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Abstract

Background—FLT3 mutations (FLT3/Mut) are prevalent in de novo AML and are associated
with early relapse. The prevalence and prognostic significance of FLT3/Mut have not been well
defined in childhood acute promyelocytic leukemia (APL).

Procedure—Diagnostic specimens from 104 pediatric APL patients were screened for FLT3/
Mut (FLT3/ITD or FLT3/ALM). FLT3/Mut status was correlated with disease characteristics and
clinical outcome for patients treated on CALGB C9710 (N=50).
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Results—Forty-two of the 104 patients (40%) had either FLT3/ITD (N=28, 27%) or FLT3/ALM
(N=15, 14%). Median diagnostic WBC count was 23,400 cells/uL vs. 3,600 cells/uL for those
with and without FLT3/Mut (p <0.001), and similar results for the cohort of 50 patients treated on
C9710 (p <0.001). In patients treated on C9710, presence of a FLT3 mutation was highly
correlated with diagnostic WBC count >10,000 (p=0.004), microgranular variant histology
(p=0.035), and a lower remission rate (p=0.009). In patients who received ATRA (C9710 or
CCG-2911, n=58), those with FLT3/Mut had an induction death rate of 30% (7/23) compared to
3% (1/35) in FLT3/WT patients (p=0.005). In patients with high WBC counts (>10,000), those
with FLT3/Mut had a significantly higher risk of induction death versus FLT3/WT patients (47%
vs. 0%, p=0.05). FLT3/Mut was not associated with adverse outcome in those who survived
induction therapy.

Conclusions—FLT3/Mut are prevalent in pediatric APL and are associated with high WBC
count and increased induction death. This study provides further evidence for testing APL patients
for FLT3/Mut and the potential role for FLT3 inhibitors in this disease.
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Introduction

Somatic mutations of the FLT3 gene (FLT3/Mut) are commonly present in acute myeloid
leukemia (AML) blasts including both internal tandem duplications of the juxtamembrane
domain coding sequence (FLT3/ITD) and missense mutations in the activation loop domain
of the tyrosine kinase domain (FLT3/ALM).[1-3] Both mutations lead to autonomous
phosphorylation and constitutive activation of the receptor.[4,5] The majority of studies in
de novo AML in children and young adults demonstrate that only FLT3/ITD is associated
with adverse outcome[1,6] but others have also reported worse outcomes in adults with
FLT3/ALM.[7] Together FLT3/ITD and FLT3/ALM are one of the most common genetic
abnormalities in AML, and these mutations may be even more prevalent in acute
promyelocytic leukemia (APL).[8-10] Mouse models have demonstrated that FLT3/Mut
cooperate with RARa translocations by conferring a proliferative advantage to cells in
maturation arrest.[11,12] It remains unclear whether FLT3/Mut are predictive of clinical
outcome in pediatric patients with APL.

Studies of APL patients (mostly adults) have shown 20-30% of APL patients are FLT3/ITD
positive and another 10-20% harbor FLT3/ALM. [8-10,13] Evaluations of the prognostic
significance of FLT3/Mut in APL are more variable. An analysis of 119 adults with APL by
the European cooperative APL Group found that there was a trend toward shorter overall
survival in patients with FLT3/ITD (but not FLT3/ALM) due to very poor post-relapse
survival.[14] Stock, et al examined a subset of 78 adult patients treated on CALGB C9710
and found no correlation between FLT3/Mut and survival.[15] The MRC trials AML10 and
AML12 evaluated 203 adult and pediatric patients with APL, and patients with FLT3/Mut
(both FLT3/ITD and FLT3/ALM) had a higher rate of induction death but no difference in
relapse risk or overall survival.[10] Their analysis did not separate pediatric and adult
patients. A study of 75 adult APL patients in Korea also found an association of FLT3/ITD
(but not FLT3/ALM) with early deaths and this resulted in an inferior prognosis.[16] Only
one previous study, by Arrigoni, et al, has examined FLT3/Mut in an exclusively pediatric
APL population.[17] Among 29 pediatric APL patients they found 10 patients (34.5%) with
FLT3/Mut. However, only a small subset of these 29 patients was treated with current
ATRA based therapy and thus they were unable to analyze clinical outcome. Here we
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present the largest study of FLT3/Mut restricted to pediatric patients with APL and the first
study to analyze the prognostic significance of these mutations in a pediatric population.

Methods

Patients and Treatment

Genomic DNA was available from 104 children (age <21 years) with diagnosis of APL for
FLT3 mutation profiling. This cohort consisted of 81 patients treated on cooperative group
studies CCG-2891 (n=13), CCG-2911 (n=18) and CALGB C9710 (n=50) and 23 patients
treated per institutional standard therapy. All patients were confirmed to have acute
promyelocytic leukemia as FAB M3 morphology and the characteristic t(15;17) by
cytogenetics, PCR or FISH. On CCG-2891 and CCG-2911, FAB M3 morphology and
cytogenetics were centrally reviewed. For the 23 patients treated per institutional standards,
these patients had local diagnostic confirmation. Outcome correlations were restricted to
pediatric patients treated on the intergroup APL trial CALGB C9710. CALGB C9710
required diagnosis confirmation centrally by RTPCR and most patients had PML breakpoint
characterized as the long versus short isoform. Patient specimens were classified by FAB
criteria as M3 or M3v (microgranular variant). In CALGB C9710, all patients received
ATRA, cytarabine and daunorubicin for remission induction. Patients less than 15 years old
were non-randomly assigned to treatment without arsenic trioxide (ATO) while patients
aged 15 or older were randomly assigned to receive two consolidation cycles with ATO
immediately after entering remission. Both arms also received two consolidation courses
with ATRA plus daunorubicin. In our cohort of 50 patients aged 2-20 years old, 19 were age
15 or older, and 12 of these received ATO. Patients were also randomized to one year of
maintenance therapy with intermittent ATRA alone or ATRA plus oral 6-mercaptopurine
and oral methotrexate. Further details of this trial have previously been published.[18]

FLT3 mutation analysis

In all patients, mutations of the FLT3 gene were determined including both internal tandem
duplications (FLT3/ITD) of the juxtamembrane domain and mutations of the activating loop
of the tyrosine kinase domain (FLT3/ALM). Genomic DNA was extracted from diagnostic
marrow specimens. The methods for FLT3 mutation analysis and ITD allelic ratio
determination have been previously described.[1] Consent was obtained from all participants
for evaluation of tissue samples in accordance with the Declaration of Helsinki.

Statistical Methods

Clinical outcome analyses were performed on 50 patients treated on CALGB C9710. These
outcomes were correlated with FLT3 mutation status and high WBC count at diagnosis
(>10,000 cells/uL). Three of the 50 patients were missing WBC counts from diagnosis.
Kaplan Meier estimates were determined for 5 year overall survival and event free survival
rates. Correlations between dichotomous endpoints such as FLT3 mutation or wild type,
high WBC or low, were analyzed using contingency tables and Fisher's exact test. The
relationship between dichotomous factors and time to event outcomes was determined using
the log-rank statistic. Survival rates were estimated from Kaplan-Meier plots and their
variances were estimated using Greenhouse estimators. Comparisons between 5 year
survival rates were made using t-tests. Event free survival was defined as time from study
entry until relapse or death. Relapse free survival was defined as the time from first clinical
remission (CR) until relapse of disease and patients were censored at time of death or last
follow-up.
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Results

FLT3 mutation prevalence in APL

FLT3 mutation status was determined on available DNA from diagnostic marrow specimens
from 104 pediatric APL patients treated on 3 different clinical trials (N=81) or institutional
protocols (N=23) as described under Methods. Forty-two of the 104 patients (40%) harbored
either FLT3/ITD (n=28, 27%) or FLT3/ALM (n=15, 14%). One patient in our cohort had
both FLT3/ITD and FLT3/ALM. Diagnostic WBC count was available from all but 3
patients tested for FLT3/Mut on the three pediatric trials. Patients with FLT3/Mut had a
median WBC count of 23,400 cells/uL while FLT3 wild type (FLT3/WT) patients had a
median WBC count of 3,600 cells/uL (p< 0.001). Similarly when considering patients with
high WBC count (>10,000 cells/uL), 68% of FLT3/Mut patients had high WBC counts
compared to only 26% of FLT3/WT patients (p< 0.001). Of note, patients with available
diagnostic specimens in our tissue bank had higher diagnostic WBC counts (41% had WBC
count >10,000 cells/uL compared to 18% of patients who did not have an available
diagnostic specimen for FLT3 testing, p< 0.001) which may lead to overestimation of the
prevalence of FLT3/Mut due to their association with high WBC count.

In pediatric AML, FLT3/ITD allelic ratio (ITD-AR) has been shown to be associated with
clinical outcome. Patients with high ITD-AR (AR>0.4) have poor outcome.[1] The median
ITD-AR was 0.58 in APL patients, which is similar to the median of 0.56 in non-APL AML.
Sixty two percent of the FLT3/ITD APL patients had an ITD-AR greater than 0.4, which is
also similar to the rate of high ITD-AR reported in pediatric non-APL AML patients with
FLT3/ITD (67%).

We have previously demonstrated that FLT3/ALM may involve D835 or 1836 residues.[1]
In the 15 patients with FLT3/ALM in this study, all mutations involved the D835 residue (8
patients with D835Y, 2 patients each with D835H, D835E and D835A and one patient with
D835V). In contrast to non-APL AML in which 18% of activating loop mutations involve
the 1836 codon [1], no mutations of the 1836 codon were observed in our cohort of pediatric
APL patients.

Disease Characteristics of the Study Population

Clinical correlation was performed on pediatric patients who were treated on CALGB
C9710. Results of the adult Intergroup study CALGB C9710 have been previously reported.
[18] A total of 95 eligible patients less than 21 years of age enrolled on CALGB C9710 with
evaluable clinical data. Diagnostic specimens were available from 50 of 95 (53%) for FLT3
mutation profiling. Disease characteristics and clinical outcome was compared between
those with (n=50) and without (n=45) available diagnostic specimens. (Table I) Those
without diagnostic specimens differed from the study population in regard to gender (64%
male in the analyzed group versus 40% male in the non-analyzed group, p=0.024). They also
differed in percent of patients with WBC count >10,000 cells/uL (45% versus 14%,
P=0.0024) for those analyzed versus those not analyzed, respectively. Complete remission
(CR) rate was 80% for those analyzed compared to 91% for those not analyzed (p=0.15).
Other clinical outcomes where not significantly different including 5-year overall survival
(p=0.11) and event free survival (p=0.88).

This cohort of 50 pediatric patients had a similar prevalence of FLT3/Mut as our larger
cohort of 104 patients with a prevalence of 46% FLT3/Mut (28% FLT3/ITD and 18% FLT3/
ALM). There was not a significant difference in gender, median age, or race for patients
with FLT3/Mut versus FLT3/WT. (Table 1)
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FLT3 mutations associated with high WBC count at diaghosis

White blood cell count at diagnosis is the most powerful known prognostic factor in APL,
where those with high diagnostic WBC count (>10,000 cells/uL) have a worse outcome.
[19,20] We evaluated the correlation of FLT3/Mut with diagnostic WBC count. Median
diagnostic WBC count for those with FLT3/Mut was 32,950 cells/uL compared to 3,600
cells/uL in those without FLT3/Mut (p=0.004). Median diagnostic WBC counts in those
with FLT3/ITD and FLT3/ALM were 32,950 cells/uL and 36,750 cells/uL, respectively.
Conversely, for those patients with high WBC counts the prevalence of FLT3/Mut was 67%
vs. 23% in those with lower diagnostic WBC counts. Seventy percent (14/20) of patients
with FLT3/Mut had high diagnostic WBC count compared to 26% (7/27) of FLT3/WT
patients (p=0.004). The prevalence of high WBC count was similar in the FLT3/ITD group
(75%) and the FLT3/ALM group (63%). (Table I1)

FLT3 mutations and APL characteristics

Morphologic assessment of diagnostic specimens can distinguish the common subtype of
M3 leukemia from the microgranular variant (M3v) based on the presence of cytoplasmic
microgranules. The microgranular variant was seen in a significantly higher proportion of
FLT3 mutated patients compared to FLT3/WT patients (47% versus 15%, p=0.035). (Table
I1) We further compared the PCR isoforms in 33 patients with and without FLT3/Mut. Short
isoform (bcr 3) was seen in 30% of those without FLT3/Mut compared to that of 54% in
FLT3/Mut patients (p=0.28). Limited data on incidence of coagulopathy associated events
other than induction deaths (such as DIC) precluded meaningful correlation of non-fatal
coagulopathy with FLT3/Mut in the C9710 study.

Clinical outcome

The morphologic complete remission (CR) rate was determined for patients on CALGB
C9710 following the first induction course of therapy. Patients with FLT3/Mut had a
significantly lower CR rate (60%) compared to FLT3/WT patients (93%, p=0.009). CR rates
for patients with FLT3/ITD and FLT3/ALM were 55% and 67%, respectively.

While the use of ATRA has improved overall survival in APL patients, coagulopathy
remains an important cause of early death. In our cohort of 50 pediatric patients on CALGB
C9710, 7 had an early induction death. (Table I1) To fully analyze induction death, we
included an additional 8 patients from CCG-2911 randomized to receive ATRA in
induction. In total, there were 8 induction deaths among this group of 58 patients. Cause of
death was intracranial hemorrhage in 5 patients, ischemic stroke in one patient, both
ischemic stroke and pulmonary hemorrhage in one patient and cardio-respiratory arrest (not
otherwise specified) in one patient. Seven of the 8 deaths occurred in the first 5 days of
treatment with two patients dying prior to initiation of ATRA. Days of ATRA treatment
among patients who died in induction ranged from 0 to 7. Those with FLT3/Mut had an
induction death rate of 30% (7/23) compared to 3% (1/35) in FLT3/WT patients (p=0.005).
Induction death rates in patients with FLT3/ITD and FLT3/ALM were similar (4 of 13, 31%
and 3 of 10, 30% respectively). (Figure 1) We examined the role of ITD-AR in induction
death among the 13 patients with FLT3/ITD. Three of 4 (75%) patients who died in
induction had a high ITD-AR which was similar to the 6 of 9 (67%) patients who survived
induction and had a high ITD-AR (p=1.0).

High WBC count has been established as a risk factor for induction death. In our study,
patients with high WBC count had an induction death rate of 30% (7/23) compared to 3%
(1/32) in the low WBC count group (p=0.007). We inquired whether FLT3/Mut has clinical
implications in patients with high WBC count. Twenty three patients had WBC count
>10,000 cells/uL of whom 15 (65%) had FLT3/Mut (9 FLT3/ITD and 6 FLT3/ALM). In the
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high WBC count cohort, patients with FLT3/Mut had an induction death rate of 47% (7/15)
compared to 0% (0/8) in FLT3/WT patients (p=0.052). (Figure 1)

ATRA syndrome is characterized by increasing WBC counts, fever, and weight gain from
fluid retention including complications of pulmonary infiltrates and pleural effusions. Data
on ATRA syndrome were available for 30 patients in the cohort, and 13 (43%) developed
ATRA syndrome. ATRA syndrome was observed in 43% of patients with FLT3/Mut
compared to 44% in FLT3/WT patients. (p=1.0, Table II).

We evaluated the overall survival and event free survival for C9710 APL patients with and
without FLT3/Mut. Patients with FLT3/ITD and FLT3/ALM had similar clinical
characteristics including the percentage with high WBC counts and similar outcomes
including induction death rate (Table Il). Therefore, patients with both types of FLT3/Mut
were considered together in comparison to those with FLT3 wild type alleles when
analyzing survival data. The overall survival at 5 years from study entry for those with and
without FLT3/Mut was 62% and 68%, respectively (log rank p=0.057; Table Il and Figure
2A). The event free survival at 5 years from study entry for those with and without FLT3/
Mut was 43% and 42%, respectively (log rank p=0.23; Table Il and Figure 2B).

We further evaluated the clinical impact of FLT3/Mut in patients who achieve CR at end of
induction. Kaplan Meier analysis for OS and EFS showed no difference between patients
stratified by FLT3 mutation status (log rank p=0.39 and p=0.76, respectively). Kaplan Meier
analysis of relapse free survival (RFS) was performed where patients who died were
censored. In patients who achieved an initial CR, RFS from end of the induction course was
69% at 5 years for FLT3/Mut patients compared to 48% for FLT3/WT patients (log rank
p=0.45). (Figure 3)

Multivariate Cox proportional hazard model analyses of OS were able to distinguish FLT3/
Mut status (p=0.043) and high WBC count (p=0.041) each as independent prognostic
factors, after the effect of treatment was removed from the model. For EFS, neither FLT3/
Mut status (p=0.28) nor high WBC count (p=0.10) had a significant effect.

We examined the role of allelic ratio in outcome among the 12 patients with FLT3-1TD
treated on C9710. Eight of the 12 patients (67%) had high-AR (AR=0.4). The 5 year OS for
patients with high-AR was 62.5% compared to 75% for patients with low-AR (P=0.65).
Similarly, the 5 year EFS was 50% versus 50% for patients with high and low allelic ratio,
respectively (P=1.0).

Discussion

Despite improvements in overall outcome with ATRA therapy in APL, a subset of patients
die from rapid and catastrophic hemorrhagic or ischemic events during induction or prior to
initiation of therapy. Induction death rates reported in clinical trials likely underestimate this
complication as some patients die before enrollment on clinical trials. Death is more
frequent in patients with higher diagnostic WBC counts, but attempts to identify specific
markers predictive of induction death have not identified useful markers. In this study we
present data on the high prevalence of FLT3/Mut in APL and their significant association
with high diagnostic WBC count and induction death. We further demonstrate that although
FLT3/Mut are associated with high diagnostic WBC count, within those with diagnostic
WBC count >10,000 cells/uL, presence of FLT3/Mut remains highly associated with
induction death.

In non-APL AML only high-AR FLT3/ITD is associated with outcome in pediatric patients,
but our analysis in pediatric APL patients showed FLT3/ITD and FLT3/ALM patients have
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similar outcomes including induction death. Also FLT3/ITD patients with low and high
allelic ratios had similar outcomes although this analysis was limited by number of patients
(9 high-AR and only 4 low-AR patients). The overall outcome of the patients in our study
cohort (5 year EFS 42%) is inferior to other reported trials. This may be due in part to the
high percentage of patients in our cohort with high WBC. However, the role of FLT3
mutations on outcome will need to be further validated when clinical outcome data is
available from the currently accruing pediatric APL study within the Children's Oncology
Group.

Based on our study cohort, the prevalence of both FLT3/ITD and FLT3/ALM is higher in
APL than in non-APL AML pediatric patients.[1] In our study, diagnostic WBC counts in
patients with available specimens were higher than in patients not tested, which may have
led to overestimation of the true prevalence of FLT3/Mut. However, the prevalence reported
in this study is similar to those reported in previous studies.[8-10] The high prevalence of
FLT3/Mut in t(15;17) suggests a common molecular mechanism of leukemogenesis. The
differentiation arrest caused by t(15;17) likely cooperates with the proliferative advantage
conferred by FLT3/Mut to result in promyelocytic leukemia. This oncogenic cooperation
has been demonstrated in mouse models.[11,12]

Due to the high correlation of FLT3/Mut and high WBC count, it may be difficult to
differentiate between the contribution of high WBC count and FLT3/Mut to induction death.
Analysis of induction death by FLT3/Mut status in the high WBC count group showed that
47% of the FLT3 mutant patients experienced an early death, whereas none of those without
FLT3/Mut had an induction death (p=0.052). In contrast, in the low WBC count group, only
one early death occurred in a FLT3/WT patient. The association of FLT3/Mut with
induction death in patients with higher WBC count may indicate direct contribution of FLT3
activation to coagulation dysregulation, however, our data are limited by the number of
patients evaluable in this trial (8 induction deaths among 58 analyzed patients).

Gene expression profiling in APL has shown a distinct signature for FLT3/Mut APL.[21]
Genes associated with cell proliferation were up-regulated consistent with the leukocytosis
seen in FLT3/Mut leukemia. There was also a cluster of genes associated with inflammation
and coagulation that are uniquely up-regulated in FLT3/Mut APL samples, suggesting that
activation of FLT3 in APL may lead to up-regulation of genes involved in coagulation. As
similar complications are not observed in de novo (non-APL) AML, a unique combination
of activated FLT3 in a background of t(15;17) may be required for derangement of
coagulation.

Prior studies have examined the impact of FLT3/Mut on induction death with variable
results. The MRC AML 10 and AML 12 studies demonstrated increased induction death and
elevated WBC count for APL patients with FLT3/Mut.[10] An association between early
death and FLT3/ITD was also reported in an APL study of 75 adult and adolescent patients
treated in Korea.[16] They found an early death rate of 33.3% in FLT3/ITD positive patients
versus 4.5% in other patients (P=0.020). Adult patients treated on CALGB C9710 had a high
prevalence of FLT3/Mut (54%) which was associated with increased WBC count, however,
FLT3/Mut did not demonstrate association with outcome.[15] Although patients aged 15 or
older treated on C9710 were randomized to receive ATO as part of their therapy and those
who received ATO had a substantially improved long term survival, ATO was introduced
during consolidation therapy. ATO treatment could not have impacted induction death, thus
not addressing the discrepancy between the adult and pediatric studies.

This is the largest study devoted to pediatric patients with APL that examines the prevalence
and impact of FLT3/Mut. Our data show that FLT3/Mut are common in pediatric APL and
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they are associated with elevated diagnostic WBC count and induction death. If the link
between FLT3/Mut status, coagulopathy and induction death observed in this study is
further substantiated, interruption of FLT3 signal transduction pathway by FLT3 inhibitors
may ameliorate the rapidly progressive coagulopathy and death. This provides further
evidence that FLT3 inhibitors should be studied within clinical trials. This treatment would
need to be initiated early during induction therapy to have a possibility of impacting
induction deaths which may occur in the first days of therapy. While FLT3 testing results
may be delayed, there is a very high association of FLT3 mutations with high WBC. Thus a
clinical trial could be designed to use high WBC as an initial surrogate criterion for initiating
FLT3 inhibitor therapy. This approach needs to be closely studied in the setting of a clinical
trial to monitor for complications including chemotherapy resistance and possible
coagulopathy[22] from the FLT3 inhibitors themselves.
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Figure 1.
Induction Death in all patients (left) and in those with high WBC count (right) based on
FLT3 mutation status.
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Figure 2.

Overall survival from study entry by FLT3 mutation status (A) and event free survival by
FLT3 mutation status (B).
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Figure 3.
Relapse free survival from end of induction 1 by FLT3 mutation status.
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Table |

Comparing disease characteristics and clinical outcome of patients with and without available diagnostic
specimens

FLT3 Measured N=50 | FLT3 Not Measured N=45 | P-value
Age (mean), years 11.86 12.27 0 731
Gender
0, 0,
Male 32 (64%) 18 (40%) 0.02 42
Female 18 (36%) 27 (60%)
WBC
<10 26 (55%) 37 (86%) 0.002 42
>10 21 (45%) 6 (14%)
Achieved CR?
0, 0,
Yes 39 (80%) 41 (91%) 0.152
No 10 (20%) 4 (9%)

Note: Five patients were missing data on WBC count and one patient was missing data on CR.
1 .
T-test Pooled p-value and Satterwaite p-value both 0.73

22-sided Fisher's exact test.
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