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• Present the history of gene expression- and genetics-based 
classification of DLBCL

• Discuss the application of molecular classification to precision 
medicine in DLBCL

Objectives



DLBCL – the clinical problem
• ~70% of patients experience long-

term remission with R-CHOP

• Upfront treatment (R-CHOP) has 
not changed in over 2 decades

• Despite a growing arsenal of 
treatments at relapse, outcomes 
are still poor

Major improvements will require a 
better understanding of the diseaseBC Cancer R-CHOP treated patients

2001-2020 n = 3264



• Sizeable homogeneous groups defined by strong shared (preferably 
targetable) biology

• Places all (or most) tumors into a category

• Can be widely (or universally) integrated into diagnostic workflows
• Performed on routinely available materials
• Appropriate turn-around-time to guide management

Associations to outcomes with current therapy is not a requirement

Classification – the ideal



Timeline of molecular classification in DLBCL
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Cell-of-origin – the Foundation
• Comparison of gene expression 

of tumors with B-cells at 
different stages of differentiation

• Clustering approach producing 
binary groups – GCB v ABC

• Defined patient groups with 
distinct outcomes following      
CHOP and then R-CHOP

• Subsequent identification of 
primary mediastinal B-cell 
lymphoma 

Alizadeh et al Nature 2000
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Timeline of molecular classification in DLBCL



Schmitz et al N Eng J Med 2018

Cell-of-origin – distinct mutational landscapes



Cell-of-origin – distinct (targetable) biology

Schmitz et al N Eng J Med 2018



Distinct Signaling Pathways According to Cell-of-
Origin & Potential Agents

Roschewski, et al Nat Rev Clin Oncol 2014

ABC GCB



Distinct Signaling Pathways According to Cell-of-
Origin & Potential Agents

Roschewski, et al Nat Rev Clin Oncol 2014

ABC GCB

Trials have focused on the poor prognosis ABC-DLBCL



R-CHOP-X – moving beyond R-CHOP?

REMoDL-B:
R-CHOP ± bortezomib
Davies et al Lancet Oncol 2019
COO by gene expression

PHOENIX:
R-CHOP ± ibrutinib
Younes et al J Clin Oncol 2019
COO by Hans IHC

ROBUST:
R-CHOP ± lenalidomide
Vitolo et al ICML 2019
COO by gene expression



Subgroup analysis of PHOENIX
Age < 60 Age > 60

POST HOC Subgroup analysis that requires confirmation
One explanation put forward for this interaction is the effect of age on toxicity

Younes et al J Clin Oncol 2019



Adding bortezomib to R-CHOP improves 
PFS and OS – update of REMoDL-B

Progression-free survival Overall survival

Davies et al J Clin Oncol 2023



Subgroup analysis of POLARIX: R-CHOP 
vs R-CHP plus polatuzumab vedotin

Tilly et al N Engl J Med 2021
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Timeline of molecular classification in DLBCL



HGBCL-DH-BCL2 – a GCB phenomenon

n = 1228 DLBCL from BCC and 3 clinical trials (Germany and USA)
Scott et al Blood 2018
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HGBCL-DH-BCL2 – a GCB phenomenon



The “double hit signature”

Ennishi et al J Clin Oncol 2019

27% of GCB-DLBCLs 
express a signature 
associated with DH-BCL2 



The “double hit signature”

Ennishi et al J Clin Oncol 2019

27% of GCB-DLBCLs 
express a signature 
associated with DH-BCL2 

Only half of these have 
both MYC and BCL2 
rearrangements



“Double hit signature” is a misnomer – renamed the 
“dark zone signature”

Ennishi et al J Clin Oncol 2019Alduaij, Collinge et al Blood 2022 Grande et al Blood 2019



DZsig+ DLBCL: poor prognosis whether 
HGBCL-DH-BCL2 or not

DZsig+ identifies the poorest prognosis group
Removing these tumours from GCB-DLBCL leaves a patient group with excellent 
outcomes following R-CHOP Alduaij, Collinge et al Blood 2022
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DZsig+ DLBCL: poor prognosis in diverse 
populations

DZsig+ identifies the poorest prognosis group
Removing these tumours from GCB-DLBCL leaves a patient group with excellent 
outcomes following R-CHOP 

Japan

Urata et al ASH 2022 Alduaij, Collinge et al Blood 2022



DZsig and MHG both identify dark zone DLBCL

DZsig: genes distinguishing HGBL-DH-BCL2 from GCB-DLBCL

MHG: genes distinguishing Burkitt from DLBCL

Sha et al J Clin Oncol 2019 Ennishi et al J Clin Oncol 2019 Davies, Hilton et al Unpublished



DZsig and MHG both identify dark zone DLBCL

Sha et al JCO 2019
Ennishi et al JCO 2019

Davies, Hilton et al Unpublished

MHG and DZsig are enriched 
for mutations in many of the 
same genes relative to GCB-
DLBCL



DZsig and MHG both identify dark zone DLBCL

Sha et al JCO 2019 Ennishi et al JCO 2019 Davies, Hilton et al Unpublished

The overlap of DZsig&MHG
consistently identifies patients 
with poor outcomes relative to 
GCB-DLBCL



Dark zone lymphomas: COO Refined
• The shared gene expression signature strengthens and validates HGBCL-

DH-BCL2 as the core of a true biological entity

• The “double hit signature” is a misnomer – it is a signature of a 
dysregulated dark zone cell-of-origin and is shared with Burkitt

• DZsig and MHG both identify GCB-DLBCL with a dark zone-like gene 
expression signature 



Timeline of molecular classification in DLBCL



Genetics-based subtypes of DLBCL

Schmitz et al N Engl J Med 2018
Wright et al Cancer Cell 2020

Morin et al Brit J Haematol 2021
Chapuy et al Nat Med 2018
Lacy et al Blood 2020

LymphGen Harvard

HMRN



Genetics-based subtypes of DLBCL
• Three groups have described similar (but 

not identical) groupings based on co-
occurrence of selected genetic features

• LymphGen is currently the only system 
that can be applied on a biopsy-by-
biopsy fashion

• Ongoing challenges with this 
probabilistic tool:

• 5-10% are assigned to 2 or more groups
• 37% are not assigned to any group with sufficient 

confidence 

• How to resolve the 37% “Other” group?
• Expand the features using whole genome sequencing
• Add layers of gene expression, epigenetics and tumor 

microenvironment
Schmitz et al N Engl J Med 2018
Chapuy et al Nat Med 2018

Wright et al Cancer Cell 2020
Lacy et al Blood 2020
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Schmitz et al N Engl J Med 2018
Chapuy et al Nat Med 2018

Wright et al Cancer Cell 2020
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Genetics–based subtypes as a predictive biomarker 
– retrospective genomic analysis of PHOENIX

Wilson et al Cancer Cell 2021



Zhang et al ICML 2021

Guidance-01: Randomized Phase 2 Trial of Genetic Subtype Guided 
Immunochemotherapy



Zhang et al ICML 2021



Challenges to implementing refined 
classifications
• Harmonization of the genetics-based classifications
• Settling on (and validating) an appropriate assay
• Turn-around-time

Maurer et al J Clin Oncol 2014 Alduaij, Collinge et al Blood 2022

Impact of LymphGen on DTI is not known



Challenges to implementing refined 
classifications
• Harmonization of the genetics-based classifications
• Settling on (and validating) an appropriate assay
• Turn-around-time
• Availability of tissue – small biopsies, bone marrow

• Patients diagnosed with core needle biopsies have worse prognosis and 
are more likely to have inadequate tissue for molecular analyses

• Patients where molecular analyses were not possible had shorter 
diagnosis-to-treatment interval

• US Intergroup trial based on LymphGen classes is in the late 
planning stage – will require a “test of the test” phase

Maurer et al J Clin Oncol 2014 Alduaij, Collinge et al Blood 2022Desai et al Blood Adv 2022



Concluding comments
• The phenotypic heterogeneity in DLBCL can be understood through the 

lens of dysregulation of normal B-cell differentiation

• While cell-of-origin has been foundational to our understanding of 
pathogenesis, this binary classification is not sufficiently granular to 
support precision medicine

• The genetics-based classifications are a very useful step forward and 
identify candidate drug targets that need to be tested in clinical trials

• Challenges going forward include defining assays with appropriate turn-
around-time, reducing the unclassified group and developing trial designs 
that allow broad patient inclusion
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