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Abstract. – OBJECTIVE: Several factors are
known to affect prognosis of acute leukemia
such as age, high leukocyte count, cytogenetic
abnormality, performance status and recurrent
leukemia.
We aimed to investigate the association be-

tween cell surface markers and prognostic de-
terminants such as recurrence at 6 and 12
months and survival at 6, 12 and 18 months in
acute leukemia patients.

PATIENTS AND METHODS: A total of 142 pa-
tients, 101 with acute myeloid leukemia (AML)
and 41 with B-cell acute lymphoblastic
leukemia (B-ALL) were included. The effects of
surface markers on survival and recurrence
rates were evaluated retrospectively.

RESULTS: In AML patients, CD5+ and CD34+
immunophenotypes and in ALL patients
cCD22+, CD34+ and CD49f + CD19+ im-
munophenotypes were positive prognostic indi-
cators. In AML patients CD7 expression, and in
ALL patients CD5+, CD7+ and CD117+ im-
munophenotypes and >90% CD45 expression
were negative prognostic indicators.

CONCLUSIONS: This study demonstrates
that flow cytometry, a common diagnostic tool
in acute leukemia, may also have prognostic
value in acute leukemia in the future.
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Introduction

Several factors are known to affect prognosis
in acute leukemia such as age, high leukocyte
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count, cytogenetic abnormality, performance sta-
tus and recurrent leukemia1-5. Immunophenotypic
characteristics also influence prognosis. The ef-
fect of cell surface markers on prognosis is vari-
able and dependent on other factors. For exam-
ple, expression of CD34 is an accepted marker of
poor prognosis in acute myeloid leukemia
(AML)6 despite some reports demonstrated no
association between CD34 expression and AML
prognosis7,8. Aberrant expression of CD19 have
been found to be positive prognostic indicators in
AML9 but others have reported an association be-
tween CD19 expression and poor prognosis10.
Mature B-cell subtype immunophenotype has
strong prognostic and therapeutic significance in
B-cell acute lymphoblastic leukemia (B-ALL)11.
Other immunophenotypic markers have variable
rates of prognostic significance. CD34 expres-
sion is most commonly observed in adult B-ALL
patients and the Cancer and Leukemia Group B
(CALGB) study group reported an association
between CD34 expression and poor prognosis12.
In this study, the association between cell sur-

face markers and prognostic determinants such
as recurrence at 6 and 12 months and survival at
6, 12 and 18 months were evaluated in acute
leukemia patients. To our knowledge, this is the
first article about immunophenotyping and prog-
nosis of adult acute leukemias in Turkey.

Patients and Methods

A total of 142 patients, 101 with AML and 41
with B-ALL, that treated with standard
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chemotherapy protocols between 2009 and 2013
at Ankara Atatürk Training and Research Hospital,
Ankara Numune Training and Research Hospital
and Dı kapı Yıldırım Beyazıt Training and Re-
search Hospital were included and retrospectively
evaluated. Standard AML induction therapy com-
prised idarubicine 12 mg/m2 for 3 days and cytara-
bine 100 mg/m2 for 7 days. Consolidation therapy
comprised 2-4 cure high-dose cytarabine 3 g/m2on
days 1, 3 and 5. Standard B-ALL therapy was ad-
ministered as described in the International MRC
UKALL XII/ECOG E2993 trial or CALGB.
Patients with acute promyelocytic leukemia

and those who could not receive standard treat-
ment due to older age or poor performance status
were excluded.
Cases were evaluated in two groups as AML

and ALL. In AML cases the following surface
markers CD2, CD3, CD5, CD7, CD10, CD11b,
CD13, CD14, CD15, CD19, CD20, CD24,
CD33, CD34, CD56, CD64, CD117, HLADR,
MPO and CD45 and for ALL cases the following
surface markers CD2, CD3, CD5, CD7, CD10,
CD13, CD15, CD19, CD10+CD19, CD20,
CD22, CCD22, CD24, CD33, CD34, CD38,
CD49F+CD19, CD56, CD79A, CCD79A,
CD117, SIGM, CMU, HLA-DR, MPO, TdT and
CD45 were studied by flow cytometry. The asso-
ciation between these cell surface markers and
recurrence at 6 and 12 months and survival at 6,
12 and 18 months was evaluated.

Statistical Analysis
Immunophenotyping analysis was performed

by using a 2-laser, 6-colour, Beckman Coulter,
Navios model flow cytometry device. SPSS 17
(SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses. Variance was calculated as
the mean ± standard deviation (SD). Percentages
were reported in addition to numerical data in
frequency analyses. Categorical data were
analysed using the Chi-squared test. p < 0.05 was
considered statistically significant.

Results

The out of 101 AML patients, 59 (58.4%)
were male and 42 (41.6%) were female with a
mean age of 48.5 ± 14. The out of 41 ALL pa-
tients, 28 (68.3%) were male and 13 (31.7%)
were female with a mean age of 37.7 ± 15.
Expression of the surface markers CD10,

CD20 and CD3 (n = 97, n = 43; n = 36, respec-
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tively) was not observed in any AML patients.
Positivity rates of surface markers in AML are
given in Table I.
In AML patients no statistically significant as-

sociation was found between prognostic out-
comes (recurrence at 6 and 12 months and sur-
vival at 6, 12 and 18 months) and expression of
CD2, CD3, CD11b, CD13, CD14, CD19, CD24,
CD56, CD64, CD117, HLA-DR or MPO.
Findings of AML patients: The 6-month recur-

rence rate in CD34+ patients was significantly
lower than that in CD34− patients (6.9% vs.
30.8%, p = 0.041).
The 6-month survival rate in CD5+ patients

was significantly higher than that in CD5− pa-
tients (83.3% vs. 36%, p = 0.03). The 18-month
survival rate of CD7+ patients trended towards
being lower than that of CD7− patients (5% vs.
19.7%, p = 0.062). Cell surface markers identi-
fied as good and poor predictors of AML progno-
sis are given in Table II.
Findings of B-ALL patients: Expression of

CD3 and MPO (n = 11 and 39, respectively) was
not observed in any cases of B-ALL. Positivity
rates of surface markers in B-ALL are given in
Table III.
In B-ALL patients no statistically significant

association was found between prognostic out-
comes (recurrence at 6 and 12 months and sur-
vival at 6, 12 and 18 months) and expression of

Total Positive Positivity
patients patients rate

CD2 95 12 12.60%
CD3 36 0 0%
CD5 44 6 13.60%
CD7 96 35 36.50%
CD10 97 0 0%
CD11b 93 50 53.80%
CD13 97 87 89.70%
CD14 95 22 23.20%
CD15 94 58 61.70%
CD19 97 10 10.30%
CD20 43 0 0%
CD24 41 7 17.10%
CD33 96 92 95.80%
CD34 97 65 67%
CD56 94 20 21.30%
CD64 95 56 58.90%
CD117 96 86 89.60%
HLA-DR 97 92 94.80%
MPO 96 71 74%
CD45 97 96 99%

Table I. Positivity rates of surface markers in AML
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CD10, CD15, CD19, CD10+CD19, CD20,
CD22, CD24, CD49f, CD79a, HLA-DR, MPO
or TDT. Cell surface markers identified as good
and poor predictors of B-ALL prognosis are giv-
en in Table II.
The 12-month survival rate in CD5+ patients

was significantly lower than that in CD5− pa-
tients (0% vs. 43.7%, p = 0.019). The 6-month
relapse rate in CD7+ patients was significantly
higher than that in CD7− patients (100% vs.
15.4%, p = 0.012). The 6- and 12-month survival
rates in CD7+ patients were significantly lower
than those in CD7− patients (16.7% vs. 60%, p =
0.049 and 0% vs. 45.7%, p = 0.034, respective-
ly). The 6-month survival rate in cCD22+ patients
was significantly higher than that in cCD22− pa-
tients (80% vs. 43.3%, p = 0.044).
The 6-month recurrence rate in CD34+ pa-

tients was significantly lower than that in CD34–

patients (9.1% vs. 75%, p = 0.011). The 6 and
12-month survival rates in CD34+ patients were
significantly higher than those in CD34– patients
(63.3% vs. 27.3%, p = 0.04 and 50% vs. 9.1%, p
= 0.017, respectively).
The 6-month survival rate in CD49f + CD19+

patients was significantly higher than that in
CD49f + CD19– patients (75% vs. 20%, p = 0.02).
The 6-month recurrence rate in CD117+ pa-

tients was significantly higher than that in
CD117– patients (100% vs. 0%, p = 0.005). The

For AML patients

Cell surface marker Good prognosis Poor prognosis Evaluation criteria p value

CD34 + 6-month relapse p = 0.041
CD5 + 6-month survival p = 0.03
CD7 + 18-month survival p = 0.062

For B-ALL patients

Cell surface marker Good prognosis Poor prognosis Evaluation criteria p value

CD7 + 6-month relapse p = 0.012
CD117 + 6-month relapse p = 0.005
CD34 + 6-month relapse p = 0.011
CD7 + 6-month survival p = 0.049
cCD22 + 6-month survival p = 0.044
CD34 + 6-month survival p = 0.040
CD49f+CD19 + 6-month survival p = 0.020
CD5 + 12-month survival p = 0.019
CD7 + 12-month survival p = 0.034
CD34 + 12-month survival p = 0.017
CD117 + 12-month survival p = 0.010
CD45>%90 + 12-month survival p = 0.044
CD45>%90 + 18-month survival p = 0.003

Table II. Cell surface markers identified as good and poor predictors of AML and B-ALL prognosis.

Total Positive Positivity
patients patients rate

CD2 27 1 3.70%
CD3 11 0 0%
CD5 25 9 36%
CD7 41 6 14.60%
CD10 41 38 92.70%
CD13 41 6 14.60%
CD15 26 2 7.70%
CD19 41 41 100%
CD10+CD19 40 37 92.50%
CD20 37 30 81.10%
CD22 41 40 97.60%
cCD22 40 10 25%
CD24 15 14 93.30%
CD33 40 8 20%
CD34 41 30 73.20%
CD49f 11 1 9.10%
CD49f+CD19 18 8 44.40%
CD38 18 17 94.40%
CD56 22 1 4.50%
CD79a 41 3 7.30%
cCD79a 40 39 97.50%
CD117 25 9 36%
HLA-DR 39 38 97.40%
MPO 39 0 0%
s gM 38 11 28.90%
cmü 38 32 84.20%
TDT 41 28 68.30%
CD45 41 36 87%
CD45%90 41 28 68.20%

Table III. Positivity rates of surface markers in B-ALL.



12-month survival rate in CD117+ patients was
significantly lower than that in CD117− patients
(0% vs. 50%, p = 0.010).
The threshold for CD45 positivity was defined

as >90%. The 12 and 18-month survival rates in
patients with >90% CD45 was significantly low-
er than those in patients with <90% CD45
(28.6% vs. 61.5%, p = 0.044 and 3.6% vs. 38.5%,
p = 0.003).
In B-ALL patients, interestingly all CD5+,

CD7+, and CD117+, identified as poor prognostic
predictors, was observed to accumulate in 13
cases. However, there was no positive or negative
correlation between these markers and other pa-
rameters.

Discussion

The results of this study demonstrate im-
munophenotyping has utility in determining
prognosis in both AML and ALL. In AML pa-
tients, CD5 and CD34 expression was associated
with good prognostic outcomes and CD7 expres-
sion was found to be a poor prognostic indicator.
In ALL patients, cCD22+, CD34+ and CD49f +
CD19+ was associated with a good prognostic
outcomes, and CD5+, CD7+ and CD117+ and
>90% CD45 expression was associated with poor
prognostic outcomes.
CD5 expression is not common in AML. CD5

was found to be positively expressed in 6 of the
832 AML patients in a previous study but the
prognostic significance of CD5 expression was
not reported13. In another work14, CD5 expression
was observed in 5 out of 61 patients and CD5 ex-
pression was suggested as a negative prognostic
indicator of survival. In our study, aberrant ex-
pression of CD5 was observed in 6 out of 44
AML patients (13.6%). In AML patients, the
overall 6-month survival rate in CD5+ patients
was statistically significantly higher than that in
CD5− patients (p = 0.03). Therefore, we propose
CD5 expression as a positive prognostic indicator
in AML patients.
CD7, generally expressed on mature T and

natural killer lymphocytes, is found in 15%-20%
of AML cases. CD7 expression has been shown
to be associated with poor prognosis in AML
particularly in undifferentiated subtypes (M0,
M1) with CD34, MDR-1 or TdT expression15,16.
Further, CD7 expression has been shown to be
closely associated with FLT3 mutations17,18. In
another study19 involving 154 AML patients,

CD7 expression was found to be associated with
shortened survival. However in another study
(20), CD7 expression was found in 7 of 40 AML
patients and was not associated with good or
poor prognosis. In our study, CD7 expression
was observed in 35 of 96 (36%) AML patients
and although not statistically significant, the 18-
month survival rate was lower in CD7+ patients
than that in CD7- patients (p = 0.062).
CD34 expression has been reported as a poor

prognostic indicator in AML, although there are
conflicting data (21,22). In our study, CD34 ex-
pression was observed in 65 out of 97 (67%)
AML patients. The 6-month recurrence rate was
lower in CD34+ patients than that in CD34− pa-
tients (p = 0.041).
In ALL cases, detailed evaluation of the asso-

ciation between prognosis and immunophenotyp-
ic features is not present. The small number of
reports that have evaluated the association be-
tween prognosis and CD5 expression in ALL
cases have suggested CD5 expression as a poor
prognostic indicator (23-25). In our study, 9 out
of 25 ALL patients (36%) had CD5+. The 12-
month survival rate in CD5+ patients was signifi-
cantly lower than those with CD5− patients (p =
0.019).
Few studies have examined the association be-

tween prognosis and CD7 expression in ALL.
One study (25) reported that CD7 is rarely ex-
pressed in B-ALL patients, observed in 6 out of
134 B-ALL patients, and was proposed as mark-
er of poor prognosis. Seegmiller et al24 reported
CD7 expression in 4 out of 200 B-ALL cases but
they didn’t reported any prognostic value of
CD7. In our study, 6 out of 41 B-ALL patients
had CD7+. The 6-month recurrence rate was
higher and the 6- and 12-month survival rates
were lower in CD7+ patients than those in CD7-

patients (p = 0.012, p = 0.049 and p = 0.034, re-
spectively).
The function of CD22 is not fully understood

but is thought to be a component of the B-cell ac-
tivation complex and may be an adhesion mole-
cule. Decreased numbers of mature B cells and
increased apoptosis have been shown in the pe-
ripheral circulation and bone marrow of mice
lacking CD2226,27. In one research28, the presence
of Philadelphia chromosome was found to be
correlated with CD22 positivity in ALL patients.
In a paper29 evaluating 795 children with B-ALL,
the expression of CD34 was associated with
good prognosis and CD22 expression was found
to be correlated with CD34 expression. We are

3363

Prognostic significance of flow cytometry findings in Turkish adult acute leukemia patients



not aware of any study examining the impact of
cCD22 on prognosis except in these reports. In
our study, cCD22+ was observed in 10 out of 40
(25%) B-ALL patients. Expression of cCD22
was associated with a higher 6-month survival
rate in B-ALL patients (p = 0.044).
There are conflicting opinions regarding the

relationship between CD34 expression and prog-
nosis in ALL30-33. Recent studies suggest that
CD34 has no prognostic value in B-ALL cases
(34,35). In our study, 30 out of 41 B-ALL pa-
tients (73.2%) had CD34+. The 6-month recur-
rence rate was lower, and the 6- and 12-month
survival rates were higher, in CD34+ patients
than those in CD34− negative patients. CD34 ex-
pression was associated with more favourable
prognosis by 6-month recurrence rates and 6 and
12-month survival rates (p = 0.04 and p = 0.017,
respectively).
CD45 is a transmembrane cell surface protein

with tyrosine phosphatase activity. In a study eval-
uated 529 B-ALL patients, CD45 expression was
not found to be associated with prognosis36. But in
another work37 evaluating children with ALL, pa-
tients with > 90% (considered positive) CD45 ex-
pression had a poorer prognosis than those pa-
tients with < 90% CD45 expression. Recently sim-
ilar results were reported by other authors38. In our
study, there was no significant association be-
tween prognosis and CD45 expression. However,
the 12- and 18-month survival rates in patients
with > 90% CD45 expression were lower than
those in patients with < 90% CD45 expression (p
= 0.044 and p = 0.003, respectively).
CD49f + CD19+ was observed in 8 out of 16

B-ALL patients. These positive cases had higher
6-month survival rates than those CD49f +
CD19− cases (p = 0.02).
CD117 is expressed by myeloid progenitor

cells and is considered specific for myeloid lin-
eages. CD117 can be aberrantly expressed in B-
ALL39. In a previous study24, CD117 expression
was detected in only 1 out of 200 B-ALL pa-
tients. In another report40, CD117 expression was
observed in 4 out of 183 B-ALL patients, howev-
er its impact on prognosis was not reported.
CD117 expression, rarely seen in B-ALL, was
found in 9 out of 25 (36%) B-ALL patients in
our study. The 6-month recurrence rate was high-
er and 12-month survival rate was lower in
CD117+ B-ALL patients than those in CD117−

patients (p = 0.005 and p = 0.010, respectively).
In literature some surface markers are correlat-

ed with certain leukemia subtypes41. In our study,

positive prognostic value of these surface mark-
ers may be associated with certain FAB subtypes
or with certain cytogenetic abnormalities. Unfor-
tunately we could not obtain the FAB subtypes
and cytogenetic abnormalities of our patients.
Further researches utilizing surface markers

and cytogenetics of leukemic cells are needed to
better define the prognostic factors of patients
with leukemia.

Conclusions

These results demonstrate CD5 and CD34 ex-
pressions are positive prognostic indicators in
AML. CD5 is a poor and CD34 is a good prog-
nostic indicator in B-ALL patients. Aberrant ex-
pression of CD7 is a poor prognostic indicator in
both leukemias. In B-ALL patients, cCD22 and
CD49f + CD19 are good, and CD117 and > 90%
CD45 expressions are poor prognostic indicators.
In conclusion, we propose that flow cytometry, a
commonly used diagnostic tool for acute
leukemia, may also have prognostic value in
acute leukemia in the future.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) PADILHA SL, SOUZA EJ, MATOS MC, DOMINO NR.
Acute myeloid leukemia: survival analysis of pa-
tients at a university hospital of Parana. Rev Bras
Hematol Hemoter 2015; 37: 21-27.

2) GRIMWADE D. The changing paradigm of prognos-
tic factors in acute myeloid leukemia. Best Pract
Res Clin Haematol 2012; 25: 419-425.

3) WANG J, HUANG X, JIANG B, JIA J, YANG S, BAO L,
JIANG H, LU J, ZHU H, ZHAO T, JIANG Q. Prognostic
factors of adult Philadelphia chromosome nega-
tive acute lymphoblastic leukemia. Zhonghua xue
ye xue za zhi 2015; 36: 10-15.

4) LI XY, YAO X, LI SN, SUO AL, RUAN ZP, LIANG X, KONG

Y, ZHANG WG, YAO Y. RNA-Seq profiling reveals
aberrant RNA splicing in patient with adult acute
myeloid leukemia during treatment. Eur Rev Med
Pharmacol Sci 2014; 18: 1426-1433.

5) LI XL, XUE Y, YANG YJ, ZHANG CX, WANG Y, DUAN YY,
MENG YN, FU J. Hematopoietic stem cells: cancer
involvement and myeloid leukemia. Eur Rev Med
Pharmacol Sci 2015; 19:1829-1836.

6) SHARMA RK, PUROHIT A, SOMASUNDARAM V, MISHRA PC,
KOTRU M, RANJAN R, KUMAR S, SAZAWAL S, PATI HP,
TYAGI S, SAXENA R. Aberrant myeloid antigen co-ex-

3364

A. Basturk, S. Akinci, T. Hacibekiroglu, T. Guney, A. Kutlucan, F. Ceran, S.D. Akalin, et al.



3365

Prognostic significance of flow cytometry findings in Turkish adult acute leukemia patients

pression is correlated with high percentages of
CD34-positive cells among blasts of acute lym-
phoblastic leukemia patients: an Indian tertiary
care center perspective. Blood Res 2014; 49:
241-245.

7) DE NULLY BROWN P, JURLANDER J, PEDERSEN-BJERGAARD

J, VICTOR MA, GEISLER CH. The prognostic signifi-
cance of chromosomal analysis and immunophe-
notyping in 117 patients with de novo acute
myeloid leukemia. Leuk Res 1997; 21: 985-995.

8) FRUCHART C, LENORMAND B, BASTARD C, BOULET D,
LESESVE JF, CALLAT MP, STAMATOULLAS A, MONCONDUIT

M, TILLY H. Correlation between CD34 expression
and chromosomal abnormalities but not clinical
outcome in acute myeloid leukemia. Am J Hema-
tol 1996; 53:175-180.

9) SOLARY E, CASASNOVAS RO, CAMPOS L, BENE MC, FAU-
RE G, MAINGON P, FALKENRODT A, LENORMAND B,
GENETET N. 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: 393-399.

10) JENSEN AW, HOKLAND M, JORGENSEN H, JUSTESEN J,
ELLEGAARD J, HOKLAND P. Solitary expression of
CD7 among T-cell antigens in acute myeloid
leukemia: identification of a group of patients with
similar T-cell receptor beta and delta rearrange-
ments and course of disease suggestive of poor
prognosis. Blood 1991; 78: 1292-1300.

11) BENE MC, CASTOLDI G, KNAPP W, LUDWIG WD,
MATUTES E, ORFAO A, VAN’T VEER MB. Proposals for
the immunological classif ication of acute
leukemias. European Group for the Immunologi-
cal Character ization of Leukemias (EGIL).
Leukemia 1995; 9: 1783-1786.

12) CZUCZMAN MS, DODGE RK, STEWART CC, FRANKEL SR,
DAVEY FR, POWELL BL, SZATROWSKI TP, SCHIFFER CA,
LARSON RA, BLOOMFIELD CD. Value of immunophe-
notype in intensively treated adult acute lym-
phoblastic leukemia: cancer and leukemia Group
B study 8364. Blood 1999; 93: 3931-3939.

13) LI X, LI J, DU W, ZHANG J, LIU W, CHEN X, LI H,
HUANG S, LI X. Relevance of immunophenotypes
to prognostic subgroups of age, WBC, platelet
count, and cytogenetics in de novo acute myeloid
leukemia. APMIS 2011; 119: 76-84.

14) LEE KH, LEE JS, SUH CW, KIM SW, KIM SB, LEE JH,
ZANG DY, LEE DS, CHI HS, LEE MS, KIM WK, KIM SH.
Prognostic factors of acute myelocytic leukemia:
an analysis of 132 patients in a single institution.
J Korean Med Sci 1996; 11: 222-232.

15) KITA K, MIWA H, NAKASE K, KAWAKAMI K, KOBAYASHI T,
SHIRAKAWA S, TANAKA I, OHTA C, TSUTANI H, OGUMA S,
ET AL. Clinical importance of CD7 expression in
acute myelocytic leukemia. The Japan Coopera-
tive Group of Leukemia/Lymphoma. Blood 1993;
81: 2399-2405.

16) SEYMOUR JF, PIERCE SA, KANTARJIAN HM, KEATING MJ,
ESTEY EH. Investigation of karyotypic, morphologic
and clinical features in patients with acute
myeloid leukemia blast cells expressing the neur-

al cell adhesion molecule (CD56). Leukemia
1994; 8: 823-826.

17) JIANG A, JIANG H, BRANDWEIN J, KAMEL-REID S, CHANG

H. Prognostic factors in normal karyotype acute
myeloid leukemia in the absence of the FLT3-ITD
mutation. Leuk Res 2011; 35: 492-498.

18) RAUSEI-MILLS V, CHANG KL, GAAL KK, WEISS LM,
HUANG Q. Aberrant expression of CD7 in
myeloblasts is highly associated with de novo
acute myeloid leukemias with FLT3/ITD mutation.
Am J Clin Pathol 2008; 129 : 624-629.

19) DEL POETA G, STASI R, VENDITTI A, SUPPO G, ARONICA

G, BRUNO A, MASI M, TABILIO A, PAPA G. Prognostic
value of cell marker analysis in de novo acute
myeloid leukemia. Leukemia 1994; 8: 388-394.

20) ABDULATEEF NA, ISMAIL MM, ALJEDANI H. Clinical sig-
nificance of co-expression of aberrant antigens in
acute leukemia: a retrospective cohort study in
Makah Al Mukaramah, Saudi Arabia. Asian Pac J
Cancer Prev 2014; 15: 221-227.

21) REPP R, SCHAEKEL U, HELM G, THIEDE C, SOUCEK S,
PASCHEBERG U, WANDT H, AULITZKY W, BODENSTEIN H,
SONNEN R, LINK H, EHNINGER G, GRAMATZKI M, GROUP

A-SS. Immunophenotyping is an independent fac-
tor for risk stratification in AML. Cytometry B Clin
Cytom 2003; 53: 11-19.

22) DANG H, JIANG A, KAMEL-REID S, BRANDWEIN J, CHANG

H. Prognostic value of immunophenotyping and
gene mutations in elderly patients with acute
myeloid leukemia with normal karyotype. Hum
Pathol 2013; 44: 55-61.

23) PETERSON MR, NOSKOVIAK KJ, NEWBURY R. CD5-posi-
tive B-cell acute lymphoblastic leukemia. Pediatr
Dev Pathol 2007; 10: 41-45.

24) SEEGMILLER AC, KROFT SH, KARANDIKAR NJ, MCKENNA

RW. Characterization of immunophenotypic
aberrancies in 200 cases of B acute lym-
phoblastic leukemia. Am J Clin Pathol 2009;
132: 940-949.

25) HUSSEIN S, GILL KZ, SIRECI AN, COLOVAI AI, SMALL T,
EMMONS FN, MURTY VV, BHAGAT G, ALOBEID B. Aber-
rant T-cell antigen expression in B lymphoblastic
leukemia. Br J Haematol 2011; 155: 449-456.

26) CESANO A, GAYKO U. CD22 as a target of passive
immunotherapy. Semin Oncol 2003; 30: 253-257.

27) THOMAS X. Inotuzumab ozogamicin in the treat-
ment of B-cell acute lymphoblastic leukemia. Ex-
pert Opin Investig Drugs 2012; 21: 871-878.

28) PRIMO D, TABERNERO MD, PEREZ JJ, RASILLO A,
SAYAGUES JM, ESPINOSA AB, LOPEZ-BERGES MC, GARCIA-
SANZ R, GUTIERREZ NC, HERNANDEZ JM, ROMERO M,
OSUNA CS, GIRALT M, BARBON M, SAN MIGUEL JF, OR-
FAO A. Genetic heterogeneity of BCR/ABL+ adult
B-cell precursor acute lymphoblastic leukemia:
impact on the clinical, biological and immunophe-
notypical disease characteristics. Leukemia 2005;
19: 713-720.

29) BOROWITZ MJ, SHUSTER JJ, CIVIN CI, CARROLL AJ, LOOK

AT, BEHM FG, LAND VJ, PULLEN DJ, CRIST WM. Prog-
nostic significance of CD34 expression in child-
hood B-precursor acute lymphocytic leukemia: a



3366

A. Basturk, S. Akinci, T. Hacibekiroglu, T. Guney, A. Kutlucan, F. Ceran, S.D. Akalin, et al.

Pediatric Oncology Group study. J Clin Oncol
1990; 8: 1389-1398.

30) THOMAS X, ARCHIMBAUD E, CHARRIN C, MAGAUD JP,
FIERE D. CD34 expression is associated with ma-
jor adverse prognostic factors in adult acute lym-
phoblastic leukemia. Leukemia 1995; 9:249-253.

31) VANHAEKE DR, BENE MC, GARAND R, FAURE GC. Ex-
pression and long-term prognostic value of CD34
in childhood and adult acute lymphoblastic
leukemia. Leuk Lymphoma 1995; 20: 137-142.

32) CASCAVILLA N, MUSTO P, D’ARENA G, LADOGANA S,
MATERA R, CAROTENUTO M. Adult and childhood
acute lymphoblastic leukemia: clinico-biological
differences based on CD34 antigen expression.
Haematologica 1997; 82: 31-37.

33) CACCIOLA E, GUGLIELMO P, CACCIOLA E, STAGNO F, CAC-
CIOLA RR, IMPERA S. CD34 expression in adult acute
lymphoblastic leukemia. Leuk Lymphoma 1995;
18: 31-36.

34) LARSON RA, DODGE RK, LINKER CA, STONE RM, POW-
ELL BL, LEE EJ, SCHULMAN P, DAVEY FR, FRANKEL SR,
BLOOMFIELD CD, GEORGE SL, SCHIFFER CA. A random-
ized controlled trial of filgrastim during remission
induction and consolidation chemotherapy for
adults with acute lymphoblastic leukemia: CALGB
study 9111. Blood 1998; 92:1556-1564.

35) LAURIA F, RASPADORI D, MARTINELLI G, RONDELLI D, VEN-
TURA MA, FARABEGOLI P, TOSI P, TESTONI N, VISANI G,
ZACCARIA A, ET AL. Increased expression of myeloid
antigen markers in adult acute lymphoblastic
leukemia patients: diagnostic and prognostic impli-
cations. Br J Haematol 1994; 87: 286-292.

36) RATEI R, SPERLING C, KARAWAJEW L, SCHOTT G,
SCHRAPPE M, HARBOTT J, RIEHM H, LUDWIG WD. Im-

munophenotype and clinical characteristics of
CD45-negative and CD45-positive childhood
acute lymphoblastic leukemia. Ann Hematol 1998;
77: 107-114.

37) GREDELJ-SIMEC N, JELIC-PUSKARIC B, OSTOJIC A, SIFTAR
Z, FIALA D, KARDUM-SKELIN I, VRHOVAC R, JAKSIC B. Di-
agnostic and prognostic significance of CD45 cell
surface antigen expression in hematologic malig-
nancies with main focus on acute leukemias. Acta
Med Croatica 2011; 65: 45-52.

38) CARIO G, RHEIN P, MITLOHNER R, ZIMMERMANN M,
BANDAPALLI OR, ROMEY R, MOERICKE A, LUDWIG WD,
RATEI R, MUCKENTHALER MU, KULOZIK AE, SCHRAPPE

M, STANULLA M, KARAWAJEW L. High CD45 surface
expression determines relapse risk in children
with precursor B-cell and T-cell acute lym-
phoblastic leukemia treated according to the
ALL-BFM 2000 protocol. Haematologica 2014;
99: 103-110.

39) SUPRIYADI E, WIDJAJANTO PH, VEERMAN AJ, PURWANTO

I, NENCY YM, GUNAWAN S, NAFIANTI S, PURNOMOSARI

D, INTANSARI US, WESTRA G, CLOOS J. Immunophe-
notypic patterns of childhood acute leukemias in
Indonesia. Asian Pac J Cancer Prev 2011; 12:
3381-3387.

40) SUPRIYADI E, VEERMAN AJ, SUTARYO, PURWANTO I, VD

VEN PM, CLOOS J. Myeloid antigen expression in
childhood acute lymphoblastic leukemia and Its
relevance for clinical outcome in indonesian ALL-
2006 protocol. J Oncol 2012; 135-186.

41) DREXLER HG, THIEL E, LUDWIG WD. Acute myeloid
leukemias expressing lymphoid-associated anti-
gens: diagnostic incidence and prognostic signifi-
cance. Leukemia 1993; 7: 489-498.


