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Background and Objective. Since 1988 the AIEOP has
used BFM-based chemotherapy for childhood ALL.
Current organization and results and role of cranial
irradiation in the AIEOP-ALL 91 study are reported.  

Design and Methods. From 1991 to 1995, 1194 chil-
dren (< 15 years) with non-B ALL, were enrolled and
assigned to the standard risk [SR: age > 1 year, non-
T-ALL, BFM risk factor (RF) < 0.8], intermediate risk
(IR: RF ≥ 0.8 but < 1.7, or with RF < 0.8 and age < 1
year, or T-ALL), or high risk [HR: RF ≥ 1.7, or t(9;22),
or t(4;11) or prednisone poor response or late
response or CNS involvement] groups. All patients
received initially protocol Ia. Thereafter SR patients
received HD-MTX 2 g/m2, a modified protocol II, and
continuation therapy with triple intrathecal chemo-
therapy (TIT); IR patients received protocol Ib, HD-
MTX 5 g/m2, protocol II and continuation therapy with
TIT; HR patients received 9 polychemotherapy blocks,
cranial irradiation and continuation therapy. Duration
of treatment was 24 months. A  randomized study
was conducted to evaluate the impact of high-dose
asparaginase in non high risk patients: the results of
this study cannot be disclosed yet.

Results. One thousand one hundred and fifty-two
(96.5%) patients achieved CR. Overall EFS (SE) at 5-
years was 71.0% (1.4), with a survival of 80.3% (1.3).
Relapse occurred in 262 children (21.9%), either in
the marrow (n=192 isolated and 32 with other sites,
18.7%), in the CNS (n=18, 1.5%), or elsewhere (n=20,
1.7%). 5-year EFS (SE) was 83.3% (2.4) in SR, 74.7%
(1.8) in IR, and 39.7% (3.5) in HR groups, respec-
tively. 

Interpretation and Conclusions. Overall cure rate was
higher than in the previous AIEOP-ALL 88 study. Treat-
ment intensification with polychemotherapy blocks
did not improve results in HR. Cranial irradiation can

be safely omitted in over 80% of children treated with
BFM based chemotherapy. 
©1998, Ferrata Storti Foundation
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More than two thousand children with acute
lymphoblastic leukemia (ALL) were treated
in Associazione Italiana di Ematologia ed Oncolo-

gia Pediatrica (AIEOP) institutions in the period 1976-
1986. About 50% of all patients enrolled in the three
consecutive AIEOP-ALL studies ’76, ’79, ’82, using
non-intensive chemotherapy, survived free of disease
five or more years.1-3 In 1988 AIEOP introduced
BFM-based intensive chemotherapy, similar to the
BFM-ALL 86 study.4 This study yielded an overall 6-
year event-free-survival (EFS) of 67%, and showed
that extended intrathecal methotrexate (IT-MTX)
may  replace cranial radiotherapy (CRT) for preven-
tion of central nervous system (CNS) relapse in inter-
mediate risk (IR) ALL children treated with BFM-
based intensive chemotherapy.5

In 1991 a new study was started. The aims of this
AIEOP-ALL 91 study were to assess: a) the effect of
the addition of protracted high dose L-asparaginase
to a BFM backbone, in non high risk (HR) patients
evaluated in a prospective, randomized study; b) the
effect of extended triple intrathecal chemotherapy
(TIT) substitution for CRT in all non HR patients
(i.e. >80% of the overall patient population); c) the
clinical impact of a reduction of the treatment inten-
sity in the standard risk (SR) group and of an inten-
sification in the HR group by adopting a new thera-
peutic approach based on the experience of the BFM
studies for ALL relapses.6

In a previous paper the experience in the treatment
of IR, T-ALL patients in the AIEOP-ALL 91 study was



described, showing that CRT can be safely omitted in
patients presenting with a white blood cell count not
exceeding 100x109/L.7 In this paper the preliminary
results of the AIEOP ALL 91 study are reported.  

Materials and Methods
Patients

From March 1991 to April 1995, all untreated
patients with newly diagnosed non-B ALL, less than 15
years old, from 37 participating AIEOP Institutions
were to be centrally registered. One thousand two
hundred and sixty seven children were registered: 22
were only registered, 25 were not eligible [because of:
Down syndrome (14 pts), acute undifferentiated
leukemia (1 patient), acute myeloid leukemia (2 pts),
age more than 15 years (7 pts), antiblastic drug pre-
treatment (1 patient)]; 26 were not evaluable because
of  missing data. Thus, 1194 eligible and evaluable
patients were included in the present report. 

According to presenting features, patients were
assigned to SR, IR, or HR groups of the AIEOP-ALL 91
study. SR group included patients aged > 1 year, non-
T-ALL, with low tumor burden defined as BFM risk
factor4 [calculated as: RF= 0.2 3 log10 (blast cell
count +1) + 0.06 3 cm of palpable liver + 0.04 3 cm
of  palpable spleen] less than 0.8, who also were pred-
nisone good responders (PGR: less than 1x109/L blasts
in the peripheral blood after 7 days of steroids and
one injection of intrathecal methotrexate);4 IR group
included children with RF ≥ 0.8 but < 1.7, or with RF
<0.8 and age <1 year or T immunophenotype. HR
group included children with RF ≥1.7, or with t(9;22)
or t(4;11) clonal translocations, or prednisone poor
response (PPR), or who failed to achieve remission
after the first part of induction therapy (protocol Ia). 

CNS leukemia at diagnosis was defined as >5
mononuclear leukocytes/mm3 and blast cells in a
cytospin preparation of cerebrospinal fluid (CSF), or
the presence of clinical signs of CNS involvement.
Patients who presented with CNS involvement were
only eligible for the HR group and received addition-
al CNS directed therapy as specified below.

Diagnostic studies
From 1988 all AIEOP centers were given the oppor-

tunity to send samples from newly diagnosed patients
to the referral laboratory. 

The diagnosis of ALL was based on morphological,
cytochemical and immunophenotype criteria. All
patients had less than 3% blast cells positive for
myeloperoxidase or Sudan black and were negative to
non specific esterase according to the FAB criteria.8

Immunophenotyping was performed by flow cyto-
metry using a large panel of commercial monoclon-
al antibodies directed against the following surface
and intracellular antigens: CD1a (OKT6, Ortho),
CD3 (Leu4, Beckton Dickinson), CD4 (OKT4A,
Ortho), CD5 (Leu1, Beckton Dickinson), CD7 (3A1,
Coulter), CD10 (J5, Coulter), CD13 (My7, Coulter),

CD14 (My4, Coulter), CD15 (LeuM1, Beckton Dick-
inson), CD19 (B4, Coulter), CD20 (B1, Coulter),
CD24 (OKB2, Ortho), CD33 (My9, Coulter), CD34
(HPCA 1, Beckton Dickinson), CDw65 (Vim2, Calt-
ag), HLA DR (Ortho), IgM (m chain, Southern
Biotechnology), TdT (TdT, Supertechs). The positiv-
ity criteria were defined according to the BFM-fami-
ly criteria, using the limit of 20% for surface antigens
and 10% for intracellular markers.9

Although a prospective screening of cytogenetic
abnormalities was not mandatory, patients who were
identified as having t(4;11) or t(9;22) translocations
were only eligible for the HR group.  

Definition of remission. Complete remission (CR) was
defined as no physical signs of leukemia, no detectable
leukemic cells on the blood smears, a bone marrow
with active hemopoiesis, and <5% identifiable
leukemic blast cells, and normal CSF. Bone marrow
aspiration was examined on day 42 for evaluation of
CR. Patients who were not in CR by day 42 were
assigned to the HR group; if CR was attained after
block 1, patients were defined late responders. Patients
who did not attain CR after block 1 were considered
induction failures.

Treatment protocols
Treatment schedules are summarized in Tables 1a

(for non-HR) and 1b (for HR patients). In brief, all
patients received seven days of steroid pre-phase; pred-
nisone good response was defined as <1,000 lym-
phoblasts/mm3 after seven days of steroid (and one
injection of  IT-MTX) therapy.4 Induction therapy
included protocol Ia4 for all patients. Thereafter SR
patients received consolidation therapy with high dose
methotrexate (HD-MTX), 2 g/m2, reinduction therapy
(modified protocol II: 2 doses of doxorubicin were giv-
en instead of 4), and continuation therapy with extend-
ed TIT; IR patients received protocol Ib, consolidation
therapy with HD-MTX, 5 g/m2, reinduction therapy
(protocol II), and continuation therapy with extended
TIT; SR and IR patients were randomized to receive or
not protracted high-dose L-asparaginase (HD-L-ASP),
i.e. 25,000 IU/m2/week 3 20. HR patients received 9
blocks of intensive polychemotherapy6 followed by con-
tinuation therapy; the duration of treatment was 24
months for all patients. HR patients received CRT after
ending block therapy (given as 12 Gy if aged ≥ 1 < 2
years, or 18 Gy if older than 2 years, in 12 or 14 frac-
tions). Children with CNS leukemia at diagnosis were
only eligible for the HR group. They received 2 addi-
tional doses of TIT during protocol Ia plus CRT, given
after block therapy (18 Gy  if aged ≥ 1 < 2 years, or 24
Gy  if older than 2 years, in 12 or 14 fractions). For chil-
dren younger than 1 year by the time of irradiation,
extended TIT was substituted for CRT. For all HR
patients, except for those eligible due to PPR only, when
a matched familial donor was available, allogeneic
bone marrow transplantation (BMT) was suggested.  
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Data management 
Patient data were collected on protocol-specific

forms and reviewed before the input. The data-base
was organised by VENUS. The data center was
responsible for assigning the randomized treatment
upon request of the clinician (by phone) and check-
ing the eligibility criteria. 

Statistical analysis
The EFS and survival curves were estimated accord-

ing to Kaplan-Meier. The starting point for the obser-
vation time was the date of study entry at ALL diag-

nosis. For EFS, death during induction, induction fail-
ure (resistant disease), death in continuous CR
(CCR), and relapse or secondary malignancy, were
counted as failures. Death from any cause was con-
sidered a failure in calculating survival time. For both
analyses, the observation time was censored at last
follow-up date if no failure was observed, or if the
patient was lost to follow-up. In a sub-analysis, the
EFS observation time was censored at the date of
BMT in first CR. 

Follow-up was updated as of December 31, 1997
and thus the minimum potential observation  time
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Table 1a. Treatment schedule for non-high risk patients.

Standard risk (SR) Intermediate risk (IR)
mg/m2 day mg/m2 day

Induction
VCR 1.5 8,15,22,29 1.5 8,15,22,29
PDN 60 1-28° 60 1-28°
DNM 30 8,15,22,29 30 8,15,22,29
L-ASP 10,000°° 19,22,25,28, 10,000°° 19,22,25,28,

31,34,37,40 31,34,37,40
CPM - - 1,000 43,71
6-MP - - 60 43-70
ARA-C - - 75 45-48,52-55 

59-62,66-69
MTX it by age* 1 by age* 1
TIT by age* 15, 29 by age* 15, 29, 45,59

Consolidation
MTX iv 2,000 8,22,36,50 5,000 8,22,36,50
CF (levo) 7.5 36,42,48# 7.5 36,42,48,

54,60
TIT by age* 8,22,36,50 by age* 8,22,36,50
6-MP 25 1-56 25 1-56

Reinduction
DXM 10 1-21° 10 1-21
VCR 1.5 8,15,22,29 1.5 8,15,22,29
ADM 30 8,15 30 8,15,22,29
L-ASP 10,000°° 8,11,15,18 Random
6-TG 60 36-49 60 36-49
CPM 1,000 36 1,000 36
ARA-C 75 38-41,45-47 75 38-41,45-47
TIT by age* 38,45 by age* 38,45

Maintenance
L-ASP Random - -
6-MP 50 Daily 50 daily
MTX  im 20 weekly 20 weekly
TIT by age* q 8 weeks by age* q 8 weeks 

VCR: vincristine; PDN: prednisone; DNM: daunorubicin; L-ASP: L-asparaginase;
CPM: cyclophosphamide; 6-MP: 6-mercaptopurine; ARA-C: cytarabine; MTX:
methotrexate;  CF: citrovorum factor; DXM: dexamethasone; ADM: adriamycin; 6-
TG: 6-thioguanine; ° then tapered; °° (IU/m2);  *Age-adjusted doses of TIT were for
MTX, ARA-C and PDN respectively, as follows: <1 year 6/16/4 mg, ≥1<2 years
8/20/6 mg, ≥2<3 years 10/26/8 mg, >3 years 12/30/10 mg; **Patients with
CNS leukemia had additional TIT on days 8 and 22. Random: L-ASP 25,000 IU/m2

weekly for 20 doses: in the IR starting from reinduction week 1 and compared with
4 standard doses (10,000 IU/m2 days 8,11,15,18); in the SR starting from main-
tenance week 1 and compared versus no L-ASP; #hours after HD-MTX infusion start.  

Table 1b. Treatment schedule for high risk patients.

mg/m2 day

Protocol Ia
VCR 1.5 8,15,22,29
PDN 60 1-28°
DNM 30 8,15,22,29
L-ASP 10,000°° 19,22,25,28,

31,34,37,40
MTX it by age* 1
TIT by age* 15, 29**

Block therapy 
Block 1^

Block 2^^
Block 3^^^

Block 1^
Block 2^^

Block 3^^^
Block 1^

Block 2^^
Block 3^^^

CRT by age***

Maintenance
6-MP 50 daily
MTX  im 20 weekly
TIT -***

Induction therapy consisted of Protocol Ia and of the first Block 1;
VCR: vincristine; PDN: prednisone; DNM: daunorubicin; L-ASP: L-asparaginase;
CPM: cyclophosphamide; 6-MP: 6-mercaptopurine; ARA-C: cytarabine; MTX:
methotrexate;  CF: citrovorum factor; DXM: dexamethasone; 6-TG: 6-thiogua-
nine; CRT: cranial irradiation; °then tapered; °°(IU/m2); *Age-adjusted doses
of TIT were for MTX, ARA-C and PDN respectively, as follows: <1 year 6/16/4
mg, >1<2 years 8/20/6 mg, >2<3 years 10/26/8 mg, >3 years 12/30/10
mg; **Patients with CNS leukemia had additional TIT on days 8,22. ***CRT
was given at the following doses: age >1<2 years 12 Gys (18 Gys if CNS+ at
diagnosis); age >2 years 18 Gys (24 if CNS+); for high risk with age <1 year
extended TIT during maintenance was substituted for CRT.
^Block 1: VCR 1.5 mg/m2 days 1,8, DXM 20 mg/m2 days 1-5, 6-MP 100
mg/m2 days 1-5, MTX 5 g/m2 day 1, CF: 7.5 mg/m2 (levo) at 36, 42, 48 hrs
after MTX infusion start, ARA-C 2+2 g/m2 day 5, L-ASP 25,000 IU/m2 day 6,
TIT day 1. 
^^Block 2: Vindesine 3 mg/m2 day 1, DXM 20 mg/m2 days 1-5, 6-TG 100
mg/m2days 1-5, MTX 5 g/m2 day 1, CF 7.5 mg/m2 (levo) at 36, 42, 48 hrs
after MTX infusion start; DNM 50 mg/m2 day 5, L-ASP 25,000 IU/m2 day 5,
CPM 150 mg/m2 days 1-5, TIT day 1. 
^^^Block 3: DXM 20 mg/m2 days 1-5, ARA-C 2+2 g/m2 days 1-2, L-ASP
25,000 IU/m2 day 6, etoposide 150 mg/m2 days 3-5, TIT day 5. 



was 32 months; overall, 23 patients (1.9%) were lost
to follow-up.  The log-rank test was applied for com-
paring the outcome of different groups. The presence
of major departures from the proportional hazards
assumptions was excluded by graphical checks. Thus

the Cox regression model was applied to investigate
the prognostic role of different variables (WBC count,
age, sex, T-immunophenotype) on the EFS time.10

The analyses were carried out with the SAS package. 
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Table 2. Characteristics of the 1194 patients and their distribution in the risk groups.

SR IR HR Total
N % N % N % N %

Total 290 24.3 706 59.1 198 16.6 1194 

Sex
Male 159 54.8 381 54.0 131 66.2 671 56.2
Female 131 45.2 325 46.0 67 33.8 523 43.8

Age
< 1 year 0 0.0 12 1.7 9 4.5 21 1.8
1 - 10 years 249 85.9 596 84.4 138 69.7 983 82.3
≥10 years 41 14.1 98 13.9 51 25.8 190 15.9

WBC

< 103109/L 268 92.4 270 38.2 25 12.6 563 47.2
10<503109/L 21 7.3 323 45.8 58 29.3 402 33.7
50<1003109/L 1 0.3 60 8.5 23 11.6 84 7.0
≥1003109/L 0 0.0 53 7.5 92 46.5 145 12.1

Immunophenotype
Common 210 72.4 425 60.2 59 29.8 694 58.1
pre-B 42 14.5 129 18.3 32 16.1 203 17.0
T 0 0.0 71 10.0 73 36.9 144 12.1
AHL 26 9.0 52 7.4 18 9.1 96 8.0
pre-pre-B 12 4.1 28 4.0 16 8.1 56 4.7
AUL 0 0.0 1* 0.1 0 0.0 1 0.1

AHL = acute hybrid leukemia; AUL = acute undifferentiated leukemia; (*) patient not eligible, but erroneously randomized.

Table 3. Treatment results and status of the patients by risk group.

SR IR HR Total
N % N % N % N %

On study 290 24.3 706 59.1 198 16.6 1194 100.0
Deaths in pre-phase and in phase Ia 2 0.7 2 0.3 12 5.7 16 1.3
Lost to f-up in pre-phase and in phase Ia 1 3 0 4 0.3
Resistants after block I 22 11.3 22 1.8

CR after induction 287 99.0 701 99.3 164 82.8 1152 96.5
Relapses 41 14.1 148 21.0 73 36.9 262° 21.9

BM 29 109 54 192
BM + other 5 17 10 32
CNS 2 14 2 18
Testis 3 5 3 11
Other 2 3 4 9

Second malignant neoplasm 1* 0.3 0 0 1 0.1

Deaths in CCR 0 9 1.3 13 6.6 22# 1.8

Lost to follow-up in CCR 5 1.7 14 2.0 0 19 1.6

Alive in CCR (December 31, 1997) 240 82.8 530 75.1 78 39.4 848 71.0

*Rhabdomyosarcoma, 45 months after diagnosis; #6 of these deaths were due to transplant related events in HR patients; °8 of these relapses
occurred after BMT in first CR.

 



Results
The presenting clinical and laboratory features of

the 1,194 patients are shown in Table 2; 290 (24.3%)
patients were treated in the SR arm, 706 (59.1%) in
the IR, and 198 (16.6%), including 39 (3.3%) patients
presenting with CNS disease, in the HR arm. Median
follow-up time was 53 months.

Overall results
The overall outcome of the patients is reported in

Table 3 and Figure 1. Sixteen patients (1.3%) died
during induction therapy: 10 of infection (pneumo-
nia n=7, brain abscess n=1, septicemia n=1, varicel-
la n=1), 3 of hemorrage (DIC n=2, brain hemorrhage
n=1), 3 of cerebral leukostasis. 

Of the 1,152 (96.5%) children who achieved CR,
23 (1.9%) had an adverse event other than relapse.
Twelve died of infection: septicemia (n=6, including
one child with congenital immunodeficiency), typhli-
tis, encephalitis, varicella, pneumonia, interstitial
pneumonia, CMV enteritis (one case each); other rea-
sons were: hemolytic-uremic syndrome, respiratory
failure, cardiac arrest and cerebral hemorrhage (one
case each); 6 patients died of BMT related compli-
cations; one patient developed rhabdomyosarcoma
as  a second malignant neoplasm.  Overall EFS (SE)
at 5 years from diagnosis was 71.0% (1.4), with a
survival of 80.3% (1.3). When events (6 deaths in CR
and 8 relapses) after BMT in first CR were not
accounted for EFS, due to censoring at BMT, the esti-
mated 5-year EFS was 71.5% (1.4).  

Relapse was the most common cause of treatment
failure. It occurred in 262 children (21.9%) at a medi-
an time of 19 months after attainment of CR (range
1-65 months). Site specific relapse rates are described
in Table 3. Most of the relapses occurred in the mar-
row (192 isolated, 32 combined); isolated relapses in
the CNS and in the testes occurred in 18 and 11

patients, respectively. Further details are described in
Figures 2-4. In SR patients, 5-year EFS (SE) was
83.3% (2.4), and survival was 91.9% (1.7). Isolated
CNS relapse occurred in 2 children (0.7%), and testes
relapse in 3 (1.9% of males). In IR patients, 5-year EFS
(SE) was 74.7% (1.8); isolated CNS relapse occurred
in 14 (2.0%) children (10 during treatment); isolat-
ed CNS relapse occurred in 0.6% of the IR patients
presenting with RF <1.2; isolated testicular relapse
occurred in 5 IR children (1.3% of males). In HR
patients, 5-year EFS (SE) was 39.7% (3.5). The cor-
responding figure, when EFS was censored at BMT in
first CR, was 39.1% (3.9). Details concerning BMT in
HR patients are reported below. Isolated relapse
occurred in the CNS in 2 children (during the treat-
ment), and in the testis in 3 (one during treatment). 

The results obtained in the two arms of the ran-
domized studies of patients in the SR and IR groups
cannot be disclosed yet.   

Chromosomal abnormalities
Nineteen patients were identified as having the

t(9;22) translocation; 10 were PGR: all of them
achieved CR, 1 died in remission after BMT from a
matched unrelated donor, 2 relapsed, and 7 remain
in first CR (6 after BMT); 6 were PPR: of them only
one achieved CR and relapsed; in 3 patients pred-
nisone response was not evaluated: one was resistant
to induction therapy, one relapsed and one remains
in first CR. 

Nine patients were identified as having the t(4;11)
translocation (including 4 infants): 7 were PGR and
achieved CR: one died in remission (after BMT from
mismatched donor), 3 relapsed, and 3 remain in first
CR (one after allogeneic BMT); one was a PPR,
achieved CR and relapsed; in one patient prednisone
response was not evaluated: he died in CR after allo-
geneic BMT. 

Bone marrow transplantation
Twenty-nine HR patients underwent allogeneic

BMT in first CR: 26 from a matched familial donor
(1 from a syngeneic donor), 2 from a matched-unre-
lated donor, and one from a mismatched familial
donor; of the 26 HR patients engrafted from a
matched familial donor, 3 died, 7 relapsed, and 16
remain in first CR after a median time of 55 months
from BMT; all of the remaining three HR patients
transplanted with an alternative donor failed due to
transplant related complications. Although not rec-
ommended, two IR patients underwent BMT, one
autologous (followed by relapse) and one from a
matched familial donor (still in first CR).

Prognostic factors
As this is a large case series, it was possible to eval-

uate the role of different variables in different risk
groups. According to the univariate analyses, sex
seemed to play a prognostic role in the SR group, as
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Figure 1. Event-free-survival (SE) and survival of the 1194
children with non-B ALL treated in the AIEOP- ALL 91 study. 
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the estimated 5-year EFS (SE) was 87.8% (3.1) and
79.5% (3.4) for females and males, respectively (p
value = 0.03). Also, a significant difference in EFS was
related to age, with an estimated 5-year EFS (SE) of
87.4% (2.2) and 60.9 (8.1) for children aged 1-10
years and 10-14 years, respectively (p-value <0.001).
A Cox model was fitted to the SR group data with

regressors for sex, age and WBC count. WBC count
was not significantly related to outcome (note that,
by definition, the SR group is rather homogeneous
with respect to WBC count), while the other two vari-
ables retained their significant prognostic role. The
model estimated a 2-fold increase in the failure rate
for males with respect to females [hazard ratio = 2.1,
p value=0.03], and more than a 3-fold increase relat-
ed to older age (hazard ratio = 3.5, p value <0.001). 

In the IR group, we investigated, by applying the
Cox model, the variables WBC count and age at diag-
nosis, sex, and T immunophenotype; all of them, but
sex, were significantly related to prognosis. Specifi-
cally, children with WBC count >1003109/L had
about a 2-fold increase (hazard ratio = 2.2, p value
<0.002) of the failure rate with respect to children
with WBC count <103109/L; their outcome was not
significantly worse than that of children with inter-
mediate tumor burden (103109/L <WBC
<1003109/L). Both groups of children aged 1-10
years and 10-14 years had a better prognosis than
infants, but only for the younger group was the dif-
ference significant (hazard ratio = 0.38, p val-
ue=0.03). T-cell leukemia had the worst prognosis,
with a more than 2-fold increase of the failure rate
(hazard ratio = 2.6, p value<0.001). However, as not-
ed in a recent specific paper, which was based on a
joint work with the BFM group,7 the prognosis of T-
cell leukemia patients was significantly different
according to the related tumor burden: the results of
the Cox model on this updated data set still indicat-
ed that there is a significant interaction (p val-
ue<0.001) between these two variables. 
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Figure 2. Event-free-survival (SE) of the 290 children treat-
ed in the standard risk group.

Figure 4. Event-free-survival (SE) of the 198 children treat-
ed in the high risk group. 

Figure 3. Event-free-survival (SE) of the 706 children treat-
ed in the intermediate risk group.



Discussion
The overall results achieved by the AIEOP-ALL 91

study are comparable to those obtained by major
international pediatric oncology groups, with an
improvement of about 5% in the 5-year EFS with
respect to the previous study AIEOP-ALL 88.5 When
evaluating these results it should be taken into
account that, given the number of patients enrolled,
a positive selection of patients can be safely exclud-
ed. In fact, this study recruited about 90% of the chil-
dren with newly diagnosed ALL expected in Italy dur-
ing the study period. Interestingly, the results are also
quite similar in the 37 participating centers, proba-
bly due to the learning effect, as application of inten-
sive, BFM-based chemotherapy, continues on a
national basis. This is also reflected in the trend of the
HR group experience. The incidence of treatment-
related mortality in these patients was 18% in the
subset of patients recruited during the first 13
months versus 6% observed in the patients recruited
later on. Interestingly this change was not dependent
on any significant modification in treatment sched-
ule or supportive measures.  

Results obtained in the SR group (5-year EFS in the
range of 80%) are slightly lower than expected.
Although a fraction of SR patients who underwent
this treatment can still be rescued by second line
treatments, these data suggest that selection of
patients and reduction of treatment intensity for
childhood SR-ALL should be applied with great cau-
tion. In the current AIEOP-ALL 95 study, SR patients
are selected not only according to the tumor burden,
but also based on favorable biological features, such
as high DNA content and early response to treat-
ment. The IR group, including about 60% of the
patients, achieved over 70% EFS. A subanalysis per-
formed on patients with lower tumor burden (i.e. RF
between 0.8 and 1.2) confirmed that CRT may be
safely replaced by extended TIT as reported for the
AIEOP-ALL 88 study.5 Conversely, as previously
reported in a joint AIEOP-BFM study, IR patients
with T-ALL and higher leukocyte count (who account
for only 1% of the total population) may require CRT,
as currently given in the AIEOP-ALL 95 study, to
achieve optimal results.7

In the attempt to improve the cure rate of HR ALL,
chemotherapy in the AIEOP-ALL 91 study was inten-
sified compared to that given in the previous AIEOP-
ALL 88 study and was based on the block-therapy
used in the BFM ALL 90 study,11 derived from the
BFM REZ study for relapsed ALL.6 This therapeutic
effort was associated with severe toxicity and pro-
longed hospitalization. Nonetheless, due to an excess
of marrow relapses, unsatisfactory results were
obtained. This treatment did not improve results
obtained in the HR arm of the previous AIEOP-ALL
88 study with conventional BFM chemotherapy, sug-
gesting that intensive intermittent therapy may be less
effective than conventional BFM consolidation and

reinduction treatment. Based on this experience in
the current AIEOP-ALL 95 study the HR patients are
given a more traditional BFM backbone therapy with
the introduction of the repeated protocol II,13 simi-
larly to the current CCG strategy.12 In this setting
also BMT resulted of limited benefit on the overall
outcome of HR group patients. This can be attrib-
uted partly to the fact that only a minority of HR
patients have the chance to undergo matched famil-
ial donor BMT in first CR. A second reason may be
that the benefit becomes smaller with longer intervals
between diagnosis and time of BMT procedure. Oth-
er aspects of interest regard research issues and the
organizational aspects achieved in this study. Besides
the already mentioned role of CRT,7 studies have
been conducted on asparagine depletion,14 the prog-
nostic value of early marrow response15 and of expres-
sion of myeloid markers,16 and clinical and biological
effects associated with the use of Erwinia L-asparag-
inase.17-19

The organizational setting of this study allowed
central confirmation of diagnosis in over 90% of cas-
es and storage of biological material from 65% of
cases in the central repository for further investiga-
tions. This provided the basis for the current study
95, in which  prospective screening is performed suc-
cessfully for t(4;11) and t(9;22) clonal translocations
in 90% and for DNA content in 95% of the patients.
Such excellent compliance and results not only define
a high quality of diagnosis of ALL, but also provide
opportunities for further research. Prompt availabil-
ity of such a large number of ALL cases, prospective-
ly followed, allows the group to test, timely and prop-
erly, new hypotheses raised in this field, as recently
occurred for the t(12;21) translocation.20 This set-
ting allows the group to participate in large inter-
group studies, which are necessary to investigate
small subsets of childhood ALL, and thus to make
further progress in this field. The ongoing AIEOP-ALL
95 study has been designed in the frame of the Inter-
national BFM Study Group (I-BFM-SG), to explore in
a prospective randomized intergroup trial the role of
vincristine + dexamethasone pulses during continua-
tion therapy for intermediate risk ALL, with the sup-
port of prospective meta-analysis.21 In the same set-
ting, the role of allogeneic BMT from a sibling donor
for a selected subgroup of high risk patients in first
remission is also being assessed. 

Appendix
The following institutions enrolled patients in the

AIEOP-ALL 91 study:
• Ancona, Clinica Pediatrica (Dr. L. Felici, Dr. P. Pierani); 
• Ancona, Divisione di Pediatria (Prof. G. Caramia, Dr.

Iorini); 
• Bari, Clinica Pediatrica I (Prof. F. Schettini, Dr. N. San-

toro);
• Bari, Clinica  Pediatrica II (Prof. N. Rigillo, Dr.ssa S.

Bagnulo); 
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• Bergamo, Div. Pediatria (Prof. F. Bergonzi, Dr. P.E.
Cornelli), Ematologia (Prof. T. Barbui). 

• Bologna, Clinica Pediatrica (Prof. G. Paolucci, Dr. A.
Pession, Dr. R. Rondelli); 

• Bologna, Divisione di Pediatria, Ospedale Maggiore
(Prof. G. Ambrosioni);

• Brescia, Clinica Pediatrica (Prof. A.G. Ugazio, Dr. A.
Arrighini); 

• Cagliari, Servizio di Oncoematologia Pediatrica (Prof.
P.F. Biddau, Dr.ssa R. Mura); 

• Catania, Divisione di Onco-Ematologia Pediatrica (Prof.
G. Schilirò, Dr. L. Lo Nigro); 

• Catanzaro, Div. di Ematologia (Prof. S. Magro, Dr.ssa
C. Consarino); 

• Firenze, Ospedale Meyer, Dipartimento di Pediatria,
U.O. Oncoematologia Pediatrica (Prof.ssa G. Bernini,
Dr.ssa A. Lippi); 

• Genova, Ist. "G.Gaslini" (Prof. P.G. Mori, Dr.ssa C.
Micalizzi); 

• Genova Galliera (Prof. A. Rasore Quartino, Dr. M.
Cominetti);

• Modena, Clinica Pediatrica (Prof.ssa F. Massolo, Dr.ssa
M. Cellini); 

• Monza, Clinica Pediatrica (Prof. G. Masera, Dr. V. Con-
ter, Dr. C. Rizzari, Dr. M. Jankovic); 

• Napoli, Ospedale Pausilipon (Prof. V. Poggi, Dr.ssa
M.F. Pintà Boccalatte); 

• Napoli, II Università, Dipartimento di Pediatria, Servizio
Autonomo di Oncologia Pediatrica, (Prof.ssa M.T. Di
Tullio, Dr.ssa F. Casale, Dr.ssa A. Murano); 

• Napoli, Clinica Pediatrica II (Prof. S. Auricchio, Dr. A.
Fiorillo, Dr.ssa R. Migliorati);

• Napoli, Ospedale SS. Annunziata (Prof. F. Tancredi,
Dr. A. Correra); 

• Padova, Clinica Pediatrica II (Prof. L. Zanesco, Dr.ssa C.
Messina); 

• Palermo, Clinica Pediatrica I (Prof.ssa M. Lo Curto,
Dr.ssa G. Fugardi); 

• Parma, Clinica Pediatrica (Dr. G. Izzi, Dr.ssa P. Bertoli-
ni); 

• Pavia, Clinica Pediatrica (Prof.ssa F. Severi, Dr. M.
Aricò); 

• Perugia, Divisione di Oncoematologia Pediatrica,
Ospedale  Silvestrini (Dr. A. Amici, Dr. P. Zucchetti); 

• Pescara, Divisione di Ematologia (Dr. A. Di Marzio, Dr.
R. Di Lorenzo, Prof. G. Torlontano); 

• Pisa, Clinica Pediatrica III (Prof. P. Macchia, Dr. C.
Favre);

• Reggio Calabria, Divisione di Ematologia, Ospedali Riu-
niti (Prof. F. Nobile, Dr.ssa M.Comis); 

• Roma, Divisione di Ematologia Pediatrica, Ospedale
"Bambino Gesù" (Prof. G. De Rossi, Dr. C. Miano); 

• Roma, Cattedra di Ematologia (Prof. F.Mandelli, Dr.ssa
A.M. Testi); 

• Roma, Clinica Pediatrica (Prof. G. Multari, Dr.ssa B.
Werner); 

• S.Giovanni Rotondo, Ospedale "Casa Sollievo della Sof-
ferenza", Divisione di Pediatria, Sezione di Ematologia
ed Oncologia Pediatrica (Prof. M. Carotenuto, Dr. S.
Ladogana); 

• Sassari, Clinica Pediatrica (Prof. D. Gallisai, Dr. C. Cos-
mi); 

• Siena, Clinica Pediatrica (Prof. G. Morgese, Dr. A.
Acquaviva, Dr. A. D’Ambrosio); 

• Torino, Clinica Pediatrica (Prof. E. Madon, Prof. R.
Miniero, Dr.ssa E.Barisone, Prof. G.Basso); 

• Trieste, Clinica Pediatrica (Prof. P. Tamaro, Dr. G.A.
Zanazzo); 

• Varese, Clinica Pediatrica (Prof. L. Nespoli, Dr.ssa S.
Binda); 

• Verona, Clinica  Pediatrica (Prof. L. Tatò, Dr. Marradi).
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