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Background: Mature B-cell neoplasms (MBCNs) are a category of disorders with a broad range of clinical manifestations,
pathologic features, and outcomes that share common characteristics. They originate from the B-cell lineage, are clonal, and have the
immunophenotypic and genetic features of mature B-cells. Flow cytometry (FC) is a widely used method for diagnosing suspected
lymphoproliferative disorders in patients with lymphocytosis, lymphadenopathy, and other lymphoproliferative disorders. Aim: To
evaluate the role of FC in confirming the provisional morphologic diagnosis in patients with MBCNs. Materials and Methods: This
is a retrospective; descriptive study conducted on 193 adult patients newly diagnosed with MBCNs; immunophenotypic findings of
the patients were reviewed. The B lymphocytes were identified according to their Side-Scattered/CD19 distribution. Results: Chronic
lymphocytic leukemia (CLL) was the most common subtype (127, 65.9%). Splenomegaly was noted more frequently in hairy cell
leukemia variant cases (85.7%) and hairy cell leukemia cases (75%). The anemia at presentation was the least frequent in CLL (20%).
The CD5+/CD23+ phenotype of CLL was seen in 114 cases (90%); negativity for FMC7 showed high sensitivity (93.7%) and sufficient
specificity (60%) in the diagnosis of CLL. Conclusions: It is difficult to diagnose B-chronic lymphoproliferative disorders solely based
on morphologic findings. Consequently, FC findings combined with clinical, hematologic, and morphologic features can confidently
result in a precise diagnosis.
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via flow cytometry (FC) and immunohistochemistry are
needed.?!

INTRODUCTION
Chronic  lymphoproliferative  disorders ~ (CLPDs)

are a diverse group of leukemia and/or lymphomas
characterized by the proliferation of mature B lymphoid
cells in the peripheral blood (PB), bone marrow (BM),
lymph nodes/spleen, and other lymphoid tissue.l"
B-cell neoplasms tend to mimic stages of natural B-cell
differentiation, so they can be classified according to the
normal stage to some degree. Nevertheless, some common
B-cell neoplasms such as hairy cell leukemia do not appear
to follow the typical B-cell differentiation level. Lineage
heterogeneity or even more rarely, lineage plasticity can
be found in some neoplasms. As a result, the neoplastic
cell’s natural counterpart cannot be used as the sole basis
for classification.”’ Because it is difficult to diagnose
hematologic disorders solely based on morphologic
observations, so to make a reliable histologic diagnosis,
alternative diagnostic modalities such as phenotyping
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FC immunophenotyping is an essential part of a
diagnostic method to deal with hematologic neoplasms;
the results should always be interpreted in conjunction
with a complete blood cell count, cytomorphologic
assessment of blood, BM smears, and BM biopsy, as well
as cytogenetic and molecular findings (if indicated).®! FC
is one of the most common and indispensable instruments
for the identification, classification, and prediction
of malignant hematologic disease.@ FC is a popular
method for diagnosing CLPDs in patients who have
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lymphadenopathy, lymphocytosis, or other symptoms
that may indicate a lymphoproliferative disorder (LPD);
its studies not only support a malignant diagnosis but also
allow for accurate categorization into distinct pathologies.
The detection of unusual CDS5 expression on a B-cell LPD
is extremely helpful in the diagnostic process because it
significantly narrows the differential considerably.[
Even if flow analyses are unable to reliably categorize a
B-cell LPD, as is the case with CD5-ve and CD10-ve
B-cell disorders, the identification of a monoclonal B-cell
indicates the presence of a suspected malignant condition
and results in further patient care.”

Numerous antigens that are expressed absolutely on
B-cells have been recognized, including CD19, CD22,
CD79a, CD79b, and other components of the B-cell
receptor complex. The CD19 is the most widely used
flow cytometric B-cell gating marker, though it can
be found at all stages of a B-cell’s life cycle, from early
progenitors to terminally differentiated plasma cells.®
The CD20 expression is more limited, starting late in the
development of immature B-cells, persisting in mature
B-cells, and decreasing during plasma cell differentiation;
its expression can be used to distinguish between mature
and immature B-cell processes because of its timing and
strength of expression.”!

MarteriaLs AND MEeTHODS

A retrospective, descriptive study was conducted on
193 newly diagnosed adult patients with mature B-cell
neoplasms (MBCNSs) from January 2014 to October
2016. The study was based on retrieving the data from
the archives of the Flow Cytometry Laboratory at the
Bone Marrow Transplant Center in Baghdad, Iraq. The
diagnosis of MBCNs was based on clinical features,
peripheral and/or BM lymphocytes morphology, and
immunophenotypic analysis. Clinical information,
such as age, gender, clinical presentation, and physical
examination (presence of peripheral lymphadenopathy,
hepatomegaly, and splenomegaly), was extracted from
clinical records of all patients. Hematologic data collected
included total white blood cell (WBC) count, absolute
lymphocyte count (ALC), percentage of lymphocytes,
hemoglobin level, and platelet count.

Inclusion criteria include:

* Newly diagnosed patients with MBCNs,
e Adult patients (>15 years),
+ Patients with absolute lymphocytosis (>3.0 X 10°/1).

Thespecimens were collected and prepared formorphologic
analysis using Bain BJ and Lewis SM’ published
techniques.'” The BM aspirate smears and PB specimens
were collected and air-dried with Leishman’s stain before
being analyzed under a light microscope for red blood
cell (RBC) count, WBC, and platelet morphology as well

as the presence of atypical lymphocytes. Anticoagulant
ethylenediaminetetraacetic acid tube was used to collect
PB or BM samples. The samples were analyzed directly
or stored in a refrigerator (2-8°C), if necessary, and all
specimens were analyzed within 24h of collection. Four-
color flow cytometric analysis was performed using a BD
FACS Calibur flow cytometer (Becton Dickinson, Bio)
and FACSCanto II flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA, USA). To
ensure that each cell population is accurately defined,
10,000 events were measured per tube. CellQuest software
(Becton Dickinson Immunocytometry Systems) and
FACSDiva software were used to analyze the data.

Statistical Analysis

SPSS24 (Statistical Packages for Social Sciences, Version
24.0; IBM Corp, Armonk, NY, USA) was used to analyze
the results. The data were presented in simple measures
of frequency, percentage, median, and range (minimum-—
maximum values). The positive predictive value (PPV) is
the probability of disease presence based on a positive test
result, whereas the negative predictive value (NPV) is the
probability of disease absence in the presence of a negative
test result. The sensitivity, specificity, PPV, and NPV were
tested using Conditional Probability Equations.!'!:2!

ResuLrs

This study included a total of 193 patients with MBCN:s;
there were 124 men and 69 women with a male:female
(M:F) ratio of 1.8:1. The median age was 60 years with
a range of 20-90 years. CLL was the most common
subtype (127, 65.9%), followed by splenic marginal zone
lymphoma (SMZL) and mantle cell lymphoma. There
were 127 patients with CLL: 80 (63%) men and 47 (37%)
women (M:F ratio 1.7:1) with a median age of 61 years
(range 20-90 years). SMZL was observed in 32 patients: 19
(59.4%) men and 13 (40.6%) women (M:F ratio 1.5:1) with
a median age of 60 years (range 32-80 years). The mantle
cell lymphoma (MCL) was diagnosed in 12 patients: 11
(91.7%) men and 1 (8.3%) woman with an M:F ratio
of 11:1, a median age of 64 years (range 42-85 years).
The remaining patients’ demographic information is
summarized in Table 1.

Pallor was the most common in diffuse large B-cell
lymphoma (DLBCL), where the frequent percentage
was 57.1% followed by MCL (41.7%) and CLL (30%).
Fever was most commonly noted in half of the hairy
cell leukemia (HCL) cases, followed by MCL (33.3%).
Lymphadenopathy was found in 58.3% of MCL and 50%
of CLL followed by 40.6% of SMZL cases. Splenomegaly
was noted in 85.7% of hairy cell leukemia variant (HCL-
v) cases, 75% of HCL cases, and 71.4% of DLBCL cases,
whereas hepatomegaly was most frequent in HCL-v
(57.1%). Other diseases (lymphoplasmacytic lymphoma
[LPL], follicular lymphoma [FL], and prolymphocytic
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leukemia [PLL]) showed 100% different clinical findings,
but they were inconclusive due to small sample size. The
relevant clinical presentations for 193 patients at the time
of diagnosis are shown in Figure 1.

Based on hematologic parameters, median hemoglobin
concentration was around 9g/dl in all diseases except
in CLL and LPL, which was 11.6 and 7.8, respectively.
The anemia (Hb < 10g/dl) at presentation was the least
frequent in CLL (about 20%), whereas it was the most
frequent in MCL (83.3%). The median WBC count was the
highest in MCL (79.5 X 109/1), whereas it was the lowest in
HCL (5.5 x 10°/1). The median of ALC for both HCL and
DLBCL was the lowest among all other diseases, which
was 3.9 X 109/1 and 5.1 x 109/, respectively. The median of
lymphocytes percentage was around 70% in CLL, SMZL,
HCL, HCL-v, and PLL; 81.2% in MCL; and 43.1% in
DLBCL. Thrombocytopenia was the most frequent
finding in HCL (75%), followed by HCL-v (71.4%) and
DLBCL (71.4%); however, the lowest incidence was
observed in CLL, which was 25.2% of cases, as shown in
Figure 2.

In this study, HCL had the most frequent morphologic
true diagnosis, about 75% (3/4) of HCL cases compatible
with morphologic diagnosis, followed by CLL, among
which 70.9% (90/127) of cases were compatible with
morphologic diagnosis. About 58% of MCL and 43%

of SMZL were misdiagnosed morphologically as having
CLL, whereas about 57% of DLBCL were misdiagnosed
as having acute leukemia. The morphologic diagnosis of
HCL had both high PPV (85.7%) and NPV (97.3%); the
MCL and SMZL had a very low PPV of 20% and 0%
for both, respectively, as shown in Table 2. The expression
patterns of CDS5/CD23 and CDS5/CD10 were studied
in relation to various subtypes of mature B-cell non-
Hodgkin lymphoma. Cases were broadly grouped into
four categories based on the combination of antigenic
expression of CD5/CD23 and CDS5/CD10. The PPV
and NPV of these antigenic expression patterns were
then calculated. The CD5+/CD23+ antigenic expression
pattern is most frequently seen in CLL cases (89.8% of
CLL cases), with high sensitivity (89.8%) and specificity
(72.7%) for the diagnosis of CLL. Other cases showing
such patterns include SMZL (40.6% of cases) and
MCL (25% of cases) but with a low PPV of 21.1% for
SMZL and 2.3% for MCL. The CD5-/CD23-antigenic
expression pattern was seen in all cases of HCL-v and in
75% of HCL, whereas it was seen in only 21.9% of SMZL
cases; this pattern had 100% of NPV but a low PPV 31.6%
of HCL-v, as shown in Table 3.

The CD5+/CD10-antigenic expression pattern was seen in
all cases of MCL and in the vast majority of CLL cases
(94.5%), with other cases showing such patterns, including
SMZL, in 53.1% of cases. The PPV was highest in CLL

Table 1: Demographic summary of patients

Sex M:F (ratio) Mean of age (years) Median of age (years) Range of age (years)
Male Female

CLL (n = 127) 80 (63.0%) 47 (37.0%) 1.7:1 61.3 61 20-90
SMZL (n = 32) 19 (59.4%) 13 (40.6%) 1.5:1 59.1 60 32-80
MCL (n = 12) 11 (91.7%) 1(8.3%) 11:1 64 65 42-85
HCL (n=4) 2 (50.0%) 2 (50.0%) 1:1 51 46.5 41-70
HCL-V (n=17) 4(57.1%) 3(42.9%) 1.3:1 54.3 45 31-83
DLBCL (n=7) 5(71.4%) 2(28.6%) 2.5:1 57.4 59 37-70
LPL (n=2) 2 (100.0%) 0 2:0 62 62 59-64
PLL (n=1) 0 1 (100.0%) 0:1 71 NA 71

FL (n=1) 1 (100.0%) 0 1:0 48 NA 48

CLL: chronic lymphocytic leukemia; DLBCL.: diffuse large B-cell lymphoma; FL: follicular lymphoma; HCL: hairy cell leukemia; HCL-v: hairy cell
leukemia variant; LPL: lymphoplasmacytic lymphoma; MCL: mantle cell lymphoma, PLL: prolymphocytic leukemia, SMZL: splenic marginal zone
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Figure 1: Clinical features of patients with selected mature B-cell neoplasm at diagnosis
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Figure 2: Hematologic parameters of patients with selected mature B-cell neoplasm at diagnosis

Table 2: The diagnostic predictive value of the morphology

PPV (%) NPV (%)
CLL 84.9 575
SMZL 0.0 833
MCL 20 94.1
HCL 85.7 97.3

CLL: chronic lymphocytic leukemia; HCL: hairy cell leukemia; NPV,
negative predictive value; PPV, positive predictive value; MCL: mantle
cell lymphoma; SMZI: Splenic marginal zone lymphoma

(78.9%) whereas it was lowest in SMZL (11.2%). The
CDS5-/CD10-antigenic expression pattern was seen in all
cases of HCL and HCL-v; it was also seen in 46.9% (15
cases) of SMZL cases and 4.8% (6 cases) of CLL cases.
This pattern had a low PPV for all cases but a high NPV
for all cases, apart from CLL cases, which had 24.3% of
NPV, as shown in Table 4.

Discussion

In the present study, CLL remained the most common
B-CLPD (65.9%); this result is in accordance with Oberley
et al. who reported a frequency of 66%.3 The median age
at diagnosis was 61 years in patients with CLL and it was
similar to that reported by Hasan ef al.!' and Teke et al.!"”
On the contrary, the median age at diagnosis in Western
countries is much higher, ranging from 67 to 72 years
0ld.l'¥1 In terms of clinical presentation, the incidence of
splenomegaly was less frequent, whereas lymphadenopathy
and hepatomegaly were very close to that reported by
Hasan et al" These clinical presentations were less
frequent than other studies."*!"”! The diversity of clinical
presentations in CLL and correlations with ethnicity
have been well documented in previous research.?” The
incidence of anemia and thrombocytopenia in the current
study was in agreement with Swerdlow et al.,”" whereas it
is less frequent than what was reported by Hasan ez al.l¥

By morphology alone, in about 71% of the PB or BM
smears the likely diagnosis is CLL with accepted PPV of
84.9% and low NPV of 57.5%. The low NPV is due to
the high number of CLL cases being falsely diagnosed
as non-CLL on a morphologic basis. These findings
are in agreement with Zhang et al., who reported that

a presumptive diagnosis of CLL can be made based on
morphology alone in 75.2% of the PB or BM smears.l*?
The CD5+/CD23+ phenotype, which is pathognomonic
of CLL, was seen in 114 cases (90%) and had a PPV of
88.3% and NPV of 79.2%. This result is very close to what
was reported by Gujral et al.,”¥ who had demonstrated
that the phenotype of CD5+/CD23+ for the diagnosis of
SLL/CLL was highly specific and had a high PPV (98%)
and NPV (73%), and this was observed in only 90% of
the cases. Further, CD5+/CD23+ had a high sensitivity
(89.8%) and specificity (72.7%) for the diagnosis of CLL
and this is in accordance with Kéhnke et al.?¥ Negativity
for FMC7 shows high sensitivity and sufficient specificity
(93.7% and 60%, respectively) in the differential diagnosis
of CLL; these results were comparable with the study
by Kohnke er al.? who reported the high sensitivity
and specificity of negative FMC7 (90.4% and 74.4%,
respectively). The lower specificity value in our study
was due to the high number of negative FMC7 in non-
CLL cases. The CLL cases showed other expression
patterns of CD5/CD23, that is, 4.6% showed the CD5+/
CD23—- phenotype; these cases were labeled as atypical
CLL. The frequency of CD23 negativity in CLL is very
low: in some patients, it may be difficult to distinguish
between CLL and MCL on FC and these cases might
need an LN biopsy for confirmation. When we analyzed
the expression of Smlg, CDIllc, FMC7, and CD79b
to find out which of these markers help to differentiate
CD23 negative CLL from MCL, it was observed that
moderate to bright expression of Smlgin MCL helped to
differentiate MCL from CD23 negative CLL. In this study,
50% of MCL cases have moderate to bright expression
of Smlg and was dimly expressed in approximately 17%
(1/6) of CD23 negative CLL, in agreement with Gujral
et al.® From our perspective, CD11c is an important
immunologic marker for distinguishing MCL from aCLL,
even though its expression was dim or heterogeneous.
CDl1c was expressed in 66% of atypical CLL cases, and it
was not expressed in MCL cases. CD79b was moderately
expressed in 100% of our MCL cases, whereas it was
dimly expressed in 50% of atypical CLL cases. FMC7 was
expressed in 55.6% of MCL cases and in 16.7% of aCLL,
those results were in accordance with Starostka et al.*)
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These findings emphasize the diagnostic value of CD79b,
FMC7, CDll1c, and Smlg in the differentiation of MCL
from atypical CLL.

In this study, about 7% of CLL (CD5+/CD23+) cases
expressed heterogeneous to dim monoclonal kappa light
chains, with 15% expressing dim to moderate monoclonal
lambda light chains. None of the aCLL (CD5+/CD23-)
cases had monoclonal kappa light chains, whereas
monoclonal lambda light chains were heterogeneously
expressed in 16.7%. Twenty-two percent of MCL cases
expressed monoclonal kappa light chains and 66.7%
expressed monoclonal lambda light chains, which is lower
than that reported by Hasan et al!™ (67.6% and 32.4%,
respectively) and Starostka er al®! (50% and 39.4%,
respectively), mostly due to technical issues.

SMZL.,according to the findings of thisstudy, isa disease of
middle-aged patients, with a median age of 60 years, which
is consistent with the findings of many other studies.?
SMZL seems to affect males more than females; gender
prevalence is controversial (46), but there is an increasing
trend of male predominance.?” Splenomegaly and anemia
are the most common clinical signs and they were observed
in 50% of patients; however, thrombocytopenia has been
reported in 25.2% of cases. These results are in agreement

with Piris et alP?" and Behdad er alP® According to
our results, the morphology had no diagnostic value,
as Zhang et al found that BM core biopsy and/or
immunophenotyping data are needed in combination
with PB morphology to support the diagnosis.’” The
CDS5 was expressed in 53.1% of cases and this frequency is
slightly higher than that of Al-Anizi et al.,?® who reported
an overall incidence of CDS5 expression in 41% of cases,
and in contrast with Santos et al,” who reported an
overall incidence of CDS positivity in 10%-25% of the
cases. Ortolanit® observed CDS5 positivity in 12%-50% of
SMZL cases. Another report by Jevremovic et al.®V raises
the possibility that the variable expression of CD5 on
SMZL can be attributed to the variation in the detection
techniques and the microenvironment. NPV for CD5—/
CD23- and CD5-/CD23+ phenotypes to detect SMZL
was 84.7% and 85.6%, respectively, which is in accordance
with Gujral et al.?; however, the PPV for CD5—/CD23—,
CDS5-/CD23+ was low (36.8% and 53.3%, respectively).
This was most likely due to the high number of CD5—/
CD23- and CD5-/CD23+ in our non-SMZL cohort.
CD23 was expressed in 66% and CD11c was expressed in
54.8%; these results are in accordance with Santos et a/.1*)
and very close to what was reported by Al-Anizi et al.
who found CD23 and CDl1c positivity in 59% and 50%

Table 3: Expression pattern and diagnostic performance of CD5/CD23 in various mature B-cell non-Hodgkin lymphomas

CLL (n = 127) SMZL (n = 32) MCL (7 = 12) HCL (n = 4) HCL-v (n = 6)*
N PPV N PPV N PPV N PPV N PPV

% NPV % NPV % NPV % NPV % NPV

CD5+ and CD23+ 114 89.8 88.3% 13 10.1% 3 2.3% 0 0.0% 0 0.0%
79.2% 40.6 64.1% 25 83.0% 0 92.5% 0 88.7%

CD5+ and CD23—- 6 26.3% 4 21.1% 9 47.4% 0 0.0% 0 0.0%
4.7 27.0% 12.5 82.8% 75 98.2% 0 98.1% 0 96.3%

CD5- and CD23+ 7 40.0% 8 53.3% 0 0.0% 1 6.6% 0 0.0%
5.5 29.3% 25 85.6% 0 92.8% 25 98.2% 0 96.4%

CD5— and CD23- 0 0.0% 7 36.8% 0 0.0% 3 15.8% 6 31.6%
0 23.9% 21 84.7% 0 92.6% 75 99.3% 100 100%

CLL: chronic lymphocytic leukemia; HCL: hairy cell leukemia; HCL-v: hairy cell leukemia variant; NPV, negative predictive value; PPV, positive
predictive value; MCL: mantle cell lymphoma; SMZI: Splenic marginal zone lymphoma

*The total number of HCL-v cases was seven but one case had CD5—ve and CD23 was not tested

Table 4: Expression pattern and diagnostic performance of CD5/CD10 in various mature B-cell non-Hodgkin lymphomas

CLL (n = 127) SMZL (n = 32) MCL (7 = 12) HCL (n = 4) HCL-v (n = 7)
N PPV N PPV N PPV N PPV N PPV

% NPV % NPV % NPV % NPV % NPV

CD5+ and CD10+ 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
0 35.7% 0 83.4% 0 94.3% 0 97.9% 0 96.4%

CD5+ and CD10— 120 78.9% 17 11.2% 12 7.9% 0 0.0% 0 0.0%
94.5 85.4% 53.1 63.4% 100 100% 0 90.2% 0 82.9%

CD5- and CD10+ 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
0 34.3% 0 83.1% 0 93.6% 0 97.9% 0 96.3%
CD5- and CD10- 7 16.2% 15 40.5% 0 0.0% 4 10.8% 7 23.3%
5.5 24.3% 46.9 89.1% 0 92.9% 100 100% 100 100%

CLL: chronic lymphocytic leukemia; HCL: hairy cell leukemia; HCL-v: hairy cell leukemia variant; NPV, negative predictive value; PPV, positive
predictive value; MCL: mantle cell lymphoma; SMZI: Splenic marginal zone lymphoma
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of SMZL cases, respectively. CD103 and CD123 were
negative in all cases, which was in agreement with Behdad
et al.®® Regarding CD25 expression, we noted a positivity
for this HCL marker in 4% (1/26) of cases, which was in
accordance with Al-Anizi et al.*% (3%); on the other hand,
Starostka et al® observed a higher figure (54%). CD25
was negative in 96% of cases, so it readily differentiated
SMZL cases from HCL cases; there was only one positive
case for CD25 with heterogeneous expression and one
negative case for both CD103 and CD123 that resembled
HCL-v but with negativity for CD11c, which favored the
diagnosis of SMZL. These results are in accordance with
Behdad e al.,* who reported that SMZL virtually never
exhibits strong expression of CD103, CD11c, and CD25.

The median age of patients with MCL at diagnosis was
64 years, with a striking male predominance (92%) with an
M:F ratio of 11:1. Splenomegaly and lymphadenopathy
were the most common clinical features seen in 58.3% of
cases, in agreement with that reported by McKay et al B4
In correlation with morphology, only one case (8.3%)
was truly diagnosed as MCL, which is in accordance
with what was found by Zhang er al., where one case
(16.7%) was likely to be diagnosed as MCL.* The CD5+/
CD23- antigenic expression pattern, which is classical
of MCL,?¥ was expressed in 75% (9/12) of MCL cases,
with a high NPV of 98%. Absence of this pattern ruled
out the diagnosis of MCL, except for three cases; these
results are in accordance with Gujral et al.,”* who found
a high NPV of 99% for this pattern. Three cases of MCL
have the CD5+/CD23+ phenotype (which is classical for
CLL) but with positive CD79b, and FMC7 with bright
CD20 and CD22 expression whereas it is negative for light
chain restriction, which favored the diagnosis of MCL.
These results are in accordance with Morice et al.** who
had shown that CD22 and CD20 expression could help
to differentiate CLL from MCL or other non-CLL cases,
with both, CD22 and CD20, showing dim expression in
CLL and bright expression in non-CLL cases.

When analyzing HCL and HCL-v, four cases of HCL cases
were reviewed. The median age at diagnosis was 47 years,
which is in accordance with Khorshid er al.B¥ (47 years); on
the other hand, Somasundaram et a/.* observed a slightly
higher figure (50 years). The M:F ratio was 1:1 and this was
in disagreement with Khorshid et /¥ and Somasundaram
et al. ¥ who reported a more frequent occurrence in males;
it may be related to the relatively smaller number of cases
studied compared with other series or may be due to
ethnical variation. In the present study, seven HCL-v cases
were included. The median age at diagnosis was 45 years
with a slight male predominance; these results are in
agreement with Swerdlow et al ' who stated that HCL-v
is a disease of the middle age to elderly and there is a slight
male predominance. The most recent Western studies show
that HCL-v is a disease of the elderly with a median age of
70 years.’ However, CD103 has the highest specificity for

HCL and HCL-v, and it is rarely expressed in other B-cell
lymphoproliferative disorders.?” A previous study showed
that all cases of HCL were positive for CD103,5% whereas
CDI103 expression in HCL-v was variable ranging from
greater than half to 100% of cases.’*3”? CD103 was reliably
expressed in all HCL cases (100%) and in about two-third
of HCL-v cases (71.4%), and this is consistent with Matutes
et alB" Generally, SMZL was negative for CD103 and we
found that HCL and HCL-v are clearly distinguished from
SMZL by CDI103; all of our SMZL cases were CD103
negative. HCL is known for its bright CD25 expression,
whereas HCL-v is known for its lack of CD25 expression.
Angelova et al.® reported infrequent expression of CD25 in
HCL-v cases (14% and was usually dim/partial). However,
in our series, CD25 was reliably positive in all HCL and
negative in HCL-v, and this is in accordance with Shao
et alB® and Matutes et al®? We found that CD25 could
reliably differentiate HCL from HCL-v (75% sensitivity and
100% specificity). HCL-v without both CD25 and CD103
may be difficult to differentiate from SMZL.*' We notably
identified that two cases of HCL-v were negative for both
markers, but with bright CD11c expression, which favored
HCL-v over SMZL, and it is comparable with Shao ez al.1*®
and Venkataraman et al.*!

Due to the small sample size, the results of these disorders
(DLBCL, LPL, PLL, and FL) were inadequate for
comparison with other studies.

CoNCLUSIONS

FC immunophenotyping can be considered as an
important and highly sensitive tool for the evaluation of
B-cell neoplasms, and it has the highest diagnostic efficacy
in the confirmation of B-CLPD. Immunophenotyping by
FC can be useful in distinguishing MCL from aCLL as
well as SMZL from HCL and HCL-v. The use of CD103
and CD25 in a standard panel is valuable for determining
the diagnosis of HCL and HCL-v. The present study
identified that CDI103 can be specific for HCL and
HCL-v. 1t is difficult to diagnose B-CLPD solely based
on morphologic findings. Consequently, FC findings
combined with clinical, hematological, and morphologic
features can result in a precise diagnosis.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Dewan K, Mann N, Chatterjee T. Comparing flow cytometry
immunophenotypic and immunohistochemical analyses in diagnosis
and prognosis of chronic lymphoproliferative disorders: Experience
from a Tertiary Care Center. Clinical Cancer Investigation Journal
2015;4:707.

-Medical Journal of Babylon | Volume 18 | Issue 4 | October-December 2021




SMIAGZIUMIPXZOBBAeATIAEIDVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXDOMADYOINXYOHISABZIYTIC+erNIOITWNOTZTARYHLaSHAAYF Aq Aglw/woo mm| sjeulnoly/:dny wouy papeojumoq

¥202¢/¥0/CT uo

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

Raad Abbas and Al-Mashta: Immunophenotyping profile of mature B-cell neoplasms

Swerdlow SH, editor. WHO classification of tumours of
haematopoietic and lymphoid tissues. Lyon: International Agency
for Research on Cancer; 2017. p. 190-8.

Agarwal R, Juneja S. Pitfalls in the diagnosis of haematological
malignancies. New Zealand Journal of Medical Laboratory Science
2013;67:39.

Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H,
et al. WHO Classification of Tumours of Haematopoietic and
Lymphoid Tissues, 4th ed. Lyon: IARC; 2008.

Paiva A, Alves GVA, Sales VSEF, Silva ASJ, Silva DGKC,
Alves E, et al. Utility of flow cytometry immunophenotyping and
hematological profile in chronic lymphoproliferative disorders.
Blood 2017;130:5326.

Durrieu F, Genevieve F, Arnoulet C, Brumpt C, Capiod JC,
Degenne M, et al. Normal levels of peripheral CD19+ CDS5+
CLL-like cells: Toward a defined threshold for CLL follow-up—A
GEIL-GOELAMS study. Cytometry Part B: Clinical Cytometry
2011;80:346-53.

Craig FE, Foon KA. Flow cytometric immunophenotyping for
hematologic neoplasms. Blood 2008;111:3941-67.

de Tute RM. Flow cytometry and its use in the diagnosis and
management of mature lymphoid malignancies. Histopathology
2011;58:90-105.

Seegmiller AC, Hsi ED, Craig FE. The current role of clinical flow
cytometry in the evaluation of mature B-cell neoplasms. Cytometry
Part B: Clinical Cytometry 2019;96:20-9.

Bain B, Bates I, Laffan M. Preparation and staining methods for
blood and bone marrow films. In: Bain BJ, et al, editors. Dacie
and Lewis Practical Haematology. 12th ed. USA: Elsevier Health
Sciences; 2017. p. 50-60.

Daniel WW, Cross CL. Biostatistics: A Foundation for Analysis in
the Health Sciences. 10th ed. Hoboken, NJ: John Wiley & Sons Inc;
2013. p. 19-56.

Molinaro AM. Diagnostic tests: How to estimate the positive
predictive value. Neurooncol Pract 2015;2:162-6.

Oberley MJ, Fitzgerald S, Yang DT, Morgan A, Johnson J, Leith C.
Value-based flow testing of chronic lymphoproliferative disorders:
A quality improvement project to develop an algorithm to streamline
testing and reduce costs. Am J Clin Pathol 2014;142:411-8.

Hasan KM. Clinical aspects, immunophenotypic analysis and
survival rate of chronic lymphocytic leukaemia patients in Erbil city,
Iraq. Sultan Qaboos Univ Med J 2018;18:e461-7.

Teke HU, Cansu DU, Akay OM, Giindiiz E, Bal C, Giilbas Z.
Clinico-hematological evaluation of 13 chronic lymphocytic
leukemia patients in the central Anatolia region in Turkey. Turkiye
Klinikleri Journal of Medical Sciences 2009;29:64-9.

Watson L, Wyld P, Catovsky D. Disease burden of chronic
lymphocytic leukaemia within the European Union. Eur J Haematol
2008;81:253-8.

Eichhorst B, Robak T, Montserrat E, Ghia P, Hillmen P, Hallek M,
et al; ESMO Guidelines Committee. Chronic lymphocytic
leukaemia: ESMO clinical practice guidelines for diagnosis,
treatment and follow-up. Ann Oncol 2015;26 Suppl 5:v78-84.
Mulligan SP, Tam CS. Chronic lymphocytic leukemia: Diagnosis
and clinical staging. In: Keating MJ, Tam CS, editors. Advances in
the Treatment of B-cell Chronic Lymphocytic Leukemia. London,
UK: Future Medicine Ltd.; 2012. p. 6-15.

. Kamel AM, El-Sharkawy NM, Osman RA, Abd El-Fattah EK,

El-Noshokaty E, Abd El-Hamid T, et al. Adhesion molecules
expression in CLL: Potential impact on clinical and hematological
parameters. J Egypt Natl Canc Inst 2016;28:31-7.

Nabhan C, Aschebrook-Kilfoy B, Chiu BC, Smith SM, Shanafelt TD,
Evens AM, et al. The impact of race, ethnicity, age and sex on
clinical outcome in chronic lymphocytic leukemia: A comprehensive
surveillance, epidemiology, and end results analysis in the modern
era. Leuk Lymphoma 2014;55:2778-84.

Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R,
et al. The 2016 revision of the world health organization classification
of lymphoid neoplasms. Blood 2016;127:2375-90.

Zhang QY, Chabot-Richards D, Evans M, Spengel K, Andrews J,
Kang H, et al. A retrospective study to assess the relative value of

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

peripheral blood, bone marrow aspirate and biopsy morphology,
immunohistochemical stains, and flow cytometric analysis in the
diagnosis of chronic B cell lymphoproliferative neoplasms. Int J Lab
Hematol 2015;37:390-402.

Guyjral S, Polampalli SN, Badrinath Y, Kumar A, Subramanian PG,
Nair R, et al. Immunophenotyping of mature B-cell non Hodgkin
lymphoma involving bone marrow and peripheral blood: Critical
analysis and insights gained at a tertiary care cancer hospital. Leuk
Lymphoma 2009;50:1290-300.

Kohnke T, Wittmann VK, Biicklein VL, Lichtenegger F, Pasalic Z,
Hiddemann W, et al. Diagnosis of CLL revisited: Increased
specificity by a modified five-marker scoring system including
CD200. Br J Haematol 2017;179:480-7.

Starostka D, Kriegova E, Kudelka M, Mikula P, Zehnalova S,
Radvansky M, er al. Quantitative assessment of informative
immunophenotypic markers increases the diagnostic value of
immunophenotyping in mature CD5-positive B-cell neoplasms.
Cytometry Part B: Clinical Cytometry 2018;94:576-87.

Al-Anizi WM, Al-Mashta MA. Characteristics of splenic marginal
zone lymphoma: Clinical, hematologic, and flow cytometry findings
of 34 cases. Iraq Joural of Hematology 2017;6:84-9.

Piris MA, Onaindia A, Mollejo M. Splenic marginal zone lymphoma.
Best Pract Res Clin Haematol 2017;30:56-64.

Behdad A, Bailey NG. Diagnosis of splenic B-cell lymphomas in the
bone marrow: A review of histopathologic, immunophenotypic, and
genetic findings. Arch Pathol Lab Med 2014;138:1295-301.

Santos TSD, Tavares RS, Farias DLC. Splenic marginal zone
lymphoma: A literature review of diagnostic and therapeutic
challenges. Rev Bras Hematol Hemoter 2017;39:146-54.

Ortolani C. Neoplastic disease of mature B cells. Flow Cytometry
of Hematological Malignancies. 1st ed. Singapore: Wiley - Blackwell
Press; 2011. p. 210.

Jevremovic D, Dronca RS, Morice WG, McPhail ED, Kurtin PJ,
Zent CS, et al. CD5+ B-cell lymphoproliferative disorders: Beyond
chronic lymphocytic leukemia and mantle cell lymphoma. Leuk Res
2010;34:1235-8.

McKay P, Leach M, Jackson B, Robinson S, Rule S. A British
Society for Haematology Good Practice paper on the diagnosis and
investigation of patients with mantle cell lymphoma. Br J Haematol
2018;182:63-70.

Morice WG, Kurtin PJ, Hodnefield JM, Shanafelt TD, Hoyer JD,
Remstein ED, et al. Predictive value of blood and bone marrow flow
cytometry in B-cell lymphoma classification: Comparative analysis
of flow cytometry and tissue biopsy in 252 patients. Mayo Clin Proc
2008;83:776-85.

Khorshid O, Namour AE, El-Gammal MM, Mahmoud TY,
Fortpied C, Abdel-Malek R, et al. Efficacy and safety of
cladribine: Subcutaneous versus intravenous administration in
hairy cell leukemia patients. Mediterr J Hematol Infect Dis 2015;7:
€2015058.

Somasundaram V, Purohit A, Aggarwal M, Manivannan P, Mishra P,
Seth T, et al. Hairy cell leukemia: A decade long experience of north
Indian hematology center. Indian J Med Paediatr Oncol 2014;35:271-5.
Angelova EA, Medeiros LJ, Wang W, Muzzafar T, Lu X,
Khoury JD, et al. Clinicopathologic and molecular features in hairy
cell leukemia-variant: Single institutional experience. Mod Pathol
2018;31:1717-32.

Matutes E, Martinez-Trillos A, Campo E. Hairy cell leukaemia-
variant: Disease features and treatment. Best Pract Res Clin
Haematol 2015;28:253-63.

Shao H, Calvo KR, Gronborg M, Tembhare PR, Kreitman RJ,
Stetler-Stevenson M, et al. Distinguishing hairy cell leukemia variant
from hairy cell leukemia: Development and validation of diagnostic
criteria. Leuk Res 2013;37:401-9.

Robak T. Hairy-cell leukemia variant: Recent view on diagnosis,
biology and treatment. Cancer Treat Rev 2011;37:3-10.
Venkataraman G, Aguhar C, Kreitman RJ, Yuan CM, Stetler-
Stevenson M. Characteristic CD103 and CD123 expression pattern
defines hairy cell leukemia: Usefulness of CD123 and CD103 in the
diagnosis of mature B-cell lymphoproliferative disorders. Am J Clin
Pathol 2011;136:625-30.

Medical Journal of Babylon | Volume 18 | Issue 4 | October-December 2021 -




