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Learning objectives

1.Define low-grade B-cell lymphomas and 

describe their morphologic and 

immunophenotypic and molecular features.

2.Discuss the molecular evolution patterns of 

Richter transformation.

3.Describe the diagnostic criteria for hairy cell 

leukemia and its distinguishing features with 

hairy cell leukemia variant (Splenic B-cell 

lymphoma/leukemia with prominent nucleoli).
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Outline

• Chronic lymphocytic leukemia (CLL)

• Monoclonal B cell lymphocytosis (MBL)

• Leukemic non-nodal mantle cell lymphoma

• Lymphoplasmacytic lymphoma

• Hairy cell leukemia (HCL) and hairy cell 

leukemia variant (HCL-v)
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• Mature B-cell neoplasm composed of small, 
monomorphic lymphocytes with aberrant co-
expression of CD5

• Monoclonal B-cells ≥5 x 109/L in peripheral blood

• Most common leukemia of adults in the Western 
world
– 4.7/100,000, annually 

– 7% of all non-Hodgkin lymphomas

– 18,740 new cases in 2023; 1% of all cancer; 4490 
deaths in 2023

• Median age at diagnosis is 70 years

• Men>women (1.5-2:1)

Chronic Lymphocytic Leukemia

https://seer.cancer.gov/statfacts/html/clyl.html
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Morphologic features of CLL in PB and BM

• Small mature lymphocytes with clumped 

chromatin 

• Prolymphocytes <15% in typical CLL

– May be more in atypical CLL with trisomy 12

– >55% prolymphocytes= B-prolymphocytic leukemia

• BM involvement may be nodular, interstitial, 

and/or diffuse 

– Paratrabecular is not typical 



Interstitial Nodular Diffuse
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• Expanded PC’s in LN 
involved by CLL are 
associated with poor 
outcome

– Larger than one 20x field 
and/or confluent 
proliferation centers

• Less common in BM 
compared with lymph 
node specimens (~10%)

• Associated with young 
age, increased B 
symptoms, high Rai 
stage, and TP53 
alterations

• Recommend mentioning 
in pathology report 

Garces S. Hum Pathol. 2018 Aug 4. pii: S0046-8177(18)30298-3.

CLL proliferation centers in BM

Sofia Garces, MD
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Immunophenotype of CLL/SLL

• CLL/SLL is a CD5+ B-cell lymphoma 

• Decreased intensity of CD20, CD22, 

CD79b and surface light chain expression 

compared with normal B cells

• Frequently positive for CD23, CD200, 

CD43 

• Negative for FMC-7 (97%) and CD103 

(100%)
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CLL/SLL with typical immunophenotype



Proliferation centers of CLL show increased 

cyclin D1, MYC, p53 positive cells

p53

MYC Ki67

B

C D

A

Garces S. Hum Pathol. 2018 Aug 4. pii: S0046-8177(18)30298-3. Gradowski JF Am J Clin Pathol. 2012 Jul;138(1):132-9.
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Comparison of flow cytometric immunophenotype of CD5+ 

small B-cell lymphomas

Antigen CLL/SLL Mantle cell 

lymphoma

CD5+ 

Marginal zone

lymphoma

% Positive Intensity % Positive Intensity % Positive Intensity

CD20 99% + 100% +++ 100% +++

CD22 74% + 100% +++ 91% ++

CD79b* 44% + 100% ++ 100% +++

CD43 91% ++ 26% + 9% +

CD23* 82% + 0% 0%

CD11c 12% + 8% + 45% +

CD200* 98% +++ 8% ++ 64% +++

FMC7 3% ++ 84% +++ 64% ++

Kappa 50% + 55% ++ 86% +++

Lambda 40% + 45% +++ 14% ++

Starostka D. Cytometry B Clin Cytom. 2018 Jul;94(4):576-587.

* CD200 and CD23 in combination able to distinguish CLL from MCL in 98% of cases
* CD79b intensity and CD23 in combination able to distinguish CLL from MZL in 99% of cases
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CLL/SLL with atypical immunophenotype

• CD5, CD23 negativity; bright 

expression of Ig light chains, 

CD20, CD22, CD79b, or 

FMC7 positivity

• Often associated with trisomy 

12

• Differential diagnosis includes 

mantle cell lymphoma, 

marginal zone lymphoma, and 

other low-grade lymphomas

– CD200 (immunoglobulin 

superfamily membrane 

glycoprotein) is nearly always 

bright positive in atypical 

CLL/SLL

• Frequently positive in 

leukemic (indolent) mantle 

cell lymphoma

Ting YS Int J Lab Hematol. Int J Lab Hematol. 2018 Oct;40(5):533-539. Hu Z Mod Pathol. 2018 Feb;31(2):327-336.

Zhihong Hu, MD Sa Wang, MD
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CLL with atypical morphology
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Mutations of potential clinical relevance 

in CLL

• TP53, NOTCH1, SF3B1, ATM, 

and BIRC3.

– ATM, clonal SF3B1, and both 

clonal and subclonal 

NOTCH1 mutations predict 

shorter time to first treatment 

irrespective of the IGHV

status 

– Clonal and subclonal TP53

and clonal NOTCH1

mutations predict shorter 

overall survival together with 

the IGHV status.

Nadeu F et al. Blood. 2016 Apr 28;127(17):2122-30Rossi D. Leuk Lymphoma. 2017 Jul;58(7):1548-1560.



CLL prognosis and risk stratification 

• CD49d expression

– >30% cells 

positive

• Unmutated IGHV 

• ZAP-70 expression

• 11q22-23/ATM 

deletion 

• 17p13/TP53 

deletion 

High risk

• TP53 and/or BIRC3 alterations

• Account for 15–20% of newly diagnosed CLL

• 10-year survival of 29%

intermediate-
risk

• NOTCH1 and/or SF3B1 mutations and/or del11q22-23 (no 
BIRC3 and TP53 abnormalities)

• 15–20% newly diagnosed CLL

• 10-year survival of 37%

low-risk

• Trisomy 12 or no recurrent genetic lesions

• Account for 40% of newly diagnosed CLL

• 10-year survival of 57%

very low-risk

• del13q14 alone

• Account for 20–25% newly diagnosed CLL

• Nearly normal life expectancy with a 10-year survival  of 
69%

Integrated mutational and cytogenetic risk modelAdverse prognostic 

biomarkers

.

Rossi D. Blood. 2013 Feb 21;121(8):1403-12.

.

.

Bulian P.J Clin Oncol. 2014 Mar 20;32(9):897-904.
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Patterns of clonal evolution in 

CLL/SLL transformation

Agbay RL. Am J Hematol. 2016 Oct;91(10):1036-43.

Rose Agbay, MD

Joseph Khoury, MD
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Predictive biomarkers of CLL/SLL

• 17p13 deletion on FISH and TP53 mutation on sequencing
– Cumulative incidence of both is 10% at the time of first-line treatment, 

and 20–40% in relapsed CLL

– Defective TP53: CLL cell apoptosis cannot be triggered in response to 
chemotherapy>> poor response to chemo

– Shorter time to treatment, inferior response to treatment 

– Increased resistance to chemotherapy 

– Increased risk of Richter transformation 

– Shorter survival (<3 years) from initiation of therapy
• Young patients referred for transplant

• Ibrutinib is effective in CLL/SLL with TP53 deletion 
– TP53 independent disruption of prosurvival signaling that leads to 

apoptosis

– While effective, most patients ultimately relapse 

• Guidelines recommend testing for TP53 deletion and TP53 mutation 
for patients requiring therapy.

Jones J. Br J Haematol. 2018 Aug;182(4):504-512.
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The clinical relevance of subclonal 

TP53 mutations
• TP53 mutations may be subclonal, nevertheless they are 

important to report

– Crucial to assess at each disease progression requiring 

treatment 

– Requires sensitive methods (NGS); Sanger sequencing is 

suboptimal

Rossi D. Leuk Lymphoma. 2017 Jul;58(7):1548-1560.
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Predictive biomarkers of CLL/SLL
• The immunoglobulin heavy variable (IGHV) 

gene of CLL can accumulate mutations as a 

result of somatic hypermutation. 

– Mutated IGHV (<98% homology compared 

with germline sequence) is more common 

(60%) in untreated, asymptomatic CLL

– Unmutated IGHV (≥98% homology) is 

more common in progressive (50-60%) and 

relapsed (70-80%) CLL

– IGHV mutation status reflects the 

propensity of the CLL clone to proliferate in 

response to microenvironmental stimuli 

• IGHV mutated CLL does not 

proliferate in response to BCR 

stimulation

– Overall PFS of IGHV mutated CLL is longer

• Upon treatment with ibrutinib or 

idelalisib, the PFS of IGHV unmutated 

patients is similar to that mutated 

cases.

– Guidelines indicate analysis is desirable; 

repeat testing is not required. 

Rossi D. Leuk Lymphoma. 2017 Jul;58(7):1548-1560.
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Predictive biomarkers of CLL/SLL

• NOTCH1 mutations are present in  ~15% of CLL 
– Frameshift or non-sense events clustering in exon 34

– The c.7544_7545delCT deletion constitutes 80% of 
all mutations 

– Non-coding 3' UTR  mutations are less common >> 
aberrant splicing resulting in a deletion of the last 158 
coding bases of exon 34, with less clear clinical 
significance. 

• Exon 34 mutations may predict lack of benefit from 
the addition of rituximab to FC. 
– NOTCH1 mutated CLL express lower levels of CD20, 

the target of rituximab

Rossi D. Leuk Lymphoma. 2017 Jul;58(7):1548-1560.
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Resistance to BTK therapy 

• CLL cells are driven by activation of B-cell receptor 
(BCR) signaling 

• BTK  is a key component of the BCR signaling 
pathway

• BTK inhibitors covalently bind to BTK leading to 
abrogation of BCR signaling>> durable remission

• A subset of patients develop drug resistance 
– Progression

– Transformation (Richter)

• BTK p.C481 mutations disrupt irreversible covalent 
binding of BTKi to BTK

• Mutations in phospholipase C gamma 2 (PLCG2) 
down-stream of BTK>> autonomous BCR activity

Woyach JA et al. J Clin Oncol. 2017;35:1437-1443 Woyach JA, et al. N Engl J Med. 2014;370:2286-2294



66% BTK, SF3B1 more frequent in RT

Kanagal-Shamanna R et al. Cancer. 2019 Feb 15;125(4):559-574.

Deep sequencing of BTKi-resistant CLL with 

disease progression and Richter transformation

Rashmi Kanagal-Shammana, MD

L. Jeffrey Medeiros, MD
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Outline

• Chronic lymphocytic leukemia (CLL)

• Monoclonal B cell lymphocytosis (MBL)

• Leukemic non-nodal mantle cell lymphoma

• Lymphoplasmacytic lymphoma

• Hairy cell leukemia (HCL) and hairy cell 

leukemia variant (HCL-v)
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Monoclonal B-cell Lymphocytosis

• Monoclonal B-cells < 5 x 109/L in peripheral blood

– No lymphadenopathy, organomegaly or other 

extramedullary involvement

– Full prognostic work up is recommended  

CLL-type

• 3.5-12% of healthy individuals

• 75% of all cases

• CD19+,CD5+/CD23+/CD20dim

• Dim monotypic or no surface 
Ig

• low-count/clonal B cell 
expansion (< 0.5 x 109/L)

• MBL (≥ 0.5 x 109/L)

• Usually has mutated IGHV (75-
90%) and shares genetic 
abnormalities with CLL 

Atypical CLL-type

• CD19+,CD5+, CD20 bright 

• Moderate to bright monotypic 
surface Ig

• CD23 +/-

• Must exclude mantle cell 
lymphoma and other B-cell 
LPDs

Non-CLL-type

• CD5-, CD19+, CD20+

• Moderate to bright monotypic 
surface Ig

• May be transient 

• Must exclude specific 
lymphoma entities 

• May be related to SMZL (7q 
alterations, subsequent 
splenomegaly)

Marti GE Br J Haematol. 2005 Aug;130(3):325-32. Alaggio R. Leukemia. 2022 Jul;36(7):1720-1748.
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Outline

• Chronic lymphocytic leukemia (CLL)

• Monoclonal B cell lymphocytosis (MBL)

• Leukemic non-nodal mantle cell lymphoma

• Lymphoplasmacytic lymphoma

• Hairy cell leukemia (HCL) and hairy cell 

leukemia variant (HCL-v)
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Leukemic non-nodal mantle cell 

lymphoma
• Peripheral blood, bone marrow, +/-

splenic involvement 

– No significant lymphadenopathy 

(LNs<1-2 cm)

• Morphologically resembles CLL/SLL

• CD5 may be negative, SOX11-

negative, CD200 frequently positive

• IGHV hypermutated 

• Genomically more stable/less 

complex than classic MCL

• May progress

– Acquisition of TP53 alterations

MCL with CLL-like morphology

Classic MCL

Hu Z Mod Pathol. 2018 Feb;31(2):327-336. Swerdlow SH Blood. 2016 May 19;127(20):2375-90c



Hu Z Mod Pathol. 2018 Feb;31(2):327-336.MCL ~4% CD200+; ~44% leukemic, non nodal



TP53 mutations are common in mantle cell lymphoma, 

including the indolent leukemic non-nodal variant

Sakhdari A. Ann Diagn Pathol. 2019Aug:41:38-42.

Ali Sakhdari, MD
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Outline

• Chronic lymphocytic leukemia (CLL)

• Monoclonal B cell lymphocytosis (MBL)

• Leukemic non-nodal mantle cell lymphoma

• Lymphoplasmacytic lymphoma

• Hairy cell leukemia (HCL) and hairy cell 

leukemia variant (HCL-v)
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Lymphoplasmacytic lymphoma

 Neoplasm of small B-cell, plasmacytoid lymphocytes and plasma cells

• Frequently involves BM, sometimes LN spleen, and liver

• >90% harbor the MYD88 L625P mutation

– Not specific or required

• Frequently associated with paraproteinemia, mostly IgM 

– LPL with BM involvement and IgM paraproteinemia of any concentration: 

Waldenstrom macroglobulinemia 

– Hyperviscosity syndrome, neuropathy, hemolytic anemia, immune-complex 

vasculitis 

• Incidence: 3.8/1000,000 per year

• Median age at diagnosis: 7th decade 

• Men>women (2:1)

• Virtually always preceded by IgM MGUS

– The 5- and 10-year PFS for IgM MGUS to WM is 90% and 81%, respectively

• 10 year survival rate is 66%

Gertz MA. Am J Hematol. 2017 Feb;92(2):209-217.
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Morphologic features of LPL/WM

• BM involvement may be nodular, diffuse, interstitial or 

paratrabecular 

• Small lymphocytes admixed with plasma cells, plasmacytoid 

cells and increased mast cells
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Features helpful in differentiating LPL 

from marginal zone lymphoma

• Paratrabecular 

involvement

• Lymphoplasmacytoid 

cells and Dutcher 

bodies

• Increased mast cells

• MYD88 L265P

Bassarova A Am J Clin Pathol. 2015 Jun;143(6):797-806.
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Immunophenotype of LPL

Konoplev S Am J Clin Pathol. 2005 Sep;124(3):414-20.

positive for CD200 can be positive, not as bright as HCL

Plasma cells express monotypic light chain, less likely to have CD56

usually retain CD19 and CD45, more likely to be PAX5+/MUM1-

Pillai V et al. Am J Clin Pathol. 2013 Oct;140(4):536-43

Sandes AF et al. Cytometry B Clin Cytom. 2014 Mar;86(2):98-105. 
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Genetic alterations in LPL

• 6q deletion is present in 42% of patients and is 

associated with an adverse prognosis

– More common in BM-based disease

• MYD88 L265P mutation is present in >90% of cases

–  MYD88 signaling>> aberrant NFκB signaling 

• Truncating CXCR4 mutations are present in ~30%

– S338X or frameshift

– Similar germline mutations in WHIM syndrome

– Associated with more symptomatic disease 

– Associated with resistance to ibrutinib and everolimus in 

animal models

• ARID1A (17%), TP53, CD79B, KMT2B and MYBBP1A 

mutations are also seen (less common).

0
20
40
60
80

100

MYD88 p.L265P in B-cell neoplasms 

Treon SP. N Engl J Med. 2012; 367(9): 826.

Dimicoli S. PLoS One. 2013; 8(8): e71120.

Jimenez C. Leukemia. 2013; 27(8): 1722.

Varettoni M. Blood. 2013; 121(13): 2522.
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Interesting case: DLBCL, non-GCB
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Staging bone marrow 

Positive for MYD88 L265P
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DLBCL, non-GCB subtype

Large cell transformation of previously undiagnosed LPL/WM
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Outline

• Chronic lymphocytic leukemia (CLL)

• Monoclonal B cell lymphocytosis (MBL)

• Leukemic non-nodal mantle cell lymphoma

• Lymphoplasmacytic lymphoma

• Hairy cell leukemia (HCL) and hairy cell 

leukemia variant (HCL-v)
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Hairy Cell Leukemia

• Indolent neoplasm of small mature B-cells

• Rare disease; 2% of all lymphoid leukemias

• Annual incidence: 0.3/100,000
– 1000 new cases every year in the US

• Median age at diagnosis: 58 years

• Men>women (4:1)

• Much more frequent in Caucasians 

• Most common sites of involvement: bone marrow, 
spleen; less commonly in lymph nodes and liver

• Patients present with pancytopenia including 
monocytopenia
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Morphologic features of HCL
• Small to medium-sized cells 

• Oval or indented nuclei

• Absent or inconspicuous nucleoli 

• Abundant cytoplasm, circumferential hairy projections

• Interstitial or patchy involvement 

• Lymphoid cells are widely spaced

• Fried-egg appearance (abundant 

cytoplasm)

• No mitotic figures

• Increased reticulin fibrosis 
in vitro exposure of primary HCL cells to

BRAF & MEK inhibitors>>dephosphorylation of

MEK/ERK>>silences the RAS-RAF-MEK-ERK pathway >>loss 

of the HCL-specific gene expression

profile signature>>reverses the morphology of hairy cells to

smooth cells and eventually apoptosis.

Maitre E et al. Am J Hematol. 2019 Dec;94(12):1413-1422. 
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Beware of the “erythroid predominant 
BM” in a pt with pancytopenia



Immunohistochemical 

features of HCL 

• Cyclin D1

• Not associated with CCND1 

rearrangement

• Annexin A1 (nuclear and 

cytoplasmic) is most specific

• SMZL and HCL-v are 

negative

• Positive in myeloid cells and 

T cells

• DBA.44 is sensitive but not 

specific

• Positive in 50% of SMZL

Annexin A1*

Cyclin D1

Miranda RN Mod Pathol. 2000 Dec;13(12):1308-14.

*Image from  Sherman M Am J Clin Pathol. 2011 Sep;136(3):390-9.
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HCL immunophenotype by flow 

cytometry 
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BRAF V600E in HCL
• BRAF V600E is the genetic hallmark of HCL

– Disease defining event

– Present in nearly all cases of HCL

• Except those HCL cases expressing the VH4-

34 IGHV 

• Absent in HCL variant (“splenic B cell 

lymphoma/leukemia with prominent nucleoli”)

– Leads to Ras-independent MAPK activation 

leading to hyperactivation of ERK

• BRAF V600E IHC is useful for diagnosis

– Also useful for MRD assessment

Tiacci E N Engl J Med. 2011 Jun 16;364(24):2305-15.

Xi L Blood. 2012 Apr 5;119(14):3330-2.

BRAF V600E

CD20

https://www.ncbi.nlm.nih.gov/pubmed/?term=Both+variant+and+IGHV4-34-expressing+hairy+cell+leukemia+lack+the+BRAF+V600E+mutation
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The VH4-34 molecular variant of 

HCL
• Expresses VH4-34, a gene commonly used in 

autoimmune disorders

• More commonly IGHV unmutated 

• More profound leukocytosis 

• Lacks BRAF V600E mutations

• Activating MAP2K1 mutations

• HCL-classic phenotype (CD25+, CD123+, annexin 
A1+)

• Aggressive disease course and inferior response 
to therapy with purine analogues

• May be more closely related to HCL-v 

Arons E Blood. 2009 Nov 19;114(21):4687-95
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Hairy cell leukemia-variant

• B-cell chronic lymphoproliferative disorders that resemble HCL 

(CD103+, CD11c+, DBA.44+) but have variant hematologic, 

morphologic, immunophenotypic or genetic features

• Less common than HCL (0.03/100,000 annually)

• Median age at diagnosis: 70 years

• M>F

• Patients present with splenomegaly (90%), leukocytosis (77%), and 

lymphocytosis (82%)

• Resistant to conventional HCL therapy (cladribine) 

• 5-year survival is 57-84%

Angelova EA. Mod Pathol. 2018 Nov;31(11):1717-1732. 

Eva Angelova, MD



@sanamloghaviAlaggio R. Leukemia. 2022 Jul;36(7):1720-1748.

Hairy cell leukemia-variant (now: splenic B cell 

lymphoma/leukemia with prominent nucleoli
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B-prolymphocytic leukemia: Is it time 
to retire this entity?

Siba El Hussein, MD

El Hussein S. Ann Diagn Pathol . 2021 Oct:54:151790.  

L. Jeffrey Medeiros, MD
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Morphologic features of HCL-v

Courtesy of Dr. R Kanagal-Shamanna
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Cytomorphologic spectrum of B-cell leukemia lymphoma 

with prominent nucleoli (AKA HCL-v)

Hairy projections Oval nuclei, small nucleoli

Binucleation Convoluted nuclei Blastic chromatin 

Angelova EA. Mod Pathol. 2018 Nov;31(11):1717-1732. 
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HCL-v immunophenotype 

Example

Example

Angelova EA. Mod Pathol. 2018 Nov;31(11):1717-1732. 
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Immunohistochemical features of HCL-v

CD20 DBA.44

Annexin A1 Cyclin D1
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Key differences between HCL and HCL-v

Hematologic 

• More prominent 
leukocytosis

• Lack of 
monocytopenia

Morphologic 

• Neoplastic cells 
with prominent 
nucleoli

• Blastic or 
convoluted 
nuclei

• Absence of 
circumferential 
shaggy 
contours

• No significant 
BM fibrosis 

• Sinusoidal 
infiltration 

Immunophenotypic

• Absent CD25, 
CD123, 
CD200,

• Absent Annexin 
A1

• Absent TRAP

Genetic

• Wild-type 
BRAF

• Mutant 
MAP2K1**

• 60% have 
unmutated 
IGHV

• TP53 deletion 
(42%)

• ATM deletion 
(22%)

• Preferential 
usage of 
IGHV4-34

**Only seen in 1/14 cases in a recent series at MDACC

Angelova EA. Mod Pathol. 2018 Nov;31(11):1717-1732. 
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B-cell leukemia lymphoma with 

prominent nucleoli- DDX

Other “transformed splenic B cell 
lymphoma” – here we favored SMZL



#hemepathMDA



Thank you for your attention! 

sloghavi@mdanderson.org
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