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Purpose: To evaluate the influence of FLT3-ITD mutations on the treatment response and
long-term survival of newly-diagnosed patients with acute promyelocytic leukemia (APL)
treated with all-trans retinoic acid and arsenic trioxide.

Methods: The long-term survival of 90 newly-diagnosed APL patients (age range 12-75
years) was retrospectively analyzed.The FLT3-ITD mutation rate was assayed by polymerase
chain reaction (PCR) amplification and sequencing analysis. Its impact on the treatment
response, event-free survival(EFS), or overall survival(OS) was investigated in patients with
and without the mutations.

Results: The FLT3-ITD mutation rate in newly-diagnosed APL patients was 20% (18/90).
The white blood cell (WBC) count at diagnosis in patients with mutations was significantly
higher than that in patients without mutations while the FLT3-/TD mutation rate was higher
in the high-risk group than in the low/intermediate-risk group. Patients with mutations had
a significantly higher early death (ED) rate (16.67% vs 1.39%) for those lacking the mutation
(P =0.024). However, the complete remission (CR) and differentiation syndrome (DS) rates
in the two groups were similar. Kaplan Meier analysis for EFS and OS at five years showed
a significant difference between the patients stratified by FLT3-ITD mutation status (log-rank
P =0.010 and P =0.009, respectively).

Conclusion: FLT3-ITD mutations can be related to high peripheral WBC counts in APL
patients. APL patients with mutations displayed a higher ED rate compared to those without
mutations. Patients carrying mutations had reduced five-year EFS and OS rates. Thus,
reducing the overall death rate during induction treatment might be an effective way to
improve the prognosis of patients with FLT3-ITD mutations.

Keywords: acute promyelocytic leukemia, APL, FLT3-ITD, internal tandem duplication,
ITD, prognosis, survival

Introduction

With the introduction of all-trans retinoic acid (ATRA) and arsenic trioxide (ATO),
substantial advances have been made in the treatment profile for acute promyelo-
cytic leukemia (APL) in the last two decades. APL treatment has evolved from
ATRA + chemotherapy as a standard regimen to a dual-induction regimen involving
a combination of ATO and ATRA as a new standard treatment for low/intermediate-
risk patients. ATRA and ATO bind specifically to the retinoic acid receptor alpha
(RARa) and promyelocytic leukemia protein (PML, a component of the PML-
RARa fusion protein), leading to there degradation. In addition, ATRA and ATO
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can induce the differentiation and apoptosis of APL cells.
FLT3 (fms-like tyrosine kinase 3) belongs to the type m
tyrosine kinase receptor family and is a cell membrane-
expressed proto-oncogene. FLT3 mutations are mainly
tandem repeats within the framework of the proximal
membrane region and are collectively termed the FLT3
internal tandem duplication (FLT3-ITD). FLT3-ITD muta-
tions are often associated with specific cytogenetic
changes or mutations in other genes. FLT3-ITD mutations,
although common, are not the only type of FLT3 muta-
tions seen in AML. FLT3-ITD mutations have a high
incidence in patients with t (15; 17) chromosomal abnorm-
alities, especially in the M3 mutation with PML-RARa and
shortened mRNAs. FLT3-ITD mutations are often consid-
ered to be related to high white blood cell (WBC) counts
in APL patients undergoing ATRA+ chemotherapy and are
considered to be indicators of poor prognosis.' Studies
on induction therapy with ATO as the main agent have
suggested that ATO can effectively neutralize the adverse
prognostic effects of FLT3-ITD mutations.®® In addition,
animal studies have also suggested that FLT3-ITD can
inhibit ATRA-induced differentiation and clearance of
APL in vivo and that its combined application with arsenic
can eliminate such resistance.” However, the value of
FLT3-ITD mutations in evaluating the prognosis of APL
requires further investigation.

This study has investigated the status of FLT3-ITD
gene mutations in newly-diagnosed APL patients treated
with the ATRA+ATO-based induction regimen, excluding
patients with PML-RARa.The primary aim was to clarify
its potential biological and clinical implications and to
further improve the prognostic stratification system in
APL patients.

Materials and Methods

Study Subjects and Ethics Statement

A total of 90 newly-diagnosed APL patients, hospitalized
in the Jiangsu Province Hospital, the first affiliated hospi-
tal of Nanjing Medical University (Nanjing, China) from
February 2010 to March 2017. Fifty male and forty female
patients, with a median age of 43 (12-75) years, were
included in the study. All the patients had been diagnosed
with APL according to clinical manifestations, routine
blood tests, bone marrow cell morphology, leukemia
immunotyping, fusion genes, and chromosome karyotypes,
and the diagnostic criteria were in line with the criteria for
the diagnosis and efficacy of hematologic diseases. We

collected the clinical data and identified the diagnostic
information during and after data collection. Following
the Chinese AML diagnosis
treatment,'® all patients were treated with 0.16 mg/(kg-d)
ATO in combination with 20 mg/(m2-d) ATRA until
a complete response was observed. If WBC>10x10%/L,
idarubicin (IDA) 8-12 mg/(m2-d) was added for 34
days or daunorubicin (DNR) 45 mg/(m2-d) for 3—4 days
of chemotherapy. In addition, chemotherapy consolidation

guidelines  for and

therapy and ATRA/ATO maintenance therapy was admi-
nistered after complete remission was achieved. According
to the presence of FLT3-ITD mutations, the patients were
divided into a positive group and a negative group, and the
clinical laboratory characteristics, response to induction
therapy, and prognosis of the two groups were analyzed
and compared. The study was approved by the ethics
committee of the First Affiliated Hospital of Nanjing
Medical University, Jiangsu Province Hospital. All the
participants received and signed written informed consent,
including legal guardians representing the minors recruited
in our study. All clinical investigations were conducted in
with the
Declaration of Helsinki.

accordance principles expressed in the

Extraction of Genomic DNA

Five milliliters of bone marrow fluid were extracted for
routine immunophenotypic and cytogenetic analysis. The
mononuclear cells were isolated from the remaining bone
marrow solution with lymphocyte separation solution, and
the DNA was extracted using the traditional phenol-
chloroform extraction. The OD values of the samples
were determined by a biophotometer (Eppendorf AG,
Hamburg, Germany). The DNA was diluted to 50 ng/puL
in deionized water and stored at —20°C for later

experiments.

FLT3-ITD Mutation Detection
PCR
described.'""'? The primers were designed for exons 14

amplification was performed as previously
and 15 of the FLT3 gene and were synthesized by
Shanghai Thermo Fisher Scientific Co. Ltd. (Shanghai,
China). The primers were the transgenic sense: 5'-
GCAATTTAGGTATGAAAGCCAGC-3' and antisense:
5'-CTTTCAGCATTTTGACGGCAACC-3".The

conditions included incubation at 5°C for 5 minutes, the

reaction

cycling conditions followed for each reaction were 95°C
for 30 seconds, annealing at 60°C for 45 seconds, and
elongation at 72°C for 1 minute, lasting for 35 cycles.
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This was followed by a final elongation at 72°C for 8
minutes, after which the reaction products were stored at
4°C. The wild-type amplification products showed a single
peak at 329 bp, and the ITD mutant amplification products
showed specific bands at greater than 329 bp. The positive
samples from agarose gel electrophoresis were selected
and the PCR products were analyzed by capillary electro-
phoresis. The results were further confirmed by fragment
analysis. FLT3-ITD electrophoresis and direct sequencing
of the positive specimens were performed for PCR ampli-
fication and sent to Shanghai Thermo Fisher Scientific
Company for cloning and sequencing; the sequencing
results were compared with the wild-type gene sequence.

Statistical Analysis

SPSS 16.0 software (SPSS, Chicago, IL, USA) was used for
all statistical analyses. The measurement data were expressed
as mean * standard deviation (X+SD), and comparisons
between the two groups were measured by the #test. The chi-
square test and Fisher exact test were used for counting data
(small sample data). The Kaplan-Meier method was used to
draw the survival curve and P<0.05 was considered as statis-
tically significant.

Results
Relationship Between FLT3-ITD

Mutations and Clinical and Laboratory
Characteristics of Patients with APL
Among the 90 patients with APL, 18 had positive FLT3-ITD

mutations, with a positive rate of 20% (95% confidence inter-
val 11.6-28.4%). Of these, 11 were males (61.1%) and 7

females (38.9%), with no statistically significant difference.
The initial WBC count of the APL patients were noted to be
significantly higher in the positive mutation group (P<0.01).
However, age, hemoglobin, platelet (PLT), lactate dehydro-
genase (LDH), and the bone marrow primordial promyelocy-
tic granulocyte ratio showed no correlation with the presence
of a mutation. There was no significant difference in the
coagulation indices between the two groups (prothrombin
time; partial thromboplastin time; D-dimer; fibrinogen)
(Table 1). The patients were further divided into two groups
for analysis. The incidence of FLT3-ITD mutations in the
high-risk APL patients with WBC>10x109/L was 45.2%
(14/31; 95% confidence interval 26.6-63.7%) and 6.8% (4/
59; 95% confidence interval 2—13.4%) in Intermediate/Low
Risk patients with WBC<10x109/L. This difference was sig-
nificant (P<0.001). The APL patients were further divided into
a CD34+ group and a CD34- group according to the status of
CD34 expression. The incidence of FLT3-ITD mutations was
62.5% (10/16; 95% confidence interval 35.9-89.1%) in the
CD34+ group and 10.6% (7/66; 95% confidence interval
3-18.2%) in the CD34- group, with significant differences
(P<0.001).

Effect of FLT3-ITD Mutations on
Response to Induction Therapy and
Prognosis

After induction therapy, 16 of the 18 patients positive for
FLT3-ITD mutations obtained CR (88.9%) compared to 71
patients out of 72 (98.6%) in the negative group. However,
no significant difference was noted between the two
groups (P=0.101). In this study, 30 cases of differentiation

Table | Presenting Features of APL Patients According to FLT3-ITD Mutation Status

Characteristics FLT3-ITD (+) (n = 18) FLT3-ITD (-) (n=72) P-value
Age, (years), median(range) 39.94(18-67) 45(12-75) 0.224
Male Gender, no. (%) 11(6l.1) 39(54.2) 0.792
WBC (x109/L),median(range) 26.37(3.15-155.91) 2.1(0.3-84.8) 0.009
HB (g/L), median(range) 95.5(59-127) 85.5(32-146) 0.059
PLT (x109/L), median(range) 19.5(7-52) 27 (6-231) 0.153
LDH(U/L), median(range) 454(193-2150) 257(121-3571) 0.100
BMP(%), median(range) 86.8(67-99) 82.6(60.8-97.2) 0.079
PT(s), median(range) 15.2(13.4-18) 14.05(11.1-37.8) 0.546
APTT(s), median(range) 24.85(19.6-32.8) 26.35(17-44.5) 0.157
D-D(ug/mL), median(range) 6.21(0.38-53.83) 5.35(0.05-40) 0.485
Fbg(g/L), median(range) 1.32(0.2-2) I.2(0.35-4.2) 0.397

Note: P<0.05 was considered as statistically significant.

Abbreviations: WBC, white blood cell count; HB, hemoglobin; PLT, platelets; LDH lactate dehydrogenase; BMP, bone marrow leukemic promyelocyte; PT, prothrombin
time; APTT, activated partial thromboplastin time; D-D, D-dimer; Fbg, fibrinogen.
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Table 2 Treatment Response Between FLT3-ITD Positive and
FLT3-ITD Negative Patients

Treatment FLT3-ITD FLT3-ITD P-value
Response ) )

CR 16/18 71172 0.101
DS 6/18 23/72 0.559
ED 3/18 1172 0.024

Note: P<0.05 was considered as statistically significant.
Abbreviations: CR, complete remission; DS, differentiation syndrome; ED, early
death.

syndrome (DS) occurred, and 6 cases (33.3%; 95% con-
fidence interval 9.2-57.5%) of DS occurred during induc-
tion therapy in 18 patients in the positive group, and 23
cases (31.9%; 95% confidence interval 20.9—43%) of DS
occurred in the negative group. There was no significant
difference between the two groups (P=0.559). The overall
rate of early death (ED) was 4.4% (4/90) and three patients
died from intracranial hemorrhage, including one patient
with concurrent pulmonary hemorrhage. The fourth patient

died of post-chemotherapy infection. This patient had type
2 diabetes, which was not completely treated, and had
poorly-controlled blood sugar levels. The disease-induced
mortality was 16.7% (3/18) in the positive group and
1.39% (1/72) in the negative group, which was signifi-
cantly different (P=0.024) (Table 2). The effect of FLT3-
ITD mutations on the survival of APL patients was also
analyzed. In the positive group, three patients died, all in
the ecarly stages. Two patients died from intracranial
hemorrhages, including one patient with a pulmonary
hemorrhage, and the third patient died from post-
chemotherapy infection. In the negative group, one patient
died of intracranial hemorrhage during the early stages,
and the other patient underwent AML-M1 chemotherapy
and died from poor efficacy three years after the onset.
However, compared with the negative group, the EFS and
OS in the positive group decreased significantly for five
years, and the difference was found to be statistically
significant (P=0.010; P=0.009) (Figures 1 and 2).
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Figure | Association between the rate of 5-year event-free survival and FLT3-ITD gene mutation in patients’ groups.
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Figure 2 Association between the rate of overall survival and FLT3-ITD gene mutation in patients’ groups.

Discussion

ATRA-based therapy has become the standard care for APL
and can significantly extend both the DFS and OS in
patients with APL. Since the 1990s, ATO has proved to
a breakthrough in the treatment of recurrent and newly-
diagnosed APL patients. APL has shifted from being
a highly lethal to a manageable malignancy in most patients
treated with ATRA and ATO therapy. However, APL is not
a homogeneous disease. The Sanz score, based on initial
WBC and PLT counts, has been widely used and accepted as
a risk stratification as well as the treatment option as
a practical prognostic model for APL patients.'> However,
based on the various complexities involved in the molecular
pathogenesis of APL, such as the occurrence of random
mutations, the identification of novel sensitive markers
may have practical clinical implications for APL risk stra-
tification, and even for designing individualized treatment
modalities. In addition to the PML-RARa fusion, the

adverse effects of gene mutations, especially FLT3-ITD,
on the prognosis of APL have attracted great attention in
recent years. There is considerable evidence that molecular
markers are associated not only with clinical characteristics
at the onset of disease but can also be correlated to the drug
response and the prognosis of acute myeloid leukemia
(AML). Interestingly, the FLT3 gene, located on chromo-
some 13q12, can effectively regulate the proliferation and
differentiation of hematopoiesis/progenitor cells through
activating a signal transduction pathway upon interacting
with its ligand (FL). FLT3 mutations are significantly com-
mon in AML, consisting mostly of internal tandem duplica-
tion mutations in the juxtamembrane domain of the gene
(FLT3-ITD). Interestingly, the frequency of FLT3-ITD
mutations has not been found to be consistent in APL
patients (12-38%), and their presence did not necessarily
affect all reported survival curves significantly.'>'* The
prognostic significance of FLT3-ITD mutations in APL
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remains uncertain. The latest guidelines from the European
Expert Group on Leukemia provide specific recommenda-
tions for optimizing the treatment of high-risk APL but do
not provide specific recommendations for patients harbor-
ing FLT3 mutations.> In this study, we retrospectively
analyzed 90 newly-diagnosed APL patients who were trea-
ted with the ATRA+ATO dual induction regimen. The
mutation rate of FLT3-ITD was 20%, lower than the
31-32% rate reported in Europe and America and more
consistent with the 14.1-23.6% rate reported in
China.®®'¢"'® While the incidence of FLT3-ITD mutations
in patients with APL in China may be lower than that
reported in the western countries, it may also be related to
the smaller number of cases and selection bias in this study.

Our study found that the FLT3-ITD mutations was
closely associated with high WBC counts in the newly-
diagnosed patients, and the FLT3-ITD mutation rate in
high-risk patients (WBC>10x10°/L) was significantly
higher than that in medium-low risk patients
(WBC<10x10°//L). The baseline WBC count is one of
the most powerful known prognostic factors in APL, and
patients with a high WBC count (WBC>10x10°/L) gener-
ally have a poor prognosis. However, the role of the high
WBC count in APL is not completely understood, and
a considerable number of these patients may have FLT3-
ITD mutations. Additionally, studies have found that PML-
RARa can play a vital role in determining the disease
phenotype of APL. However, evidence from transgenic
mouse models showed that PML-RARo alone was not
sufficient to induce significant development of
leukemia.'®° The effect on cell differentiation caused by
t (15; 17) may cooperate with the promotion of prolifera-
tion conferred by the FLT3-ITD mutation, thereby leading
to the development of promyelocytic leukemia. This car-
cinogenic collaboration has been demonstrated in the
mouse models.?'** FLT3-ITD mutations can lead to con-
stitutive activation of the FLT3 in a ligand-independent
manner, and thus can further activate abnormal signal
transduction in downstream signaling pathways influen-
cing cellular proliferation and differentiation (such as
Jak-2/STATS and MAPK/Akt), thus promoting cell prolif-
eration and inhibiting cellular apoptosis.>*** Fan et al also
reported that FLT3-ITD may be associated with leukocy-
tosis and that FLT3-ITD can enhance the proliferation of
leukemic cells.* Interestingly, FLT3-ITD mutations have
been found to be associated with high WBC counts and
hemoglobin levels in patients with APL.'* Shen et al
found that FLT3-ITD mutations were associated with

both high WBC counts and sex during the initial
diagnosis.”> The detection rate of FLT3-ITD mutations
was higher in males. Luo et al found that not only were
FLT3-ITD mutations associated with high WBC counts
and hemoglobin levels in APL at the initial diagnosis,
but were also associated with low PLT counts. Our
study confirmed that FLT3-ITD mutations were associated
with a high baseline WBC counts, but no significant cor-
relations with other hematological characteristics were
observed.

The remission rate of induction therapy in APL
patients has been closely related to the prognosis, and the
effect of FLT3-ITD mutations on the potential impact of
ATRA+ATO chemotherapy in APL patients is still contro-
versial. Poiré et al found that APL patients frequently
displayed FLT3-ITD mutations and those without muta-
tions had similar CR rates.® However, other studies have
indicated that the CR rate of patients with FLT3-ITD
mutations is significantly lower than that of patients with-
out the mutation.”**’ In this report, no statistical differ-
ence was observed in CR rates between patients with and
without FLT3-ITD mutations, which is consistent with the
results of Poiré et al.® ATRA can also induce the matura-
tion of immature cells, and the most common complication
associated with the application of ATRA is DS. DS is an
important cause of early death in APL and is characterized
by increased WBC counts, fever, weight gain, and fluid
retention (pulmonary infiltration and pleural effusion). In
addition, various studies have shown that leukocytosis can
be an independent prognostic factor for DS.*®?° Moreover,
in the treatment plan based on ARTA + chemotherapy
(AIDA), Breccia et al found that the incidence of ATRA
syndrome in patients with FL73-ITD mutations was sig-
nificantly higher than that in patients lacking these
mutations.*® However, in our study, the results showed
that there was no statistical difference in DS incidence
between patients with FLT3-ITD mutations and those
without mutation after the ATRA+ATO dual-induction
regimen. This observation may be related to the reduction
or suspension of ATRA when leukocyte levels are signifi-
cantly increased. It also suggested that the incidence of DS
may be reduced compared with ATRA+ATO use alone,
but large-scale controlled trials are needed to confirm this.
Additionally, studies have also suggested that FLT3-ITD
mutations may be correlated with early death in APL
patients.”’*! Early death remains the leading cause of
APL treatment failure. The early mortality of patients
positive for FLT3-ITD mutations was also significantly
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higher than that of patients without mutations, which also
confirmed these findings.

In APL patients, the FLT3-ITD mutation is common
genetic event together wth t (15;17). Souza et al sug-
gested that FLT3-ITD mutations may constitute different
biological subsets of patients with APL, but the effect of
such mutations on the patients’ prognosis remains
uncertain.'**? Based on ATRA and anthracycline che-
motherapy, different studies have shown that FLT3-ITD
can independently predict shorter survival rates in
patients with APL."* Other studies have also suggested
that the addition of ATO to the induction therapy can
eliminate the adverse prognosis caused by FLT3-ITD
mutations. Moreover, FLT3-ITD mutations were not
found to be associated with OS or DFS rates in patients
treated with ATRA and ATO.?>*?> On the contrary, some
studies have indicated that there is no significant asso-
ciation between FLT3 mutations and OS or DFS regard-
less of whether patients are treated with standard
treatment or consolidation regimens plus ATO. In this
study, five-year EFS and OS rates of FLT3-ITD mutants
were significantly lower compared to non-mutants,
which was mainly attributed to the high early mortality
rate of mutants. The reduction of disease-induction mor-
tality in patients with FL73-ITD mutations remains the
key focus to improve the survival rate of these patients.
However, induction therapy with ATO has failed to
reverse the high-risk characteristics of FLT3-ITD muta-
tions. The presence of FLT3-ITD mutation was still
considered a poor prognostic factor of APL after ATRA
+ATO induction regimen. The addition of novel drugs
such as FLT3-ITD inhibitors, HDAC inhibitors, and
CD33 monoclonal antibodies (GO) in APL patients
with FLT3-ITD mutations may be a feasible strategy to
adopt to develop individualized treatment regimens.
Currently, Cenozoic FLT3 inhibitors have shown bene-
ficial results in clinical trials of AML induction therapy
combined with chemotherapy, which needs further con-
firmation in APL.*

Limitations of This Study

The study is primarily a single-center retrospective study;
therefore, the sample size should be expanded to further
confirm the significance of FLT3-ITD mutations in the
prognosis of APL.
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