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Molecular Studies in Small B cell Lymphomas

ÅGuide management estrategies

ÅUnderstanding evolution of the disease

ÅPrognostic groups and risk stratification

ÅDifferential diagnosis of disease subtypes



Chronic Lymphocytic Leukemia /Monoclonal B-cell Lymphocytosis

ÅDiagnostic criteria

ÅCLL: Ó5 × 109/L clonal CD5+ B lymphocytes in blood, Ó 3 months

ÅSLL: Tissue involvement; proliferation centers  

ÅGenetic and Molecular

Å IGHV mutational status

Å11q, 12, 13q, 17p (FISH)

ÅTP53 mutations

ÅOthers prognostic parameters need further studies (e.g. subclonal

TP53 mut; BCR stereotypes, IGLV3-21R110; Complex karyotypes

(Ó 3 or 5 in debate) 

Hallek et al Blood 2018;131(25):2745-2760.
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Chronic Lymphocytic Leukemia
Clinical Impact of Molecular and Genetic Subtypes

Zenz et al., Nat Rev Cancer 2010 Dohner et al, NEJM, 2000

ÁCut -off 98% Homology with the germ line
ÁUnmutated CLL has shorter time to therapy initiation, 

shorter remission during therapy and shorter overal 
survival

ÁRoutinely detected by FISH del (11q), trisomy 12, del (13q) 
del (17p)
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CLL Prognosis: Cytogenetic and IGHV Mutational status

Al-SawafO et al  J Clin Oncol 2021;39:4049-60

FCR IGHV MUT

FC IGHV MUT

FC IGHV UNMUT

FCR IGHV UNMUT

Fisher K et al Blood 2016 ;127:208-15 



The Driver Genomic Landscape of CLL (WG/ES 1148 patients)

Numbers from Knisbacher, Lin, Hahn, Nadeu, Duran-Ferrer et al.Nat Genetics 2022 

Image from Nadeu, Annu. Rev. Pathol. Mech. Dis. 2020.

105 recurrent CNA and few IGH translocations99 putative driver genes

3.8% of patients lack a driver alteration! 

Puente XA et al Nature 2015, Landau D et al Nature 2015; 

Knisbacher, Lin, Hahn, Nadeu, Duran-Ferrer et al. Nat Genetics 2022 



Inter- and intra-patient heterogeneity

Adapted from Nadeu, Annu. Rev. Pathol. Mech. Dis. 2020



Clinical relevance of individual mutated genes in CLL

Mansouriet al. 2015, JEM

NFKBIE

Young et al. 2017, Leukemia

EGR2

Ljungströmet al. 2015, Blood
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Quesada et al. 2011, Nat Genetics
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Puente et al. 2011, Nature
POT1

Herlinget al. 2016, Blood
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Inter- and intra-patient heterogeneity

Adapted from Nadeu, Leukemia2018Trencadíson the staircase at Park Güell , Barcelona 

(Antoni Gaudí)



TP53 variant CLL cell

Diagnosis Chemotherapy Progression Chemotherapy Refractoriness

Small TP53variant 
subclone mixed with 

TP53wt clones

Removal of TP53wt clones 
and selection of the 

TP53variant subclone

Expansion of the 
TP53 variant clone

RosiD et al Blood2013



ClinicalImpactof clonaland sublconalmutations in CLL

Nadeu F et al Blood 2016; Leukemia 2017 



Beyond IGHV mutational status: IGLV3-21R110

Dühren-vonMindenM, Nature 2012Minici, Nat Commun2017 [drawing based on Maity, PNAS 2020]

Å 8-18% of cases carrying the IGLV3-21R110.
Å 50% M-IGHV, 50% U-IGHV
Å Poor outcome



IGVL3-21 R110 CLL has a clinical evolution similar to IGHV-unmutated

CLL independently of the IGHV mutational status 

Nadeu F et al Blood 2020



Richterôs syndrome: Pathology

DLBCL Hodgkin Lymphoma

~ 90% of cases ~ 10% of cases

DLBCL: diffuse large B-cell lymphoma Rossi et al., Blood 2018; 131:2761-72 
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Unpublished data. Image provided by E Campo



Novel patterns of CLL transformation under ibrutinib: 

Terminal (Plasmablastic) differentiation

CD20 IRF4

Unpublished data. Image provided by E Campo



Richterôs Transformation: Clonal Relationship

Mao et al Am J Surg Pathol 2007; 1605-14

Rossi D et al Blood 2011; 117:3391-401

80% IGHV Unmutated

Median Survival 14 months

80% IGHV Mutated

Median survival 63 months

~ 80% DLBCL

~ 30% HL

~  70% HL

~  20% DLBCL

DLBCL: diffuse large B-cell lymphoma; HL: Hodgkin lymphoma

Clonally related

Clonally unrelated



CLL with expanded proliferation centers: ñAcceleratedò CLL

Ki67 Ki67

Conventional Accelerated

Unpublished data. Image provided by E Campo



DLBCL-t

ñAcceleratedò CLL

ñNon-accelerated ñ CLL

DLBCL-t

ñAcceleratedò CLL

ñNon-acceleratedò CLL

4.3 months

34 months

75.5 months
p=.008

p=.067

Overall Survival of Patients with Conventional and Accelerated CLL and 

DLBCL Transformation

Giné et al Haematologica 2010; 1526-33DLBCL-t: diffuse large B-cell lymphoma transformation



ñPseudo-Richterò
A pitfall in CLL treated with ibrutinib 

ÅUnmutated IGHV CLL

Å Adverse genetic alterations: TP53

ÅMultiple prior lines of therapy

Å Ibrutinib for 10-48 months

Å Ibrutinib hold (10-40 days) for different reasons: Surgery

Å Evidence of progression: Nodal enlargement 

Å Morphology of highly proliferative ñDLBCLò 

ÅRe-introduction of ibrutinib led to clinical response  

Å Re-biopsy 3-6 months: CLL

Å Follow-up without evidence of progression 7-30 months

Slonim et al. Br J Haematol 2020; 191(1):e22-e25; Hample et al. Blood Adv 2020; 4(18):4508-4511 

Ki67CD20

DLBCL: diffuse large B-cell lymphoma



Similar chromosomal landscape of RT after different treatment modalities

Nadeu F, Royo R,  et al, Massoni-Badosa R, Playa-Albinyana H, Garcia B et al Nat Medicine 2022



Pathways Genetically Altered in RT

Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



Early seeding of RT: tracking driver mutations by scDNA-seq

Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



Single cell analysis detects early seeding of subclonal
relapses and transformation in CLL

Nadeuet al. NatMedicine 2022; 28(8):1662-1671



The OXPHOShigh-BCRlow transcriptional axis of RT

This axis might explain the selection and rapid expansion of small RT subclones under therapy with BCR inhibitors
Monti Blood 2005; Caro Cancer Cell 2012; Norberg Cell Death Differ 2017.

RT: Richter transformation; BCR: B-cell receptor Nadeu et al. Nat Medicine 2022; 28(8):1662-1671


