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Immunophenotyping in Patients with Acute Myeloid
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ABSTRACT

Objective: Chromosomal abnormalities are one of the most
important prognostic factors in acute myeloid leukemia (AML).
However, not all patients may have such informative chromosomal
abnormalities. Although there are many studies on the prognostic
value of immunophenotyping in AML, it is still not used as a
prognostic marker. In this study, we aimed to investigate the effects
of CD13, CD33, CD34, CD117, MPO and HLADR expressions
on prognosis of non-acute promyelocytic leukemia AML.

Methods: One hundred thirteen patients diagnosed as having non-
acute promyelocytic leukemia AML and followed up between 2010
and 2018 were included in this study. The associations of CD13,
CD33, CD34, CD117, MPO and HLA DR expressions with
chemotherapy response, progression free survival (PES) and overall
survival (OS) were statistically analyzed.

Results: It was seen that response to chemotherapy was achieved
in 67.3% of the patients. Median PFS duration was 9 months
and median OS duration was found as 13 months. Of the
immunophenotypic characteristics, only MPO expression was
determined to be an independent risk factor for PFS and OS.

Conclusion: Immunophenotypic features may be helpful in the
diagnosis of AML as well as give an idea about prognosis. In this

oz

Amag: Kromozomal anormallikler, akut miyeloid 6semide (AML)
en o6nemli prognostik fakedrlerden biridir. Bununla birlikee,
tiim hastalarda bu tiir bilgilendirici kromozomal anormallikler
olmayabilir. AMLde immiinofenotiplemenin prognostik degeri
tizerine bir¢ok ¢alisma olmasina ragmen, immiinofenotipleme halen
prognostik belirteg olarak kullanilmamaktadir. Bu calismada akut
promiyelositik 16semi dist AMLde CD13, CD33, CD34, CD117,
MPO ve HLADR ckspresyonlarinin prognoz iizerindeki etkilerini
aragtirmay1 amagladik.

Yontemler: Bu calismaya 2010-2018 yallari arasinda tant konup
tedavi edilen 113 akut promiyelositik 16semi dist AMLIi hasta
dahil edilmisti. CD13, CD33, CD34, CD117, MPO ve HLA
DR ckspresyonlarinin - kemoterapi yanit ve progresyonsuz (PES)
ve genel sagkalim (OY) ile iligkisi istatistiksel olarak analiz edildi.

Bulgular: Hastalarin %67,3’tinde kemoterapiye yanit alindigt
goriildii. Medyan PFS siiresi 9 aydi ve medyan OS siiresi 13 ay
olarak bulundu. Immiinofenotipik ozelliklerden yalnizca MPO
ekspresyonunun, PES ve OS i¢in bagimsiz bir risk fakedrii oldugu
belirlendi.

Sonug: Immiinofenotipik ozellikler AML tanisinda yardimct
olabilecegi gibi prognoz hakkinda da fikir verebilir. Bu ¢alismada,
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study, MPO expression was shown to be an independent risk factor
for PES and OS in our own patient population.

Keywords: Acute myeloid leukemia, immunophenotyping,

prognosis, survival

Introduction

Acute myeloid leukemia (AML) is a malignant disorder of
hematopoietic stem cells characterized by clonal proliferation
of abnormally differentiated myeloid series blasts. AML is one
of the most common types of leukemia in adults. There are
approximately 19,940 new cases of AML and approximately
11,180 deaths from AML annually in the United States (1).
Treatment response and overall survival (OS) in AML are
heterogeneous. A number of prognostic factors have been
identified for patient and tumor characteristics for AML,
including age, performance status, and karyotype (2-4). Advanced
age (>60), poor performance status, treatment-related AML,
myelodysplasia, or AML after myeloproliferative neoplasms are
known to be poor prognostic factors (5-7). Today, AML risk
classification is performed based on cytogenetic and molecular
properties. Criteria published by European LeukemiaNet (ELN)
group in 2017 is used for risk classification (8).

In recent years, immunophenotyping has become a standard
practice in the diagnosis of hematologic neoplasms and in the
definition of the origin of cells. The clinical significance of surface
antigen expression has been investigated for more than 20 years,
but so far several consistent results have been achieved (9). The
markers with significant prognostic associations demonstrated in
multiple studies were CD13, CD14, and CD15 (10-13). Many
other markers claimed to have prognostic significance, alone or
in combination, have not been supported in other studies. In
this study, we aimed to investigate the effects of CD13, CD33,
CD34, CD117, MPO and HLADR expressions on prognosis of
non-acute promyelocytic leukemia AML.

Methods
Patients

One hundred thirteen patients diagnosed as having non acute
promyelocytic leukemia AML and followed up between 2010
and 2018 were included in this study. The gender, age at
diagnosis, complete blood count at the time of diagnosis, flow
cytometry results, risk groups, treatment responses, PES, OS, and
final status were obtained retrospectively from the patient files.
Approval was received from the Non-invasive Clinical Research
Ethics Board at Van Yiiziincii Yil with the date 07.12.2018 and
approval number 10.

Risk groups were determined according to ELN 2017. t(8;
21), t(15; 17), invl6, NPM1 mutation without FLT3-ITD
mutation, and those with biallelic CEBPA mutation were
considered as good risk groups. Co-mutation in NPM1 and
FLT3-ITD, t(9; 11) and presence of cytogenetic abnormalities
not classified as positive or negative were accepted as standard

MPO ekspresyonunun kendi hasta popiilasyonumuzda PES ve OS
icin bagimsiz bir risk fakedrii oldugu gésterilmistir.

Anahtar Sézciikler: Akut miyeloid 18semi, immiinofenotipleme,
prognoz, sagkalim

risk groups. t(6; 9), t(v; 11q23.3), t(9; 22), inv(3), -5 or del(5q),
-7; -17/abn(17p), complex karyotype, monosomal karyotype,
presence of FLT3-ITD mutation without NPM1 mutation, and
presence of RUNX1, ASXL1, TP53 mutations were considered
as bad risk group (8). ELN 2017 risk classification was evaluated
with conventional cytogenetics, FISH and next-generation
sequencer. RUNX1, ASXL1, TP53 could not be studied due to
technical impossibilities.

OS was calculated from diagnosis to death. Progression free
survival (PFS) was defined as the time from start of treatment
to disease progression or death from any cause. Survivals were
expressed in months.

As induction chemotherapy, 73% of the patients received
idarabucine (2 or 3 days) + cytarabine (5 or 7 days) chemotherapy,
27% received azacitidine (7 days) or desitabine (5 days). Those
who did not remitter after idarabucine + cytrabine CT were
given reinduction chemotherapy with the same chemotherapy
regimen. After remission was achieved, patients in the high-
risk group had allogeneic stem cell transplantation if donor was
present. Patients without high risk were consalidated with 3-4
cycles of high-dose cytarabine. Patients receiving azacitidine or
decitabine were evaluated for response after 4-6 cycles. Treatment
was continued with responders until progression.

Immunophenotypic Analysis

Flow cytometric immunophenotyping was performed on bone
marrow aspirate. Specimen processing was performed according to
aroutine red cell lysis protocol. Single cell suspensions were stained
with various 4 fluorochrome-conjugated antibody combinations
and analyzed in reference to isotype-matched fluorochrome-
conjugated control antibodies. Immunophenotypic properties
were evaluated with Multiparametric Flow Cytometry (Facs
Canto II, BD, Brussels, Belgium). CD3, CD5, CD7, CD19,
CD22, CD13, CD33, CD14, CD15, CD16, CD34, CD41,
CD56, CD64, CD117, MPO, Tdt, and HLADR expressions
were studied in the acute leukemia panel. While expressions
>20% were considered positive, <20% was considered negative.

Statistical Analysis

While our study expressed the continuous variables with their
descriptive characteristics as median, minimum and maximum
values, the categorical variables were expressed in terms of
frequencies and percentages. The chi-square test was performed
to detect the relationship between response rates to the
treatments and immunophenotypic features; and also detect the
relationship between the risk groups and the survival rates. The
PES and OS curves were constructed by Kaplan-Meier method
and differences among groups were calculated by using log-rank
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test. The Cox proportional hazard regression model was used to
examine the potential prognostic factors for outcome. A two-
sided p value of <0.05 was accepted to be statistically significant.
All analyses were performed using SPSS software (version 24.0;
IBM Corp., Armonk, NY, USA).

Results
Fifty four (47.8%) of the patients were female and 59 (52.2%)

were male. The median age at diagnosis was 51 (18-81) years.
Other descriptive properties are given in Table 1.

The mean PFS duration was 9 (0-113) months and the mean
OS duration was found as 13 (1-115) months. There was no
statistical difference between response to chemotherapy and
the expression of CD13 (p=0.356), CD33 (p=0.676), CD34
(p=0.256), CD117 (p=0.108), MPO (p=0.246), and HLADR
(p=0.154).

The OS and PES differences were observed between the risk
groups (Table 2). PFS was longer in favorable risk group than
intermediate and adverse risk groups (p=0.036 and p=0.007,
respectively). No difference was observed in terms of PFS between
the intermediate risk group and adverse risk group (p=0.16).
In favorable risk group, OS was longer than intermediate and
adverse risk groups (p=0.001 and p=0.00, respectively). There
was no difference in terms of OS between the intermediate risk

group and the adverse risk group (p=0.09) (Table 2).

The MPO expression was found to be an independent risk factor
on PFS and OS (p=0.008 and p=0.015, respectively) (Table 3).
In the survival analysis, PES and OS were longer in the group
expressing MPO (p=0.009 and p=0.004, respectively) (Figure 1).
Although patients with HLADR negativity had higher PFS and
OS advantage (p=0.045 and p=0.025, respectively) (Figure 1) and
also was found to have significant impact on PFS- OS in univariate
regresyon analysis, we did not found HLADR negativity as an
independent predictor on PES-OS in multivariate cox regression

analysis (Table 3).

Discussion

In this study, we investigated the relationship between cell surface
expressions and treatment response status, PFS and OS in our
own patient population. PFS and OS were found to be longer in
patients expressing MPO and not expressing HLADR. However,
it was shown that while MPO expression was independent of PFS
and OS, HLADR was not an independent factor. Expression of

CD13, CD33, CD34 and CD117 was also found to have no
effect on PES and OS. Cytogenetic risk groups were also found

to be associated with PES and OS, consistent with the literature.

The high rate of MPO expression in patients with AML has been

associated with better PES and OS with better complete response

Table 1. Descriptive features

*Age 51(18-81)
Sex

Female 47.8%
Male 52.2%
Risk category

Favorable 14.2%
Intermadiate 61.1%
Adverse 24.7%
CD13 status

Positive 90.2%
Negative 9.8%
CD33 status

Positive 83.2%
Negative 16.8%
CD34 status

Positive 57.6%
Negative 42.4%
CD117 status

Positive 81.7%
Negative 18.3%
MPO status

Positive 43.9%
Negative 56.1%
HLADR status

Positive 69.2%
Negative 30.8%
Response rate

CR 67.3%
NR 32.7%
Survival status

Alive 45.1%
Ex 54.9%

*median (min-max)
min: Minimum, max: Maximum, CR: Complete response, NR: Normal response,
Ex: Exitus

Table 2. Relationship of risk groups between PFS and OS

Progression free survival

Risk category Favorable Intermediate

X2 p x? p x?
Favorable 4.38 .036 7.34
Intermediate 4.38 .036 1.97
Adverse 7.34 .007 1.97 16

X2 Chi-square, PFS: Progression free survival, OS: Overall survival
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Adverse

Overall survival

Favorable Intermediate Adverse
P X2 P X2 P X2 p
.007 11.13 .001 20.95 .00
.16 11.13 .001 2.18 .09
20.95 .000 2.81 0.09
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(CR) rates in many studies (14-17). In a study of 233 patients
with AML, Dong et al. (18) demonstrated low MPO expression
(<70%) as an independent risk factor for CR, OS, and PES.
They found over 70% MPO expression associated with favorable
risk group, high CR rates, and longer PFS and OS (18). Kamijo
et al. (19) found high MPO expression (>50%) associated with
RUNXI-RUNXITI, the KIT mutation and CEBPA double

Table 3. Relationship between immunophonotypic
characteristics and PFS and OS, multivariate Cox regression
analysis

Progression free survival  Overall survival

P Exp (B) p Exp (B)
CD13 0.487 0.537 0.609 0.737
CD33 0.248 0.295 0.550 1.325
CD34 0.156 0.408 0.851 0.938
CcD117 0.135 2.526 0.605 0.798
MPO 0.008 7.223 0.015 2.481
HLADR 0.429 0.513 0.712 0.852
PFS: Progression free survival, OS: Overall survival
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mutations, and low MPO expression (<50%) associated with
DNMT3A mutation, FLT3 tyrosine kinase domain mutation
and TP53 mutations. Similar to the literature, in our study, the
presence of MPO expression was found to be associated with
prolonged PFS and OS, and it was shown to be a favorable
prognostic factor. In our study, unlike other studies, statistical
significance was obtained with MPO above 20%. As mentioned
above in other studies, the threshold value was determined
between 50-70%. Based on these results, MPO expression at the
time of diagnosis can be used as a good prognostic marker. In
some places, the cytogenetics and especially the next-generation
sequencer are still not easy to be reached. MPO expression can be
a guide for centers that cannot reach these examinations.

Chang et al. (20) found that CD34 positivity was associated with
low CR in patients with de novo AML. And they showed that co-
expression of CD34 and HLADR was a negatively independent
risk factor for achieving CR (20). Other studies have shown poor
response to induction chemotherapy in the presence of CD34
expression (21,22). Yang et al. (23) found that CD34 positivity
was associated with low CR rates, but did not find a significant
difference between CR status and CD13 and CD33 positivity.
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Figure 1. MPO positive patients have longer PFS and OS, HLADR negative patients have longer PFS and OS

PFS: Progression free survival, OS: Overall survival
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Contrary to these data, CD34 expression did not have an effect
on treatment response and survival in our study.

The absence of expression of CD9, CD11b, CD13, CD34 and
CD41 in patients with AML, or the presence of CD15, CD33,
CD38, CD64, and MPO expression was associated with longer
OS. CDY9, CD13, CD34 and CD64 have been shown to be
independent risk factors on survival (24). In another study, it
was found that patients in whom MPO, CD13, CD33, CD65
and CD117 were co-expressed had a better prognosis (25). Plesa
etal. (26) showed that CD34-positive/ CD33-positive or CD34-
negative/ CD33-negative was poor prognostic, CD34-positive/
CD33-negative was intermediate prognostic, and CD34-
negative/ CD33-positive was favorable prognostic.

While several studies have shown that CD13 has no prognostic
significance (9,25), another study has shown a significant
correlation between the low CR rate of CD13 positivity (27).
In another study, CD13 positivity was reported to be associated
with low CR and short OS, whereas CD33 was not associated
with CR and OS (28). CD117 was associated with decreased CR
rates (29). In our study, expression of CD13, CD33 and CD117
was not related to CR, PES and OS.

About 40-50% of patients with AML display a normal
karyotype at diagnosis (30). As prognosis of AML with a normal
karyotype is heterogeneous, efforts have been made to stratify
patients into different risk categories and to guide therapeutic
decisions. Mutations in a number of genes have been found in
AML with a normal karyotype; the most commonly affected
are nucleophosminl gene (NPM1), the FMS-like tyrosine
kinase 3 gene (FLT3), and the DNA-methyltransferase 3a gene
(DNMT?3A). There are two main types of FLI'3 mutations.
The most common are internal tandem duplications (ITD) of
different length that result in ligand-independent activation
of the FLT3 receptor and a proliferative signal (31,32). The
prognostic impact of FLT3-ITD is influenced by its mutational
context, including the absence of the wild-type FLT3 allele
(ie, homozygous or hemizygous FLT3-ITD), the concurrent
mutation status of NPM1, and the FLT3 mutant/wild-type
allelic ratio. Homozygous or hemizygous FL'T3 and higher AR
are associated with poorer outcomes (33-35). Munoz et al. (36)
found that AML with FLT3-ITD often had a myelomonocytic
immunophenotype expressing CD33 and CD15, with rather
low CD34 expression. In addition, CD11b and CD4 were often
expressed in these patients. If FLT3-ITD cannot be measured,
the status of FLT3-ITD can be predicted by immunophenotypic

expressions.
Study Limitations

In several studies, HLADR expression has been associated with
reduced CR rates and shorter CR duration (20,37,38). In our
study, it was determined that the absence of HLDR expression,
which supported the literature, was associated with longer PFS
and OS. Unlike the literature, no correlation was found between
HLDR and response status.
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Conclusion

Our aim in this study was to investigate the prognostic value of
immunophenotypic markers that were routinely checked at the
time of diagnosis. Previous studies have shown the prognostic
significance of MPO and CD34 expression. In our study, MPO
positivity was found to be consistent with longer PFS and OS,
similar to the literature, but unlike the literature, no correlation
was found between CD13, CD33, CD34, CD117 and PFS and
OS. Randomized prospective controlled studies are needed to
determine the prognostic significance of immunophenotypic
features.

Ethics

Ethics Committee Approval: Van Yiiziincii Yil University Non-
Invasive Clinical Research Ethics Committee (date: 07.12.2018/
decision no: 10).

Peer-review: Externally peer reviewed.
Authorship Contributions

Concept: S.D., T.U., Design: S.D., T.U., Data Collection or
Processing: O.E., AD,, Analysis or Interpretation: S.D., T.U.,
Literature Search: S.D., Writing: S.D., T.U.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References
1. https://www.cancer.org/cancer/acute-myeloid-leukemia/about/key-
statistics.html.

2. Sekeres MA, Peterson B, Dodge RK, Mayer RJ, Moore JO, Lee
EJ, et al. Differences in prognostic factors and outcomes in African
Americans and whites with acute myeloid leukemia. Blood 2004;

103:4036-42.

3. Olesen LH, Aggerholm A, Andersen BL, Nyvold CG, Guldberg
P, Norgaard JM, et al. Molecular typing of adult acute myeloid
leukaemia: significance of translocations, tandem duplications,
methylation, and selective gene expression profiling. Br ] Haematol

2005;131:457-67.

4. Estey EH. Therapeutic options for acute myelogenous leukemia.

Cancer 2001;92:1059-73.

5. Timilshina N, Breunis H, Brandwein JM, Minden MD, Gupta V,
O’Neill S, et al. Do quality of life or physical function at diagnosis

predict short-term outcomes during intensive chemotherapy in

AML? Ann Oncol 2014;25:883-8.
6. Lindsley RC, Mar BG, Mazzola E, Grauman PV, Shareef S, Allen SL,

et al. Acute myeloid leukemia ontogeny is defined by distinct somatic
mutations. Blood 2015;125:1367-76.

7. Creutzig U, Buchner T, Sauerland MC, Zimmermann M, Reinhardt
D, Déhner H, et al. Significance of age in acute myeloid leukemia
patients younger than 30 years: a common analysis of the pediatric
trials AML-BFM 93/98 and the adult trials AMLCG 92/99 and
AMLSG HD93/98A. Cancer 2008;112:562-71.



Bezmialem Science 2022;10(4):402-8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Déhner H, Estey E, Grimwade D, Amadori S, Appelbaum FR,
Biichner T, et al. Diagnosis and management of AML in adults: 2017
ELN recommendations from an international expert panel. Blood

2017;129:424-47.
Mason KD, Juneja SK, Szer J. The immunophenotype of acute

myeloid leukemia: is there a relationship with prognosis? Blood Rev
2006;20:71-82.

San Miguel JE Ojeda E, Gonzalez M, Orfao A, Canizo MC,
Sanchez J, et al. Prognostic value of immunological markers in acute
myeloblastic leukemia. Leukemia 1989;3:108-11.

Tucker J, Dorey E, Gregory WM, Simpson AP, Amess JA, Lister TA,
et al. Immunophenotype of blast cells in acute myeloid leukemia may
be a useful predictive factor for outcome. Hematol Oncol 1990;8:47-
58.

Solary E, Casasnovas RO, Campos L, Bene MC, Faure G, Maingon
D et al. Surface markers in adult acute myeloblastic leukemia:
correlation of CD19+, CD34+ and CD14+/DR--phenotypes with
shorter survival. Groupe d’Etude Immunologique des Leucemies

(GEIL). Leukemia 1992;6:393-9.
Campos L, Guyotat D, Archimbaud E, Devaux Y, Treille D, Larese

A, et al. Surface marker expression in adult acute myeloid leukaemia:
correlations with initial characteristics, morphology and response to
therapy. Br ] Haematol 1989;72:161-6.

Ohtake S, Miyawaki S, Fujita H, Kiyoi H, Shinagawa K, Usui N,
et al. Randomized study of induction therapy comparing standard-
dose idarubicin with high-dose daunorubicin in adult patients with
previously untreated acute myeloid leukemia: the JALSG AML201
Study. Blood 2011;117:2358-65.

Matsuo T, Kuriyama K, Miyazaki Y, Yoshida S, Tomonaga M, Emi N,
etal. The percentage of myeloperoxidase-positive blast cells is a strong
independent prognostic factor in acute myeloid leukemia, even in the
patients with normal karyotype. Leukemia 2003;17:1538-43.

Taguchi J, Miyazaki Y, Tsutsumi C, Sawayama Y, Ando K, Tsushima
H, et al. Expression of the myeloperoxidase gene in AC133 positive
leukemia cells relates to the prognosis of acute myeloid leukemia.
Leuk Res 2006;30:1105-12.

Sawayama Y, Miyazaki Y, Ando K, Horio K, Tsutsumi C, Imanishi D,
et al. Expression of myeloperoxidase enhances the chemosensitivity of
leukemia cells through the generation of reactive oxygen species and
the nitration of protein. Leukemia 2008;22:956-64.

Dong XY, Li YL, Jiang L, Wu CY, Shang BJ, Zhang L, et al.

[Correlation between myeloperoxidase expression and gene

alterations and prognosis in acute myeloid leukemia]. Zhonghua Xue
Ye Xue Za Zhi 2019;40:40-5.

Kamijo R, Itonaga H, Kihara R, Nagata Y, Hata T, Asou N, et al.
Distinct gene alterations with a high percentage of myeloperoxidase-
positive leukemic blasts in de novo acute myeloid leukemia. Leuk Res
2018;65:34-41.

Chang H, Salma E Yi QL, Patterson B, Brien B, Minden MD.
Prognostic relevance of immunophenotyping in 379 patients with
acute myeloid leukemia. Leuk Res 2004;28:43-8.

Myint H, Lucie NP. The prognostic significance of the CD34 antigen
in acute myeloid leukaemia. Leuk Lymphoma 1992;7:425-9.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Raspadori D, Lauria E, Ventura MA, Rondelli D, Visani G, de Vivo
A, et al. Incidence and prognostic relevance of CD34 expression in
acute myeloblastic leukemia: analysis of 141 cases. Leuk Res 1997;

21:603-7.
Yang LL, Liu X, Li Q, Zhu XY, Wang XB, Zhu WB.

[Immunophenotyping characteristics of AML and their correlation
with the curative effects]. Zhongguo Shi Yan Xue Ye Xue Za Zhi
2014;22:1-5.

Repp R, Schackel U, Helm G, Thiede C, Soucek S, Pascheberg
U, et al. Immunophenotyping is an independent factor for risk
stratification in AML. Cytometry B Clin Cytom 2003;53:11-9.

Legrand O, Perrot JY, Baudard M, Cordier A, Lautier R, Simonin
G, et al. The immunophenotype of 177 adults with acute myeloid
leukemia: proposal of a prognostic score. Blood 2000;96:870-7.

Plesa C, Chelghoum Y, Plesa A, Elhamri M, Tigaud I, Michallet M,
et al. Prognostic value of immunophenotyping in eldetly patients
with acute myeloid leukemia: a single-institution experience. Cancer
2008;112:572-80.

Griffin JD, Davis R, Nelson DA, Davey FR, Mayer R], Schiffer C, et
al. Use of surface marker analysis to predict outcome of adult acute
myeloblastic leukemia. Blood 1986;68:1232-41.

Schwarzinger I, Valent P, Kéller U, Marosi C, Schneider B, Haas O,
et al. Prognostic significance of surface marker expression on blasts
of patients with de novo acute myeloblastic leukemia. J Clin Oncol

1990;8:423-30.
Ashman LK, Roberts MM, Gadd SJ, Cooper SJ, Juttner CA.

Expression of a 150-kD cell surface antigen identified by monoclonal
antibody YB5.B8 is associated with poor prognosis in acute non-
lymphoblastic leukaemia. Leuk Res 1988;12:923-8.

Byrd JC, Mrozek K, Dodge RK, Carroll AJ, Edwards CG, Arthur
DC, et al. Pretreatment cytogenetic abnormalities are predictive
of induction success, cumulative incidence of relapse, and overall
survival in adult patients with de novo acute myeloid leukemia:
results from Cancer and Leukemia Group B (CALGB 8461). Blood
2002;100:4325-36.

Yamamoto Y, Kiyoi H, Nakano Y, Suzuki R, Kodera Y, Miyawaki
S, et al. Activating mutation of D835 within the activation loop of
FLT3 in human hematologic malignancies. Blood 2001;97:2434-9.

Bacher U, Haferlach C, Kern W, Haferlach T, Schnittger S. Prognostic
relevance of FLT3-TKD mutations in AML: the combination
matters--an analysis of 3082 patients. Blood 2008;111:2527-37.

Whitman SP, Archer KJ, Feng L, Baldus C, Becknell B, Carlson BD,
et al. Absence of the wild-type allele predicts poor prognosis in adult
de novo acute myeloid leukemia with normal cytogenetics and the
internal tandem duplication of FLT3: a cancer and leukemia group B
study. Cancer Res 2001; 61:7233-9.

Borthakur G, Kantarjian H, Patel KB, Ravandi E Qiao W, Faderl S, et
al. Impact of numerical variation in FMS-like tyrosine kinase receptor
3 internal tandem duplications on clinical outcome in normal
karyotype acute myelogenous leukemia. Cancer 2012;118:5819-22.

Thiede C, Steudel C, Mohr B, Schaich M, Schakel U, Platzbecker
U, et al. Analysis of FLT3-activating mutations in 979 patients

with acute myelogenous leukemia: association with FAB subtypes

407



Demircioglu et al. The Importance of Immunophenotyping in AML

and identification of subgroups with poor prognosis. Blood clinical features, and ras mutation in acute myeloid leukemia. A

2002;99:4326-35. study of 235 Chinese patients in Taiwan. Cancer Genet Cytogenet
36. Munoz L, Aventin A, Villamor N, Junca J, Acebedo G, Domingo A, 1995;84:60-8.

et al. Immunophenotypic findings in acute myeloid leukemia with 38. Callea V, Morabito F, Martino B, Stelitano C, Oliva B, Nobile E.

FLT3 internal tandem duplication. Haematologica 2003;88:637-45. Diagnostic and prognostic relevance of the immunophenotype in
37. Tien HE Wang CH, Lin MT, Lee FY, Liu MC, Chuang SM, et al. acute myelocytic leukemia. Tumori 1991;77:28-31.

Correlation of cytogenetic results with immunophenotype, genotype,

408



