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A B S T R A C T

Aim of the study: To evaluate the prognostic significance of the initial cerebro-spinal fluid

(CSF) involvement of children with ALL enrolled from 1989 to 1996 in the EORTC 58881 trial.

Patients and methods: Patients (2025) were categorised according to initial central nervous

system (CNS) status: CNS-1 (CNS negative, n = 1866), CNS-2 (<5 leucocytes/mm3, CSF with

blasts, n = 50), CNS-3 (CNS positive, n = 49), TLP+ (TLP with blasts, n = 60). CNS-directed ther-

apy consisted in intravenous (i.v.) methotrexate (5 g/sqm) in 4–10 courses, and intrathecal

methotrexate injections (10–20), according to CNS status. Cranial irradiation was omitted in

all patients.

Results: In the CNS1, TLP+, CNS2 and CNS3 group the 8-year EFS rate (SE%) was 69.7%

(1.1%), 68.8% (6.2%), 71.3% (6.5%) and 68.3% (6.2%), respectively. The 8-year incidence of iso-

lated CNS relapse (SE%) was 3.4% (0.4%), 1.7% (1.7%), 6.1% (3.5%) and 9.4% (4.5%), respec-

tively, whereas the 8-year isolated or combined CNS relapse incidence was 7.6% (0.6%),
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3.5% (2.4%), 10.2% (4.4%) and 11.7% (5.0%), respectively. Patients with CSF blasts had a

higher rate of initial bad risk features. Multivariate analysis indicated that presence of

blasts in the CSF had no prognostic value: (i) for EFS and OS; (ii) for isolated and isolated

or combined CNS relapse; WBC count < 25 · 109/L and Medac E-coli asparaginase treatment

were each related to a lower CNS relapse risk.

Conclusions: The presence of initial CNS involvement has no prognostic significance in

EORTC 58881. Intensification of CNS-directed chemotherapy, without CNS radiation, is an

effective treatment of initial meningeal leukaemic involvement.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Presymptomatic treatment of leukaemia in the central ner-

vous system (CNS) remains a challenge in ALL of childhood.1

Cranial irradiation (XRT) in combination with intrathecal (IT)

chemotherapy has long been the approach adopted by most

groups in Europe and North America and has markedly re-

duced the incidence of meningeal relapse.2,3 Recently, the

use of XRT has become contentious because of its late adverse

effects, especially in young children: neurocognitive dysfunc-

tion, growth impairment, precocious puberty and enhanced

risk of developing brain tumours.4–6 These late complications

have led to the gradual reduction of XRT dose or even to its

omission in patients with standard risk of relapse.5,7,8 How-

ever, in most current clinical trials, cranial XRT is still recom-

mended for patients at high risk of relapse within the CNS,

especially those with leukaemic involvement of the CNS at

the time of diagnosis (3–5% of the cases).

Among the initial factors which predict a higher risk of

CNS relapse, the presence of leukaemic cells in a CSF contain-

ing less than 5 leucocytes/mm3 remains controversial. It was

associated with an enhanced risk of CNS relapse in some but

not all clinical studies. Likewise, a poorer event-free survival

(EFS) was associated with the presence of blasts in traumatic

lumbar punctuates at diagnosis of ALL.9

In EORTC CLG, after we had shown that cranial XRT failed

to provide any benefit to medium- and high-risk patients hav-

ing received high-dose methotrexate (HD MTX), we have de-

leted that therapy component from the treatment regimen

of all ALL patients, including those with overt CNS leukaemia

involvement. EORTC 58881 was the first trial in which this

strategy was implemented.10

The aim of this retrospective study is to determine the

prognostic significance of blasts with any number of leuco-

cytes, with or without erythrocytes, in the CSF of patients re-

cruited in EORTC CLG 58881. The time between the study

closure and this analysis allowed us to identify possible late

relapses, which is particularly important in a strategy which

omits radiotherapy.

2. Patients and methods

2.1. Patients

From January 1989 to November 1998, 2070 consecutive chil-

dren (1165 boys, sex ratio, 1.29) less than 18 years of age with

newly diagnosed ALL from 28 paediatric departments (France,
Belgium, and Portugal) were prospectively enrolled in the

multicentre trial EORTC 58881. Bone marrow smears, immun-

ophenotypes and cytogenetics were reviewed centrally. Iden-

tification of leukaemic blasts in the CSF was done by

conventional cytology. The patients were stratified into low-

and increased-risk categories according to their immunophe-

notype and their risk-factor was calculated as a function of

blood blast count, hepatomegaly and splenomegaly as pro-

posed by Langermann and colleagues10,11. A very high-risk

group (VHR) was defined by the presence of at least one of

the following criteria: more than 1 · 109/L blasts in the periph-

eral blood after 7 d of treatment with prednisolone and one

intrathecal injection of methotrexate on day 1 (called ‘poor re-

sponder to the prephase’), presence of a t(4;11) or a t(9;22)

translocation or near-haploidy in the leukaemic clone or the

failure to achieve complete remission (CR) at completion of

induction therapy.

2.2. CNS status

All patients underwent diagnostic lumbar puncture and intra-

thecal methotrexate injection on the first day of induction

therapy. According to CNS status, patients were classified into

the following groups: CNS-1 (<5 white blood cells [WBCs]/

mm3 with no leukaemic blast cells after cytocentrifugation);

CNS-2 (lumbar puncture not traumatic (i.e. <100 RBCs/mm3);

<5 WBCs/mm3 with presence of leukaemic blasts after cyto-

centrifugation); CNS-3 (lumbar puncture not traumatic (i.e.

<100 RBCs/mm3); P5 WBCs/mm3 with presence of leukaemic

blasts after cytocentrifugation); TLP+ (traumatic lumbar

puncture [P100 RBCs/mm3] with presence of leukaemic

blasts after cytocentrifugation). TLP-patients (traumatic lum-

bar puncture [P100 RBCs/mm3] without the presence of leu-

kaemic blasts after cytocentrifugation) were included in the

CNS-1 group. The CNS status of patients for whom 2 consec-

utive traumatic lumbar punctures contained leukaemic blasts

was classified as TLP++. Patients with cranial nerve palsies

attributed to leukaemic involvement were considered as

CNS-3 status, irrespective of the presence of blasts in the CSF.

2.3. Treatment programmes

The treatment regimen, adapted from the Berlin–

Frankfurt–Munster (BFM)-protocol, and the design of the

clinical trial have been described in detail recently.10 An over-

view of the successive courses of chemotherapy for low- and

increased-risk patients is provided in Table 1. The treatment



Table 1 – EORTC-CLG 58881: treatment protocols for low- and increased-risk patients.

Drug Dose Days of administration

Induction: protocol I A
Prednisolone (PO) 60 mg/m2 1–28
Vincristine (IV) 1.5 mg/m2 8, 15, 22, 29 (max. 2 mg)
Daunorubicine 30 mg/m2 8, 15, 22, 29
Methotrexate (intrathecal) 12 mga 1, 8, 22

According to randomisation
E-coli-asparaginase (IV) 10,000 IU/m2 12, 15, 18, 22, 25, 29, 32, 35
or
Erwinia-asparaginase (IV) 10,000 IU/m2 12, 15, 18, 22, 25, 29, 32, 35

Consolidation: protocol IB
Cyclophosphamide (IV) 1000 mg/m2 36–63
Cytarabine (IV) 75 mg/m2 38–41, 45–48, 52–55, 59–62
6-Mercaptopurine (PO) 60 mg/m2 36–63
Methotrexate (intrathecal) 12 mga 38, 52

Interval therapy
6-Mercaptopurine (PO) 25 mg/m2 1–56
Methotrexate (24 h IV infusion with leucovorin rescue) 5000 mg/m2 8, 22, 36, 50
Methotrexate (intrathecal) 12 mga 9, 23, 37, 51

According to randomisation for increased-risk patients
Cytarabine (IV) or no cytarabine 2000 mg/m2 9, 10, 23, 24, 37, 38, 51, 52

Reinduction:protocol II
Dexamethasone (PO) 10 mg/m2 1–21
Vincristine (IV) 1.5 mg/m2 (max. 2 mg) 8, 15, 22, 29
Doxorubicin (IV) 30 mg/m2 8, 15, 22, 29
Methotrexate (intrathecal) 12 mga 38
Cyclophosphamide (IV) 1000 mg/m2 36
Cytarabine (IV) 75 mg/m2 38–41, 45–48,
6-Thioguanine (PO) 60 mg/m2 36–49

According to randomisation
E-coli-asparaginase (IV) 10,000 IU/m2 8, 11, 15, 18
or
Erwinia-asparaginase (IV) 10,000 IU/m2 8, 11, 15, 18

Maintenance therapy was a combination of daily oral mercaptopurine adjusted to maintain leucocytes between 2 and 3 · 109/L and metho-

trexate 20 mg/m2 once a week. According to randomisation, some patients received intravenous mercaptopurine 1 g/m2 every 4 weeks.
a Doses were adjusted for children under 3 years of age.
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of VHR patients called for eight rotating consolidation courses

followed by maintenance chemotherapy or, when a HLA

compatible sibling donor was available, for stem-cell trans-

plantation after the second consolidation course.

Courses of HD MTX (5 g/m2 over 24 h) were given to all pa-

tients: 4 times after the first consolidation course for low- and

increased-risk patients and 10 times for the VHR patients.

The total number of IT injections was 10 (methotrexate) for

low- and increased-risk patients and 20 (methotrexate: 14; tri-

ple IT therapy: methotrexate, aracytine, and prednisone: 6) for

the VHR patients. CNS status other than CNS-1 did not call for

any upgrading in the risk-adapted subgroup stratification.

However, CNS-3 patients received additional CNS-directed

therapy: IT injections (MTX) every 4th day during prephase

and induction if necessary until disappearance of leukaemic

blasts from the CSF, two additional IT injections during induc-

tion and two during consolidation and 5 courses of HD MTX

during maintenance therapy. CNS-2 and TLP+ patients were

treated as CNS-3 patients if leukaemic blasts were still pres-

ent in the CSF at the first control lumbar puncture performed
3 d after the initial IT methotrexate injection. No XRT was

used, neither to the central nervous system (CNS) nor to the

testes.

In addition, the trial called for three successive randomisa-

tions: (1) part of the patients were randomised at the start of

therapy to receive either Erwiniase or Medac E-coli-asparagi-

nase; (2) increased risk patients were randomised to the addi-

tion or not of Ara-C to the HD MTX courses during interval

therapy and (3) all non-VHR patients were randomised to

the addition or not of monthly intravenous courses of 6-mer-

captopurine during maintenance therapy.12–14 Increased-risk

patients with initial CNS-3 status, but not those with initial

CNS-2 or TLP+ status, were not randomised for the second

question but were all treated with the addition of HD-Ara-C

to the HD MTX courses during interval therapy. For all chil-

dren remaining in the first complete remission, treatment

was stopped at 2 years from its initiation. To ensure compara-

bility with other studies, the results were also analysed

according to the National Cancer Institute (NCI) risk groups

for ALL.1 Informed consent by the parents or the legal
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guardian was required for registration in the trial. The

protocol was approved by the respective institutional review

boards and ethical committees.

2.4. Statistical analysis

Event-free survival (EFS) was calculated from the date of com-

plete remission (CR) until the first event (relapse, death of any

cause), or until the last follow-up (censored observation). For

patients who failed to reach CR by the end of protocol I, the

failure was considered as an event at time 0. Overall survival

(OS) was defined as the time from registration in the study to

the date of death or the last follow-up examination (censored

observation). Kaplan–Meier technique was used to estimate

survival-type distributions (EFS and OS) and the standard er-

rors (SE) of the estimates were obtained via the Greenwood

formula.15 The differences between Kaplan–Meier curves

were tested for statistical significance by the two-tailed log-

rank test.15 The estimates of the incidence of isolated CNS re-

lapse and of isolated or combined CNS relapse were obtained

using the competing risk methods, and their comparison was

done using the Gray test.15 The Cox Proportional Hazards

model was used to obtain the estimate and the 95% confi-

dence interval (CI) of the hazard ratio (HR) of the instanta-

neous event rate in one group versus that in another group,

as specified by a given variable.15 In Cox multivariate analysis,

the following variables were considered: initial WBC (<25, 25–

99, P100 · 109/L), immunophenotyping (T versus B-lineage

ALL), NCI risk group, initial VHR features (presence versus ab-

sence), type of asparaginase and CNS-status. All analyses

were based on the intent-to-treat principle. The SAS 9.1 sta-

tistical software was used.
Table 2 – Patients characteristics according to CNS status.

Characteristics All CNS1

No. of patients % No. of patients % No

All 2025 1866 60

Sex
Male 1142 56 1050 56 35
Female 891 44 816 44 25

Age (years)
<1 55 3 33 2 10
1–10 1619 80 1513 81 38
>10 351 17 320 17 12

Immunology
B-lineage 1734 86 1621 87 44
T-lineage 291 14 245 13 16

WBC (·109/L)
<100 1746 86 1644 88 39
P100 279 24 222 12 21

Risk group
Low-risk 678 33 656 35 6
Increased-risk 1032 52 946 51 31
VHR 315 15 264 14 23

NCI features
Standard-risk 1292 63 1228 66 23
High-risk 733 37 638 34 37
3. Results

Median duration of the follow-up was 7.5 years. Of the 2070

patients included in this study, 2025 were evaluable for

initial CNS status and stratified in low-risk (678 patients,

33%), increased-risk (1032 patients, 51%) and VHR (315

patients, 15%) subgroups (Table 2). There were 1866 (92.1%)

CNS-1, 50 (2.4%) CNS-2, 49 (2.4%) CNS-3 and 60 (2.9%) TLP+

patients. Those with CNS-2, CNS-3 or TLP+ taken altogether

had more unfavourable features than CNS-1 patients: WBC

counts above 100 · 109/L (36% versus 12%), NCI high risk

(60% versus 34%), VHR features (32% versus 14%), T-lineage

(28% versus 13%). Twenty-one (35%) of the TLP+ patients

and 17 (34%) of the CNS-2 patients were treated as CNS-3

patients because of the persistence of at least one

leukaemic blast in the spinal tap performed 3 d after the

initial one.

The overall 8-year EFS rate was 69.6% (SE 1%). The 8-year

EFS rates (SE%) for patients in each CNS group were as fol-

lows: 69.7% (1.1%) in CNS-1, 68.8% (6.2%) in TLP+, 71.3%

(6.5%) in CNS-2, and 68.3% (6.2%) in CNS-3 (Fig. 1). The 8-year

EFS rate of patients with blasts at diagnosis in the CSF (TLP+,

CNS-2 and CNS-3) was 69.2% (3.7%), and was not significantly

different (p = 0.45) from that of those with CNS-1 status

(Fig. 2).

The overall 8-year OS rate (SE%) was 80.4% (0.9%). The 8-

year OS rates (SE%) for patients in each CNS group were as fol-

lows: 80.9% (0.9%) in CNS-1, 79.5% (5.3%) in TLP+, 77.0% (6.1%)

in CNS-2 and 67.4% (6.8%) in CNS-3. The 8-year OS rate of pa-

tients with blasts in the CSF at diagnosis (TLP+, CNS-2 and

CNS-3) was 74.8% (3.6%), and was lower (logrank test:

p = 0.047) than that of those with CNS-1 status.
TLP+ CNS2 CNS3

. of patients % No. of patients % No. of patients %

50 49

58 29 58 24 49
42 21 42 25 51

17 6 12 6 12
63 39 78 29 59
20 5 10 14 29

73 40 80 29 59
27 10 20 20 41

65 38 76 25 51
35 12 24 24 49

10 9 18 7 14
52 30 60 25 51
38 11 22 17 35

38 32 64 9 18
62 18 36 40 82



(years)

0 2 4 6 8 10

0

10

20

30

40

50

60

70

80

90

100

O N Number of patients at risk :
546 1866 1552 1253 888 547

18 60 48 37 31 13

14 50 41 30 21 12

16 49 32 28 20 12

CNS-1

TLP+

CNS-2

CNS-3

%
  p

at
ie

nt
s 

 a
li

ve
  i

n 
 C

C
R

Overall logrank test: P=0.72

Fig. 1 – Event-free survival according to initial CNS status.
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Fig. 2 – Event-free survival according to initial CNS status: CNS-1 versus non-CNS-1 (TLP+/CNS2/CNS3 status).
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Cox multivariate analysis indicated that Medac E-coli

asparaginase treatment, absence of VHR features and ab-

sence of NCI high risk features were each related to longer

EFS and OS, whereas the presence of blasts at diagnosis in

the CSF (TLP+, CNS-2 and CNS-3 versus CNS-1) had no prog-

nostic value (p = 0.33 and p = 0.81, respectively, for EFS and

OS) (Table 3). Pairwise comparisons according to each CNS

status (TLP+ versus CNS-1, CNS-2 versus CNS-1, CNS-3 versus

CNS-1) showed similar results (Table 3). Due to the initial cor-

relation between CNS-3 status and bad prognostic features

(NCI high risk, VHR), a drastic decrease of its prognostic

importance was observed from univariate to multivariate

analysis, especially regarding OS: estimated HR (CNS-3 versus

CNS-1) was 1.93 versus 1.13 (Table 3).

The 8-year EFS rates (SE%) of TLP+ patients having 2 con-

secutive lumbar puncture with blasts (TLP++ group; n = 21),

and therefore treated as CNS-3 patients, were lower, although
not significantly (p = 0.29), than those of TLP+ not treated as

CNS-3 patients (n = 39): 56.7% (12.5%) versus 74.1% (7.1%).

The 8-year overall EFS rates (SE%) of CNS-2 patients having

2 consecutive lumbar puncture with blasts (CNS-2++ group;

n = 17), and therefore treated as CNS-3 patients, were lower

than those of CNS-2 patients not treated as CNS-3 patients

(n = 33): 58.8% (11.9%) versus 77.3% (7.6%) (HR = 2.4; p = 0.10).

In a Cox multivariate analysis, the EFS hazard rate was 4.64

times higher for CNS-2 patients having two consecutive lum-

bar puncture with blasts versus those without blasts on D3,

after adjustment for NCI criteria (p = 0.22), VHR features

(p = 0.71) and asparaginase treatment (p = 0.003).

Distribution of relapses according to CNS status group was

studied. Out of 1994 patients who reached CR, a total of 71 iso-

lated and 78 combined CNS relapses were reported. The 8-

year overall disease-free survival (DFS) rate was 70.7% (SE

1.1%). The 8-year DFS rates (SE%) for patients in each CNS



Table 3 – Results of the Cox proportional hazards model regarding EFS and OS.

Variable EFS OS

HR Lower
limit

Upper
limit

p-value HR Lower limit Upper limit p-value

Univariate analysis
TLP+ versus CNS-1 1.08 0.67 1.72 0.76 1.14 0.64 2.02 0.67
CNS-2 s versus CNS-1 1.01 0.59 1.71 0.98 1.27 0.69 2.31 0.44
CNS-3 versus CNS-1 1.34 0.81 2.20 0.25 1.93 1.15 3.23 0.01

Multivariate analysis
NCI risk group: HR versus SR 1.93 1.62 2.30 <.0001 2.17 1.74 2.71 <.0001
Initial VHR versus non-VHR 1.91 1.56 2.34 <.0001 2.70 2.15 3.41 <.0001
Asparaginase group: Medac E-Coli versus others 0.65 0.55 0.77 <.0001 0.62 0.51 0.76 <.0001
TLP+ versus CNS-1 0.77 0.48 1.23 0.27 0.70 0.39 1.25 0.23
CNS-2s versus CNS-1 0.98 0.58 1.67 0.94 1.18 0.65 2.16 0.58
CNS-3 versus CNS-1 0.89 0.54 1.47 0.64 1.13 0.67 1.91 0.64

Univariate analysis
Non-CNS-1 versus CNS-1 1.13 0.84 1.51 0.43 1.40 1.01 1.96 0.047

Multivariate analysis
NCI risk group: HR versus SR 1.93 1.62 2.29 <.0001 2.17 1.74 2.71 <.0001
Initial VHR versus non-VHR 1.91 1.56 2.33 <.0001 2.68 2.13 3.38 <.0001
Asparaginase group: Medac E-Coli versus others 0.65 0.55 0.77 <.0001 0.62 0.51 0.76 <.0001
Non-CNS-1 versus CNS-1 0.86 0.64 1.16 0.33 0.96 0.68 1.35 0.81

Table 4 – Outcome (CR rate, cumulative incidence at 8 years of isolated CNS relapse, of combined CNS, of both, of non-CNS
relapse, of death in CR, and 8-year DFS rate), overall and according to initial CNS status.

At 8-years All patients CNS-1 TLP+ CNS-2 CNS-3

CI (%) SE (CI) (%) CI (%) SE (CI) (%) CI (%) SE (CI) (%) CI (%) SE (CI) (%) CI (%) SE (CI) (%)

CR ratea 94.7 0.27 98.8 0.25 96.7 2.3 98.0 2.0 87.8 4.7
Isolated CNS 3.57 0.42 3.42 0.43 1.72 1.73 6.12 3.46 9.37 4.52
Combined CNS 4.04 0.45 4.14 0.48 1.72 1.73 4.08 2.86 2.33 2.33
Any-CNS 7.61 0.61 7.57 0.63 3.45 2.42 10.20 4.37 11.70 4.98
Non-CNS 18.59 0.91 18.72 0.95 23.69 5.89 12.66 4.91 11.63 4.95
Death in CR 3.10 0.39 3.18 0.41 1.72 1.72 4.39 3.09 0 0
DFS rate 70.7 1.06 70.54 1.10 71.1 6.2 72.8 6.5 76.7 6.5

a After induction/consolidation.
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group were similar (Table 4). Overall, the DFS of patients with

blasts at diagnosis in the CSF (TLP+, CNS-2 and CNS-3) was

not significantly different (p = 0.77) from that of those with

CNS-1 status.

The 8-year overall isolated CNS cumulative incidence was

3.6% (SE 0.4%). The 8-year isolated CNS relapse cumulative

incidence (SE%) in each CNS group was as follows: 3.4%

(0.4%) in CNS-1, 1.7% (1.7%) in TLP+, 6.1% (3.5%) in CNS-2

and 9.4% (4.5%) in CNS-3 (Table 4). Overall, the cumulative

incidence of isolated CNS relapse in patients with CSF blasts

at diagnosis was 5.3% and not significantly different

(p = 0.19) from that found in CNS-1 patients.

The 8-year overall isolated or combined CNS relapse

cumulative incidence was 7.6% (SE 0.6%). The 8-year isolated

or combined CNS relapse incidence (SE%) in each CNS group

was 7.6% (0.6%) in CNS-1, 3.5% (2.4%) in TLP+, 10.2% (4.4%)

in CNS-2 and 11.7% (5.0%) in CNS-3 group (Table 4). Overall,

the incidence of isolated or combined CNS relapse in patients

with blasts at diagnosis was 8.0% (SE 2.2%) and not signifi-

cantly different from that found in CNS-1 patients. Multivari-

ate analysis indicated that only WBC count < 25 · 109/L and
Medac E-coli asparaginase treatment were each related to a

significantly lower isolated or of any CNS relapse risk (Table 5).

Neither the presence of CSF blasts at diagnosis (data not

shown) nor the detailed CNS status was of prognostic signif-

icance (Table 5). Due to the high correlation between CNS-3

status and initial WBC count, comparison of CNS-3 versus

CNS-1 adjusted by initial WBC count yielded an HR of 2.08,

far lower than 2.98 provided in the univariate analysis (Table 5,

isolated CNS relapse).
4. Discussion

The prognostic significance of blasts irrespective of leucocyte

counts in the CSF remains controversial.2,16–18 Our present re-

port suggests that, in the EORTC study 58881, in which cranial

radiotherapy was omitted for all patients, the presence of

blasts irrespective of leucocyte counts in the spinal fluid of

children with ALL has no prognostic significance for EFS

and OS after adjustment for the main prognostic features

(NCI risk criteria and VHR features).



Table 5 – Results of the Cox proportional hazards model regarding isolated CNS relapse rate and any-CNS relapse rate.

Variable Isolated CNS relapse rate Any-CNS relapse rate

HR Lower limit Upper limit p-value HR Lower limit Upper limit p-value

Univariate analysis
TLP+ versus CNS-1 0.53 0.07 3.79 0.52 0.48 0.12 1.94 0.30
CNS-2 s versus CNS-1 1.87 0.59 5.96 0.29 1.43 0.59 3.50 0.43
CNS-3 versus CNS-1 2.98 1.08 8.19 0.03 1.71 0.70 4.16 0.24

Multivariate analysis
WBC: 25-<100 versus <25 2.65 1.57 4.50 0.0003 3.07 2.12 4.45 <.0001
WBC: P100 versus <25 2.87 1.50 5.50 0.002 4.25 2.78 6.50 <.0001
Asparaginase group:
Medac E-Coli versus others

0.43 0.27 0.68 0.0004 0.54 0.39 0.74 0.0002

TLP+ versus CNS-1 0.39 0.05 2.84 0.35 0.31 0.08 1.27 0.10
CNS-2 s versus CNS-1 1.86 0.58 5.96 0.29 1.34 0.55 3.27 0.53
CNS-3 versus CNS-1 2.08 0.74 5.83 0.16 1.04 0.42 2.57 0.93
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We are aware of some drawbacks of our study.

(a) The CNS status classification used was derived from

the conclusions of a workshop organised in 1985 in

Rome, defining CNS leukaemia as the presence of more

than five leucocytes/mm3and the cytologic identifica-

tion of any number of blasts in the CSF.19 However,

our classification was slightly different from the one

later proposed by the investigators from the St Jude

Children’s Hospital.20 The main difference was the

threshold of the number of red blood cells required to

consider the lumbar puncture as traumatic (100 RBCs

instead of 10 RBCs). This difference could explain in

part the distribution of patients within CNS-1, CNS-2

and TLP+ status groups in our study, somewhat differ-

ent from the distribution reported by other

groups.2,3,8,17,18 Of note, the elective CNS-treatment

was not significantly different for these 3 subgroups,

except if the control lumbar puncture, performed 72 h

after the initial one in CNS-2 and TLP+ patients still

contained at least one blast cell.

(b) There was no central review of CSF cytospins in our

study nor in the BFM 95. This may account in part for

the lower incidence of CNS-2 patients, 2.5% in our study

and 5.1% in the BFM 95, as compared to 21% in the

DCLSG ALL-7 and -8 cohorts in which a central review

of cytospins was mandatory, and to 31.6% and 20.4%

in the St Jude Studies XIIIB and XV, respectively.2,3,8,17

It is possible that some patients with only a few blasts

in the CSF were mistakenly diagnosed as having CNS-

1 status. This relatively small group of patients with

unidentified CNS-2 status might have represented a

selection bias.

(c) Finally, our low rate of TLP+ (2.9%) could possibly be

attributed to the frequent administration of platelet

transfusions before proceeding to the spinal tap in

thrombocytopaenic patients (platelets counts below

50 · 109/L).21

In accordance with the results of other studies, TLP+,

CNS-2 and CNS-3 patients considered together displayed

significantly more unfavourable features. It came thus as no
surprise that in the multivariate analysis, CNS status was

not an independent prognostic factor of EFS.

The importance of systemic chemotherapy, and particu-

larly HD MTX (5 g/m2), is suggested by the favourable outcome

of our CNS-3 patients, whose 8-year EFS rate, 68.3% (SE 6.1%),

was similar to the 69.7% (SE 1.1%) achieved in our CNS-1 pa-

tients and better than the 50% (SE 8%) reported for CNS-3 pa-

tients in BFM 95 trial who had all received cranial

radiotherapy, or the 43.2% (SE 23%) in the recent St Jude Study

XV study, in which cranial radiotherapy was omitted in all pa-

tients.2,8 Thirty per cent of our CNS-3 patients had VHR fea-

tures as compared to 33% in the BFM 95 study. Worthy of

note is that in the EORTC study 58881, all CNS-3 patients re-

ceived either 9 courses of HD MTX (5 g/m2) if VHR features

were absent or 10 of these courses if VHR features were pres-

ent, as compared to 4 courses (5 g/m2) in the BFM 95 study,

and four courses (5 g/m2) in the St Jude Study XV study.2,8

Our results are compatible with the hypothesis that HD

MTX does contribute to the overall efficacy of ALL treatment,

as was already suggested by the historical comparison of ALL-

trials 81, 83, 86 of the BFM group, in which the administration

of HD MTX resulted in better systemic control and better sur-

vival, when compared with intermediate dose methotrex-

ate.22 In a meta-analysis of 43 randomised trials, HD MTX

reduced the haematologic relapse rate and improved EFS,

but had only a marginal effect on the control of CNS leukae-

mia.23 Another reason for our results in CNS-3 patients is

probably due to intensive early intensification of intrathecal

chemotherapy, with IT methotrexate administered every 3 d

from the diagnosis until complete clearance of the blasts from

the CSF.24,25

Considering the favourable results achieved in CNS-3 pa-

tients, it is disappointing to observe the dismal outcome of

the patients with initial CNS-2 or TLP+ status and the persis-

tent leukaemic blasts in the CSF 3 d after the first lumbar

puncture. Although better than the 38% (SE 11.1%) EFS rate re-

ported for equivalent TLP++ patients in the St Jude XII experi-

ence, the 56.7% (SE 7.9%) EFS in our study is worse than that of

the CNS-3 cohort, in spite of their having received the same

intensification of CNS-directed therapy. Pui and colleagues

suggested that the particularly dismal outcome in these

TLP++ patients proceeds from the high number of leukaemic
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Pr. Jacques Otten UZ-VUB, Brussel (BE)
Dr. Marie-Francoise Dresse CHR La Citadelle, Liège (BE)
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cells introduced into the CSF. For CNS-2 patients, whose CSF

findings can be interpreted as an expression of ‘minimal

meningeal leukaemia’, it is conceivable that the persistence

of blast cells after an adequate early intrathecal therapy could

be related to a diminished sensitivity to the treatment.

The incidence of isolated CNS relapses probably provides

the best measure of the efficiency of CNS-directed therapy.

For CNS-1 patients, this incidence was 3.4% and comparable

to that of other contemporaneous studies: 4.1% in DCLSG

ALL-7, 8.4% in DFCI ALL consortium protocol 87-01 and 1.6%

in BFM 95.2,17,18,26 In our study, the cumulative incidence of

isolated CNS relapses in patients with blasts irrespective of

CSF leucocyte counts at diagnosis was higher than but not sig-

nificantly different from that of those with CNS 1 status. How-

ever, the incidence of isolated CNS relapse in our CNS-3

patients (9.3%), similar to the 11.1% in St Jude Study XV, com-

pared unfavourably with equivalent patients in BFM 95 (3.4%)

and DFCI ALL 87-01 (0%) studies, all of these having been trea-

ted with CNS-directed radiotherapy. Nevertheless, the small

discrepancy in our CNS-3 patients between the cumulative

incidence of isolated CNS relapses and that of isolated plus

combined CNS relapses confirms that the intensity of sys-

temic therapy, including the great number of HDMTX courses,

affected predominantly the marrow rather than the CNS com-

partment in this group of patients. Indeed, our results are bet-

ter than those of the BFM with regard to combined relapses

with CNS involvement (2.4% versus 9.6%) although the cumu-

lative incidence of isolated relapses was higher in our study.

Our results also confirm that L-asparaginase plays a role in

preventing CNS relapses, whatever the CNS status of patients

be in the EORTC 58 881 study. Riccardi and colleagues demon-

strated in humans that the grade of asparagine depletion,

within the CSF as an informative indicator of asparaginase ef-

fect, was dose and schedule dependent.27 CSF asparagine lev-

els inversely correlated with plasma L-asparaginase activity.

These results were confirmed by several clinical trials show-

ing that CSF asparagine levels were depleted in the majority

of patients after conventional asparaginase therapy.28,29 How-

ever, Mohgrabi and colleagues also recently observed a signif-

icantly higher CNS relapse rate for patients randomised to

Erwiniase instead of E.-coli asparaginase (6% versus 1%,

p < 0.01), when the two preparations were administrated at

the same dose (25,000 IU/m2 weekly · 20 doses), but exclu-

sively in non-irradiated patients.30 Our results, in relation

with the shorter half-life of Erwinia preparation responsible

of a lesser plasma activity, confirm that the type of asparagi-

nase affects not only the event free survival and the risk of re-

lapse as reported previously but also the type of relapse in

non-irradiated patients.12

In conclusion, our study has shown that adjusting for

other factors, the presence of blasts, whether or not associ-

ated with increased leucocyte counts in the CSF of children

with ALL, had no prognostic significance in the EORTC

58881 study, and that CNS-involvement was not associated

with an increased isolated CNS relapse rate. CNS-directed

treatment and systemic chemotherapy in CNS-2 and TLP+ pa-

tients with two consecutive spinal taps containing blast cells

require intensification. Our good results in CNS-3 patients

indicate that a strategy without radiotherapy based on inten-

sification of systemic therapy with high dose methotrexate is
valuable for such patients, even if CNS-directed therapy in

those patients needs intensification.

All these results were obtained with prednisolone during

induction. There is evidence that dexamethasone has higher

efficacy than prednisolone within the CNS compartment.31

The substitution of dexamethasone for prednisolone might

further improve the prevention of CNS relapses, just as the

intensification of asparaginase therapy whose role in CSF

therapy has indirectly been confirmed in our study. These

two hypotheses are currently tested in EORTC 58951 trial.
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