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Background: Acute myeloid leukemia (AML) is a common hematological malignancy
associated with different cytogenetic and genetic abnormalities.

Methods: FLT3-internal tandem duplication (FLT3/ITD) mutation and CD34 expression
levels were assessed in the bone marrow (BM) aspirates of 153 de novo AML patients. Data
were correlated with relevant clinic-pathological features of the patients, response to treat-
ment, disease-free survival (DFS), and overall free survival (OS) rates.

Results: FLT3-ITD mutation was detected in 27/153 (17.6%) AML patients (P=0.001),
and CD34 was expressed in 83/153 (54.2%) patients (P=0.293) compared to those with
wild FLT3 and CD34 expression, respectively. Patients with FLT3-ITD mutation showed
increased peripheral blood and BM blast cells, abnormal cytogenetics, poor DFS and OS
compared to those with wild FLT3 (P=0.013, P<0.001, P=0.010, P=0.008 and P=0.004,
respectively), while there was no significant association with response to treatment
(P=0.081). There was no significant association between CD34 expression and response
to treatment, DFS, and OS (P>0.05). FLT3-ITD mutation and FAB subtypes were inde-
pendent prognostic factors for DFS. Older age >39 years, HB <7 mg/dL PB blast >54%,
and FLT3-ITD mutation were independent prognostic factors for poor OS in AML patients.
The presence of both FLT3-ITD mutation and CD34 expression associated significantly
with resistance to therapy (P=0.024), short DFS and OS rates (P=0.006, P=0.037,
respectively).

Conclusion: Combined expression of both FLT3-ITD mutation and CD34 expression is an
important prognostic and predictive factor for poor disease outcome in AML patients.
Keywords: acute myeloid leukemia, AML, FLT3-ITD, CD34

Introduction

Acute myeloid leukemia (AML) is a hematopoietic malignant disease that affects children
and adults." It is the most common acute leukemia in adults, with a 5-year overall survival
rate of about 27%.>* Although 60—70% of patients experienced complete remission after
the induction regimen, most of them relapsed within 3 years. This relapse may occur due
to the development of CD34+/CD38-AML leukemic stem cells (LSCs),” which is
characterized by self-renewal capacity that continuously produce immature blood cells.
These cells harbor frequent mutations that inhibit hematopoietic differentiation pathways,
which is one of the hallmarks of AML.%’ Thus, identification of these functionally distinct
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CD34+ cell populations is a crucial step to evaluate the disease
course and therefore relapse prediction.

CD34 is a glycosylated transmembrane protein and it is
a well-established marker for human hematopoietic stem
and early progenitor cells.® The CD34 family proteins are
included in enhancing proliferation, blocking differentia-
tion, trafficking, and cell adhesion.”!® 1t had been pre-
viously reported that CD34+ AML blasts are more
resistant to apoptosis than their CD34- counterpart.''

AML is caused by different cytogenetics and genetic
abnormalities that play a crucial role in the pathogenesis,
progression, and diagnosis of AML patients.'? One of the
most common mutated genes in AML is FLT3 (FMS like
tyrosine kinase 3), which occurs in about 30% of AML
patients with normal cytogenetics.'*> FLT3 is a member of
the tyrosine kinase receptor III family, and it greatly
impacts the proliferation and differentiation of early hema-
topoietic progenitor cells. It has two types of mutations: 1)
internal tandem duplication (FLT3/ITD) within or near
the second juxta membrane receptor, which occurs in
15-35% of patients, and 2) the point mutations (FLT3/
TKD) leading to amino acid substitutions in the loop of
activating tyrosine kinase domain, which occurs in 5-10%
of AML patients."* "

The FLT3 gene is expressed only in immature hemato-
poietic CD34+ progenitor cells in the bone marrow. It is
located on chromosome 13ql2 encoding FLT3 protein.
Binding of the extracellular domain of FLT3 receptor to
its ligand resulted in subsequent signaling pathways activa-
tion through JAK/STAT, PI3K/AKT, and MAPK/ERK sig-
nal transduction. These pathways regulate the development
and function of hematopoietic stem/progenitor cells.'®

Therefore, the aim of the current study was to assess
FLT3/ITD mutation and CD34 expression levels in newly-
diagnosed AML patients. These markers were assessed
separately and in combination, in relation to the clinical
features of the patients, different chromosomal abnormal-
ities, response to treatment, and survival rates (DFS and
OS). This will help for more stratification of the patients,
more accurate prediction of heir outcomes, and conse-
quently more appropriate management.

Methods

This prospective cohort study included 153 AML patients
who were presented and diagnosed at the National Cancer
Institute (NCI) during the period 2013-2015. Control sam-
ples were obtained from 20 age- and sex-matched healthy
subjects who were donors for bone marrow transplantation

(BMT). Patients were subjected to full history taking,
clinical and radiological examination. They were con-
firmed for the diagnosis of AML according to the French-
American-British (FAB) and World Health Organization
(WHO) criteria."”

Therapeutic Regimen

Patients received their chemotherapy regimen according to
the National Comprehensive Cancer Network (NCCN)
guidelines.'® The treatment protocol was formed of induc-
tion therapy with a 3+7 regimen (daunorubicin 45 mg/m*
and cytosine arabinoside 100 mg/m?) followed by two cycles
of a 5+2 protocol after remission (daunorubicin 45 mg/m>
for 2 days, plus cytosine arabinoside 100 mg/m2 for another
5 days). Patients who did not show complete remission (CR)
morphologically after the first session of induction che-
motherapy received cytosine arabinoside 500 mg/m’ by
slow intravenous push twice a day for 7 days and
Novantrone 12 mg/m? daily for 3 days. Patients with acute
Promyelocytic leukemia (APL, the M3 subtype of AML)
were treated with induction therapy formed of three doses of
doxorubicin 60 mg/m> or idarubicin 12 mg/m? D1-3 com-
bined with All Trans Retinoic acid (ATRA) 45 mg/m? in two
divided doses, and Arsenic trioxide (ATO) till morphological
complete remission (CR) occur, it might continue for
a maximum period of 60 days. Patients who achieved CR
received consolidation therapy, which was formed of two
cycles of three doses of doxorubicin 60 mg/m? or idarubicin
12 mg/m? D1-3 in combination with ATRA 45 mg/m? for 15
days. Then the consolidation therapy is followed by the
maintenance therapy, which is formed of law dose of
ATRA alone or combined with chemo-therapy (6-mercapto-
purine (6-MP) and/or methotrexate). It lasts for about 1 year.

Response to Therapy

Response to therapy was evaluated according to the WHO
criteria, where complete remission (CR) was achieved when
the patient had a hemoglobin concentration equal to or more
than 10 gm/dL, total leukocyte count equal to or more than
3000 (10°/L), platelet count equal to or more than 150.000
(10°/L), normocellular bone marrow (with normal differen-
tial count or presence <5% blast cells), and finally absence
of all clinical and radiological manifestations of AML.

Samples Collection

Bone marrow (BM) aspirates were obtained from the parti-
cipating AML patients and the control subjects. All BM
samples were subjected to morphological examination,
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routine immunophenotyping (IPT), Conventional karyotyp-
ing, Fluorescence In Situ Hybridization (FISH), and con-
ventional PCR for common genetic abnormalities including
t(8:21), t(9,22), t(15,17), and pericentric inversion of chro-
mosome 16 (inv16).

Flow Cytometer Detection of CD34
PB or BM samples were obtained at diagnosis and ana-
lyzed within 24 hours. Briefly, 100 pl the sample with an
adjusted cell count of approximately 1x10° cells/tube were
incubated with monoclonal antibodies against CD34
according to the manufacturer recommendations in the
dark for 30 minutes at room temperature, lysed, and
washed with phosphate buffer saline (PBS) to get rid of
excess antibodies, then cells were resuspended in PBS.

Mouse anti-human CD34 monoclonal antibodies
(catalog no for CD34:550,619) purchased from BD
Biosciences (CA, USA) were added at diagnosis.
Isotype/negative control (IgGl) was used. Samples
were run on a multicolor flow cytometer (FACS Canto;
BD Biosciences, San Jose, CA, USA) according to
manufacturer's protocol. Analysis was performed using
the FACS DIVA 6.1.3 software (BD Biosciences). Blast
population was selected first on forward scatter versus
side scatter and then from CD45 versus side scatter, so
Gating strategy was based on CD45."” In total, 10,000
events were required, and the percent expression of
CD34 on gated myeloblasts were recorded, markers’
positivity was considered if >10% (Figure 1).

Mutation Analysis of FLT3-ITD

Gene
Total DNA was extracted from BM samples obtained from
153 AML patients compared to 20 healthy control subjects

A
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]

CD34 FL3INT LOG

using a QIAamp DNA blood Mini Kit (QIAGEN) according
to manufacturer’s instructions. PCR amplification was per-
formed using the primer sequence for FLT3-ITD gene
(Thermo Fisher Scientific, USA). F: 5" GCAATTTAGGTAT
GAAAGCCAGC-3" and R: 5'- CTTTCAGCATTTTGACG
GCAACC-3". In brief, 1 pl DNA was amplified in a volume
of 25 uL containing 50 mM KCl, 1.5 Mm MgCl,, 10 mM
Tris-HCI, PH 8.3, 200 mM dNTPs, 0.5 uM of each primer
and 1U Taq DNA polymerase (QIAGEN). The thermal reac-
tion conditions included a denaturation step for 150 seconds
at 94°C followed by 35 amplification cycles at 94°C for 30
seconds, 57°C for 60 seconds, and 72°C for 120 seconds, and
a final elongation step for 10 minutes at 72°C. The PCR
product was analyzed on standard 3% agarose gel. A wild-
type (WT) allele was produced at a fragment of 328 base pair
(bp). Patients with an additional higher molecular weight
band were considered to be FLT3/ITD+.

Statistical Methods

Statistical analysis was performed using IBM® SPSS®
Statistics version 22 (IBMO Corp., Armonk, NY, USA).
Numerical data were expressed as median and range
according to the performed normality tests. Qualitative
data were expressed as frequency and percentage. The
relation between qualitative variables was assessed using
Chi-square or Fisher’s exact test as appropriate.
Comparison between groups was done using Mann—
Whitney test. The area under the receiver operating curve
(ROC) was calculated to investigate the best cut-off value,
sensitivity, and specificity for the diagnosis of AML.
Survival analysis was done using Kaplan-Meier test and
comparison between survival curves was done using Log
rank test. All tests were two-tailed, and a P-value<0.05

was considered significant.

B
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Figure | Flow histogram shows (A) negative expression of CD34 on myeloblasts, and (B) positive expression of CD34 on myeloblasts.
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Results

Clinico-Pathological Features of the Patients
The current study included 153 AML patients, with
a median age of 39 (range=18-68) years, and a mean of
39+13.01 years. Males represented 49.7% (76/153), and
females were 50.3% (77/153) of the assessed patients.
Bone marrow (BM) examination showed that 131 patients
(85.6%) presented with hypercellular BM, and 22 patients
(14.4%) with normocellular BM. Molecular and genetic
data were available for 116 patients, of them 40 (34.5%)
patients showed normal karyotype, while 36 (31%)
patients had t(8:21), 14 (12.1%) had t(9,22), 16 (13.8%)
had t(15,17), and 10 (8.6%) patients had (inv16). Patients
were classified according to the 2017 risk stratification by
the European Leukemia Net (ELN)® into 58 (42%)
patients who had favorable risk, 28 (20.3%) patients with
poor risk, and 52 (37.7%) patients had intermediate risk.
There were 77 (50.3%) patients who had hepato and/or
splenomegaly, and 42 (27.5%) patients presented with
lymphadenopathy. At the end of the study, there were 83
(76.9%) patients who showed complete remission (CR), 11
(10.2%) patients had delayed CR after 28 days of treat-
ment, while 14 (12.9%) patients were resistant to therapy
(Table 1).

Assessment of CD34 Expression and

FLT3-ITD Gene Mutation

The CD34 was found to be positive in 83/153 (54.2%)
patients, compared to 70/153 (45.8%) with negative CD34
expression (P=0.293). In addition, 27/153 (17.6%) patients
had mutant FLT3-ITD, compared to 126/153 (82.4%) with
wild FLT3 (P=0.001, Figure 2).

Association Between FLT3-ITD Gene
Mutation, CD34 Expression, and Relevant
Clinic-Pathological Features of the

Patients

Patients with FLT3-ITD mutation had a significant
increase in the peripheral blood blast cells compared to
those with wild FLT3 [median=64.5% (range=20-98%)
vs median: 51.5%  (range=0-97%); respectively,
P=0.013]. Also, FLT3-ITD mutation associated signifi-
cantly with increased bone marrow blast cells [median:
76% (range=46-92%)] in comparison to those with wild
FLT3 [median=60.5% (range= 20-97%), P<0.001]. There
was a significant association between the presence of wild

FLT3 and normal karyotyping [36/40 (90%) with wild
FLT3 vs 4/40 (10%) with mutant FLT3-ITD]. In addition,
patients with wild FLT3 had favorable cytogenetics com-
pared to those with FLT3-ITD mutations; as all patients
who had inv16 expressed wild type FLT3. On the other
hand, the most common detected abnormal cytogenetics in
patients with FLT3-ITD Mutation was t(15,17) in 8/14
(57.1%), followed by t(8:21) in 2/14 (14.3%) patients
(P=0.010).

Likewise, the absence of CD34 expression was signifi-
cantly associated with favorable cytogenetics, as all
patients (n=16) who had t(15,17) were negative for
CD34 expression. Meanwhile, out of all patients (n=14)
who had t(9,22), 10 (71.4%) patients were CD34 positive,
compared to four (28.6%) patients who were negative for
CD34 (P=0.012). CD34 was significantly expressed in
patients with FAB MO (2.4%), M1 (25.3%), M2 (34.9%),
and M4 (33.7%) due to increased monocytic and granulo-
cytic lineage (P=0.004, Table 2).

Consequently, patients were categorized according to
FLT3-ITD mutational status and CD34 expression into
four groups; G1 (n=9): FLT3-ITD mutant and CD34+,
G2 (n=18): FLT3-ITD mutant and CD34-, G3 (n=74):
Wild FLT3 and CD34+, and G4 (n=52): Wild FLT3 and
CD34-. Patients with wild FLT3 and CD34- (G4) signifi-
cantly had FAB M5 and M7 types. While patients with
Wild FLT3 and CD34+ (G3) significantly had FAB M1
(P=0.036). Normal karyotyping was present significantly
in G4 (wild FLT3, CD34-), and t(8,21) was present sig-
nificantly in G3 (Wild FLT3, CD34+). On the other hand,
patients in G1 (FLT3-ITD mutant, CD34+) significantly
did not have favorable cytogenetics like t(15,17): 0/9
(0.0%), invl6: 0/9 (0.0%), and t(8,21): 2/9 (33.3%,
P<0.001).

Patients groups who had mutant FLT3-ITD (G1 and
G2) showed a significant increase in the peripheral blood
and bone marrow blast cells (P=0.033 and P=0001,
respectively) compared to those with wild FLT3 (G3 and
G4, Table 3).

Patients’ Response to Treatment

There was no significant association between response to
treatment and FLT3-ITD mutation (P=0.081) or CD34
expression (P=0.597, Table 2);, however, the incidence
of relapse associated significantly with FLT3-ITD muta-
tion (60%) compared to (40%) in patients with wild FLT3
(P=0.025, Table 1).
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Table | Clinic-Pathological Features of the Assessed AML

Patients

Patients’ Characteristics

Frequency (%)

Age
meantSD

median (range)

39+13.01 years
39 (18-68) years

Sex
Male
Female

76 (49.7%)
77 (50.3%)

TLC (median and range)x10%/L

29.7 (0.8-345)

HB (median and range) g/dL 7.6 (3.1-12.3)
PLT (median and range) x10°/L 35 (1-458)
PB blast (median and range) % 54 (0-98)
BM blast (median and range) % 65 (20-97)
BM cellularity

Normocelluar 22 (14.4%)

Hypercelluar 131 (85.6%)
FAB

MO 2 (1.3%)

MI 30 (19.6%)

M2 40 (26.1%)

M3 16 (10.5%)

M4 54 (35.3%)

M5 9 (5.9%)

M7 2 (1.3%)

Cytogenetics

Intermediate

NK 40 (34.5%)
t(8:21) 36 (31%)
t(9,22) 14 (12.1%)
t(15,17) 16 (13.8%)
inv 16 10 (8.6%)
Stage cyto
Favorable 58 (42%)
Poor 28 (20.3%)

52 (37.7%)

Organomegaly
No organomegaly

76 (49.7%)

Organomegaly 77 (50.3%)
Lymphadenopathy

Negative 111 (72.5%)

Positive 42 (27.5%)

Response to treatment

Complete remission

83 (76.9%)

Resistant 14 (12.9%)
Delayed CR-28 11 (10.2%)
Relapse
Positive 71 (72.4%)
(Continued)

Table | (Continued).

Patients’ Characteristics Frequency (%)
Negative 27 (27.6%)
Survival
Early Death 36 (23.5%)
Late Death 70 (45.8%)
Alive 47 (30.7%)
BMT
Negative 142 (92.8%)
Positive Il (7.2%)

Abbreviation: NK, normal karyotyping.

Resistance to treatment was significantly observed in G1
(FLT3-ITD mutant, CD34+) where it represented 57.1%,
while complete remission (CR) was detected in 28.6% of
the patients, and delayed CR was detected only in 14.3%.
On the other side, data in G3 (wild FLT3, CD34+) and G4
(wild FLT3, CD34-) were comparable, as CR was signifi-
cantly observed in 46/74 (80.7%) and 30/52 (78.9%),
respectively. Delayed CR (after 28 days) was detected in
5/74 (8.8%) and 4/52 (10.5%), respectively, while resis-
tance to treatment was detected in 6/74 (10.5%) and 4/52
(10.5%), respectively (P=0.024, Table 3 and Figure 3).

Disease Free Survival (DFS) and Overall
Survival (OS) Rates

The median DFS time for all patients was 16.76 months,
there was a significant association between DFS rate and
FLT3-ITD mutational status (16.77ms in wild FLT3 com-
pared to 8.93ms in mutant FLT3-1TD, P=0.008, Figure 4A).
There was no significant association between DFS rate of
the patients and CD34 expression (18ms in CD34- and 13.6
ms in CD34+, P=0.419, Figure 4B).

% of patients
100

80

wild mutant negative positive

FLT3 mutation CD34 expression

Figure 2 Expression of CD34 and FLT3-ITD gene mutation in AML patients.
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Table 2 Association Between FLT3-ITD Gene Mutation, CD34 Expression and Relevant Clinic-Pathological Features of the Patients

FLT3-ITD P-value CD34 P-value
Wild (126) Mutant (27) Negative (70) Positive (83)

Age (median and range) years 38.5 (18-68) 36 (19-58) 0.838 40.5 (18-68) 37 (18-65) 0.663
TLC (median and range)x 10°/L 26.8 (1.5-345) 33 (1-223) 0.598 21.3 (1.7-235) 31 (1-345) 0.672
HB (median and range) g/dL 7.6 (3.1-12.3) 74 (5-11.6) 0.863 7.5 (3.2-123) 7.6 (3.1-12.1) 0.936
PLT (median and range) x10°/L 38 (1-458) 35.5 (7-336) 0.6l 32.5 (5-336) 38 (1-458) 0.313
PB blast (median and range) % 51.5 (0-97) 64.5 (20-98) 0.013* 54 (0-91) 55 (0-98) 0.263
BM blast (median and range) % 60.5 (20-97) 76 (46-92) <0.001* 65 (20-93) 63 (20-97) 0.524
Gender

Male 62(49.2%) 14 (51.9%) 0.835 37 (52.9%) 39 (47.0%) 0.518

Female 64 (50.8%) 13 (48.1%) 33 (47.1%) 44 (53.0%)
FAB

MO 2 (1.6%) 0 (0.0%) 0.157 0 (0.0%) 2 (2.4%) 0.004%*

MI 23 (18.3%) 7 (25.9%) 9 (12.9%) 21 (25.3%)

M2 39 (30.9%) I (3.7%) Il (15.7%) 29 (34.9%)

M3 8 (6.3%) 8 (29.6%) 16 (22.9%) 0 (0.0%)

M4 44 (34.9%) 10 (37.0%) 26 (37.1%) 28 (33.7%)

M5 8 (6.3%) I (3.7%) 6 (8.6%) 3 (3.6%)

M7 2 (1.6%) 0 (0.0%) 2 (2.9%) 0 (0.0%)
BM cellularity

nomocellularity 19 (15.1%) 3 (11.1%) 0.767 Il (15.7%) 11 (13.3%) 0.8I18

hypercellular 107 (84.9%) 24 (88.9%) 59 (84.3%) 72 (86.7%)
Cytogenetics (n=116)

NK 36 (35.3%) 4 (28.6%) 20 (37.0%) 20 (32.3%)

t(8:21) 34 (33.3%) 2 (14.3%) 0.010* 12 (22.2%) 24 (38.7%) 0.012%*

t(9,22) 14 (13.7%) 0 (0.0%) 4 (7.4%) 10 (16.1%)

t(15,17) 8 (7.8%) 8 (57.1%) 16 (29.6%) 0 (0.0%)

invl6 10 (9.8%) 0 (0.0%) 2 (3.7%) 8 (12.9%)
Stage cyto

favorable 48 (40.0%) 10 (55.6%) 0.569 28 (46.7%) 30 (38.5%) 0.446

poor 24 (20.0%) 4 (22.2%) 8 (13.3%) 20 (25.6%)

intermediate 48 (40.0%) 4 (22.2%) 24 (40.0%) 28 (35.9%)
Organomegaly

negative 63 (50.0%) 13 (48.1%) 1.000 37 39 0.518

positive 63 (50.0%) 14 (51.9%) 33 (47.1%) 44 (53.0%)
Lymphadenopathy

negative 93 (73.8%) 18 (66.7%) 0.480 55 (78.6%) 56 (67.5%) 0.148

positive 33 (26.2%) 9 (33.3%) 15 (21.4%) 27 (32.5%)
Response to treatment

Early CR 76 (80.0%) 7 (53.8%) 0.081 35 (79.5%) 48 (75.0%) 0.597

resistant 10 (10.5%) 4 (30.8%) 4 (9.1%) 10 (15.6%)

delayed CR-28 days 9 (9.5%) 2 (15.4%) 5 (11.4%) 6 (9.4%)
Relapse

negative 67 (76.1%) 4 (40%) 0.025* 30 (71.4%) 41 (73.2%) 0.845

positive 21 (23.9%) 6 (60%) 12 (28.6%) 15 (26.8%)

Note: * Statistically significant P<0.005.
Abbreviations: CR, complete remission; NK, normal karyotype.
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Table 3 Associations Between Combined Expression of CD34 and FLT3-ITD Mutation with Patients’ Clinico-Pathological Features

FLT3 Mt, CD34+ FLT3 Mt, CD34- FLT3 Wt, CD34+ FLT3 Wt, CD34- P-value
(Gl, n=9) (G2, n=18) (G3, n=74) (G4, n=52)
Age (median and range) years 36 (22-58) 36 (19-56) 37 (18-65) 41 (18-68) 0.778
TLC (median and range)x 10°/L 32 (1-183) 34 (3.7-223.6) 30.1 (1.47-345) 16.4 (1.7-235) 0.883
HB (median and range) g/dLI 7.4 (5-9.7) 74 (6.2-11.6) 7.6 3.1-12.1) 7.6 (3.2-12.3) 0.995
PLT (median and range) x10°/L 35 (7-175) 36 (10-336) 38 (1-458) 32 (5-301) 0.771
PB blast (median and range) % 58 (20-98) 65 (20-90) 53 (0-97) 50 (0-91) 0.033*
BM blast (median and range) % 74 (46-85) 80 (55-92) 62 (20-97) 60 (20-93) 0.001*
Gender
Male 4 (44.4%) 10 (55.6%) 35 (47.3%) 27 (51.9%) 0.892
Female 5 (55.6%) 8 (44.4%) 39 (52.7%) 25 (48.1%)
FAB
MO 0 (0.0%) 0 (0.0%) 2 (2.7%) 0 (0.0%) 0.036*
MI 3 (33.3%) 4 (22.2%) 18 (24.3%) 5 (9.6%)
M2 0 (0.0%) I (5.6%) 29 (39.2%) 10 (23.1%)
M3 0 (0.0%) 8 (44.4%) 0 (0.0%) 8 15.4%)
M4 6 (66.7%) 4 (22.2%) 22 (29.7%) 22 (38.5%)
M5 0 (0.0%) I (5.6%) 3 (4.1%) 5 (9.6%)
M7 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (3.8%)
BM cellularity
Nomocellularity 1 (11.1%) 2 (11.1%) 10 (13.5%) 9 (17.3%) 0.887
Hypercelluar 8 (88.9%) 16 (88.9%) 64 (86.5%) 43 (82.7%)
Cytogenetics
NK 4 (66.7%) 0 (0.0%) 16 (28.6%) 20 (43.5%) <0.001*
t(8:21) 2 (33.3%) 0 (0.0%) 22 (39.3%) 12 (26.1%)
t(9,22) 0 (0.0%) 0 (0.0%) 10 (17.9%) 4 (8.7%)
t(15,17) 0 (0.0%) 8 (100.0%) 0 (0.0%) 8 (17.4%)
invlé 0 (0.0%) 0 (0.0%) 8 (14.3%) 2 (4.3%)
Stage cyto
favorable 2 (33.3%) 8 (66.7%) 28 (38.9%) 20 (41.7%) 0.180
poor 0 (0.0%) 4 (33.3%) 20 (27.8%) 4 (8.3%)
intermediate 4 (66.7%) 0 (0.0%) 24 (33.3%) 24 (50.0%)
Organomegaly
negative 3 (33.3%) 10 (55.6%) 36 (48.6%) 27 (51.9%) 0.718
positive 6 (66.7%) 8 (44.4%) 38 (51.4%) 25 (48.1%)
Lymphadenopathy
negative 5 (55.6%) 13 (72.2%) 51 (68.9%) 42 (80.8%) 0313
positive 4 (44.4%) 5 (27.8%) 23 (31.1%) 10 (19.2%)
Response to treatment
Early CR 2 (28.6%) 5 (83.3%) 46 (80.7%) 30 (78.9%) 0.024%*
resistant 4 (57.1%) 0 (0.0%) 6 (10.5%) 4 (10.5%)
delayed CR-28 days 1 (14.3%) I (16.7%) 5 (8.8%) 4 (10.5%)
Relapse
negative 2 (50%) 2 (33.3%) 39 (75%) 28 (77.8%) 0.098
positive 2 (50%) 4 (66.7%) 13 (25%) 8 (22.2%)
Note: * Sstatistically significant P<0.005.
Abbreviations: FLT3 Mt, mutant FLT3-ITD; FLT3 Wt, wild FLT3-ITD; CR, complete remission; NK, normal karyotype.
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Figure 3 Association between response to treatment and (A) FLT3-ITD gene mutation, (B) CD34 expression, and (C) different combined expression of both markers in

patients’ groups.

Combined expression of CD34 and FLT3-ITD mutational
status showed that the median DFS time for G1 (FLT3-ITD
mutant, CD34+) was 8.13 ms, G2 (FLT3-ITD mutant, CD34-)
was 8.93 ms, G3 (wild FLT3, CD34+) was 13.57 ms, and G4
(wild FLT3, CD34-) was 19.83 ms (P=0.006, Figure 4C).

The median OS time for all patients was 5.47 months,
there was a significant association between OS rate and
FLT3-ITD mutational status (7.07 ms in wild FLT3 com-
pared to 1.17 ms in mutant FLT3-1TD, P=0.004, Figure 4D).
There was no significant association between DFS rate of the
patients and CD34 expression (6.5 ms in CD34- and 4.17 ms
in CD34+, P=0.652, Figure 4E).

Combined expression of CD34 and FLT3-ITD mutational
status showed that the median OS time for G1 (FLT3-ITD
mutant, CD34+) was 2.07 ms, G2 (FLT3-ITD mutant, CD34-)
was 0.9 ms, G3 (wild FLT3, CD34+) was 6.73 ms, and G4
(wild FLT3, CD34-) was 7.07 ms (P=0.037, Figure 4F).

Univariate and Multivariate Analysis for

Survival Rates

Univariate Cox Regression analysis demonstrated that FLT3-
ITD mutation (HR=0.310, CI=0.123-0.779: P=0.013) and
FAB subtypes (HR=3.047, CI=1.313-7.075, P=0.010) asso-
ciated with shorter DFS rates. Age >39 years (HR=0.427,
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Figure 4 Association between the rate of disease free survival and (A) FLT3-ITD gene mutation, (B) CD34 expression, and (C) different combined expression of both
markers in patients’ groups. Association between the rate of overall survival and (D) FLT3-ITD gene mutation, (E) CD34 expression, and (F) different combined expression

of both markers in patients’ groups.

CI=0.287-0.634, P<0.001), HB concentration <7 mg/dL
(HR=1.678, CI=1.134-2.483, P=0.010), PB blast >54%
(HR=0.627, CI=0.415-0.947, P=0.026), and FLT3-ITD
mutation (HR=0.508, CI=0.319-0.809: P=0.004) associated
significantly with poorer OS rates of the AML patients.

However, multivariate Cox Regression analysis demon-
strated that FAB subtypes (HR=2.933, CI=1.237-6.951,
P=0.015) and FLT3-ITD  mutation (HR=0.347,
CI=0.137-0.880, P=0.026) were independent prognostic fac-
tors for DFS, while older age (HR=0.405, C1=0.263-0.623:
P=0.001), HB <7 mg/dL (HR=1.591, CI=1.042-2.429,
P=0.031), PB blast >54% (HR=0.653, CI=0.427-0.999,
P=0.049), and FLT3-ITD mutation (HR=0.537,
CI=0.318-0.904, P=0.019) were independent prognostic fac-
tors for OS rates of the AML patients (Table 4).

Discussion

Acute myeloid leukemia (AML) is the most common form
of acute leukemia in adults which is characterized by poor
survival rate. Although cytogenetics is the most valuable
prognostic marker in AML, however in patients with nor-
mal karyotype, molecular tasting like FLT3-ITD mutation
has an important role as a prognostic risk stratification for
those patients, and therefore optimizing better therapeutic
approaches.”' The current study demonstrated that FLT3-

ITD mutation represented 17.6% of the assessed Egyptian
AML patients. This percentage was comparable to other
studies which reported the prevalence of FLT3-ITD muta-
15.9%, andl14.6% in Latin

21-23

tion which were 17.4%,
American, Chinese, and Indian patients, respectively.
However, it was higher in South Korea (22.4%) and
Australia (30.8%), while it was lower in Poland (8%)
and Saudi Arabia (11.6%).2*%’

In line with many previously published studies,”®*° it
was reported that t(15,17) and chromosome 8 trisomy
were the most significant recurrent alterations associated
with FLT3-ITD mutation. Our data showed that most of all
patients with FLT3-ITD mutation had t(15,17) followed by
t(8:21). In addition, AML patients who did not have FLT3-
ITD mutation showed significantly normal karyotyping.

The current study demonstrated that patients with
FLT3-ITD mutation had a significant increased bone mar-
row and peripheral blood blast cell counts compared to
those with wild FLT3. Also, there was an increased total
leukocyte count (TLC) in patients with FLT3-ITD muta-
tion, however it did not reach a significant level. But there
was no significant association with other clinic-
pathological features including hemoglobin concentration,
BM cellularity, FAB subtypes, or the presence of organo-

megaly. These data are in agreement with those of
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Table 4 Univariate and Multivariate Analysis for Survival Rates

Univariate Analysis

Disease-Free Survival

Overall Survival

HR 95% CI Sig. HR 95% CI P
Lower Upper Lower Upper
Age 0.698 0.301 1.616 0.401 0.427 0.287 0.634 <0.001*
239 vs <39
TLC 0.947 0.433 2.074 0.892 1.217 0816 1.814 0.335
250 vs <50%10°/L
HB 0.618 0.281 1.361 0.232 1.678 1.134 2.483 0.010*
<7 vs 27 g/dL
PLT 0.437 0.187 1.017 0.055 1.187 0.674 2.089 0.553
2100 vs <100 x10%/L
PB blast 0.595 0.259 1.368 0.221 0.627 0415 0.947 0.026*
254 vs <54%
BM blast 0813 0.348 1.899 0.632 0.747 0.508 1.098 0.138
265 vs <65%
Gender 1.055 0.492 2.263 0.891 1.080 0.737 1.582 0.693
Male vs female
Karyotyping 0512 0.109 2414 0.398 0.741 0.367 1.499 0.404
abnormal vs normal
FAB 3.047 1.313 7.075 0.010% 1.420 0.955 2.112 0.083
4,57 vs 1,2,3
Lymphadenopathy 0.970 0.435 2.164 0.941 0.800 0.521 1.228 0.307
+ve vs -ve
Organomegaly 0.893 0414 1.925 0.773 1.003 0.685 1.470 0.986
+ve vs -ve
BM cellularity 0.756 0.259 2.207 0.609 0.845 0.481 1.486 0.559
hyper vs normal
FLT3-ITD 0310 0.123 0.779 0.013* 0.508 0319 0.809 0.004*
Mutant vs wild
CD34 0.729 0.338 1.573 0.421 1.092 0.745 1.600 0.653
+ve vs -ve
Multivariate analysis
Age - - - - 0.405 0.263 0.623 0.001*
239 vs <39
HB - - - - 1.591 1.042 2.429 0.031*
27 vs <7 g/dL
PB blast - - - - 0.653 0.427 0.999 0.049*
254 vs <54%
FLT3-ITD 0.347 0.137 0.880 0.026* 0.537 0318 0.904 0.019*
Mutant vs wild
(Continued)
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Table 4 (Continued).

Univariate Analysis

Disease-Free Survival Overall Survival
HR 95% ClI Sig. HR 95% ClI P
Lower Upper Lower Upper
FAB 2.933 1.237 6.951 0.015% - - - -
4,57 vs 1,2,3

Note: * Statistically significant P<0.005.

Frohling et al,*' who reported a significant increase in the
BM blast cells count, peripheral blood blast cell count, and
TLC in patients with FLT3-ITD mutation. Also, Wang
et al*® concluded a significant increase in the BM blast
cell count and TLC in AML patients with FLT3-ITD
mutation. On the other hand, Bhattacharyya et al®'
detected a significant increase in the TLC in AML patients
with FLT3-ITD mutation, however no significant associa-
tion with PB or BM blast cell count.

The present data also showed an increased incidence of
disease relapse, inferior overall survival, and disease-free
survival rates in patients with FLT3-ITD mutation com-
pared to patients with wild FLT3. These data are consistent
with our previous study,’® and many other recent studies
reported a significant association between FLT3-ITD
mutation and increased risk of relapse, poor OS or DFS
rates in AML patients.?" !> Similarly, Garcia and
Stone®® concluded that patients with FLT-ITD AML had
a higher rate of relapse after transplantation compared to
patients with wild FLT3. Additionally, Hu and Chen®’
reported in their reviews that AML patients with mutant
FLT3-ITD showed increased recurrence after chemother-
apy and hematopoietic stem cell transplantation, as well as
an creased mortality rate and short survival time in com-
parison to AML patients with wild-type FLT3. On the

other hand, Karabacak et al*®

found that the presence of
FLT3/ITD mutation associated significantly with shorter
OS rate in 40 AML patients, but did not associate with
DFS. Melo et al*® observed that FLT3-ITD mutation had
no effect on overall survival, remission status, or relapse
rate in AML patients. This discrepancy in the results could
be explained by the small number of patients assessed in
their study (34 patients), and the short median follow-up
period (2 years) of the patients.

For more confirmation, multivariate Cox Regression
analysis demonstrated that FLT3-ITD mutation and FAB
subtypes were independent prognostic factors for DFS

rate. Older age >39 years, HB <7 mg/dL, PB blast
>54%, and FLT3-ITD mutation were negative prognostic
factors for poor OS rates of the AML patients. Our results
in this context are consistent with Frohling et al*' who
stated that FLT3-ITD mutation was an independent nega-
tive marker affecting remission duration and OS rate of the
patients. Similarly, Colovic et al*’ concluded that FLT3/
ITD mutation was the most significant prognostic factor
for overall survival in a cohort of 113 Serbian adult AML
patients. Hence, assessment of FLT3 expression level in
AML patients is an indicator to evaluate the prognosis of
the disease course and to monitor the small residual
focus.'*** Moreover, Arellano et al*' concluded that per-
ipheral blood blast was found to be able to predict com-
plete remission, relapse-free survival, and overall survival
in AML patients.

Regarding assessment of CD34 expression in the bone
marrow of adult AML patients, the present study demon-
strated that CD34 expression was expressed in 54.2% of
the assessed AML patients and most of these patients had
a significant t(9,22) karyotyping. Meanwhile those with
CD34 negative expression had a favorable cytogenetics
like t(15,17). However, there was no significant associa-
tion between CD34 expression and disease relapse, overall
survival, or disease-free survival rates of the patients. Our
results in this concern are contradictory to previous studies
which reported increased CD34 percentages at relapse in
AML patients.**** This variability in the results may be
due to the time of assessment of CD34+ cells, whether at
diagnosis or at relapse. Baer et al** observed that CD34+
cells were absent at diagnosis in 47 patients, and gained at
relapse in 17 (36%) AML cases.

Another important finding in the current is that we tried to
assess the combined expression of both FLT3-ITD and CD34
in AML patients, and whether this combination will add
a value to the prognosis or the outcome of the patients.
Accordingly, we found that patients who were positive for
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both FLT3-ITD and CD34 expression showed the worst prog-
nosis and outcome in the form of absence of favorable cyto-
genetics like t(15,17) and inv-16, as well as the shortest
disease-free survival and overall survival time among patients’
groups. Meanwhile, patients who had both wild type FLT3 and
CD34 negative expression showed significantly normal cyto-
genetics, as well as the most favorable overall and disease free
survival rates in the assessed AML patients.

Many recent studies proposed the important role of
CD34 and FLT3-ITD mutation in predicting patients’
response to therapy. For example, Yiau et al** who
stated that CD34 was significantly higher in chemo-
resistant cells compared to chemo-sensitive samples,
this
a pBAD signaling pathway. Similarly, Perl et al*> and
Hu and Chen®” reported through their works that FLT3 is
a good promising target for AML treatment. However,

and chemo-resistance was mediated through

our results in this context are controversial, as we were
not able to detect a significant association between
patients’ response to treatment and neither FLT3-ITD
mutation nor CD34 expression. Patients who expressed
both markers together showed significant resistance to
chemotherapy compared to those who had only CD34
expression or FLT3-ITD mutation. Therefore, the present
study provides evidence that both FLT3-ITD and CD34
are necessary for prediction of patients’ response to
therapy, and we cannot rely only on one of them.

Thus, we can conclude that both FLT3-ITD mutation and
CD34 expression could be considered as an important pre-
dictor and prognostic factor for poor outcome of AML
patients, as patients with combined expression of both factors
showed the shortest disease-free survival and overall survival
rates, as well as the poorest response to therapy. This will
help for better understanding and prediction of disease
course, and therefore proper management of those patients.

One of the main drawbacks in the current study was that
the number of patients’ groups were not equal, that meant
some groups had a small number of patients. This is because
all patients were recruited randomly during the assigned
period of research, and then they were classified according
to FLT3-ITD mutation and CD34 expression. Hence, these
preliminary results required a further study on a larger num-
ber of patients to extensively assess this issue.

Ethical Consideration

The study protocol was approved by the ethical committee
of the National Cancer Institute, Cairo University, which
was in accordance with the 2011 Declaration of Helsinki.

Signed informed consent was obtained from each patient
before enrollment in the study.
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