influenced the dura-
tion of remission were analyzed for each
study separately and with the protocols
combined. Clinical and laboratory param-
eters tested included white blood count at
the time of diagnosis, age, sex, FAB subtype
of AML, and the number of courses of che-
motherapy needed to achieve a complete re-
sponse. The M5 FAB subtype (p=0.000),
age less than 2 years at diagnosis (p =0.006),
and WBC greater than 100 000 (p=0.01) all
predicted for short durations of remission in
a univariate analysis of the combined pro-
tocols. The other factors analyzed show no
statistically significant difference. A step-up
Cox model was used to weigh the relative
importance of these factors for duration of
complete remission. Monocytic subtype had
the most significant influence on disease-free
survival.

Toxicity

There was a 50%—-75% likelihood of a pa-
tient developing fever with or without a
documented infection during the granulo-
cyte nadir of each intensification course with

cytosine arabinoside. Two patients treated
with 80-035 died of infection during com-
plete remission at a time of chemotherapy-
induced neutropenia. A third patient in 80-
035 died of hemorrhage during a platelet na-
dir after a course of intensification. Cardio-
toxicity, manifested as congestive heart fail-
ure, was observed in two children in the
VAPA study and in five patients in the 80-
035 study. The original cumulative dose of
daunorubicin in the 80-035 study was
665 mg/m?, and this was subsequently re-
duced to 495 mg/m? after the early experi-
ence with cardiotoxicity. After this modifi-
cation, there was only one episode of cardio-
toxicity which developed at a cumulative
daunorubicin dose of 465 mg/m?.

Following the azacytidine courses (se-
quence 2), there was often a long interval be-
fore the granulocyte and platelet nadirs and
slow hematopoietic recovery. The interval
between courses averaged 45 weeks (range
3-9 weeks).

Discussion

The 125 patients described here were treated
with intensive chemotherapy and had a 70%
-74% complete remission rate with 40%—
50% projected leukemia-free survival for
complete responders. The overall data from
both studies continues to be very encourag-
ing.

Our most remarkable finding is the
marked influence of M5 (monocytic leu-
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kemia) on disease-free survival in both stud-
ies. Four of 12 patients with M5 AML who
achieved CR had primary CNS relapses. In
other reported studies patients with M4 and
M35 leukemia also had an increased risk for
CNS relapse [5]. In 80-035, intrathecal cy-
tosine arabinoside did not statistically sig-
nificantly reduce (p=0.09) the incidence of
primary CNS relapse when compared to the
VAPA study. In the German AML study,
BFM-78, cranial irradiation and intrathecal
methotrexate prevented primary CNS re-
lapse, and FAB type had no impact upon re-
mission duration [2]. Perhaps, more effective
CNS prophylaxis in our studies would have
resulted in better disease-free survival for the
M35 subgroup. Odom et al. have reported
that infants with M5 AML have a particu-
larly favorable outcome when treated with
VP 16 or VM 26 [6]. These observations are
provocative but require confirmation in a
larger study. Data from several bone mar-
row transplant studies, interestingly, have
also indentified M5 leukemia as an unfavor-
able prognostic variable [7].

Data from other childhood AML studies
have demonstrated that white blood count
or platelet count at diagnosis, spleen size,
and age predicted for short durations of re-
mission [3, 8]. We have found that age less
than 2 years and white blood count greater
than 100 000 at diagnosis were statistically
significantly associated with shorter dura-
tions of remission. Because age and FAB
subtype were confounding variables (12 of
17 patients with M5 leukemia in both pro-
tocols were less than 2 years of age), a mul-
tivariate analysis was performed which
showed that M5 type was the most signifi-
cant prognostic variable.

Analyses investigating the prognostic sig-
nificance of various clinical and laboratory
features must be interpreted within the con-
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text of the treatments. Investigators must
also be cautious about concluding that a
variable is of no prognostic significance.
Studies like ours involving small numbers of
patients have large type 2 errors (i.e., high
chance of missing a clinically significant
prognostic factor). In addition, our analyses
were based on a retrospective review de-
signed to identify prognostic variables
rather than to verify predetermined hypoth-
eses.
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Introduction

Over the past 10 years, leukemias and lym-
phomas have been analyzed extensively with
antibodies and for enzyme activity [1, 2].
More recently, the introduction of monoclo-
nal antibodies (MoAbs) has improved dra-
matically the precision, practicability, and
standardization of immunophenotyping.
Meanwhile, immunologic analysis of leu-
kemia cells has become routine clinical prac-
tice, and evidence that cell typing with anti-
bodies contributes to final diagnosis, dif-
ferential diagnosis, and classification of leu-
kemias is compelling [3].

Less clear is the question of whether the
immunophenotype of leukemia cells is of
prognostic relevance. Earlier studies indi-
cated for instance a worse prognosis for T-
and B-ALL compared with the large non-T
group, but the meaning of those retrospec-
tive studies is strongly hampered by small
patient numbers, mixing children with
adults, and a lack of homogeneous treat-
ment. Some later studies questioned any
prognostic correlation when clinical factors
of prognosis were analyzed in parallel [4].
Additional confusion arises from differences
in typing methods and classification
schemes, and the profusion and often ob-
scure nomenclature of MoAbs has not con-
tributed to clarification so far.

* Supported by the Bundesministerium fiir For-
schung und Technologie ( BMFT) and by Deutsche
Krebshilfe.

! For the authors: Institut fiir Himatologie, GSF
and Medizinische Klinik Innenstadt der Universi-
tit, Miinchen, Federal Republic of Germany.

In a recent report, however, the clinical use-
fulness of MoAb phenotyping has been ex-
emplified in a prospective study of child-
hood acute lymphoblastic leukemia (ALL)
[5]. In the following, we summarize our ex-
perience with immunophenotyping in the
central laboratory of a prospective large
multicenter trial of ALL and acute undiffer-
entiated leukemia (AUL) in adults which
has been continuing since 1978. The typing
procedures were started with well-defined,
extensively absorbed polyclonal heterolo-
gous antisera together with rosette assays, as
described [6], and were then extended to
MoAb testing beginning in 1980. Since
1981-1982 all cell typing for this trial has
been performed with selected lineage-spe-
cific or maturation-linked monoclonal re-
agents. In spite of these technical variations
resulting from the refinement of methods, it
has been possible to preserve the rough clas-
sification scheme consisting of the four cat-
egories T-/pre-T ALL, B-ALL, common
ALL, and null-ALL throughout the study.
This in turn has made feasible a multivariate
analysis of the prognostic implication of the
immunophenotype in relation to clinical
prognostic factors. The results indicate that
immunologic blast cell phenotype is an inde-
pendent prognostic factor in ALL/AUL of
adults treated by a current, intensive multi-
drug regimen.

Materials and Methods

Pretreatment specimens (heparinized mar-
row and/or blood) were obtained from 586
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Table 1. Prospective multicenter therapy trial of ALL and AUL in adults in the Federal Republic of

Germany

Description of trial

Pilot study since 1978, main phase 1980-1983, since July 1983 risk-adapted trial

Evaluation date: April 30, 1985
Patients in trial

Central immunologic marker analysis of pretreatment specimens
Inadequate specimens (insufficient cells, aleukemic blood)

Immunologic subclasses®

n=706
n=586 (83%)
n= 64 (10.9%)

Total Common Null- T- Pre-T B- Mixed
ALL ALL ALL ALL ALL leukemias

n=>522 n=266 n=120 n=98 n=20 n=13 n=>5

(100%) (50.9%) (23%) (18.8%) (3.8%) (2.5%) (0.9%)

Pilot study (n=288) 61.4% 23.8% 11.3%

Main phase (n=200) 48.5% 22.5% 23.5%

Risk-adapted phase (n=234) 51.7% 23.1% 17.5%

? The immunologic subclasses are defined in Table 3.

patients of the BMFT-ALL/AUL trial of
adults from 1978 to April 30, 1985. Spec-
imens were inadequate for phenotype analy-
sis in 64 cases (10.9%), mainly owing to in-
sufficient cells, low blast count, or aleukemic
blood samples. In 522 cases, complete
phenotyping was performable (see Table 1).

Blast cells for phenotype determination
were isolated by standard Ficoll-Isopaque
density gradient centrifugation. Rosette as-
says with untreated and AET-treated sheep
erythrocytes and with 7s-coated ox erythro-
cytes and immunofluorescence stainings
with polyclonal anti-T, anti-CALLA, anti-
myeloid, and anti-Ig antisera were per-
formed as described [6]. The binding of mu-
rine MoAbs and of an ascites control was as-
sessed with fluorochrome-labeled, affinity-
purified IgGF(ab’), fragments of goat anti-
mouse Ig by means of fluorescence micros-
copy and in part by flow cytometry, as de-
scribed [7]. The following MoAbs according
to WHO nomenclature [8] were used, with
mixtures of MoAbs against important
antigens composed in order to avoid false-
negative results owing to the lack of a given
epitope: VIL-A1 (CD10) against CALLA
(kindly provided by W.Knapp); OKI1
against Ia-(HLA-DR)-antigens; OKT6 and
NA134 (CD1) against cortical thymocyte
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antigen HTA-1; Lyt 3 and OKT11 (CD2)
against  E-receptor-associated  antigen;
UCHT!1 (kindly provided by P. Beverly) and
OKT3 (CD3) against mature T-cell-recep-
tor-associated antigen; Leul and Lyt2
(CD5) against a pan-T and B-subset/CLL
antigen; WT1 (kindly provided by W.Tax)
against a pan-T antigen (CD7); BA-1
against a pan-B and mature granulocyte
antigen (CD24); B1 (CD20) against a B-/
pre-B antigen; 63D3 and VIM13 against
monocytic antigens; and VIM D5 and VIM2
against myeloid antigens (kindly provided
by W.Knapp). The sources and references
have been given elsewhere [2]. Comparisons
of MoAbs with polyclonal anti-T and anti-
CALLA antisera in phenotyping of frozen
cell samples revealed a 95% concordance of
VIL-A1 and rabbit anti-CALLA, whereas a
battery of MoAbs against T cells (CD1,
CD2, CD3, CD5) were needed to substitute
T-cell-specific absorbed rabbit antithymo-
cyte sera [6]. The WT1 MoAb (CD7), how-
ever, turned out to be a nearly complete sub-
stitute for rabbit anti-T, but was introduced
at a later occasion (since 1983). Since many
samples have been kept frozen and have
meanwhile been retyped by MoAbs, only 52
of the 522 cases have been phenotyped with-
out the help of MoAbs.



In addition, retyping with another battery
of MoAbs has been performed by one of us
(B.D.) in 120 cases using the APAAP immu-
nocytochemical method [9]. Besides being
confirmatory in most cases, further subdivi-
sions became evident by the use of an ex-
tended anti-B MoAb battery, as will be pub-
lished elsewhere (Dorken et al., in prepara-
tion). Some of the results with HD37
(CD19) [10] are considered here.

Results and Discussion

Hematologic Diagnosis of ALL or AUL
and Immunophenotypes

The diagnostic value of immunophenotyp-
ing becomes most evident when hematologic
diagnoses based on morphology and cyto-
chemistry are compared with immunologic
diagnosis made with the same specimens.
Besides routine morphological and cyto-
chemical analysis performed at the institu-
tion of origin, in more than 80% of the cases,
an additional central evaluation of morphol-
ogy and cytochemistry (peroxidase, PAS,
acid phosphatase, unspecific esterases,
DAB IV) has been performed by one of us
(H.L.). AUL was defined as an absence of
morphological or cytochemical (POX,
NAS) criteria for myeloid differentiation
and negativity for PAS staining and acid
phosphatase. Thus, subdivision into ALL or
AUL was performed primarily on hemato-
logic grounds in this study. An AUL diagno-
sis was made for one-third of the patients.
When we analyzed 100 consecutive AUL
cases for immunophenotype, the following
allocation to immunologic subclasses re-
sulted: in 49%, common ALL (C-ALL); in

18% T/pre-T ALL ; in 27%, null-ALL. In
9% of AUL cases, negativity for CALLA
and B and T antigens, but strong positivity
for myeloid and Ia antigens indicated a mye-
loid differentiation on immunologic
grounds. The latter phenotype correlated
with that of more than 200 additional
samples received with a provisional diagno-
sis of acute leukemia which turned out to be
nonlymphocytic by hematologic reevalua-
tion. With a few exceptions, immunopheno-
typing was confirmatory in these cases (in
around 5%—-10% of apparently myeloid leu-
kemias, neither myeloid nor monocytic
antigens are demonstrable in our experi-
ence). We can conclude that most of the so-
called AUL cases can be classified, since the
majority of those cases had blast cells ex-
pressing B- or T-cell antigens.

When a hematologic diagnosis of ALL
was made, the immunophenotype was not
only confirmatory in the majority of cases,
but also helped to classify them in sub-
groups. It should be noted, however, that in
a small minority of 5%-10% of hematologic
ALL diagnosis based on morphology and
strong PAS positivity, a myeloid immuno-
phenotype (CALLA and T- or B-antigen
negative, HLA-DR and myeloid/monocytic
antigen positive) was recorded. A compari-
son of hematologic and immunologic cat-
egories are given in Table 2. Thus, at least
five main immunologic categories (C-ALL
T/pre-T-ALL, B-ALL, null-ALL, myeloid
immunophenotype) can be linked to both an
ALL and an AUL diagnosis. This means
that hematologic heterogeneity exists be-
tween immunologic subgroups, e.g., PAS-
positive (ALL-type) C-ALL or PAS-nega-
tive (AUL-type) C-ALL.

Table 2. Comparison of hematologic and immunologic classification categories in peroxidase- and

esterase-negative ALL and AUL

Hematologic diagnosis

Immunologic diagnosis

1. ALL (L1, L2, or L3; PAS and/or acid
phosphatase positive)

2. AUL (mostly L2-like; PAS and acid
phosphatase

ALL (C-, pre-T/T-, B-, or null-ALL) or myeloid
immunophenotype®

ALL (C-, pre-T/T-, B-, or null-ALL) or myeloid
immunophenotype?®

* Despite the myeloid immunophenotype, a diagnosis of myeloid null-AL(L) was made when a
diagnosis of acute non-lymphocytic leukemia was excluded by morphology and cytochemistry.
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Immunologic Classification of ALL

As a consequence of the definition of an in-
creasing number of immunologic cell
markers, the nomenclature of immunologic
leukemia classifications has changed during
the last decade [1, 2, 4]. Starting from the he-
matologic subdivision of acute leukemias in
to ALL, AUL, and ANLL, the application
of the first two immunologic markers in
1972, namely the E-receptor and surface Ig,
allowed a classification as T-, B-, or the
widely prevalent non-T non-B ALL (see
Fig.1). The introduction of specific het-
eroantisera disclosed a small group of E-R
negative but T-antigen-positive blasts (cal-
led pre-T ALL) and a large C-ALL group
with the so-called CALL-antigen (CALLA).
Thus, five subtypes were defined by 1975,
namely B-ALL, T-ALL, pre-T ALL, C-
ALL, and unclassified or null-ALL. The lat-
ter was defined as T- and CALL-antigen—
negative, non-T non-B ALL. The demon-
stration of cycloplasmic Ig in around a third
of C-ALL cases indicated a B-cell differenti-
ation of this subtype called pre-B ALL. The
demonstration of B-cell or T-cell antigens by
MoAbs in nearly all ALL cases indicated
that ALL consists of precursor-B or precur-
sor-T cell types, except for some rare and
still poorly defined myeloid-like subtypes.
The view that ALL cells correlate to early
lymphatic precursor cells mostly of the B lin-
eage was supported by the demonstration of

rearranged Ig heavy chains and sometimes
also of light-chain gene reorganizations [11].
It appears, however, insufficient on clinical
and biological grounds to allocate leukemias
only to T or B lineage. It remains of the ut-
most importance to distinguish subclasses
according to T or B maturation degree. This
is best exemplified when we consider that C-
ALL with its pre-pre-B phenotype and B-
ALL with its activated B-blast phenotype
are both B leukemias, but differ markedly in
the biology of the respective disease and in
their response to treatment.

Table 3 shows the classification we are us-
ing based on the reaction pattern of selected
MoAbs. We still distinguish four large sub-
groups, namely C-ALL with the pre-B sub-
set, T-ALL with three subsets according to
T11 or HTA-1 expression, B-ALL, and null-
ALL with a B-differentiated major subset
and a subset of B- and T-negative myeloid-
like phenotype without enzymes such as
peroxidase in light microscopy. The frequen-
cies of cases for the respective subgroups are
listed for the 522 consecutive patients typed
in the prospective BMFT-study of adults
(see Table 1). Five cases were exceptional in
that, besides having a majority of lymphoid
blast cells with CALLA and B-antigen ex-
pression, an additional blast population
with peroxidase was registered. These leu-
kemias with overt myeloblastic and lympho-
blastic differentiation were grouped in the
category “mixed leukemias”. They were

Morphology

ANLL Cytochemistry

ALL AUL
| T- B- Non-T- Non-B ALL
Pre- Null-ALL
™= B 7 C-ALL U-ALL
- 8- Prem coacd Bret|Nun-aLL
T B
[ Precursor-T Precursor B Myel.|
C-ALL Null-ALL

T- B- Pre-
T Pre~PreB Pre-B B+ My+

1972 E-R, Sig

1975 oL -T,a-CALLA

1978 cytoplasm. Ig

1981 monoclonal Ab

DNA probes

Fig. 1. Development of immunologic ALL classification during the last decade
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Table 3. Antigenic profiles of ALL phenotypes

ALL AML

Precursor T Precursor B

T-ALL B- C-ALL Null-ALL

ALL

Marker (clones; clusters) Pre- Thy T Pre- Pre-  B-lym- mye-

T preB B phoid loid
CALLA (VIL-A1,J5,CD10) — + — + + + — - _
B-AG (B4, HD37; CD19) - - — + + + + - -
HLA-DR (OKla) - - + + + i N N
Cytoplasmic Ig - - — — — + — _ _
Surface Ig - — — + — — _ _ _
Pan-T (WT1, 3A1; CD7) + + + - — - — _ _
HTA-1(NA134,0KT6;CD1) — + - - - - - —
E-R (Lyt3, OKT11; CD2) — + + - — — - - -
MyA (VIMDS, VIM2, My9) — - - - — _ _ 4 4
TdT + + + — + + + _

rather rare and should not be confused with
a part of leukemias of the null-ALL group
with simultaneous occurrence of immature
B-differentiated (only B antigen without
CALLA or Ig) and myeloid-like myelo-
peroxidase-negative blast cells.

Complexity of the Null-ALL Subgroup

As pointed out before, some leukemias of
apparently myeloid-like immunophenotype
which were diagnosed hematologically as
AUL or even as PAS-positive ALL, were in-
cluded in a heterogeneous group which also
contained very immature ALL immuno-
phenotypes with B antigens (CD19 and/or
CD24) and TdT, but without CALLA, B1,
or Ig. Besides these B-type and myeloid-like
subtypes, additional subsets of still lineage-

undefined immunophenotype or of mixed or
hybrid phenotype (e.g., myeloid antigen-
positive blasts and B-antigen-positive blasts
or, rarely, blasts with simultaneous ex-
pression of myeloid and lymphatic antigens)
became evident (see Table 4). In a re-evalua-
tion of 30 cases of the null-ALL category
with My7-My9 and with HD37 (CD19),
only three cases (around 10%) remained in
the unclassified subset. This amounts to 2%
—3% of the whole ALL/AUL collective, of
which null-ALL is diagnosed in 23% of
cases (see Table1). Myeloid-associated
antigens have recently been recorded in sev-
eral studies of ALL in children and adults
[12-14]. It is presently unclear whether these
myeloid antigen-positive cases represent
variant forms of ALL or true cases of acute
immature myelogenous leukemia (AML)

Table 4. Subsets of the null-ALL subgroups® in 58 patients

HLA-DR B antigen Myeloid antigens  Frequency
(OKI 1) (BA-1) (VIMDS,VIM2) % of null-ALL
1. B +° + - 38
2. Myeloid + - + 25
3. Mixed, Hybrid + + + 9
4. U (unclassified) + - - 28°¢

* CALLA-negative, Ig-negative, pan-T (WT1)-negative ALL or AUL.
® In some cases, faint CALLA-expression is demonstrable on some blast cells by sensitive techniques.
¢ The percentage of this group drops to 10% when additional MoAbs (HD37 and My 7, 9) are used.
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with unusual morphological and cytochemi-
cal (myeloperoxidase-negative, PAS-posi-
tive) characteristics. In four of 14 cases of
null-ALL, one of us (D.H). identified with
ultrstructural and refined cytochemical
studies characteristics of myeloid cells,
namely, granules, ultrastructural peroxi-
dase, peroxidase of eosinophiles, and naph-
thol AS-D chloroacetate esterase. Further-
more, in an earlier ultrastructural study of
undifferentiated leukemias by light micros-
copy, a substantial number of cases dis-
closed myeloid differentiation [15]. In differ-
entiation induction experiments with AUL,
cell markers of early myeloid cells (MCS-2,
My8, My9) were induced in some cases, to-
gether with nonspecific esterase and some-
times chloroacetate esterase, whereas TdT
activity decreased [16, 17]. We must con-
clude, therefore, that a portion of the cases
typed as null-“ALL” probably show imma-
ture myeloid differentiation. Apparently, a
primitive bipotential or pluripotential stem
cell stage of differentiation closely corre-
sponding to the bifurcation of the lympho-
cyte/myeloid pathway can be assumed for
many cases of this subgroup. Good ex-
amples illustrating this hypothesis are cases
with mixtures of blasts with lymphatic or
myeloid antigens, cases with hybrid ex-
pression of markers of both lineages, and
cases with sequential expression of lymphoid
and myeloid phenotypes during the course
of the disease [12-14, 18].

A substantial number of cases in the null-
ALL subgroup, however, appear to show
“true” lymphatic differentiation: In addition
to HLA-DR antigens, the blast cells express
B antigens of the CD24 (BA-1) and the
CD19 (HD37, B4) clusters. Since later B
antigens (B1, B2) are not expressed and since
the blasts are CALLA negative but TdT
positive, an immature B differentiation
status just before the phenotype of the C-
ALL group has to be assumed for this sub-
set. Accordingly, this subset had been in-
cluded with the C-ALL group as B-lincage
ALL in a recent report [14]. Besides CALLA
expression, C-ALL differs markedly from B-
positive null-ALL in S'nucleotidase activity
[19]. We therefore continue to distinguish
the CALLA-postive ALL cases as inter-
mediary to the ALL cases of precursor B or-
igin.
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Prognostic Relevance of Immunopheno-
types

In contrast to the abundance of reports on
phenotype characteristics of leukemias,
there is still a paucity of controlled prospec-
tive studies on clinical and prognostic impli-
cations of immunophenotypes. In adults, we
are aware of only one report that relates ob-
servations of remission time to blast cell im-
munophenotype [20], and in the following
discussion, we will extend these data of the
ongoing BMFT-trial with more patients and
longer observation times. In another recent
publication on adult ALL, only remission
rates are reported [14]. Interestingly enough,
only two of six myeloid antigen ALL cases
responded with complete remission in this
report, whereas nine of nine CALLA-nega-
tive B-lineage ALL achieved complete re-
mission [14]. The number of patients in this
study, however, is too small to draw definite
conclusions. In another study of children,
all 18 patients with ALL and myeloid
markers entered complete remission [12]. In
a large prospective ALL study (the German
BMFT-ALL/AUL trial of adults), no sub-
stantial difference in remission rates was re-
corded for the null-ALL group [20]. How-
ever, remission duration was significantly in-
fluenced by blast cell immunophenotype, as
shown in Fig.2. The design of the trial and
the therapy protocol have been published
elsewhere [20]. The curves of the first consec-
utive phenotyped patients of the pilot and
main phase are given (see Fig.2). All pa-
tients were treated identically. There was no
difference in remission duration for typed
and untyped patients (data not shown). Sur-
prisingly, it turned out that the T-ALL sub-
group was the best, followed by C-ALL,
whereas patients of the null-ALL category
revealed a substantially worse remission
curve (see Fig.2). Re-evaluations of signifi-
cance and relation to clinical prognostic fac-
tors by multivariate analyses revealed again
that the null phenotype was an independent
prognostic factor, together with leukocytes,
age, and time to remission. Thus, the data al-
ready published for smaller numbers of pa-
tients and shorter observation times [20]
have been confirmed. This is summarized in
Table 5 and compared with data from an
analysis of the prognostic relevance of the



i ——— C(-ALL
3
: |I N=82
09 F 3
b —— =~ PRE-T-, T-, THY-ALL
[ TR N=41
0.8+ b Ia 1
T CTTTTL e NULL-ALL
07k 3 Yy N=39°
L,
JAIL LU
0.6 - !
Y DO PR It 18 S |
05
0.4
03—~
Fig. 2. Remission duration 02 i
. . L U |
of 162 patients in the
BMFT-ALL/AUL trial for 01+
adults according to immu-
nologic subgroup 0 ! ! L ! | L
0 1 2 3 [ 5 6 7
Years

Table 5. Prognostic relevance of ALL immunophenotypes in the context of particular therapeutic

regimens

I. Adults

— Immunophenotype (null-ALL T-ALL or C-ALL) is an independent

prognostic factor together with

— Age (> 35 years)
— WBC (>30000)

— Response time to induction therapy

Sequence:
II. Children®

clinical risk groups)

- WBC

T-ALL > C-ALL > null-ALL > B-ALL

— Immunophenotype only of borderline significance (significant within

— Age (<2 years, >10 years)

— Sex

— CNS, splenomegaly, thrombocytopenia (< 50000)

Sequence:

C-ALL > T-ALL > null-ALL > B-ALL

? Data in [2].

ALL phenotype in 320 children, as pub-
lished elsewhere [2].

In summary, we can conclude that immu-
nophenotyping of acute leukemias is not
only of importance for diagnosis, differen-
tial diagnosis, and classification, but also of
prognostic relevance in relation to current
therapy protocols. The heterogenous group
of null-ALL, which contains leukemias with
bipotential or multipotential stem cell char-
acteristics, appears to be compromised by its
early and high relapse rate. The heterogen-

ous composition of those leukemias may be
the cause of early re-emergence of blast cell
variants which are resistant to ALL-type
chemotherapy. This subgroup is rather rare
in children, but occurs with substantial fre-
quency in adults (see Table 1). In this con-
nection, it is of interest that a recent analysis
of 90 infants under 18 months of age identi-
fied a 51% occurrence of non-(T, B, pre-B)
ALL with CALLA-negative blasts, as com-
pared with only 7% in children aged 18
months—10 years of age [21]. The well-
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known poor prognosis of infants was con-
vincingly related to clinical factors and to

the

unfavorable null-ALL phenotype in this

study [21]. ALL thus appears to be a con-
vincing example of the prognostic relevance
of biological tumor cell features such as im-
munophenotype, as described here, and
chromosomal abnormalities [22].
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Introduction

When the German multicenter trial for the
treatment of adult acute lymphoblastic leu-
kemia (ALL) and acute undifferentiated leu-
kemia (AUL) was started in 1978, one of the
main objectives was to establish prognostic
factors for the definition of groups with in-
creased risk of relapse. At that time, on the
basis of large cooperative studies of child-
hood ALL, children could already be classi-
fied as being of standard risk or high risk [1].
It was also of interest whether the prognostic
factors might differ when a comparable
treatment strategy was applied to adults.

In the German multicenter therapy trial,
prognostic factors for disease-free survival
were extracted retrospectively in a pilot
study on 162 patients entered between Oc-
tober 1978 and June 1981 [2]. These factors
were then analyzed prospectively in an on-
going study with the same treatment pro-
tocol until Juni 1983 for a total of 384 pa-
tients [3]. Based on these prognostic factors
and the risk groups of that study they served
to define a new risk-adapted protocol with
intensified therapy for high-risk patients
which was started in July 1983.

* Supported by the Bundesministerium fiir For-
schung und Technologie, Grants No. 01 ZW 024
and No. 01 ZW 014.

! For the German ALL Study Group: Abt. Hi-
matologie, Univ.-Klinikum, Frankfurt, Federal
Republic of Germany.
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Design of Clinical Trials

In both trials, a central diagnosis was obliga-
tory for all study patients, including mor-
phological and cytochemical studies of
blood and bone marrow smears (H. Loffler,
Kiel) and surface marker analysis of fresh
blood or bone marrow samples (E. Thiel,
Munich). Details of the procedures and cri-
teria of classification are given elsewhere [2,
4].

Treatment Regimen: Trial 01/81

The treatment protocol was based on a ther-
apy regimen successful in treating childhood
ALL [5]. The underlying principle involved
intensive induction and consolidation ther-
apy with conventional (6-mercaptopurine/
methotrexate) maintenance therapy without
further reinforcement cycles (Fig. 1). The 8-
week induction regimen consisted of two
phases. In the first 4 weeks, the following
was administered: prednisone 60 mg/m? p.o.
daily; vincristine 1.5 mg/m? i.v. weekly; dau-
norubicin 25 mg/m? i.v. weekly; and L-as-
paraginase 5000 U/m? i.v. on days 1-14.
The second 4-week phase comprised: three
doses of cyclophosphamide 650 mg/m? i.v.;
four courses of cytosine arabinoside 75 mg/
m? i.v. for 4 days each course; and 6-mercap-
topurine 60 mg/m? p.o. daily. CNS prophy-
laxis consisted of methotrexate 10 mg/m? in-
trathecally (i.t.) weekly and CNS irradiation
with 24 Gy. After 3 months, a 6-week conso-
lidation course followed that also consisted
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of two phases. The first 4-week phase in-
cluded: dexamethasone 10 mg/m? p.o. daily;
vincristine 1.5 mg/m? i.v. weekly; and adria-
mycin 25 mg/m? i.v. weekly. In the 5th and
6th weeks, the following drugs were given:
cyclophosphamide 650 mg/m? i.v. once; two
courses of cytosine arabinoside 75 mg/m?
i.v. for 4 days each course; and thioguanine
60 mg/m? p.o. daily. Maintenance therapy
comprising 6-mercaptopurine 60 mg/m?
p.o. daily and methotrexate 20 mg/m? p.o.
i.v. weekly was given between induction and
consolidation therapy and was continued
for 2 years.

Treatment Regimen
Risk-Adapted Trial 02/84

Several alterations were made to the stan-
dard protocol described above in order to in-
tensify the treatment for high-risk patients
(Fig.2). These were:

1. Increasing the daunorubicin dose from
25 mg/m? to 45 mg/m? in weeks 3 and 4
to increase the complete remission (CR)
rate within the first 4 weeks

2. Postponing the rL-asparaginase from
weeks 1 and 2 to weeks 3 and 4, since L-
asparaginase had often been given for 8-
10 days only instead of 14 days because of
bleeding tendencies

3. Disregarding the dose limit (maximum
single dose 1000 mg) for the three doses
of cyclophosphamide in phase 2, since
patients with a large surface area, espe-

cially male patients, might not have re-
ceived an optimal dose

4. Adding four consolidation cycles consis-

ting of cytosine arabinoside and tenipo-
side (VM-26). The sequence of the four
cycles at 1 and 2 months after both induc-
tion therapy and consolidation therapy
was chosen because of the high relapse
rate within the first 6 months. It was also
an attempt to improve the poor outcome
for the null-ALL patients in the first
trial.

The other parts of the thearpy schedule
remained unchanged.

Overall Results

In trial 01/81, a total of 384 patients from 33
institutions were entered during the recruit-
ment period from October 1978 to June 1983
(Table 1). Of 368 evaluable patients, 272
achieved a complete remission (73.9%), 17
(4.6%) a partial remission, and 79 (21.5%)
were failures, which also included deaths oc-
curring during the induction period.

In the risk-adapted trial 02/84, 413 pa-
tients from 43 institutions were recruited be-
tween July 1983 and the last evaluation date,
November 1985. At that time, 293 patients
had completed the induction therapy; of
these, 229 (78.2%) achieved CR, 12 (4.1%)
partial remission, and 52 (17.7%) counted as
failures, which included patient deaths dur-
ing induction therapy.

Table 1. German multicenter therapy trials for adult ALL

Trial 01/81

Trial 02/84
(risk-adapted)

() (n)
Recruitment period 10/78-6/83 7/83-11/85
Institutions 33 43
Total patients entered 384 413
Patients evaluable 368 2932

Results of induction therapy
Complete remission

Partial remission

Failure

272 (73.9%)
17 (4.6%)
79 (21.5%)

229 (78.2%)
12 (4.1%)
52 (17.7%)

? Induction therapy completed.
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Survival

In trial 01/81, the median survival time for
all 368 patients is 28.1 months. The prob-
ability of being alive at 2 years is 0.53, at §
years 0.40 (Fig. 3), and at 7 years (last obser-
vation), 0.36. The last relapse occurred at
61.3 months.

In trial 02/84, for the 293 patients so far
evaluable, the median survival has not yet
been reached; the probability of being alive
at 2 years is 0.59 (Fig. 4). The median obser-
vation time is, however, only 8.7 months.
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Prognostic Factors

Despite improved results with chemother-
apy in adult ALL, 50%-60% [2, 3, 6, 7] of
adult patients are expected to die as a result
of relapsing leukemia within 5 years after
achieving complete remission. Thus, evalua-
tion of prognostic factors and the definition
of risk groups is urgently needed to optimize
chemotherapy and to select patients for al-
ternative therapies such as allogeneic or au-
tologous bone marrow transplantation in
first remission.



Table 2. Median remission duration and p-values for the four prognostic factors in trial 01/81 at varying

observation periods

Prognostic factor Patients Evaluation Evaluation
in CR 30. November 1982 30. November 1984
CR patients (n=126) CR patients (n=268)
MRD p value MRD p value
(n) (months) (months)

Time to CR

<4 weeks 95 23.3 31.2

>4 weeks 31 9.8 0.0021 11.8 0.0002
Age

<35 years 98 234 321 0.0096

> 35 years 28 12.7 0.0055 15.7 '
Leucocytes

<30000/ut 85 28.0 33.2 0.0032

>30000/ul 41 14.8 0.0108 15.6 ’
Immunologic subtype

c-ALL 31 234 3

T-ALL 15Median  0.0427 8.0?66

not
reached
null-ALL 12 12.7 15.4

The first 162 patients (Table 2) treated ac-
cording to protocol 01/81 were analyzed
retrospectively  (evaluation  date, 30
November 1982), resulting in four factors
which could predict the length of disease-
free survival. These factors were, in order of
significance, the time required to achieve
complete remission, (i.e., whether less or
more than 4 weeks after start of therapy, age
under or over 35 years, initial white blood
cell count below or above 30000/ul, and im-
munologic subtype. When the patients who
were entered subsequently into the study
were analyzed (evaluation date 30
November 1984), these four prognostic fac-
tors were confirmed and proved to be inde-
pendent by multivariate analysis (Table 2).

On the basis of these prognostic factors,
patients could be classified into a high-risk
or low-risk group. Those patients having
none of the adverse factors were defined as
low-risk patients; those having any one or
more of the following criteria at diagnosis
were defined as high risk: (a) time to achieve
CR of >4 weeks; (b) age > 35 years; (c) leu-
kocyte count of >30000/ul; (d) immuno-
logical subtype null-ALL (non-T, non-B,
CALLA-negative).

At the evaluation date of November 1984,
the median for remission duration (MRD)
had not been reached in the low-risk group,
compared with a MRD of 15.7 months for
high-risk patients.

The risk-adapted trial 02/84 was activated
in July 1983 with stratification of the pa-
tients into low-risk or high-risk groups. For
the low-risk patients, the treatment schedule
remained nearly unchanged; for high-risk
patients, it was intensified even more
(Fig.2). A preliminary evaluation suggests
that the intensification of the protocol might
have benefited patients over the age of 35.
However, the observation time for the risk-
adapted trial has not yet been sufficiently
long to assess the success of this new strategy
for all high-risk patients.
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Introduction

Acute lymphoblastic leukemia (ALL) has
become a curable disease through the devel-
opment of effective treatment strategies
based on polychemotherapy with non-cross-
resistant drugs, effective prophylaxis of cen-
tral nervous system leukemia, and pro-
longed maintenance chemotherapy [1-4].
Lymhoblastic leukemia in children, in par-
ticular, has been treated successfully, with
the majority of children surviving 5 years [5].
It was recognized during the early studies
that patients had very different responses to
standard therapy, and a number of models
were developed to identify patient groups
with different prognoses. As a consequence,
children with ALL were treated differently,
based on their classification as “low,”-
“standard,”- or “high”-risk patients. Risk
group assignments were mainly based on
age, white blood cell count (WBC), and in-
volvement of lymph nodes, hepatomegaly or
splenomegaly in some series [5].

When adult patients were treated with
similar protocols, for example, with the
LSA,/L-2 protocol at Memorial Hospital,
they were all considered high risk because of
their more advanced age, as compared with
pediatric patients. The results of these early
studies, which started in 1968 at Memorial
Hospital, produced a significant proportion

* Supported in part by grants from the NIH CA-
38980, CA-20194, and CA-05826.

! Hematology/Lymphoma Service, 2 Division of
Biostatistics, and > Leukemia Cell Biology Labo-
ratory, Department of Medicine, Memorial Joan-
Kettering Cancer Center, New York, NY 10021,
USA.

of patients with long-term remissions. Sub-
sequent protocols, which used modifications
of the initial regimen, did not lead to signifi-
cantly improved results [3]. We have there-
fore combined our experience with the L-2,
L-10, L-10M, L-17, and L-17M protocols
and conducted a thorough analysis of prog-
nostic factors. We have examined conven-
tional and more recently developed labora-
tory parameters in conjunction with a large
variety of clinical variables. As a result, we
are now able to discriminate three groups of
patients with probabilities of 77%, 47%,
and 18% for maintaining remissions of 4
years or longer. As a novel prognostic vari-
able, the ribonucleic acid (RNA) content of
leukemic cells at the time of diagnosis was
found to be of prognostic importance.

Patients and Methods

This study included 149 newly diagnosed,
untreated, consecutive patients with ALL,
who were diagnosed between 1969 and 1982.
Patient follow-up is updated through
April 1, 1984, The patients were treated ac-
cording to the L-2, L-10, L-10M, L-17, and
L-17M protocols [1-3]. Twelve patients with
known Philadelphia chromosome were ex-
cluded. Since karyotype analysis has been
performed on only 46% (68 of 149) of the
patients in recent years, this does not exclude
all patients who might have been Philadel-
phia positive.

A large number of clinical variables were
investigated, including age, sex, weight loss,
liver or spleen enlargement, absence or pres-
ence of peripheral lymphadenopathy, and
mediastinal involvement.
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Laboratory variables included WBC, he-
moglobin levels, platelet count, differential
blood cell count including the percentage of
blasts, bone marrow blast cell count, mor-
phological characterization by FAB criteria
[6], and serum glutamic oxaloacetic trans-
aminase (SGOT), albumin, lactic dehydro-
genase (LDH), calcium, protein, and alka-
line phosphatase levels.

Special Studies

Cytogenetic analysis was performed on 68 of
149 patients, of whom 19 had no analyzable
metaphases [7].

Surface marker analysis was done in 68%
of patients (101 of 149) and used to classify
ALL as T-cell, B-cell, or “null” cell type.
Common-ALL antigen was studied in an in-
sufficient number of samples to be consid-
ered for uni- or multivariate analysis.

Flow cytometric determination of the
deoxyribonucleic acid (DNA) index, pro-
liferation and the RNA index was per-
formed with 56 patients, starting in 1977.
The method has been described previously
[8]. In short, bone marrow aspirate material
was separated on a Ficoll-Hypaque
gradient. Staining for cellular DNA and
RNA content was done using the acridine
orange (AO) two-step technique. Under cer-
tain conditions, this technique allows simul-
taneous staining of cellular RNA, which
stains metachromatically red, and of native
double-stranded DNA, which stains or-
thochromatically green. Simultancous mea-
surements of green (DNA), red (RNA), and
green pulse width (GPW) were performed.
The GPW measurements allow discrimina-
tion of single cells and cell aggregates, which
were excluded from further analysis. Mea-
surements were done in a Cytofluorograph,
Model FC-200 (Ortho Instruments, West-
wood, MA), and the data for 5000 cells per
sample were stored in a Nova 1220 minicom-
puter. The DNA index was determined as
per the “Convention on Nomenclature of
DNA” [9], cell cycle analysis was performed
using our “Peak Symmetry Model” [10], and
the RNA index was determined as the ratio
of ten times the mean RNA content of the
Gy, cells of the sample to the median RNA
content of normal lymphocytes [8, 10, 11].
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Statistical Methods

A stepwise logistic regression analysis of
prognostic factors for remission incidence
(the probability of achieving complete re-
mission) and a stepwise Cox regression anal-
ysis [12] of prognostic factors for remission
duration (the rate of relapse) were per-
formed using the BMDP statistical package
[13]. For each of the two outcome variables,
a final model containing a most important
set of prognostic factors was determined.

The likelihood ratio test criterion was
used in the logistic regression analysis, and
the score test criterion was used in the Cox
regression analysis. Both criteria are compa-
rable [14, 15]. Univariate tests of association
between a categorical variable and the out-
come variable were performed using the
Pearson (uncorrected) chi-squared and
Mantel-Haenszel logrank tests [16, 17].
Pearson chi-squared tests of association be-
tween two categorical variables, ¢-tests of the
difference between two means, and -tests
for linear correlation were also performed.
Log transformed values were used here if the
distribution was highly skewed.

Using the regression coefficients in the fi-
nal Cox multiplicative model for remission
duration, patients were separated by their
log hazard ratios (a negative correlate of
prognosis) into prognostic groups. The log
hazard ratio is the sum of each variable mul-
tiplied by its model coefficient. Kaplan-
Meier [18] remission duration curves were
then used to display the differences among
these groups. Kaplan-Meier curves were
also performed separately for each prog-
nostic variable.

Patients with missing covariate informa-
tion were usually excluded from the fitting of
a particular regression model with multiple
covariates. However, too many missing
values existed for two variables that were
prognostically important as single factors:
RNA Gyy,; index for remission incidence and
remission duration, and cell surface markers
for remission duration. In order to consider
these variables for entry into the final logis-
tic and Cox models, missing values were re-
placed by the observed mean of the variable.
For a zero-one covariate, the observed mean
is simply the proportion of patients with the
value “one.” This procedure for handling



missing data in a multiple regression model
is known as the zero-order estimator [19—
21]. The assumption that patients with a
missing value represent a random sample
from the overall group was reasonable here;
therefore, the procedure was applied.

Results
Clinical Results

In this study, 149 newly diagnosed, pre-
viously untreated patients were started on
induction therapy. Of these, 16 patients
(10.7%) died during induction therapy, and
ten patients (6.7%) failed induction therapy;
i.e., they did not achieve complete remission
after induction therapy or after the first
course of consolidation therapy. Another
123 patients (82.6%) achieved complete re-
mission, characterized by normal bone mar-
row with <5% blasts (M1), normal periph-
eral blood counts, and no abnormal physical
findings. Of these 123 patients, 61 are con-
tinuing in on-going complete remission (as
of April 1, 1984) (Figs.1 and 2a). Another
57 patients relapsed, and five patients died in
complete remission owing to bleeding or in-
fection within 6 months after complete re-
mission was achieved. The observed me-
dians for remission duration and disease-
free survival (deaths in complete remission

are included as failures) were 44 and 39
months, respectively. These data have been
reported previously [3]. Information regard-
ing patient response to reinduction therapy
was available for 47 of the relapsed patients.
The percentage of patients who achieved a
second remission was 55% (26 of 47), and six
patients (13%) died during the reinduction
chemotherapy.

Clinical and Laboratory Pretreatment Data

The median age was 25 years, the median
WBC was 9600/mm>. The median bone
marrow blast count was 79%, and 57% of
the patients were male (85 of 149). By FAB
criteria, the majority of patients (81% or 121
of 149) had L-1 morphology. L-2 morphol-
ogy was observed in 11 patients, L-3 mor-
phology in six patients, and unclassified
morphology in 11 patients.

Hepatomegaly was found in 25% (37 of
148) of patients, and splenomegaly in 40%
(59 of 149). Mediastinal involvement was
observed in 11% (16 of 148) and lym-
phadenopathy in 50% (74 of 149) of pa-
tients. Approximately 28% (41 of 149) of
our patients suffered more than 5% loss of
body weight prior to therapy. The median
LDH level was 465 (U/liter), and the mean
albumin level was 4.1. A total of 19% (25 of
129) of patients had albumin <3.5 (g/dl).
Cytogenetic abnormalities were observed in

n=149 n=123 n=57
START c DISEASE 2ND
INDUCTION R RELAPSE > CR
THERAPY
ETC.
n=16 n=5
DEATH DURING DEATH DUE TO DEATH DURING
INDUCTION INFECTION, REINDUCTION
THERAPY HEMMORRHAGE,
OR OTHER
COMPLICATIONS
(INCLUDING
LIVER, KIDNEY
AND HEART
n=10 FAILURE)
PROTOCOL
FAILURE

Fig. 1. Stochastic process of patient outcomes for
adults with ALL. A patient in continuous com-

plete remission never leaves the state of complete
remission
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M All patients with CR (123 PTS5. 66 censored)
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Fig. 2. a—g. Kaplan-Meier curves for remission du-
ration in adult patients with ALL in the Memorial
Hospital study. a Remission duration for the en-
tire group. b Remission duration for patients with
a WBC > or £20000. ¢ Remission duration for
patients with > or <80% circulating blasts in pe-
ripheral blood. d Remission duration for patients
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with a WBC £ or >20000 and a percent age of
circulating blasts < or >80%. e Remission dura-
tion curves for patients with T-ALL as compared
with B- or null-ALL. f Remission duration curves
for patients with RNA index > or <14. g Re-
mission duration for patients who achieved M-1
marrow (< 5% blasts) in < or >28 days



Fig.2.¢,d (continued on pp. 116-117)

28% (19 of 68) of patients studied. The
karyotype was not analyzable in 19 patients,
30 patients had a normal karyotype, seven
were hyperdiploid, five were hypodiploid,
and seven were pseudodiploid. Cell surface
marker analysis showed null or B-cell phe-

notype for 80% (81 of 101) of patients stud-
ied.

Flow cytometric determination revealed
mean S-phase of 7.2%. The DNA index was
aneuploid in 30% (17 of 56); one patient was
hypodiploid, and 16 patients were hyper-
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Fig. 2. e,f (continued from p. 115)

diploid. The median RNA index of bone Significant Associations Pretreatment Vari-
marrow cells was 12.1. ables

Of 123 patients, 43 had a cytoreduction to
less than 5% marrow blasts after 28 days of A number of variables were associated with
chemotherapy; the remaining 80 patients re-  other variables. Table 1 summarizes signifi-
quired 28 days or less to achieve this level. cant associations. Low albumin was associ-
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Fig. 2. g (continued)

Table 1. Significant associations between pretreatment variables in ALL

p value
Entire group of patients
Low albumin Age > 50 years 0.0
WBC <£2000/mm? 0.0002
High percentage of weight loss 0.002
Liver enlargement 0.025
L3 or AUL morphology 0.001
L3 or AUL Age > 50 years 0.001
Weight loss > 5% 0.013
Liver enlargement 0.026
L2, L3 or AUL Male sex 0.003
High log RNA G, index L3 or AUL 0.07
High log WBC High percentage of circulating blasts <0.00002
Patients achieving complete remission
High log WBC High log LDH 0.0005
Age >60 years Number of days to achieve < 5% blastsin  0.037
the marrow >28
Percentage of circulating blasts > 80% Percentage of circulating monocytes <1% <0.0004
High log WBC High log absolute number of circulating <0.00002
blasts
High percentage of circulating blasts High log absolute number of circulating <0.00002
blasts
High log WBC High percentage of circulating blasts <0.00002
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ated with age over 50, WBC of <2000, high
percent age loss of body weight, liver en-
largement, and L-3 or AUL morphology. L-
3 or AUL morphology was also associated
with age over 50, loss of body weight of over
5%, and hepatomegaly. 1.-2, L-3, or AUL
morphology were positively associated with
male sex. [.-3 or AUL morphology showed
borderline association with a high RNA in-
dex (P=0.07). Not surprisingly, a high
WBC was correlated with a high percentage
of circulating blasts.

Other associations include those between
high WBC and high LDH levels, age over 60
years and age over 60 years and more than
28 days to achieve <5% bone marrow
blasts, a percentage of circulating blasts of
over 80% and a percentage of circulating
monocytes of <1%.

Analysis of Remission Incidence

Table 2 summarizes the results of remission
incidence analysis. Results are given for the
univariate and logistic regression analyses.
Unfavorable characteristics were L-3 or
AUL morphology. a WBC of over 10 000/
mm?3, more than 5% loss of body weight, a

low RNA index, and older age at diagnosis.
These five factors were selected into the final
logistic model (their likelihood ratio test p
values are listed in Table 2). Additional un-
favorable prognostic factors for remission
incidence were low albumin levels, and to a
lesser degree, SGOT levels of <20 U/dl,
liver enlargement, and male sex.

Analysis of Remission Duration

Figure 2a shows a Kaplan-Meier plot of re-
mission duration. It is apparent that relapses
occur for the first 48 months after achieve-
ment of complete remission. Subsequently,
the curve flattens out, indicating a much
lower rate of relapse. If remission duration is
analyzed by WBC, patients with a WBC of
<20 000/mm? have a significantly longer re-
mission than patients with a higher WBC (P
= 0.00008) (Fig.2b).

Patients with <80% of circulating blasts
in their peripheral blood at the time of diag-
nosis have a significantly longer remission
duration than patients with >80% blasts
(P=0.0003) (Fig.2c).

If patients are grouped by WBC and per-
centage of circulating blasts, two groups can

Table 2. Results of the remission incidence (yes/no) analysis listing unfavorable characteristics

Characteristic® Patients Univariate Selection into Model
with a test the final logistic coefficient and
measured P value model® and standard error
value likelihood ratio
) test P value
L3 or AUL morphology 149 0.00001 0.0008 (—2.65, 0.85)
WBC >10000/mm? 144 0.013 0.0009 (—1.89, 0.63)
Weight loss >5% 149 0.0047 0.010 (—1.50, 0.58)
Low log (RNA Gy, index) 56 0.027 0.011 4.55, 2.29)
Older age at diagnosis 149 0.003 0.012 (—0.040, 0.016)
Low albumin level 129 0.005
SGOT £20 (U/liter) 130 0.023
Liver enlargement 148 0.025
Male sex 149 0.069

* This table includes zero-one covariates (1 if unfavorable, 0 otherwise) for morphology, WBC,
percentage of weight loss, liver enlargement, sex, and SGOT levels. Log (RNA G, index), age at
diagnosis, and albumin levels are represented as continuous covariates.

® The observed mean of log (RNA G, index) was substituted for a missing value in this variable’s
consideration for entry into the final logistic model. The final model is based on 144 patients; five patients

with missing WBC information were excluded.
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Table 3. Results of the remission duration analysis listing unfavorable characteristics (covariate = 1 if

unfavorable, 0 otherwise)

Characteristic Proportion of Univariate  Selection into  (Model
patients in logrank the final Cox  coefficient
complete test multiplicative and
remission with P value model and standard
characteristic score test error)

n) P value?

WBC >20000 or percentage of 48/115 0.00001 0.0 (1.46, 0.31)

circulating blasts >80%

Null or B-cell ALL 66/83 0.059 0.014 (1.51, 0.65)

RNA G, index >14 8/47 0.0036 0.017 (1.19, 0.51)

Age at diagnosis > 60 years 7/123 0.002 0.049 (1.24, 0.65)

Time to achieve <5% blasts in the 43/123 0.012 0.066 (0.56, 0.31)

marrow >28 days

WBC >20000/mm? 42/118 0.00008

Percentage of circulating blasts >80%  24/113 0.0003

Absolute number of circulating 31/113 0.001

blasts > 10000

Percentage of circulating 68/114 0.014

monocytes <1%

Time to achieve complete remission 67/123 0.027

>28 days

LDH > 300 (U/liter) 82/110 0.034

* For the zero-one covariates defining the unfavorable effects of null- or B-cell ALL and RNA G,
index >14, the observed proportions of patients with these unfavorable characteristics (i.e., the
observed covariate means), 0.795 (66/83) and 0.170 (8/47) respectively, were substituted for missing
values in their consideration for entry into final Cox model. The final Cox multiplicative model is based
on 115 patients; eight patients with missing peripheral blood information were excluded.

be discriminated (Fig. 2d): Those with WBC
<20 000/mm?3 and a percent age of circulat-
ing blasts of =80% have better than a 60%
likelihood of continuing complete remission,
while the remaining patients have a likeli-
hood of less than 30% (P = 0.00001).
Table 3 shows uni- and multivariate anal-
yses of factors affecting remission duration.
Patients with null or B-cell surface markers
had a borderline shorter remission dura-
tion than patients with T-cell characteristics
in univariate analysis (p=0.059) (Fig. 2e),
and this comparison was significant in the
multivariate analysis (P = 0.014). Patients
with a high RNA index (>14) had
a significantly shorter remission dura-
tion in both the univariate (P = 0.0036)
and multivariate analyses (P = 0.017)
/Fig. 2f). Patients over 60 years of age at the
time of diagnosis had a significantly shorter
remission duration (P = 0.002), and pa-
tients who required more than 28 days to

achieve <5% bone marrow blasts had a
shorter remission duration (P = 0.012)
(Fig.2g).

Other characteristics associated with a
higher rate of relapse (i.e., shorter remission
duration) were an absolute number of circu-
lating blasts > 10 000/mm?, a percent age of
circulating monocytes <1%, a time to
achieving complete remission of >28 days,
and serum LDH levels of >300 U/dl. How-
ever, these variables did not qualify for the
final model because of their significant as-
sociations with the other variables.

Final Cox Model for Remission Duration

Table 3 lists the model coefficients for the
five variables selected into the model: WBC
and percent age of circulating blasts, age,
RNA index, days to M-1 marrow (<5%
blasts), and cell surface markers. The model
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Fig. 3. Remission duration based on the final Cox
model. Three prognostic groups are distinguished

is based on 115 patients; eight patients with
missing peripheral blood information were
excluded.

Based on this model, patients were sepa-
rated into three prognostic groups (Fig. 3).
The most favorable had a log hazard ratio of
<1.75. It included 49 patients, of whom
only ten had relapsed. Their Kaplan-Meier
remission duration probability is 77% at 4
years. The intermediate group (log hazard
ratios of >1.75 and £2.75) included 20 pa-
tients, with 13 patients showing no evidence
of disease. Their remission duration curve is
47% at 4 years. The high-risk group in-
cluded 46 patients, of whom only 11 show no
evidence of disease. Their log hazard ratio is
greater than 2.75, and they have less than a
20% likelihood of long-term remission du-
ration (18% at 4 years). If the patients with
no information on cell surface markers are
excluded (36 of 115), the separation in the
curves for the three prognostic groups re-
mains essentially unchanged (figure not
shown).

The most favorable group is comprised of
patients with no more than one of the five
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mission duration

negative characteristics in the final model
(see Table 3). The five patients with a WBC
of >20 000 in this group have T-cell ALL.
The model coefficient for the effect of the
number of days required to achieve <5%
blasts in the marrow is less than one-half the
magnitude of the other variables’ coef-
ficients. Thus, the intermediate group in-
cludes patients requiring >28 days to
achieve an M1 marrow with only one addi-
tional negative characteristic. The poor
prognostic group is comprised of patients
with null or B-cell ALL and one of the fol-
lowing factors: WBC >20 000/mm?, per-
centage of circulating blasts of >80%, RNA
Gy, index of >14, or age > 60 years (time
to achieve <5% blasts in the marrow of
> 28 days is not required).

Discussion

The results of remission incidence and re-
mission duration analyses in adult ALL con-
firm previous data, published by us and
others [1-4]. They confirm the importance of



WBC and age as major prognostic factors
for remission incidence. Burkitt-like or un-
differentiated/unclassified morphology was
also confirmed to be a poor prognostic sign.
As new clinical variables, weight loss of
>5% body weight at the time of diagnosis
and low albumin levels were indentified as
unfavorable for achievement of complete re-
mission. Weight loss is known to be a sign of
poor prognosis in patients with non-Hodg-
kin’s lymphomas (as part of the definition of
“B” symptoms), but had not yet been identi-
fied for patients with acute leukemia. Both
low albumin levels and weight loss may indi-
cate poor nutritional and/or metabolic
status. Results of a cause-specific hazard
rate analysis to delineate how these variables
are associated with remission incidence will
appear in a separate paper [22].

The importance of tumor mass, as mea-
sured by WBC, confirms the results of other
studies. Cell surface marker analysis (T vs
null) did not contribute to the analysis of re-
mission incidence. Patients with a low RNA
index, however, had a significantly lower
likelihood of achieving complete remission.
Low RNA index has been associated with
cell kinetic quiescence in many cell systems
[23], and this result is consistent with the
idea of an increased resistence to chemother-
apy of quiescent cells. The results in adult
ALL confirm the results by Redner et al. in
pediatric ALL [24]. In their analysis of ALL
in children, patients with a low RNA index
had a low likelihood of achieving complete
remission in 14 days, and patients who did
not achieve complete remission within 14
days of treatment had a higher likelihood of
subsequent relapse. In vitro investigations of
lymphoblasts indicate that it may be possi-
ble to increase RNA index by the addition of
interleukin-2 (IL-2) [25]. Though lym-
phoblasts did not have a high level of 1L-2
receptors, the exogenous addition of IL-2 to
these cells in tissue culture resulted in an in-
creased level of IL-2 receptors on these cells.
A similar phenomenon was observed in nor-
mal lymphocytes, where it was possible to
induce IL-2 receptors by exogenous IL-2
[26]. This phenomenon may be exploited by
pretreating patients with IL-2 prior to initia-
tion of chemotherapy.

S-phase, as measured by flow cytometry,
did not prove to be of prognostic impor-

tance for remission duration. This is at
variance with some reports [27-29], but con-
firms data obtained in some series of pediat-
ric ALL [24, 30].

Remission duration was, at least in part,
affected by similar factors that were impor-
tant for achievement of complete remission.
A high WBC and age over 60 were unfavor-
able for both remission incidence and re-
mission duration. LDH levels were signifi-
cant in the univariate analysis of remission
duration, but were not independent of the
effect of WBC. As in other series [4, 24], slow
response to chemotherapy was unfavorable
for a long remission duration: Patients who
did not achieve an M-1 marrow in 28 days of
chemotherapy were prone to have shorter
remission durations.

The unfavorable effect of a high WBC on
remission duration, along with the effect of
a slow response to the chemotherapy, is
shown in a separate paper to diminish over
time [22]. That is to say, their effects on the
rate of relapse do not follow a proportional
hazards model. Patients with a WBC of
>20 000, as shown in Fig. 2 b, have a signifi-
cantly higher probability of relapsing early;
however, their prognosis is no longer un-
favorable once a continuous complete re-
mission of 1-2 years has been achieved.

Patients with a high RNA index (>14)
had a significantly shorter remission dura-
tion than patients with a low RNA index.
RNA index was independent of other vari-
ables and was therefore selected into the fi-
nal Cox model. Patients whose leukemic
cells had a high RNA index at diagnosis
showed a higher likelihood of response
probably because they were in the G, phase
of the cell cycle. This feature, however, was
unfavorable for long-lasting remission.

A final Cox model was developed that
permits us to describe remission duration for
adult patients with ALL. Three prognostic
groups can clearly be discriminated based on
this model, and therapeutic consequences
have been drawn. Patients with the highest
risk of short remission duration will be ran-
domized to (a) chemotherapy or (b) autolo-
gous bone marrow transplantation after
achieving complete remission. If a compati-
ble donor is available, the patient will receive
an allogeneic bone marrow transplant. This
is a marked change, since previously only
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ALL patients in second remission were can-
didates for bone marrow transplantation.
This important change in strategy has been
incorporated in the design of the present
protocol for adult ALL at Memorial Hospi-
tal (L-20). One hopes that this approach will
lead to improved long-term survival for pa-
tients who are presently at high risk of early
relapse.

Other groups have recently obtained simi-
lar results in adult patients with ALL. The
German cooperative ALL group achieved
77.8% complete remissions in 162 pre-
viously untreated adults, with a median re-
mission duration of 20 months [4]. This
group also found the T-cell phenotype to be
a favorable prognostic feature for remission
duration. The Italian group has achieved
79.2% complete remissions in 293 pre-
viously untreated adults, with a median dis-
ease-free survival of 16 months [31]. Finally,
the SWOG group, using the L-10M pro-
tocol, has achieved 65.8% complete re-
missions in 158 previously untreated adults,
with medians for remission duration and
disease-free survival of 39.6 and 23.7 months
respectively (Hussein KK, Waddell CC,
Head DR, 1985, Treatment of Acute Lym-
phoblastic Leukemia in Adults Using Inten-
sive Induction, Consolidation and Mainte-
nance Chemotherapy: A Southwest Oncol-
ogy Group Study, unpublished manuscript).
The treatment outcomes reported from
these groups are not much different from
our own results.

It is therefore evident that a high number
of remissions and significant remission dura-
tions can be achieved in adult patients with
ALL.

We hope that selection of a high-risk
group (based on a prognostic model) to re-
ceive a new treatment modality such as bone
marrow transplantation will improve the re-
mission duration and survival of these pa-
tients. Using this strategy, patients with an
intermediate-to-favorable prognosis on
standard therapy would not be exposed to
the unproven regimen.

Conclusion

A group of 149 newly diagnosed, previously
untreated adults with ALL was treated with
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Memorial Hospital Protocols. Variables as-
sociated with remission incidence and re-
mission duration were identified, and step-
wise logistic and Cox regression analyses
were performed. Complete remission was
achieved in 82.6% of patients, and of these,
44% are expected to remain in complete re-
mission after 4 years. Variables associated
with a low incidence of complete remission
were: L3 or undifferentiated morphology,
WBC >10 000, weight loss > 5%, low RNA
content of bone marrow cells, and greater
age. Unfavorable variables for long re-
mission duration were: WBC >20 000 or
>80% circulating blast cells, null or B-cell
phenotype, a high RNA content (RNA in-
dex >14), age > 60 years, and slow response
to chemotherapy, as measured by cy-
toreduction to < 5% marrow blasts in >28
days. A final Cox model was developed that
identifies three groups of patients with prob-
abilities for remissions at 4 years of 77%,
47%, and 18% respectively. This model in-
cludes cellular RNA content, as measured
by AO flow cytometry, as a novel variable.
Patients expected to have high risk for early
relapse are now being randomized to alter-
native treatment modalities.
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Introduction

Treatment of acute lymphoblastic leukemia
(ALL) in children with effective regimens in-
cluding induction with vincristine, cytoxan,
asparaginase, and prednisone followed by
prolonged maintenance with various drug
combinations results in complete remission
(CR) rates of approximately 90%, with
more than 50% of the patients being possi-
bly cured [1]. Use of similar regimens in pa-
tients over 15 has, however, been far less suc-
cessful [2]. During the last decade, consider-
able improvement has been achieved in the
treatment of adult ALL using more intensive
regimens, and several protocols including
more aggressive induction with anthracy-
clines followed by intensive consolidation
and multidrug maintenance over several
years have yielded therapeutic results similar
to those obtained in children [3-6] and possi-
bly similar to those achieved by allogeneic
bone marrow transplantation [7] with ap-
proximately 50% long-term survivors.
These regimens, however, are very toxic and
may not be suitable for all patients.

The aims of the present trial were (a) to
study the usefulness of aggressive CR induc-
tion and intensive CR consolidation in the
treatment of adult ALL; (b) to study the
value of allogeneic bone marrow transplan-
tation performed in early first CR.

* The French Group for Treatment of Adult
Acute Lymphoblastic (FGTAALL).

! This address is valid for all authors: Departe-
ment d’Hématologie, Hopital Edouard Herriot,
F-69374, Lyon Cedex 08, France.

We present here preliminary results of
this trial after 244 patients have been in-
cluded with a median follow-up of 24
months.

Material and Methods
Patient Recruitment

Between January 1983 and March 1985, 244
patients were included in this study by the 33
institutions participating in the French
Group for the Treatment of Adult ALL
(FGTAALL). Criteria for eligibility were
age between 15 and 60 and diagnosis of ALL
of FAB L1 or L2 type based on morphologi-
cal examination and cytochemistry of bone
marrow smears obtained prior to therapy.
Seventeen patients were subsequently de-
clared ineligible and excluded from the study
for the following reasons: six patients were
over 60, six had acute nonlymphoblastic leu-
kemia, four had non-Hodgkin lymphoma,
and one had FAB L3 ALL. The results pre-
sented here concern the 227 remaining eli-
gible patients who had a median age of 33
years.

Treatment Protocol

Induction therapy was randomized with
one-third of patients receiving VCP regimen,
including vincristine 1.5 mg/m? i.v. and cy-
toxan 400 mg/m? i.v. on days 1, 8, 15, and
22, and prednisone 60 mg/m? po on days 1-
15, and two-thirds of patients receiving the
more aggressive VRAP regimen including
vincristine 1.2 mg/m? i.v. on days 1 and 5,
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rubidazone 450 mg/m? i.v. on day 1, cy-
tosine arabinoside (araC) 100 mg/m?/day
i.v. in continuous infusion on days 1-5, and
prednisone 80 mg/m?/day po on days 1-5.

Consolidation therapy, initiated 60 days
after the beginning of induction, was real-
ized through AAA regimen, including adria-
mycin 40 mg/m? i.v. on day 1, araC 60 mg/
m?/day s.c. on days 3-7, and asparaginase
1000 p/kg/day i.m. on days 8-12 adminis-
tered in 3 monthly courses to all patients
who initially received VCP induction and
randomly to one-half of the patients who re-
ceived VRAP induction.

Maintenance chemotherapy, adminis-
tered to all patients, was initiated immedi-
ately after achievement of CR in VRAP in-
duced patients who did not receive AAA and
1 month after the third AAA course in all
other patients and comported 4-week cycles
of 6-mercaptopurine 90 mg/m?/day po and
methotrexate 15 mg/m?/week i.m. over a 2-
year period with a 2-week interval between
cycles. Reinduction courses were adminis-
tered during the interval between mainte-
nance cycles using alternatively R1 regimen,
including vincristine 1.5 mg/m? i.v. and cy-
toxan 600 mg/m? i.v. on day 1 and predni-
sone 60 mg/m?/day po on days 1-8, and R2
regimen, including adriamycin 40 mg/m?
i.v. on day 1 and araC 60 mg/m?/day s.c. on
days 1-5.

Central nervous system prophylaxis was
realized through IT methotrexate, 10 mg/
m?/week during the first 6 weeks of treat-
ment, and cranial radiation (24 Gy) admin-
istered between day 45 and day 60 after ini-
tiation of induction chemotherapy.

Patients in CR having a suitable donor
for HLA-identical allogeneic BMT were ex-

cluded from the postremission chemother-
apy protocol and were scheduled to receive
BMT within 3 months of achievement of
CR. They did not receive cranial radiation
and were administered R1 reinduction re-
gimen every 3 weeks until transplantation.

Evaluation of Response

Complete remission was defined as less than
5% blasts in a normocellular bone marrow
on days 28-35 after the beginning of induc-
tion therapy with normal blood counts. Pa-
tients who did not achieve CR after a first
course of induction received a salvage ther-
apy using VRAP regimen whatever the in-
duction arm in which they were initially ran-
domized.

Results
Remission Induction

Seven eligible patients died early before initi-
ation of induction therapy and two patients
were not evaluable for CR induction be-
cause of major protocol violations. The re-
sults for 218 evaluable patients after one
course of induction chemotherapy are re-
ported in Table 1. Of the 72 patients who re-
ceived VCP regimen, 65% achieved CR and
35% had resistant disease while no death oc-
curred during the first course of induction.
Of the 146 patients who received the more
aggressive VRAP regimen, 66% entered
CR, 21% had resistant disease, and 13%
died. Patients not achieving CR after one
course of induction chemotherapy received a

Table 1. Results of the first course of induction chemotherapy in our patients

Induction Patients CR Resistant Death
regimen disease

n n % n % n %
VCP 72 47 65 25 35 0
VRAP 146 97 66 31 21 18 13
Total 218 144 66 56 26 18 8

CR, complete remission; VCP, vincristine, cytoxan, prednisone; VRAP, vincristine,

rubidazone, araC, prednisone.
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Table 2. Results of salvage therapy with VRAP after failure of initial induction by VCP

or VRAP
Initial Patients CR Resistant Death
induction disease

n n % n % n %
VCP 24 16 66 4 17 4 17
VRAP 28 9 32 1 39 8 29
Total 52 25 48 15 29 12 23

CR, complete remission; VCP, vincristine, cytoxan, prednisone; VRAP, vincristine,

rubidazone, araC, prednisone.

Table 3. Overall results of remission induction according to initial induction therapy

Initial Patients CR Resistant Death
induction disease

n n % n % n %
VCP 72 63 872 5 7 4 6
VRAP 146 106 732 14 10 26 17
Total 218 169 77 19 9 30 14

CR, complete remission, VCP, vincristine, cytoxan, prednisone; VRAP, vincristine,

rubidazone, araC, prednisone.
? p=0.01.

salvage therapy using VRAP regimen; the
results are indicated in Table 2, which shows
considerably higher efficacy and lower tox-
icity of VRAP regimen when administered
after failure of VCP regimen (66% CR and
17% deaths) than when administered after
failure of a first course of VRAP (32% CR
and 29% deaths). Overall results of CR in-
duction for patients initially randomized in
both arms are indicated in Table 3, which
shows a significantly higher CR rate in pa-
tients randomized to receive VCP induction
when compared with patients randomized to
receive VRAP (87% vs. 73% CR, p=0.01).
Ovrall CR rate for the whole group of pa-
tients was 77%.

Postremission Chemotherapy

A total 169 patients achieved CR. Forty-six
patients with an HLA-identical sibling were
excluded from the postremission chemother-
apy protocol in order to receive allogeneic

bone marrow transplantation (BMT) and 25
patients had major protocol violations and
are unevaluable for CR duration, including
eight patients who had dangerous infections
following induction and five patients who
were scheduled to receive intensive chemo-
therapy followed by autologous BMT.
Table 4 shows the results of postremission
chemotherapy in the 99 evaluable patients
with a median follow-up of 24 months: inter-
estingly, disease-free survival (DFS) was sig-
nificantly longer in patients receiving AAA
consolidation than in patients receiving only
maintenance chemotherapy (p <0.005).

Allogeneic Bone Marrow Transplantation
in First CR

Of the 46 patients who were excluded from
the postremission chemotherapy protocol
for allografting, six relapsed before BMT
and 38 patients were actually grafted. Five
patients relapsed after BMT and eight died
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Table 4. Disease free survival according to induction and post remission chemotherapy

Treatment received Patients Median DFS % DFS
(months)
n 1 year 2 years
VCP+CS+M 38 29 83 53
VRAP+CS+M 32 NR*? 77 64
VRAP+M 29 152 71 23
VCP/VRAP+BMT 38 NR 78 72

DFS, disease-free survival; VCP, vincristine, cytoxan, prednisone; VRAP, vincristine,
rubidazone, araC, prednisone; CS, consolidation; M, maintenance; BM T, allogeneic bone

marrow transplantation; NR, not reached.
? p<0.005.

of other complications. Overall results of
BMT are indicated in Table 4. At present
there is no significant difference in DFS be-
tween patients aged under 40 treated in the
two chemotherapy arms with AAA consoli-
dation and patients receiving BMT.

Prognostic Factors

Detailed analysis of prognostic factors is not
yet available in our patient population. Pre-
liminary analysis shows that none of the ini-
tial clinical or biological characteristics of
our patients are predictive for achievement
of CR, while WBC > 50 x 10°/1 and platelet
count <100 x 10°/1 are significantly associ-
ated with a shorter CR duration (p <0.005).
Age, sex, and immunological phenotype of
the blasts were of no predictive value for CR
achievement or for CR duration. Although
numbers of patients are too low to reach sta-
tistical significance, patients having initially
high WBC or low platelet count seem to
have a shorter DFS after grafting when com-
pared with other patients. Patients grafted
beyond 3 months of achieving CR also tend
to have a shorter DFS when compared with
patients grafted earlier.

Discussion

In our group, intensification of induction
chemotherapy did not significantly increase
CR rate, and this was due to an increase in
toxic deaths when intensive induction was
performed as the first therapy and to a re-
markable efficacy of the intensive induction
program when performed as a salvage ther-
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apy in the 35% of patients who failed to
achieve CR with a first attempt of less inten-
sive chemotherapy in VCP arm. This does
not confirm recently published studies re-
porting CR rates of up to 85% with aggres-
sive induction regimens [4-6]. Those studies
however did not include a control arm with
less aggressive chemotherapy, and only one
of them was reported from a cooperative
group [5]. Increased toxicity in our aggres-
sive induction arm by comparison with the
above mentioned studies may be due to the
administration of high dosages of chemo-
therapy over a short period of only 5 days in
VRAP regimen.

Our trial establishes the value of intensive
consolidation to prolong CR, and this is in
accordance with the results of several studies
using intensive consolidation on a nonran-
domized basis and reporting continuing CR
rates of 40%—-50% at 5 years [4-6]. Patients
allografted in first CR appear to have a
slightly longer disease-free survival than pa-
tients treated in the best chemotherapy arm.
However, at the time of analysis and taking
into account the still short median follow-up
in our series, this difference is not statisti-
cally significant. The high relapse rate in pa-
tients waiting for allograft in our series is
striking, demonstrating that when allograft
is considered, it should be performed as
early as possible in first CR or after a course
of intensive consolidation.

Summary

We present here the results of a cooperative
trial in 244 adult patients with acute lym-
phoblastic leukemia. Induction therapy with



vincristine, cytoxan, and prednisone (VCP)
gave the same complete remission rate after
one course as more aggressive induction
with vincristine, rubidazone, araC, and
prednisone (VRAP) due to increased toxic
death in the aggressive arm. Because of high
efficacy of salvage therapy with VRAP re-
gimen in patients failing to achieve CR with
VCP regimen, patients initialy randomized
to receive VCP had a significantly higher CR
rate than patients initialy receiving VRAP
(87% vs. 73%, p=0.01). Patients random-
ized to receive postremission consolidation
using adriamycin, araC, and asparaginase
(AAA) prior to maintenance had a signifi-
cantly longer remission than patients not re-
ceiving consolidation (p<0.005). At the
time of analysis allogeneic bone marrow
transplantation does not significantly in-
crease disease-free survival when compared
with intensive consolidation chemotherapy.
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Introduction

The results of treatment of acute lympho-
blastic leukemia (ALL) in adolescents and
adults were poor 10 years ago [1] and have
improved considerably since then. A recent
review [2] of the subject has indicated that,
indeed, around three-quarters of the pa-
tients can achieve complete remission (CR)
and that median durations of CR lasting
over 2 years have now been reached.

The present study was designed to investi-
gate whether these results could be improved
by adding cytosine-arabinoside (Ara-C) in
the induction treatment and whether the
toxicity of the efficient protocol (L-10) de-
signed by the Memorial Sloan-Kettering In-
stitute [3] could be decreased by omitting a
3-month consolidation phase combining
methotrexate (MTX), Ara-C, and 6-thio-
guanine (6TG).

Concerning the first question, Ara-C was
considered for the following reasons: (a) this
drug was known to be effective in treating
ALL [4]; (b) given as a bolus injection even
at very high doses, it had been shown to have
no hematologic toxicity in hematologically
normal individuals [5]; (c) in acute mye-
loblastic leukemia (AML) at least, it had
been shown that a bolus injection produced
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a long-lasting decrease in protein synthesis
in all the leukemic cells, irrespective of their
position in the cell cycle [6, 7]; and (d) it was
known that a reasonable concentration of
Ara-C can be found in the cerebrospinal
fluid (CSF) and that, owing to a low level of
deaminase, this concentration is maintained
longer than in the blood.

The second question related to the conso-
lidation phase appeared to provide an im-
portant conceptual link to the issues of (a)
the efficiency of antimetabolites in the con-
solidation therapy of adult ALL, (b) the tox-
icity of a 3-month consolidation phase, and
thus (c) the therapeutic index of such a con-
solidation therapy.

Material and Methods

The study started in 1980 and is still open to
patient entry. So far, 124 patients compris-
ing adolescents and adults (16-635 years old)
treated in eight different institutions have
entered the study. Four patients are ineli-
gible, four are inevaluable, 16 are too recent,
and 100 are evaluable. All patients with the
diagnosis of ALL were eligible, this diagno-
sis including common ALL (c-ALL), T-
ALL, B-ALL, and undifferentiated acute
leukemia. The patients with Philadelphia
chromosome (Ph! c)-positive ALL, an en-
larged mediastinum, or meningeal infiltra-
tion at diagnosis were not excluded. Patients
with overt liver or renal failure, those who
had already received chemotherapy, and
those with another malignancy (except epi-
thelial skin tumor) were excluded from the
study.



The patients eligible were randomized to
receive induction treatment with or without
one pulse injection of high-dose Ara-C. The
patients were stratified for randomization
according to institution. The patients who
reached CR by day 42 were randomized a
second time for consolidation therapy (long
or short consolidation). They were stratified
according to the first randomization
branch.

The induction therapy comprised adria-
mycin 30 mg/m? of body area intravenously
(IV) as a bolus injection on days 8, 29, and
43; prednisone 60 mg/m? given as three daily
doses from day 1-day 28 and then tapered
off over 2 weeks (days 29-43); and vincris-
tine 1.4 mg/m? IV as a bolus injection on
days 1, 8, 15, 29, and 43. Ara-C was given
only to the patients allocated to this therapy
by randomization and was administered as a
bolus injection of 2500 mg/m? IV on day 1
(or 2 or 3 in case of high tumor mass and fear
of tumor lysis syndrome).

Central nervous system (CNS) presymp-
tomatic treatment was administered be-
tween day 1 and day 57. This consisted of
preservative-free MTX administered in-
trathecally (i.t.) by lumbar puncture at a to-
tal dose of 12 mg (in a volume of 10 ml CSF)
on days 1 (or 2 or 3 if there was severe
thrombocytopenia or a high WBC) 15, 29,
36, 43, and 57. Radiotherapy to the brain
was given to the skull, the base of the skull,
and the first two cervical vertebrae at a dose
of 1800 rads midplane delivered in ten
sessions over 12-14 days.

Consolidation therapy was started on day
58, i.e., after completion of CNS presympto-
matic treatment. The patients were random-
ized to receive either a long (4 months) or a
short (1 month) consolidation.

The long consolidation, started at week 8,
comprised a phase of methotrexate given at
15 mg/m?*/day (maximum daily dose of
25 mg) from day 1 to 3 for the first course
and, if well tolerated, from day 1 to 4 or 5 for
the following courses. This was followed at
week 10 by a phase comprising 6-TG
120 mg/m? p.o. every 12 h from day 1 to 5
and Ara-C 150 mg/m? IV every 12 h, also
from day 1 to 5. At week 13, MTX was re-
peated as at week 8, but the duration (4 or
5 days) was adapted according to the pa-
tient’s tolerance during the first cycle. At

week 15, 6-TG and Ara-C were given for 5,
6, or 7 days depending on the tolerance of
the previous cycle, and one dose of MTX i.t.
was also administered. At week 18, MTX
was given again IV as at week 13. At week
20, the treatment of week 15 was repeated.
At week 21, asparaginase 1000 units/kg of
body weight was given IV six times over 2
weeks. At week 23, cyclophosphamide
1200 mg/m?, or only 1000 mg/m? to patients
over 60 years, was administered IV.

The short consolidation comprised only
asparaginase (week 8) six times over 12 days
and cyclophosphamide (on week 10) once at
the end of the L-asparaginase cycle exactly
as given in the long consolidation therapy.

Maintenance therapy was given for 3
years and consisted of two successive phases:
high maintenance (approximately 60 weeks)
and low maintenance (approximately 96
weeks). The high maintenance phase con-
sisted of six courses of 70 days. Each course
started with prednisone 180 mg/m?/day p.o.
in three divided doses from day 1 to 7 and
vincristine 2 mg/m?/week on days 1 and 8.
On day 15, the treatment conisted of either
adriamycin (on courses 1, 3, and 5) at doses
of 20 mg/m?/day IV on days 15, 16, and 17
or bis-chloroethyl-nitrosourea (BCNU) and
cyclophosphamide IV on day 1 (on courses
2, 4, and 6) at respective doses of 80 and
800 mg/m?/day. Other drugs were started on
day 29, comprising: 6-mercaptopurine
(6MP) (90 mg/m?/day p.o.) (from day 29 to
56), MTX 20 mg/m?/day p.o. (on days 36,
41, 46, 51, and 56), and MTX (12 mg total
daily dose i.t.). The course was terminated
by one injection of actinomycin D 1 mg/m?/
day IV on day 64. Another course was
started on day 70. After 6 courses of conso-
lidation of this type, the low maintenance
was started and given until completion of 3
years of maintenance therapy. It comprised
daily 6MP 90 mg/m? p.o., weekly MTX
20 mg/m? p.o., and, every 3 months, discon-
tinuation of 6MP and MTX and administra-
tion of vincristine 1.5 mg/m? on days 1, 8,
and 15 and prednisone 40 mg/m? p.o. on
days 1-15. In most patients, these doses had
to be decreased, primarily according to he-
matologic tolerance.

CR was defined as the disappearance of
clinical and hematologic signs of leukemia.
CR blood showed no lymphoblasts and
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Table 1. Patient and disease characteristics at
diagnosis

Table 2. Overall preliminary results of EORTC
58791

Median age 26.7 years
Range 16-65 years
WBC > 50000 pl 22%

Initial liver and spleen enlarged 29%

Initial CNS infiltration 6%
CALLA + 55%

T-All 12%

Ph' chromosome 12%

more than 500 granulocytes and >75 000
platelets/ul. CR in the bone marrow (BM)
was defined as normal cellularity; normal
representation of erythroid, myeloid, and
megakaryocytic elements; and a percentage
of blasts equal to or less than 5%.

The tests performed for immunopheno-
typing have been modified during the course
of the study. It is presently possible to define
five groups: (a) T-ALL, as defined by E-
rosetting in the beginning or later by a T

Death during induction 8%
CR 74%
Median duration of CR 32 months
CR at 3 years 52%
CR at 5 years 38%
Median survival of CR 33 months
Median survival of ALL 25 months
Treatment-related death during CR  0/69
Isolated extra BM relapses/ 2/30
all relapses
Isolated CNS relapses/All CR 1/69
Latest relapse 46 months

monoclonal antibody (more than 20% T-
type lymphoblasts); (b) pre-pre B or c-ALL,
as defined by an anti-CALLA antibody
(more than 20% CALLA-positive blasts);
(c) B-ALL, as defined by more than 20%
blasts bearing a monoclonal surface mem-
brane immunoglobulin (Smlg); (d) undiffer-

Propability DISERSE-FREE INTERUVAL
1.00+
TOTAL FAIL. ALL CASES
904 €9 30 AL CRSES
.80
.70
.60+
-
.40+
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.20
2104
: T T T T v B
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Number of pettents at risk at the corraesponding timaes:
€9 34 20 15 6 3 0 ALL CRSES

Fig. 1. Disease-free interval for patients achieving CR
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entiated ALL with <20% T blasts, <20%
Smlg-positive blasts, and <20% CALLA-
positive blasts; (e) unclassifiable ALL, for
which insufficient tests were performed to
allocate it to one of the above-mentioned
groups.

Successful cytogenetic analysis was ob-
tained in only 47 of the 100 evaluable pa-
tients. This analysis showed a cytogenetic
abnormality in 20 patients, of whom six
showed a Phlc.

All data were collected, processed, and
analyzed at the EORTC Data Center. The
criteria of evaluation were the percentage of
patients achieving CR, disease-free interval
(DFI), and survial. To determine the corre-
lation between a categorical variable and the
percentage of CR, the usual chi-square test
has been used. Actuarial curves were calcu-
lated according to the Kaplan-Meier
method, and the prognostic value of differ-
ent varibles related to the duration of sur-
vival and DFI have been tested using the log
rank test.
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Results

Table 1 shows the patients’ characteristics,
while Table 2 summarizes the overall results.
In Fig.1, the DFI of the patients who
reached CR is represented. It can be seen
that the majority of relapses occured within
1 year of CR, but that some BM relapses oc-
curred between the 3rd and the 4th year of
CR. Only two patients showed isolated
extramedullary relapse, one in the mediasti-
num and one in the CNS. This CNS relapse
occurred in the only patient not receiving
CNS irradiation but rather, MTX it.
through an intraventricular Ommaya reser-
voir because of an anatomic malformation
making intralumbar MTX administration
impossible.

Figure 2 shows that the WBC at diagnosis
(< or > than 50 000/pl) has significant
prognostic value for DFI.

Figure 3 A illustrates the prognostic value
for DFI of the simultaneous presence of a
palpable liver and spleen at diagnosis. This

DISERASE-FREE INTERUAL
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S6 31 19 14 s 2 0 <= s0000
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Fig. 2. Prognostic value of WBC at diagnosis for disease-free interval
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Fig.3a, b. Prognostic value for disease-free inter-  liver and spleen at diagnosis; —, all other pa-

val of a hepatosplenomegaly at diagnosis and b
hepatosplenomegaly at diagnosis as related to a
WBC of <50 000/pl. ———, patients with palpable

anomaly was correlated with the WBC, but
was prognostically independent. In other
words, it was related to a shorter DFI
among the patients with fewer than 50 000
WBC/ul (Fig.3B), as well as among those
with over 50 000 WBC/ul (not shown).
Table 3 summarizes the prognostic value
of some patient, disease, and treatment char-
acteristics in terms of the percentage of CR,
DFI, survial of remitters, and overall sur-
vival. It is apparent that performance status
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tients (including those with palpable spleen or
liver or with impalpable spleen and liver)

at diagnosis seems to influence survival and
that age does not influence either the inci-
dence of CR or survival. Most important is
the fact that neither the type of induction
(pulse Ara-C vs. no Ara-C) nor the type of
consolidation (long vs. short) seems to influ-
ence the prognosis. The time required to
reach CR (more or less than 4 weeks) did not
influence the prognosis either. In the present
study, the percentage of blasts remaining in
the BM on day 7 was the only prognostic



Table 3. Prognostic significance of patient, disease, and treatment characteristics related to the
percentage of CR, duration of CR (t CR), and duration of survival (tS) for patients in CR and for all

patients (remitters and nonremitters)

Features % CR t CR tS (CR) tS (ally
Age (< or >30 years) NS NS NS NS
Sex NS NS NS NS
PS (< or >60%) NS 0.02 0.007 0.002
WBC (< or >50000/ul) NS 0.005 0.02 0.04
Spleen (palpable or not) NS NS NS NS
Liver (palpable or not) NS NS 0.02 NS
Liver and spleen (palpable or not) NS 0.045 0.006 NS
Induction NS NS NS NS
Consolidation NS NS NS
% BM blasts at day 7 0.01 NS NS 0.03
% BM blasts at day 28 NS NS

The induction treatment was with or without ARA-C, and the consolidation phase was long or short.
The response to treatment was estimated by examination of the BM either at day 7 (expressed as more or
less than 50% blasts) or at day 28 (expressed as more or less than 5% blasts).

PS, Karnofsky performance status; NS, not significant.

predictor of achievement of CR at day
42:88.6% achieved CR if there were <50%
blasts on day 7, compared with 59.3% if
there were > 50% blasts.

Discussion

The present results are very similar to those
of other studies, as summarized in a recent
review by Clarkson [2], and particularly to
those of the German Multicenter Trial for
Adult ALL presented at this meeting and
showing a DFI rate at 5 years of 38%. Such
results represent progress compared with the
situation 10 years ago, but also serve to em-
phasize the need for other therapies. BM
transplantation most probably plays an im-
portant role in the therapy of adult ALL;
however, the various lethal complications
associated with its use make it crucial to ex-
clude from this therapeutic procedure the
ALL patients with very good prognosis and
thus to develop a means of identifying these
patients.

The prognostic value of a palpable liver
and spleen at diagnosis, seen in the present
study, is reminiscent of the value attributed
to the size of spleen and liver in the study of
Riehm et al. in childhood ALL [8]. These
authors have hypothesized that the size of

these two organs, in addition to the number
of peripheral blood blasts, is a good reflec-
tion of the overall tumor mass. Moreover,
they have shown that the size of the tumor
mass estimated with these parameters is the
most important prognostic factor in child-
hood ALL. The present study of adults and
adolescents is thus apparently in agreement
with this concept. Indeed, Fig.3 B makes
clear that, by combining hepatosplenic size
and WBC, it is possible to define a subgroup
of patients (no hepatosplenomegaly and a
WBC below 50 000/ul) with a DFI rate at 5
years of 60%. These results are similar to
those presented by the German BMFT
ALL/AUL Study Group at the present
meeting and earlier [9]: 60% continuous CR
at 5 years for 1/3 of patients who presented
none of the four high-risk factors which this
study group identified (i.e., time to CR <4
weeks, leukocyte count <30 000/ul, age
<35 years, and the T-ALL or ¢-ALL sub-
types.

We could not confirm in the present study
the good prognosis in terms of DFI for the
patients reaching CR in 4 weeks, for those
under 35 years, or for those with T-ALL or
c-ALl It should be admitted, however, that
the number of patients adequately immuno-
phenotyped was probably too low (approxi-
mately 50% of all the patients) to draw defi-
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nitive conclusions concerning the value of
immunophenotypes in the present study. As
for the WBC at diagnosis, it showed a highly
prognostic value when the limit was put a
high as 50 000/ul, but not at 30 000/pl, as in
the German study.

It should be emphasized that none of the
patient or disease characteristics at diagno-
sis were prognostic in terms of achievement
of CR. The only parameter which was help-
ful in this regard was an early consequence
of treatment, namely, the percentage of
blasts remaining in the BM at day 7 of in-
duction (Table 3). Indeed, if this value was
less than 50%, the chances of achieving CR
by day 42 were significantly higher than if
more than 50% blasts remained. This pa-
rameter thus appears to be an important
piece of information for early adaptation of
therapy during the course of treatment.

Up to now, the two consolidation thera-
pies which have been compared show no dif-
ference as to their therapeutic effect. The
data concerning their relative toxicities has
not yet been analyzed completely, but it is
interesting to note that so far neither conso-
lidation caused lethal toxicity in CR pa-
tients.
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Therapy Results in Five ALL-BFM Studies Since 1970:
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Introduction

Prognosis in childhood acute lymphoblastic
leukemia (ALL) after risk-adapted therapy
is first of all dependent on the quality of
therapy. Conventional risk factors such as
WBC, age, sex, organ involvement, and
other features certainly have lost their prog-
nostic significance in varying degrees during
the evolution of risk-adapted and necessar-
ily intensive therapy. Still, the tumor burden
and other ill-defined or unknown factors are
responsible for therapy failure. Obviously,
the patient group with therapy failure must
be the target of future efforts.

Of the initial 119 patients in the nonstrati-
fied study ALL-BFM 70 (BFM, Berlin-
Frankfurt-Miinster) 63 patients remain in
the first complete continuous remission
(CCR) 1016 years after diagnosis [1] which
indicates a 54% event-free survival accord-
ing Kaplan-Meier life table analysis (Fig. 1).
In all of the consecutive studies ALL-BFM
76-83 [2-4], the introduction of an intensive
reinduction therapy element (protocol II)
early in remission [5] for approximately one-
third of patients at increased risk for relapse
(discriminated by a risk score) further im-
proved long-term survival by approximately
20%. Of 1641 patients enrolled in these stud-
ies, 1258 (76.6%) are currently in complete
uninterrupted remission. Probability for
long-term event-free survival according life

! Department of Pediatrics, Hannover Medical
School, Hannover.

2 Department of Pediatrics, Berlin Free Univer-
sity.

3 Department of Pediatrics, Miinster University,
Federal Republic of Germany.

table analysis is 67% (SD 4%). These results
imply that the major improvement of treat-
ment occurred in the initial two studies,
since the following trials did not further in-
crease the over-all cure rates (Fig. 1) in spite
of minor modifications in respect to drug
dosage (daunorubicin), timing (rL-asparagi-
nase), and introduction of a new compound
(intermediate dose methotrexate). It must be
kept in mind, however, that “positive”
modifications may have been neutralized by
“negative” ones. Minor changes from one
study to the next which have been consid-
ered at that time to be appropiate have not
been carried out in a one-step fashion.

Patients at Risk for Relapse

Detailed analysis of the ALL-BFM 70 study
with regard to prognosis showed a signifi-
cant correlation to the initial number of pe-
ripheral blood blasts, and the sizes of the
liver and spleen. Assuming the total tumor
load at diagnosis to be the decisive prog-
nostic predictor, a risk factor (RF) has been
calculated according to the equation:

RF=0.2 log (Blasts+1)+0.06 x Liver
+0.04 x Spleen

(organ size in ¢cm below costal margin).
The RFs of all patients in studies ALL-
BFM 76 and ALL-BFM 79 have been calcu-
lated retrospectively. Despite risk-adapted
therapy in these studies, the RF nevertheless
discriminated on different levels for the vari-
ous risk groups quite appropiately, children
with a RF of more than 1.7 still being at a
clear disadvantage [6, 7]. The nomogram for
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Fig. 1. Probability of event-free survival in five
consecutive studies ALL-BFM 70-83. Data for
probability of CCR (p-CCR) according to life
table analysis (Kaplan-Meier): ALL-BFM 70,
0.54 (SD=0,05); ALL-BFM 76, 0.67 (SD =0,04);

its calculation is given in Fig.2. In studies
ALL-BFM 81 and ALL-BFM 83 this RF
has been utilized to classify patients to re-
ceive risk-adapted therapy (except B-ALL).
In study ALL-BFM 81 three therapy
branches have been considered to cope with
the relapse problem by applying adequate
risk-adapted therapy [3, 5]. Standard risk
(SR) patients were defined by a RF below
1.2, medium risk (MR) patients by a RF 1.2—
1.7, and all patients with a RF of more than
1.7 as high risk (HR) patients. In study
ALL-BFM 83 the standard risk group has
been further subdivided into patients with
standard risk low (RF <0.8, SR-L) and
those with standard risk high (RF 0.8-<1.2,
SR-H). Randomizations for preventive CNS
irradiation in SR patients, duration of ther-
apy, and the introduction of a more inten-
sive therapy in HR patients have been the ra-
tionals and questions in study ALL-BFM
81. The recognition that B-ALL is a separate
biological entity led consequentely to a more
specific therapy protocol [8] followed by re-
markably improved results. Unfortunately,
none of the individual risk parameters such
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ALL-BFM 79, 0.68 (SD=0,03); ALL-BFM 81,
0.67 (SD=0,02); ALL-BFM 83, 0.76 (SD =0,03).
p<0.03 for ALL-BFM 70 vs. BFM 76. Slashes in-
dicate last patient on individual studies, as in all
other figures

as WBC, liver and spleen size, and CNS dis-
ease at diagnosis [6, 7] have disappeared
completely in these studies, obviously be-
cause other biologically more fundamental
principles have still not been taken in ac-
count or cannot be influenced properly
(Tables 1-4). Certainly age (e.g., infants less
than 2 years of age as well as teenagers) and
probably the thrombocyte count and hemo-
globin level also have some impact on prog-
nosis.

Therapy Results in Studies ALL-BFM 81
and ALL-BFM 83

Therapy results to the two most recent ALL-
BFM studies are presented in Tables 1 and
2. The analyses were performed in May 1986
with a comparable number of patients in
both studies (ALL-BFM 81, n=633; ALL-
BFM 83, n=611). Induction therapy ac-
cording to protocol I[1]led to a rate of com-
plete remissions (CR) of more than 98%.
Only patients with a very high tumor burden
(HR patients) and patients with B-ALL had



1000000 23+ 130 18 18
223 1 29%

500000 NS 17 117
2.1 Pot g
P27

200000 | : 16 118
203 | o6k

100000 .93 |25+ 15 115
A

50000 SA S O 114 114
L7 3 LU F
) 2.2 i

: : 113 113
20000 L6F |21

10000 L5 P20 3 12 12
P L9

5000 IS [n In

2000 Sk 110 110
Led 163

1000 L LS % 9 19
’ PoL4

500 1.0 boa E 1 8 18
BEES

200 0.9 3 ¢ : 7 t7
b L !
0.8 ! i

100 BNIER 6 I
074 ! o09i
0.6 3 i 081!

20 osi %74 14 4
P 0.6 3!

10 041 'osi: 13 3

5 033 | 0.4 ) )
) 0.2 g 0.3 i

) P 023 1 1
013 o i

0 0L0% | 00%] Lo Lo

PERIPHERAL INTERMEDIATE}  RISK | LIVER SPLEEN

BLASTS SUM | FACTOR ! ENLARGEMENT ENLARGEMENT
[ /ul] [ em] [eml

Fig.2. Diagram for determination of risk factor
according to RF=0.2 x log (Blasts +1) +0.06 x
Liver +0.04 x Spleen. The absolute number of
leukemic blast cells in the peripheral blood is
marked in the first scale of the diagram and a line
drawn to the mark of liver size (centimeters below
costal margin in medioclavicular line, patient ly-

a CR rate in the range of 90%. In both stud-
ies only a small minority of patients did not
achieve remission (nonresponders), with the
highest proportion being among HR pa-
tients. None of these patients survived
(Tables 1 and 2). In late responders (i.e., no
remission after phase 1 of protocol I but re-
mission after phase 2 of protocol I), progno-

ing supine). A line is then drawn from the point of
intersection with the intermediate sum to the
mark of spleen size (centimeters below costal mar-
gin in longitudinal axis). This will cross the
number of the risk factor (RF) in the middle
scale

sis has been grave despite specific efforts
such as bone marrow transplantation in
some patients and highly experimental che-
motherapy in others. In study ALL-BFM 81
five out of eight late responders have died in
the meantime, whereas at the present four
out of five late responders in ALL-BFM 83
are alive.
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Table 1. Results of therapy in ALL-BFM 81

Therapy strategy

SR-A SR-B MR HR B-ALL Total
Number of patients 184 178 204 45 22 633
Complete remission (%) 180 (97.8) 177 (99.4) 200 (98.0) 41 (91.1) 21 (95.5) 619 (97.8)
Nonresponders?® 2 1 3
Late responders® 2 1 5 8
Death after nonresponse 2 1 3 (0.5
(%)
Death from ALL and/or 3 1 4 2 10 (1.6)
therapy before CR (%)
Death from therapy 3 1 8 1 1 14 (2.2)
after CR (%)
Relapses (%) 30 (16.3) 46 (25.8) 52(25.5) 17 (37.8) 10(45.5) 155(24.5)
Patients in CCR (%) 146 (79.3) 129 (72.5) 140 (68.6) 23 (51.1) 10 (45.5) 448 (70.8)
Probability of CCR 0.75 0.69 0.65 0.46 0.45 0.67

SR-A/SR-B, Risk factor (RF)<1.2 (SR-B with no CNS irradiation, but CNS prevention with MTX);
MR, RF 12— <1.7; HR, RF> =1.7.

2 Nonresponders: Patients not in remission after protocol 1.

b L ate responders: Patients not in remission after phase 1 of protocol I but in remission after phase 2 of
protocol I.

Table 2. Results of therapy in ALL-BFM 83

Therapy strategy

SR-L SR-H MR HR B-ALL Total
Number of patients 176 181 192 44 18 611
Complete remission (%) 175 (99.4) 178 (98.3) 190 (99.9) 40(90.9) 16 (88.9) 599 (98.0)
Nonresponders® 2 1 2 1 6
Late responders® 1 1 3 5
Death after nonresponse 2 1 2 1 6 (0.9
(%)
Death from ALL and/or 1 2 1 2 1 7 (1.1)
therapy before CR (%)
Death from therapy 1 2 2 5 (0.8)
after CR (%)
Relapses (%) 4 (23) 15 (8.3) 25(13.00 8(18.2) 6 (33.3) 58 (9.5)
Patients in CCR (%) 170 (96.6) 162 (89.5) 163 (84.9) 30(68.2) 10(55.6) 535 (87.6)
Probability of CCR 0.91 0.80 0.69 0.60 0.50 0.77

SR-L, Risk factor (RF)<0.8; SR-H, RF 0.8— <1.2; MR, RF 12— <1.7; HR, RF> =1.7.

2 Nonresponders: Patients not in remission after protocol .

b 1 ate responders: Patients not in remission after phase 1 of protocol I but in remission after phase 2 of
protocol 1.
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Table 3. Incidence and localization of isolated and combined relapses in patients treated according to

ALL-BFM 81
Therapy strategy Total
SR-A SR-B MR HR B-ALL = %
Number of patients 184 178 204 45 22 633
Relapses 30 46 51 17 10 154 24.5
% 16.3 25.8 25.0 37.8 45.5
Localization of relapse
BM (isolated) 19 22 20 7 2 70 111
CNS (isolated) 4 1 1 3 5 34 54
Testes (isolated) 5 2 7 1 15 2.4
BM/CNS (combined) 1 7 7 2 17 2.7
BM/testes (combined) 1 3 1 5 0.8
Others 1 3 3 3 3 13 2.0
Patients in CCR 146 129 140 23 10 448 70.8
% 79.3 72.5 68.6 511 45.5

Table 4. Incidence and localization of isolated and combined relapses in patients treated according to

ALL-BFM 83
Therapy strategy Total
SR-L SR-H MR HR B-ALL =n %
Number of patients 176 181 192 44 18 611
Relapses 4 15 25 8 6 58 9.5
% 2.3 8.3 13.0 18.2 333
Localization of relapse
BM (isolated) 3 10 14 2 5 34 5.6
CNS (isolated) 1 4 4 2 1 1.8
Testes (isolated) 2 2 0.3
BM/CNS (combined) 1 5 4 1 1 1.8
Patients in CCR 170 162 163 30 10 535 87.6
% 96.6 89.5 84.9 68.2 55.6

Despite expansion of the participating
hospitals in both studies to a maximum of
45, the mortality rate before CR has been as
low as 1.6% in the ALL-BFM 81 study, and
1.1% in the ALL-BFM 83 study, both of
which are smaller than in previous studies.
Therapy-related morbidity after CR has
been a minor problem, and the death toll has
been low (ALL-BFM 81 2.2%, ALL-BFM
83 less than 1%).

The major challenge for the future is ther-
apy failure due to relapse despite risk-
adapted therapy, as shown by data in Tables

14. The relapse incidence after a median
duration of 48 months in the ALL-BFM 81
study is 24.5%. Despite major therapeutic
efforts the relative majority of relapses oc-
cured in HR patients (37.8%), compared to
16.3% in SR-A patients (Table 3), which is
prognostically the most favorable category.
The dynamic of relapses in ALL-BFM 83
seems to be identical to that of the previous
study (Fig.1 and Table 4). Life table anal-
yses (Figs.3 and 4) demonstrate that the
probability of event-free survival (EFS) is
still obviously related to the RF. Probability
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Fig.3. Probability of event-free survival for all HR, 0.46 (SD=0.09); B-ALL, 0.45 (SD=0.11).

therapy subgroups in ALL-BFM 81 as defined in
the text. Data for p-CCR: SR-A, 0.75 (SD =0.05);
SR-B, 0.69 (SD=0.04); MR, 0.65 (SD=0,04);

p-values: SR-A vs. SR-B, 0.10; SR-A vs. MR,
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0.00002; SR-L vs. HR: 0.000; SR-H vs. MR, 0.22;
SR-H vs. HR: 0.001; MR vs. HR: 0.01



for EFS (ALL-BFM 81) is slightly higher
than 70% for SR patients (representing 60%
of all patients), 65% for MR patients (30%
of all patients), and 46% for HR and B-ALL
patients (10% of all patients). P-CCR is
more favorable in SR patients if irradiation
with 18 Gy is given as a preventive measure
against CNS relapse (EFS 75% for patients
receiving therapy SR-A compared to a EFS
of 69% for those receiving therapy SR-B
with no preventive CNS irradiation, Fig. 3).
Patients classed for SR-L in ALL-BFM 83
are doing even better with a p-CCR cur-
rently at 91% (Fig.4), the median duration
of this study being 15 months. Preliminary
results of ALL-BFM 83 in respect to the ran-
domized therapy strategy SR-L (reinduction
vs. no reinduction with protocol 111, a rein-
forced therapy element applied early in re-
mission), and strategy SR-H (preventive
CNS irradiation with 12 Gy vs. 18 Gy) have
so far not revealed any differences. This
means that in strategy group SR-H preven-
tive CNS irradiation with a dose as low as
12 Gy may offer an adequate protection for
eventual CNS disease; this dose can be con-
sidered to be noncritical in respect to late se-
quelae, e.g., intellectual dysfunction and the
emergence of brain tumors.

Therapy Response
as a New Prognostic Factor

In ALL-BFM 83 induction therapy starts
with a 7-day exposure to corticosteroids [9],
since they are considered to be the most ef-
fective antileukemic substance. Further-
more, they can be applied safely and can be
easily adjusted to each individual patient.
We are not afraid that the emergence of a
drug-resistant clone during a short steroid
exposure jeopardizes the prognosis. The ex-
tent of leukemic blast cell reduction in the
peripheral blood at day 8 has been corre-
lated with the incidence of failures. In fact,
the analysis of 476 patients revealed an im-
pressive correlation between the corticoste-
roid response and outcome, at least con-
sidering early failures. At present, an abso-
lute number of less than 1000/mm? leukemic
cells at day 8 defines a group of patients with
a p-CCR of 83%, irrespective of risk factor.
In contrast, patients with more than 1000/
mm? blasts at day 8 are doing markedly
worse, the p-CCR being 38% (Fig. 5). Non-
responders to corticosteroids, as defined be-
fore, were only recruited from group SR-H,
MR, and HR, however. Furthermore, if this
therapy response is utilized in the analysis of
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Fig. 5. Probability of event-free survival in ALL-
BFM 83 as related to adequate or inadequate ini-
tial corticosteroid response (absolute blast
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number in the peripheral blood at day 8 of therapy
below or above 1000/mm?); data for p-CCR, 0.83

and 0.38, respectively. p<0.0001
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ALL-BFM 83 by excluding those patients
who exhibit poor response to corticosteroids
from the strategy arms, the probability for
EFS increased by approximately 3% in SR-
H, 5% in MR, and 13% in HR patients.

It seems reasonable to use the in vivo re-
sponse to corticosteroids for trials in the
near future as a supplement to other risk fac-
tors such as tumor burden and other pheno-
types in individual patients and their leu-
kemic cells.

In spite of these efforts it is unlikely that
combinative chemotherapy and its counter-
part — supportive care — will be the ultimate
solution for cure in patients with leukemia.
The problem of minimal residual tumor load
in biologically protected locations (extra-
compartments) make therapeutic ap-
proaches necessary which are more specifi-
cally directed to these targets.
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The BFM Relapse Studies in Childhood ALL:
Concepts of Two Multicenter Trials and Results after 215 Years*
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Introduction

Different mechanisms may be responsible
for the occurrence of relapse of acute lym-
phoblastic leukemia (ALL). As a con-
sequence, treatment schedules for relapse
should take into account the possible or as-
sumed mechanism with the aim of attempt-
ing to develop adequate treatment strate-
gies.

* Supported by the Deutsche Krebshilfe e.V.

! This address is valid for all authors: Kinderkli-
nik der FU Berlin, Kaiserin-Auguste-Victoria-
Haus, Heubnerweg 6, 1000 Berlin 19/West.

Figure 1 shows in a simplified schema the
interrelationships of underlying mechanism
and the resulting type of relapse. One reason
for treatment failure may be the existence of
an anatomic barrier which prevents anti-
neoplastic drugs from reaching their target
at therapeutically effective concentrations.
Central nervous system (CNS) relapse is the
main representative of this group. Because
of possible reseeding of cells to other sites,
treatment has to be local and systemic as
well.

Another reason for relapse is drug resis-
tance, either primary or secondary, resulting
in nonresponse to treatment or early sys-
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Fig. 1. Interrelationships of mechanisms of relapse and resulting types of relapse and implications for

treatment
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temic relapse. At the present time, the possi-
bilities of chemotherapy in this condition are
very limited. Drug resistance may be over-
come by the introduction of high-dose com-
bination chemotherapy delivered in fast al-
ternating cycles or by using not previously
applied new drugs.

The third possible mechanism of relapse
might be that cells are hidden in “metabolic”
sanctuaries, i.e., prevented from being re-
cruited into the cell cycle and thus not being
accessible to chemotherapy. The remaining
of leukemic cells in the resting pool may be
an individual property of the cell or could
also be due to altered metabolic environ-
mental conditions as exist in the CNS or in
the testicles, resulting in a much lower prolif-
erative activity. It becomes clear that there is
probably an overlapping of anatomical and
metabolic sanctuaries. Implications for sys-
temic treatment of these relapses are that
therapy should be prolonged and intensive
and, if necessary, complemented by local
measures.

First results of two BFM ALL relapse
studies will be presented.

Description of Trials
Study ALL-REZ BFM 83

The first multicenter and prospective study

for treatment of relapsed ALL in the Federal

Republic of Germany was started in 1983.

Aims of study were:

1. Improvement of prognosis of children
with relapsed ALL by a newly designed
chemotherapy regimen and adaptation of
treatment to time and site of recurrence.
In patients with an HLA-identical sibling
bone marrow transplant was to be done
soon after remission was achieved.

2. Carrying out a trial with largely uniform
treatment of different sites of relapse in
order to create a baseline for future ap-
proaches, as there are only few reliable
data available from large scale trials.

3. Looking for as yet unknown prognostic
factors by extensive diagnostic pro-
cedures in case of relapse, which would
possibly have to be taken into account at
the initial manifestation of ALL in future
patients.
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The treatment design is shown in Fig.2.
Patients were subdivided into three cat-
egories, groups A, B, and C, depending on
time and site of recurrence. In children with
early bone marrow relapse (occurrence dur-
ing or until 6 months after the end of initial
treatment, group A) remission was to be
achieved by applying most aggressive induc-
tion therapy (protocol E, Fig.3). This was
followed by alternating administration of
the main constituents of the treatment
schedule, blocks R-1 and R-2 (Fig.4). After
eight treatment courses had been completed,
maintenance therapy was to be started with
daily oral 6-thioguanine (50 mg/m?) and i.v.
methotrexate (MTX) every 2 weeks (50 mg/
m?) for 2 years.

For patients with late bone marrow re-
lapse (occurrence beyond 6 months after the
end of initial treatment, group B), blocks R-
1 and R-2 were used for remission induction
and consolidation. After eight R-blocks,
maintenance therapy was given in the same
way as in patients of group A.

Group C patients, i.e., those with early or
late extramedullary relapse, were to receive
four R-blocks followed by only 1 year of
maintenance therapy as in groups A and B.

Local measures included orchiectomy in
boys with testicular relapse and cranial
radiotherapy (craniospinal was also admit-
ted) in patients with CNS relapse. In the lat-
ter group, treatment was supplemented by
triple intrathecal chemotherapy with predni-
sone, cytarabine (Ara-C), and MTX on days
1 and 5 of each R-block and every 6 weeks
thereafter up to 1 year. Radiotherapy to sites
other than the CNS was only to be given if
there was incomplete response to chemo-
therapy.

Study ALL-REZ BFM 85

In 1985, the treatment schedule was modi-
fied as it was evident that the aggressive pro-
tocol E was not capable of producing satis-
factory results in group A patients as far as
remission rates and long-term disease-free
survival were concerned. Hence, high-dose
therapy with the drugs MTX and Ara-C was
introduced, resulting in the design of pro-
tocol F as outlined in Fig. 5.

Patients of all groups were randomized to
receive MTX either at a dose of 1 g/m?
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Fig.2. Treatment design of relapse study ALL-
REZ BFM 83. In the subsequent study ALL-REZ
BFM 85 induction protocol “E” was replaced by
“F” and the number of R-blocks in group C in-

creased from four to six; furthermore, in this study
patients were initially randomized to receive
methotrexate at a high or intermediate dose (see
text for further explanation)

Fig. 3. Induction protocol E for children with early medullary relapse in study

ALL-REZ BFM 83

(limb M) delivered over a 36 h infusion pe-
riod followed by conventional leucovorin
rescue with 2 doses of 15 mg/m? each, or at
a dose fo 12 g/m? given within 4 h and
rescued by eight doses of leucovorin. This

randomization was done for all therapy ele-
ments, i.e., protocol F and blocks R-1 and
R-2 (see footnotes in Fig. 4 and 5).

For patients of group C, the number of R-
blocks was increased from four to six, be-
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RELAPSE STUDY ALL-REZ BFM 85

ARy

/  BLOCK "R1-H"

PRED  P.O0. 100 mg / (m* = DAY)

k\\\\\\\\\\\\\\\\“ 6-MP  P.0. 100 mg / (m* = DAY)
| VCR IV, 1.5mg / m
|‘ HO-MTX INF. 12 g/ m
I ARA-C  INF. 300 mg / m?
l VM-26 INF. 165 mg / m?

| l | L-ASP INF. 10.000 U/ (m* = DAY)

1 3 5 7 DAYS

RELAPSE STUDY ALL-REZ BFM 85 / BLOCK "R2-H"

Al

DEXA  P.0. 20 mg / (m*  DAY)

AN 616 P.0. 100 mg / (n* * DAY)
| VDS LV. 3 mg / mt
N HD-MTX INF. 12 g/ m
| ONR L.V S0 mg / m?

[ IF0 LV, 400 mg / (m* * DAY)

1 3 S 7 DAYS

* RANDOMIZED VS. I0-MTX (1 g / m?)- IN VERSIONS R1-/ R2-M
IN STUDY B83: STANDARD DOSE 0.5 g / m* FOR ALL PATIENTS
IN BOTH 1D-MTX LIMBS SUPPLEMENTED BY I1.T. CHEMOTHERAPY

Fig. 4. Polychemotherapy blocks R1 and R2 with
high dose methotrexate (version “H”’) as used in
study ALL-REZ BFM 85. The same combination

cause at that time there was a small but rel-
evant incidence of systemic relapses follow-
ing initial isolated CNS relapse. Otherwise
the protocol was unchanged compared with
study ALL-REZ BFM 83. The design is out-
lined in Fig. 2 (see legend for explanation of
differences between studies 83 and 85).
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was given in study ALL-REZ BFM 83 with the
one exception that the methotrexate dose was uni-
formly 0.5 g/m? for all patients (see also text)

Patients and Diagnostic Criteria

From June 1983 to August 1985, 95 children
and adolescents with their first relapse of
ALL were enrolled in study ALL-REZ
BFM 83. Four patients had to be removed
because of protocol violations, resulting in a



Fig. 5. Induction protocol F
with high-dose methotrexate
(version H) as used for children
with early medullary relapse in
study ALL-REZ BFM 85

Table 1. Distribution of age and sex in study ALL-
REZ BFM 83

Table 3. Distribution of age and sex in study ALL-
REZ BFM 85

Patients Age Patients Age
(median) (median)
n % (years) n % (years)
Boys 59 64.8 919, Boys 54 79.4 7315
Girls 32 352 7812 Girls 14 20.6 10%/4,
Total 91 100.0 8%/12 Total 68 100.0 84/,

Table 2. Time and site of recurrence in patients at
entry to study ALL-REZ BFM 83

Table 4. Time and site of recurrence in patients at
entry to study ALL-REZ BFM 85

Relapses Early Late Total  Relapses Early Late Total
Isolated BM 17 23 40 Isolated BM 27 16 43
Isolated CNS 19 2 21 Isolated CNS 4 2 6
Isolated testes .2 5 7 Isolated testes 6 - 6
Combined BM 11 7 18 Combined BM 6 7 13
Other sites 4 1 5 Other sites - - -
All sites 53 38 91 All sites 43 25 68

total number of 91 evaluable patients. Pa-
tient characteristics for age and sex as well as
for time and sites of recurrence at study en-
try are given in Tables 1 and 2. Up to now
68 children have been registered for study
ALL-REZ BFM 85 (Tables 3 and 4). Sev-
eral differences in the patient distribution of
the two studies have to be noted. In study 85
there was an even more pronounced prepon-

derance of males than in study 83. Age of
boys compared to girls is inversely distrib-
uted in both studies. The ratio of early to late
relapses compares favourably in both stud-
ies. A much higher percentage of early bone
marrow relapse has to be noted in study 85,
whereas in study 83 the CNS constituted the
most frequent site in the group of isolated
early relapses. For the present the observed
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imbalances between patient characteristics
of both studies cannot sufficiently be ex-
plained.

The diagnosis of medullary relapse was
made by the detection of at least 25% blast
cells in Wright stained bone marrow smears.
Cytocentrifuge preparations of CSF with
the presence of lymphoblasts were essential
for the diagnosis of CNS relapse. Testicular
relapse had to be proven by histology posi-
tive for lymphoblasts of the removed testis
or biopsies. The diagnosis of “isolated”
extramedullary relapse was compatible with
a bone marrow infiltration of less than 5%
blasts. If there were blast cells in excess of or
at the 5% level, patients were by definition
diagnosed as having combined relapses.

If possible, extensive diagnostic studies
were to be done, including immunological
phenotyping of blasts, chromosome studies,
and measurements of the cellular DNA con-
tent by means of flow cytophotometry. First

results of cytogenetic and flow cytophomet-
ric investigations are described elsewhere in
this volume (Harbott et al., Gromball et
al.). .

Criteria for a second complete remission
were an M1 marrow (< 5% blast cells) after
a maximum of two blocks of chemotherapy
in patients with bone marrow relapse. In
children with CNS relapse, the CSF had to
be cleared from leukemic cells, and in pa-
tients with other extramedullary relapse
complete regression of a preexisting leu-
kemic infiltrate had to be documented.

Results

Tables 5 and 6 show the results of both stud-
ies with respect to treatment response and
follow-up.

In study 83, second complete remissions
(CR) were obtained in 77 out of 91 patients.

Table 5. Remission rates and follow up data of patients from study ALL-REZ BFM 83

Patients No 2nd CR 2nd CR Death Relapse In
in CR CCR
n ED NR n %
BM involved
Early 28 4 6 18 64 12 14 3
Late 30 - 2 28 93 42 6 18
Other sites
Early 25 2 - 23 92 1 10 12
Late 8 - - 8 100 - 1 7
All sites 91 6 8 77 85 6 31 40

2 After BMT in 2nd CR.

Table 6. Remission rates and follow up data of patients from study ALL-REZ BFM 85

Patients No 2nd CR 2nd CR Death Relapse In
in CR CCR
n ED NR n %
BM involved
Early 33 1 1 31 94 1 5 25
Late 23 2 — 21 91 - — 21
Other sites
Early 10 - - 10 100 - 1 9
Late 2 - — 2 100 — — 2
All sites 68 3 1 64 94 1 6 57
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Fig. 6. Probability of second continuous complete
remission: Comparison between early and late re-

lapsed patients in study ALL-REZ BFM 83. Di-
agonal indicates last follow-up
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Fig.7. Comparison of relapse-free intervals be-
tween patients with early and late isolated bone
marrow relapse in study ALL-REZ BFM 83. For
this kind of analysis only patients who achieved

The remission rate’ was distinctly lower in
children with early relapses, which was in
part due to obvious nonresponse and to an
equal extent a consequence of lethal compli-
cations following the application of protocol
E. Toxic deaths occurred in six children and
were caused by bleedings or infections.
Hence, a striking difference between re-
mission rates for early (64%) and late (93%)
bone marrow relapses could be observed
(p<0.01).

second CR were considered and adverse events in
second CR other than relapses censored at date of
occurrence. Diagonal indicates last follow-up

Much more favorable results were found
in study 85 when protocol F was used for re-
mission induction in group A patients. The
remission rate was well above 90% because
nonresponse and early death were much less
frequent causes of treatment failure. Thus,
in study 85 remission rates of children with
early and late bone marrow relapses com-
pare favorably. The difference between re-
mission rates of group A patients in studies
83 and 85 is significant at p <0.01.
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Fig.8. Comparison of the probabilities of second
continous complete remission between patients
with early medullary relapse in studies ALL-REZ

In study 83, six children died in second
CR. In five of them death was related to
bone marrow transplant (BMT). In fact,
none of the 11 transplanted patients of this
study have suffered a second relapse thus
far, whereas one out of four transplanted pa-
tients of study 85 had a second bone marrow
relapse 3 months after BMT.

As expected, second relapse was the ma-
jor cause for treatment failure, especially in
children with early medullary relapse at
study entry. Only three out of 28 patients of
study 83 continue in second CR. Calculated
by life table analysis the probability of con-
tinuous complete remission after 28 months
1s 0.16 for patients with all kinds of early re-
lapse and 0.57 for patients who had late re-
lapse (p <0.001, Fig. 6). When looking at pa-
tients who achieved a second CR and cen-
soring all adverse events other than relapses,
the probability of being in remission after
just 2.5 years yields 0.22 and 0.71 for early
and late relapsed children, respectively.
These results differ at p<0.001.

So far, the probability of a relapse-free in-
terval of nearly 2'; years after late isolated
marrow relapse is 0.76 in a group of 22 pa-
tients (three in CCR after BMT). This is in
contrast to 0.11 in a group of nine children
with early isolated marrow relapse, the only
one who was transplanted still being in CCR
(Fig. 7).
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BFM 83 and ALL-REZ BFM 85, having received
different treatment for remission induction. Diag-
onal indicates last follow-up

A distinct, though not yet significant, dif-
ference can be observed between life table
curves of group A patients of both studies in
favor of study 85. This gives rise to cautious
optimism for further outcome of these poor
prognosis patients (Fig. 8).

There is no significant difference between
randomisation limbs H and M in study 835,
neither for remission rates nor for sub-
sequent relapses.

Discussion

Although there are a number of well-orga-
nized trials for treatment of firstly diagnosed
childhood ALL, reports on systematic mul-
ticenter studies in relapsed patients are lack-
ing. As relapse of leukemia is usually consid-
ered a condition with an extremely poor
prognosis, it is often difficult to decide what
to do with these patients. Should treatment
be restricted to palliation or would it be jus-
tified to attempt a second cure? If the latter
would be accepted and, as in the majority of
patients, there is no compatible donor for
BMT, what treatment can offer a real per-
spective? There is no doubt that the results
of treatment for relapse depend on several
factors, such as time and site of recurrence,
but most probably on the intensity of
preceding treatment as well. Therefore, re-



ported results with a certain treatment
schedule in case of relapse may not be true
for differently pretreated patients.

For these reasons, it seemed to be desir-
able to start a nation-wide study on relapsed
ALL in Germany in order to help physicians
deciding how to treat their patients and to
gain information on the effectiveness of a
newly designed treatment strategy. A sub-
sequent step would be to alter the schedule
on the basis of careful analysis of data.

After 2 years of the first trial, results are
still preliminary. Keeping in mind that all
patients in Germany had intensive initial
treatment, remission rates in study 83 are ac-
ceptable, though not satisfying in children
with early bone marrow relapse when com-
pared with other trials [1-4]. As to be ex-
pected, long-term results proved to be poor.
Therefore, a completely different induction
regimen was designed for this patient group
in study 85. Not only was it possible to re-
duce toxicity and the frequency of early
death but also significantly to enhance the
remission rate. At the present time, no con-
clusions can be made concerning long-term
results. Nevertheless, the most important
finding is that increasing toxicity is not nec-
essarily followed by better results.

Remission rates obtained in children with
late bone marrow relapses can be judged sat-
isfactory, i.e., over 90% in both studies. The
percentage of patients with long-lasting sec-
ond remissions has been reported to vary [5—
9]. Note, however, that most studies in-
cluded only a few patients and pretreatment
was distinctly less intensive than in the pres-
ent series. The probability of about 0.70 of
being in CCR 2%, years after relapse is in a
similar range, if not better, than reported for
BMT [10, 11]. Undoubtedly, this will not be
the final result but on the other hand it has
to be kept in mind that late second relapses
may occur also after BMT.

Patients with early extramedullary re-
lapses, most of which were localized in the
CNS, fared relatively poorly. At present, it
cannot be judged whether or not prognosis
will be improved by the modifications intro-
duced in study 85.

In conclusion, the treatment results ob-
tained so far are encouraging and give rise to
the hope that it may be possible to achieve

acceptable second remission durations also
after intensive initial treatment in a propor-
tion of children with relapsed ALL.
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The leukemias of childhood have provided
an excellent model with which to test novel
therapeutic strategies for human neoplasias
[1]. In 1984, we devised an intensive multi-
drug regimen for treatment of newly diag-
nosed patients with acute lymphocytic leu-
kemia (ALL). This therapy is being evalu-
ated in Study XI of the Total Therapy series
at St. Jude Children’s Research Hospital,
and features drug combinations and
scheduling that differ radically from those
tested in previous studies. Our rationale fol-
lows predictions of the somatic mutation
theory of Goldie and Coldman [2] that early
and repeated use of nonspecific but intensive
combination chemotherapy should decrease
the likelihood of drug resistance and, there-
fore, improve the end results of treatment.
However, we encountered unexpectedly sev-
ere toxicity from early intensification of
therapy that led to amendment of the pro-
tocol [3]. In this article, we review the toxic
effects of the original treatment regimen and
its subsequent modifications, emphasizing
the potential hazards of intensive combina-
tion chemotherapy for ALL.

Original Study

All patients entered in the study, irrespective
of risk status, received a 6-week multidrug

* Supported by Leukemia Program Project Grant
No. CA20180 and by the American Lebanese Syr-
ian Associated Charities (ALSAC).

! This address is valid for all authors: Depart-
ments of Hematology-Oncology and Child Health
Sciences, St. Jude Children’s Research Hospital,
Memphis, TN 38101, USA.
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induction treatment, as outlined in Fig.1.
The regimen featured rapid (every 3 or 4
days) rotation of six antileukemic agents ad-
ministered orally, intramuscularly, intrave-
nously, and intrathecally. A conventional
combination of prednisone, vincristine, and
L-asparaginase was given at standard dos-
ages to all patients. VM26 dosage was
150 mg/m? i.v. on days 4, 15, 25, 29; cytara-
bine (Ara-C) 300 mg/m? i.v., was adminis-
tered on days 4, and 25; and high-dose
MTX, 2 mg/m?i.v., was given on days 8 and
36. In addition, four injections of triple IT
MTX, hydrocortisone, and Ara-C therapy
were given on days 4, 8, 36, and 43 to all pa-
tients. Intrathecal therapy was also followed
by leucovorin rescue 24 h later. The first
course of high-dose MTX was administered
on day 84 days after the first doses of
VM26, Ara-C, and intrathecal therapy.

In January and February of 1984, we
treated 13 consecutive patients, eight of
whom developed unexpected severe gastro-
intestinal toxicity. Five patients in this group
had symptoms of life-threatening toxicity,
and one died. The remainder had similar but
less severe toxicity. The side effects were
characterized by diffuse mucosal involve-
ment with acute bleeding during the first 3
weeks. This syndrome was associated with
significant body weight losses of 15%—-20%
and complicating infections, mostly fungal.
The time to recovery of bone marrow func-
tion was prolonged. The median duration of
neutropenia (< 500 phagocytes/cu mm) was
26 days (range, 1240 days). Five patients
developed systemic candidiasis and required
total parenteral nutrition for acute weight
loss, antifungal therapy, and other support-



a) ORIGINAL PROTOCOL

DAY: 1 2 3
Pred —M8M
VCR Asp Asp
(2)
DAY: 15 16 17 18 18
VM26 Asp Asp
VCR

Pred ——

DAY: 29
VM26
VCR
Stop Pred

b) AMENDED PROTOCOL

DAY: 1 2 3

Pred ———————

VCR Asp Asp

DAY: 15 16 17
VM26 Asp Asp
VCR
IT #2

DAY: 29

VM26
VCR
Stop Pred

DAY: 50

Fig.1. Schema of early therapy in original and
amended protocols. Vertical arrows indicate onset
of acute gastrointestinal toxicity in eight patients.
Pred, prednisone; VCR, vincristine; Asp, aspara-
ginase; VM-26, teniposide; Ara-C, cytosine ara-

ive measures. The median duration of hospi-
talization was 70 days (45-130). With the ex-
ception of the child who died, all patients at-
tained complete remission.

Because of the excessive toxicity, only
one-half to two-thirds of the planned induc-
tion chemotherapy could be administered to
the patients; consequently, there was a me-

4 8 9
VM26 HDMTX Asp
AraC VCR
IT #1 IT #2

(2)

S

22 23 24 25
VCR VM26
AraC
36 37 43
Asp MARROW ASPIRATE
VCR IT #4
IT #3
4 . 8
VM26 VCR
AraC Asp
IT #1
22 25
VCR VM26
AraC
36 43
VCR MARROW ASPIRATE
Asp IT #4
Ty

binoside; HDMTX, high-dose methotrexate; I7,
intrathecal MTX + hydrocortisone + Ara-C
therapy. In the amended protocol, HDMTX was
omitted on days 8 and 36

dian delay of 35 days before continuation
treatment could begin. It was not possible to
identify the causative agents with certainty,
as all patients had received multidrug ther-
apy. However, circumstantial evidence indi-
cated that high-dose MTX, acting alone or
with other agents, may have been a chief
contributor to the observed toxic effects.
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Additionally, rotation of the drug combina-
tions may have been too rapid, so that host
tolerance was overwhelmed, and the original
therapeutic intent defeated.

First Amendment

We modified the original protocol in March
1984 by omitting the two courses of high-
dose MTX on days 8 and 36 from the induc-
tion regimen and including them as consoli-
dation treatment on days 43 and 50, after
patients had attained an initial remission. It
was reasoned that delaying MTX therapy
for at least 1 month would permit mucosal
recovery and restoration of normal hemato-
poiesis. The total number of doses and
agents remained the same but were delivered
over 8 instead of 6 weeks.

Of the 121 patients who were entered in
the amended study through June 1985, 120
were evaluable. None developed the pre-
viously described syndrome of gastrointesti-
nal toxicity; however, 14 demonstrated
neurotoxicity in the form of seizures

(Table 1). The time of seizure onset ranged
from day 8 to 59 (median, day 24); 11 pa-
tients had seizures during the initial 6 weeks
of induction and three during the consolida-
tion phase with high-dose MTX (weeks 7-8
of early therapy). No clear temporal rela-
tionship between a particular treatment and
the occurrence of seizures could be estab-
lished. For example, some children devel-
oped seizures after receiving only two of the
planned six doses of asparaginase, while
others had received five doses.

Ochs et al. have demonstrated an in-
creased seizure rate among patients whose
early therapy included IT injections of
MTX, and noted an apparent relationship of
about 1 week between IT injections and sei-
zure activity [4].

Our amended protocol specified IT MTX
ondays 4, 15, 36, and 43, but we did not find
any clear association between the timing of
IT chemotherapy and seizure development.
Furthermore, most children continued to re-
ceive their scheduled IT therapy thereafter
without developing subsequent seizure
episodes. Analysis of presenting clinical fea-

Table 1. Characteristics of patients who developed seizures during early therapy

Patient Diagnostic features Day Cause
no. of
Age WBC CNS onset
(yr) (x10°/L)
Induction therapy (n=11)
12 8 479 + 8 CVA
2 17 12 + 10 Unknown
3 9 2.2 — 12 CVA
4 10 1.4 - 16 VCR
52 8 230 + 18 Unknown®
6 12 6.4 + 24 Unknown®
7 9 109 — 24 Unknown
8 4 24 — 29 Unknown®
9 4 5.7 - 36 Unknown
102 12 174 - 39 CVA
11 12 194 + 47 Encephalopathy?
Consolidation therapy (n=3)
12 14 4.0 — 53 Unknown
132 17 4.0 — 55 Unknown
14 12 2.4 — 59 Unknown
2T cell ALL.

® CV A, cerebrovascular accident.
¢ Toxic death, no postmortem examination.

4 Toxic death without CNS lesions at postmortem examination.
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tures that might be expected to influence sei-
zure activity likewise failed to suggest any
significant relationships. For instance, of the
21 patients with CNS leukemia at diagnosis,
only five had seizures. Similarly, seizures
were not related to hyperleukocytosis (five
episodes among 23 patients).

Laboratory findings included thrombocy-
topenia (< 100 000 platelets/cu mm) in four
patients, hypofibrinogenemia (<100 mg/
dL) in five, and hyponetremia [ <135 mEQ/
L) in two. Despite sequential computed to-
mography scans of the head and repeated
neurologic and cerebrospinal fluid examina-
tions, etiologic factors for seizure develop-
ment could not be identified for most pa-
tients. Cerebrovascular accidents could be
documented in only three of the 14 patients,
and in each instance, they were likely associ-
ated with L-asparaginase therapy. There
was one case of vincristine-induced neuro-
toxicity and another of diffuse encephalopa-
thy of undetermined etiology.

Ten of the patients had uneventful re-
coveries and have not experienced recurrent
seizures while receiving prolonged anticon-
vulsant therapy. Three patients died of sys-
temic infections and had no evidence of leu-
kemia or CNS lesions at postmortem exam-
ination. An additional patient died but
autopsy permission was not granted.

In an effort to identify presenting features
that might predispose a child to seizures
while receiving intensive induction therapy,
we compared the characteristics of patients
with and without seizure episodes. Only two
variables proved significant. By ¢-test analy-
sis, the mean age of patients who had sei-
zures was greater than that of the alternative
group (10.6 vs. 6.2, p=0.0002). Similarly, a
T cell immunophenotype conferred a higher
risk of seizure development than did other
immunologic species of ALL (p=0.02 by
contingency table analysis). Sex, race, hemo-
globin level, leukocyte and platelet counts,
CNS leukemia at diagnosis, FAB classifica-
tion, and blast cell karyotypes were not sig-
nificant predictors of neurotoxicity.

In the context of previous institutional ex-
perience [5] and reports of others on acute
toxicity during induction therapy for child-
hood ALL [6-7] a seizure frequency of
>10% is unacceptable. Thus, the 12% inci-
dence of seizure episodes we encountered

warranted further modification of the pro-
tocol to reduce neurotoxicity.

The median time for recovery of hemato-
poiesis remained prolonged (day 25), despite
the switch of high-dose MTX from days 8
and 36 to days 43 and 50. Of the 120 patients
who received the amended therapy, 11 (9%)
were considered induction failures, five be-
cause of toxic events and four because of re-
sidual leukemia.

The early death rate in both the original
and the amended protocols was 4% (5 of 133
patients), which is not significantly different
from rates in other trials for childhood ALL.
Nonetheless, we concluded that additional
modifications of the protocol were needed to
decrease morbidity rates.

Summary and Conclusions

Intensification chemotherapy offers a ratio-
nal approach to curative treatment of acute
lymphoblastic leukemia (ALL). Factors po-
tentially responsible for treatment failure in
ALL include inadequate reduction of the
initial leukemia cell burden, the develop-
ment of drug resistance by residual cells, and
the presence of “sanctuaries’” from chemo-
therapy, such as the central nervous system
(CNS). Therapists have chosen several dif-
ferent methods of treatment intensification
to overcome these problems: use of (a) addi-
tional drugs, often in high doses, during re-
mission induction or continuation therapy
{8]; (b) “pulses” of chemotherapy during the
continuation phase with agents the patient
has not previously received [9]; and (c) an in-
tensive phase of treatment shortly after re-
mission induction [10]. In Study XI, we
elected to intensify therapy by rapid rotation
of non-cross-resistant drug pairs throughout
the different phases of treatment. Despite its
theroretical appeal, this strategy resulted in
prohibitive toxicity in about 15% of patients
who were receiving early therapy. Not only
were patients subjected to severe side effects,
but in many instances continuation treat-
ment had to be delayed, increasing the risk
for relapse. In complex, multidrug regimens
such as the type described here, untoward
drug interactions may comprise the ability
of patients to maintain effective immune re-
sponse or to recover normal leukocyte

159



counts within an acceptable time. We rec-
ommend critical evaluation of all drug
scheduling in intensified regimens for child-
hood ALL.
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Children with acute lymphoblastic leukemia
(ALL) were treated until a decade ago as a
homogeneous group of patients with the
same diagnosis. Experience has illustrated
the extraordinary clinical and biologic het-
erogeneity of patients with this diagnosis.
Now numerous characteristics of the disease
which can be evaluated at the time of diag-
nosis are known to be associated with either
favorable or poor outcome to current treat-
ments and, therefore, are important indica-
tors of prognosis. With the identification of
an increasing number of such prognostic
factors, it has become possible to identify
subsets of patients with ALL which can be
expected to have a very favorable outcome
to current treatments and other subsets that
are at high risk of early relapse and death. It
has become essential for the design and anal-
ysis of clinical trials to use important prog-
nostic characteristics to stratify patients
with ALL into relatively homogeneous sub-
groups and to design clinical trials which
pose therapeutic questions appropriate for
each stratum. Apart from clinical trials, the
knowledge and judicious use of the most im-
portant prognostic factors are necessary for
the selection of the most appropriate treat-
ment for each patient group.

I wish to report the experience of the Chil-
drens Cancer Study Group (CCSG) in the

* The work was supported in part by grants from
the Division of Cancer Treatment, National
Cancer Institute, NTH, DHHS, and the T.J. Mar-
tell Foundation.

! This address is valid for all authors: Childrens
Cancer Study Group, Pasadena, CA 91101,
USA.

use of prognostic factors for the design and
analysis of a series of eight successive studies
of ALL which were initiated between 1972
and 1981 and into which over 5000 children
were entered. The study designs stratified
patients into subgroups of differing progno-
sis, and the clinical trials posed different
questions for up to five different subsets of
patients. This appears to have accomplished
the purpose of optimizing their treatment
and also accomplishing clear, analyzable
study designs.

The most recent series of studies which
have been followed long enough to illustrate
long-term outcome is the CCG-160 series.
These studies entered 2887 children with
newly diagnosed ALL from 1978 to 1983.
Patients were stratified by age and white
blood cell count at diagnosis into three sub-
groups, each eligible for admission into a
different study: CCG-161 for patients ex-
pected to be at low risk of relapse, CCG-162
for patients at average risk, and CCG-163
for patients expected to be at high risk of re-
lapse and early death. Those with initial
WBC 50 000 or greater (approximately 22%
of all patients) were considered to be at high
risk of relapse regardless of age. They were
entered into CCG-163. Patients aged 3-6
years and with WBC less then 10 000 (ap-
proximately 27%) were entered into the low-
risk study, CCG-161. All others (51%) were
entered into the study for intermediate risk,
CCG-162.

Following initial induction of remission
and consolidation during a 2-month period,
maintenance therapy was given to the com-
pletion of 2 or 3 years. The overall survival
of patients entered on the 160 series is ap-
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proximately 70% at 7 years and the event-
free survival (EFS) is 57%. EFS analysis
considered all adverse events including in-
duction failure, death, bone marrow relapse,
and testicular or CNS leukemia. It also con-
sidered occult testicular relapse found on
routine biopsy to be an adverse event. Tes-
ticular biopsy was required after 3 months of
maintenance therapy for males with high-
risk ALL and also at the end of 2 years of
maintenance therapy for all males. Thus, the
EFS analysis followed the most stringent cri-
teria.

Between 5 and 7 years following diagno-
sis, which was 2-5 years after therapy had
been discontinued, the EFS declined less
than 1% per year. Thus, the 5-year EFS is
relatively stable and predicts long-term EFS
as determined by life table methods. The sur-
vival curve is approximately 15% higher
than the EFS curve from 3.5 to 5.5 years fol-
lowing diagnosis and declines to a 12% dif-
ference between 6 and 7 years.

When the 5-year EFS of all risk groups
was analyzed, it became apparent that in-
fants less than 1 year of age had the worst
rates regardless of the initial WBC. Children
between 10 and 16 had the next poorest out-
come. In this group, 5-year EFS was directly
related to the WBC. Those with WBC less
then 20 000 had a 5-year EFS of slightly over
50%, while those with WBC over 50000 had
less than 30% five-year EFS. The most
favorable responders were those between the
ages of 1 and 10 years with initial WBC be-
low 20000. In this age group, those with
WBC over 50000 at diagnosis fared much
less well.

The obvious advantage of having a large
population of patients for study is that it can
be stratified into multiple subgroups accord-
ing to several important factors. If a popula-
tion of children with ALL is stratified into
only two groups, by whatever prognostic
factor, considerable information will be ob-
scured in the analysis. It is recommended
strongly to select, by reliable criteria, those
at lowest risk of relapse and those at highest
risk of relapse. In between these clearly de-
finable extremes is the largest group of pa-
tients, those at intermediate risk. If only two
strata are used, the analysis will be made
more difficult by the contamination of either
or both the low-risk and high-risk groups by

162

admixtures of patients that do not fit logi-
cally into either category.

Alternatively, if a large study population
is available, a detailed analysis of subsets
stratified by multiple prognostic factors and
analyzed by multivariate techniques can dis-
close very important information. For ex-
ample, the most favorable outcome of the
CCG-160 series was in patients between the
ages of 1 and 10 years with initial WBC of
10000 or below. Of this group, 80%
achieved 5-year survival with no adverse
events of any kind, and a high rate of cure
certainly is expected. These became the eligi-
bility criteria for our successor study for
low-risk ALL, CCG-104.

Since the heterogeneity among patients
with ALL, as disclosed by important prog-
nostic factors, is often greater than the de-
tectable therapeutic difference between re-
gimens, prognostic factors may have a more
powerful effect on the outcome of a clinical
trial than the therapies under study. We
have studied a large number of potential
prognostic factors, the effects of which can
be seen only among subsets of patients
which have been stratified initially by impor-
tant prognostic factors already known. In
such subgroups of relatively homogeneous
patients, the association of additional fac-
tors on outcome to treatment can be seen.

The presence at diagnosis of an abnormal
mediastinal mass has frequently been cited
as a bad prognostic factor. OQur data on over
4700 patients shows this to be true when the
presence or absence of a mediastinal mass is
analyzed as a single, independent variable.
However, its significance in the CCG-160
series patients was confined to those with an
initial WBC between 10000 and 50 000. Me-
diastinal mass was not a significant predic-
tor of poor outcome among patients having
initial WBC below 10000 or above 50 000.
This is an example of a prognostic factor of
considerable importance as an independent
variable, but which upon multivariate analy-
sis is found to be so closely linked to the
WBC that, when patients are stratified ac-
cording to high WBC, one has at the same
time selected the majority of patients that
have mediastinal mass.

We evaluated the morphology of marrow
lymphoblasts of over 3500 patients accord-
ing to the French-American-British (FAB)



morphology criteria. We found that patients
with 10% or more blasts of L2 morphology
had outcomes much less favorable than
those with predominantly L1 blast morphol-
ogy. The effect of this variable is continuous,
so the outcome is worse as the percentage of
L2 blasts increases above 10%. In multivari-
ate analysis, it is seen that blast morphology
is an independent variable, not linked to the
initial WBC level. It is an important predic-
tor of outcome at all levels of initial WBC.
It provides important new prognostic in-
formation in addition to the prognostic im-
plications of the initial WBC.

With present remission induction chemo-
therapy regimens in wide use, up to 98% of
large groups of patients with ALL on clini-
cal trials achieve complete bone marrow re-
mission; therefore, attainment of complete
remission does not distinguish among pa-
tients with varying risk of relapse. Examina-
tion of the bone marrow after only the first
2 weeks of chemotherapy reveals that if ma-
lignant blasts have disappeared from the
marrow the long-term prognosis is very
favorable. If 25% or more malignant lym-
phoblasts remain at the 14th day of therapy,
the long-term prognosis is poor, even for pa-
tients who achieve a blast-free marrow by 28
days. Thus the rapidity of the response to
initial therapy is another important predic-
tor of long-term outcome.

There are two other interesting and im-
portant observations about the CCG mar-
row response data. In our experience, only
90% of infants less than 1 year of age at di-
agnosis achieved a complete remission. In-
fants who achieve a marrow free of malig-
nant blasts by the 14th day of therapy do not
have a favorable long-term outcome even if
they have a low initial WBC. Since infants as
a group have poor outcome to current thera-
pies, even though they may have a constella-
tion of favorable prognostic factors, we have
developed a different protocol specifically
for infants less than 12 months of age (CCG-
107).

These few examples illustrate the impor-
tance of prognostic factors and that prog-
nostic variables must be examined in detail
to detect their interaction. We have exam-
ined the rank order of importance of 17 vari-
ables, all of which were studied in a group of
over 1500 patients. When these are exam-

ined as independent variables, their relative
statistical significance can be determined by
ranking them according to standardized chi
square values, or by their P values, or by the
relative risk of relapse they confer (Table 1).
The relative order of importance as indepen-
dent prognostic factors of significance was
as follows: Initial WBC, mediastinal mass,
sex, splenomegaly, age at diagnosis, day-14
marrow response, hepatomegaly, platelet
count, lymph node enlargement, blast mor-
phology, IgM level, E rosette reactivity,
race, hemoglobin level at diagnosis, and
CNS leukemia at diagnosis.

Since each of these factors may be associ-
ated with other factors, the same data were
subjected to multivariate analysis to permit
ranking the variables according to their
prognostic importance in relation to all
others. The analysis showed that the rank
order among the factors was not changed
very greatly (Table 2). However, only eight
factors retained statistical significance in a
multivariate ranking. Moreover, the degree
of statistical significance as measured by
standardized chi square values, and to some
extent by P values, was substantially re-
duced. In this analysis the factors of greatest
multivariate importance ranked by chi
square significance were: initial WBC, sex,
mediastinal mass, day-14 marrow response,
age, platelet count, hepatomegaly, and blast
morphology.

Since many of the variables have an as-
sociation with the WBC level, an additional
analysis was done to determine the impor-
tance of such linkages. Examination of the
chi square values for each factor, both be-
fore and after adjustment for the prognostic
importance of the WBC, disclosed the
strength of the association between each fac-
tor and the WBC (Tables 3 and 4). Many
had a marked reduction in their prognostic
significance, as measured by chi square
values, after adjustment for WBC. The prog-
nostic significance of E-rosette reactivity
and CNS leukemia at diagnosis was elimi-
nated by adjustment for WBC. Their chi
square values were reduced over 90%. The
significance of mediastinal mass, splenome-
galy, hepatomegaly, node enlargement, and
race was reduced 40%-60% by adjustment
for WBC. The prognostic significance of age
at diagnosis, day-14 marrow response, plate-
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Table 1. Univariate analysis to determine relative importance of factors predicting event-free survival
(considered individually). 1490 patients with all variables®

Order of importance “Standardized”®  p value Relative risk
¥? value

1. White blood count 1104 <0.0001 >20000: <20000 =2.2
2. Mediastinal mass 61.5 <0.0001 Yes:No =238
3. Sex 44.2 <0.0001 M:F =138
4. Splenomegaly 40.8 <0.0001 Mark:N+Mod =1.9
5. Age 36.9 <0.0001 < 1:1-9 =4.1
>10:1-9 =20
6. Day-14 marrow 274 <0.0001 M3:M1 =2.7
M2:M1 =1.7
7. Hepatomegaly 20.2 <0.0001 Mark:N+Mod =1.6
8. Platelet count 15.5 0.0001 <50000: >50000 =1.4
9. Node enlargement 14.9 0.0001 Mark:N+Mod =1.8
10. Blast morphology (FAB) 9.6 0.0001 L2:11 =1.9
L1/L2:11 =15
11. IgM level 9.7 0.002 Depr:N =14
12. E-rosette reactivity 8.5 0.004 Pos:Neg =15
13. Race 44 0.04 Non-Wh: White =1.3
14. Hemoglobin level 34 0.06 >8g:<8g =12
15. CNS at diagnosis 3.0 0.09 Yes:No =1.5
16. IgA level 0.0 0.89 Depr:N =1.0
17. IgG level 0.0 0.99 Depr:N =1.0

* CCSG ALL Studies 1978-1983.
® »2 value divided by degrees of freedom.

Table 2. Multivariate analysis to determine relative importance of factors predicting event-free survival
(considered simultaneously). 1490 patients with all variables®

Order of importance “Standardized”®  p value Relative risk
¥* value

1. White blood count 39.3 <0.0001 >20000: <20000 =1.7
2. Sex 374 <0.0001 M:F =18
3. Mediastinal mass 21.6 <0.0001 Yes:No =19
4. Day-14 marrow 18.3 <0.0001 M3:Mi1 =24
M2:M1 =1.6
5. Age 14.2 <0.0001 10+:1-9 =1.7
<1:1-9 =15
6. Platelet count 131 0.0003 <50000: >50000 =1.3
7. Hepatomegaly 11.7 0.0006 Mark:N+Mod =1.5
8. Blast morphology (FAB) 7.8 0.0004 L2:11 =21
L1/L2:11 =14
9. IgM level 2.8 0.09 Depr:N =1.2
10. Splenomegaly 1.7 0.19 Mark:N+Mod =1.2
11. IgA level 1.0 0.31 Depr:N =0.9
12. Race 0.9 0.34 Non-Wh:White =1.1
13. IgG level 0.7 0.42 Depr:N =0.9
14. E-rosette reactivity 04 0.53 Pos:Neg =09
15. Hemoglobin level 0.3 0.58 >8g:<8g =1.0
16. Node enlargement 0.3 0.59 Mark:N+Mod =1.1
17. CNS at diagnosis 0.1 0.72 Yes:No =1.1

2 CCSG ALL studies 1978-1983.
b »2 value divided by degrees of freedom.
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Table 3. Significance of prognostic factors before and after adjustment for white blood count

Factor Order of importance ~ Standardized x> Change p value
Before  After Before  After % after
WBC 1 1 - - - -
Sex 3 2 44.2 443 - <0.0001
Mediastinal mass 2 3 61.5 36.0 41 <0.0001
Age 5 4 36.9 26.5 28 <0.0001
Day-14 marrow 6 5 20.7 17.4 16 <0.0001
Splenomegaly 4 6 40.8 16.4 60 <0.0001
Hepatomegaly 7 7 20.2 12.5 38 <0.0004
Platelet count 8 8 15.5 11.7 24 <0.0006
FAB morphology 10 9 11.0 9.5 - 0.003
IgM level 1 10 9.7 8.3 13 0.004
Nodal enlargement 9 11 14.9 7.2 48 0.007
Hemoglobin level 14 12 3.4 3.4 - 0.06
Race 13 13 44 2.4 45 0.12
E-rosette 12 14 8.5 0.4 96 0.56
CNS at diagnosis 15 15 3.0 0.2 93 0.66

let count, and IgM level was reduced 13%-
28%. The prognostic significance of sex,
marrow blast morphology, and hemoglobin
level was not affected by adjustment for
WBC. This identifies them as independent
factors which provide prognostic informa-
tion of value in addition to the WBC.

Additional prognostic factors continue to
be reported, some of which may give new in-
formation of considerable value indepen-
dently of other known factors. We are not
reporting here the cytogenetic studies of
lymhoblasts which have been performed in
recent CCG studies and which are now
known to have important prognostic impli-
cations independent of other factors. Simi-
larly, the detection of pre-B phenotype has
been found to identify patients with poor
prognosis who would otherwise be consid-
ered as having favorable prognostic fea-
tures. Thus, this procedure will be important
in identifying high-risk patients who cur-
rently are identified incorrectly as patients
with minimal risk of relapse.

In summary, multiple clinical and labora-
tory observations, which can customarily be
made at the time of diagnosis of ALL, are
known to have important predictive value in
determining long-term outcome with cur-
rently available therapies. Prognostic factors
of importance can be used to stratify patient
populations into subgroups that will pre-

Table 4. Prognostic factors in acute lymphoblastic
leukemia: association with white blood count

Very strong Relatively independent

Age at diagnosis
Platelet count

E-rosette reactivity
CNS at diagnosis

Spenomegaly Day-14 marrow
IgM level

Strong Independent

Node enlargement Sex

Race Blast morphology

Mediastinal mass Hemoglobin

Hepatomegaly

dictably have different outcomes. The out-
come differences predicted by such prog-
nostic factors are freqently as great as, or
greater than, a therapeutic trial can detect.
Therefore, it is mandatory that groups of pa-
tients with the same diagnosis be stratified
according to important prognostic vari-
ables, both to enable the clinician to select
the best available therapy for the particular
patient and also to be able to design clinical
trials to obtain answers to questions which
are appropriate only for specific subgroups.

Unless patient populations under study in
clinical trials are sufficiently large to permit
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outcome analysis of subgroups that have
been stratified according to multiple prog-
nostic factors, the true results may be ob-
scured. It is no longer appropriate to treat
children with ALL as if all patients with the
diagnosis deserve the same therapy. Sub-
groups of patients can be identified which
have minimal risk of relapse and which will
respond very favorably to currently avail-
able therapies, and even to less intensive
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therapies, with a high probability of cure.
Such patients should not be subjected to
toxic therapies with potentially deleterious
late adverse effects. Conversely, patients
who can be predicted to have high risk of
early relapse and death certainly deserve a
trial of therapy carefully designed to provide
more effective treatment for their disease
than the standard therapies which are
known to be ineffective.
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Background

The Childrens Cancer Study Group (CCSG)
18 an association of over 100 institutions
whose members are responsible for the care
of the majority of children with neoplastic
disease in the United States and Canada.
Over the last 30 years, clinical trials have
been conducted for children with acute lym-
phoblastic or undifferentiated leukemia
(ALL). The voluminous data collected have
permitted the identification of presenting
features that are strongly predictive of out-
come and maintain this power in multivari-
ate analyses [1, 2]. These include age, lym-
phoma syndrome, white blood count (wbc),
and percent marrow blasts FAB L2 [3, 4].
The diagnosis of lymphoma with leu-
kemic transformation is by definition
limited to patients with lymphoma and
<25% marrow lymphoblasts. Lymphoma
syndrome patients, on the other hand, have
a lymphomatous mass (massive splenome-
galy, massive lymphadenopathy, and/or
large mediatinal mass) and =25% marrow
lymphoblasts (FAB L1 or L2). One labora-
tory finding is also required (hemoglobin
210 g/dl wbc =50 000/mm?3, and/or E-ro-
settes =25% positive). When patients with
lymphoma syndrome are compared with
those with lymphoblastic lymphoma, one
finds similar blast cell morphology and his-

* Grant support from the Division of Cancer
Treatment, National Cancer Institute, National
Institutes of Health, Department of Health and
Human Services, United States of America.

! This address is valid for all authors: Childrens
Cancer Study Group, 199 North Lake Avenue,
Pasadena, CA 91101, USA.

tochemistry, similar distribution of blast cell
phenotypes, and propensity for early mar-
row and/or extramedullary relapse [5].

Early CCSG attempts to improve the out-
come of high-risk patients met with only
limited success. On CCG-141, neither the
addition of cyclophosphamide (cpm) to a
vincristine (ver), prednisone (prd), and L-as-
paraginase (L-asp) induction, nor employ-
ment of alternating courses of POMP [prd,
ver, 6-mercaptopurine (6-mp), and metho-
trexate (mtx)] and POCA (prd, vcr, cytosine
arabinoside [c-a], and adriamycin [ad1]) in
maintenance, improved outcome in children
with wbe =20 000/mm? [2]). On CCG-163,
the high-risk population was defined by wbc
= 50 000/mm?® and/or marrow blasts >25%
FAB L2. Additive continuous maintenance
added q 4 week courses of cpm, c-a, or adr
to standard maintenance consisting of q 12
week intrathecal (i.t.) mtx, q 4 week ver/prd,
q week mtx, and q day 6-mp. Cyclic mainte-
nance consisted of q 12 week i.t. mtx and
cyclic pulses of (a) POMP; (b) vcr, prd, cpm;
(c) POCA; or (d) mtx by 42-h infusion with
citrovorum rescue each 3 weeks. Additive
continuous maintenance was superior to
cyclic maintenance, but preliminary anal-
yses demonstrate no general improvement
over historical controls [6].

Following experience on CCG-143 [7],
however, the dose of prophylactic whole
brain X-ray therapy was reduced from 2400
to 1800 rads and an age-based dosage
schedule was adapted for i.t. medication.
Children aged <1 year, 21 and <2 years,
22 and <3 years, and =3 years receive
6 mg, 8 mg, 10 mg, and 12 mg i.t. mtx, re-
spectively. L.t. therapy was begun early in in-
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duction and continued in maintenance. The
cumulative incidence of central nervous sys-
tem (CNS) relapse in high-risk patients fell
from about 25% to 6% at 3 years [8]. This
has become the standard approach to CNS
prophylaxis on current CCSG studies for
high-risk patients, age =1 year.

The estimated 3-year event-free survival
on CCSG-163 was about 40%.

Encouraging results from BFM 76/79 [9]
suggested that better therapy might be avail-
able. Rather than emba