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Abstract
We sought to define the unfavorable group of core binding factor acute myeloid leukemia by analysis of c-KIT
and FLT3-ITD (internal tandem duplication) and to correlate them with the treatment outcomes. The present
study included 70 patients with core binding factor acute myeloid leukemia who had received “3 D 7” in-
duction, followed by high-dose cytarabine consolidation. The presence of c-KIT mutations had no significant
effects on overall or disease-free survival, but receptor tyrosine kinase mutations had negative effects on
disease-free survival but not overall survival (P [ .04).
Background: Core binding factor acute myeloid leukemia (CBF-AML) encodes 2 recurrent cytogenetic abnormalities,
t(8;21) and inv(16), which carries an overall good prognosis. However, some patients will develop a relapse. We sought
define the unfavorable group of CBF-AML by analysis of (c-KIT and FLT3-ITD) and to correlate them with treatment
outcome. Patients and Methods: We performed a prospective study of 70 patients with CBF-AML diagnosed and
managed at the medical oncology department of the (National Cancer Institute), Cairo University, with analysis of c-
KIT and FLT3 mutations. All patients had received “3 þ 7” induction, followed by 3 to 4 courses of high-dose
cytarabine consolidation. The institutional review board approved the present study. Results: The median patient
age was 31 years (range, 18-60 years), with a male/female ratio of 4:3. Of the 70 patients, 42 (60%) had t(8;21) and 28
had inv(16) (40%). c-KIT mutations (exons 8 and 17) were detected in 10 of 52 tested patients, and FLT3-ITD was
detected in 3 of 70 patients. Patients with inv(16) experienced more lymphadenopathy and splenomegaly, had a higher
median initial leukocyte count. Hepatitis C antibody positivity (8 of 42) was exclusively present in patients with t(8;21).
The median overall survival (OS) was 19.5 months, and the median disease-free survival (DFS) was not reached.
Patients with inv(16) had near-significant (P ¼ .07) better DFS than patients with t(8;21). c-KIT mutations had no
significant effect on OS or DFS. However, reverse tyrosine kinase mutations had a negative effect on DFS but not OS
(P ¼ .04). Conclusion: CBF-AML with reverse tyrosine kinase mutation conveys a worse prognosis. Hepatitis C virus
antibody positivity might be associated with t(8;21) AML and inv(16) with more extramedullary disease.
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Introduction
Core binding factor acute myeloid leukemia (CBF-AML) includes

AML with t(8;21) (q22;q22) (RUNX1eRUNX1T1 fusion gene)
and AML with inv(16) (p13q22) or t(16;16)(p13;q22) (CBFB-
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MYH11 fusion gene).1 AML can be diagnosed by the detection of
these cytogenetic abnormalities, regardless of the blast count.2 The
frequency of CBF-AML decreases with age, with 25% of AML cases
in pediatric patients compared with only 7% of AML cases in patients
aged > 60 years.3,4 The complete remission (CR) rate for young
patients with CBF-AML has been � 80% to 90% than that with
other subtypes, and the overall survival (OS) rate at 5 years was
> 60%.5 c-KIT mutations have been reported in ~20% of patients
with CBF-AML. The c-KIT mutation as a prognostic factor might
rely on the allelic burden and other collaborating factors. The influ-
ence of c-KIT mutations on CBF-AML with inv(16) is less obvious
than that for CBF-AML with t(8,21).6 Some studies have found that
c-KITmutations are linked to a decreased duration free of disease and
decreased OS in patients with t(8,21) mutations.7
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Outcome of CBF-AML by RTK Mutation
The FLT3-ITD (internal tandem duplication) mutation, which
affects the juxtamembrane domain of the FLT3 gene is not com-
mon in CBF-AML, being present in 7% of patients with t(8;21)
and 5% of patients with inv(16).8 The role of FLT3 mutations as a
poor prognostic factor has not been confirmed for CBF-AML as it
has for patients with AML with normal cytogenetics.9

Allogeneic hematopoietic stem cell transplantation has not, in
general, been suggested for patients with CBF-AML in first remis-
sion.10 A high relapse rate was observed in the context of high
postinduction minimal residual disease (MRD) levels or with c-KIT
mutations, specifically with a high allelic burden, increasing the role
of hematopoietic stem cell transplantation in this situation mainly
for younger patients and patients with fewer comorbidities.11

Although this subtype of AML has mostly been considered a
“favorable” group, disease relapse has occurred in 30% to 40% of
patients after intensive treatment. The prognostic factors that pre-
dict for relapse include old age, a high total leukocyte count, poor
Eastern Cooperative Oncology Group (ECOG) performance status
(PS), other poor-risk cytogenetics, receptor tyrosine kinase (RTK)
mutations, and a high level of MRD found on molecular testing.12

Patients and Methods
Study Design and Sample Size

We performed a prospective cohort study to evaluate c-KIT and
FLT3 mutations in 70 patients with newly diagnosed CBF-AML at
the medical oncology department, National Cancer Institute, Cairo
University, from January 2015 to March 2018. All the patients were
followed up until March 2019. The institutional review board of
the National Cancer Institute, Cairo University, approved the
present study (approval no. 201516025.3), and all the patients
provided written informed consent.

Patient Selection
Adult patients (age, 18-60 years) with de novo t(16,16) or

inv(16) and t(8,21) AML (CBF-AML) with ECOG PS of � 3, with
adequate liver, kidney, and cardiac function test results were
enrolled in the present study. Patients with secondary or relapsed
AML and patients with complex cytogenetic anomalies were
excluded.

Methods
High Resolution Melt Analysis for c-KIT Exon 8 Mutations. All

samples were tested in triplicate using 7500 fast real-time poly-
merase chain reaction (PCR) biosystems. Positive and negative
controls were included in each run. On completion of each run, the
data were analyzed as fluorescence versus temperature graphs
(temperature shifting, difference plots, and derivative melting
curves) using high resolution melt software, version 2.0 (catalog no.
4397808; Thermo Fisher Scientific).

Sequencing for c-KIT Exon 8 Mutations. Samples positive for exon
8 mutations were confirmed by sequencing. PCR products were
purified using the QIAquick PCR Purification Kit (catalog no.
28104; Thermo Fisher Scientific). Cycle sequencing was performed
using the BigDye Terminator, version 3.1, Cycle Sequencing Kit,
and the sequencing product was purified using Centri-Sep Spin
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Columns (catalog no. 401762; Thermo Fisher Scientific) according
to the manufacturer’s instructions. Bidirectional sequencing was
performed using the 3500 Genetic Analyzer (Applied Biosystems).
Sequencing traces were analyzed using SeqScape Software, version
2.5 (Applied Biosystems). Data were analyzed according to Gene-
Bank accession number U63834.1.

PCR-Restriction Fragment Length Polymorphism for c-KIT Exon 17
Mutations (D816). c-KIT exon 17 was amplified as previously
described. PCR products were digested by AatII (10 U/mL; catalog
no. ER0991) at 37�C overnight. Wild-type samples revealed 85-
and 21-bp fragments; heterozygous samples had 106-, 85-, and
21-bp fragments; and homozygous mutations remained uncut (1
band; 106 bp).

Assessment
We analyzed the patients’ demographic data and clinical and

disease characteristics at diagnosis. The laboratory evaluations
included complete blood count, blood film, liver function tests,
kidney function tests, serum uric acid, electrolyte level, coagulation
profile, virology (hepatitis B surface antigen, hepatitis B core anti-
body, hepatitis C virus antibody, human immunodeficiency virus
antibody), and cerebrospinal fluid cytologic analysis, if indicated.
Specific investigations included bone marrow aspiration, immuno-
phenotyping, molecular genetics [t(8,21) and inv(16)/t(16,16)]
using reverse transcriptase PCR and mutational analysis (c-KIT
exons 8 and 17, FLT3-ITD) using conventional PCR and then
fragment analysis to assess the allelic ratio. All patients received the
standard treatment protocol used at the National Cancer Institute,
“3 þ 7” (idarubicin 12 mg/m2 for 3 days and cytarabine 100 mg/m2

as a continuous intravenous infusion for 7 days), followed by a bone
marrow evaluation on days 14 and 28. Postremission consolidation
therapy with 3 to 4 cycles of high-dose cytarabine (3 g/m2 over 12
hours on days 1, 3, and 5).

Statistical Analysis
All statistical analyses were performed using the SPSS, version 21

(IBM Corp, Armonk, NY). Because the data were not normally
distributed, the median and range were used to summarize the
numerical data. We summarized the categorical data using numbers
and percentages. The Kolmogorov-Smirnov test and Shapiro-Wilk
test were used to explore the numerical data for normality. The
Mann-Whitney U test was used to compare the non-normally
distributed variables. Comparisons were performed using the c2

or Fisher exact test for the categorical data. The Kaplan-Meier
method was used to estimate OS and disease-free survival (DFS).
The log-rank test was used to find relationships between the
different predictor and prognostic variables and survival. Cox
regression analysis was performed to evaluate the independent
prognostic variables affecting the duration of OS and DFS. All the
tests were 2-sided. We considered P < .05 to indicate statistical
significance and (P < .001) to indicate high statistical significance.

Results
A total of 70 patients were included in the present study. The

patient characteristics are described in Table 1. Of the 70 patients, 4



Table 1 Baseline Patient Characteristics (n [ 70)

Characteristic n (%) or Median and Range

Age, y 31 (18-60)

Gender

Male 40 (57.1)

Female 30 (42.9)

Positive family history 4 (5.7)

Smoking 10 (14.3)

ECOG PS

1-2 60 (85.7)

3 10 (14.3)

Chronic disease 10 (14.3)

Clinical presentation

Lymphadenopathy 28 (40)

Infection 24 (34.4)

Fever 48 (68.6)

Pallor 50 (71.4)

Bleeding 26 (37.1)

Fatigue 22 (31.4)

Bony pain 12 (17.1)

Dyspnea 7 (10)

Gum hyperplasia 5 (7.1)

Hepatomegaly 30 (42.9)

Splenomegaly 28 (40)

Abnormal chest radiographic findings 7 (10)

HCV antibody positive 8 (11.4)

BM cellularity

Hypocellular 6 (8.6)

Normocellular 8 (11.4)

Hypercellular 56 (80)

FAB subtype

M2 35 (50)

M4 28 (40)

Other 7 (10)

Cytogenetics

t(8;21) 42 (60)

inv(16) 28 (40)

c-KIT mutation

Wild type 42 (60)

Mutant 10 (14.3)

Not tested 18 (25.7)

FLT3-ITD

Wild type 67 (95.7)

Mutant 3 (4.3)

Abbreviations: BM ¼ bone marrow; ECOG ¼ Eastern Cooperative Oncology Group; FAB ¼
FrencheAmericaneBritish; HCV ¼ hepatitis C virus; PS ¼ performance status.
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had a positive family history of cancer—3 with a family history of
acute leukemia and 1 with a family history of breast cancer. Ten
patients (14.3%) were cigarette smokers. Ten patients had chronic
disease at presentation (diabetes mellitus, chronic obstructive pul-
monary disease, hypertension, ischemic heart disease). A
comparison of the initial patient characteristics between those with
t(8;21) and inv(16) CBF-AML revealed that patients with inv(16)
had a significantly greater incidence of lymphadenopathy, poor
ECOG PS, and splenomegaly (Table 2).

Treatment
The response to induction therapy and the differences between

wild type and mutant RTK are shown in Table 3. Of the 70 pa-
tients with CBF-AML, 63 received 3 þ 7 induction chemotherapy
and 7 had died early before receiving induction therapy. An
assessment of the response by bone marrow aspiration on day 14
was performed for 53 patients. Of the remaining 10 patients
receiving induction therapy, 8 had died during induction and 2 had
had a clotted bone marrow sample. Their assessment was deferred to
day 28. Of the 55 patients, 51 had undergone bone marrow aspi-
ration on day 28 to assess the response and 4 had died during in-
duction therapy after the day 14 evaluation. Of the 51 patients, 6
(11.8%) had required reinduction with another 3 þ 7 and 2 (3.9%)
had received salvage chemotherapy with the HAM (high-dose
cytarabine, mitoxantrone) protocol. The CR rate was 70% (49 of 70
patients). The patients with CR started consolidation therapy with
the histone deacetylase(HDAC) protocol. A total of 43 patients had
received consolidation therapy, with 36 (83.7%) completing 3 to 4
cycles and 7 only 1 to 2 cycles. Cerebrospinal fluid analysis was
performed for 10 patients (patients at high risk of central nervous
system disease with a total leukocyte count > 40,000 at presenta-
tion and patients with monocytic differentiation) before consoli-
dation. All the results were normal. Also, no patient had symptoms
or signs suggestive of central nervous system CNS infection.

No statistically significant differences were found between mu-
tations (KIT and/or FLT3 mutations) and wild type for both c-KIT
and FLT3-ITD regarding the induction protocol and response be-
tween the 2 groups. Regarding survival, the overall median OS was
10.99 months (95% confidence interval, 0-24.19 months) for those
who had not received the induction protocol compared with 19.54
months for those who had received induction protocol
(63 patients).

The relationship between the different prognostic factors and 1-
and 2-year OS and DFS for all patients was analyzed. OS showed a
highly significant relationship with ECOG PS (P < .001) and
lymph node enlargement (P ¼ .03) and a near significant rela-
tionship (P ¼ .07) with the response to the induction protocol. The
OS at 2 years was 47.1% for the wild-type RTK group and 20.5%
for the mutation group (P ¼ .34). For progression-free survival, a
highly significant relationship was found with the number of
consolidation cycles (P < .001). The DFS at 2 years was 76.8% for
wild-type RTK group and 50% for the mutation group (P ¼ .04;
Figure 1) and a near significant relationship with the cytogenetics
subtypes (P ¼ .07).

For multivariate analysis, the factors that had shown significant
effects on survival on univariate analysis were entered into a Cox
proportional hazard model for multivariate analysis. For DFS, the
number of consolidation cycles was the only factor that significantly
affected DFS (hazard ratio, 0.024; 95% confidence interval, 0.004-
0.159). For OS, none of the variables entered in the Cox propor-
tional hazard model were statistically significant (Table 4).
Clinical Lymphoma, Myeloma & Leukemia Month 2020 - 3



Table 2 Comparison of Initial Clinical and Laboratory Characteristics Between inv(16) and t(8;21) in CBF-AML

Variable t(8;21) (n [ 42) inv(16) (n [ 28) P Value

Age, y 30 (18-60) 35 (19-60) .15

Gender .80

Male 23 (54.8) 17 (60.7)

Female 19 (45.2) 11 (39.3)

Positive family history 3 (7.1) 1 (3.6) NS

Smoking 5 (11.9) 5 (17.9) .50

ECOG PS .03

1-2 37 (88.1) 23 (82.1)

3 5 (11.9) 5 (17.9)

Chronic disease 4 (9.5) 6 (21.4) .18

Clinical presentation

Lymphadenopathy 11 (26.2) 17 (60.7) .006

Infection 14 (33.3) 10 (35.7) 1.00

Fever 29 (69) 19 (67.9) 1.00

Pallor 33 (78.6) 17 (60.7) .17

Bleeding 15 (35.7) 11 (39.3) .80

Fatigue 15 (35.7) 7 (25) .43

Bony pain 5 (11.9) 7 (25) .20

Dyspnea 5 (11.9) 2 (7.1) .69

Gum hyperplasia 0 (0) 5 (17.9) NS

Hepatomegaly 18 (42.9) 12 (42.9) 1.00

Splenomegaly 11 (26.2) 17 (60.7) .006

BM cellularity .81

Hypocellular 4 (9.5) 2 (7.1)

Normocellular 4 (9.5) 4 (14.3)

Hypercellular 34 (81) 22 (78.6)

FAB subtype <.001

M2 32 (76.2) 3 (10.7)

M4 5 (11.9) 23 (82.1)

Other 5 (11.9) 2 (7.1)

c-KIT mutation .29

Wild type 25 (75.8) 17 (89.5)

Mutant 8 (24.2) 2 (10.5)

FLT3-ITD NS

Wild type 39 (92.9) 28 (100)

Mutant 3 (7.1) 0 (0)

Laboratory parameter

WBC count, �103/mm3 9.05 (1.1-152) 33 (2-389) .009a

Neutrophil count, �103/mm3 1.3 (0.2-23) 2.1 (0.3-40) .10

Hemoglobin, g/dL 7.40 (3.3-12.6) 7.45 (4.2-12.5) .80

Platelet count, �103/mm3 24 (3-116) 28 (5-150) .29

PB blasts, % 33 (0-94) 40 (2-89) .12

Creatinine, mg/dL 0.8 (0.4-2.6) 0.9 (0.6-2.4) .12

Uric acid, mg/dL 4.6 (1.8-11) 5.8 (2.4-14) .04a

Bilirubin, mg/dL 0.6 (0.3-3.5) 0.75 (0.3-2.8) .07

Data presented as median (range) or n (%).
Abbreviations: AML ¼ acute myeloid leukemia; BM ¼ bone marrow; CBF ¼ core binding factor; ECOG ¼ Eastern Cooperative Oncology Group; FAB ¼ FrencheAmericaneBritish; NR ¼ not reached;
NS ¼ no statistics computed; PB ¼ peripheral blood; PS ¼ performance status; WBC ¼ white blood cell.
aStatistically significant.

Outcome of CBF-AML by RTK Mutation
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Table 3 Response to Therapy (n [ 70)

Variable All Patients Wild Type Mutation P Value

Induction protocol .33

3 þ 7 63 (100) 50 (87.7) 13 (20.6)

No induction 7 (100) 7 (12.3) 0 (0)

Total 63 (100) 57 (100) 13 (100)

BM assessment at D14 .22

Evaluated patients 53 (84.1)

Not evaluated 10 (15.9)

Blasts, % 0 (0-40) 0 (0-40) 1.5 (0-12)

BM assessment at D28

Evaluated patients 51 (81)

Not evaluated 12 (19)

Cellularity .88

Normocellular 32 (62.7) 26 (63.4) 6 (60)

Hypocellular 32 (62.7) 5 (12.2) 1 (10)

Hypercellular 6 (11.8) 10 (24.4) 3 (23.1)

Total 13 (25.5) 41 (100) 10 (100)

Blasts, % 2 (0-21) 2 (0-21) 3 (1-20) .07

Induction response (n ¼ 51) .65

CR 43 (84.3) 35 (85.4) 8 (80)

Not in CR 8 (15.7) 6 (14.6) 2 (20)

Total 51 (100) 41 (100) 10 (100)

Not in CR 1.00

Reinduction 6 (11.8) 5 (12.2) 1 (10)

Salvage 2 (3.9) 0 (0) 0 (0)

Consolidation cycles, n .15

1-2 7 (16.3) 4 (11.8) 3 (33.3)

3-4 36 (83.7) 30 (88.2) 6 (66.7)

Data presented as median (range) or n (%).
Abbreviations: BM ¼ bone marrow; CR ¼ complete remission; D14, D28 ¼ day 14, day 28.

Ahmed A. Alnagar et al
Eleven patients had developed a relapse at a median of 2.86
months (range, 0.9-12.8 months). These 11 patients received
salvage chemotherapy with (FLAG-idarubicin for 7 patients, HAM
Figure 1 Relationship Between Disease-free Survival (DFS) and Rec
for 2 patients, HDAC for 1 patient, and cytarabine plus etoposide
for 1 patient). A second CR was achieved in 6 patients. One patient
only developed a second relapse and received the cytarabine þ
eptor Tyrosine Kinase Mutations
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Table 4 OS and DFS of Patients With CBF-AML at 1 and 2 Years Stratified by Prognostic Factors

Variable

OS DFS

Patients, n 1-y, % 2-y, % P Value Patients, n 1-y, % 2-y, % P Value

Age .79 .29

� Median 37 47.4 47.4 22 81.6 81.6

> Median 33 47.3 37.2 22 68.3 59.7

Gender .53 .16

Male 40 43.2 39.3 25 65 65

Female 30 52.9 47 19 88.9 79

ECOG PS <.001 NS

1-2 60 55.6 50.2 42 77 73.1

3 10 0 0 2 0 0

Chronic disease .89 .59

Present 10 40 40 37 77 72.7

Absent 60 48.9 43.4 7 62.5 62.5

LN enlargement .03a

No 42 58.9 51.4

Yes 28 30.9 30.9

FAB subtype .45 .44

M2 35 41.5 33.5 21 67.4 59.9

M4 28 57.1 57.1 19 84.2 84.2

Other 7 0 0 4 NR NR

Cytogenetics .79 .07

t(8;21) 42 42.7 38.5 27 62.2 62.2

inv(16) 28 53.6 48.7 17 94.1 75.6

c-KIT .59 .1

Wild type 42 54.5 49.6 28 79.8 79.8

Mutation 10 28 NR 7 53.6 53.6

FLT3-ITD NS

Wild type 67 49.8 45

Mutation 3 0 0

RTK mutation .34 .04a

Wild type 57 52.5 47.1 35 81.4 76.8

Mutation 13 20.5 NR 9 50 50

Induction
response

.07a

CR 43 70.8 62.8

Not in CR 8 37.5 37.5

Consolidation
cycles, n

.1 <.001a

1-2 7 53.6 53.6 7 19 19

3-4 36 81.1 76.8 36 87.2 82.6

Abbreviations: AML ¼ acute myeloid leukemia; CBF ¼ core binding factor; CR ¼ complete remission; DFS ¼ disease-free survival; ECOG ¼ Eastern Cooperative Oncology Group; FAB ¼
FrencheAmericaneBritish; LN ¼ lymph node; NR ¼ not reached; NS ¼ no statistics computed; OS ¼ overall survival; PS ¼ performance status; RTK ¼ receptor tyrosine kinase.
aStatistically significant.

Outcome of CBF-AML by RTK Mutation
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etoposide þ vincristine þ vinblastine (AVVV) protocol. Allogeneic
hematopoietic stem cell transplantation was performed in 3 patients.

Of the 70 patients, 38 died (54.3%). Of the 38 patients who had
died, 7 (18.4%) had died of disease progression (early death) before
starting chemotherapy, 19 (50%) had died during induction
chemotherapy (induction death), 3 (7.9%) had died of
nical Lymphoma, Myeloma & Leukemia Month 2020
chemotherapy toxicity during consolidation therapy, 3 (7.9%) had
died of bone marrow transplantation (BMT) complications and 6
(15.8%) had died of toxicity from salvage chemotherapy in those
with relapse. Death had mainly resulted from chemotherapy toxicity
(septic shock, acute respiratory distress syndrome, heart failure and
cardiogenic shock, neck cellulitis, and stridor). In our study, the



Table 5 Toxicities During Induction and Consolidation
Therapya

Toxicity Type
During Induction

(n [ 63)
During Consolidation

(n [ 43)

Hematologic toxicity

Neutropenia

G3 0 (0) 3 (7)

G4 63 (100) 40 (93)

Anemia

G3 53 (84.1) 37 (86)

G4 10 (15.9) 6 (14)

Thrombocytopenia

G3 0 (0) 2 (4.7)

G4 63 (100) 41 (95.3)

Fever and infection

Neutropenic fever

G3 55 (87.3) 38 (88.4)

G4 8 (12.7) 2 (4.6)

Cannula site infection

G2 0 (0) 3 (7)

G3 3 (4.8) 2 (4.7)

G4 1 (1.6) 1 (2.3)

Sepsis

G3 1 (1.6) 2 (4.7)

G4 7 (11.1) 1 (2.3)

Chest infection

G3 9 (14.3) 8 (18.6)

G4 3 (4.8) 0 (0)

Soft tissue infection

G3 1 (1.6) 1 (2.3)

G4 2 (3.2) 1 (2.3)

Typhlitis

G3 4 (6.3) 1 (2.3)

G4 2 (3.2) 1 (2.3)

Fungal infection

G3 2 (3.2) 5 (11.6)

G4 6 (9.5) 2 (4.7)

Other

Gastritis

G2 15 (23.8) 7 (16.3)

G3 12 (19) 10 (23.2)

Vomiting

G2 4 (6.3) 3 (7)

G3 2 (3.2) 1 (2.3)

Diarrhea

G2 3 (4.8) 3 (7)

G3 2 (3.2) 0 (0)

Liver enzymes
increased

G2 2 (3.2) 0 (0)

G3 2 (3.2) 1 (2.3)

Table 5 Continued

Toxicity Type
During Induction

(n [ 63)
During Consolidation

(n [ 43)

Blood bilirubin
increased

G2 2 (3.2) 1 (2.3)

G3 3 (4.8) 0 (0)

Data presented as n (%).
Abbreviation: G ¼ grade.
aUsing Common Terminology Criteria for Adverse Events, version 5.0.

Ahmed A. Alnagar et al
causes of early death were related to disease progression and
included cerebral hemorrhage, septic shock, disseminated intravas-
cular coagulation, and multiorgan failure.

Almost all patients had developed hematologic toxicities, with no
differences in the patterns of toxicity during induction versus
consolidation, although sepsis was more common during induction
therapy (Table 5).

Discussion
In the present study, we evaluated the outcome of CBF-AML.

We defined the unfavorable group using c-KIT and FLT3-ITD
mutational analysis. The median age of all patients was 31 years
(range, 18-60 years), similar that reported by other studies,6,13 with
a median age of 32 and 30 years. In our study, a male predominance
was found with a male/female ratio of 1.33:1, in accordance with
many reported studies, with a male/female ratio of 1.3:1,6 1.1:1,14

1.24:1,15 and 1.31:1.16

In the consideration of the FrencheAmericaneBritish (FAB)
subtypes in CBF-AML, we found a predominance of M2 (50%)
and M4 (40%), with a small percentage of other subtypes (10%),
consistent with the results from 2 studies,17,18 which had also found
a predominance of M2 (69.7% and 69.8%). The cytogenetic ab-
normalities were mainly t(8;21) and inv(16)/t(16,16), with t(8;21)
more frequent in our study, which was also in agreement with most
reported studies.12,13,15 c-KIT mutations were reported in 19.2% of
our patients, which is compatible with some studies,12,16 which
reported c-KIT mutations in 20% and 16.6%.

The FLT3-ITD mutation is common in patients with AML and
normal cytogenetics and results in a poor prognosis. However, it is
relatively infrequent in patients with CBF-AML, with an undefined
prognostic significance. The incidence of FLT3-ITD mutations in
our study was low (4.3%). This was also consistent with other
studies,12,13 with an FLT3-ITD detection rate of 3% and 5.7%.

Our patients were divided into 2 groups according to the cytoge-
netic abnormality [t(8;21) and inv(16)/t(16,16)]. We compared the 2
groups in relation to the patient characteristics. The median age was
older in the inv(16) group than in the t(8;21) group. The median age
in the t(8;21) group was 30 years, comparable to other reports.19,20

However, in the inv(16) group, the median age was 35 years, which
was similar to that reported by other studies.21,22 A male predomi-
nance was found in both groups. The male/female ratio in the t(8;21)
group was 1.2:1. The male/female ratio in the inv(16) group was
1.5:1, which was similar to that reported by other studies.6,23,24
Clinical Lymphoma, Myeloma & Leukemia Month 2020 - 7
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In the inv(16) group, the median total leukocyte count was
significantly greater, with a wide range for the white blood cell
count (33 � 103/mm3; range, 1.99-389 � 103/mm3), compared
with the t(8;21) group (9.05 � 103/mm3; range, 1.1-152 � 103/
mm3). These results are in agreement with those from previous
reports.6,18,23 Also, a greater incidence of splenomegaly was found
in the inv(16) group compared with the t(8;21) group (60.7% vs.
26.7%), also in agreement with previous studies.13,23

t(8;21) AML is closely associated with the M2 FAB subtype
(76.2%), and the M4 FAB subtype is significantly associated with
inv(16) AML (82.1%), which was also reported by another study.18

The t(8;21) group had a greater percentage of c-KIT mutations than
did the inv(16) group (24.2% vs. 10.5%), in agreement with other
studies.7,25,26 The FLT3-ITD mutation was exclusively found
within the t(8;21) group (7.1%), similar to the findings from 2
studies,12,13 in which the incidence was 7% and 9.1%, respectively.

CR was achieved in the vast majority of our patients (84.3%).
When we compared our finding with that from other studies,23,27,28

we found that the CR rate was 93.2%, 91.3%, and 92.3%. After
achievement of CR, 43 of our patients received consolidation
therapy with high-dose cytarabine; 16.3% had received 1 to 2 cycles
and 83.7% had received 3 to 4 cycles. Our results are comparable
with those from a previous study.23

The median OS for all patients who had received the induction
protocol (excluding those patients who had died before starting
therapy) was 19.54 months. The 2-year OS was 47.8% within the
wild-type RTK group and 20.5% within the mutation group
(P ¼ .34), comparable to the results from another study,27 with a
2-year OS rate of 57%. The median DFS in our study was not
reached. On univariate analysis for OS, a poor ECOG PS
(P < .001), lymphadenopathy (P ¼ .03), and failure to achieve first
CR (P ¼ .07) identified patients at higher risk. Failure to achieve
first CR had a statistically significant (P < .001) worse effect on OS,
in agreement with another study.23

Most significantly, we found that a lower number of consolida-
tion cycles (1-2 cycles; (P < .001) and cytogenetics [t(8;21);
P ¼ .07) in patients with an RTK mutation (P ¼ .04) predicted for
significantly worse DFS on univariate analysis.

A c-KIT mutation in our study, as in other studies,12 did not
significantly affect OS or DFS. In contrast, another study showed
significantly worse outcomes for patients with a c-KIT mutation
compared with those without a c-KIT mutations for OS and DFS.22

A statistically significant difference was found in DFS between those
patients who had received 1 to 2 cycles of HDAC and those who
had received 3 to 4 cycles (19% vs. 82.6%). Again, these results are
compatible with those from another study.12 DFS for patients with
inv(16) AML was better than that for those with t(8;21) AML, in
agreement with the results from another study.27 That study found
that the DFS for patients with inv(16) AML was significantly longer
than that for patients with t(8;21) AML (P ¼ .04).27

Chemotherapy toxicity was the most common cause of death in
the present study (57.9%), followed by relapsed leukemia (15.8%)
and BMT complications (7.9%). A previous study12 reported that
the most common cause of death was relapsed leukemia (56.3%),
followed by chemotherapy toxicity (25%) of patients and BMT
complications (12.5%).
nical Lymphoma, Myeloma & Leukemia Month 2020
Conclusion
The results of our study have shown that RTK mutations have a

negative effect on DFS but not on OS. Also, the presence of t(8;21)
has an adverse effect on DFS for adult patients with CBF-AML
compared with inv(16). However, inv(16) was significantly associ-
ated with an increased total leukocyte count and a greater incidence of
extramedullary disease compared with t(8;21). A poor ECOG PS,
lymphadenopathy, and failure to achieve first CR had a significantly
worse effect on OS, and multiple cycles (�3) of high-dose cytarabine
during consolidation had a significantly beneficial effect on DFS.

Clinical Practice Points

� CBF-AML includes AML with t(8;21) (q22;q22) (RUN-
X1eRUNX1T1 fusion gene) and AML with inv(16) (p13q22)
or t(16;16)(p13;q22) (CBFB-MYH11 fusion gene).

� The complete remission (CR) rate for young patients with CBF-
AML has been � 80% to 90% than that with other subtypes,
and the overall survival (OS) rate at 5 years was > 60%; c-KIT
mutations have been reported in ~20% of patients with CBF-
AML.

� The influence of c-KIT mutations on CBF-AML with inv(16) is
less obvious than that for CBF-AML with t(8,21).

� Some studies have found that c-KIT mutations are linked to a
decreased duration free of disease and decreased OS in patients
with t(8,21) mutations.

� The FLT3-ITD mutation, which affects the juxtamembrane
domain of the FLT3 gene is not common in CBF-AML, being
present in 7% of patients with t(8;21) and 5% of patients with
inv(16).

� The role of FLT3 mutations as a poor prognostic factor has not
been confirmed for CBF-AML as it has for patients with AML
with normal cytogenetics.

� Although this subtype of AML has mostly been considered a
“favorable” group, disease relapse has occurred in 30% to 40% of
patients after intensive treatment.

� The prognostic factors that predict for relapse include old age, a
high total leukocyte count, poor ECOG PS, other poor-risk
cytogenetics, RTK mutations, and a high level of MRD on
molecular testing.

� We sought to define the unfavorable group of CBF-AML by
analysis of c-KIT and FLT3-ITD and to correlate these findings
with the treatment outcomes to help determine the best subse-
quent therapy.
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