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Abstract

BACKGROUND—Infants with acute lymphoblastic leukemia (ALL) present with aggressive
disease and a poor prognosis. Early relapse within 6-9 months of diagnosis is common.
Approximately 75% of infants have ML L-rearranged (MLL-R) ALL with event free survival
(EFS) ranging from 20-30%. Children’s Oncology Group (COG) P9407 used shortened (46
weeks), intensified therapy to address early relapse and poor EFS.

PROCEDURE—P9407 therapy was modified three times for induction toxicity resulting in three
cohorts of therapy. One hundred forty-seven infants were enrolled in the third cohort.

RESULTS—We report an overall 5-year EFS and OS of 42.3 + 6% and 52.9 * 6.5% respectively.
Poor prognostic factors included age < 90 days at diagnosis, MLL-R ALL and white cell count
=50,000/ul. For infants <90 days of age, the 5-year EFS was 15.5+10.1% and 48.5+6.7% for those
> 90 days (p<0.0001). Among infants >90 days of age, 5-year EFS rates were 43.8+8% for MLL-
Rvs. 69.1£13.6% for MLL-germline ALL (p<0.0001).

CONCLUSIONS—Age < 90 days at diagnosis was the most important prognostic factor. Despite
shortened therapy with early intensification, EFS remained less than 50% overall in MLL-R ALL.

Keywords
Intensified therapy without SCT; infant ALL

INTRODUCTION

Acute Lymphoblastic Leukemia (ALL) in infancy (< 365 days of age) differs significantly
from ALL in older children whose event free survival (EFS) exceeds 85% (1-6). While 90—
95% of infants with ALL achieve remission, early relapse within 6-9 months of diagnosis is
common. In the 1980’s, EFS was only 20-30% (7-9) but improved somewhat subsequently
with the development of intensified, infant specific therapy (10-18). In the Interfant-99 trial,
the largest infant ALL trial conducted to date and which used an intensive 24 month
regimen, the 4-year EFS was 47%. Eight percent of patients underwent hematopoietic stem
cell transplantation (HSCT) (16).

Infant ALL is characterized by hyperleukocytosis, organomegaly and an increased risk of
central nervous system (CNS) disease. Translocations that interrupt the MLL gene at 11923
with fusion to a large number of partner genes are present in 75% of cases (11, 15,19-23).
Infants with MLL rearranged (MLL-R) ALL are typically younger, present with higher
white blood cell counts (WBC), have more frequent CNS involvement and a far worse
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prognosis compared with infants with MLL germline (MLL-G) leukemia. Age above/below
6 months at diagnosis has also been an important prognostic factor (9-12).

Based on the very aggressive nature of infant ALL and the poor response to traditional
therapy, the Children’s Oncology Group (COG) P9407 trial was designed to deliver
shortened (46 weeks), intensified therapy with a goal of improving EFS by preventing early
treatment failure. Many chemotherapy agents, with the exception of vincristine, daunomycin
and triple intrathecal chemotherapy were dosed in mg/m? rather than using traditional infant
dose reductions determined in mg/kg. The therapy given originally in P9407 (Cohorts 1 and
2) was associated with a substantial risk of early treatment related mortality occurring within
90 days of diagnosis requiring several modifications to Induction therapy including
alterations of daunomycin dose/schedule and substitution of prednisone for dexamethasone
(24). Following these changes, early mortality was substantially reduced and an additional
cohort, Cohort 3, of 141 patients was treated. Because there was no benefit to HSCT in
Cohort 1 and 2 of P9407 and the parallel CCG 1953 trial (25), HSCT was not included in
P9407 Cohort 3. We report outcome for these patients with infant ALL treated uniformly
with chemotherapy without HSCT, which forms the basis for the regimen used currently to
treat almost all infants with ALL in North America.

METHODS

Patients

Treatment

One hundred forty seven infants =36 weeks estimated gestational age and less than 366 days
of age with newly diagnosed ALL were enrolled on COG P9407 Cohort 3 between 2001—
2006. The diagnosis of ALL was based on morphology, cytochemistry and
immunophenotyping at local institutions. Confirmatory immunophenotyping and
cytogenetic analyses were performed at COG reference laboratories or COG approved local
institutional laboratories. Molecular and/or fluorescence in situ hybridization (FISH)
analysis for detection of the MLL gene rearrangement was performed in COG reference labs
at St. Jude Children’s Research Hospital and at the University of New Mexico. In some
cases, final assignment of MLL-R vs. MLL-G status was resolved retrospectively by
panhandle PCR or other PCR approaches (26). The protocol was approved by the National
Cancer Institute and the Institutional Review Boards at COG member institutions. Informed
consent was obtained from parents/guardians according to federal guidelines.

COG P9407 Cohort 3 included 46 weeks of intensified therapy and is compared to therapy
provided in Cohorts 1+2 in Table I. Triple intrathecal therapy (ITT) was used for CNS
prophylaxis with no modification made for CNS leukemia at diagnosis. Cohort 3 protocol
therapy did not include an option for HSCT. Remission was assessed at Week 8 prior to
beginning Re-Induction. No bone marrow aspirate was required prior to week 8 and minimal
residual disease (MRD) was not assessed routinely. Complete remission (CR) was defined as
0-5% blasts in the marrow and no evidence of extramedullary leukemia following
completion of Induction and Induction Intensification. Marrow relapse was defined as >25%
blasts at any point after CR was attained. CNS relapse was defined as WBC = 5/microliter
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with positive cytology on a single lumbar puncture or 0—-4 WBC/microliter with definite
blasts on two consecutive lumbar punctures.

Based on the high incidence of early induction deaths observed in Cohort 1+2, Cohort 3
included strict guidelines to reduce the risk of death from infection: mandatory contact with
the study PI with all enrollments and with grade 3-4 toxicities; hospitalization for a
minimum of 14 days but preferably 21 days post beginning induction; intravenous
immunoglobulin supplementation when 1gG levels dropped below 400mg/dl; broad
spectrum antibiotic coverage to begin immediately with fever; antifungal therapy should
fever persist more than 4 days; Respiratory syncytial virus (RSV) prophylaxis during RSV
season. Infants greater than two months of age received Bactrim prophylaxis though no
other antibiotic prophylaxis was recommended.

Statistical methods

RESULTS

Study data for COG P9407 were frozen as of February 1, 2010. Event-free survival (EFS)
was defined as the time from study entry to first event (induction failure, relapse, second
malignant neoplasm (SMN), or death) or date of last contact. Overall survival (OS) was
defined as the time from study entry to time of death or date of last contact. Time to relapse
was defined as the time from date of diagnosis to date of relapse. Complete continuous
response (CCR) was defined as the time from end of Induction Intensification to first event
(relapse, SMN,, or death) or date of last contact among those who achieved a CR by the end
of Induction Intensification. Estimates for EFS and OS were calculated using the Kaplan-
Meier method, and standard errors of the estimates were obtained by the method of Peto and
Peto (27). The log-rank test was used to compare survival curves between groups.
Cumulative incidence rates were estimated using the method of Gray (28). Cox proportional
hazards regression and a proportional sub-distribution hazards model proposed by Fine and
Gray (29) were used to identify significant prognostic factors for EFS and cumulative
incidence function of competing risks data, respectively. The Chi-square test and Fisher’s
exact test were used to compare proportions. Statistical significance was defined as a p-value
less than 0.05. All analyses were performed using SAS® software. All graphics were
generated using R (http://www.R-project.org, version 2.13.1).

Patient Population

COG P9407 Cohort 3 enrolled 147 infants with ALL. Six patients were ineligible: 4 9
(misdiagnosed); 2 (treatment started prior to enrollment). Characteristics of eligible patients
are summarized in Table 11. Median age was 208 days (range 1-365 days); 19.2% were < 90
days old at diagnosis. Median WBC was 141,000/microliter (0.6-1,500,000/microliter), with
71.6% having a WBC >50,000/microliter. Approximately thirty-two percent (45/141) were
CNS2 (< 5 WBC/microliter with blasts) and 16.3% (25/141) were CNS3 (= 5 WBC/
microliter with blasts) at diagnosis. Of those 23 patients considered to have CNS3 disease, 7
had bloody taps. Of 135 infants with informative MLL results, 70.9% had an MLL gene
rearrangement. Within the group with informative MLL results, 67/100 had MLL partner
genes associated with a poor prognosis particularly in the younger infants: AF4(47) and
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ENL (22). A separate report describes preliminary analyses of outcome as related to the
different MLL partner genes (30).

Treatment outcomes

Response Rate—Complete remission was determined at the completion of Induction
Intensification prior to beginning Re-induction at Week 8 of therapy. Six patients were not
evaluable for response at the end of Induction Intensification: wrong induction steroid (1);
unable to perform marrow due to clinical status (4); unknown (1). The overall CR rate was
91.8%% (123/134), 3 patients had refractory leukemia, and 8 had an early treatment related
death (within 90 days of enrollment) while receiving Induction/Induction Intensification
(24).

Event-Free and Overall Survival—The 5-year EFS was 42.3 + 6% and 5-year OS was
52.9 + 6.5% for infants treated in Cohort 3(Figure 1). The 5-year EFS rate was 15.5 + 10.1%
for infants < 90 days and 48.5 + 6.7% for those > 90 days (p<0.0001; Figure 2). The median
EFS was 552 days and median overall survival 1102 days. EFS in three month age
increments was 15.5 + 10.1% (< 90 days), 31.5 £ 9.9% (>3 months to 6 months), 43.4

+ 12.3% (>6 months to 9 months) and 67.5 + 10.7% (>9 months to 12 months. Cumulative
incidence rates at five years were 39.0 + 4.3% for relapse, 15.1 £ 3.0% for death, 2.13

+ 1.2% for progressive disease and 1.45 + 1.0% for second malignancy (Supplemental
Figure 1).

Causes and Timing of Treatment Failure—The median time to relapse in Cohort 3
was 402 days. There were 53 disease related events among 134 patients: 27 marrow, 8 testes,
7 blood (> 25% blasts in peripheral exam +/— marrow confirmation), 4 isolated CNS, 3
marrow + CNS, 1 subcutaneous tissue, 1 marrow + CNS + other, 1 CNS + other, and 1 other
(cerebrospinal fluid, meninges and spaces, dural sinus, ventricular system and choroid
plexus). Twenty-three (43.4%) relapses occurred within one year of diagnosis, with 9 (17%)
occurring < 6 months post diagnosis and 16 (30%) < 9 months post diagnosis. Twelve were
isolated marrow relapses. An additional 25 relapses (47.2%) occurred between 1 and 2 years
following diagnosis. There were only three late relapses occurring >2.5 years post diagnosis.
Those relapses occurred at 1,326 days (MLL-R marrow), 1,381 days (MLL-G subcutaneous
tissue), and 1,611 days (MLL-R testes).

Early toxic deaths within 90 days of diagnosis occurred in 8/141 patients. Five deaths
occurred within the first 30 days following diagnosis: infection (3), tumor lysis syndrome
(1), pulmonary hemorrhage (1). Infectious deaths in the first 90 days included: Pseudomonas
spp (2); Adenovirus (1); Candida spp (1); Staphylococcus spp (1); sepsis nos. In
comparison, 17/68 patients in Cohort 1+2 experienced early toxic deaths of which 14/17
were infection related: RSV (3); Aspergillus spp. (2); Enterobacter spp. (2); Enterococcus
spp. (1); Staphylococcus spp. (1); Pneumocystis firoveci (1); Pseudomonas spp. (1); sepsis
nos (3) described in detail by Salzer et al (24). Treatment related deaths in Cohort 3 that
occurred greater than 90 days following diagnosis were due to infection/septic shock (4),
fungal pneumonia (1). Stevens-Johnson syndrome (1), pulmonary edema (1), accidental
death (1) and unknown (1).
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Non-fatal Toxicities

The most common grade 3—4 toxicities that occurred in Cohort 3 included hematologic
toxicity, bacterial sepsis/infection NOS, liver enzyme (ALT/AST) elevation, diarrhea and
stomatitis (Supplemental Table I). The worst grade for each toxicity was reported comparing
Induction/Induction Intensification (1/11) to post Induction Intensification (post I/11) therapy.
Though not reported by specific phases post I/I1 (Re-Induction, Consolidation,
Continuation), it is reasonable to assume the peak in infection rates and hematologic toxicity
were a result of toxicity experienced during Consolidation, identical to 11 with an additional
course of high dose cytarabine. Liver enzyme elevation was observed during both phases
temporarily related to high dose methotrexate with 14% in 1/11 and 19.8% post I/11
experiencing grade 3—4 toxicity yet returned to less that grade 3 quickly. Central nervous
system events (seizures) were more common in infants < 90 days of age at diagnosis and
occurred in 5/27 infants: febrile with high dose cytarabine (1); as a result of hypocalcemia
(2); post IT methotrexate (1); associated with CNS hemorrhage at diagnosis (1). There were
8 CNS events in 115 infants > 90 days of age at diagnosis of which four events were
seizures: etiology unclear (1); hemorrhage (1); hyponatremia with vincristine (1); iatrogenic
hyperglycemia (1).

Prognostic factors

Important prognostic factors included age, initial WBC and MLL status (Table I11). Age <
90 days at diagnosis was a highly significant negative risk factor for EFS (Figure 2). The 5-
year EFS rates were 69.7 £+ 12.8% for the patients with MLL-G vs. 35.5 + 6.4% for the
infants with MLL-R (p<0.0008; Supplemental Figure 2). There was a statistically significant
difference (p<0.0001) in EFS for age (< 90 days/> 90 days) by MLL status (MLL-RIMLL-
G). Among infants < 90 days, the 5 year EFS was 75 +37.5% for MLL-G but only 4.8

+ 4.7% for MLL-R (p=<0.0001). The MLL-G group was extremely small including only 4
infants. The 5-year EFS rates were 69.1 + 13.6% and 43.8 + 7.5% for infants >90 days who
were MLL-G and MLL-R, respectively (p<0.0207; Figure 3). Among infants 3 — 6 months
of age, the 5-year EFS was 50 + 20.4% and 32.1 + 7.98% for MLL-G and MLL-R,
respectively (p=0.36).

The WBC at diagnosis was a significant prognostic factor, with a 5-year EFS of 73.8 + 9.4%
for those with a presenting WBC < 50,000 x 1091 versus 30.2 + 4.7% for those with WBC
>50,000 x 10%/1 (p<0.0001; Supplemental Figure 3). A presenting WBC above or below
300,000 x 10%/1 has been an important prognostic factor in some infant ALL studies (14, 16)
and our data also demonstrated a statistically significant difference in EFS between these
groups (p=0.0020) (Table I1). Age at diagnosis was also a significant factor in determining
the impact of WBC on EFS (Supplemental Figure 4 and Table I11).

Central nervous system status (CNS1, 2 or 3) did not have a statistically significant impact
on EFS, although there was a non-significant trend toward better 5-year EFS for patients that
were CNS1 (47.3 + 8.1%) versus those who were CNS 2 (37.8 + 10.5% or CNS3 (35.2

+ 16.4%) (Supplemental Figure 5). There was an association between WBC and age
(p=0.0002) and CNS status and age (p<0.0001).
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Age at diagnosis, initial WBC, MLL status, and CNS status were included in the Cox
proportional hazards regression model (Supplemental Table I1). Adverse prognostic factors
included age < 90 days (HR=2.29, p=0.0058), MLL-R. (HR=2.95, p=0.0021) and WBC >
50,000 x 1091 (HR=3.4, p=0.0017). These 3 factors were also significant in the multivariate
analyses. Supplemental Table 111 describes events that occurred in the MLL-G and MLL-R
subgroups. Significant prognostic factors for relapse were identified using a subdistribution
hazard model: MLL-R (subdistribution hazard ratio [SHR] = 3.16 and WBC = 50,000 x

10 %/ul (sHR =4, p=0.064). Age at diagnosis (< 90 days/>90 days) and CNS status (CNS
1/2) were not significant prognostic factors in this hazard ratio (Supplemental Table 4).

DISCUSSION

Infant ALL is far more difficult to treat and cure than ALL occurring in children older than
one year. Risk factors associated with a poorer prognosis include: MLL gene rearrangement
(10-11, 15,19-23), absence of CD10 expression (7,9) co-expression of myeloid antigens
(31), higher WBC counts (9-11,32-34), organomegaly (8) and younger age (less than 3-6
months) (9-12). Gender is not prognostic in infant ALL (9-10,12,20,31). Until recently,
most studies used a traditional approach to ALL therapy including prolonged maintenance
therapy (typically lasting 2 years) and dose reductions based on age and weight.

Outcome prior to the late 1990s was uniformly poor with 4-year EFS of less than 40% for
combined populations of both MLL-R and MLL-G infant ALL and 20-30% for those with
ML L-R ALL when evaluated independently (10-11,14-15, 32). Recently, EFS has improved
somewhat. Japanese investigators reported a 3 year EFS of 43% in MLL-R infants > 6
months of age who underwent HSCT and a 95% EFS for a relatively small subgroup with
MLL-G ALL (18, 35). The results for patients with MLL-G reported by the Japanese exceed
any previous report, have not been replicated and are perplexing since more than 90% were
male (33). The Dana Farber Cancer Institute Consortium reported results for infants with
ALL that are somewhat better than those in this study, but the population appears different as
fewer than half of the infants reported in those trials were either CD10 negative or MLL-R
(32). The largest infant ALL trial reported to date is the European Interfant-99 study in
which 482 infants were stratified by prednisone prophase response and randomized to +/—
late intensification and 8% of patients underwent HSCT (16, 36). The 4-year EFS was 47%
for all patients, 37% for MLL-R and 74% for patients with MLL-G (16). In the CCG 1953
trial, a parallel pilot to COG P9407 Cohorts 1 and 2 for the first nine weeks of treatment,
overall EFS was 41.7% (17).

COG P9407 delivered shortened, highly intensified therapy with the elimination of age and
weight related dose reductions for most chemotherapy agents. However, vincristine was
dosed by mg/kg and ITT dosed by age. Daunomycin, originally dosed in mg/m? continuous
infusion over 48 hours was not tolerated in Cohort 1 and dosing changed to mg/kg/age
continuous infusion over 48 hours in Cohort 2. Ultimately, daunomycin was changed to
mg/kg/day IV over 30 minutes in infants < 90 days in Cohort 2 though remained continuous
infusion in older infants. These changes had little impact on toxicity in Cohort 2. In Cohort
3, daunomycin was given as mg/kg/age daily x two days IV push. Following a switch in
induction steroid from dexamethasone in Cohorts 1+2 to less immunosuppressive
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prednisone in Cohort 3, acceptable rates of treatment related mortality were observed in the
latter cohort although higher than that seen in older children with ALL.

Parallel pilots, POG 9407 (Cohort 1+2) and CCG 1953, had identical therapy until the time
at which eligible MLL-R infants could receive HSCT. An analysis of the role of HSCT in 53
infants compared with 47 who received chemotherapy alone demonstrated no advantage for
HSCT over chemotherapy with 5-year EFS of 48.8% vs. 48.7%, respectively (25).
Therefore, unlike other recent studies, HSCT was not included as part of the therapy for
Cohort 3. Thus, this study is the largest cohort of infants with ALL that received uniform
treatment without HSCT. Several important conclusions can be drawn from this study,
particularly in conjunction with results of Interfant-99 (16). Overall, the results obtained in
these two studies were quite similar: P9407 5-year EFS 42% vs. Interfant 4 year EFS 47%;
MLL-R -P9407 5-year EFS 36% vs. Interfant 4 year EFS 37%; MLL-G - P9407 5-year EFS
70% vs. Interfant 4 year EFS 74%. While the comparability of the results of P9407 Cohort 3
(46 weeks of treatment/no HSCT) and Interfant-99 (24 months of treatment with +/= HSCT)
raise questions about how HSCT or prolonged therapy affect long term survival, more than
half of infants with ALL die including almost two-thirds of those with MLL-R.

Intensified therapy given in Cohort 3 did not appear to affect early relapse, the major cause
of treatment failure on this study. Twenty three of 53 (43.4%) total relapses occurred on
therapy within one year of diagnosis and another 25 (47.2%) relapses occurred between 1
and 2 years following diagnosis. Thus further intensification alone with conventional agents
is unlikely to offer meaningful improvements in outcome for infant ALL. Late relapses that
occurred > 2.5 years after diagnosis were rare. The very high relapse rate observed within 12
months of cessation of therapy using an early intensification platform prompted the COG to
extend maintenance therapy until two years following diagnosis in the successor COG
AALLO631 trial.

The early toxic death rate was much improved in Cohort 3 (8/141= 5.6%) compared with
Cohort 1+2 (18/70 = 25.7%) due primarily to the substitution of prednisone for
dexamethasone during induction though infants < 90 days of age at diagnosis remained at
highest risk (24). Overall, treatment related deaths (induction or in CCR within one month
of completion of therapy) on P9407 Cohort 3 were 13% (19/141). Treatment related deaths
on Interfant-99 were 9.5% (46/482) but the death rate did not differ by age at diagnosis (16).
Grade 3-4 toxicities, in particular bacterial sepsis/infection NOS, stomatitis and neurologic
toxicity in Cohort 3 were not significantly different than observed in Interfant-99.

The poor outcomes for infants with ALL in these very large clinical trials despite very
intensive therapy and use of HSCT in some studies, suggest that novel approaches are
needed to improve cure rates for this challenging disease. Efforts to exploit the underlying
biology of MLL-R ALL may offer promise in developing novel approaches to therapy. Gene
expression analyses have demonstrated very high levels of the FMS-like tyrosine kinase 3
(FLT3) gene in infants and children with MLL-R ALL (37-39). Although clinical responses
using lestaurtinib in adults with relapsed/refractory AML have been mixed, encouraging
preclinical data have been reported using the FLT3 inhibitor, lestaurtinib, in ALL cell lines
and marrow samples from infants and children with various subtypes of ALL (38, 40, 41).
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The COG is currently conducting a clinical trial (AALL0631; #NCT00557193) with a
chemotherapy backbone based on COG P9407 that includes intensification and prolonged
maintenance therapy +/- lestaurtinib for infants with AMML/-R ALL. New understanding of
the of MLL partner genes such as AF4and ENL may contribute to a better understanding
and the development of better treatment options for such infants. Interfant group continues
to explore other modes of treatment intensification in Interfant-06 trial. Due to the small
population of infants with ALL (<5% of all childhood ALL), efforts are underway to
develop a transatlantic collaboration for future trials. This next study proposes to study
epigenetic based therapy in addition to chemotherapy given the widespread epigenetic
alterations in MLL-R infant ALL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overall survival (OS) and event free survival (EFS) for Cohort 3
The OS and EFS are presented.
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Figure 2. EFS curves for Cohort 3: <90 days vs. > 90 days at diagnosis
The EFS is compared by age at diagnosis: <90 days vs. > 90 days.
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Figure 3. EFS curves for Cohort 3: MLL vs. age at diagnosis

The EFS using MLL status vs. age at diagnosis.
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Therapy Details ™

Table |

Induction

(Week 1-3)

Induction
Intensification

(Week 4-7)

Re-Induction

(Week 8-10)

Consolidation

(Week 11-17)

PDN

DXM*
VCR
DNM

DNM*

CPM
L-ASP
ITT
G-CSF
MTX
CF
VP-16
CPM
G-CSF
ITT
PDN
VCR
DNM

DNM*

CPM
L-ASP
G-CSF
ITT
MTX
VP-16
CPM
G-CSF
AraC

40mg/m?/day PO TID days 1-21, no taper

10 mg/mé/day PO TID days 1-21 no taper (Cohort 1+2)
0.05 mg/kg days 0, 14, 0.03 mg/kg day 7

2mg/kg/day IV push Day 1+2 age < 6 months
2.5mg/kg/day 1V push Day 1+2 age 26-<9 months
3mg/kg/day IV push Day 1+2 age =9 months

45 mg/mé/IV over 48 hours Days 1-2 (Cohort 1)

4 mg/kg 1V over 48 hours (<6 months) (Cohort 2)

5 mg/kg 1V over 48 hours (26-<9 months) (Cohort 2)
6 mg/kg 1V over 48 hours (=9 months) (Cohort 2)
250 mg/m2 q 12 h x 4 doses, days 3 and 4

6000 1U/m? x 8 doses 3 x week IM

Days 1, 8, 15

5 ug/kg/day beginning Day 5 through count recovery
4 gm/m? x 2, Days 22/29

10 mg/m2 PO or IV q 6 h x > 5 doses, start 18 h after MTX
100 mg/m? x 5 days, Days 36-40

300 mg/m? x 5 days, Days 36-40

5 ug/kg/day beginning Day 41 until count recovery
Days 22, 28

40mg/m?/day PO TID days 1-21, no taper

0.05 mg/kg days 0, 14, 0.03 mg/kg day 7

2mg/kg/day IV push Day 1+2 age < 6 months
2.5mg/kg/day 1V push Day 1+2 age =6—<9 months
3mg/kg/day IV push Day 1+2 age =9 months

45 mg/m?/IV over 48 hours Days 1-2 (Cohort 1)

4 mg/kg 1V over 48 hours (, 6 months) (Cohort 2)

5 mg/kg 1V over 48 hours (26-<9 months) (Cohort 2)
6 mg/kg 1V over 48 hours (=29 months) (Cohort 2)
250 mg/m2 q 12 h x 4 doses, days 3 and 4

6000 1U/m? x 8 doses 3 x week IM

5 ug/kg/day beginning Day 5 through count recovery
Days 1, 15

4gm/m2x 2, Days 1,8

100 mg/m? x 5 days, Days 15-19

300 mg/m? x 5 days, Days 15-19

5 ug/kg/day beginning Day 20 until count recovery

3 gm/m?2 dose q 12 hours x 4 doses Day 29, 30

L-asparaginase 6000 units/m? IM Days 31
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G-CSF 5 ug/kg/day beginning Day 232 until count recovery
ITT Day 1
Maintenance VCR 0.05 mg/kg 1V days Week 18, 22, 28, 32, 38, 42
(Week 18-46)  pxps* 10 mg/n? divided PO TID x 5 days with VVCR (Cohort 1+2)
PDN 40mg/m? divided PO TID x 5 days with VCR (Cohort 3)
VP-16 100 mg/m?/day x 5 days Week 25, 35
CPM 300 mg/m2/day IV x 5 days Week 25, 35
G-CSF 5 ug/kg/day beginning at completion VP-16/CPM until recovery
6MP 75 mg/m? PO daily and MTX 20 mg/m? IM weekly
Weeks 19-21; 23-24; 29-31; 33-34; 39-41; 43-46
ITT Weeks 18, 22, 28, 32, 38, 42

*
ALL DOSES IDENTICAL REGARDLESS OF AGE UNLESS OTHERWISE SPECIFIED (DNM; ITT);

+Specific to Cohort 1 & 2 and in italics; PDN, prednisone; VCR, vincristine; DNM, daunomycin; L-ASP, L-asparaginase; 6-MP, mercaptopurine;
CPM, cyclophosphamide; ARA-C, cytarabine; DXM, dexamethasone; MTX, methotrexate; CF, citrovorum factor (leucovorin); IT, intrathecal; ITT,
intrathecal triple therapy (MTX-methotrexate; HC-hydrocortisone; ARA-C-cytosine arabinoside); VVP-16, etoposide; IV ARA-C, cytosine
arabinoside; G-CSF, colony stimulating factor. ITT Cohort 3: Age < 1 year: MTX - 7.5mg; HC 7.5 mg; AraC — 15 mg, Age= 1 year: MTX — 8mg;
HC -8 mg; AraC — 16 mg; /7T Cohort 1+2: All ages: MTX — 7.5mg, HC 7.5mg, AraC 15 mg
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Table Il

Patient Characteristics for Cohort by Age at Diagnosis (< 90 days, > 90 days)

Cohort 3 (N=141)

Overall Total | <90 days of age | > 90 days of age
n (%) n (%) n (%) p-value (age comparison for Cohort 3)

Race

Black 9 (6.4) 3(11.1) 6 (5.3)

White 115 (81.6) 21 (77.8) 94 (82.5) 0.58

Other/Unknown 17 (12.1) 3(111) 14 (12.3)
Gender

Male 80 (56.7) 18 (66.7) 62 (54.4)

Female 61 (43.3) 9(33.3) 52 (45.6) 0.29
WBC

< 50K 40 (28.4) 1(3.7) 39 (34.2)

50K — 299K 58 (41.1) 10 (37.0) 48 (42.1) 0.0002

>300K 43 (30.5) 16 (59.3) 27 (23.7)
CNS status at diagnosis

CNS 1 73 (51.8) 4(14.8) 69 (60.5)

CNS 2 45 (31.9) 12 (44.4) 33(29) <0.0001

CNS3 23 (16.3) 11 (40.7) 12 (10.5)
CD 10 status

CALLA + 21 (14.9) 2(7.4) 19 (16.7)

CALLA - 17 (12.1) 3(11.1) 14 (12.3) 0.64
MLL status

MLL-R 100 (70.9) 22 (81.5) 78 (68.4)

MLL-G 35 (24.8) 4(14.8) 31(27.2) 022
Death (first event)

Induction death 8 (5.7) 4 (14.8) 4(3.5)

Remission death 13(9.2) 3(11.1) 10 (8.8) 0.3

*
Note: 110 patients with missing CD10 status; 5 patients with unknown/missing MLL status
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5-year EFS (xSE) for Cohort 3

Table Il

Cohort 3
5yr

Variable n EFS £s.e. (%) | p-value
MLL Status
MLL-R 100 35.5+ 6.4

0.0008
MLL-G 35 69.7£12.8
WBC Count
WBC < 50k 40 73.8+9.4

<0.0001
WBC = 50k 101 30217
WBC Count
WBC < 300k 98 50.1+£7.1

0.002

WBC = 300k 43 25.1+10.9
CNS Status 73
CNS1 45 47.3+8.1
CNS 2 23 37.8+10.5 0.17
CNS 3 352+16.4
Age at diagnosis
Age < 90 days 27 155+10.1

<0.0001
Age > 90 days 114 485+6.7
WBC/Age at diagnosis
<50k, <90 days 1 —
<50k, >90 days 39 73.7+95

<0.0001
250k, <90 days 26 15410
=50k, >90 days 75 354+8.6
WBC/Age at diagnosis
<300k, <90 days 11
<300k, >90 days 87 53.7+73

<0.0001
2300k, <90 days 16 125+83
2300k, >90 days 27 324+188
Age/MLL
<90 days/G 4 75+375
<90 days/R 22 48+47

<0.0001
>90 days/G 31 69.1+13.6
>90 days/R 78 43875
Age/MLL
0 to <=3 months 27 155+10.1 <0.0001
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Cohort 3
5yr
Variable n EFS £s.e. (%) | p-value
>3 to 6 months 34 31.5+99
>6 to 9 months 36 434+123
>9 to 12 months 44 67.5+10.7
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