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Abstract

Aim: The development of new therapeutic options to treat leukemia (therapies
targeting chimeric antigen receptor (CAR) T cells) down-regulates markers expressed
on the cell surface. Therefore, conventional immunophenotyping panels no longer
make these antigens unreliable for identifying a B cell immunophenotype. In our
study, we methodically compared multiparametric flow cytometry (FC) in bone
marrow aspiration and immunohistochemical (IHC) analysis in bone marrow biopsy
in childhood acute lymphobilastic leukemia (ALL). We sought to answer whether these
two methods could be alternatives to each other in the diagnosis of leukemia.

Material and Method: Twenty-eight patients diagnosed with ALL were included in
the study. A Kappa test was performed between the expression rates of the antibodies
studied in simultaneous FC and IHC studies in bone marrow aspiration and biopsy
samples performed at the initial diagnosis.

Results: Twenty-three of the patients were precursor B-ALL (BCP-ALL) and 5 were
T-ALL. In the immunophenotyping of patients with BCP-ALL using FC and IHC, MPO,
CD79A, CD14, CD3 expressions were the same, while CD19, CD7, CD117, CD33, CD
56, CD34 expressions were very good, good concordance for CD20 expressions and
moderate for CD10 expressions. In immunophenotyping of patients diagnosed with
T-ALL using FC and IHC, CD20, CD19, CD14, CD79a, MPO, CD22 expressions were the
same and excellent agreement was found in terms of CD2, CD10, CD34 expressions.

Conclusion: In cases where there are treatments that affect immunophenotyping,
costly methods such as FC are not available, or bone marrow aspiration cannot be
taken adequately, immunophenotyping with IHC can be safely performed in the
diagnosis of pediatric ALL in bone marrow biopsy.

Keywords: Acute Lymphoblastic leukemia, immunohistochemical, flow cytometry,
immunophenotyping
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Amag: Losemiyi tedavi etmek icin yeni terapdtik seceneklerin gelistiriimesi (kimerik
antijen reseptorl (CAR) T hiicrelerini hedefleyen tedaviler), hiicre yiizeyinde eksprese
edilen belirteclerin down regulasyonuna neden olmaktadir. Bu nedenle, geleneksel
immanofenotipleme panelleri artik bu antijenleri bir B htcresi immunofenotipinin
tanimlanmasi igin gtvenilmez hale getirmektedir. Calismamizda, ¢ocukluk ¢agr akut
lenfoblastik I6semisinde (ALL) kemik iligi aspirasyonunda multiparametrik akim sitometrisi
(AS) ile kemik iligi biyopsisinde immunohistokimyasal (IHK) analizi metodolojik olarak
karsilastirdik. Losemi tanisinda bu iki yontemin birbirine alternatif olup olamayacagini
yanitlamaya calistik.

Gereg ve Yontem: ALL tanisi alan 28 hasta calismaya dahil edildi. Ik tani sirasinda yapilan
kemik iligi aspirasyonu ve biyopsi érneklerinde es zamanl AS ve IHK calismalarinda
kullanilan antikorlarin ekspresyonlarr arasindaki uyum icin Kappa testi yapildi.

Bulgular: Hastalarin 23'0 pre-B ALL (BCP-ALL) ve 5'i T-ALL idi. BCP-ALLIi hastalarin AS
ve IHK'da kullanilan  MPO, CD79A, CD14, CD3 antikorlarinda ekspresyonlar ayni iken,
CD19, CD7, CD117, CD33, CD 56, CD34 antikor ekspresyonlari arasinda ¢ok iyi, CD20
antikor ekspresyonunda iyi ve CD10 ekspresyonunda ise orta dizeyde uyum mevcuttu.
T-ALL tanili hastalarin AS ve IHK'da kullanilan CD20, CD19, CD14, CD79a, MPO, CD22
antikorlarinin ekspresyonlari ayniydi, CD2, CD10, CD34 antikorlarinin ekspresyonlari
acisindan cok iyi uyum mevcuttu.

Sonug: Iimmiinfenotiplemeyi etkileyen tedavilerin oldugu, AS gibi maliyetli yéntemlerin
bulunmadigi veya kemik iligi aspirasyonunun yeterince alinamadigi durumlarda, kemik
iligi biyopsisinde pediatrik ALL tanisinda IHK ile immunfenotipleme giivenle yapilabilir,
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common
childhood cancer and constitutes approximately 25% of
cancer diagnoses among children under the age of 15.'
ALL is the most successful treatment paradigm in pediatric
cancer medicine as illustrated by the significant survival
rate. improvement from ~10% in the 1960s to >90% today.
“ Despite high treatment rates, it is an important cause of
mortality and morbidity.®! ALL originates from B-cell precursors
(BCP-ALL) in the bone marrow (BM) and T-cell precursors
(T-ALL) in the bone marrow and thymus.[" BCP-ALL constitutes
the majority of childhood leukemias, while T-ALL constitutes
less. T-ALL incidence increased in adolescents. The incidence
of ALL in children varies by country and ranges from 2.5 to
4.1/100.000.”" Classification of leukemias has changed over
time,® but the latest classification includes morphological,
immunophenotypic, and identification of genetic aberrations
evaluations.” After acute leukemias can quickly spread
to other parts of the body, particularly the spleen, lymph
nodes, liver, and brain.”’ For the diagnosis of acute leukemia,
the blast rate in the BM should be above 20%.° BM biopsy
and aspiration are essential for the diagnosis and treatment
of leukemia. Classification of leukemia should be done for
treatment. Immunophenotyping is one of the most important
parameters in ALL classification.””” For this, multiparametric
flow cytometry (FC)' and immunohistochemical study (IHC)
in BM biopsy are used as methods." Multiparametric FC has
important advantages in terms of rapid results and its use in
the detection of minimal residual disease,'? but it also has
challenges in the evaluation such as low cell volume, low cell
viability, and increased data." In the presence of fibrosis in the
BM, the amount of cells taken for FC is considerably reduced,
and sometimes it prevents the diagnosis with FC, and BM
biopsy becomes the most important tool in the diagnosis."

Even if they seem rare, in biphenotypic leukemias with
diagnostic difficulties, especially if MPO positivity cannot
be detected in FC, an IHC study in biopsy may be required
for diagnosis.® Current immunotherapy models (CD
19 or CD22 targeting chimeric antigen receptor (CAR)
T cells, blinatumomab, inotuzumab) downregulate cell
surface-expressed  markers."™ Therefore, conventional
immunophenotyping panels can no longer rely on these
antigens to define a B cell immunophenotype. Therefore,
there is a need for alternative immunophenotyping besides
creating new panels.

Our aim in this study is to compare immunophenotyping
with FC in pediatric ALL cases and with IHC in bone marrow
biopsy. To find alternative methods in immunophenotyping.

MATERIAL AND METHOD

Twenty-eight patients diagnosed with ALL between 2017-
2021 were included. The diagnosis of ALL was made by
peripheral smear, BM aspirate, BM biopsy, FC analysis, and IHC
studies performed on biopsies. ALL cases were divided into

two groups as BCP-ALL and T ALL. BM biopsies were subjected
to routine tissue procedures after 10% formaldehyde fixation,
decalcified using 14% EDTA solution for 24 hours were
embedded in paraffin. Four-micron deparaffinized tissue
sections were routinely stained with hematoxylin eosin
(H&E). For each antibody in the study, four micron-thick
sections from the tissues in the paraffin blocks were included
in the research, and we took the control group on poly -L-
lysine coated slides. In the IHC studies, the antigen retrieval
technique was used, and the avidin-biotin-peroxidase
complex method was applied. The antibodies were examined
in a Leica band max automatic immunohistochemical device.
The Bond Polymer Refine Detection kit (Leica, DS9800) was
used for each antibody. The necessary staining procedure
on the data sheet was applied, and appropriate positive and
negative controls were used for each antibody. For most
antibodies, normal cells from bone marrow were used as
positive and negative controls, endothelial cells for CD34
(Figure 1-2), thymus tissue for tdt. The characteristics of the
primary anticipation used in the immunohistochemical study
are listed (Table 1). The prepared samples were examined
under an Olympus BX51 model microscope after the coverslip
was covered with the ultra-mount.

Figure 1. While there is a negative reaction with MPO antibody in leukemia
cells, cytoplasmic positive reaction is observed in cells belonging to myeloid
series. Positive myeloid cells were considered as internal control (A, x100).
While there is nuclear reaction with PAX-5 antibody in leukemia cells, more
severe nuclear reaction is observed in normal B lymphocytes other than
leukemia cells (B, x100).
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Figure 2. While cytoplasmicreaction is present with CD8 antibody in leukemia
cells, more severe cytoplasmic reaction is observed in normal T lymphocytes
other than leukemia cells (A,x100). While there is a positive cytoplasmic
reaction in vascular endothelium with CD34 antibody, a negative reaction is
observed in leukemia cells (B,x100).
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O T T R T e By Staining in 10% and more of leukemia cells was considered
prepertics: positive for each antibody in the immunohistochemical
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MPO Polyclonal  1:200 5minute ER1 Thermo In the FC study, the analyses on the BM samples taken into
CD3 LN10 1:300  40minute ER2 Leica tubes containing Ethylenediaminetetraacetic acid (EDTA) were
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Figure 4. Leukemia cells are negative with CD45, Tdt, CD3, MPO, CD19 antibodies and positive with CD5, CD7, CD8, CD10, CD56, cCD3 antibodies. Myelocyte
cells are used as internal control for MPO, and lymphocytes as internal control for both T cell markers and B cell markers.
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Figure 3. Leukemia cells are negative with CD45, Tdt, CD3, MPO antibodies, and positive with CD19, CD10, CD79A antibodies. Myelocyte cells are used as
internal control for MPO antibody and lymphocytes are used as internal control for both T cell markers and B cell markers.
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Table 2. Antibodies used in flow cytometry and their characteristics.
BPC-ALL,

T-ALL Antibody Color Clone
1 CD1a PC5 BL6 (IgG1 mouse)
2 CD2 FITC 39C1.5 (IgG2a Rat)
3 CD3 PC7 UCHTT1 (IgG1 mouse)
4 CyCD3 PE UCHT1 (IgG1 mouse)
5 CD4 ECD SFCL12T4D11(IgG1 mouse)
6 CD5 PE BL1a (IgG2a mouse)
7 CcD7 FITC 8H8.1 (IgG2a mouse)
8 CcDs8 PE B9.11 (IgG1 mouse)
9 CcD10 PC5 ALB1 (IgG1 mouse)
10 CD11a PE 25.3 (IgG1 mouse)
11 CD13 PE SJ1D1 (IgG1 mouse)
12 CD14 PC7 RMO52 (IgG2a mouse)
13 CD19 ECD J3-119 (IgG1 mouse)
14 CD20 PC7 B9E9 (IgG2a mouse)
15 CD22 PC5 SJ10.1H11 (IgG1 mouse)
16 cyCD22 PC7 SJ10.1H11 (IgG1 mouse)
17 CD33 PE D3HL60.251 (IgGT mouse)
18 CD34 PE 581 (IgG1 mouse)
19 CD34 PC5 581 (IgG1T mouse)
20 CD38 PC7 LS198-4-3 (IgG1 mouse)
21 CD45 APC J33 (IgG1 mouse)
22 CD56 PC5 N901 (IgG1 mouse)
23 CD58 FITC ALCD58 (IgG2a mouse)
24 CD71 PE YDJ1.2.2 (IgG1 mouse)
25 CyCD79a PE HM47 (IgG1 mouse)
26 CD99 ECD HCD99 (IgG2a mouse)
27 CcD117 ECD 104D2D1 (IgG1 mouse)
28 CcD123 PC5,5 SSDCLY107D2 (IgG1 mouse)
29 HLA-DR PC7 Immu-357 (IgG1 mouse)
30 IgM FITC SA-DA4 (IgG1 mouse)
31 CylgM PE SA-DA4 (IgG1 mouse)
32 MPO FITC CLB-MPO-1 (IgG2a mouse)
33 TCRalb PE 1P26A (IgG1 mouse)
34 TCRgld FITC IMMU510 (IgG1 mouse)
35 TDT FITC HT1+HT4+HT8+HT9 (IgG mouse)

BPC-ALL: B-cell precursors acute lymphoblastic leukemia, T-ALL: T-cell acute lymphoblastic leukemia.

Ethical approval

Ethics The study was approved by the Afyonkarahisar Health
Sciences University Clinical Research Ethics Committee
(2021/382).

RESULTS

A total of 28 patients, 23 (82.1%) of whom were diagnosed
with BCP-ALL and 5 (17.9%) with T-ALL, were included in the
study. Of the children diagnosed with BCP-ALL, 16 (69.6%)
were male. Of the children diagnosed with T-ALL, 4 (80.0%)
were male. The median age of children with BCP-ALL was 7
years (2-17 years) and T-ALL was 8 years (3-14 years).

In BCP-ALL, according to the FC result, CD19 and CD79A were
positive in all the cases, while CD22 and CD10 were positive
over 90% of the cases. All MPO, CD19 and CD3 and 80% of
CD56 and CD117 were negative, while according to the
results of IHC in BCP-ALL, positivity was observed in all CD79
A and TST, and over 80% of CD19 and CD10. Negativity was
observed in all MPO, CD14, and CD3 and in more than 80% of
CD56 and CD117 (Table 3).

Table 3. Results of antibodies in BCP-ALL that were studied in all

patients with both FC and IHC.

Flow-cytometry Immunohistochemistry

Antibody + - + -
n(%) n(%) n(%) n(%)
CcD19 23 (100%) 0 (0%) 22 (95.7%) 1 (4.3%)
CD79A 23 (100%) 0 (0%) 23 (100%) 0 (0%)
CD22 21 (91.3%) 2 (8.7%) 18 (78.3%) 5(21.7%)
cD10 22 (95.7%) 1 (4.3%) 20 (87.0%)  3(13.0%)
CD20 8 (34.8%) 15 (65.2%) 6 (26.1%) 17 (73.9%)
CD34 19(82.6%) 4 (17.4%) 18(783%)  5(21.7%)
CD33 7 (30.4%) 16 (69.6%) 6(26.1%) 17 (73.9%)
CD117 3(13.0%) 20 (87.0%) 4 (17.4%) 19 (82.6%)
MPO 0 (0%) 23 (100%) 0 (0%) 23 (100%)
CD14 0 (0%) 23 (100%) 0 (0%) 23 (100%)
CD56 2 (8.7%) 21 (91.3%) 2 (8.7%) 21 (91.3%)
TDT 18(78.3%)  5(21.7%) 23 (100%) 0 (0%)
CD3 0 (0%) 23 (100%) 0 (0%) 23 (100%)
PAX5 - - 23 (100%) 0 (0%)

Statistical Method

Continuous variables were presented as median, maximum
and minimum, categorical variables were presented as
percentage (%) and frequency (n). Kappa statistics were
performed for antibodies studied in both BM biopsy and
FC. In order for this analysis to be performed, it is necessary
to have a 2*2 table layout. Kappa coefficient (kappa value)
was not calculated for cases where only one of the negative
or positive results was observed. Kappa coefficient varies
between -1 and 1; classifies as , perfect agreement (0.81-1),
good agreement (0.61-0.80), moderate agreement (0.41-
0.60), low agreement (0.21-0.40), weak agreement (0.00-0.20),
and very weak agreement (<0.00). If the p value was < 0.05, it
was considered significant.’??

BPC-ALL: B-cell precursors acute lymphoblastic leukemia. IHC: Immunohistochemistry. FC: Flow
Cytometry.

CD123,CD7, CD13 could be applied in different numbers. PAX
5 was performed as IHC only on biopsy and all cases were
positive. CD38 and HLA-DR were studied in FC and all cases
were positive (Table 4).

Table 4. Results of antibodies in BCP-ALL that were studied with both

FC and IHC in some patients.

Flow-cytometry Immunohistochemistry

Antibody + - + -

n (%) n (%) n (%) n (%)
CD123 2(22.2) 7 (87.8) 9(69.2) 4(30.8)
CD7 1 (4.3%) 22 (95.7%) 1 (10%) 9 (90.0%)
CD13 6 (26.1%) 17 (73.9%) 0 (0%) 8 (100%)

BPC-ALL: B-cell precursors acute lymphoblastic leukemia. IHC: Immunohistochemistry. FC: Flow
Cytometry.
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In BCP-ALL, as a result of both FC and IHC studies, all MPO,
CD3, CD14 results were negative and CD79a CD13 results
were all positive. There was substantial agreement between
FC and IHC studies for CD19, CD7, CD117, CD33, CD56
(k>0,80)(Table 5).

Table 5. Level of agreement of antibodies studied by FC and IHC in BCP-

ALL.

Antibody k Agreement level p

CD19 1.000 PERFECT <0.001
CD123 0.125 WEAK 0.495
CD22 -0.142 VERY WEAK 0.435
CD10 0.465 MODERATE 0.008
CD20 0.796 GOOD <0.001
CD34 0.862 GOOD <0.001
CD7 1.000 PERFECT 0.002
D117 0.832 PERFECT <0.001
CD33 0.893 PERFECT <0.001
CD56 1.000 PERFECT <0.001

BPC-ALL: B-cell precursors acute lymphoblastic leukemia. IHC: Immunohistochemistry. FC: Flow
Cytometry.

In T-ALL cases, according to the FC result, CD1A, CD5 and CD7
were found to be positive in all cases. CD117, MPO, CD14, CD22,
CD20, CD33, CD79A and CD19 were found to be negative in all
cases, and according to the results of IHC in T-ALL, CD3 and
CD7 were all positive. CD117, MPO, CD14, CD22, CD20, CD33,
CD79A and CD19 were all negative (Table 6).

Table 6. Results of antibodies in T-ALL that can be studied in all patients

with both FC and IHC.

Flow-cytometry Immunohistochemistry

Antibody + - + -
n(%) n(%) n(%) n(%)

cD3 3 (60%) 2 (60%) 5 (100%) 0 (0%)
CD2 4 (80%) 1 (20%) 4 (80%) 1 (20%)
CD4 4 (80%) 1 (20%) 2 (40%) 3 (60%)
CD8 5 (100%) 0 (0%) 4 (80%) 1(20%)
CD99 4(80%) 1(20%) 3 (60%) 2 (40%)
CD1A 5 (100%) 0 (0%) 4(80%) 1(20%)
CD5 5 (100%) 0 (0%) 4 (80%) 1(20%)
CD34 2 (40%) 3 (60%) 2 (40%) 3 (60%)
CD117 0 (0%) 5(100%) 0 (0%) 5 (100%)
MPO 0 (0%) 5 (100%) 0 (0%) 5 (100%)
CD14 0 (0%) 5 (100%) 0 (0%) 5 (100%)
TDT 2 (40%) 3 (60%) 3 (60%) 2 (40%)
CD22 0 (0%) 5 (100%) 0 (0%) 5 (100%)
CD20 0 (0%) 5 (100%) 0 (0%) 5 (100%)
cD10 2 (40%) 3 (60%) 2 (40%) 3 (60%)
CD33 0 (0%) 5(100%) 0 (0%) 5 (100%)
CD7 5 (100%) 0 (0%) 5 (100%) 0 (0%)
CD79A 0 (0%) 5 (100%) 0 (0%) 5 (100%)
CcD19 0 (0%) 5 (100%) 0 (0%) 5 (100%)

T-ALL: T-cell acute lymphoblastic leukemia. IHC: Immunohistochemistry. FC: Flow Cytometry.

CD56 was studied in FC and BM biopsy in 2 patients, and CD123
was studied in FC and BM biopsy in three cases . CD123 was
positive in both FC and IHC (Table 7). PAX-5 was only studied in
BM biopsy in all cases and was found to be negative.

Table 7. Results of antibodies in T-ALL that were studied in both FC and

IHC in some patients.

Flow-cytometry Immunohistochemistry

Antibody + - + -
n(%) n(%) n(%) n(%)

CD123 0 (0%) 3 (100%) 0 (0%) 3 (100%)

CD56 1(50%) 1 (50%) 0 (0%) 2 (100%)

T-ALL: T-cell acute lymphoblastic leukemia. IHC: Immunohistochemistry. FC: Flow Cytometry.

As a result of both FC and IHC studies in T-ALL in CD117, MPO,
CD22,CD14, CD33,CD19, CD20 expressions were found to be
negative in all, and CD7 results were positive in all. Among
the Kappa Statistic antibodies, CD2, CD10 and CD34 were
found to have perfect agreement (k>0.80) (p<0.05) (Table 8).

Table 8. Level of agreement of antibodies studied by Flow Cytometry

and Immunohistochemical in T-ALL.

Antibody k Agreement level p

CD3 -154 WEAK 0.361
CD2 1.000 PERFECT 0.025
CDh4 0.286 WEAK 0.361
CD99 0.545 LOW LEVEL 0.171
CD10 1.000 PERFECT 0.025
CD34 1.000 PERFECT 0.025
Tdt 0.615 GOOD 0.136

T-ALL: T-cell acute lymphoblastic leukemia. IHC: Immunohistochemistry. FC: Flow Cytometry.

DISCUSSION

In a study conducted with data from 62 countries in 2018,
leukemia has been the most common malignancy seen in
children aged 0-14 with 284,649 cases out of 140.6 million
cases.? The immunophenotypic types of childhood acute
leukemia have been observed in the literature as 85-86%
BCP-ALL.224 |n our study, 82.14% of the cases were BCP-ALL.
T-ALL rates in the literature ranged between 7.3-27%2>2 and
it was 17.86% in our study. In terms of gender distribution
in ALL cases in the literature, it was observed as 55.6% male,
44.4% female and 61.9% male, 38.1% female,?”? and it is more
common in male.?®

In our study, 71.42% of the cases were male and 28.58%
were female, and our cases in the male gender were higher
compared to the literature. In the study of Noronha et al.?*
the mean age of BCP-ALL cases was four years and the mean
age of T-ALL cases was 8 years and in our study, the mean age
of BCP-ALL cases (between 2 and 17 years) was 7.22, the age
of T-ALL cases was between 3 and 14, with a mean age of 8.80.

The most important method in the classification of acute
leukemia is immunophenotyping. Immunophenotyping can
be done with both FC in BM aspiration and?" IHC study in BM
biopsy.® In our study, the agreement was 100% in terms of
biopsy in both BCP-ALL and T-ALL, and leukemia diagnosis in
FC. When the literature is examined, studies on this subject
are limited, and the diagnostic agreement between the two
methods varies between 100%™ and 95.8%.5% The most
sensitive markers in the diagnosis of BCP-ALL are CD19 and
CD79a.”! In BCP-ALL cases, the presence of 100% and near
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100% expression in FC is detected.”" In our study, CD19 and
CD79a in FC were expressed in all our BCP-ALL cases, but
CD19 expression was not detected in IHC in only one case.

CD10 is positive in common B-ALL and is approximately 93%.
632 |n our study, it was found to be 95.7%. In addition, in our
study, CD10 was positive in FCin 2 (8.7%) cases, but negative
in IHC. In a study in the literature, such a result was found
in 1 of 25 ALL cases.’™ CD10 negativity in B-ALL is largely
associated with MLL gene rearrangement.

Most BCP-ALL cases have positive expression of CD34 and
TdT. In our study, TdT was expressed at a rate of 78.3% and
CD34 82.6% in FC in our BCP-ALL cases.”¥ In the BM biopsy
IHC study, Tdt had positive expression in all BCP-ALL cases.
However, in a study in the literature, 18 of the 25 BCP-ALL
cases were found to be TdT positive in IHC.B TdT expression
is absent in approximately 2% of B-ALL cases, and little is
known about the clinicopathological and genetic features
of this unusual and potentially diagnostically challenging
immunophenotypic subtype.

Isolated MPO positivity®® or false high-density MPO positivity
have been reported in BCP-ALL cases while other myeloid
markers have been negative.k”

In all of our cases, MPO was negative in both IHC and FC.
Although it is negative in FC, positivity in IHC has been
detected in various studies, and these rates go up to 26.7%.5%

Aberrant expression of CD117 in BCP-ALL is seen as a myeloid
marker. Its expression in the literature varies between 0.5-36%.
13639401 | this study, it was found to be 13.0% and 17.4% in FC
and IHC. CD7 aberrant expression was 2.9% and it was 4.3% in
our study.”*""While the expression of CD13 and CD33, myeloid
markers, in BCP-ALL was 4.5% and 10.5%, respectively, in
our study they were significantly higher than the study and
determined to be 26.1% and 30.4%, respectively.”"

In CD3 and CD14 BCP-ALL, all of our cases were negative in
both FC and IHC; they are negative in many studies in the
literature, as in our study.?*3%

CD56 expression in BCP-ALL has generally been associated
with poor prognosis. While the*? expression rate was 11.6%
in the study of Aref S et al,, it was quite close to another study
with 8.7% in both FC and IHC*in our study.

CD22 expression in FC and IHC was over 75% in our cases,
which was considerably higher than previous studies.=”

In our study, when the p value was significant (<0.05) in the
kappa agreement analysis, good agreement was found in
terms of CD20 and CD34 expressions, moderate agreement
was found in terms of CD10 expressions, weak agreement
was found in terms of CD123 expressions, and very weak
agreement was found in terms of CD22 expressions in BCP-
ALL.

In this study, myeloid markers MPO, CD14, CD33, CD117, and
B lineage markers CD19, CD20, CD22, CD79A were negative
in both FC and IHC in T-ALL cases. These results are consistent
with previous studies.”3441

Similar to previous studies, CD5, CD7, CD1a FC were positive
in all cases." In IHC, CD3 and CD7 were positive in all cases.
In our study, CD10 positivity was 40% in both FC and IHC in
T-ALL, and it was found 27.3% in pediatric cases under 14

years old in the previous study, which is lower than our study.
[41]

In our study, CD8 was 100% positive and CD4 was 80%
positive in FC in T-ALL cases. In the previous study, it was
90% and 72%, respectively.* We found CD34 to have 40%
positivity in both FC and IHC in T-ALL, which is 9.1%""
higher compared to the previous study. In our T-ALL
cases, we found Tdt positivity as 40% in FC and 60% in IHC,
which was relatively low when compared to a study in the
literature.B"

CD99 has been used to detect minimal residual disease
(MRD) in various studies. In our T-ALL cases, 80% positivity
was found in FC and 60% in IHC. This was determined to be
96% in the previous study, which is higher compared to our
study.”!

In our study, when the p value was significant (< 0.05) in the
kappa agreement analysis, perfect agreement was found in
terms of CD2, CD10, CD34 expressions, good agreement was
found in terms of Tdt expressions, poor agreement was found
in terms of CD3, CD4 expressions and low level agreement
was found in terms of CD99 expressions in T-ALL.

CONCLUSION

FC is a reliable and rapid method to detect minimal/
measurable residual disease (MRD) in diagnosis and post-
treatment follow-up in acute leukemia. However, panel
selection, high cost and training of the evaluator are the
main problems. It is very difficult or impossible to diagnose
FC in myelofibrosis, especially when the degree of necrosis
is high and bone marrow biopsy cannot be taken. Today,
treatments that specifically target surface antigens reduce
the expression of these antigens and cause diagnostic
difficulties. Therefore, alternative immunophenotyping
methods are required.

According to the results of our study, immunophenotyping
with IHC in bone marrow biopsy in the new diagnosis of
pediatric ALL may be an alternative to immunophenotyping
with FC.

In addition, antibodies such as Pax-5, which can only be
studied in bone marrow biopsy and are positive in all B-ALL,
will be the most important diagnostic tool in the diagnosis of
leukemia and bone marrow biopsy in the treatment effects.

Some of the genetic studies on leukemia have been
associated with negative cell antigens. For example, in the
Tdt negative leukemia group, this negativity was associated
with various genes and poor prognosis. In this case, is Tdt
negativity immunohistochemical? floow cytometric? should
be.

We should look for the answer to this in future studies.
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