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DLBCL is a neoplasm with a diffuse growth 

pattern composed of medium or large B 

lymphoid cells with nuclear size equal to 

or exceeding normal macrophage nuclei, 

or more than twice the size of normal 

lymphocyte nuclei

2017 WHO book, p. 291

Diffuse Large B-cell Lymphoma
Definition

Most common type of lymphoma, ~ 33%



Diffuse Large B-cell Lymphoma, NOS

CD20



WHO Classification of Diffuse Large B-cell Lymphoma (2016)

Diffuse large B-cell lymphoma, NOS
GCB versus ABC/non-GCB
CD5

Other lymphomas of large B-cells
T-cell/histiocyte-rich large B-cell lymphoma
Primary DLBCL of the central nervous system
Primary cutaneous DLBCL, leg-type
Primary mediastinal (thymic) large B-cell lymphoma
Intravascular large B-cell lymphoma
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
EBV+ diffuse large B-cell lymphoma
ALK+ large B-cell lymphoma
Plasmablastic lymphoma
HHV8+ lymphoproliferative disorders
Primary effusion lymphoma

Borderline cases
High-grade B-cell lymphoma (NOS versus double hit)
B-cell lymphoma, unclassifiable, intermediate between DLBCL & CHL



J Clin Oncol 23: 6387, 2005

Diffuse Large B-cell Lymphoma
R-CHOP is Standard Frontline Therapy 

Bertrand Coiffier, MD

Rituximab
Cyclophosphamide
Hydroxydaunorubicin/Adriamycin
Oncovin/vincristine
Prednisone

Low risk High risk

CHOP

R-CHOP

R-CHOP

CHOP
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Diffuse Large B-cell Lymphoma NOS
Clinical Findings

Median age 64 y  (wide range)

Male 55%

Stage I-II 54%

III-IV 46%

B symptoms 33%

BM involved 16%

IPI 0-1 35%

2-3 46%

4-5 19%

Nebraska NHL Classification Project



Diffuse Large B-cell Lymphoma
International Prognostic Index

Age  60 vs. 60 years

Performance status 0-1 vs. 2-4

LDH Normal vs elevated

Extranodal sites  1 vs 1 site

Stage I-II vs III-IV

N Engl J Med 329: 987, 1993
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Diffuse Large B-cell Lymphoma NOS
Morphologic Variants

Centroblastic Immunoblastic



Diffuse Large B-cell Lymphoma NOS
Morphologic Variants

Centroblastic (~80%)

Immunoblastic (~10%)

Multilobated (<5%)

Anaplastic (<5%)

Sinusoidal

Spindled

Myxoid

Signet Ring

Rosettes 

Common Rare

Does morphology correlate with prognosis ?



Blood 116: 4916, 2010

CB

IB

CB

IB



The authors assessed 107 DLBCL using FISH with 
MYC breakapart and MYC-IGH fusion probes

MYC translocations detected in

13 / 39 (33%) immunoblastic 
5 / 68 (7%)   centroblastic 

All immunoblastic DLBCL with MYC translocations 
had MYC-IGH fusions

Am J Surg Pathol 39: 61, 2015
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Immunophenotypic Analysis of DLBCL
What Is The Purpose ?

In the past

Diagnosis

Currently

Diagnosis

Prognosis

Identifying targets for therapy



Monoclonal Antibodies are a Part of Standard Therapy
CD20 is the Best Example

CD20 is used for diagnosis and is a therapeutic target 



Potential Targets Assessable by IHC

Target Drug Pathway

CD19 Tafasitamab B-cell receptor 
signaling

CD30 Brentuximab vedotin NF-κB

CD38 Daratumumab Cell migration, 
adhesion, signaling

CD79A Polatuzumab vedotin B-cell receptor 
signaling

BTK Ibrutinib B-cell receptor 

XPO1 Selinexor Selective inhibitor of 
nuclear export

BRAF, MEK Vemurafinib, 
cobimetinib

MAP kinase

BCL-2 Venetoclax Apoptosis

PD-L1/L2 Nivolumab, others Checkpoint inhibitors
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Common Translocations in DLBCL

t(3;14)(q27;q32); BCL6-IGH ~25%

BCL6 also partners with other genes

t(14;18)(q32;q21); IGH-BCL2 ~20%

t(8;14)(q24;q32); MYC-IGH ~10%

MYC also partners with other genes



MYC Rearrangment is Prognostic in DLBCL

Blood 114:3533, 2009

t(8;14)(q24;q32) - IGH (80%)

t(8;22)(q24;q11) - IG (15%)

t(2;8)(p11;q24)   - IG (5%)

Diagnostic tests

Conventional cytogenetics

Need viable cells

FISH

IGH and MYC probes

MYC breakapart probe



Mod Pathol 30: 1688, 2017Andres Quesada, MD

MYC Extra Copies by FISH Predict Poorer Prognosis in 
DLBCL Patients
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Diffuse Large B-cell Lymphoma
Gene Expression Profiling Using DNA Microarrays

Lymphochip with 17,856 cDNA clones

12,069 Germinal center B-cell genes

2,338 B-cell NHL genes

3,186 Activated lymphocyte genes

Nature 403: 503, 2000

Ash Alizadeh, MD, PhD

Louis Staudt, MD, PhD



Diffuse Large B-cell Lymphoma
Gene Expression Profiling 

Nature 403: 503, 2000

GCB
ABC

Nature 403: 503, 2000



Nature 403: 503, 2000

Diffuse Large B-cell Lymphoma
GEP Shows 2 Types that Predict Prognosis

CHOP Therapy



Germinal Center Reaction

Sem Diagn Pathol 28: 167, 2011



N Engl J Med 359: 2317, 2008 

Diffuse Large B-cell Lymphoma
GEP is Valid for R-CHOP Treated Patients



Can Immunohistochemistry be used as a 
Surrogate for GEP in DLBCL?

GCB

MUM1

Non-GCB

BCL6

-

+

-

+

Non-GCB

GCB

Blood 106: 275, 2004

Results match gene expression 
profile in ~80% of cases

Chris Hans, MD

-

+

CD10



A,C,E.   RICOVER-60 trial
B,D,F.   R-MegaCHOEP trial

Cell-of-origin classification 
did not correlate with prognosis

J Clin Oncol 35:2515, 2017



Therapy of Patients with DLBCL
Impact of GCB versus ABC

Nat Med 21: 922, 2015
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Walter GilbertFred Sanger

Sanger Sequencing 
Traditional (dideoxy) Method

Nobel Prize in 1980
(with Paul Berg)

https://en.wikipedia.org/wiki/File:Walter_Gilbert_HD2008_portrait.JPG


Sanger sequencing (1st generation)

One amplicon at a time

One or more amplicons per exon

Genes with many exons

High cost per gene; laborious

Sample limitations

Next-generation sequencing

Instead of one gene in many tubes, one can 
analyze many genes in one tube

Currently expensive but cost dropping

Sanger sequencing vs Next Gen Sequencing



Mutations in Pathways Involved in DLBCL

B-cell receptor signaling 

CD79A, CD79B, CARD11

Toll-like receptor signaling NF-B

MYD88
Lymphocyte differentiation

TNFAIP3/A20, TRAF3, BIRC3, IKKb

DNA repair and transcriptional regulation 

p53

Lymphocyte activation

STAT6, BCL10

DNA methylation

EZH2, MLL2

DNA acetylation

CREBBP, MEF2B

Immune surveillance

β2M, CD58



70 60 50 40 30 20 10 0 10 20 30 40 50 60 70

GCB ABC
MYC R

IGH-BCL2 

BCL6 R

CREBBP 

EP300 

B2M 

KMT2D/C 

CD58 

CARD11 

TNFAIP3 

MYD88 

CD79A/B 

PRDM1 

EZH2 

MEF2B 

PTEN 

Frequency of Mutations

Diffuse Large B-cell Lymphoma, NOS
Mutations correlate with cell-of-origin



Diffuse Large B-cell Lymphoma

Molecular Testing

ARID1A CD79B HIST1H1E NF1 STAT6

BCL2 CDKN2A IRF4 NOTCH2 TBL1XR1

BCL6 CDKN2B ITPKB PIK3CA TNFAIP3

BIRC3 CHEK2 KMT2D PIK3R1 TNFRSF14

CARD11 CREBBP KRAS PIM1 TP53

CCND3 EP300 MEF2B PRDM1 TRAF3

CD58 EZH2 MYC PTEN XPO1

CD79A FOXO1 MYD88 SOCS1

Upcoming Cell of Origin AssayCurrent NGS Assay for
B-cell Neoplasms

29-gene Panel on Illumina MiSeq 162-Gene Panel on Illumina NextSeq

Upcoming EndLymphoma Assay v1

RNA Expression on HTG 
EdgeSeq+MiSeq

Fresh specimens (PB/PB/FNA): 
FFPE specimens: 

Fresh specimens (PB/PB/FNA): 
FFPE specimens: 

Fresh specimens (PB/PB/FNA): 
FFPE specimens: 

Partial Gene-List Related to DLBCL
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N Engl J Med 378:1396, 2018 

4 Subgroups of DLBCL

EZB
EZH2 mutations and BCL2

translocations

BN2
BCL6 fusions and NOTCH2 mutations

MCD
MYD88 and CD79B mutations

N1
NOTCH1 mutations

Integration of gene expression profiling, copy number alterations, and mutations



Nat Med 24:679, 2018

C0 No defining features (n=12) 

C1 BCL6 translocations, NOTCH2 pathway, NF-ΚB (n=56)

C2 Mutations/loss of TP53, CDKN2A/p16, RB1 (n=64)

C3 BCL2 translocations, chromatin modifier gene mutations (n=55)

C4 Immune evasion genes (n=51)

C5 CD79B, MYD88, 18q/BCL2 gains, other genes  (n=64)

Integration of gene expression 
profiling, copy number alterations, 
and mutations



Nat Med 24:679, 2018

C1  Good ABC (marginal zone origin)

C2  Poor prognosis; no association with COO 

C3  Bad GCB (t(14;18)+/follicular lymphoma origin)

C4  Good GCB

C5  Bad ABC



Cancer Cell 37: 551, 2020

DLBCL Subgroups

MCD
MYD88 +CD79B mutations

N1
NOTCH1 pathway

A53
Aneuploidy + TP53 mutations

BN2
BCL6 fusions +NOTCH2 mutations

ST2
SGK1 and TET2 mutations

EZB
EZH2 mutations + 

BCL2 translocations



Take Home Points

The traditional cell-of-origin model (GCB vs ABC) is 
not sufficiently granular to predict prognosis or to 
plan therapy

For now, we will need to keep using this model, 
but only until a better, more practicable system 
becomes available

A new model may not lead to optimal therapy 
currently, but it will lead to design of clinical trials 
and evaluation of therapies

However, this new system needs to be practical 



2017 Update of WHO Classification

Term “B-cell lymphoma, unclassifiable, with 
features intermediate between DLBCL and 
Burkitt lymphoma” will be discontinued

The new name for these tumors is 

High-grade B-cell lymphoma

Two types

Not otherwise specified (NOS)

Double hit lymphoma (genetic)

MYC R + BCL2 R +/- BCL6 R



High-grade B-cell Lymphoma
Burkitt-like



High-grade B-cell Lymphoma
Close mimic of Burkitt 

Ki-67

BCL-2



HIGH-GRADE B-CELL LYMPHOMA
Blastoid

CD20

Ki-67

Rashmi Kanagal Shamanna, MD Histopathology 61:945, 2012 

Looks like lymphoblastic lymphoma but 
negative for TdT or other immature markers



High-grade B-cell Lymphoma
Morphologic Spectrum

Burkitt-like lymphoma

Burkitt lymphoma but bcl-2+

Lymphoblastoid

Diffuse large B-cell lymphoma



Double Hit B-cell Lymphoma
Definition

Lymphomas with recurrent chromosomal 
breakpoints activating multiple oncogenes 
- one of which is MYC

Blood 117: 2319, 2011

MYC + BCL-2
MYC + BCL-6
MYC + BCL-2 + BCL-6 (triple hit)
MYC + BCL-3
MYC + CCND1



High-grade B-cell Lymphoma with 
Double Hit Genetics
Morphologic Spectrum

Burkitt-like lymphoma

Burkitt lymphoma but bcl-2+

Lymphoblastoid

Diffuse large B-cell lymphoma

DLBCL morphology is most common 



MYC/BCL2 Double Hit B-cell lymphoma

Ki-67



DLBCL with MYC and BCL2 Translocations
A Poor Prognostic Subset

Blood 121: 4021, 2013Shimin Hu MD, PhD

Pts with MYC/BCL2 double hit lymphoma have 
very poor prognosis

~8-10% of tumors that are DLBCL-like
~20-30% of tumors that are Burkitt-like



Frequency of Double Hit Lymphoma Types
Multi-institutional study of 117 cases

MYC/BCL2  65%

MYC/BCL2/BCL6 21%

MYC/BCL6 14%% 

Pillai et al.  Am J Surg Pathol 37:323, 2013

Turakhia et al. Am J Clin Pathol 142: 339, 2014

Prognosis poor for all types

MYC/BCL2 DHL and triple hit cases similar

MYC/BCL6 DHL a little different

More often extranodal (liver) 

GCB and non-GCB

Landsburg et al. Cancer 122:559, 2016

Dan Landsburg, MD
Univ of Penn



MYC/BCL6 DHL c/w HGBL 

BCL6

MYC

BCL2

Ki67



J Clin Oncol 37: 190, 2019Methods
157 GCB DLBCL cases
RNA sequencing
25 cases of MYC/BCL2 double hit lymphoma (DHL)

New Tool
104 gene expression signature for MYC/BCL2 DHL

Results
42 had DHL signature

22/25 (77%) MYC/BCL2 DHLs tested by FISH

115 did not have DHL signature

3/25 (13%) MYC/BCL2 DHLs tested by FISH



MYC and BCL2 IHC

Epitomics,
MoAb Y69

Dako,
MoAB 124

MYC

BCL2



Can MYC and BCL2 IHC Serve as 
Surrogates for Genetic Studies?

~ 30% of DLBCL coexpress MYC and BCL2

~ 5-10% of DLBCL have rearrangements of 
MYC and BCL2 (double hit)

>95% all cases of DHL lymphoma express 
BCL2 by IHC

MYC IHC is the challenge

Not specific

Not completely sensitive 



Am J Surg Pathol 39: 1250, 2015

Shaoying Li, MD

80% sensitive with 40% cutoff



MYC+ BCL2+ DLBCL By IHC 
Patients Have a Poorer Prognosis 

Double expressor lymphoma

J Clin Oncol 30: 3452, 2012



Double Hit vs Double Expressor

Pathology 50: 74, 2018 



MYC INDUCES PROLIFERATION AND APOPTOSIS

Proliferation Apoptosis



10/18 (56%) Burkitt, 

6/17 (35%) MYC/BCL2 DHL

3/20 (15%) DLBCL

1/16 (6%) MYC/BCL6 DHL

TP53

Leuk Lymphoma 56: 179, 2015

= missense

= nonsense

= frameshift



Black  = MYC
Red     = MYC + BCL2
Green = MYC + TP53



MYC TRANSLOCATION AND TP53 MUTATION

Patients have a poor outcome

As bad as MYC/BCL2 DHL

Another type of double hit lymphoma?

P53 IHC > 50% highly correlates with mutation 

We suggest adding p53 to IHC panel

Molecular testing to confirm



MYC INDUCES PROLIFERATION AND APOPTOSIS

Proliferation Apoptosis

TP53

BCL2

BCL6
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Diffuse Large B-cell Lymphoma
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