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ABSTRACT

Introduction: In 2016, WHO gave a comprehensive classification system that
included morphology, immunophenotyping, molecular and genetic findings.
Flow cytometric immunophenotyping is the backbone of WHO classification,
helping to make a more accurate and faster diagnosis.

Aim: This study has been conducted to find immunophenotyping aberrancy of
acute leukemia (AL) and its association with gender and age group.

Material and methods: Thisis a descriptive retrospective study of 1012 AL
patients diagnosed between January 2011 and January 2019, including all new
patients of all ages and both sexes, who had available immunophenotyping data.

Results and discussion: The most common aberrant antigen on acute my-
eloid leukemia (AML) was CD7, on precursor B lymphoblastic leukemia (B-ALL)
was CD33 and on precursor T lymphoblastic leukemia (T-ALL) was CD13. There
was no association between sex/age and antigen aberrancy except a significant in-
crease in CD34 loss on pre B acute lymphoblastic leukemia (pre B-ALL) and HLA-
-DR expression on acute promyelocytic leukemia (APL) in males compared to
female patients and an increase of CD19 expression on non-APL-AML and an
elevation of CD34 loss on T-ALL in adult compared to pediatric patients.

Not only detection of aberrant expression of CD markers in leukemic cells helps
to estimate molecular abnormalities and has a prognostic effect, but also a speci-
fication of neoplastic cell markers at the time of diagnosis is essential for monito-
ring patients after treatment.

Conclusions: Although in this study, no association between sex/age and
aberrancy of antigens was detected (except in certain AL subtypes), AL specific
immunophenotype is essential for minimal residual disease detection.
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1. INTRODUCTION

Neoplasms of hematopoietic cells are one of the most frequent
malignancies. The United States Cancer Institute reports the
incidence as high as 4.3 cases in 100000 people annually. Acute
leukemia (AL) comprises a heterogeneous group of neoplasms
characterized by progressive clonal expansion of progenitor
cells in the bone marrow. AL divides into acute myeloid leu-
kemia (AML) and acute lymphoblastic leukemia (ALL). ALL
is the most frequent neoplasm in children. AML is the most
frequent AL in adults.! In acute hematopoietic malignancies,
cancerous cells are growing fast and autonomously and acquire
various clinical, morphological, immunological, and molecular
characteristics.? Clonal proliferation of neoplastic cells in AML
causes tissue infiltration, mostly in the marrow, in which he-
matopoietic precursors get replaced by tumoral cells. The tis-
sue infiltration process happens less commonly in extramedul-
lary tissue, identified as granulocytic sarcoma.> ALL is caused
by progressive genetic evolutions in progenitor cells and di-
vides into precursor T lymphoblastic leukemia (T-ALL) and
precursor B lymphoblastic leukemia (B-ALL).* In recent years,
immunophenotyping alongside morphology, cytogenetic, and
molecular data have become essential for diagnosis and patient
monitoring.’ Flow cytometry is a valuable tool in the diagnosis
of the disease and has a critical role in the understanding of the
developmental stage and minimal residual disease. Available
multicolor flow cytometry, various fluorochromes, and new
analytical strategies increase the efficacy of flow cytometry in
minimal residual disease detection.® The amount of residual
disease detected by multicolor flow cytometry is the most im-
portant prognostic factor in AL disease. Most of the neoplas-
tic cells, especially in AML, express aberrant antigens, which
are different from the normal equivalent cells. Recognition of
these antigens at the presentation of leukemia is essential for
the detection of residual neoplastic cells by flow cytometry in
the monitoring of the patient after induction therapy or during
maintenance therapy.” Moreover, some morphologic and mo-
lecular subtypes of AL show characteristic antigen aberrancy
and distinctive immunophenotype which have prognostic or
even therapeutic effects.® Understanding of these associations
can help save time and money, especially in resource-poor
countries. In order to detect AL specific immunophenotyping,
leukemic cell analysis should be performed, using a compre-
hensive panel of monoclonal antibodies by multicolor flow cy-
tometry.® Due to the high prevalence of leukemia in some parts
of the country'® and the probability of geographical and envi-
ronmental effects on phenotype and behavior of leukemia, we
decided to evaluate the relative frequency of AL immunophe-
notyping, including antigen aberrancy and its correlation with
age and gender.

2. AIM

This study has been conducted to find immunophenotyping
aberrancy of AL and its association with gender and age groups.

3. MATERIAL AND METHODS

Included patients were AL cases with available demographic
and immunophenotyping data. Patient’s information retrieved
from the hematopathology archive of Omid hospital affiliated
to Isfahan University of Medical Sciences, Isfahan, Iran, dur-
ing 8 years (between January 2011 and January 2019). In total,
1012 AL patients were evaluated, including AML, B-ALL,
T-ALL, and ambiguous lineage acute leukemia (ALAL).

Immunophenotyping was performed by CyFlow Space
(Sysmex, Germany) flow cytometry on the four-color assay
by the following backbone panel containing six tubes, us-
ing a 20% cut-off for observation of positive and negative
antigen expression:

CD34 (FITC)/CDI117 (PE)/CD33 (APC)/CD45

(PerCP), CD14 (FITC)/CD64 (PE)/HLA-DR (APC)/

CD45 (PerCP), CD10 (FITC)/CD19 (PE)/CD20

(APC)/CD45 (PerCP), CD2 (FITC)/CD7 (PE)/CD5

(APC)/CD45 (PerCP), CD3 (FITC)/CD4 (PE)/CD8

(APC)/CD45 (PerCP), CDI13 (FITC)/CD19 (PE)/

CD7 (APC)/CD45 (PerCP)

AML divides into acute promyelocytic leukemia (APL)
and non-APL-AML. This classification is based on the mor-
phology, immunophenotyping, and molecular cytogenetic
results. According to immunophenotyping data, B-ALL has
three subtypes: pro B-ALL, common B-ALL, and pre B-
ALL. ALAL subclassifies to mixed phenotype AL (MPAL)
and acute undifferentiated leukemia (AUL).

Patients include two age groups: (1) up to 15 years, (2) older
than 15 years. Frequent aberrant markers include the expres-
sion of CD7, CD19 or loss of CD34, HLLA-DR in non-APL-
AML, expression of CD13, CD33, CD117, or loss of CD34 in
all types of ALL, and expression of CD34, HLA-DR in APL.
Demographic and immunophenotyping markers filled in the
IBM SPSS v. 21 software sheet and analyzed with y? and Fish-
er’s exact and Mann—Whitney U tests to check the relationship
between gender and age with aberrant marker expression. The
P < 0.05 was considered to be statistically significant.

4. RESULTS

We evaluated a total of 1012 AL patients in a period of 8
years. Age range was from 6 months to 92 years. The mean
age in AML was 48.9 + 22.2 years and in ALL was 17.4 =
20.1 years (P < 0.001). Table 1 shows the total number of
leukemia cases and their distribution, according to leuke-
mia subtypes, gender, and age groups.

Table 2 presents aberrant markers observed and their
distribution and association with gender.

The relationship between gender and aberrant CD
markers is not significant (all P > 0.05) except loss of
CD34 in pre-B-ALL patients (P < 0.001) and the expres-
sion of HLA-DR in APL patients (P < 0.03), which were
significantly more frequent in males than in females. Table
3 shows aberrant markers, their distribution, and their as-
sociation with age. The relationship between age groups and
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Table 1. Total number of leukemia cases and their distribution.

) Gender Age
Leukemia subtypes . Total, n(%)
male, n(%) female, n(%) adult, n(%) pediatric, 7(%)
Non APL AML 306(30.2) 186(18.3) 446(44) 46(4.5) 492(48.6)
Pro BALL 25(2.5) 25(2.5) 25(2.5) 25(2.5) 50(4.9)
Common B-ALL 112(11) 83(8.2) 58(5.7) 137(13.6) 195(19.3)
Pre B-ALL 78(7.8) 77(7.6) 45(4.5) 110(10.8) 155(15.3)
TALL 47(4.6) 18(1.8) 32(3.2) 33(3.3) 65(6.5)
APL 28(2.8) 19(1.9) 44(4.3) 3(0.3) 47(4.6)
AUL 5(0.5) 1(0.1) 6(0.6) 0(0) 6(0.6)
MPAL 1(0.1) 1(0.1) 2(0.2) 0(0) 2(0.2)
Total 602(59.5) 410(40.5) 658(65) 354(35) 1012(100)
Table 2. Expression of aberrant markers, their distribution and association with gender.
g Marker 0 o y? Fisher
Leukemia Marker eXpression Male, n(%) Female, n(%) il P value
CDI19 expression 17(5.5) 13(6.9) 0.41 0.51
CD7 expression 62(20.2) 42(22.5) 0.34 0.54
Non APL AML
CD34 non expression 157(51.3) 97(52.1) 0.03 0.85
HLA-DR non expression 70(22.8) 43(23.1) 0.004 0.95
CD13 expression 2(8) 1(4) 0.34 0.50
CD33 expression 6(24) 4(16) 0.50 0.36
Pro B-ALL
CD117 expression 0(0) 0(0) — —
CD34 non expression 7(28) 10(40) 0.80 0.37
CD13 expression 5(4.4) 2(2.4) 0.62 0.42
CD33 expression 15(13.3) 11(13.2) 0.009 0.92
Common B-ALL
CD117 expression 1(0.8) 1(1.2) 0.03 0.68
CD34 non expression 40(35.7) 34(40.9) 0.37 0.32
CD13 expression 1(1.2) 2(2.5) 0.35 0.52
CD33 expression 6(7.6) 5(6.4) 0.08 0.77
Pre B-ALL
CD117 expression 1(1.2) 0(0) 0.99 0.31
CD34 non expression 38(48.7) 16(20.7) 13.32 <0.001
CD13 expression 2(4.2) 1(5.5) 0.05 0.62
CD33 expression 1(2.1) 1(5.5) 0.51 0.48
T-ALL
CD117 expression 2(4.2) 0(0) 0.79 0.37
CD34 non expression 32(68) 10(55.5) 0.89 0.34
ADL CD34 expression 13.5) 2(10.5) 0.91 0.35
HLA-DR expression 11(39.2) 2(10.5) 4.67 0.03
aberrant CD markers is not significant (all P > 0.05) except 5. DISCUSSION

in CD19 aberrancy in non-APL-AML patients (P < 0.001)
and loss of CD34 in T-ALL patients (P < 0.02), which were
significantly more frequent in adults than in pediatric cases.

CD7 was the most common aberrancy on non-APL-
AML and CD33 on ALL. Almost 51% of non-APL-AML
patients did not express CD34, and 23% did not express
HLA-DR. Approximately 36% of B-ALL and 64% of T-
ALL cases did not express CD34. HLA-DR was expressed
in 27% of APL cases.

Flow cytometry is an invaluable tool in AL diagnosis. It helps
to determine not only the type of blasts but also their aberrant
antigen expression. The immunophenotypic profile also pro-
vides strong prognostic and predictive information. Recogni-
tion of ALs specific phenotype is essential for monitoring pa-
tients after treatment."! In this study, non-APL-AML was the
most prevalent leukemia followed by early pre-B-ALL. Tipu
HN et al. studied 151 AL patients. They reported acute mye-
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Table 3. Expression of aberrant markers, their distribution and association with age groups.

Age group . .
Leukemia Marker Chi-square Fisher P value
expression up to 15 years Old, more than 15 exact test
n(%) years old, n(%)
CD19 expression 7(15.2) 23(5.1) 7.37 0.001
CD7 expression 12(26) 92(20.6) 0.47 0.38
Non APL AML
CD34 non expression 26(56.5) 228(51.1) 0.48 0.48
HLA-DR non expression 13(28.2) 100(22.4) 0.80 0.37
CD13 expression 2(8) 1(4) 0.35 0.50
CD33 expression 4(16) 6(24) 0.50 0.48
Pro B-ALL
CD117 expression 0(0) 0(0) — —
CD34 non expression 7(28) 10(40) 0.80 0.37
CD13 expression 4(2.8) 3(5) 0.57 0.35
CD33 expression 14(10.1) 12(20.6) 3.74 0.05
Common B-ALL
CD117 expression 1(0.7) 1(1.7) 0.38 0.53
CD34 non expression 50(36.2) 24(41.3) 0.34 0.55
CD13 expression 1(0.9) 2(4.4) 2.10 0.20
CD33 expression 6(5.4) 5(11.1) 1.55 0.21
Pre B-ALL
CD117 expression 0(0) 1(2.2) 2.46 0.29
CD34 non expression 39(35.4) 15(33.3) 0.06 0.80
CD13 expression 2(6) 1(3.1) 0.31 0.51
CD33 expression 1(3) 1(3.1) 00.0 1.00
TALL
CD117 expression 1(3) 1(3.1) 00.0 0.98
CD34 non expression 17(51.5) 25(78.1) 5.03 0.02
APL CD34 expression 1(33.3) 2(4.5) 3.89 0.18
HLA-DR expression 0(0) 13(29.5) 1.22 0.36

locytic leukemia subtype M2 (AML M?2) as the most common
AL in adults while in pediatric patients, pre-B-ALL was the
most frequent.'? In the comprehensive panel which we used for
all AL patients, several common aberrancies analyzed in this
study: aberrant expression of CD7, CD19 and loss of CD34,
HLA-DR on non-APL-AML, aberrant CD13, CD33, CD117
and loss of CD34 on ALL, and an aberrant expression of CD34
and HLA-DR in APL patients. CD33 was the most frequently
expressed cross lineage antigen in B-ALL (12%) followed by
CD13 (3%). CD7 was the most frequently expressed cross line-
age antigen, expressed in non-APL-AML (21%) followed by
CD19 (6%). Almost 51% of non-APL-AML cases did not ex-
press CD34, and 23% did not express HLA-DR. About 36% of
B-ALL and 64% of T-ALL cases did not express CD34. HLA-
DR was expressed on 27% of APL cases. About 11% of T-ALL
showed myeloid antigens aberrancy. Seegmiller et al. worked
on immunophenotypic aberrancies on 200 cases of ALL. Their
result showed that about 86% of B-ALL patients expressed ab-
errant myeloid antigens and 9% aberrant T-cell antigens.!* The
percent of lymphoid antigen expression on AML is reported in
arange 30%—-88% in different studies.!* Tipu HN et al. showed
at least 21.2% of AL express cross lineage antigens of CD7,
CD13, CD33.22 In a study done by Khurram et al., 26% of AL
patients expressed cross lineage antigens of CD2, CD4, CD7,
CD13,CD14,CD19, CD117, and CD11c" while Koju et al. re-

sults showed 37,6% antigen aberrancy in AL but they did not
determine the specific CD markers.!® In another study by Sar-
ma et al., 60% of AL patients expressed cross lineage antigens,
CD7 was the most common aberrant antigen in AML, and
CD117 the most common aberrant antigen in ALLY. Their re-
sults are not in conjunction with our study. This may be due to
differences in the cut off value for the aberrancy of a particular
antigen, the number of antigens studied, the analyzed signal
size of flow cytometry, and differences in the instruments and
clones of antibodies used in flow cytometry. One of the limita-
tions in this study is that we used four color flow cytometry
and 20% cut-off for observation of positive and negative anti-
gen expression, which may decrease the accuracy of findings,
compared to higher color flow cytometry methods.

6. CONCLUSIONS

Detection of immunophenotype specific AL which defined
as immunophenotype alteration in neoplastic cells in com-
parison with normal blasts is essential for monitoring of
AL. These aberrancies may correlate with age or gender in
some populations, in this study, there was no association
found between sex/age and aberrancy of antigens except in
certain AL subtypes.
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