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In trial ALL-BFM 86, the largest multicenter trial of the Berlin-
Frankfurt-Miinster (BFM) study group for childhood acute
lymphoblastic leukemia (ALL), treatment response was used
as an overriding stratification factor for the first time. In the
previous trial ALL-BFM 83, the in vivo response to initial
prednisone treatment was evaluated prospectively. A blast
cell count of =1,000/ul peripheral blood after a 7-day expo-
sure to prednisone and one intrathecal dose of methotrexate
(MTX) identified 10% of the patients as having a significantly
worse prognosis. In trial ALL-BFM 86 patients with =1,000/
pL blood blasts on day 8 were included in an experimental
branch EG. Patients with <1,000/uL blood blasts on day 8
were stratified by their leukemic cell burden into two
branches, Standard Risk Group (SRG) and Risk Group (RG).
SRG patients received an eight-drug induction followed by
consolidation protocol M (6-mercaptopurine, high-dose [HD]
MTX 4 x 5 g/m?) and maintenance. RG patients were treated
with an additional eight-drug reinduction element. For EG
patients protocol M was replaced by protocol E {prednisone,
HD-MTX, HD-cytarabine, ifosfamide, mitoxantrone). All pa-
tients received intrathecal MTX therapy; only those of
branches RG and EG received cranial irradiation. In branch
RG, patients were randomized to receive or not to receive

HE TRIAL ALL-BFM 86 is the sixth multicenter trial

in childhood acute lymphoblastic leukemia (ALL),
conducted by the Berlin-Frankfurt-Miinster (BFM) group. In
the Berlin pilot study initiated in 1970' the basic rationale
of the treatment strategy was to rapidly achieve a maximum
cell kill to prohibit the acquisition of drug resistance by
residual leukemic blasts that may give rise to subsequent
treatment failure. Therefore, maximum tolerated doses of all
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late intensification {prednisone, vindesine, teniposide, ifos-
famide, HD-cytarabine} in the 13th month. During the trial
reinduction therapy was introduced in branch SRG, because
in the follow-up of trial ALL-BFM 83 the randomized low-
risk patients receiving reinduction did significantly better.
Nine hundred ninety-eight evaluable patients were enrolled,
28.6% in SRG, 61.1% in RG, 10.3% in EG. At a median follow-
up of 5.0 {range 3.4 to 6.9) years, the estimated 6-year event-
free survival was 72% * 2% for the study population, 58%
+ 5% in branch SRG for the first 110 patients without rein-
duction therapy, 87% * 3% for the next 175 patients with
reinduction therapy, 75% * 2% in branch RG, and 48% + 5%
in branch EG. Late intensification did not significantly affect
treatment outcome of RG patients; however, only 23% of
the eligible patients were randomized. Prednisone poor re-
sponse remained a negative prognostic parameter despite
intensified therapy. The results confirmed the benefit of in-
tensive reinduction therapy even for low-risk patients. The
strategy of induction, consolidation, and intensive reinduc-
tion may offer roughly 75% of unselected childhood ALL
patients the chance for an event-free survival.

© 1994 by The American Society of Hematology.

active agents were delivered as early as possible in the course
of therapy. Based on this concept, in trial ALL-BFM 76
an intensive reinduction therapy shortly after induction was
introduced for patients with increased risk of failure. This
turned out to be a very important step toward further im-
provement of results.>?

The initial leukemic cell burden, retrospectively estimated
as a continuous risk factor from the blast count in the blood
and size of liver and spleen, was the most important prognos-
tic factor in the unstratified pilot study ALL-BFM 70, and
was used for stratification of therapy in trials ALL-BFM 81,
83, and 86.>* The kinetics of the initial response to therapy
as a predictor of treatment outcome was first described by
Jacquillat et al in 1973.° In the trial ALL-BFM 83, the in
vivo response to prednisone was prospectively evaluated for
its prognostic significance. A blast cell count of =1,000/uL
in the blood on day 8 after a 7-day exposure to prednisone
and one initial intrathecal (i. th.) dose of methotrexate (MTX)
identified 10% of the patients as having a significantly worse
prognosis.’

Therefore, in trial ALL-BFM 86, high-risk ALL was de-
fined by poor in vivo response to prednisone replacing the
leukemic cell burden. Patients with =1,000/uL blasts in the
blood on day 8 after a 7-day exposure to prednisone and
one initial i. th. dose of MTX then received an experimental
therapy protocol immediately after induction therapy. This
experimental protocol was based on high-dose (HD) MTX,
HD-cytarabine, ifosfamide, and mitoxantrone that had
shown activity in refractory leukemia and lymphoma.”'’ Be-
cause the majority of relapses still occurred in the large
group of patients with good response to prednisone but with
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an increased leukemic cell mass we planned to test by ran-
domization whether late intensification in the 13th month
of therapy would improve the outcome for these patients.
Furthermore, HD-MTX was introduced as consolidation
therapy for all patients for better control of extramedullary
leukemia and to allow further reduction of central nervous
system (CNS) radiotherapy.

Initially, reinduction therapy was omitted for patients with
low leukemic cell mass in trial ALL-BFM 86. However, it
was re-introduced when, with longer follow-up of the pre-
ceding trial ALL-BFM 83, the event-free interval became
significantly worse for low-risk patients without reinduction
compared to those with reinduction therapy.'’ After this pro-
tocol amendment, the trial ALL-BFM 86 provided a basis
to evaluate the effects of this intensive therapy regimen on
a large group of unselected children with ALL.

MATERIALS AND METHODS

Patients. From October 1986 through March 1990, 1,114 pa-
tients up to 18 years of age were enrolled in trial ALL-BFM 86 from
61 pediatric hospitals in Germany and Austria. Informed consent was
obtained for each patient. Forty-one patients (3.7%), diagnosed with
acute B-cell leukemia (French-American-British [FAB] L3 cytomor-
phology) are reported elsewhere.'? Of the remaining 1,073 patients,
75 (7.0%) were nonprotocol patients who were excluded from evalu-
ation of treatment results for the following reasons: no therapy ap-
plied (2 patients, 1 death, 1 patient without follow-up data); in vivo
response to prednisone not evaluable because of previous antileuke-
mic treatment (19 patients, 3 adverse events) or exchange transfusion
{3 patients, 2 early death on day 1 and 2, 1 relapse); major protocol
violation that was not enforced by the course of disease or treatment,
eg, complete therapy protocols were not applied or replaced for
different treatment (35 patients, 20 adverse events); premature with-
drawal from therapy (3 patients, no information on follow-up); lack
of essential data (2 patients, in continuous complete remission
[CCRY); patients treated according to the pilot protocol ALL-BFM
90 (S patients, 3 adverse events); patients treated in nonmember
hospitals (6 patients, 3 adverse events). Finally, 998 protocol patients
were evaluable for results of treatment.

Diagnosis. ALL was diagnosed when 25% lymphoblasts or
more were present in the bone marrow (BM). BM and blood smears
as well as liquor cytospin preparations were stained using a modified
Wright-staining technique and cytochemistry reactions (periodic acid
Schiff reaction, acid phosphatase, o naphthyl acetate esterase, and
myeloperoxidase reaction) and reviewed in the study center using
FAB criteria."

The definition of CNS involvement was based on =5/ulL cells in
the cerebrospinal fluid (CSF) and the presence of lymphoblasts or
the detection of intracerebral infiltrates on cranial computed tomo-
graphy.

Immunophenotyping. 1mmunophenotyping was performed as
described elsewhere.'* The criterion for marker positivity was ex-
pression by =20% of the blasts (surface antigens) or intracytoplas-
mic (cy)/intranuclear detection (cyIgM, cyCD3, TdT) in =10% of
the leukemic cells. Immunophenotypic subgroups were defined as
follows: Pre-pre-B ALL: TdT*, CD19*, CD10", cyIgM™, surface Ig
(slg)™; common (¢) ALL: TdT*, CD19*, CD10", cylgM, slg™;
pre-B ALL: TdT*, CD19*, CD10*"~, cylgM*, slg~; T-ALL: TdT",
cyCD3*, CD7*. Coexpression of myeloid antigen(s) was defined
as simultaneous expression of one or more of the myeloid-lineage
associated molecules tested (CD13, CD33, CDw65) on at least 20%
of the lymphoblasts. Mixed lymphoid/myeloid phenotype was de-
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fined as coexistence of two different blast populations, expressing
either a lymphoid or a myeloid phenotype. An acute, undifferentiated
leukemia (AUL) was diagnosed in cases with morphologically/cyto-
chemically unclassifiable leukemia according to FAB criteria, CD45-
positivity, but no evidence of B-, T- or myeloid lineage associated
antigens, irrespective of HLA-DR-, TdT-, and CD34-reactivity.

Chromosome analysis. Cytogenetic studies were performed us-
ing standard techniques as described elsewhere. '’

DNA index. Cellular DNA content was determined in one central
laboratory using flow cytometry as previously described.® The DNA
index of the leukemic blasts was defined as the ratio of DNA content
in leukemic GO/G1 cells to that of normal diploid lymphocytes. A
cut-off of 1.16 was used to distinguish prognostic categories.'®'”

Estimation of the leukemic cell mass (risk factor [RF]). The
leukemic cell mass estimate (RF) was calculated by the equation:
RF = 0.2 X log (number of blood blasts/uL. + 1) + 0.06 X liver
(cm*) + 0.04 X spleen (cm*) (*below the costal margin).*

Definition of prednisone poor response. Therapy for all patients
started with a 7-day monotherapy with prednisone and an i.th. MTX
dose on day 1. Dosage of prednisone was adjusted according to
leukemic cell mass, renal, and metabolic parameters to circumvent
complications of acute cell lysis, then carefully increased to 60 mg/
m? daily. The number of leukemic blasts in the blood on day 8 was
calculated from the absolute leukocyte count and percentage of blasts
in peripheral blood smears. All probes were reviewed in the study
center. The presence of =1,000/uL blasts in the blood on day 8 was
defined as prednisone poor response.’

Treatment and treatment stratification. Therapy was stratified
into the three branches Standard Risk Group (SRG), Risk Group
(RG), and Experimental Group (EG), mainly according to the leuke-
mic cell mass estimate (RF) and the treatment response. SRG:
<1,000/uL blood blasts on day 8, risk factor <0.8, no CNS disease,
no mediastinal mass; RG: <1,000/uL blood blasts on day 8, risk
factor =0.8, or risk factor <0.8 and CNS disease or/and presence
of a mediastinal mass; EG: =1,000/uL blood blasts on day 8, or
>5% marrow blasts on day 40, or acute undifferentiated leukemia.

The treatment strategy is shown in Fig 1. All patients received
induction protocol I. In branch SRG, therapy was continued with
the consolidation/extracompartment protocol M and maintenance
therapy (oral 6-mercaptopurine, 50 mg/m* daily and MTX 20 mg/
m’® once a week). No CNS irradiation was performed. RG patients
received protocol M, reinduction protocol I, CNS irradiation, and
maintenance therapy. Patients of branch RG who were still in their
first remission after 1 year were randomized to receive (stratum RG-
2) or to not receive (stratum RG-1) late intensification protocol S,
if parents gave informed consent. Patients of branch EG received
protocol E after induction therapy, followed by reinduction protocol
II, CNS irradiation, and maintenance therapy. Allogeneic BM trans-
plantation (BMT) was optional in branch EG.

The protocol was amended in October 1988 because follow-up
analysis of trial ALL-BFM 83 showed a significant difference be-
tween the randomized branches with and without reinduction therapy
for patients with a risk factor RF < 0.8 in favor of the reinduction
branch.'! Therefore, reinduction protocol II was introduced in branch
SRG. At the same time, results of a randomization comparing 18
versus 24 months total therapy duration in trials ALL-BFM 81 and
83 showed an advantage for a therapy duration of 24 months.'' Thus,
the total therapy duration was subsequently extended from 18 to 24
months in trial ALL-BFM 86.

The compositions of protocol I, M, E, II, and S are given in Table
1. In protocol M and in protocol E, 10% of the HD-MTX was given
intravenously (IV) as a loading dose over 30 minutes. Ninety percent
of the dose was administered as continuous IV infusion over 23.5
hours. Ith. MTX was administered at hour 2 in an age-adapted
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| Fig 1. Treatment strategy of

trial ALL-BFM 86. Therapy was
stratified into the three therapy
branches SRG, RG, and EG. The
stratification criteria are given in
the text. The therapy protocols
are given in detail in Table 1.

treatment plan was
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dosage. The citrovorum factor (CF) rescue was started at hour 36
with 75 mg/m? 1V, followed by 5 doses of 15 mg/m” IV/po every
3 hours and additional 4 doses every 6 hours. In October 1988 the
CF rescue was reduced to 6 doses of 15 mg/m? every 6 hours.

Cranial irradiation was given in branches RG and EG during the
second phase of reinduction protocol II at age dosages adapted for
age and leukemic cell mass (risk factor): age <year: no radiotherapy,
even with overt CNS disease; age 1 — <2 years: 12 Gy (18 Gy if
CNS positive); age =2 years: branch RG, risk factor 0.8 — <1.2,
12 Gy; risk factor =1.2, 18 Gy; branch EG, 18 Gy (24 Gy if CNS
positive).

Local radiotherapy at a dose of 30 Gy was performed in two cases
with a persistent mediastinal tumor after induction protocol 1. In
males with clinically overt testicular involvement, local irradiation
(24 Gy) was performed.

Response criteria. Complete remission (CR) was defined as the
absence of leukemic blasts in blood and CSF, fewer than 5%
lymphoblasts in marrow aspiration smears, and no evidence of local-
ized disease. Relapse was defined as recurrence of lymphoblasts or
localized leukemic infiltrates at any site.

Statistical analysis. Patients of branch RG who were still in
CCR after 1 year were randomized to receive (stratum RG-2) or not
to receive (stratum RG-1) late intensification protocol S, if parents
gave informed consent. The randomization was weighted for sex
and participating hospitals. The following assumptions were made
based on the results of the previous studies: Ten percent of the
patients of branch RG will suffer from relapse during the first year,
another 20% of patients will have relapse hazards subsequently until
the end of the fifth year. Sample size considerations resulted in 200
patients needed for each of the randomization branches RG-1 and
RG-2 to detect a decrease of the relapse incidence during the second
and the subsequent years by late intensification in the 13th month
from 20% to 10% with a test power of 0.80 (a error = 0.05).'

The Kaplan Meier method' was used to estimate survival rates
with differences compared by the two-sided log-rank test.’ Event-
free survival (EFS) was calculated from the first day of treatment
to the time of analysis or to the first event. Failure to achieve remis-
sion (early death, resistent leukemia), relapse, death during CCR,
and second malignancy were evalnated as events. Patients lost to
follow-up were censored at the time of their withdrawal. For the
patients of the randomized strata RG-1 and RG-2 the event-free
interval was calculated from the beginning of the 13th month to
termination of first remission (relapse, death in CCR, second malig-
nancy) or to the time of analysis.

78/104° therapy.

Differences in the distribution of variables among patient subsets
were analyzed using the x? test for categorized variables and the
Wilcoxon rank-sum test for continuous variables.

Differences between EFS distributions for patient subpopulations
were evaluated using two-sided log-rank tests™ for subsets character-
ized by categorical variables. The Cox regression analysis?' was used
to test for a trend of EFS distributions between patient subsets de-
fined by scores of the classified variables age, white blood cell count
(WBC), and leukemic cell mass estimate (RF). For the variable age,
the squared deviation from the mean score was added to the model.
The prognostic relevance of clinical and biologic variables in the
whole group was examined by a stepwise Cox regression analysis.”’
For the continuous variables age, WBC, and RF multiple cut-off
points were used, each of which divided all patients into two comple-
mentary subsets. Data on the DNA index of the blasts were available
from 42% of patients. The variables with significant prognostic in-
fluence in the whole group (P < .05) were used as covariables in a
Cox regression model to test the prognostic relevance of the DNA
index in that subset of patients.

The first 110 patients of branch SRG enrolled from October 1986
to March 1988 did not receive reinduction therapy. The following
175 patients of branch SRG enrolled since April 1988 received
reinduction protocol II because of the protocol amendment of Octo-
ber 1988. Treatment results for patients of branch SRG were ana-
lyzed separately for those who received reinduction therapy and
those who did not. For the analysis of the prognostic relevance of
clinical and biologic variables, the first 110 patients of branch SRG
who did not receive reinduction therapy were excluded because their
treatment is to be considered inadequate. One hundred forty-four
patients (30 of branch SRG, 90 of branch RG, 24 of branch EG)
enrolled from October through March 1987 received only 18 months
of therapy. All patients enrolled since April 1987 received mainte-
nance therapy up to 24 months. In the statistical analyses no adjust-
ments were made for those patients receiving only 18 months’ ther-
apy duration. All statistical tests were explorative and descriptive
with the exception of the planned test RG-1 versus RG-2. Computa-
tions were performed using the SAS program PHREG (SAS-PC,
Version 6.04; SAS Institute Inc, Cary, NC). The cut-oft for all
analyses of treatment results was September 1, 1993.

RESULTS

Patient characteristics. Table 2 presents the clinical and
biologic features of the 998 evaluable protocol patients and
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Table 1. Treatment Protocols

Administered on

Drug Dose Days*
Induction protocol |
Prednisone (orally) 60 mg/m? 1-28
Vincristine (IV) 1.5 mg/m? 8, 15,22, 29
{max 2 mg)
Daunorubicin (V) 40 mg/m? 8, 15, 22, 29
L-Asparaginase {IV) 10,000 1U/m? 19, 22, 25, 28, 31,
34,37, 40
Cyclophosphamide (IV) 1,000 mg/m? 43,71
Cytarabine (IV) 75 mg/m? 45-48, 52-55,
59-62, 66-69
6-Mercaptopurine {(orally) 60 mg/m? 43-70
Methotrexate (IT)t 12 mgt 1, 45, 59
Consolidation protocol M
6-Mercaptopurine {orally) 25 mg/m? 1-56
Methotrexate (24-h INF)# 5 g/m? 8, 22, 36, 50
Methotrexate (IT)t 12 mgt 8, 22, 36, 50
Experimental protocol E
Prednisone (orally) 100 mg/m? 1-7, 15-21, 29-35,
43-49
Cytarabin (3-h INF) 2,000 mg/m? 1,2, 29, 30
every 12 h
Ifosfamide (1-h INF) 1,000 mg/m? 15, 16, 43, 44
every 12 h
Mitoxantrone (IV) 10 mg/m? 1, 15, 29, 43
Methotrexate (24-h INF)$ 5 g/m? 8, 22, 36, 50
Methotrexate (IT)t 12 mgt 8, 22, 36, 50
Reinduction protocol I}
Dexamethasone (orally) 10 mg/m? 1-21
Vincristine {IV) 1.5 mg/m? 8, 15, 22, 29
{max 2mg)
Doxorubicin (IV) 30 mg/m? 8, 15, 22, 29
L-Asparaginase (IV) 10,000 1U/m? 8, 11, 15, 18
Cyclophosphamide (IV) 1,000 mg/m? 36
Cytarabine (IV) 75 mg/m? 38-41, 45-48
6-Thioguanin (orally) 60 mg/m? 36-49
Methotrexate (IT)t 12 mgt 38, 45
Late intensification protocol $
Prednisone (orally) 100 mg/m? 1-7, 16-21
Vindesine (IV) 3 mg/m? 1,8, 15, 22
{max 5 mg)
Teniposide (IV) 150 mg/m? 1,8, 15,22
Ifosfamide (1V) 1,000 mg/m? 1,2
every 12 h
Cytarabine (3-h INF) 2,000 mg/m? 15, 16
every 12 h

Abbreviations: IT, intrathecally; INF, intravenous infusion.

* Adjustments of time schedule were made for clinical condition

and marrow recovery.

t Doses were adjusted for children <3 years of age, % with citro-

vorum factor rescue.

the 75 nonprotocol patients excluded from analysis. The me-
dian age of the evaluable patients was 4.7 (range 0.0 to 18.0)
years and the median WBC at diagnosis was 10,100/uL
(range 350 to 1,055,000/uL). Six boys (1%) had testicular
involvement at diagnosis. A mediastinal mass was present
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in 102 (10%) of the evaluable patients and in 7 (9%) of the
patients excluded from analysis of treatment results. Five
children were black, four of them among the evaluable pa-
tients.

Ninety-five protocol patients (9.5%) had 1,000/uL. or more
blasts in the blood on day 8 defined as prednisone poor

Table 2. Patient Characteristics

No. (%} of No. (%} of
Patients Patients
Evaluable Excluded
N = 998 N=75
Sex
Male 550 (55) 38 (51)
Female 448 (45) 37 (49)
Age (yrs)
<1 34 (3) 5(7)
1-9 774 (78) 45 (60)
10-14 122 (12) 12 (16}
15-18 68 (7) 13(17)
Leukemic cell mass (RF)
<0.8 303 (30) 23 (31)
0.8-<1.2 345 (35) 24 (32)
1.2-<1.7 283 (28) 18 (24)
=17 67 (7) 10 (13)
WBC (10%/ul)
<10 490 (49) 36 (48)
10-<50 312 (31) 22 (29)
=50 196 (20) 17 (23)
CNS disease 29 (3) 6 (8}
Immunophenotype
Pre-pre-B-ALL 51 (5} 12 (16)
c-ALL 635 (64) 30 (40)
Pre-B-ALL 155 (15} 11 (15)
T-ALL 126 (13) 9 (12)
AUL 2 0
Mixed lineage 1 31{4)
Not determined 28 (3) 10 {13)
Myeloid Antigen pos 51 (5) 10 (13)
Myeloid Antigen neg 924 (93) 63 (84)
Not examined 23 (3) 2(3)
DNA index
<1.16 318 (76)* 25 (83)*
=1.16 99 (24)* 5 (17)*
Not examined 581 (58) 45 (60)
Genotype
19;22) 7 (2)* 0
t(4;11) 11 (3)* 2 (9)*
t(1;19) 10 (3)* 0
Not examined 665 (67) 53 (71)
Down’s Syndrome 15 (2) 2(3)
Prednisone response
(blood biasts on day 8)
<1,000/ul 903 (90) 62 (83)
=1,000/ulL 95 (9) 13(17)

* Percent of patients examined.
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response. Prednisone poor response was associated with age
less than 1 year, increased leukemic cell mass (risk factor
=1.2), WBC =50,000/uL, and the immunophenotypes pre-
pre-B ALL and T-cell ALL (P < .001, x? test). The initial
prednisone dose was adjusted according to WBC counts at
diagnosis to circumvent acute cell lysis complications. The
cumulative prednisone dose during the 7-day prephase was
available from 947 of the 998 protocol patients. The interre-
lationships between WBC at diagnosis, cumulative predni-
sone dose during the 7-day test, and the number of blasts per
microliter of blood on day 8 were as follows: The cumulative
prednisone dose was inversely correlated with the WBC
counts at diagnosis (Spearman correlation coefficient
—.31672, P < .0001); the number of blood blasts on day 8
was correlated with the WBC at diagnosis (Spearman corre-
lation coefficient .47218, P < .0001); the number of blasts
per microliter blood on day 8 was inversely correlated with
the cumulative prednisone dose, but the correlation was low
(Spearman correlation coefficient —.13170, P < .0001). The
median cumulative dose of prednisone administered during
days 1 through 7 was 318 mg/m* (25% quantile 268 mg/m?,
75% quantile 392 mg/m?) for patients with =1,000/uL blood
blasts at day 8 compared with 363 mg/m” (25% quantile 300
mg/m?, 75% quantile 412 mg/m?) for patients with < 1,000/
1L blood blasts on day 8 (P < .0004, Wilcoxon test). Among
patients with WBC of =50,000/xL at diagnosis the cumula-
tive dose of prednisone during the 7-day test was not signifi-
cantly different between patients with a blast count in the
blood of =1,000/uL. on day 8 (median 315 mg/m? 25%
quantile 259 mg/m?, 75% quantile 390 mg/m?) and those
with a blast count of <1,000/uL on day 8 (median 307 mg/
m’, 25% quantile 255 mg/m?, 75% quantile 362 mg/m?), P
= .7361 (Wilcoxon test).

Of the 998 protocol patients 285 (28.6%) were placed into
branch SRG, 610 (61.1%) in branch RG, and 103 (10.3%)
in branch EG. The clinical and biologic features of the pa-
tients of the three stratification branches are presented in
Table 3. Within branch SRG the distributions of age, WBC
at diagnosis, and immunophenotypes were comparable be-
tween the patients who did not receive reinduction therapy
compared with patients who did.

Treatment results. At a median follow-up of 5.0 years
(range 3.4 to 6.9 years) the estimate for a 6-year duration
of EFS (pEFS) was 71% = 1% for all 1,073 patients regis-
tered with non—B-cell ALL, 51% = 8% for the 75 nonproto-
col patients, and 72% + 2% for the 998 evaluable protocol
patients (Fig 2). The 75 nonprotocol patients were excluded
from the analysis of treatment results. Table 4 presents treat-
ment results of the 998 evaluable protocol patients. Of these,
985 patients (98.7%) achieved CR. Of the 13 patients who
did not enter remission, 1 patient died of renal failure on
day 3, 5 died an early toxic death, and 7 had resistant leuke-
mia. Two hundred thirty-three patients (23.3%) suffered
from relapse. Thirteen patients died while in CCR and 3
patients developed a second malignancy: acute myeloid leu-
kemia in 2 patients (18 and 36 months after the diagnosis
of ALL), and a brain tumor in 1 (4.2 years after the diagnosis
of ALL). Seven hundred thirty-four patients (73.5%) were
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still in their first CCR. The 6-year EFS estimate according
to treatment branch was 58% * 5% for the first 110 patients
of branch SRG who did not receive reinduction, 87% + 3%
for the next 175 patients of branch SRG who did receive
reinduction therapy, 75% * 2% for patients of branch RG,
and 48% = 5% for the patients of branch EG (Fig 3). When
the first 110 patients of branch SRG who did not receive
reinduction are excluded from analysis, the estimate for
pEFS at 6 years for the remaining 888 patients of all branches
together was 74% + 2%.

Experimental branch EG. Two patients were placed into
branch EG because of AUL and mixed-lineage leukemia,
respectively (Table 3); both patients are in CCR. Ninety-
five patients qualified for branch EG by prednisone poor
response. Two of them died before day 40 of infection and
progressive disease, respectively; 79 achieved CR on day
40; 41 of them (52%) were still in their first CCR. Fourteen
of the prednisone poor responders did not achieve CR on
day 40. Six patients who had less than 1,000/uL blood blasts
on day 8 were included in branch EG because of the presence
of greater than 5% blasts in the marrow on day 40. Twenty
patients had more than 5% blasts in the marrow on day 40,
6 never achieved remission and died, 9 achieved remission
after completion of induction protocol I, and 5 entered remis-
sion during protocol E. Of these 14 patients who remitted,
5 suffered from relapse, 2 died of BMT-related toxicity, and
a third patient died from toxic death during maintenance.
Allogeneic BMT in first remission was performed in another
4 patients of branch EG: 3 of them suffered from relapse
and died; only 1 patient survived event-free. Almost all re-
lapses in branch EG occurred within 2 years after diagnosis
compared with a longer relapse cascade in branches SRG
and RG (Fig 3). The estimated probability of a 6-year EFS
for patients with prednisone poor response was 48% * 5%
(n = 95) in trial ALL-BFM 86 compared with 39 = 7 (n =
49) in the preceding trial ALL-BFM 83 (P > .1, log-rank
test; test power = 40%%).

The main toxicity of the investigational protocol E was
severe myelosuppression leading to considerable delay in
treatment realization. The median time for the completion
of protocol E was 13 weeks (range 9 to 16 weeks). No
patient died during protocol E because of therapy-related
complications.

Randomized trial for late intensification in branch RG.
By randomization, 62 patients entered stratum RG-1 without
late intensification and 66 patients entered stratum RG-2 and
received late intensification in the 13th month. There was
no apparent difference in the distribution of immunopheno-
types, age, and leukocyte counts among both randomization
strata. Eleven of the 62 patients (18%) in branch RG-1 and
12 of the 66 patients (18%) in branch RG-2 suffered from
relapse during the second and subsequent years. The median
follow-up of patients is 6.1 (range 4.5 to 6.8) years in branch
RG-1 and 5.6 (range 4.5 to 6.8) years in branch RG-2. In
both strata no patient died a toxic death. The estimated proba-
bility for a S5-year duration of event-free interval beginning
with the 13th month was 82% * 5% for RG-1 and 80% =
5% for RG-2 (P = .8).
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Table 3. Patient Characteristics According to Stratification Branch

SRG No
Reinduction
N =110

Branch No. (%) of Patients

No. (%) of Patients

SRG Reinduction RG EG

N =175 N = 810 N =103

No. (%) of Patients No. (%) of Patients

Stratification parameters
Blood blasts on day 8

<1,000/uL 110 175 610 6%
=1,000/uL 0 0 0 95
Day 40 marrow >5% blasts 0 0 0 20
AUL 0 0 1 1
Leukemic cell mass (RF)
<0.8 108 172 20 3
=0.8 2 3 530t 100
CNS positive 0 2 21 6
Mediastinal mass Q 0 73 23
Other features
Age
<tyr 1 1(1) 17 (3) 15 (15)
1-9 yrs 90 (82) 135 (77) 486 (80) 63 (63)
=10 yrs 19 (17) 39 (22) 107 (18) 25 (25)
WBC
<10,000/uL 105 (85) 162 (93) 216 {35) 7N
10,000-<50,000/u:L 5 (5) 13(7) 259 (42) 35 (35)
=50,000/uL 0 0 135 (22) 61(61)
Immunophenotype
Pre-pre-B-ALL 5 (5) 2(1) 29 (5) 15 (15)
c-ALL 86 (78) 141 (81) 373 (61) 35 (35)
Pre-B-ALL 11(10) 22 (13) 106 (17) 16 (16}
T-ALL 2{2) 1{n 88 {14} 35 {35)
Mixed lineage 0 0 0 1(1)
Not determined 6 (5} 9 (5) 13 (2) 0
* Patients had >5% blasts in the marrow on day 40.
1t RF 0.8-<1.2, n = 315; RF 1.2-<1.7, n = 194; RF =1.7, n = 81.
Relapses. BM was the most frequent site of relapse (Ta-

.72, SE=.02

0.1 Pat. at risk

927 858 782 61§ 374 181

0 1 2 3 4 5

Fig 2. Kaplan Meier estimate of EFS for the study population (N
= 998 protocol patients); / indicates last patient in CCR entering the
trial. (—) Protocol patients (N = 998, 734 in CCR).

7
years

ble 4). Only 1.8% of the patients suffered from isolated CNS
relapse, and the overall rate of relapses with CNS involve-
ment was 4.6%. CNS relapse rates in branch SRG (without
cranial irradiation) and RG (with cranial irradiation) were
comparable. However, in branch EG the proportion of pa-
tients who suffered from CNS relapses was higher (7% iso-
lated CNS relapses). In branch RG, 323 of the 610 patients
(53%) received cranial irradiation with the reduced dosage
of 12 Gy because they had a risk factor of <1.2 and no CNS
disease. One of them suffered from isolated CNS relapse
and five suffered a combined CNS/BM relapse. The pattern
of the site of failure was similar between immunophenotypes
except for the pre-pre-B type in which CNS involvement
was rare. However, the time periods at which relapses oc-
curred after achieving remission were different for patients
with different immunophenotypes: T-ALL, 2 to 29 (median
12) months; pre-pre-B ALL, 5 to 37 (median 15) months;
common-ALL, 1 to 56 (median 25) months; pre-B ALL, 2
to 64 (median 21) months. The differences were significant
between T-ALL and common-ALL (P = .0002), T-ALL and
pre-B ALL (P < .006), and between pre-pre-B ALL and
common-ALL (P < .03) using the Wilcoxon rank-sum test.
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Fig 3. Kaplan Meier estimate of EFS according to stratification
branch. / Indicates last patient in CCR entering the trial. Differences
between alt branches were significant (P =< .003).

Toxic death. Five patients died an early toxic death dur-
ing the first 40 days of induction therapy: three patients died
of septicemia (one of them had Down’s syndrome), a second
patient with Down’s syndrome died of varicella pneumonia,
the fifth patient died because of cerebral hemorrhage. Thir-
teen patients died while in CCR. In branch EG, one patient
died of fungal infection before protocol E was applied, two
patients died of BMT-related toxicity, and three patients died
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after 6, 16, and 19 months, respectively, because of cardio-
myopathy. Autopsy in one of them showed an aneurysm of
the myocard. In branches SRG and RG three patients died
of infections, and one patient each died due to Wernicke
encephalopathy, hemophagocytic syndrome, cerebral bleed-
ing because of arterio-venous angioma (after 39 months),
and accident.

Prognostic parameters. ‘Therapy results according to
pretreatment and response parameters are given in Table 5.
The first 110 patients of branch SRG who did not receive
reinduction before the amendment of the protocol were ex-
cluded from that analysis because their treatment was consid-
ered inadequate. For the remaining group of 888 patients,
all of whom received induction and reinduction therapy, the
estimate of a 6-year EFS was 74% * 2%. Variables that had
an adverse association with EFS were age less than 1 year,
increased leukemic cell mass (RF of 1.2 and more), WBC
of 20,000/pL or more, the immunophenotype pre-pre-B,
FAB L2 cytomorphology, and a prednisone poor response.
Patients with more than 5% blasts in the marrow on day 40
of induction therapy had a worse outcome; only 6 of 20 of
those patients remained in CCR. Features associated with
favorable outcome were age 1 to 5 years old, low leukemic
cell mass (RF <0.8), WBC below 20,000/uL, and a DNA
index of the leukemic blasts =1.16.

In the Cox stepwise regression analysis a prednisone poor
response, a day 40 marrow with more than 5% blasts, WBC
=20,000/uL., =200,000/uL., age =6 years, male gender, a
hemoglobin value =8 g/100 mL at diagnosis, Down’s syn-
drome, and an increased leukemic cell mass (RF =0.8) re-

Table 4. Treatment Results and Site of Failure

Treatment Branch

SRG Reinduction

All Patients No Yes RG EG
No. of Patients 998 110 175 610 103
Early death* 6 0 1 4 1
Remission failure 7 0 0 0 7
In first CCR 734 {73%} 64 {58%} 156 {89%) 465 {76%) 49 (47%}
Death in CCR 131 1 1 5 61
Second malignancy 3 0 1 1 1
No. of relapses 233 (23%) 44 (49%) 16 (9%) 135 (22%) 38 (37%)
Isolated relapses
BM 150 (15.0%) 29 10 89 22
CNS 18 {1.8%) 2 2 7 7
Testes 17 {(1.7%) 1 10 0
Other 3 0 0 1 2
Combined relapses
BM/CNS 26 (2.6%) 4 1 16
BM/testes 16 {1.6%) 3 2 10 1
Other combinations 3% 0 o] 2 1

Median follow-up 5.0 years, range 3.4-6.9 years. (Median follow-up for patients of branch SRG without reinduction therapy: 6.2 years, range

5.5-6.9 years.) Two patients were lost to follow-up.
* Within the first 40 days.
1 Two patients died due to BMT toxicity.
+ CNS + testes; BM + CNS + testes, BM + other.
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Table 5. Results by Pretreatment and Response Parameters.
110 Patients of Branch SRG Without Reinduction Therapy
Are Excluded From Analysis

No. of % (SE) 6-yr EFS
Pati Al Pati
Variable N = 888 74 (2) P
Sex
Male 493 71 (2) .009
Female 395 79 (2)
Age (yrs)
<1 33 36 {(8) <.0001*
1-5 509 81 (2)
6-9 175 71(4)
=10 17m 65 (4)
Leukemic cell mass (RF)
<0.8 195 88 (3) <.0001*
0.8-<1.2 343 79 (2)
1.2-<1.7 283 65 {3)
=17 67 52 (6}
WBC (10%uL)
<10 385 85 (2) <.0001*
10-<20 134 82 (3)
20-<50 173 65 (4)
50-<200 137 64 (4)
=200 59 41 (6)
Hemoglobin g/100 mL
<8 486 78 (2) .001
=8 402 70 (2)
CNS disease 29 71 {9} 7
Mediastinal mass 102 76 (4) 9
Cytology (FAB)
L1 735 76 (2) .013
L2 153 67 (4)
Immunophenotype
Pre-pre-B-ALL 46 54 (7) <.0001t
c-ALL 549 77 (2)
Pre-B-ALL 144 67 (5)
T-ALL 124 73 (4)
Myeloid antigen positive 49 66 (7) .09
Myeloid antigen 821 75 (2)
negative
DNA index
<1.16 289 71(3) .002
=1.16 84 89 (3)
Genotype
1(9;22) 7 1%
t(4;11) 1 3%
t(1;19) 10 8%
Down's syndrome 15 6%
Prednisone response
(blood blasts on day 8)
<1,000/ul 793 78 (2) <.0001
=1,000/ul 95 48 (5)
Day 40 marrow
>5% blasts 20 6%

*Trend test by Cox regression analysis.?'

1 Pre-pre-B v c-ALL (P < .0001); pre-pre-B v pre-B (P = .013); pre-
pre-B v T (P =.029); pre-B vc-ALL (P = .038); pre-BvT(P=.9);Tv
¢-ALL (P = .096).

% No. of patients in CCR.
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Table 6. Variables With Significant Influence (P < .05) on EFS by
Cox Stepwise Regression Analysis in the Order of Risk Ratio

Variable* Risk Ratio P Value
Day 40 marrow >5% blasts 6.274 .0001
WBC (10%/uL) =200 2.920 .0001
Down’s Syndrome 2.462 .0156
WBC (10%/uL) =20 2.060 .0001
Prednisone poor response
(=1,000/uL blood blasts on day 8) 1.864 .0016
Leukemic cell mass RF =0.8 1.766 .0368
Age =6 years 1.763 .0003
Male gender 1.709 .0003
Hemoglobin =8 g/100 mL 1.482 .0089
T-cell immunophenotype 0.350 .0001

Number of patients in the test: 8481, pEFS = 74% + 2%. 1 Patients of
branch SRG without reinduction therapy are excluded from analysis.
From 40 of the 888 patients of Table 6, data on one or more of the
variables to be included in the Cox stepwise regression analysis were
lacking. WBC was analyzed at cut-off points {X10%uL): =20, =50,
=100, =200; RF was analyzed at cut-off points =0.8, =1.2, =1.7.

* All variables of Table 6 were included in the model building pro-
cess except cytogenetics, DNA index, and the presence or absence
of a mediastinal mass.

mained significant predictors of an impaired prognosis in
the whole group (Table 6), whereas age under 1 year lost
predictive strength. The presence of a mediastinal mass was
a predictor of better outcome in the multivariate analysis (P
= 0001, risk ratio = .321). If the presence of a mediastinal
mass was excluded as a covariable from the model the immu-
nophenotype T cell gained predictive strength for a better
outcome in the multivariate analysis (Table 6). Detailed anal-
ysis showed that in subsets of patients defined by the adverse
prognostic factors male gender, higher WBC, and age =6
years old, patients with T-ALL had a better outcome than
non—T-ALL patients. For instance, among patients with
WBC =20,000/uL pEFS at 6 years was 69% *+ 5% for T-
ALL patients compared with 58% *+ 3% for the complemen-
tary group of patients with an immunophenotype other than
T cell. Other immunophenotypes had no predictive strength
for treatment outcome in the multivariate analysis. The ad-
verse association of the immunophenotype pre-pre-B with
treatment results was abolished in the subset of patients 1
year of age and older (Fig 4). Although a prednisone poor
response was associated with age less than 1 year, increased
leukemic cell mass, increased WBC, and the immunopheno-
types pre-pre-B ALL and T-cell ALL, the in vivo response
to prednisone added prognostic strength in addition to these
parameters. A blast cell count in the blood on day 8 of either
<1,000/uL or =1,000/uL subdivided each patient group
stratified by age, leukemic cell mass, WBC, and immunophe-
notype in two complementary subsets with a significant dif-
ferent EFS estimate (Table 7).

Cytogenetics and DNA index were excluded from the
multivariate analysis of prognostic factors in the whole group
because these parameters were available only from part of
the patients. The DNA index of blasts was available from
42% of the patients. The distribution of clinical and biologic
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Fig 4. Kaplan Meier estimate of EFS according to immunopheno-
type for patients 1 year of age and older (P in all comparisons >>.08).
Patients of branch SRG without reinduction therapy were excluded
from this analysis.

features was comparable among patients with and without
available data on DNA index as was the estimate of EFS
(75% = 2% v 74% =+ 2%, P = .9). By multivariate analysis,
a DNA index =1.16 did not add significantly to the predic-
tion of treatment outcome (P = .0772, risk ratio = .512)
in this subset of patients if the variables with significant
prognostic influence in the whole group (sex, age, WBC,
leukemic cell mass, prednisone poor response) were used as
covariates in the Cox regression model. However, a DNA
index =1.16 gained predictive significance (P < .05), if
WBC was excluded from the model.

DISCUSSION

Nine hundred ninety-eight evaluable patients were en-
rolled in study ALL-BFM 86. The median follow-up was 5
years at the time of analysis, so some conclusions can be
drawn as to treatment outcome. The estimated 6-year EFS
was 72% * 2% for the whole study population including all
subsets of childhood ALL with the exception of the small
group of B-cell ALL. When the first 110 patients of branch
SRG who did not receive reinduction were excluded from
the analysis, the estimated 6-year EFS for the remaining 888
patients of all branches was 74% * 2%. Except for the 10%
of patients with a poor initial response to therapy and patients
with a Philadelphia chromosome-positive ALL, the treatment
strategy of trial ALL-BFM 86 provided all subsets of patients
with an acceptable chance of surviving event-free. Even in-
fants and patients with a very high leukemic cell mass had an
estimated probability of EFS = 50% if they had an adequate in
vivo response during the first 7 days of treatment. Patients
with T-cell ALL had a favorable EFS with this intensive
treatment regimen, similar as observed in a Dana-Farber Insti-
tute study with a comparable intensive therapy.” Except for
the experimental protocol E, treatment could be performed
on an outpatient basis during most phases of therapy. The

REITER ET AL

incidence rate of death because of therapy-related complica-
tions was less than 2% (including BMT-related mortality).

With intensive treatment for all patients resulting in an
improved overall EFS, well-known parameters such as
WBC, the leukemic cell mass (RF), age, and sex were still
strong predictors of treatment outcome. However, the early
response to treatment itself added prognostic strength to
those parameters. Persistence of more than 5% blasts in the
marrow on day 40 of induction therapy was the strongest
predictor of a worse prognosis by Cox regression analysis.
Most of these patients were among the prednisone poor re-
sponders. A prednisone poor response, defined as =1,000/
L blood blasts on day 8 after a 7-day exposure to prednisone
and one i.th. MTX dose on day 1, seems to reflect highly
resistant disease. It was the only variable that defined a pa-
tient subset of at least 10% of the whole group with an EFS
of less than 50%.

Although a prednisone poor response was associated with
other adverse prognostic parameters such as age less than 1
year and increased leukocyte count, it retained prognostic
strength if those parameters were included as covariables in
the Cox regression analysis. This powerful prognostic vari-
able is able to be obtained easily and early in almost every
patient, an important attribute for its use as stratification
parameter in a large multicenter trial. Compared with the
evaluation of the reduction of blasts in the marrow as a
parameter of treatment response® the measurement of blasts
in the blood is rarely altered by technical problems, eg,
dilution of probes. The shortcoming of the so-defined predni-
sone poor response is certainly that ‘‘poor response’’ in
patients with low blast count at diagnosis is missed. In vitro

Table 7. Treatment Outcome According to In Vivo Prednisone
Response Stratified by Age, Leukemic Cell Mass, WBC,
and Immunophenotype (N = 888)

Blood Blasts on Day 8

<1,000/uL =1,000/ul
% PEFS > SE % pEFS = SE
Variable n at 6 yrs n at 6 yrs P

Age

<1 19 53 + 11 14 149 .002

1-9 622 80+ 2 59 60+ 6 <.0001

=10 150 68 = 4 22 36 =10 <.0001
Leukemic cell mass

RF 1.2-<1.7 234 68 = 3 50 50 + 7 .001

RF =1.7 45 62 +7 22 32+10 .005
WBC/uL

<50,000 656 81 +2 36 57 + 8 .0001

=50,000 137 63+ 4 59 42+ 6 .004
Immunophenotype

Pre-pre-B 33 67 +8 13 23 + 12 .0022

c-ALL 516 79 + 2 33 58 9 .0002

Pre-B 128 69 5 16 53 + 13 .03

T N 84 + 4 33 45 + 9 .0001

Patients of branch SRG without reinduction therapy were excluded
from analysis.
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assays such as the determination of the glucocorticoid recep-
tor content of the leukemic blasts or in vitro steroid sensitiv-
ity tests may not have this limitation.”>*® However, the rela-
tion of these in vitro methods to the in vivo prednisone
sensitivity test remains to be determined in larger studies.
Only the immunophenotype pre-pre-B was associated with
an impaired treatment result in the whole group of patients,
but the adverse impact on outcome was abolished when the
infants were excluded from the analysis. Although EFS of
patients with different immunophenotypes was similar, the
time periods in which relapses occurred were different, an
aspect of interest in terms of therapy stratification, eg, the
duration of maintenance therapy. With this treatment regi-
men T-ALL was even a favorable prognostic variable in the
multivariate analysis of the entire group of ALL patients.
However, the prednisone response subdivided patients with
T-ALL in a subset of 73% of patients (<1,000/uL blood
blasts on day 8) with an excellent 6-year EFS of 84% + 4%
and a subset of 27% of patients (=1,000/uL blood blasts on
day 8) with poor outcome (Table 7). A DNA index =1.16 of
the leukemic blasts was associated with a favorable treatment
outcome as previously reported by others.'”?” Unfortunately,
data on the DNA index were available from only 42% of
the patients. In this patient subset a DNA index =1.16 had
a risk ratio below 1 in a multivariate analysis. However,
statistical significance in predicting treatment outcome was
lost after adjustments had been made for the in vivo response
to prednisone, WBC, leukemic cell mass, age, and sex. The
level of significance might have been different with a higher
proportion of evaluable patients.

Prednisone poor responders had an unsatisfying treatment
outcome although the experimental therapy component for
this target group was mainly composed of drugs that have
shown activity in refractory leukemia and lymphoma.” %%
The EFS estimate of these patients was higher compared
with that of prednisone poor responders in the preceding
trial ALL-BFM 83, but the difference was not significant
statistically. However, the test power was low because of
the limited numbers of prednisone poor responders in both
studies. Therefore, an improvement cannot be excluded. The
experimental protocol E might have been placed too late in
the course of treatment. Furthermore, the incorporation of
mitoxantrone was rather disadvantageous because of its
long-lasting myelosuppression prohibiting continuation of
any treatment. Mitoxantrone might have added critical car-
diotoxicity®® because three patients of branch EG died of
cardiomyopathy. This has never been experienced in patients
of branches SRG and RG.

The contribution of HD-MTX to the overall treatment
results of our trial is difficult to judge. A major contribution
of HD-MTX 5 g/m? as a 24-hour infusion may be protection
of the CNS because cytotoxic steady-state concentrations are
achieved in the cerebrospinal fluid®***' and are boosted by
an intrathecal MTX application. Only 1.8% of our patients
suffered from isolated CNS relapses. Patients of branch SRG
were not irradiated. In trial ALL-BFM 81 it was proven by
randomization that for patients with a low leukemic cell
mass (risk factor < 0.8) cranial irradiation can be safely
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omitted."! About 70% of our patients (patients of branches
RG and EG) received cranial irradiation which has consider-
able late risks.’”** However, roughly one half of the patients
of branch RG (those with a risk factor of 0.8-<1.2 and no
overt CNS disease) received a reduced dosage of 12 Gy,
which had been shown in our previous trial ALL-BFM 83
to be as effective as 18 Gy to attain control of CNS leukemia
in this patient subset when MTX was administered at an
intermediate dose of 0.5 g/m>.!' The low incidence rate of
CNS relapses in trial ALL-BFM 86 suggests that cranial
radiotherapy could be omitted for most of the CNS™ patients,
when HD-MTX as a 24-hour infusion and intrathecal MTX
therapy is used. However, for patients characterized by poor
initial response to treatment omission of cranial irradiation
could be risky because the patients of branch EG had an
increased incidence of CNS relapses in our trial (Table 4).
The importance of an intensive reinduction therapy even
for patients with a low leukemic cell mass (RF <(.8), proven
in a randomized trial in our previous study ALL-BFM 83,"
was sustained. The estimated 6-year EFS for patients of
branch SRG who did not receive reinduction therapy was
almost 30% lower than in those with reinduction therapy.
Unfortunately, the randomized trial to test whether an addi-
tional late intensification in the 13th month would reduce the
relapse incidence for patients with increased leukemic cell
burden was compromised by an inadequate acceptance. Al-
though the follow-up of the patients is still too short for final
analysis, no valid information can be expected because of the
small number of patients in both randomization branches.
Comparison of our treatment results with those of concur-
rent therapy studies in childhood ALL is difficult because
most reports are restricted to selected subsets of patients.
Only a few reports of contemporary therapeutic trials in
childhood ALL are available with comparable overall results
for the whole unselected group of ALL patients.”*?*3” The
value of an intensification therapy after induction was mean-
while confirmed in trials of other groups at least for patients
of intermediate- or increased-risk features.’**® In patients
with favorable prognostic features, reductions of treatment
intensity seem possible, maintaining the strategy of induction
and reinduction therapy. In our regimen the cumulative dos-
age of anthracyclines in the induction and reinduction ther-
apy was 280 mg/m? which potentially carries a late risk of
cardiac function abnormalities in a proportion of the pa-
tients.” Therefore, its dosage was reduced in our current
BFM-ALL protocol. Treatment regimens based on antime-
tabolite components, glucocorticoids, vincristine, and L-
asparaginase resulted in an intriguing 4-year EFS rate in
selected subgroups of childhood ALL such as precursor B-
cell ALL excluding infants,***! and in patients with WBC
of less than 50,000/uL without mediastinal mass and without
CNS disease.*? Antimetabolite based regimens such as the
ALinc 14 protocol of the Pediatric Oncology Group seem
to be of particular efficacy for treatment of hyperdiploid
ALL with a DNA index of >1.16""* or, more specifically,
for patients with a trisomy of chromosomes 4 and 10 of the
leukemic blasts.* Parameters reflecting the in vivo sensitiv-
ity of leukemic cells to a treatment such as genetic mark-
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ers” %4 or direct sensitivity tests, eg, the prednisone re-

sponse, will allow a more accurate tailoring of treatment
modalities in the future.

In the current and the forthcoming BFM-ALL programs
efforts are being undertaken to improve the treatment out-
come of patients with initial poor response to treatment as
well as to reduce the risk of long-term morbidity especially
for favorable risk patients. However, the large group of chil-
dren with ALL lacking known features of an extremely good
or an extremely poor prognosis is of particular interest be-
cause, in absolute numbers, the majority of victims of ALL
are found in this patient subset.
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