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Background and Objectives. To evaluate the impact of
early and delayed consolidation chemotherapy on the
outcome of children with acute lymphoblastic leukemia
(ALL) stratified according to risk groups.

Design and Methods. From 1989 to 1994, 195 children
(<15 years old) diagnosed as having ALL (ALL-L3 exclud-
ed) in 15 Spanish hospitals entered the prospective, ran-
domized PETHEMA ALL-89 trial. Patients were stratified
into low-risk (LR), intermediate-risk (IR) and high-risk
(HR) groups according to their initial features and the rate
of response to induction therapy. LR-ALL patients were
randomized to receive or not early consolidation
chemotherapy (C-1). After receiving C-1, IR patients were
randomized to receive or not delayed consolidation
chemotherapy (C-2). HR patients received C-1 and C-2
chemotherapy. Standard maintenance chemotherapy was
administered to all patients for 2 years. High doses of
intravenous methotrexate and 12 triple intrathecal dos-
es were given as prophylaxis against central nervous sys-
tem (CNS) disease.

Results. The mean (and standard deviation) age was 6
(4) years and 120 patients were males. Fourteen patients
had early pre-B-ALL, 149 common or pre-B-ALL, and 32
T-ALL. Complete remission (CR) was attained in 189
patients (97%), 11 of whom (6%) had a slow response.
Risk group stratification after CR was: LR 89, IR 50 and
HR 56 patients (including a subset of 26 patients at very
high risk). Ten-year event-free survival (EFS) and overall
survival (OS) probabilities for the whole series were 58%
(95% Cl: 52-64%) and 69% (61-77), respectively, with
a median follow-up of 8.7 years. Dividing the patients
according to risk group, the 10-year EFS and OS proba-
bilities in the LR group were 71% (63-79) and 86% (80-
92), respectively; in the IR group 69% (57-81) and 76%
(64-88), respectively, and in the HR group 30% (18-42)
and 44% (32-57), respectively. For LR patients receiving
C-1, EFS and OS were 79% (57-92) and 90% (82-98),
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respectively, versus 62% (48-76) and 66% (51-81) in
patients not receiving C-1 (p=0.06). For IR patients, EFS
and OS were significantly improved in those receiving
early and delayed consolidation (EFS 87% (74-88) vs.
52% (41-70), and OS 92% (87-97) vs. 61% (51-
71)(p=0.036). Prognostic factors for EFS identified in
multivariable analyses were: age >10 years in the LR
group (OR 3.5, 95% Cl 1.3-9.5, p=0.01), and treatment
with C-2 in IR patients (OR 5.0, 95% Cl 1.4-17.8,
p=0.01). The CNS relapse rate was 4% for all the series
(including the HR subset). Tolerance to treatment was
good.

Interpretation and Conclusions. In this study, early con-
solidation seemed to improve the prognosis of children
with LR-ALL, but differences in EFS were not significant.
Delayed consolidation had a favorable influence on the
outcome of IR-ALL. CNS preventive treatment without cra-
nial irradiation was effective in all the groups of ALL
patients.
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lymphoblastic leukemia (ALL) receiving mod-

ern forms of chemotherapy are cured. Strate-
gies contributing to achieve these results include
stratification of patients according to prognostic fac-
tors and risk-based intensification of therapy. In par-
ticular, patients with higher risk of relapse have ben-
efited from intensified induction and consolidation
treatments'-¢ but there is evidence that intensifica-
tion of basic therapy is also beneficial to children

Between 70% and 80% of children with acute
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with low or standard risk ALL.7-1t

On the other hand, it is known that a subset of ALL
patients may be cured with less intensive therapy
regimens than those commonly used in protocols over
the last decade and probably with fewer complica-
tions.2 Concerns about long-term toxic effects of
therapy have led to a reduction in or elimination of
more toxic treatments such as anthracyclines,*® or
epipodophyllotoxins'# and the preventive use of cra-
nial radiotherapy, while maintaining the same ther-
apeutic efficacy. In particular, a 25% decrease in the
dose of daunorubicin and a reduction in the dose of
cranial irradiation from 1800 cGy to 1200 cGy did
not result in an increased rate of systemic or central
nervous system (CNS) relapses in the ALL-BFM 90 tri-
al.1> Concern that cranial irradiation could cause late
neurologic sequelae and brain tumors stimulated
efforts to replace this modality of treatment with
extended intrathecal and intensive systemic
chemotherapy administered in the early phase of
therapy. Since the late seventies several studies,
including the PETHEMA trials, have shown that cra-
nial irradiation can be replaced by intrathecal
chemotherapy with the same efficacy and fewer late
toxic effects.8.16-23

The objective of this study was to report the long-
term results of the PETHEMA ALL 89 trial, the main
aims of which were: 1) a prospective evaluation of the
impact of early consolidation therapy after a pro-
longed induction treatment on the long-term out-
come of children with ALL stratified in the low-risk
(LR) subset; 2) a prospective evaluation of the impact
of a second delayed consolidation therapy on the
long-term outcome of children classified in the inter-
mediate-risk (IR) group, and 3) to confirm the effica-
cy of a preventive CNS treatment consisting of 3 high
doses of i.v. methotrexate (MTX) and 12 intrathecal
triple chemotherapy doses given over the first year
of treatment.

Design and Methods

Patients and diagnostic criteria

From June 1989 to November 1994, 195 previous-
ly untreated children (age equal to or lower than 15
years) with ALL from 15 Spanish centers were
prospectively included in the PETHEMA (Programa
para el Estudio y Tratamiento de las Hemopatias
Malignas, Spanish Society of Haematology) ALL-89
protocol. The diagnosis of ALL was made according to
morphologic (FAB classification)?*2> and immunolog-
ic criteria. Bone marrow and peripheral blood speci-
mens were stained by standard techniques, including
May-Griinwald-Giemsa stain, periodic acid Schiff
reagent, myeloperoxidase, acid phosphatase, and

naphthol ASD acetate stearase. Immunologic study
was performed by flow cytometry using a panel of
monoclonal antibodies labeled with fluorescein isoth-
iocyanate or phycoerythrin reactive with lymphoid and
myeloid antigens (CD1, CD2, cCD3, CD3, CD4, CD5,
CD7, CD8, CD10, CD19, CD22, CD13, CD14, CD33,
CD34, anti-myeloperoxidase and HLA-DR). In addition,
TdT, slg and intracytoplasmatic p chains (u Ic) were
investigated by immunofluorescence techniques. The
criterion for marker positivity was expression of the
antigen by at least 20% of the leukemic blast popu-
lation. Four immunologic subtypes of ALL were con-
sidered: early pre-B (CD19+, CD 10-, intracytoplasmic
M chain [J Ic]-), common (CD19+, CD20*-, CD10*, u
Ic IC-), pre-B (CD19+, CD20*-, CD10*-, m IC*), and T-
ALL (CD7+, cCD3*, CD5*-, CD2*-, CD1*-). No T-ALL
subtypes were considered. The presence of myeloid
antigens was not evaluated. Cytogenetic studies were
performed in 105 of 195 patients. Specimens were
processed using direct methods and unstimulated
short-term (24- and 48-hour) cultures. G-banding
was performed. A minimum of 20 bone marrow
metaphase cells was required for evaluation in each
patient.? Patients with prior malignancy, previous
treatment for ALL, ALL-L3 morphology, surface mem-
brane immunoglobulin expression or heart, kidney or
liver failure not due to ALL were excluded from the
protocol. Parents or legal guardians of patients pro-
vided informed consent.

Definitions of risk groups

Risk groups were assessed according to the follow-
ing score based on clinical, phenotypic and cytogenet-
ic data: age (<1 year 3 points, 1-9 years 0 points, 10-
15 years 2 points), WBC count (>50x10%L 3 points, 20-
49x109/L 1 point, <19x10%L 0 points), tumor masses
(spleen >5 cm below the costal margin, and/or, liver >5
cm and/or lymph nodes >3 cm, and /or, mediastinal
mass, and/or, other masses 1 point), CNS infiltration (3
points), surface markers (early pre-B 3 points, T 2 points,
pre-B 1 point) and cytogenetics (t(9;22), t(4;11) or
t(1;19) 5 points each). Patients were included in the
low-risk (LR) group if the score was 0-2, in the inter-
mediate-risk (IR) group if the score was 3-4, and in the
high-risk (HR) group if the score was equal to or high-
er than 5. The HR group included a subset of very high-
risk (VHR) patients: infants, those with t(9;22), t(4;11)
or 1123 rearrangements, and poor or low response to
induction treatment. Because of the small number of
patients included, this VHR subset was not separately
evaluated.

Treatment schedule and response criteria
The treatment of ALL is shown in Table 1. Briefly,
induction treatment included a 5-week conventional
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Table 1. PETHEMA ALL-89. Chemotherapy schedule.

Phase Week Route Dose Days
number
Induction-1 (I-1)
Vincristing 14 v 15mg/m& 181522
Daunorubicin 1-4 v 30mg/m? 18,1522
Prednisolone 1-4 IV/PO 60mg/m? 1-28
5 /PO 30mg/m2 29-33
5-6 IV/PO 15mg/m? 34-38
L-asparaginase 34 IV/SC  10,0001U/m2 16-20, 23-27
Cyclophosphamide 5 v 1,000mg/m? 36
Induction-2 (I-2)
Methotrexate 911,13 IV(24h) 3g/m? 11529
Mercaptopurine 7-13 PO 25mg/m? 1-42
CNS prophylaxis
Methotrexate 1491113 T 15mg*
1,28,63,77,91,
147,21,25,29,33, 175,203,231,
37,4145 259,287,315
Cytosine arabinoside idem T 30mg* idem
Hydrocortisone idem I 20mg* idem
Consolidation-1 (C-1)
Vincristine 15-17 v 1.5mg/m& 18,15
Daunorubicin 15-16 v 30mg/m? 18
Dexamethasone 15-16 IV/PO 10mg/m2 1-14
17 IV/PO 5mg/m? 1521
L-asparaginase 15-16 V/IM 10,000IU/m2  2-4,8-10
Cyclophosphamide 18 v 1,000mg/m? 22
Teniposide 20-21 v 150mg/m> 3643
Cytosine arabinosice 20-21 v 300mg/mz 3643
Delayed intensificaction (C-2)
Vindesine 24-25 v 3mg/m2v 18
Mitoxanthrone 24-25 v 10mg/m? 18
Prednisolone 24-28 IV/PO 60mg/m? 1-22
28 NV/PO 30mg/m2 23-26
28 IV/PO 15mg/m? 27-29
L-asparaginase 24-25 IV/IM 20,0001U/m2 29
Cyclophosphamide 27 v 600mg/m? 22
Teniposide 2829 v 150mg/mz 29,36
Cytosine arabinoside 28-29 v 300mg/m? 29,36

Maintenance (until 24 mo. from diagnosis)°®
Mercaptopurine 23104 PO
Methotrexate 23-104 IM

60mg/m? daily
15mg/m? weekly

*Doses were adjusted in children under 3 years. °Maintenance therapy was dis-
continued from weeks 24 to 28 in patients who received delayed intensification
therapy. éMaximum dose 2 mg. “Maximum dose 4 mg.

therapy with vincristine, prednisone, L-asparaginase,
daunorubicin and cyclophosphamide (induction-1 or
I-1-phase). Patients in complete remission (CR) after
the I-1 phase received three cycles of high-dose
methotrexate (with leucovorin rescue, 30mg/m2every
6 h from 12 h after the end of methotrexate until
serum methotrexate levels were below 0.2 pumol/L)
and oral mercaptopurine (induction-2 or I-2 phase).
Central nervous system prophylaxis consisted of 12
doses of intrathecal chemotherapy with methotrexate,
cytosine arabinoside and hydrocortisone at an age-
related dosage beginning during the I-1 phase and
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given throughout the first year of treatment in addi-
tion to the three cycles of high-dose intravenous
methotrexate given in the -2 phase. Early consolida-
tion therapy (C-1) consisted of one 7-week cycle
including the same cytotoxic drugs used in the I-1
phase plus teniposide and cytosine arabinoside; pred-
nisone was replaced by dexamethasone. Delayed con-
solidation chemotherapy (C-2) consisted of one 6-
week cycle with the same cytotoxic drugs included in
the 1-1 phase plus teniposide and cytosine arabi-
noside; vincristine was replaced by vindesine and
daunorubicin by mitoxanthrone (Table 1). This chemo-
therapy was administered to patients remaining 5
months in complete remission. Maintenance
chemotherapy consisted of daily mercaptopurine and
weekly methotrexate until two years after diagnosis.
Consequently, the total duration of treatment was 24
months. Bone marrow examination was performed
prior to each cycle of chemotherapy and every 6
months during maintenance chemotherapy. Testicular
biopsies were not required at the end of therapy but
were performed in some centers. Hospitalization, pro-
phylaxis and management of infections and transfu-
sion policy were prescribed according to the specific
policy of each participating hospital.

Low-risk ALL patients received I-1 and I-2 cycles
and were randomized to receive C-1 followed by
maintenance therapy or only maintenance therapy.
For IR patients, after I-1, -2 and C-1 cycles, a ran-
domization between C-2 plus maintenance or main-
tenance alone was made. Finally, HR patients received
I-1,1-2, C-1, C-2 and maintenance therapy.

A death that occurred before response to therapy
could be established was considered an early death
(ED). Patients were considered to be in CR when all the
extramedullary disease had resolved, neutrophil count
was higher than 1.5x109/L, platelet count was higher
than 100x10°%L, there were no blast cells in blood and
bone marrow cellularity was normal with trilineage
hematopoiesis and less than 5% immature cells. Two
response patterns were considered: slow, defined as
the presence of peripheral blood blast cells (PBBC) on
the 8t day of therapy or >10% blast cells in the bone
marrow aspirate performed on day 14 of treatment,
and fast, defined as the absence of PBBC on the 8t day
and < 10% BM blast cells (BMBC) on day 14. Patients
from the LR or IR groups with slow response to ther-
apy were included and treated as HR patients. Relapse
was defined as the reappearance of more than 10%
leukemic cells in bone marrow aspirates or extra-
medullary leukemia in patients with a previously doc-
umented CR. Event-free survival (EFS) was defined as
the time elapsed between diagnosis and relapse (bone
marrow or extramedullary) or death from any cause or
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last follow-up while alive in first CR. Overall survival
(OS) was measured from the time of entry into the
protocol to the time of death or last follow-up.
Although there was no provision in the protocol for
stem cell transplantation (SCT) in any group, patients
undergoing SCT were censored from analysis of EFS
and OS at the time of SCT. All relapse and survival data
were updated on December 15, 2000 and all follow-
up data were censored at this point.

Patients were registered by telephone to the PETHE-
MA registration center before treatment and PETHE-
MA central data management personnel were respon-
sible for quality assurance of all clinical data. Eligibil-
ity criteria, treatment, response and toxicity were
evaluated by the chairmen of the study (JJO and JMR).
Randomization was performed by a telephone call to
the PETHEMA registration center. During the time the
protocol was active, a meeting with the participating
physicians was held every six months to solve prob-
lems and update results. Simultaneously, a similar tri-
al was performed in adults with ALL.2

Parameters evaluated

The following initial parameters were recorded in
each patient: age, sex, lymphadenopathy, organome-
galies, mediastinal mass, CNS or testicular involve-
ment at diagnosis, Hb, WBC and platelet counts, main
biochemical parameters including liver function tests
(AST, ALT, alkaline phosphatase and gammaglutamyl-
transpeptidase), serum albumin and serum lactode-
hydrogenase (LDH) levels, as well as morphologic (ALL,
L1, ALL L2), immunologic (early pre-B, common, pre-
B and T) subtypes of ALL and cytogenetic findings. In
addition, the response pattern (slow or fast), CR
attainment, EFS, OS and CNS relapse were evaluated.

Statistical methods

A descriptive statistical study (mean, standard devi-
ation, median, range) was performed. First, bivariate
tests (Student’s t-test, Mann-Whitney U test, when
appropriate) were used to compare quantitative vari-
ables and the x2 or Fisher’s exact test and analysis of
variance to assess differences in proportions. Actuar-
ial curves for EFS and OS were plotted according to
the Kaplan-Meier method? and compared by the log-
rank test.2® Survival analyses and comparisons were
performed on an intention-to treat basis. The statis-
tically significant (p<0.05) variables or those with bor-
derline significance (0.05<p<0.1) identified in uni-
variate studies were included in multivariate analyses.
A logistic regression model was used to identify pre-
dictive factors for CR attainment, whereas multivari-
ate analyses for EFS and OS were performed using
Cox’s proportional hazards regression model.3° In mul-
tivariate analyses, C-1 and C-2 were introduced as

time-dependent variables. Ninety-five percent confi-
dence intervals (95% CI) for probabilities and median
survival times were calculated.! The significance lev-
el was fixed at p=0.05 and all p values are two-sided
unless otherwise stated. Statistical analyses were car-
ried out using the SPSS (Statistical Package for Social
Sciences) package, version 9.0 for Windows.

Results

Patient accrual

From June 1989 to June 1994, 205 patients from
15 Spanish hospitals were entered in the PETHEMA
ALL-89 protocol. Ten patients were excluded from the
study. Causes of exclusion were previous treatment of
ALL (2 cases), age higher than 15 years (1 case), ALL
L3 (2 cases), and lymphoblastic lymphoma without a
leukemic phase (5 cases). Thus, 195 patients were eli-
gible and evaluable for this report.

Patients’ characteristics

The 195 patients had a mean (SD) age of 6 (4)
years, with a median age of 6 (range 1-15) years.
There were 120 boys (61%) and 75 girls (39%). Sev-
enty-two patients (38%) had lymphadenopathies,
122 (62%) hepatomegaly and 116 (60%) spleno-
megaly. A mediastinal mass was present in 20 (10%)
cases. CNS disease was present at diagnosis in 4 cas-
es and testicular infiltration in 1. Mean (SD) values for
hemoglobin, leukocyte and platelet counts were 86
(29) g/L, 43 (81)x10%L (range 1-702) and 85
(89)x109/L, respectively. Anemia was present in 169
(87%) patients and in 43 patients (22%) WBC count
was >50x10%L. One hundred and nine (56%) cases
were ALL-L1, and 86 (44%) ALL-L2. The distribution
of immunologic subtypes was 14 early pre-B-ALL cas-
es (7%), 147 common-+pre-B-ALL (76%) and 32 T-ALL
(17%). Cytogenetic study was performed in 105 cas-
es, but was not evaluable in 26 due to the lack of
metaphases. Because of the low number of valid cas-
es, the results of cytogenetic analysis were not tak-
en into account in the analysis of response to thera-
py and prognosis. According to the initial features
101 patients were included in the LR group, 53 in the
IR group and 41 in the HR group. Twelve patients
from the LR group and 3 from the IR were moved to
the HR group because of slow response assessed on
day 14 of induction treatment.

Table 2 shows the comparison of the main clinical
and biological characteristics among patients of the
three risk groups in their final distribution; 89 patients
(46%6) were assigned to the LR group, 50 (26%) to the
IR and 56 (28%) to the HR group (including a subset of
26 very HR patients). Fifteen patients in this HR group
corresponded to slow responders from the other groups.
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Table 2. Comparison of the main clinical and biological char-
acteristics in the three risk groups of patients in their final
distribution.

Table 3. Comparison of the main clinical and biological char-
acteristics among the randomization groups of low-risk and
intermediate-risk patients.

; ) Parameter Low-risk  Intermediate-risk
Parameter Low Intermediate High p No C-1 c1 No C-2 c2
(N=89) (N=50) (N=56) (N=45) (N=44) (N=26) (N=24)
Age* 6(3) 7(4) 74 NS Age* 6(3) 6(3) 7(4) 7(4)
Sex (M/F) 49/40 29721 42/14 0.047 Gender (M/F) 29/16 24/20  16/10  13/11
Lymphadenopathy 14 22 34 NS Lymphadenopathy 9 10 15 6
Hepatomegaly 43 3 40 NS Hepatomegaly 21 2 20 19
Splenomegaly 40 38 38 NS Splenomegaly 18 2 2 16
Mediastinal mass 0 2 18 0.000 Mediastinal mass 0 0 1 1
Hemoglobin (g/L)* 80 (24) 85(32) 98 (28) 0.001 Hemoglobin (g/L)* 81 (24) 80 (25) 80(36) 80(27)
WBC (x10°/L)* 9(9) 47 (69) 94 (118) 0.000 WBC (x102/L)* 11(10) 8(9) 60(86)  33(41)
Platelets (x109/L)* 95 (89) 81 (103) 71(77) NS Platelets (x10%/L)* 90 (84) 99 (94) 66(76) 99 (127)
Albumin (g/L)* 32(6) 33(7) 31(8) NS Albumin (g/L)* 32(7) 31(7) 310/ 320
LDH (/L) 990 (1,060) 1,611 (1,940) 1,997 (2,126) 0.002 LDH (1U/L)* 1,075 (1,274) 900 (878) 1,219 (918) 2,078 (2,653)
ALLLL/2 s2/31 30/20 21129 NS ALLLL/L2 24121 28/16  14/12  16/8
Early pre-B 3 8 3 0.000 Early pre-B 1 2 6 2
Common+pre-B 81 40 26 Common+pre-B ) 39 19 21
T 3 2 27 T 2 1 1 1
Cytogenetics (no. cases) 40 29 36 NS i
Nomal 1 s 13 Cﬂﬁgprﬁglcs (no. cases) gz éB [114 %5
Hyperdiploidy >50 6 4 1 Hyperdiploidy >50 2 4 2 2
Hyperdiploidy 47-50 5 2 4 Hyperdiploidy 47-50 3 2 1 1
Hypodiploidy 3 1 8 Hypodiploidy 2 1 1 0
Pseudodiploidy 4 3 4 Pseudodiploidy 3 0 1 2
No metaphases 8 7 u No metaphases 4 4 5 3

*Expressed as mean (SD). **1(9;22): 2 cases, t(4;11): 1 case, 11923
rearrangement: 1 case.

No differences were observed among the subgroups of
randomization within the LR and IR groups (Table 3).

Results of therapy

Overall results. No therapy-related deaths were
recorded in the induction phase in the 195 evaluable
patients and 189 (97%) achieved CR. As previously
mentioned 12 patients from the LR group and 3 from
the IR group showed a slow response to therapy and
were included in and treated as the HR group. Six
patients, all of them classified in the HR group, did
not attain CR after the I-1 phase. No significant tox-
icity was observed during |-2 therapy. One patient
from the IR group relapsed before receiving C-1 and
could not be further randomized, whereas all the
remaining patients of the LR and IR groups were ran-
domized. With a median follow-up of 104 months
(range 69 to 131), 10-year OS probability was 69%
(95% CI 54-66%) and 10-year EFS probability was
58% (95% Cl 52-64) (Figure 1). The results of thera-
py did not differ significantly between the LR and IR
groups of patients (10-year EFS 71% (95% CI 63-79)
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*Expressed as mean (SD).

vs. 69% (57-81), 10-year OS 86% (80-92) vs. 76%
(64-88), whereas HR patients showed the poorest
survival (10-year EFS 30% (18-42), 10-year OS 44%
(32-57) (Table 4 and Figure 2). CNS relapse rate was
4% and did not differ among the risk subgroups. The
high rate of testicular relapses (at least 8.3%) in this
study was mainly due to the infiltrates observed in
testicular biopsies performed in some centers at the
end of therapy (overt testicular relapses 3 cases,
occult testicular relapse 7 cases in 45 male patients
in whom testicular biopsy was peformed). All of these
patients received additional local and systemic ther-
apy and remained alive in continuous hematologic
remission. The favorable outcome in these patients
may explain, at least in part, the differences between
EFS and OS probabilities.

Results of therapy in the randomized groups. Table
4 summarizes the main results of the PETHEMA ALL-
89 protocol in the different therapy subgroups. For LR
ALL patients, the EFS and OS of those randomized to
C-1 were better than those of patients who did not
receive consolidation (79% vs. 62% and 90% vs.
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Figure 1. Actuarial curve for event-free survival (EFS) for
the whole series.
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Figure 3. Event-free survival curves for low-risk patients
according to randomization of early consolidation (C-1).

66%, respectively) although the difference had bor-
derline statistical significance (p=0.06) (Figure 3). For
patients in the IR group there was a significant
advantage in both EFS and OS for patients random-
ized to C-2 (Figure 4): 87% (74-98) EFS and 92%
(87-97) OS for patients receiving C-2 versus 52% (41-
70) and 61% (51-71), respectively, for patients not
receiving C-2; the difference was statistically signif-
icant (p=0.006 for both EFS and 0S).
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Figure 2. Event-free survival curves according to the three
risk groups.
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Figure 4. Event-free survival curves for intermediate-risk
patients according to randomization of delayed consolida-
tion (C-2).

Prognostic factors

Because of the high CR rate, prognostic factors for
CR could not be studied. Table 5 shows the prognos-
tic factors for EFS and OS in the different risk groups.
For patients in the LR group, age >10 years and ear-
ly pre-B phenotype were significant risk factors for
EFS. Treatment with C-2 was the only prognostic vari-
able for EFS and OS in IR ALL children.
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Table 4. Results of therapy in the different treatment sub-
groups.

Low-risk Intermediate-risk High-risk

NoCl Gl NoC2  C2
(N=45)  (N=44) (N=24) (N=24) (N=51)

Toxic death 1t CR 1 0 0 0 0
Withdrawal 0 0 0 1t 2%8
Relapses 16 9 11 3 33
Site of relapse

Bone marrow 12 6 7 1 28

CNS 2 2 0 1 2

Testicular* 2 1 4 0 3
Death 9 4 8 2 28
Alive in CR1 28 35 13 21 18
Alive in CR =2 8 5 3 1 5

10year EFS (A)(O5%CI) 62% 79 52 g7 30
(48-76) (5792) (41-70) (74-98) (18-42)

109ear O3S (4)O5%CY) 66*  90%  BI** G 44
(51-81) (8298) (51-71) (87-97) (3257)

*Withdrawal at 1 year in CCR. Alive in 1%t CR. Included in the analysis by inten-
tion-to-treat. °Moved to stem cell transplantation (SCT). Censored at the time of
SCT. SWithdrawal at 1.5 years in CCR. *Diagnosed by testicular biopsy (7 cases)
or overt relapse (3 cases). *p=0.06, **p=0.006, log-rank test.

Table 5. Results of multivariate analyses for event-free sur-
vival (EFS) and overall survival (OS) in low-risk and inter-
mediate-risk groups of childhood ALL.

End-point Variable OR  95%ClforOR p
EFS

Low-risk Age >10 years 35 1395 0.01

Early pre-B 5.0 11219 003

Intermediate-risk No C-2 5.0 14177 001
0s

Low-risk None

Intermediate-risk No C-2 56 12256  0.03

C-2 delayed consolidation; OR: odds-ratio; Cl: confidence interval.

Discussion

It is well known that in childhood ALL the intensi-
ty of treatment required for the achievement of a
more favorable outcome varies substantially among
subsets of patients. Patients are usually stratified
according to prognostic factors, mainly age, WBC
count, phenotype, cytogenetics and molecular genet-
ics and early treatment response. However, differ-
ences among groups and institutions in defining risk
categories make it difficult to compare results from
different clinical trials.32-3¢ Some efforts to develop
uniform risk criteria®2 have not been very successful
and different risk classifications continue to be used.
Patients entered in the PETHEMA ALL-89 trial were
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stratified into three risk categories: LR (also called
standard risk by other groups), IR and HR. Almost
three quarters of the patients were included in the
non-HR groups and most were placed in the LR group
(46% of all patients).

A subset of children with ALL, most of whom are
included in the LR or standard-risk categories, are
curable with the basic ALL therapy used since the
second half of the seventies.l2 However, it is not pos-
sible to correctly identify®” the patients who are now
being overtreated and, conversely, there is another
subset of patients in the same risk-category who
could benefit from intensified treatment with the
addition of early consolidation or re-induction. Eval-
uation of the impact of this intensified treatment
was the first objective of our trial. The results were
favorable for the use of early consolidation (C-1) in
terms of EFS and OS: EFS 79% vs. 62% and OS 90%
vs. 66%, although these differences only achieved
borderline statistical significance (p= 0.06). The ben-
efit of early consolidation in these low-risk groups
was demonstrated in two trials.®3¢ A BFM randomized
trial showed that LR patients who did not receive
intensification at 5 months had an increased risk of
late relapse.® The benefits of intensification in LR
patients were also confirmed in a CCG trial.*

The second objective of the PETHEMA ALL-89 trial
was to evaluate the impact of a second 6-week con-
solidation (C-2) given 6 months after diagnosis in the
IR group of patients. Our results show that this late
consolidation has substantial benefit: EFS and OS in
patients receiving C-2 were 87% and 92% vs. 52%
and 61%, respectively, in patients not receiving the
delayed intensification. The benefit was already
apparent at the time of closing the study in 1993 and
has persisted after a long follow-up. The components
and dosage of C-2 were similar but not identical to
those of C-1. Dexamethasone, vincristine and
daunorubicin were replaced by prednisolone, vinde-
sine and mitoxantrone, respectively, maintaining L-
aspariginase, cyclophosphamide, teniposide and cyto-
sine arabinoside. The efficacy of this seven-drug com-
bination confirmed the good results obtained with
similar treatments when used as induction or as ear-
ly consolidation therapies. Meanwhile, other trials
have shown the advantage of a delayed intensifica-
tion. In the UKALL-X trial, patients were randomized
after remission induction to receive two intensifica-
tion cycles (at 5 and 20 weeks), only one (at 5 or 20
months) or neither. The 5-year disease-free survival
was 71%, 61% and 57%, respectively, and the bene-
fits of the intensification of therapy were seen in all
risk groups.”3” A more recent study of the same group
conducted to test the value of a further intensifica-
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Table 6. Event-free survival and isolated CNS relapses in ALL trials between 1986 and 1995.

Trial Reference Study period No. Patients 10yr-EFS probability (%) Isolated CNS relapses (%)
(CG-1800 35 1985-95 72 44
UKALL-X 37 1985-90 60 7
BFM-86 33 1986-90 70 71
NOPHO, per Il 42 1986-91 67.6 54
POG 46 1986-94 3,286 B-cell, 439 T cell, 141 infants 67,50.2,20.9 41
AIEOP 87 34 1987-90 62.8 6.2
AIEOP 88 34 1988-90 65 5
CLCG-EORTC. Study 58891 41 1989-98 68.4 42
SICH-12 45 1988-91 61.5 104
DCLSG-7 36 1988-91 634 5.7
PETHEMA-89 1989-93 58 4

CCG: Children’s Cancer Group; UKALL: Medical Research Council United Kingdom ALL Study Group; BFM: Berlin-Frankfurt-Miinster; NOPHO: Nordic Pediatric Hematology-
Oncology Group; POG: Pediatric Oncology Group; AIEOP: Assoziazione Italiana di Ematologia-Oncologia Pediatrica; CLCG-EORTC: Children Leukemia Cooperative Group of the
European Organization of Radiotherapy and Chemotherapy; SJCH: Saint Jude Children”s Hospital; DCLSG; Dutch Childhood Leukemia Study Group; PETHEMA: Programa para

el Estudio y Tratamiento de las Hemopatias Malignas. Spanish Society of Hematology.

tion with a third consolidation block showed an addi-
tional benefit for all the risk categories of patients
receiving this therapy.3® Contrariwise, treatment
intensification with repeated multiagent chemother-
apy blocks did not improve the outcome in HR
patients in another two trials.153¢

A further objective of our trial was to confirm the
results obtained in previous studies by our group617.40
and others!®-23 in terms of CNS relapses, indicating
that presymptomatic cranial radiotherapy could be
eliminated if replaced by early and extended com-
bined intrathecal therapy accompanied by intensified
systemic chemotherapy. Cranial irradiation was not
used in any patient and the incidence of CNS relapse
was 4% including patients in the HR group. This fig-
ure is similar to that reported in other recent stud-
ies333641-44 and lower than that reported by other
authors®745 independently of the use and dosage of
cranial irradiation.

The overall results in this trial in terms of EFS and
CNS relapses are similar to those of many contem-
porary trials343637434546 hyt quite inferior to oth-
ers33354142 a5 shown in Table 6. Taking into account
the results achieved in the good arms of LR and IR
(patients receiving C1 and C1+C2, respectively) we
can conclude that more than 80% of three quarters
of ALL children can be cured with these protocols.
The remaining quarter includes two different subsets
of patients: half are very high-risk patients (infants,
slow responders and patients with unfavorable cyto-
genetics) who respond poorly even to intensive
chemotherapy>3® and can be placed in programs of
SCT; and the other half who should probably be treat-
ed with a reinforced IR group protocol. Consequent-

ly, since 1993 our group has been using a treatment
similar to that of PETHEMA ALL-89 (arm with C-1) for
LR patients (45%), a reinforced treatment (PETHEMA
ALL-96) for an amplified IR group (40-45% of
patients), and very HR patients receive an intensified
consolidation treatment followed by an allogeneic
SCT if they have an HLA-identical relative or, if not,
they are randomized to an autologous SCT or to
extended intensified chemotherapy (PETHEMA ALL-
93 trial). The preliminary results of this trial show no
differences in the three arms.#”
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Potential implications for clinical practice

Findings of this study support a risk-adapted treat-
ment of children with ALL.8-50 For intermediate-risk
patients a new protocol has been developed by
PETHEMA Group based on intensification of consol-
idation therapy. For high-risk patients a specific tri-
al testing the value of SCT has been developed, giv-
en the poor results obtained with the chemotherapy
schedule of PETHEMA ALL-89 protocol.

References

1. Chessels JM. The management of high-risk lym-
phoblastic leukaemia in children. Br J Haematol 2000;
108:204-16.

2. Nachman JB, Sather HN, Sensel MG, et al. Augmented
post-induction therapy for children with high-risk acute
lymphoblastic leukemia and a slow response to initial
therapy. N Engl J Med 1998; 338:1663-71.

3. Steinherz PG, Gaynon PS, Breneman JC, et al. Treatment
of patients with acute lymphoblastic leukemia with
bulky extramedullary disease and T-cell phenotype or
other poor prognostic features: randomized controlled
trial from the Children’s Cancer Group. Cancer 1998;
82:600-12.

4. Riehm H, Gadner H, Henze G, et al. Results and signifi-
cance of six randomized trials in four consecutive ALL-
BFM studies. Hamatol Bluttransfus 1990; 33:439-50.

5. Tubergen DG, Gilchrist GS, O'Brien RT, et al. Improved
outcome with delayed intensification for children with
acute lymphoblastic leukemia and intermediate pre-
senting features: a Children’s Cancer Group phase llI
trial. J Clin Oncol 1993; 11:527-37.

6. Gaynon PS, Steinherz PG, Bleyer WA, et al. Improved

haematologica vol. 86(6):june 2001

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

therapy for children with acute lymphoblastic leukemia
and unfavourable presenting features: a follow-up
report on the Childrens’ Cancer Group Study CCG-106.
J Clin Oncol 1993; 11:2234-42.

Chessels JM, Baulay C, Richards SM, for the MRC Work-
ing Party on Childhood Leukaemia. Intensification of
treatment and survival in all children with lymphoblas-
tic leukaemia: results of UK Medical Research Council
trial UKALL-X. Lancet 1995; 345:143-8.

Kamps WA, Bokkerink JP, Hahlen K, et al. Intensive
treatment of children with acute lymphoblastic
leukemia according to ALL-BFM-86 without cranial
radiotherapy: results of Dutch Childhood Leukemia
Study Group Protocol ALL-7 (1998-1991). Blood 1999;
94:1226-36.

Gustafsson G, Kreuger A, Clausen N, et al. Intensified
treatment of acute childhood lymphoblastic leukaemia
has improved prognosis, especially in non-high-risk
patients: the Nordic experience of 2648 patients diag-
nosed between 1981 and 1996. Nordic Society of Pae-
diatric Haematology and Oncology (NOPHO). Acta Pae-
diatr 1998; 87:1151-61.

Henze G, Fengler R, Reiter A, Ritter J, Riehm H. Impact
of early intensive reinduction therapy on event-free sur-
vival in children with low-risk acute lymphoblastic
leukaemia. Hamatol Bluttransfus 1990; 33:483-8.
Lange B, Sather H, Weetman et al. Double delayed
intensification improves outcome in moderate risk pedi-
atric acute lymphoblastic leukemia: a Children’s Cancer
Group Study. Blood 1997; 90 (Suppl 1):2489a.

Lange B. The ultra-low risk child with acute lym-
phoblastic leukemia. Hematology 2000. ASH Education
Program Book. S. Francisco, California. 2000. p. 286-91.
Lipshultz SE, Colan SD, Gelber RD, Perez-Atayde AR,
Sallan SE, Sanders SP. Late cardiac effects of doxoru-
bicin therapy for acute lymphoblastic leukemia in child-
hood. N Engl J Med 1991; 324:808-15.

Pui CH, Behm FG, Raimondi SC, et al. Secondary acute
myeloid leukemia in children treated for acute lymphoid
leukemia. N Engl J Med 1989; 321:136-42.

Schrappe M, Reiter A, Ludwig WD, et al. Improved out-
come in childhood acute lymphoblastic leukemia
despite reduced use of anthracyclines and cranial radio-
therapy: results of trial ALL-BFM-90. Blood 2000; 95:
3310-22.

Ortega JJ, Javier G, Olivé T. Treatment of standard and
high-risk childhood acute lymphoblastic leukaemia with
two CNS prophylaxis regimens. Haematol Blood Trans-
fus 1987; 30:483-92.

Ortega JJ, Olivé T, Giralt J. CNS prophylaxis without cra-
nial irradiation in childhood ALL. Long-term results of
two prospective studies. Med Pediatr Oncol 1993;
21:559a.

Sullivan MP, Chen T, Dyment PG, et al. Equivalence of
intrathecal chemotherapy and radiotherapy as central
nervous system prophylaxis in children with acute lym-
phocytic leukemia: a Pediatric Oncology Group Study.
Blood 1982; 60:948-58.

Pui CH, Mahmoud HH, Rivera G, et al. Early intensifica-
tion of intrathecal chemotherapy virtually eliminates
central nervous system relapse in children with acute
lymphoblastic leukemia. Blood 1998; 92:411-5.

Pullen J, Boyett J, Shuster J, et al. Extended triple
intrathecal chemotherapy trial for prevention of CNS
relapse in good-risk and poor-risk patients with B-prog-



21

22.

23.

24.

25.

26.

217.

28.

29.

30.
3L

32.

33.

34.

35.

36.

Early and delayed consolidation and prognosis in childhood ALL

enitor acute lymphoblastic leukemia: a Pediatric Oncol-
ogy Group Study. J Clin Oncol 1993; 11:839.

Hasle H, Helgestad J, Christensen JK, et al. Prolonged
intrathecal chemotherapy replacing cranial irradiation
for high-risk acute lymphatic leukaemia: long-term fol-
low-up with cerebral computed tomography scans and
endocrinological studies. Eur J Pediatr 1995; 154:24-9.
Conter V, Arico M, Valsecchi MG, et al. Extended
intrathecal methotrexate may replace cranial irradiation
for prevention of CNS relapse in children with interme-
diate-risk acute lymphaoblastic leukemia treated with
Berlin-Frankfurt-Munster based intensive chemothera-
py. The Associazione Italiana di Ematologia ed Oncolo-
gia Pediatrica. J Clin Oncol 1999; 13:2497-502.
Nachman J, Sather HN, Cherlow JM, et al. Response of
children with high-risk acute lymphoblastic leukemia
treated with and without cranial irradiation: a report
from the Children’s Cancer Group. J Clin Oncol 1998;
16:920-30.

Bennett JM, Catovsky D, Daniel MT, et al. Proposals for
the classification of acute leukaemias. French-Ameri-
can-British (FAB) Co-operative Group. Br J Haematol
1976; 33:451-8.

Bennett JM, Catovsky D, Daniel MT, et al. The morpho-
logic classification of acute lymphoblastic leukaemia.
Concordance among observers and clinical correlations.
Br J Haematol 1981; 47:553-61.

Mitelman, F. ISCN: an International System for Human
Cytogenetics Nomenclature. Basel (Switzerland): Karg-
er; 1995.

Ribera JM, Ortega JJ, Oriol A, et al. Late intensification
chemotherapy has not improved the results of intensive
chemotherapy in adult acute lymphoblastic leukemia.
Results of a prospective multicenter randomized trial
(PETHEMA ALL-89). Spanish Society of Hematology.
Haematologica 1998; 83:222-30.

Kaplan GL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc 1958; 53:
457-81.

Peto R, Pike MC. Conservatism of the approximation (O-
E)2/E in the long-rank test for survival data or tumour
incidence data. Biometrics 1973; 29:579-84.

Cox DR. Regression models and life tables. J R Stat Soc
Series B 1972; 34:187-20.

Simon R, Lee YJ. Non parametric confidence limits for
survival probabilities and median survival time. Cancer
Treat Rep 1982; 66:37-42.

Smith M, Arthur D, Camitta B, et al. Uniform approach
to risk classification and treatment assignment for chil-
dren with acute lymphoblastic leukemia. J Clin Oncol
1996; 14:18-24.

Schrappe M, Reiter A, Zimmermann M, et al. Long-term
results of four consecutive trials in childhood ALL per-
formed by the ALL-BFM study group from 1981 to 1995.
Berlin-Frankfurt-Mnster. Leukemia 2000; 14:2205-22.
Conter V, Aricd M, Valsecchi MG, et al. Long-term
results of the Italian Association of Pediatric Hematol-
ogy and Oncology (AIEOP) acute lymphoblastic leukemia
studies, 1982-1995. Leukemia 2000; 14:2196-204.
Gaynon PS, Trigg ME, Heerema NA, et al. Children’s Can-
cer Group trials in childhood acute lymphoblastic
leukemia: 1983-1995. Leukemia 2000; 14:2223-33.
Kamps WA, Veerman AJ, van Wering ER, et al. Long-term
follow-up of Dutch Childhood Leukemia Study Group
(DCLSG) protocols for children with acute lymphoblastic

37.

38.

39.

40.
41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

595

leukemia, 1984-1991. Leukemia 2000; 14:2240-6.
Eden OB, Harrison G, Richards S, et al. Long-term fol-
low-up of the United Kingdom Medical Research Coun-
cil protocols for childhood acute Iymphoblastic
leukaemia, 1980-1997. Medical Research Council Child-
hood Leukaemia Working Party. Leukemia 2000; 14:
2307-20.

Hann |, Vora A, Richards S, et al. Benefit of intensified
treatment for all children with acute lymphoblastic
leukaemia: results from MRC UKALL XI and MRC ALL97
randomised trials. UK Medical Research Council's Work-
ing Party on Childhood Leukaemia. Leukemia 2000; 14:
356-63.

Conter V, Aric6 M, Valsecchi MG, et al. Intensive BFM
chemotherapy for childhood ALL: interim analysis of the
AIEOP-ALL 91 study. Associazione Italiana Ematologia
Oncologia Pediatrica. Haematologica 1998; 83:791-9.
Ortega JJ. Spanish Acute Lymphoblastic leukemia Trials.
Intern J Pediatr Hematol Oncol 1998; 5:163-76.
Vilmer E, Suciu S, Ferster A, et al. Long-term results of
three randomized trials (58831, 58832, 58881) in child-
hood acute lymphoblastic leukemia: a CLCG-EORTC
report. Children’s Leukemia Cooperative Group.
Leukemia 2000; 14:2257-66.

Gustafsson G, Schmiegelow K, Forestier E, et al. Improv-
ing outcome through two decades in childhood ALL in
the Nordic countries: the impact of high-dose metho-
trexate in the reduction of CNS irradiation. Nordic Soci-
ety of Pediatric Haematology and Oncology (NOPHO).
Leukemia 2000; 14:2267-75.

Tsuchida M, lkuta K, Hanada R, et al. Long-term fol-
low-up of childhood acute lymphoblastic leukemia in
Tokyo Children’s Cancer Study Group 1981-1995.
Leukemia 2000; 14:2295-306.

Silverman LB, Declerck L, Gelber RD, et al. Results of
Dana-Farber Cancer Institute Consortium protocols for
children with newly diagnosed acute lymphoblastic
leukemia (1981-1995). Leukemia 2000; 14:2247-56.
Pui CH, Boyett JM, Rivera GK, et al. Long-term results
of Total Therapy studies 11,12 and 13A for childhood
acute lymphoblastic leukemia at St Jude Children’s
Research Hospital. Leukemia 2000; 14:2286-94.
Maloney KW, Shuster JJ, Murphy S, Pullen J, Camitta BA.
Long-term results of treatment studies for childhood
acute lymphoblastic leukemia: Pediatric Oncology
Group studies from 1986-1994. Leukemia 2000; 14:
2276-85.

Ribera JM, Ortega JJ, Oriol A, et al. Intensive chemother-
apy (CHT), allogeneic (ALLO) or autologous (AUTO)
hematopoietic cells transplantation (HCT) for high-risk
acute lymphoblastic leukemia (HRALL). Results of the
ongoing protocol PETHEMA ALL-93. Hematol J 2000; 1
(Suppl 1):114.

Schrappe M. Risk-adapted treatment for childhood ALL.
Fifth Congress of the European Haematology Associa-
tion, Birmingham, UK, 25-28 June 2000. Educational
Book, p. 102.

Uderzo C. Indications and role of allogeneic bone mar-
row transplantation in childhood very high risk acute
lymphoblastic leukemia in first complete remission.
Haematologica 2000; 85(11 Suppl):9-11.

Uderzo C, Dini G, Locatelli F, Miniero R, Tamaro P. Treat-
ment of childhood acute lymphoblastic leukemia after
the first relapse: curative strategies. Haematologica
2000; 85(11 Suppl):47-53.

haematologica vol. 86(6):june 2001





