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Hairy Cell Leukemia

HCL

Rare

2 % of Leukemia

B Cell neoplasm

Occurs in middle age and old age
Median is 55 y

M:F 5:1

Chronic

Indolent

Lymphoprolifrrative

Affects the Bone Marrow .Spleen and sometimes the liver

Old age
Pancytopenia
Splenomegaly
On PS Hairy cells

Pathogenesis
90 percent have activating point mutation in the gene

BRAFV600E gene
This gene encodes Serine /Threonine kinase

HCL has a picturesque name
Leukemia cells have hair like projections on the surface

DD
1 Splenic B Cell Lymphoma
2 Spenic L with villous lymphocytes

3 Splenic Marginal Zone L
4 Diffuse Red pulp L

Molecular/ Cytogenetics
BRAFV600E Mutation

Histone. Methyl transferable Mutation
Deletion of chromosome 7q and 13q
Gains of chromosome 5



Electron Microscopy
Cuto inclusions
Ribosomes - Lamellar complex (RLC)

IHC
Positive Stains / Markers
B Cells CD19 .CD20..CD 22. .CD79a .PAX5

Annexin Al

TRAP Tartaric acid resistant Acid Phosphatase
Cyclin D1

BRAFV600E

TIA1

CDll1c

CD123

CD 103 Cell adhesion

CD 305 LAIR

CD25

Negative Stains IHC
CD5. .CD23. CD10. and Bcl 6

Genetics

NGS

BRAFV600E Mutation
In more than 95 percent

Pancytopenia
Monocytopenia

More common in whites
Less in Africans .Asians .Arabs

Risk factors

Farming

Insecticides

Petroleum

Diesel

Ionizing Radiations

Smoking has a protective effect

Investigations
CBC



DC

BM

Flow Cytometry
Immunophenotype
IHC

Molecular

B2 Mircroglobulin

Flow
CD45. .CD20 .CD22 .CD11c¢.CD103 .CD123. .CD305 (LAIR)

Spleen

Massive Splenomegaly
More than 150 gm.

No modularity

Red pulp is infiltrated
Lakes .pools of blood.
Lined by Hairy cells

Beefy Red app
Obliteration of white pulp.

Liver
Portal tracts are involved

Bone Marrow

Dry tap because of
Fibrosis

Reticulin

BM Trephine

Involvement is patchy .subtle.
Intestinal .Diffuse Solid

10 percent is aplastic Anemia
Reticulin stain

" Honeycomb "

" Halo "

" Fried egg app "

Reduction in myeloid ,erythroid and megakaryocytic series.
IHC

Diagnosis
Old age



Splenomegaly
Pancytopenia

PS Hairy cells

TRAP

BRAFV600E Mutation

Clinical

Fatigue Weakness. Pallor
Easy bruising

Inf

Fever

Splenomegaly
Hepatomegaly sometimes
No peripheral LNs
Pancytopenia

Inf one third

TB Atypical Myco

Course

Indolent

Chronic

Prognosis

Excellent

5 year survival is 90 percent
Chemo

BRAF inhibitors

Poor prognosis if

1. Massive Splenomegaly

2. Leucocytosis More than 10 X 10/ 9 per1

3. Hairy cells More than.5 X 10/9. per1

4. B2 microglobulin elevated

5.Unstated IGHV

6 .IGHV 34 positive Ig variable Heavy chain gene rearrangement
7.CD 38 expression

Size of the Hairy cells

2 times the size of small lymphocyte
Nucleus round. Oval or reniform
Slightly eccentric

Bland



Hairy cells

Few cells to many

5 percent to 90 percent of WBCs
Neurotropenia

Monocytopenia

Size of the Hairy cells
10 to 14 microns

15 to 25 microns
Cyto blue to pale blue
Hair like projections

Dry tap 30 to 50 percent of cases
Spindle cells
Reticulin encircles individual cells

Isolated Bone upper femur may be involved

LN
Interfollicular

Interferon s
0.25 percent of cases develop Abdominal LNs

HCL

As there is pancytopenia

To get a good yield of Hairy cells

Buffy coat

FNAC of spleen if the platelet count is above 1 lakh per cmm
The FNAC material can be used for

Diagnosis

IHC

TRAP

Molecular and Genetic analysis

Hairy Cell Leukemia
2 percent of all Leukemia cases

In North America and Western Europe
Annually 2000 new cases of HCL are seen

Old names
Histiocytic Leukemia



Malignant Reticulocytosis
Lymphoid Myelofibrosis

History
In 1958 Dr Bertha Bouroncle at Ohio State Univ In USA first described and
named the disease as Leukemic Reticuloendotheliosis

In 1966 the term Hairy Cell Leukemia was and continues to be used

A Hairy Cell Leukemia Foundation set up in 2013
With Research and clinical trials on MD Andrrson Cancer Center Hoston Texas USA .NCI
Bethesda .Ohio state university and Royal Marsden Hosp London.

There is a mutation in
BRAFV600E gene
Of Late Activated Memory B Cells

Disease is Clonal
RAS - RAF - MAPK signaling pathway is involved.

Hairy
Fluffy

Some pts may have
Autoimmune. Hemolytic Anemia
Autoimmune Thrombocytopenia

Infections due to
Immunosuppressive
Cytopenia
Myelosuppressive therapy

Median survival is 4 years without treatment

Complications
Second Malignancy
Due to immunosuppressive and Chemotherapy

Dr.Bertha Bouroncle et al described 26 patients in 1958 and termed the disease as Leukemic
Reticuloendotheliosis

Immunoglobulin Gene Rearrangement



MRD
Minimal Residual Disease
Molecular

Askanazi Jews

Common

Whites

In 2016 in USA 1100 new cases were detected annually.

Hairy Cells have Integrin Receptors

These combine and react with VCAM 1 Vascular Adhesion Molecule.

This receptor is expressed in the spleen .BM .liver endothelial and on the splenic stroma
That is why these organs are involved. In HCL

Second malignancies in HCL
Skin Cancer

Prostate Cancers

GIT Cancers

NHL

Ovarian, Cervix ,Breast Cancers

Anti CD 20 antibody Rituximab
BRAF inhibitor
Vemurafenib

Splenectomy
Hematopeitic Stem Cell Transplant

Hairy Cell Leukemia
Studies

Blood Cancer 2020
279 cases Worldwide
Metaanalysis

Jerome Paillassa et al
Blood Cancer Journal 10 .62. 2020

30 year experience in a Multicentric study in Italy
Blood Cancer Journal 12 .109 .2022

Living Pagano et al

1991 - 2019

513 patients of Hairy Cell Leukemia



233 patients of HCL
Else met
Br ] Hematology 145 .733 - 740

28 cases of HCL
JB.johnston et al
Europe pic.org
NCI Canada

Tata Memorial Hospital
Suneet Gujral et al
2009

4 year period

18 cases of HCL

AIIMS New Delhi

Mukul Aggarwal . Venkatesan Somasundaram et al
2002 - 2013

35 cases of HCL

2013 - 2023
20 cases of HCL

Gujarat Cancer and Research Institite Ahmedabad
K Patek .Rupali Shah et al

2009 - 2012

18 cases of HCL

Kidwai Memorial Institute of Oncology
2016
10 cases of HCL

Goa
Dr RGW Pinto
Fine Needle Aspiration of the Spleen in Hairy Cell Leukemia

Acta Cytologica
1995 .39 .777 - 780

PGIMER Chandigarh
K.Medhi et al

2008 - 2012

21 cases of HCL



In Goa Medical College Between 2003 to 2023 there were 7 cases of HCL.







HAIRY CELL LEUKEMIA

Dr Mahadeva Swamy

Introduction:- Hairy cell leukemia (HCL) is a rare hematological malignancy that arises
from late-activated post- germinal center memory B-cells. The hallmark of HCL is the
presence of medium-sized mature lymphocytes with “hairy” projections in the bone
marrow, spleen, and sometimes extramedullary tissues. Peripheral blood involvement is
less common. HCL represents 2% of new leukemias and is more frequent in men than
women, with a median age at diagnosis of approximately 52-63 in men and 51-59 in

‘woimen.

Diagnosis.- Common clinical findings at the time of diagnosis include pancytopenia,
splenomegaly, and increased risk of infection; monocytopenia is nearly universal, and the
mechanism of this remains elusive. Extramedullary involvement such as
lymphadenopathy and bone involvement are uncommon at diagnosis but may be seen
more frequently in the relapsed setting. Diagnosis of HCL is suggested by the clinical
presentation of the patient and confirmed by laboratory findings including a complete
blood count with peripheral blood smear review, a bone marrow aspiration, and trephine
biopsy with the assessment of bone marrow morphology, immunohistochemistry, flow
cytometry, and testing for the identification of the BRAF V600E mutation. HCL has
distinct immunophenotype comprised of CD11c, CD103, CD123, and CD25 according to
the diagnostic score proposed by Matutes et al. HCL cells additionally co-express CD19,
CD20, CD22, and CD200 and are classically negative for CD5, CD10, CD23, and CD27.

Treatment.- The majority of patients will require treatment at the time of diagnosis as a
result of peripheral blood cytopenias or splenomegaly. According to consensus guidelines,
initiation of treatment is guided by the presence of at least one of the following:
hemoglobin < 11 g/dL, platelets < 100,000/pL, or absolute neutrophilcount (ANC) < 1000/pL.

Initial therapy- HCL cannot be cured with currently available therapies, highly effective
treatments are available for eligible patients. The backbone of therapy remains a purine
nucleoside analog (PA), either in the form of cladribine or pentostatin which have
traditionally been used as monotherapies. Addition of rituximab early in the induction
treatment in combination with cladribine can deepen and prolong responses, as opposedto
delayed rituximab administration or cladribine monotherapy, and is a safe first-line option.

Because of the outstanding and prolonged responses, PA + rituximab should be considered



the standard of care in fit patients requiring first-line treatment for HCL.

Management of Relapsed HCL:- Therapy for relapsed/refractory disease is contingent on
treatment previously received, response to prior therapy, and timing of recurrence. In
patients with an initial response of 24 monthsor longer, re-treatment with a PA generally
with rituximab is appropriate. PA + R was used by Chihara et al. in asubset of patients with
HCL in first relapse, achieving a CR, 5-y FFS, and OS of 100% and uMRD in more than
half of the relapsed cohort . In those patients with a response shorter than 24 months, an
alternative therapy to the initial PA should be considered. Alternative therapies are
BRAF/MEK Inhibitors, BTK inhibitor (BTKi) ibrutinib, Bendamustine and Anti-CD20
Monoclonal Antibodies and Bone Marrow Transplant, Cellular Therapy, and Emergent

Therapies.



Hairy cell Leukemia
Nikita Oza, MD(Path), FIAC

Institution: Histopia Lab - A Culture of Excellence,
103-104 M.S.C Bank Emplovyee Deepjyot Chs Ltd, Shimpoli Road,
Borivali (west), Mumbai-400092.

Introduction

Hairy cell leukemia (HCL) is a rare, indolent lymphoproliferative neoplasm of mature
B cells with a distinct clinical presentation that includes peripheral blood cytopenias,
splenomegaly and a small number of circulating neoplastic cells with hair-like
cytoplasmic projections

Median age at diagnosis is approximately 55. Poor prognostic features, while
somewhat variable in the literature, may include age, hemoglobin less than 10 g/dL,
platelets less than 100, ANC less than 1000, the presence of lymphadenopathy, and
massive splenomegaly.

More common in whites and less in African, Asian and Arab populations

Increased risk: farming and exposure to pesticides

Smoking has been reported as a significant negative association and appears to be

protective

Pathophysiology

» BRAF V60OF mutation is the causal genetic event in the vast majority of

HCLMutation constitutively activates BRAF by autophosphorylation of the protein
and downstream MEK-ERK signaling pathway, leading to increased expression of

genes involved in survival and proliferation and promoting leukemic transformation

Prognostic factors

Chronic, relatively indolent leukemia that predominantly responds well to current
chemotherapy; 5 year event free survival rate after treatment is “90%

Poor prognostic factors include:

Massive splenomegaly, leukocytosis (> 10 x 10°/L), high number of neoplastic hairy
cells in the blood (> 5 x 10%L) and high beta2 macroglobulin

Unmutated /GHV status

IGHV4-34 positive immunoglobulin variable heavy chain gene rearrangement

CD38 expression



Clinical Details
* 68 year male presented with pancytopenia with abdominal discomfort
* On examination: Massive splenomegaly was noted with no significant
lymphadenopathy
* C(linically suspicious for: Lymphoma ? ?

* Bone marrow biopsy was performed

Gross: Two linear bone marrow biopsy received, largest measuring 0.8 cm in length.

Specimen lightly decalcified and submitted entirely







Interstitial and paratrabecular spaces showing small to intermediate size atypical lymphoid

cell proliferation




Negative:
CD3, CD5, CD10, CD23, CD43, BCL6






Bone marrow biopsy: Marrow involved by low grade B cell lymphoma consistent with Hairy

cell leulemia.

Comment: Correlation with flowcytometry immunophenotyping is advised.

Differential Diagnosis
» HCL variant: Typically has prominent nucleoli and less marrow infiltration. It is often
associated with extreme leukocytosis, often without the neutropenia, monocytopenia,
anemia, and thrombocytopenia seen in HCL.
> Splenic diffuse red pulp small B cell lymphoma: Typically does not express annexin
A1, CD25, CD103, CD123, and CD11c.



> Splenic marginal zone lymphoma: Typically does not express CD103, CD11c, and

CD25.

Other unclassifiable splenic lymphomas:

Mantle cell lymphoma: Expresses CD5 and has strong expression of cyclin D1; it does
not express CD25, CD103, or annexin Al. It also does not demonstrate hairy
cytoplasm in lymphocytes.

Chronic lymphocytic leukemia: Expresses CD5 and lacks expression of CD103. It
involves both red pulp and white pulp of the spleen while HCV predominantly
involves red pulp.

Prolymphocytic leukemia: Marked the elevation of the white blood cell count, with
the characteristic morphology of prolymphocytes and lack of hairy cytoplasmic

projections.

Treatment

Not curative; asymptomatic patients usually do not require treatment

Standard therapy is purine analogues (i.e., cladribine, pentostatin), which are effective
in the majority of HCL

Late relapses are not uncommon; choices for relapsed and refractory HCL include
moxetumomab (anti-CD22), pasudotox (anti-CD22), vemurafenib (BRAF inhibitor)
and bendamustine plus rituximab

Splenectomy as salvage therapy

Molecular Pathology

BRAFVG600E mutation is a hallmark for classical HCL; this mutation is not seen in
HCL variant

Rare cases that are BRAFV600E mutation negative will be positive for /IGHV4-34
Histone methyltransferase KM72C (MLL3) and CDKNI1B are commonly mutated
genes in cHCL

BRD4, CEBPA, CREBBP, RUNX1, EP300 and MEDI2, Notch signaling

(NOTCHI and NOTCH2) and DNA repair

Deletions of chromosomes 7q and 13q and gains of chromosome 5



Conclusion

Hairy cell leukemia is a relatively rare hematological malignancy and is best managed
by an interprofessional team that includes an oncologist, hematologist, internist, and
an infectious disease expert.

There is no cure for hairy cell leukemia and without treatment life expectancy is
about 4 years.

Only symptomatic patients are treated with chemotherapy. Once treated, these
patients need to be followed with regular monitoring of blood work

High index of suspicion is essential for the diagnosis with judicious use of ancillary

techniques
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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

SUMEET GUJRAL!, SUNITA NARAYAN POLAMPALLI? Y. BADRINATH?,
ASHOK KUMAR?, SUBRAMANIAN P. G.%, REENA NAIR>, SUDEEP GUPTA?,
MAN]JU SENGAR?, & CHANDRALEKHA NAIR?

' Department of Pathology, 2Department of Molecular Biology, >Department of Medical Oncology, and *Department of
Hemaropathology, Tata Memorial Hospital, Parel, Mumbai, India

(Received 28 Fanuary 2009; revised 21 April 2009; accepred 22 May 2009)

Abstract

We evaluated the diagnostic utility of flow cytometry immunophenotyping in bone marrow aspirates and peripheral blood, in
the assessment of mature B-cell non-Hodgkin lymphoma (MBNHL). We analyzed 356 cases of MBNHL received for
immunophenotyping over a 4 year period. All cases were reviewed, correlated with biopsy specimen (lymph node and
splenectomy). Discrepant cases were re-evaluated. Common subtypes included chronic lymphocytic leukemia (CLL) (243
cases, 68.5%), follicular lymphoma (30 cases, 8.5%), mantle cell lymphoma (20 cases, 5.5%), splenic marginal zone
lymphoma (18 cases, 5%), hairy cell leukemia (18 cases, 5%). CD5+/CD23+ had a high positive predictive value (PPV) for
diagnosing CLL whereas CD5+/CD23 — had a high negative predictive value (NPV) for diagnosing mantle-cell lymphoma
(MCL). Limited panel of 9 antibodies mainly CD19, CD5, CD23, CD10, FMC7, kappa, lambda, CD3 and CD20 help
diagnose more than 92% of cases of MBNHL. Minimal diagnostic panels become important in countries with limited

resources.

Keywords: Mature B cell non Hodgkin lymphoma, immunophenotryping, flow cytometry

Introduction

The usefulness of flow cytometric immunophenotyp-
ing (FCIP) as an adjunct in the diagnosis and classi-
fication of mature B cell non-Hodgkin lymphoma
(MBNHL) cannot be overemphasized. In rare
circumstances, however, undue reliance on strict
criteria may lead to a wrong diagnosis. Accurate
interpretation of complex data not only is a daunting
task for the cytometrists/pathologists not familiar
with this art but also can be a challenge for the
expert. The characteristic immunophenotypic char-
acteristics of various lymphomas are well known; the
diagnostic usefulness and limitations, however, have
received little scrutiny [1,2]. Distinction between

MBNHL subtypes can be difficult due to overlap in
cell morphology and immunologic features. Thus a
variety of clinical, hematological, cytogenetic, and
molecular features may be required to be evaluated
in combination with morphology and immunophe-
notyping to accurately subtype MBNHL.

The purpose of this retrospective study was to
illustrate the spectrum of subtypes and the immuno-
phenotypic features of cases referred as MBNHL,
based on World Health Organization (WHO) classi-
fication [3]. We also studied the positive predictive
value (PPV), and negative predictive value (NPV) of
antigenic combination of CD5/CD23 and other
antibodies like FMC7 and CD79b, characteristic of
each MBNHL subtype, and the significance of the

Correspondence: Sumeet Gujral, Department of Pathology, Tata Memorial Hospital, 727, Anexxe Bldg, Tata Memorial Hospital, Parel 400080, Mumbai,

India. E-mail: s_gujral@hotmail.com
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DOI: 10.1080/10428190903064824
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intensity of each antigen expression. We also report
the incidence of usual and atypical immunopheno-
types for each lymphoma group to emphasize the lack
of complete faithfulness of any one immunopheno-
type for a particular lymphoma type.

Material and methods

We analyzed 410 consecutive samples (bone marrow
(BM) and peripheral blood (PB)) received for FCIP
in a 4 year period (between 2003 and 2007). Thirty
out of these were follow-up cases and were excluded
from the study. Out of the remaining 380 new cases,
there were 356 cases of MBNHL, 12 cases of plasma
cell disorders, three cases of Burkitt lymphoma, and
nine cases of T-cell lymphoid neoplasm. Out of these
consecutive 380 samples, 136 were BM aspirates and
244 were PB samples. Histological and immunohis-
tochemical results of all tumors were reviewed, and
final diagnosis was obtained from them.

Immunophenotype was determined on isolated
EDTA collected PB and/or BM mononuclear cells
by FCM with a panel of monoclonal antibodies
(McADb) conjugated with Fluorescein iso-thiocynate
(FITC), Phycoerythrin (PE), and R-Phycoerythrin
Cyanin 5 (R-PE CY.5) (Table I). Lyse and wash
technique was performed to prepare the cells. Cells
were incubated in dark for 30 min at room tempera-
ture and washed with phosphate buffered saline.
Three color FCIP immunophenotyping was per-
formed on FACS Calibur (Becton-Dickenson, San
Jose, California) by collecting 10,000 ungated list
mode events, selecting an appropriate gate on the
combination of forward and side scatter, and analyz-
ing cells with the most appropriate gate. Cell quest
pro software was used. Tumor cells were stained with
various combinations of fluorochrome. Appropriate
isotypic controls were used.

Table I. Panel of monoclonal antibodies used with fluorochromes
conjugates.

FITC PE R-PE.CY.5
Iso G1 Iso G1 Iso G1
CD5 CD23 CD38
CD22 CD19 CD3
FMC7 CD79% CD10
Kappa Lambda CD20
IgM IgD Smlg
CDll1c CD103 CD25
CD56 CD138 CD38
CD56 CD2 CD16
CD4 CD3 CD8
TCRab TCRgd CD25

FITC, fluorescein iso-thiocynate; PE, phycoerythrin; R-PE. CY.5,
R-phycoerythrin cyanin 5.

Mature B cell non Hodgkin lymphoma 1291
Data analysis

An antigen was considered positive based on the
antigenic intensity and the percentage positivity of
the gated cells (> 20% of the gated cells). The
antigenic intensity was graded on a four quadrant
scatter plot. The fluorescence signals were recorded
in logarithmic mode. Antigen expression was then
classified as being negative (—), dimly positive (+),
moderately positive (+4), and strongly positive
(+++) using arbitrary relative mean fluorescent
intensity (MFI) values of 0 to 5, 5 to 10, 10! to
10 and more than 107, respectively on a log scale
[4]. The positive and negative values (PPV and NPV)
for CD5/CD23 antigenic combinations and for
FMC7 and CD79b were calculated.

Results

There were 286 males and 70 females with M:F being
4:1. Age ranged from 9 to 80 years with median age of
57 years. Chronic lymphocytic leukemia (CLL) was
the commonest subtype (68.5%) followed by follicu-
lar lymphoma (FL), mantle cell lymphoma (MCL),
splenic marginal zone lymphoma (SMZL), hairy cell
leukemia (HCL) (Refer Table II).

Cases were reviewed, correlated with BM, lymph
node (LN) and splenic biopsies (wherever available)
and the discrepant cases were re-evaluated. Lymph
node biopsy was available in CLL (67 cases), FL (20
cases), MCL (seven cases), and diffuse large B-cell
lymphoma (DLBCL) (four cases). Splenectomy
specimen was available in SMZL (four cases) and
HCL (one case). Table III shows the number of cases
where the diagnosis was revised after re-evaluation.

Table II. Incidence of MBNHL.

B-CLPD (n=356) No. of cases (%)
CLL 243 68.5
CLL/PLL 5 1.5
FL 30 8.5
MCL 20 5.5
SMZL 18 5

HCL 18 5

LPL/WM 2 0.5
DLBCL 5 1.5
B NHL unclassified 15 4

CLL, chronic lymphocytic leukemia; CLI/PLL, prolymphocytic
leukemia; FL, follicular lymphoma; MCL, mantle cell lymphoma;
SMZL, splenic marginal zone lymphoma; HCL, hairy cell
leukemia; DLBCL, diffuse large B-cell lymphoma; MBNHL,
mature B-cell non Hodgkin lymphoma; B-CLPD, B cell chronic
lympho-proliferative disorder; LPL/WM, lymphoplasmacytic
lymphoma/Waldenstrom’s macroglobulinemia; B NHL unclassi-
fied, B cell non Hodgkin Lymphoma, unclassified; LN, lymph
node; BM, bone marrow; SLL, small lymphocytic lymphoma.
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Consensus diagnosis was based on combining aspi-
rate and tissue morphology, FCIP and immunohis-
tochemistry studies. Discordance between FCIP and
tissue biopsy was seen in 27 cases (10.4%). Dis-
cordance was commonly observed in SMZL (28%),
MCL (25%), and CLL (5%). HCL, CLL-prolym-
phocytic leukemia (CLL/PLL) and DLBCL did not
show any discrepancy.

Expression patterns of CD5, CD23, FMC7 and
CD79b were studied in relation to various subtypes
of MBNHL (Refer Table IV). Cases were broadly
grouped into four categories based on the combina-
tion of antigenic expression of CD5 and CD23. PPV

and NPV of these antigenic expression patterns were
then calculated.

Expression pattern of CD5/CD23 in mature B-cell non
Hodgkin lymphoma

CD5+/CD234. CD5+/CD23+ antigenic expression
pattern is usually seen in CLL and CLI/PLL [1,2].
This pattern was seen in 85% of CLL and 80% of CLL/
PLL with a high PPV of 98%. Other cases showing
such included FL (one case), SMZL (one case) and B
NHL unclassifiable (two cases). Diagnosis of FL. and
SMZL were confirmed based on LN and splenic

Table III. Correlation between FCIP, LN, and BM biopsy.

Final diagnosis after Original diagnosis Revised diagnosis

evaluation (n=356) retained after evaluation Original diagnosis in which diagnosis was revised Discordance rate
CLL (n=243) 232 11 MCL (5 cases), B NHL (5 cases), CLL/PLL (1 case) 5%

FL (n=30) 27 3 SMZL (1 case), B NHL (2 cases) 10%
MCL (n=20) 15 5 B NHL (4 cases), CLL (1 case) 25%
SMZL (n=18) 13 5 B NHL (5 cases) 28%

HCL (n=18) 18 0 - -

B NHL (n=15) 12 3 SMZL (2 cases), Inconclusive (1 case) 20%
CLL/PLL (n=5) 5 0 - -
DLBCL (n=5) 5 0 - -
LPL/WM (n=2) 2 0 - -

FCIP, flow cytometric immunophenotyping; CLL, chronic lymphocytic leukemia; CLI/PLL, prolymphocytic leukemia; FL, follicular
lymphoma; MCL, mantle cell lymphoma; SMZL, splenic marginal zone lymphoma; HCL, hairy cell leukemia; DLBCL, diffuse large B-cell
lymphoma.

Table IV. Expression pattern of CD5/CD23 and FMC7/CD79b in various MBNHL.

SLIL/CLL CLL/PLL MCL FL SMZL HCL DLBCL LIPL/WM B-NHL
Immunophenotype N=243 N=5 N=20 N=30 N=18 N=18 N=5 N=2 N=15
CD5+/CD23+ 208/85% 4/80% 0 1/3.5% 1/5.5% 0 0 0 2/13.5%
FMC7—/CD79— 142 (32)/57% 1/20% 0 0 0 0 0 0 0
FMC7—-CD79%-+ 47 (15)/19% 1/20% 0 0 0 0 0 0 0
FMC7+/CD79b— 14 (3)/6% 1 (1)/20% 0 0 1 (1)/5.5% 0 0 0 0
FMC7+/CD79b+ 5 (3)2% 1 (1)/20% 0 1(1)/3.5% 0 0 0 0 2/13.5%
CD5+/CD23— 11/5% 0 19/95% 2/7% 1/5.5% 7/38.5% 1/20% 0 3/21%
FMC7—-/CD79b— 5 (3)2% 0 2 (2)/10% 0 0 2/11% 0 0 1/7%
FMC7—-/CD79+ 6 (4)/3% 0 7 (3)/135% 0 0 1/5.5% 0 0 1/7%
FMC7+/CD79b— 0 0 4 (1)/20% 0 1 (1)/5.5% 0 0 0 1/7%
FMC7+/CD79b+ 0 0 6/30% 2 (2)/7% 0 4/22%  1(1)/20% 0 0
CD5—/CD23+ 22/9.5% 1/20% 12/39% 5/27.5% 1/5.5% 1/20% 0 4/24.5%
FMC7—/CD79b— 17 (4)/7% 0 0 0 0 0 0 0 1 (1)/7%
FMC7—-/CD79b+ 3 (2)/1.5% 1 (1)/20% 0 1/3.5% 0 0 0 0 0
FMC7+/CD79b+ 1(1)/ 0.5% 0 0 0 2 (1)/11% 0 0 0 0
FMC7+/CD79b+ 1 (1)/ 0.5% 0 0 11(5)/35.5% 3 (1)/16.5% 1/5.5% 1(1)/20% 0 3/17.5%
CD5—-/CD23— 2/0.5% 0 1/5% 15/50.5% 11/61.5% 10/56% 3/60% 0 6/41%
FMC7—-/CD79b— 0 0 0 2 (2)/7% 0 1/5.5% 0 1/7%
FMC7—/CD79b+ 1 (1)/0.25% 0 1 (1)/5% 3(3)/10% 3 (2)/16.5% 1/5.5% 0 1 0
FMC7+/CD79b— 0 0 0 2 (2)7% 1 (1)/5.5%  4/22.5% 1/20% 0 1/7%
FMC7+/CD79b+ 1(1)/0.25% 0 0 8 (3)/126.5% 7 (2)/.5% 4/22.5% 2/40% 1 4/27%

Figures in brackets indicate number of cases where diagnosis was confirmed on tissue biopsy.

MBNHL, mature B-cell non Hodgkin lymphoma; CLL, chronic lymphocytic leukemia; CLL/PLL, prolymphocytic leukemia; FL, follicular
lymphoma; MCL, mantle cell lymphoma; SMZL, splenic marginal zone lymphoma; HCL, hairy cell leukemia; DLBCL, diffuse large B-cell
lymphoma; LPI/WM, lymphoplasmacytic lymphoma/Waldenstrom’s macroglobulinemia.
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biopsy respectively. Remaining two cases were labeled
as B NHL unclassifiable [5]. NPV for CD5+/
CD23+ was 73% in CLL and CLL/PLL.

CD5+/CD23—. CD5+4/CD23 — antigenic expression
pattern suggestive of MCL [1,2], was expressed in
19/20 cases (95%) of MCL, with a high NPV of 99%.
One case was labeled as MCL based on a LN biopsy.
Six cases of MCL also underwent LN biopsy. It had
a low PPV of 46% for MCL, as this pattern was also
seen in other B MBNHL like CLL (11 cases, 5%), FL.
(two cases, 7%), SMZL (one case, 5.5%), HCL (seven
cases, 38.5%), DLBCL (one case, 20%) and B NHL
unclassifiable (three cases, 21%). The diagnosis of all
these cases were confirmed based on LN biopsy (for
CLL, FL, DLBCL), and splenectomy specimen (for
SMZL), and expression of other antigens like CD25,
CD103, CD11cin HCL. Three cases were labeled as B
NHL unclassifiable. Four cases of CLL did not have
LN biopsy for confirmation, and were diagnosed based
on BM morphology, clinical features and rest of the
immunoprofile including negative expression of
FMCT7 (Table IV).

CD5—/CD23+. CD5—/CD23+ phenotype is usually
seen in FL, DLBCL, and SMZL [1,2]. This
phenotype had a low PPV of 47% but a good NPV
of 80%, for diagnosis of FL, DLBCL, and SMZL..
This phenotype was expressed in other subtypes as
well (9.5% of CLL, 20% of CLL/PLL, 5.5% of HCL
and 24.5% of B NHL unclassifiable). Eight out of 22
CLL cases had a LN diagnosis for confirmation,
whereas rest 14 cases were diagnosed based on rest
of the immunoprofile and FMC7 negativity [5]
(Table IV), BM morphology, and clinical features.

CD5—/CD23—. This phenotype is usually seen in
FL, DLBCL, SMZL,, and HCL [1,2]. It had a good
PPV and NPV (93% and 86%, respectively), to
detect these cases except in two cases of CLL and
one case of MCL which were confirmed on a LN
biopsy evaluation. There were six cases with this
phenotype, which could not be classified and were
labeled as B NHL unclassifiable.

Expression pattern of FMC7/CD79b

FMC?7 is usually absent in CLL, while CD79b is
negative or dimly expressed [2]. FMC7 and CD79b
were expressed in 10% and 29% of CLL cases. Out
of the 208 cases of CLL which were CD5-+/CD23+,
FMC7 was expressed in 19 cases (8%) only, while
CD79b was expressed in 52 cases (21%). FMC7 was
expressed in three out of 35 cases (8.5%,), CD79b in
12 out of 35 cases (34%) of atypical CLL (CD5
negative CLL). There was again a significant
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difference between the OR for the expression of
FMC7 and CD79b in atypical CLL. The PPV and
NPV for FMCY7 in diagnosis of CLL had been 80%.
The PPV and NPV for CD79b was 80% and 50%,
respectively.

Intensity of each antigenic expression in different
MBNHL subtypes was analyzed (Table V). CD19
had a predominantly strong expression in HCL
(89%) and SMZL (67%), moderate to strong
expression in CLLL. and MCL and moderate expres-
sion in FL (80%). CD5 had a predominantly
moderate expression in CLL (69%) and MCL
(85%), moderate to strong expression in FL (10%)
and SMZL (12%). CD23 had strong expression in
82% of CLL, while it was absent in all cases of MCL
and HCL (except one case). CD23 was also
expressed in FL (43%) and SMZL (33%) and a
few cases even showed moderate to strong expres-
sion. The expression of CD20 was strong in HCL
(88%), SMZL (72%) and FL (67%) while it showed
a moderate expression in CLL (63%) and MCL
(85%). CD22 had a moderate expression in SMZL
(83%), moderate to strong expression in MCL
(67%), and weak to moderate expression in CLL
(49%) and FL (52%). There was no statistical
difference between the antigenic intensities of
CD20 and CD22 to differentiate CLL from non
CLL cases. Also neither CD20 nor CD22 helped to
differentiate between CD54/CD23— CLL from
MCL (Table VI). CD79b showed a weak to
moderate expression in CLL (26%). It had a
moderate to strong expression in FL, MCL and
MZL. FMC7 was absent in 90% of CLL cases, and
in rest 10% of cases, it showed a heterogeneous
expression. It was also absent in 47% of MCL cases,
while in rest of the cases, it showed a moderate to
strong expression. These were confirmed on LN
biopsy as cyclin D1 positive MCL. The expression of
FMC?7 in FL, SMZL and HCL was predominantly
moderate. The expression of Smlg was moderate to
strong in all the cases. However, the strong intensity
of Smlg in MCL helped to differentiate MCL form
CD23 negative CLL. Smlg had a strong expression
in 60% cases of MCL as against 14.5% in CD23
negative CLL. This difference was significant (OR
for MCL =4, OR for CLL=0.2, P < 0.05, Table
VI). IgM showed a moderate to strong expression in
all the CLPD cases but was commonly expressed in
SMZL, MCL, and FL. CD38 showed a hetero-
geneous expression pattern in CLL (44%) and FL
(54%), while it was uncommon in HCL and SMZL..
It showed a moderate expression pattern in MCL.
CD10 showed moderate to strong expression in 93%
of FL cases. CDIl1lc had predominantly strong
expression in 67% of HCL cases and rest of the
cases showing moderate expression. CD25 was
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absent in 33% of HCL cases, while in rest it had weak
to moderate expression. CD103 showed weak to
strong expression in all cases of HCL.

Discussion

Current knowledge of MBNHL immunophenotyp-
ing is primarily based on studies of individual disease
entities [6]. The findings of these studies have often
been extrapolated with the inference that the
described immunophenotypes are diagnostic of the
corresponding disease entity. For instance, CD5 and
CD23 co-expression by a MBNHL is often con-
sidered diagnostic of CLL/SLL, and the absence of
CD23 in a CD5+ MBNHL is suggestive of MCL,
confirmed with cyclin D1 immunohistochemistry or
karyotyping t(11;14) [7]. Likewise, CD10 positivity
is considered to favor strongly a diagnosis of FL;
CD25, dual CD11c¢/CD22, and CD103 have all been
touted as being ‘diagnostic’ markers of HCL [8,9].
These assumptions have become widely accepted,
and yet the reliability of FCIP in accurately predict-
ing MBNHL diagnoses in subsequently obtained
tissue biopsy specimens has not been systematically
examined. We retrospectively reviewed MBNHL
cases (BM and PB) and the corresponding diagnostic
tissue biopsy specimens. Goal was to determine the
ability of FCIP to predict MBNHL classification and
thereby to formulate a diagnostic algorithm for
MBNHL sub classification on the basis of FCIP.
The cases were broadly grouped into four categories
based on the combination of antigenic expression of
CD5 and CD23. The PPV and NPV of different
patterns of CD5/CD23 combination, and of FMC7
(and CD79b) were calculated. By using this algo-
rithm we could subtype 92% of our cases (mainly
CLL, FL, MCL and SMZL). HCL is suspected on
clinical findings and morphology and the immuno-
phenotypic panel is accordingly planned. Most other
cases also had a classical morphology on a Giemsa
stain PB or BM aspirate like small cleaved cells of
follicular and MCLs and soccer ball like chromatin of
round cells of CLL.

These leukemia cases were referred to our labora-
tory for diagnosis and further sub-typing. We do not
perform FCIP on staging marrows, where a mor-
phological evaluation is followed by IHC (if neces-
sary). Though the frequency of BM involvement in
staging marrows for lymphoma has been reported
quite variably in the literature [10], no data exist in
the literature recommending use of FCIP to detect
lymphoma involvement in staging BM specimens.
Incidence of BM involvement in staging marrows in
case of peripheral lymphomas at our center is 31% in
B-cell lymphoma and 30% in T-cell lymphomas
(unpublished data). However cases presenting as
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leukemia are predominantly of B cell phenotype,
where MBNHL constituted 98% while T-cell NHL
were only 2% of all the mature lymphoid neoplasm.
Discordance between diagnosis by FCM and tissue
biopsy was seen in 27 cases (10.4%). It was seen that
SMZL had the highest discordance rate (28%),
followed by MCL (25%). High discordance rate in
SMZL could be attributed to unavailability of any
definitive diagnostic criteria which remains a diag-
nosis of exclusion. Cyclin D1 works well on the
biopsy sections but has limitations on the FCIP [6].
Rate of immunophenotypic discrepancies of antigen
expression in NHL involving different anatomic sites
simultaneously has been studied insufficiently. Dis-
cordance rates have been reported to vary from 10 to
22% [11,12].

Chronic lymphocytic leukemia

It was the commonest subtype in our study (68.5%).
Matutes er al. have proposed a scoring system based
on the expression and staining intensity of various
markers (CD5, CD22, CD23, FMC7, and Smlg)
and reported that the absence of expression of FMC7
is one of the most reliable markers, that differentiates
CLL from other B-cell neoplasms [5,13]. We used
this scoring system to distinguish CLL from other
MBNHL cases.

CD5 positive CLL: CD54/CD23+ phenotype
which is pathognomonic of CLL, was seen in 208
cases (85%) and had PPV of 98%. PPV and NPV for
CD5/CD23 for diagnosis of MBNHL have not been
extensively studied. Kaleem er al. have shown that the
phenotype of CD5+/CD23+ for diagnosis of SLL/
CLL was highly specific and had a high PPV (93%)
and NPV (99%), but was observed in only 90% of
the cases [14]. NPV for this phenotype to diagnose
CLL was only 73%, as rest 15% of CLL cases
showed other expression patterns of CD5/CD23
i.e. 5% showed CD5+/CD23— phenotype, 9.5%
showed CD5—/CD23+ phenotype and rest 0.5%
showed CD5—/CD23 — phenotype. All these cases
were labeled as atypical CLL. In the study conducted
by Kaleem et al., 10% of CLL cases showed other
CD5/CD23 phenotypes, out of which 7% showed
CD5+/CD23 — pattern [14]. Frequency of CD23
negativity in CLL is very low and support the
hypothesis that most cases reported as CLL with
CD23 negativity were actually leukemic phase of
NHL [15], commonly MCL [16,17]. In some
patients, it may be difficult to distinguish between
CLL and MCL on FCM and these cases might need
a LN biopsy for confirmation. When we analyzed the
expression of Smlg, CD20, CD22, FMC7 and
CD79b to find out which of these markers help to
differentiate CD23 negative CLL from MCL, it was
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observed that strong expression of Smlg in MCL
helped to differentiate MCL from CD23 negative
CLL. SmlIg had a strong expression in MCL (60%)
as against 14.5% in CD23 negative CLL. This
difference was significant (OR for MCL =4, OR
for CLL=0.2, P < 0.05, Table VI). Though absence
of FMCY7 favored a diagnosis of CLL in all 11 cases
(100%) with CD5+/CD23 — phenotype, it however
did not help to differentiate from MCL, because 10/
19 cases (53%) of MCL showed absence of FMC7.
These cases were differentiated from each other
because of different antigenic intensity levels of
Smlg. Matutes et al. have also reported that high-
intensity Smlg expression, and a high percentage
of FMC7+cells, with the CDI19+/CD5+ and
CD23 — phenotype is most consistent with MCL
[5]. Although few of the studies have shown that
CD22 and CD20 expression 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 [4,16-20],
our study did not show such discrimination. Expres-
sion of CD22 and CD20 was moderate in CLL as
well as in non CLL cases (Table V), a finding
supported by Monaghan er al. [21] and Delgado
et al., [22] who have shown that CD20 is of little
diagnostic value in differentiating CLL from other
MBNHL. Also the expression CD79b was of little
diagnostic value in discriminating CLL from non
CLL cases, since CD79b was expressed in 21% of
CLL cases with low NPV of 50%. However on the
other hand, FMC7 was expressed in only 10% of
CLL, in comparison to 15% as reported elsewhere
[22] with a good PPV and NPV of 80% respectively.
Thus FMC7 can be used as a useful marker to
differentiate CLL from non CLL cases in combina-
tion with analysis of intensity of Smlg and the
continued use of these two antibodies has been
recommended [4,21,22].

CD5 negative CLL: Several recent studies have
identified a subset of ‘CD5 —negative CLLs’ which
reportedly constitute from 0 to 36% of CLL [23-31].
In our study CD5 negative CLL constituted 10% (24
cases) of all CLL cases, out of which 9.5% had
CD5 —/CD23+ phenotype and 0.5% had CD5—/
CD23 — phenotype. Twenty one out of 24 cases had
absence of FMC7 and moderate Smlg expression
and therefore were labeled as such based on CLL
scoring system [5]. Rest of the three cases where
FMC7 was positive, and were labeled as CLL after
LN biopsy correlation. But these cases also showed
moderate expression of Smlg as against strong
expression which was seen in non CLL cases. Sheikh
et al., [32] have shown that these cases may represent
somewhat unusual MBNHL, with morphologic
features and immunophenotypic profile not readily

classifiable, but which are certainly atypical for classic
CLL. Some of these features are reminiscent of those
seen in SMZL.

Mantle cell lymphoma

MCL constituted 5.5% of all MBNHL. CD5+/
CD23 — antigenic expression pattern which is classi-
cal of MCL [33], was expressed in 19/20 cases (95%)
of MCL, with a high NPV of 99%. Absence of this
pattern ruled out the diagnosis of MCL except for
one case. The neoplastic cells in an individual case of
MCL are most often monotonous and small with
irregular nuclear contours [33,34]. Immunopheno-
typically, the neoplastic cells have a CD5+ monoclo-
nal B-cell phenotype, do not express CD23, may
rarely express CD10, and have moderately intense
surface immunoglobulin expression [4,35,36]. But
this expression pattern had a low PPV of 46% for
MCL, as this pattern was also seen in other
MBNHL. One case of MCL diagnosed on LN
biopsy revealed CD5 negativity (FITC labeled) on
FCIP. Unusual cases of bcl-1+and CD5- MCL
have been reported in literature, which pose a
practical challenge for correct diagnosis and manage-
ment [37-39].

Follicular lymphoma

FL constituted 8.5% of all MBNHL. FL usually has
CD5—-/CD23—/CD10+ or CD5—/CD23+/CD10+
phenotype [40]. In our study, 50.5% (15 cases)
showed CD5—/CD23—/CD10+ phenotype and
39% (12 cases) showed CD5—/CD23+/CD10+
phenotype. CD5—/CD23—/CD10+had a good
PPV and NPV (93% and 86%, respectively). How-
ever, CD5—/CD23+/CD10+had a low PPV of
43%. Another study has revealed that 30% of FL
express CD23 with CD10, and another 5% express
only CD23 [14]. Despite the fact that a substantial
proportion of FLs may express CD23, several
authoritative sources do not indicate CD23 expres-
sion as a variable feature of FL [40]. There were
three cases of FL that were CD5 positive (confirmed
on biopsy), out of which one case was CD23 positive
and the rest two were CD23 negative. The co-
expression of CD5 and CDI10 is highly unusual
because CD5 is expressed by a subpopulation of
prefollicular mantle zone cells that lose CD5 as they
differentiate into follicular cells and acquire CD10
[20]. Rarely CD5 has been expressed in conjunction
with CD10 in cases with well-documented diagnoses
of FL [41-45]. There were two cases of FL. which
were CD10 negative (7%). CDI10 is a marker for
germinal center (GC) B cells, and its expression
suggests that GC B cells are a normal counterpart of

RIGHTS



Leuk Lymphoma Downloaded from informahealthcare.com by University of Montreal on 12/01/14
For personal use only

FL [46]. However, some reports, described the
existence of CD10 negative FL, especially in high-
grade (grade 3) FL [47-50].

Splenic marginal zone lymphoma

SMZL constituted 5.5% of MBNHL cases. Eleven
out of 18 cases (61.5%) showed the CD5—/CD23 —
phenotype, while five cases (27.5) showed CD5—/
CD23+ phenotype. PPV and NPV for CD5—/
CD23 — phenotype to detect SMZL was 93% and
86%, respectively, however the PPV for CD5—/
CD23+ was low (43%). There was one case each of
SMZL which showed CD54/CD23+ and CD5+/
CD23 — phenotype respectively. Diagnosis of SMZL
by FCIP is usually by exclusion. Positivity for CD5 in
SMZL has been reported in few cases [51,52].

Hairy cell leukemia

HCL also constituted 5.5% of MBNHL cases.
CD25 was expressed in only two thirds of cases,
consistent with previously reported figures (66—-75%)
[53,54], whereas CD11lc and CD103 were more
consistent marker, found in all of our 18 cases
(Table VII). Ten out of 18 cases (56%) showed
the typical CD5—/CD23 — phenotype, seven cases
(38.5%) showed CD5+/CD23 — phenotype and one
case showed CD5—/CD23+ phenotype. PPV and
NPV for CD5—/CD23 — phenotype to detect HCL
were good (93% and 86%, respectively).

Diffuse large B-cell lymphoma

There were five cases of DLBCL constituting 1% of
all MBNHL cases. Only one case expressed CD5.
Newer WHO classification defines a separate entity
of CD5 positive DLBCL [3,45,55].

B NHL, unclassifiable

There were 15 cases of MBNHL (4%) which
were not classifiable into any of the subtypes and
were labeled as B NHL unclassifiable. Morpho-
logical and immunophenotypic features did not fit
into any of the defined WHO categories and
these cases didn’t have a tissue biopsy for further
confirmation.

There were a few drawbacks of this study. We did
three color immunophenotyping with FSC/SSC
gating. CD19 gating was done in very few selected
cases. We did 13-20 antibodies per case (mean = 15)
and our panel is more B cell centric with only two T-
cell markers (CD3 and CD5). CD4 and CD8 were
done in those selected cases only where a suspicion of
T cell lymphoma was there. CD43 is a popular
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Table VII. Individual marker expression in various subtypes of MBNHL.
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CLL, chronic lymphocytic leukemia; CLI/PLL, prolymphocytic leukemia; FL, follicular lymphoma; MCL, mantle cell lymphoma; SMZL, splenic marginal zone lymphoma; HCL, hairy cell

leukemia; DLBCL, diffuse large B-cell lymphoma; MBNHL, mature B-cell non Hodgkin lymphoma.
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marker, however was not done in our study [5,6].
Molecular genetics was available in selected few
cases. We did not include staging BM for FCIP.
Cases of BL and plasma cell dyscrasia were excluded
from the analysis. Correlation with complete blood
counts, clinical and treatment follow up was not
done.

Conclusion

Lymphoma diagnosis is a multi-parameter approach.
Many B-cell lymphomas cannot be fully sub classi-
fied by FCIP alone as no singular disease entity—
specific antigen expressed on the cell surface has
been identified. However, if the results of FCIP are
critically evaluated and information regarding both
the staining intensity and the presence or absence of
certain antigens is recorded, they can provide useful
information and serve as a guide to determine which
cases require further tissue procurement or ancillary
genetic studies. Understanding of intensities of
different antibodies and of the fluorochromes used
for conjugation is important. CD5-FITC combina-
tion produces a weak intensity and this could lead to
false interpretation of results and reporting of CD5
negative CLL. Moreover there are exceptions to the
rules as MCL have been reported to express CD23
[56]. 2006 Bethesda international consensus guide-
lines define an extensive reagent panel suitable for
both AL and MBNHL [57]. Indian Guidelines,
however, recommend a minimal primary panel for
evaluating mature lymphoid neoplasms including
CD19, CD5, CD23, CD10, FMC7, CD20, CD3,
kappa and lambda [58] followed by a more compre-
hensive panel, if required, including CD38, CD138,
CD43, CD56, CD16, CD11c, CD25 and CD103.
This panel hopefully brings about uniformity and
comparability in reporting of hematolymphoid ma-
lignancies and bridges the divide between low-cost
reporting and an accurate diagnosis. We could
further sub-classify 92% of our MBNHL cases based
on above panel (in association with biopsy material).
Clinical and morphological details should be taken
into consideration for deciding the primary panel.
CD234+FMC7—in a CD5+ MBNHL is highly
suggestive of CLL. Additional markers like light
chain restriction (or Smlg) on FCIP, and cyclin D1
on tissue specimen are helpful. Whether addition of
CD79b is warranted, or cost effective, is not as clear
because there was very little correlation between
CD79b and FMC?7 staining patterns. CD23 was
commonly expressed in CLL and FL, while was
uncommon in SMZL and HCL and absent in MCL.
High discordance rate seen in SMZL could be
attributed to unavailability of any definitive diagnos-
tic criteria.
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