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                                      Prediction of Outcome by Early Response in Childhood 
Acute Lymphoblastic Leukemia
  Das frühe Ansprechen auf die Therapie als prognostischer Faktor bei der 
akuten lymphoblastischen Leukämie im Kindesalter
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                                      Abstract

 ▼
    Background:     In the ALL-BFM studies for treat-

ment of acute lymphoblastic leukemia, reduction 

of leukemic blasts in peripheral blood after a 

one-week prednisone pre-phase – the so-called 

prednisone response – has been used for risk 

stratifi cation since the 1980s and has been one of 

the most relevant factors for identifi cation of 

high-risk patients. In the trial ALL-BFM 95, early 

cytomorphological marrow response on day 15 

of induction therapy was prospectively evaluated 

and its prognostic value was analyzed in com-

parison to the prednisone response and other 

established prognostic factors.

    Results:     Compared to prednisone response, day 

15 marrow response was superior in outcome 

prediction – yet with diff erential eff ect depend-

ing on blast lineage. Outcome was poor in T cell 

leukemia patients with prednisone poor-

response independent of day 15 marrow 

response, whereas among patients with pred-

nisone good-response diff erent risk groups could 

be identifi ed by day 15 marrow response. In con-

trast, prednisone response lost prognostic signif-

icance in precursor B cell leukemia when 

stratifi ed by day 15 marrow response.

    Conclusions:     Selective addition of day 15 mar-

row response to conventional stratifi cation crite-

ria applied on ALL-BFM 95 may signifi cantly 

improve risk-adapted treatment delivery. Even 

though cutting-edge trial risk stratifi cation is 

meanwhile dominated by minimal residual dis-

ease evaluation, an improved conventional risk 

assessment, as presented here, could be of great 

importance to countries lacking the technical 

and/or fi nancial resources associated with the 

application of minimal residual disease analysis.

     Zusammenfassung

 ▼
    Hintergrund:     Die Blastenreduktion im peri-

pheren Blut nach einer einwöchigen Prednison-

Vorphase – der sogenannte Prednison-Response 

– wird in den ALL-BFM-Studien zur Behandlung 

von Kindern mit akuter lymphoblastischer 

Leukämie seit den 1980er Jahren für die Risikos-

tratifi zierung herangezogen und stellt einen der 

wichtigsten Faktoren für die Identifi zierung von 

Hochrisikopatienten dar. In der Studie ALL-BFM 

95 wurde zusätzlich das frühe zytomorpholo-

gische Ansprechen auf die Therapie am Tag 15 

der Induktionstherapie im Knochenmark pro-

spektiv untersucht und dessen prognostischer 

Wert im Vergleich zum Prednison-Response und 

anderen etablierten Prognosefaktoren analysiert.

    Ergebnisse:     Das zytomorphologische Ansprechen 

im Knochenmark am Tag 15 war als prognos-

tischer Faktor dem Prednison-Response insge-

samt überlegen, jedoch mit unterschiedlichem 

Eff ekt in Abhängigkeit vom Immunphänotyp der 

Blasten. Während bei Patienten mit B-Vor-

läuferzell-Leukämie der Prednison-Reponse in 

Kombination mit dem Ansprechen am Tag 15 

seine prognostische Wertigkeit komplett verlor, 

war bei Patienten mit T-Zell-Leukämie ein 

 schlechter Prednison-Response auch bei gutem 

Ansprechen am Tag 15 prognostisch ungünstig.

    Schlussfolgerung:     Die Verwendung des zyto-

morphologischen Therapieansprechens am Tag 

15 in der Induktionstherapie für die Risikostra-

tifi zierung kann im Vergleich zur konventionel-

len Stratifi zierung der Studie ALL-BFM 95 eine 

bessere Risikoadaptierung der Therapie ermögli-

chen. Auch wenn mittlerweile in vielen aktuellen 

Therapiestudien die zytomorphologische Evalua-

tion des Therapieansprechens weitgehend durch 

Methoden zur Erfassung der minimalen Rester-

krankung abgelöst wurde, kann insbesondere in 

Ländern, in denen keine ausreichenden Mittel 

Affi  liations Affi  liation addresses are listed at the end of the article

D
o
w

n
lo

a
d
e
d
 b

y
: 
H

a
u
p
tb

ib
lio

th
e
k
 U

n
iv

e
rs

it
ä
t 
Z

ü
ri
c
h
. 
C

o
p
y
ri
g
h
te

d
 m

a
te

ri
a
l.



S51Zum 80. Geburtstag von Prof. Riehm

  Möricke A et al. Prediction of Outcome by … Klin Padiatr 2013; 225 (Suppl. 1): S50–S56

were used for stratifi cation into 3 risk groups: (i) High Risk (HR: 

PPR, and/or no CR on day 33, and/or evidence of t(9;22) [or BCR/

ABL], and/or evidence of t(4;11) [or MLL/AF4]), (ii) Medium Risk 

(MR: No HR criteria, and initial WBC  ≥ 20 000/μl, and/or age at 

diagnosis  < 1 or  ≥ 6 years, and/or T-ALL), or (iii) Standard Risk 

(SR: No HR criteria, and initial WBC < 20 000/μl, and age at diag-

nosis  ≥ 1 and  < 6 years, and no T-ALL).

  Bone marrow on day 15 (BMd15) was prospectively assessed 

without being used for risk stratifi cation. From the 2 169 patients 

enrolled, 1 431 patients had assessable information on BM 

 morphology on day 15   [ 17 ]   and were included in the study on 

cytomorphological treatment response presented here. The esti-

mated probability of 8-year EFS (8y-pEFS) of these patients was 

78.8 ± 0.9 %. The data reported here shall focus on the additional 

value of BMd15 compared with the so far used PR and BM 

response on day 33 (BMd33).

    Prognostic value of prednisone response and marrow 
response on day 15 and day 33

 ▼
   PR was evaluable in 1 419 of the 1 431 analyzed patients (99 %) 

refl ecting the very easy sampling and evaluation of the periph-

eral blood samples on day 8. In contrast, 15.6 % of the BM aspi-

rates on day 15 were considered not assessable due to 

non-representative BM morphology. Stratifi cation by PR resulted 

in 1 280 patients with PGR (90.2 %) and 139 patients with PPR 

(9.8 %). Using BMd15, 880 patients (61.5 %) had an M1, 365 

patients (25.5 %) an M2 and 186 patients (13.0 %) an M3 marrow.

  The prediction of treatment outcome was in principal possible 

with both response parameters PR or BMd15. The 8y-pEFS was 

81.3 ± 0.9 % for patients with PGR and 55.1 ± 3.7 % for patients 

with PPR (p < 0.001). For the patients with M1, M2 and M3 mar-

row, 8y-pEFS was 86.1 ± 1.2 %, 74.5 ± 2.3 %, and 46.4 ± 3.7 %, 

respectively. In view of the fact that the group with the worst 

outcome identifi ed by BMd15 (M3) is slightly larger and has a 

somewhat worse pEFS than PPR patients, one can suspect that 

BMd15 allows a better prediction of outcome than PR consider-

ing the total patient population. In addition, BMd15 allowed the 

further stratifi cation of the large “good risk” patient group (M1, 

M2). However, applying these generally used cut-off  values 

characterizing M1, M2 and M3 marrow, each subgroup still com-

prises patients with a wide range of BM blasts. Analyzing the 

patients within narrower ranges of blasts resulted in a clear dif-

ference in pEFS between 0 % and  > 0 % to  < 5 % (M1 category) and 

between 25 % to  < 50 % and  ≥ 50 % BM blasts on day 15 (M3 cat-

egory) (     ●  ▶     Fig. 1  ).

   Poor response in BMd15 was signifi cantly associated with 

T-ALL ( p  < 0.001) and the known high-risk features adolescent 

age ( p  < 0.001), hyperleukocytosis ( p  < 0.001), BCR/ABL ( p  = 0.003), 

CNS involvement ( p  = 0.005), PPR ( p  < 0.001), and NRd33 

( p  < 0.001).

  BMd33 could be assessed in 1 415 of 1 431 patients. Only 42 of 

these patients (2.9 %) did not achieve BM remission on day 33 

(NRd33). Although these patients had a strikingly poor 8y-pEFS 

of only 36.3 ± 6.9 %, cytomorphological marrow response at this 

time point has limited prognostic value for the vast majority of 

für Analysen der minimalen Resterkrankung  verfügbar sind, 

eine verbesserte konventionelle Risikoeinschätzung entschei-

dend zur Qualität der Therapie beitragen.

         Introduction

 ▼
   Early treatment response is known to be of major importance for 

the prediction of outcome in solid and hematologic malignan-

cies   [ 6   ,  14   ,  15   ,  18 ]  . In 1983, the Berlin-Frankfurt-Münster (BFM) 

study group started to evaluate the so-called prednisone 

response (PR) as a predictive factor for treatment outcome by 

measuring the peripheral blast count after a 7-day therapy of 

prednisone and one intrathecal (IT) dose of methotrexate (MTX) 

  [ 28 ]  . Since then, the PR has consistently been found to be one of 

the strongest independent prognostic factors for the prediction 

of treatment outcome in ALL-BFM studies   [ 24 ]  .

  In the 1970s the Children’s Cancer Study Group (CCG) evaluated 

early bone marrow response during multi-agent induction 

treatment and demonstrated its predictive value for achieve-

ment of remission and ultimate outcome   [ 11   ,  21   ,  22 ]  . In the fol-

lowing trials, the CCG generated many data on the prognostic 

importance of marrow response on day 7 and 14, the combined 

impact of the 2 evaluation points, and the diff erential eff ect in 

patients at standard or high risk by the NCI/Rome criteria 

  [ 9   ,  12   ,  32   ,  36 ]  . Based on these results, early marrow response has 

become an integral part of risk stratifi cation in the succeeding 

CCG and contemporary Children’s Oncology Group (COG) ALL 

treatment regimens   [ 2   ,  16   ,  19   ,  20   ,  25   ,  33 ]  . The St. Jude Total Ther-

apy Study Group showed that even the persistence of low per-

centages (1–4 %) of BM lymphoblasts on day 15 (corresponding 

to day 22 of the BFM protocol without prednisone prephase) and 

days 22–25 of induction therapy was associated with a signifi -

cantly poorer event free survival rate compared to patients 

without detectable BM blasts   [ 29 ]  .

  Here we will summarize the importance of cytomorphological 

response in bone marrow and peripheral blood at diff erent 

investigation time points during induction treatment within an 

ALL-BFM treatment regimen. In the trial ALL-BFM 95   [ 23 ]  , the 

prognostic value of cytomorphological response in BM on day 15 

(BMd15) was evaluated in comparison and combined with the 

clinical and treatment response parameters established in the 

ALL-BFM 95 risk stratifi cation such as PR, cytomorphological BM 

response to induction therapy (day 33), age and white blood cell 

count (WBC) at diagnosis.

    Response evaluation and risk stratifi cation in trial 
ALL-BFM 95

 ▼
   Evaluation of treatment response was an integral part of risk 

stratifi cation in ALL-BFM 95. PR was evaluated by the determi-

nation the absolute number of leukemic blasts/μl in the periph-

eral blood after 7 days of prednisone treatment and one 

intrathecal (IT) dose of methotrexate, regardless of the initial 

leukemic blast count. Prednisone good responders (PGR) were 

characterized by  < 1 000 blasts/μl, whereas prednisone poor 

responders (PPR) had  ≥ 1 000 blasts/μl on day 8 of treatment 

  [ 28 ]  . Response in BM was categorized as M1 ( < 5 %), M2 (5 

to  < 25 %), and M3 ( ≥ 25 % lymphoblasts) and was evaluated for 

risk assignement at the end of induction treatment (day 33). In 

addition to response criteria, clinical and biological parameters 
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patients. However, using BMd33 in addition to BMd15 enables a 

further stratifi cation of patients with M3 BMd15. Among these 

patients 8y-pEFS was 52.5 ± 4.2 % (n = 146) for those who 

achieved complete cytomorphological remission (CR) by day 33 

and 25.4 ± 7.2 % (n = 38) for those, who did not (p < 0.001).

  In clinical practice, the question often arises whether an early 

change or intensifi cation of treatment is reasonable in patients 

with very poor early response. Of the patients with  ≥ 75 % blasts 

on day 15, 55 % reached CR on day 33 and had an 8y-pEFS of 

42.9 ± 12.6 %. Among those patients with 25 to  < 50 % blasts on 

day 15, even 92 % reached CR on day 33 with an 8y-pEFS of 

57.5 ± 5.5 %. These data show that patients with M3 marrow on 

day 15 still have a good chance to achieve CR by end of induction. 

This suggests that just for the aim of achieving remission there is 

no strong evidence for the need of alternative ALL treatment at 

this point. However, treatment results of these patients are still 

poor and might be improved by early treatment intensifi cation.

    Results in immunological subgroups

 ▼
   More detailed analyses revealed profound diff erences within 

immunophenotypic subgroups. For this reason, results are 

shown for each subgroup separately.

   pB-ALL
  In pB-ALL (n = 1 196 [1187 patients with evaluable PR]), patients 

with PGR had an 8y-pEFS of 80.2 ± 1.2 % (n = 1 109) and PPR 

patients an 8y-pEFS of 58.4 ± 5.6 % (n = 78) ( p  < 0.001). Patients of 

the BMd15 subgroups had an 8y-pEFS of 86.5 ± 1.3 % (n = 741), 

74.2 ± 2.5 % (n = 317), and 47.1 ± 4.3 % (n = 138) for the M1, M2 and 

M3 group. Compared with the total patient group, it is even 

more obvious in this immunological subgroup that the BMd15 

has a better prognostic discriminative value in identifying poor 

risk patients than the PR: A smaller group of pB-ALL patients 

could be identifi ed by PPR compared to M3 BMd15 (6.6 % vs. 

11.5 %), but the EFS of the patients in the M3 BMd15 group was 

even worse than the EFS of PPR patients. This was also refl ected 

in the distribution of events: 12.7 % of all events in pB-ALL 

(n = 32/256) clustered in the PPR group, whereas 28.5 % were 

detected in the BMd15 M3 group (n = 72/256) (     ●  ▶     Fig. 2a, b  ). Sen-

sitivity of PR to predict poor BM response on day 15 or day 33 

was low as only 27.9 % of patients with M3 BMd15 and 56.7 % of 

patients with NRd33 had shown PPR before.

   BMd15 allowed a clear separation of 3 diff erent risk groups for 

patients with M1, M2 and M3 marrow within the subgroups of 

PGR and PPR patients (     ●  ▶     Fig. 2a, b  ). Patients of the same BMd15 

subgroup had no statistically signifi cant diff erence in pEFS, 

when analyzed according to PR (     ●  ▶     Table 1  ).

     Age and WBC as well as NCI risk criteria   [ 34   ,  35 ]   and risk group 

criteria of the trial ALL-BFM 95 – both using age at diagnosis and 

initial WBC – showed an additional prognostic value when ana-

lyzed in combination with BMd15 (     ●  ▶     Table 1  ).

  Multivariate Cox regression analysis including NCI risk criteria, 

PR, BMd15 and BMd33 as covariates confi rmed the univariate 

results. In this analysis, PR lost its prognostic signifi cance (PPR: 

RR 0.92, p = 0.72) whereas the NCI risk criteria (NCI HR: RR 2.17, 

p < 0.001) as well as BM response on day 15 (M2: RR 1.96, 

p < 0.001; M3: RR 3.93, p < 0.001) and day 33 (no CRd33: RR 2.14, 

p = 0.006) retained signifi cance.

  To summarize, BMd15 could identify 3 distinct risk groups in 

pB-ALL and PR had no signifi cant additional eff ect in patients 

stratifi ed by BMd15. Biologically, this seems highly plausible 

considering that the PR is measured after the administration of 

7 days of prednisone and one IT dose of MTX, while the evalua-

tion of the BM on d15 refl ects the response to 14 days of pred-

nisone, one dose of vincristine, daunorubicin and asparaginase, 

respectively, and 2 doses of IT MTX. This additionally might indi-

cate that in pB-ALL, resistance to prednisone can be compen-

sated by high sensitivity to other chemotherapeutic drugs and 

that high sensitivity to prednisone can be overturned by resist-

ance to other agents.

    T-ALL
  In T-ALL (n = 194 [191 patients with evaluable PR]), PGR patients 

had an 8y-pEFS of 84.6 ± 3.3 % (n = 130) and patients with PPR 

had an 8y-pEFS of 54.1 ± 6.4 % (n = 61). The 8y-pEFS of patients 

with M1, M2 and M3 BMd15 was 86.9 ± 3.3 % (n = 107), 78.8 ± 6.7 % 

(n = 40), and 45.0 ± 7.7 % (n = 47). Sensitivity of PR to predict poor 

BM response on day 15 or day 33 was better in T-ALL than in pB-

ALL: 72.3 % of the patients with M3 BMd15 and 81.8 % of the 

patients with NRd33 had shown PPR before.

  Within the patients with PPR, BMd15 was not able to character-

ize subgroups with signifi cantly diff erent outcome (     ●  ▶     Fig. 2d  ). 

In PGR, however, outcome of patients with BMd15 M3 was sig-

nifi cantly worse (M3, 8y-pEFS 43.1 ± 14.7 %) compared with the 

M1 and M2 subgroup with similarly favourable results (M1: 

8y-pEFS 91.1 ± 3.0 %, M2: 8y-pEFS 83.4 ± 7.7 %,      ●  ▶     Fig. 2c  ). The 

prognostic relevance of the PR within the BMd15 subgroups in 

T-ALL is illustrated by the reverse analysis in      ●  ▶     Table 1  : Within 

the BMd15 M1 subgroup, patients with signifi cantly worse pEFS 

could be identifi ed through PPR, whereas no diff erence in out-

come was shown within the BMd15 M3 subgroup. Within the 

small BMd15 M2 subgroup, the diff erence between PGR and PPR 

did not reach statistical signifi cance. Thus, by the combination of 

PR and BMd15, T-ALL patients can be stratifi ed into 2 distinct 

risk groups, one of them including the patients with PGR plus 

M1 or M2 BMd15 (n = 120, 8y-pEFS = 89.5 ± 2.9 %) the other 

M3 75% to 100% n=29,    19 events: 8y-pEFS 37.6%, SE=9.1%
M3 50% to <75% n=61,    36 events: 8y-pEFS 39.9%, SE=6.4%
M3 25% to <50% n=96,    45 events: 8y-pEFS 53.1%, SE=5.2%
M2 5% to <25% n=365,  95 events: 8y-pEFS 74.5%, SE=2.3%
M1 >0% to <5% n=664,105 events: 8y-pEFS 83.8%, SE=1.5%
M1 0% n=216,  15 events: 8y-pEFS 93.0%, SE=1.7%
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    Fig. 1    Kaplan-Meier estimate of event-free survival according to 

percentage of blast counts in the bone marrow on day 15   [ 17 ]  . Log-Rank 

test (pair-wise comparisons): M1 (0 %) vs. M1 ( > 0 ≤ 5 %)  p  = 0.001; M3 

(25 ≤ 50 %) vs. M3 (50 ≤ 75 %)  p  = 0.102; M3 (25 ≤ 50 %) vs. M3 (75–100 %) 

 p  = 0.025; M3 (50 ≤ 75 %) vs. M3 (75–100 %)  p  = 0.381. 8y-pEFS indicates 

probability of event-free survival at 8 years; SE, standard error. 
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lyzed in a multivariate model including the MRD risk groups. In 

pB-ALL in contrast, PPR completely lost its adverse prognostic 

value if compared with PGR patients with the same PCR-MRD 

levels   [ 4 ]  .

    Implication for risk stratifi cation in current and future 
ALL trials
  For more than 20 years, cytomorphological response has been 

the leading criterion for stratifying patients into risk groups 

within the ALL-BFM trials. Since ALL-BFM 86, cytomorphologi-

cal response has been estimated very early during induction 

treatment using the PR as criterion for risk stratifi cation. Cyto-

morphological treatment response in the BM, however, was 

evaluated only at the end of induction treatment (day 33). Poor 

cytomorphological response at either response evaluation point 

qualifi ed a patient for high-risk treatment   [ 5   ,  24   ,  27 ]  .

  The prognostic signifi cance of early reduction of leukemic blasts 

in BM at diff erent points during induction treatment was shown 

in a number of pediatric ALL trials (for review see Gaynon et al. 

  [ 12 ]  ) and was implemented as risk stratifi cation criterion in 

various international trials   [ 1   ,  3   ,  8   ,  10   ,  26   ,  32   ,  36   ,  38 ]  . Specifi city 

of response evaluation might, nevertheless, vary depending on 

including all patients with PPR and/or M3 BMd15 (n = 74, 

8y-pEFS 52.1 ± 5.9 %;  p  < 0.001) (     ●  ▶     Fig. 3  ).

   NCI risk criteria had a borderline signifi cant prognostic value in 

patients with M1 BMd15, but showed no statistic signifi cance in 

patients with M2 or M3 BMd15 (     ●  ▶     Table 1  ).

  Consistent with these results, multivariate Cox regression analy-

sis including NCI risk criteria, PR, BMd15 and BMd33 as covari-

ates revealed BMd15 M3 as the strongest independent adverse 

risk factor (RR 2.93, p = 0.008 and in addition marginal signifi -

cance for PPR (RR 1.99, p = 0.059) and NCI-HR (RR 2.25, p = 0.092).

  The biological considerations which might explain the minor 

prognostic importance of PR compared with BMd15, seem to be 

less applicable for T-ALL patients. The data indicate that resist-

ance to prednisone (i. e., PPR) in T-ALL eventually could not be 

overcome by the following chemotherapy even in those patients, 

who apparently had a reasonable response in the later course of 

induction treatment as refl ected by M1 or M2 BMd15. The reli-

ability of these data might be weakened due to the small patient 

numbers remaining in the T-ALL subgroups in this analysis. 

However, the results are supported by the recently published 

data on the prognostic impact of MRD in the AIEOP-BFM ALL 

2000 trial   [ 31 ]  . In this study, the PR in T-ALL also retained a – 

though just borderline signifi cant – prognostic value when ana-
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    Fig. 2    Kaplan-Meier estimate of event-free survival according to bone marrow response on day 15 stratifi ed by immunophenotypic lineage and prednisone 

response   [ 17 ]  . For defi nition of bone marrow M1, M2, and M3 see the Design and Methods section.  a  pB-ALL, prednisone good-response; Log-Rank test (pair-

wise comparisons): all  p  values  < 0.001.  b  pB-ALL, prednisone poor-response; Log-Rank test: M1 vs. M2  p  = 0.042; M2 vs. M3  p  = 0.007; M1 vs. M3  p  = 0.002; 

 c  T-ALL, prednisone good-response; Log-Rank test: M1 vs. M2  p  = 0.44; M2 vs. M3  p  = 0.005; M1 vs. M3  p  < 0.001;  d  T-ALL, prednisone poor-response; Log-Rank 

test: M1 vs. M2  p  = 0.65; M2 vs. M3  p  = 0.22; M1 vs. M3  p  = 0.42. 8y-pEFS indicates probability of event-free survival at 8 years; SE, standard error. 
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fi cation parameter. However, in ALL-BFM 95 the good outcome 

of pB-ALL patients with PPR and subsequently good BM response 

on day 15 was achieved with an intensifi ed high-risk treatment. 

Whether these results could be reproduced with less intensive 

treatment, remains unclear. This should be carefully considered 

before omitting the PR as a risk stratifi cation parameter in these 

patients.

  While in pB-ALL the combination of PR with BMd15 failed to 

improve risk group separation obtained through by BMd15 

alone, the use of the ALL-BFM 95 or the NCI risk criteria, both 

using age and initial WBC, in addition to BMd15 gave an added 

prognostic value. In the COG (or formerly CCG) protocols, the 

the time of response evaluation with regard to the therapy and 

the composition of the treatment   [ 30   ,  36   ,  37 ]  .

  In view of the prognostic impact of PR and BMd15 in ALL-BFM 

95, one should scrutinize if the PR is still needed for risk stratifi -

cation when using BMd15. In the stratifi cation of T-ALL patients, 

it is obvious that combining BMd15 with PR added signifi cant 

value to BMd15 alone and allowed the stratifi cation into 2 

widely separated risk groups, the better of them with an excel-

lent 8y-pEFS of almost 90 % and another poor risk group with an 

8y-pEFS near 50 % including 74 % of all T-ALL events. For patients 

with pB-ALL, in contrast, the data on early treatment reponse in 

ALL-BFM 95 may suggest that the PR could be omitted as strati-

  Table 1    Treatment outcome in pB-ALL and T-ALL by age and WBC at diagnosis, diff erent risk group classifi cations and treatment response   [ 17 ]  . 

    Bone marrow day 15      

    M1    M2    M3  

  Variable    N ( %)    8y-pEFS,  

% (SE)  

   p    1       N ( %)    8y-pEFS,  

% (SE)  

   p    1       N ( %)    8y-pEFS, 

 % (SE)  

   p  1       

   pB-ALL                     

    Age (years)                     

       < 1 5     8 (1.1)    62.5 (17.1)      10 (3.2)    20.0 (12.6)      6 (4.3)    16.7 (15.2)    

      1 ≤ 10    312 (82.6)    88.8 (1.3)     < 0.001 4     253 (79.8)    81.8 (2.5)     < 0.001 4     89 (64.5)    51.3 (5.3)    0.133 4   

       ≥ 10    121 (16.3)    75.7 (4.3)      54 (17.0)    46.3 (7.9)      43 (31.2)    43.6 (7.7)    

    Initial WBC (× 10   9   /L)                     

       < 50    648 (87.4)    88.2 (1.3)     < 0.001    262 (82.6)    75.7 (2.7)    0.160    92 (66.7)    53.7 (5.3)    0.015  

       ≥ 50    93 (12.6)    74.8 (4.5)      55 (17.4)    67.2 (6.3)      46 (33.3)    33.9 (7.1)    

    Risk group (ALL-BFM 95)   2                      

      standard    327 (44.1)    91.8 (1.5)     < 0.001    109 (34.4)    84.8 (3.5)     < 0.001    17 (12.3)    70.6 (11.1)    0.002  

      intermediate    384 (51.8)    83.7 (1.9)      162 (51.1)    72.4 (3.6)      63 (45.7)    52.9 (6.4)    

      high    30 (4.0)    66.7 (8.6)      46 (14.5)    55.9 (7.4)      58 (42.0)    33.9 (6.3)    

    NCI/Rome risk group   3                      

      standard    537 (73.3)    90.6 (1.3)     < 0.001    213 (69.4)    81.7 (2.7)     < 0.001    59 (44.7)    58.8 (6.5)    0.016  

      high    196 (26.7)    76.0 (3.2)      94 (30.6)    62.8 (5.2)      73 (55.3)    40.7 (5.8)    

    Prednisone response                     

      good    725 (98.5)    86.4 (1.3)    0.20    286 (90.8)    74.7 (2.6)    0.51    98 (72.1)    51.1 (5.1)    0.088  

      poor    11 (1.5)    100 (0.0)      29 (9.2)    68.0 (8.8)      38 (27.9)    39.5 (7.9)    

    Remission day 33                     

      no    0 (0.0)    –    –    3 (1.0)    –    –    28 (20.6)    23.6 (8.2)     < 0.001  

      yes    733 (100)    86.8 (1.3)      310 (99.0)    74.3 (2.5)      108 (79.4)    54.0 (4.8)    

   T-ALL                     

    Age (years)                     

       < 1 5     0 (0.0)    –      1 (2.5)    –      0 (0.0)    –    

      1 ≤ 10    67 (62.6)    88.1 (4.0)    0.65    26 (65.0)    80.6 (7.8)    0.76    24 (51.1)    56.8 (10.5)    0.126  

       ≥ 10    40 (37.4)    85.0 (5.6)      13 (32.5)    67.7 (17.1)      23 (48.9)    34.2 (10.0)    

    Initial WBC (×10   9   /L)                     

       < 50    55 (51.4)    92.7 (3.5)    0.069    18 (45.0)    75.7 (10.7)    0.89    17 (36.2)    20.2 (15.5)    0.46  

       ≥ 50    52 (48.6)    80.7 (5.5)      22 (55.0)    81.8 (8.2)      30 (63.8)    53.3 (9.1)    

    Risk group (ALL-BFM 95)   2                      

      standard    –    –      –    –      –    –    

      intermediate    93 (86.9)    91.4 (2.9)     < 0.001    27 (67.5)    83.4 (7.7)    0.168    11 (23.4)    50.9 (16.3)    0.26  

      High    14 (13.1)    57.1 (13.2)      13 (32.5)    69.2 (12.8)      36 (76.6)    44.4 (8.3)    

    NCI/Rome risk group   3                      

      standard    32 (29.9)    96.6 (3.1)    0.054    12 (30.8)    82.5 (11.3)    0.62    6 (12.8)    41.7 (30.4)    0.26  

      high    75 (70.1)    82.6 (4.4)      27 (69.2)    76.0 (8.7)      41 (87.2)    43.8 (7.8)    

    Prednisone response                     

      good    90 (86.5)    91.1 (3.0)     < 0.001    27 (67.5)    83.4 (7.7)    0.168    13 (27.7)    43.1 (14.7)    0.58  

      poor    14 (13.5)    57.1 (13.2)      13 (32.5)    69.2 (12.8)      34 (72.3)    47.1 (8.6)    

    Remission day 33                     

      no    –    –    –    1 (2.6)    –    –    10 (21.3)    30.0 (14.5)    0.129  

      yes    106 (100)    86.8 (3.3)      38 (97.4)    80.3 (6.8)      37 (78.7)    49.3 (8.7)    

  1   The p value (log-rank test) refers to comparison within BMd15 subgroups;  2   Risk groups according to the risk criteria of trial ALL-BFM 95;  3   NCI/Rome standard risk, age 1 year 

or older and less than 10 years and WBC less than 50 000/μl; NCI/Rome high risk, age 10 years or older or WBC 50 000/μl or higher; Infants less than 1 year were excluded from 

the NCI defi nition;  4   The p value (log-rank test) refers to comparison of the age groups 1 to less than 10 years vs. 10 years and older;  5   Patients treated in the Interfant-99 pilot 

study were excluded 
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combination of NCI risk criteria with early (day 7 and day 14) 

marrow response has been used for risk stratifi cation for many 

years   [ 13   ,  32 ]  . The ALL IC-BFM study group introduced cytomor-

phological BM response on day 15 in the non-MRD-based proto-

col ALL IC-BFM 2002 for a risk stratifi cation system which was 

based on the ALL-BFM 95 criteria, but shifted the patients to a 

higher risk group in the case of an M3 BMd15   [ 7 ]  . ALL IC-BFM 

2002 was performed in countries, which did not have access to 

MRD diagnostics, mainly due to fi nancial burden   [ 7 ]  . For these 

countries, optimization of risk stratifi cation by the intelligent 

use of clinical parameters and cytomorphological response eval-

uation is worthwhile. However, the prognostic relevance of cyto-

morphological response has always to be interpreted in the 

context of the specifi c chemotherapy regimen administered. 

Thus, transferring the treatment response data of ALL-BFM 95 

onto other – in particular less intensive – treatment regimens 

has to be done with caution.

  The ALL-BFM 95 protocol is currently used as regular chemo-

therapy protocol for childhood ALL in several countries. Our data 

demonstrate that the inclusion of BM response on day 15 cru-

cially improves the ALL-BFM 95 risk stratifi cation in the context 

of the ALL-BFM 95 therapy which is of particular interest in less 

affl  uent countries in which expensive laboratory techniques are 

not aff ordable.  

  Acknowledgement

 ▼  
 We thank all patients and families, who participated in this trial, 

the physicians, nurses and study nurses of all hospitals for their 

input in performing this study. We thank N. Götz, D. Janousek, 

U. Meyer, I. Krämer and K. Mischke for data management.  

  Funding

 ▼ 
  The clinical trial was supported by the Deutsche Krebshilfe, 

Bonn, Germany (50-2614-Ri 6; H.R.). This work was also sup-

ported by the Madeleine-Schickedanz-Kinderkrebsstiftung, 

Fürth, Germany, which provided a fellowship to M. Lauten, MD.   

  Confl ict of interest:     The authors have no confl ict of interest to 

disclose.

      References
1     Arico     M   ,    Basso     G   ,    Mandelli     F      et al.     Good steroid response in vivo pre-

dicts a favorable outcome in children with T-cell acute lymphoblastic 
leukemia  .   The Associazione Italiana Ematologia Oncologia Pediatrica 
(AIEOP). Cancer      1995   ;     75  :     1684  –  1693 

2     Bowman     W  P   ,    Larsen     E  L   ,    Devidas     M      et al.     Augmented therapy improves 
outcome for pediatric high risk acute lymphocytic leukemia: results 
of Children’s Oncology Group trial P9906  .   Pediatr Blood Cancer      2011   ;   
  57  :     569  –  577 

3     Chessells     J  M   ,    Bailey     C   ,    Richards     S  M   .     Intensifi cation of treatment and 
survival in all children with lymphoblastic leukaemia: results of UK 
Medical Research Council trial UKALL X. Medical Research Council 
Working Party on Childhood Leukaemia  .   Lancet      1995   ;     345  :     143  –  148 

4     Conter     V   ,    Bartram     C  R   ,    Valsecchi     M  G      et al.     Molecular response to treat-
ment redefi nes all prognostic factors in children and adolescents with 
B-cell precursor acute lymphoblastic leukemia: results in 3184 pa-
tients of the AIEOP-BFM ALL 2000 study  .   Blood      2010   ;     115  :     3206  –  3214 

5     Dordelmann     M   ,    Reiter     A   ,    Borkhardt     A      et al.     Prednisone response is the 
strongest predictor of treatment outcome in infant acute lymphob-
lastic leukemia  .   Blood      1999   ;     94  :     1209  –  1217 

6     Felice     M  S   ,    Zubizarreta     P  A   ,    Alfaro     E  M      et al.     Childhood acute lymphoblas-
tic leukemia: prognostic value of initial peripheral blast count in good 
responders to prednisone  .   J Pediatr Hematol Oncol      2001   ;     23  :     411  –  415 

7     Fronkova     E   ,    Mejstrikova     E   ,    Avigad     S      et al.     Minimal residual disease 
(MRD) analysis in the non-MRD-based ALL IC-BFM 2002 protocol for 
childhood ALL: is it possible to avoid MRD testing?     Leukemia      2008   ;   
  22  :     989  –  997 

8     Gajjar     A   ,    Ribeiro     R   ,    Hancock     M  L      et al.     Persistence of circulating blasts 
after 1 week of multiagent chemotherapy confers a poor prognosis in 
childhood acute lymphoblastic leukemia  .   Blood      1995   ;     86  :     1292  –  1295 

9     Gaynon     P  S   .     Prognostic factors in acute lymphoblastic leukemia  .   J Pedi-
atr Hematol Oncol      2000   ;     22  :     403  –  404 

10     Gaynon     P  S   ,    Angiolillo     A  L   ,    Carroll     W  L      et al.     Long-term results of the 
children’s cancer group studies for childhood acute lymphoblastic 
leukemia 1983–2002: a Children’s Oncology Group Report  .   Leukemia   
   2010   ;     24  :     285  –  297 

11     Gaynon     P  S   ,    Bleyer     W  A   ,    Steinherz     P  G      et al.     Day 7 marrow response and 
outcome for children with acute lymphoblastic leukemia and unfa-
vorable presenting features  .   Med Pediatr Oncol      1990   ;     18  :     273  –  279 

12     Gaynon     P  S   ,    Desai     A  A   ,    Bostrom     B  C      et al.     Early response to therapy and 
outcome in childhood acute lymphoblastic leukemia: a review  .   Cancer   
   1997   ;     80  :     1717  –  1726 

13     Gaynon     P  S   ,    Trigg     M  E   ,    Heerema     N  A      et al.     Children’s Cancer Group tri-
als in childhood acute lymphoblastic leukemia: 1983-1995  .   Leukemia   
   2000   ;     14  :     2223  –  2233 

14     Haw     R   ,    Sawka     C  A   ,    Franssen     E      et al.     Signifi cance of a partial or slow 
response to front-line chemotherapy in the management of inter-
mediate-grade or high-grade non-Hodgkin’s lymphoma: a literature 
review  .   J Clin Oncol      1994   ;     12  :     1074  –  1084 

15     Keating     M  J   ,    Smith     T  L   ,    Gehan     E  A      et al.     Factors related to length of com-
plete remission in adult acute leukemia  .   Cancer      1980   ;     45  :     2017  –  2029 

16     Lange     B  J   ,    Bostrom     B  C   ,    Cherlow     J  M      et al.     Double-delayed intensifi cation 
improves event-free survival for children with intermediate-risk acute 
lymphoblastic leukemia: a report from the Children’s Cancer Group  . 
  Blood      2002   ;     99  :     825  –  833 

  Affi  liations  
   1       Department of Pediatrics, University Hospital Schleswig-Holstein, Campus 

Kiel, Germany 
     2       Pediatric Hematology and Oncology, University Hospital Schleswig- 

Holstein, Campus Lübeck, Germany 
     3       Pediatric Hematology and Oncology, Hannover Medical School, Hannover, 

Germany 
     4       St. Anna Children’s Hospital, Vienna, Austria 
       5       Pediatric Hematology and Oncology, University Hospital Freiburg, 

 Germany 
     6      Kinderspital, University Hospital Zürich, Switzerland 

years

P^

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

PGR+M1/M2   n=120,12 events: 8y-pEFS 89.5%, SE=2.9%

PPR/M3            n=74,  35 events: 8y-pEFS 52.1%, SE=5.9%

    Fig. 3    Kaplan-Meier estimate of event-free survival in T-ALL comparing 

patients with prednisone good-response plus M1 or M2 marrow on day 

15 (PGR + M1/M2) with patients with prednisone poor-response and/or 

M3 marrow on day 15 (PPR/M3)   [ 17 ]  ; Log-Rank test  p  < 0.001. 8y-pEFS 

indicates probability of event-free survival at 8 years; SE, standard error. 

D
o
w

n
lo

a
d
e
d
 b

y
: 
H

a
u
p
tb

ib
lio

th
e
k
 U

n
iv

e
rs

it
ä
t 
Z

ü
ri
c
h
. 
C

o
p
y
ri
g
h
te

d
 m

a
te

ri
a
l.



S56 Zum 80. Geburtstag von Prof. Riehm

  Möricke A et al. Prediction of Outcome by … Klin Padiatr 2013; 225 (Suppl. 1): S50–S56 

17     Lauten     M   ,    Moricke     A   ,    Beier     R      et al.     Prediction of outcome by early bone 
marrow response in childhood acute lymphoblastic leukemia treated 
in the ALL-BFM 95 trial: diff erential eff ects in precursor B-cell and 
T-cell leukemia  .   Haematologica      2012   ;     97  :     1048  –  1056 

18     Lauten     M   ,    Stanulla     M   ,    Zimmermann     M      et al.     Clinical outcome of pa-
tients with childhood acute lymphoblastic leukaemia and an initial 
leukaemic blood blast count of less than 1000 per microliter  .   Klin 
Padiatr      2001   ;     213  :     169  –  174 

19     Matloub     Y   ,    Bostrom     B  C   ,    Hunger     S  P      et al.     Escalating intravenous meth-
otrexate improves event-free survival in children with standard-risk 
acute lymphoblastic leukemia: a report from the Children’s Oncology 
Group  .   Blood      2011   ;     118  :     243  –  251 

20     Matloub     Y   ,    Lindemulder     S   ,    Gaynon     P  S      et al.     Intrathecal triple therapy 
decreases central nervous system relapse but fails to improve event-
free survival when compared with intrathecal methotrexate: results 
of the Children’s Cancer Group (CCG) 1952 study for standard-risk 
acute lymphoblastic leukemia, reported by the Children’s Oncology 
Group  .   Blood      2006   ;     108  :     1165  –  1173 

21     Miller     D  R   ,    Leikin     S   ,    Albo     V      et al.     Prognostic factors and therapy in 
acute lymphoblastic leukemia of childhood: CCG-141  .   A report from 
childrens cancer study group. Cancer      1983   ;     51  :     1041  –  1049 

22     Miller     D  R   ,    Leikin     S   ,    Albo     V      et al.     Use of prognostic factors in improv-
ing the design and effi  ciency of clinical trials in childhood leukemia: 
Children’s Cancer Study Group Report  .   Cancer Treat Rep      1980   ;     64  :   
  381  –  392 

23     Möricke     A   ,    Reiter     A   ,    Zimmermann     M      et al.     Risk-adjusted therapy of 
acute lymphoblastic leukemia can decrease treatment burden and 
improve survival: treatment results of 2169 unselected pediatric and 
adolescent patients enrolled in the trial ALL-BFM 95  .   Blood      2008   ;   
  111  :     4477  –  4489 

24     Möricke     A   ,    Zimmermann     M   ,    Reiter     A      et al.     Long-term results of fi ve 
consecutive trials in childhood acute lymphoblastic leukemia per-
formed by the ALL-BFM study group from 1981 to 2000  .   Leukemia   
   2010   ;     24  :     265  –  284 

25     Nachman     J   ,    Sather     H  N   ,    Gaynon     P  S      et al.     Augmented Berlin-Frankfurt-
Munster therapy abrogates the adverse prognostic signifi cance of slow 
early response to induction chemotherapy for children and adoles-
cents with acute lymphoblastic leukemia and unfavorable presenting 
features: a report from the Children’s Cancer Group  .   J Clin Oncol      1997   ;   
  15  :     2222  –  2230 

26     Oudot     C   ,    Auclerc     M  F   ,    Levy     V      et al.     Prognostic factors for leukemic in-
duction failure in children with acute lymphoblastic leukemia and 
outcome after salvage therapy: the FRALLE 93 study  .   J Clin Oncol      2008   ;   
  26  :     1496  –  1503 

27     Reiter     A   ,    Schrappe     M   ,    Ludwig     W  D      et al.     Chemotherapy in 998 unse-
lected childhood acute lymphoblastic leukemia patients. Results and 
conclusions of the multicenter trial ALL-BFM 86  .   Blood      1994   ;     84  :   
  3122  –  3133 

28     Riehm     H   ,    Reiter     A   ,    Schrappe     M      et al.     Corticosteroid-dependent reduc-
tion of leukocyte count in blood as a prognostic factor in acute lym-
phoblastic leukemia in childhood (therapy study ALL-BFM 83)  .   Klin 
Padiatr      1987   ;     199  :     151  –  160 

29     Sandlund     J  T   ,    Harrison     P  L   ,    Rivera     G      et al.     Persistence of lymphoblasts 
in bone marrow on day 15 and days 22 to 25 of remission induction 
predicts a dismal treatment outcome in children with acute lymphob-
lastic leukemia  .   Blood      2002   ;     100  :     43  –  47 

30     Schrappe     M   ,    Reiter     A   ,    Riehm     H   .     Cytoreduction and prognosis in child-
hood acute lymphoblastic leukemia  .   J Clin Oncol      1996   ;     14  :     2403  –  2406 

31     Schrappe     M   ,    Valsecchi     M  G   ,    Bartram     C  R      et al.     Late MRD response deter-
mines relapse risk overall and in subsets of childhood T-cell ALL: re-
sults of the AIEOP-BFM-ALL 2000 study  .   Blood      2011   ;     118  :     2077  –  2084 

32     Schultz     K  R   ,    Pullen     D  J   ,    Sather     H  N      et al.     Risk- and response-based clas-
sifi cation of childhood B-precursor acute lymphoblastic leukemia: a 
combined analysis of prognostic markers from the Pediatric Oncology 
Group (POG) and Children’s Cancer Group (CCG)  .   Blood      2007   ;     109  :   
  926  –  935 

33     Seibel     N  L   ,    Steinherz     P  G   ,    Sather     H  N      et al.     Early postinduction intensi-
fi cation therapy improves survival for children and adolescents with 
high-risk acute lymphoblastic leukemia: a report from the Children’s 
Oncology Group  .   Blood      2008   ;     111  :     2548  –  2555 

34     Smith     M   ,    Arthur     D   ,    Camitta     B      et al.     Uniform approach to risk classifi ca-
tion and treatment assignment for children with acute lymphoblastic 
leukemia  .   J Clin Oncol      1996   ;     14  :     18  –  24 

35     Smith     M   ,    Bleyer     A   ,    Crist     W      et al.     Uniform criteria for childhood acute 
lymphoblastic leukemia risk classifi cation  .   J Clin Oncol      1996   ;     14  :   
  680  –  681 

36     Steinherz     P  G   ,    Gaynon     P  S   ,    Breneman     J  C      et al.     Cytoreduction and progno-
sis in acute lymphoblastic leukemia – the importance of early marrow 
response: report from the Childrens Cancer Group  .   J Clin Oncol      1996   ;   
  14  :     389  –  398 

37     Thyss     A   ,    Suciu     S   ,    Bertrand     Y      et al.     Systemic eff ect of intrathecal meth-
otrexate during the initial phase of treatment of childhood acute lym-
phoblastic leukaemia. The European Organization for Research and 
Treatment of Cancer Children’s Leukemia Cooperative Group  .   J Clin 
Oncol      1997   ;     15  :     1824  –  1830 

38     Vora     A   ,    Mitchell     C  D   ,    Lennard     L      et al.     Toxicity and effi  cacy of 6-thiogua-
nine versus 6-mercaptopurine in childhood lymphoblastic leukaemia: 
a randomised trial  .   Lancet      2006   ;     368  :     1339  –  1348    

D
o
w

n
lo

a
d
e
d
 b

y
: 
H

a
u
p
tb

ib
lio

th
e
k
 U

n
iv

e
rs

it
ä
t 
Z

ü
ri
c
h
. 
C

o
p
y
ri
g
h
te

d
 m

a
te

ri
a
l.


