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COO-subtyping required (GCB/ABC)

Lymph2Cx is the gold standard

(20 gene Customized Nanostring-GEP signature on FFPE tissue)

or 

COO-IHC algorithms acceptable  specify which algorithm; 2004 Hans’ mostly applied

GCB-cases (high concordance between IHC vs GEP COO)

+

Bcl2 and cMyc protein expression (DE): de-emphasized

reported worse outcome

standard cut-offs Bcl2>50%; Myc>40%; 

most belong to non-GCB group

Can include cases with MYC-R (reported with worse outcome)

DLBCL-NOS with MYC-R and BCL6-R: excluded in ICC (included into DH category; included in WHO5)

c-MYC>40%BCL2>50%

X

X



Nanostring



CD10

Bcl6 IRF4/MUM1

Hans CP et al. Blood 2004

miss 10-15% of Unclassified tumors defined by GEP



COO-subtyping required (GCB/ABC)

Lymph2Cx is the gold standard

(20 gene Customized Nanostring-GEP signature on FFPE tissue)

or 

COO-IHC algorithms acceptable  specify which algorithm; 2004 Hans’ mostly applied

GCB-cases (high concordance between IHC vs GEP COO)

+

Bcl2 and cMyc protein expression (DE): de-emphasized

reported worse outcome

standard cut-offs Bcl2>50%; Myc>40%; 

most belong to non-GCB group

Can include cases with MYC-R (reported with worse outcome)

DLBCL-NOS with MYC-R and BCL6-R: excluded in ICC (included into DH category; included in WHO5)

c-MYC>40%BCL2>50%

X

X



Molecularly based diagnosis

All cytology types: should be reported (DLBCL morphology in about 50% cases 

significantly better outcome approximately 60% after 5 years vs high grade 

morphology)

MYC/BCL2

Most cases belong to COO-GCB

Most cases are DE (75%)

IHC: CD10+ (95%), BCL2+ strong (95%)

MUM1 neg (89%), MYC+ (>70% positive cells) (80%)

Subset is transformed FL (presence of DH/TH exclude FL) 

HBGL-TH: 

1.7% >GCB
1228 biopsies

WHO5: Diffuse large/High grade B-cell Lymphoma with MYC/BCL2-R 

ICC: High grade B-cell Lymphoma with MYC and BCL2 rearrangements

ICC: High grade B-cell Lymphoma with MYC and BCL6 rearrangements (provisional)



t(14;18) positive

sonda BA

t(14;18) is present 

but BCL2 gene 

somatic mutations:

• produce stop codons 

• modify epitope

False negative BCL2



Blood Adv . 2018 Oct 23;2(20):2755-2765.



Rosenwald A et al. JCO2019

MYC-DH/TH IG (MYC rearranged with 

an IG partner) demonstrated inferior 

outcome

MYC-SH (either IG or non-IG) and those 

with MYC-DH/TH non-IG had an 

outcome comparable with those with 

DLBCL without MYC-R (MYC negative)

effect >evident within 2 yrs after 

diagnosis

Furthermore, the significance of the MYC partner gene 

remains controversial; MYC-R with both IG and non-IG 

partners are included at present.



MYC CG

BCL2 CG“atypical double hit” category: 

Double CNV 

1 CNV + 1 translocation 

“Therefore, irrespective of prognostic significance, these 

results strongly support the current WHO classification, 

whereby only rearrangements are considered in defining 

HGBL-DH/TH”

Neither copy-number increase, nor amplification, of these 

genes is sufficient to substitute for rearrangement in 

these categories….

Campo et al. Blood 2022: The International Consensus 

Classification of Mature Lymphoid Neoplasms: A Report 

from the Clinical Advisory Committee

Double CNV 

insufficient to 

produce a 

HGBCL-

DH/TH 

signature 



Double hit MYC/BCL6  ????

ICC 2022

« Data to support distinct biology in patients with HGBCL-DH-BCL6 are less compelling;

however, it has been retainedas a provisional entity to allow for continued study based on

the poor outcomes seen in some studies. Although pseudo-DH lymphomas (MYC-R with

BCL6 partner) account for up to 30% of patients with HGBCL-DH-BCL6 strategies to

identify this are not essential at this time.»

WHO 2022:

« In contrast, lymphoid neoplasms with dual MYC and BCL6 rearrangements represent a

more diverse spectrum with variable gene expression profiles and mutational spectra,

markedly differing from DLBCL/HGBL-MYC/BCL2. Hence, these cases have been excluded

from the DLBCL/HGBL-MYC/BCL2 entity and are now classified either as a subtype of

DLBCL, NOS or HGBL, NOS according to their cytomorphological features «



➢ typically a complex karyotype, consistent with 

biological complexity

➢ frequent mutations in BCL2 (~80%), CREBBP 

(~50%), EZH2 (~50%) and TNFRSF14 (~45%) 

typical of follicular and DLBCL GCB 

➢ mutations in ID3 (20-40%), CCND3 (10-20%), 

also common in BL, and FOXO1 mutations

(~25%), known to regulate the dark zone of the 

germinal center together with CCND3 

➢ TP53 mutations (25-30%) 

➢ FL-like clone as the origin of DLBCL/HGBCL-

DH-BCL2 tumors?

DLBCL/HGBCL-DH-BCL2
HGBCL-DH MYC/BCL6 : 

provisional in ICC2022; 

non included into DH in WHO 2022

➢1.2% DH; 

➢ do not fall within DH-signature 

➢ mostly non-GCB/ABC

➢ frequent complex karyotype (92%)

➢controversial results about its clinical relevance 

(possibly in view of small cohort sizes)

➢could be biologically different from DH/TH-BCL2

➢Pseudo double Hit-cases (30%)



J Clin Oncol 37:190-201. 2018

«DH/TH signature» 

includes but not

exclusively DH/TH 

conventional cases

(means it includes

non-DH and/or SH 

cases and/or 

HGBCL-NOS)

➢ one half with MYC and BCL2 rearrangements (HGBL-DH/TH-BCL2) 

➢ putative non–light zone germinal centre COO: likley from IZ B cells (transitioning from the LZ 

to the DZ).

➢ distinct mutational landscape (>chromatin modifier genes alterations); cold tumors (paucity 

of infiltrating T cells)  high incidence of low MHC-I and MHC-II expression; highly metabolically 

charged (high expression of genes associated with oxidative phosphorylation)

➢ no clinical and/or morphologic differences that distinguished DHITpos and DHITneg tumors





«Large B-cell lymphoma with IRF4 rearrangement»(sole abnormality) now definite entity

➢ 0.05% of DLBCL; 

➢ children and young adults (median 12 yrs; range 4–79 yrs); 

➢ > cervical/Waldayer ring; few cases subdiaphragm; GI tract

➢ limited stage I-II

➢ growth pattern: follicular (FL3B; usually no starry sky) 

or follicular/diffuse or diffuse

➢ follicular cases: >indolent disease excellent prognosis following 

excision; chemotherapy may not be needed (DD: pediatric type

FL; usually no starry sky pattern in follicular areas)

purely diffuse : often require chemotherapy

Salavarria et al. 2011 Blood; Ramis-Zaldivar Blood 2020

Some times high grade cytology 



Bcl6

Ki67

C-MYC

Bcl2

CD10 IRF4

IRF4+ strong/Bcl6+, CD10+ or - (triple or dual positive) ; GCB or nonGCB with Hans, but have GCB type biology; Bcl2+ (60%)



• IRF4TR+ 

• difficult to recognize at conventional karyotyping; 

• often IG/IRF4TR

• possible BCL6TR; no MYCTR no BCL2TR

• In cases lacking demonstrable rearrangements (10%),break in  IGH or IGL/K locus 

(in absence of IRF4, MYC, BCL6, BCL2 R) could support the diagnosis

• If IRF4 rearrangement cannot be performed : is all pathologic features and clinical 

setting are consistent : LBCL with IRF4R “not molecularly defined”

• IRF4 mutations 76% (may support the diagnosis)

CARD11 (mutations in NFkB related genes  CARD11 35% only in diffuse 

patterns>CD79a>MYD88; CCND3 in 24%

MAP2K1 in follicular patterns only

•Globally favourable prognosis, but variability upon age and presence/absence of 

genetic features

Ramis-Zaldivar Blood 2020



High grade cytology

IHC: CD10/BCL6/BCL2/IRF4/CMYC

Fish for MYC/BCL2/BCL6

Burkitt - like

x



BURKITT-LIKE



CD10 BCL6 BCL2 EBV

exclude

Burkitt



High grade cytology

IHC: CD10/BCL6/BCL2/IRF4/CMYC

Fish for MYC/BCL2/BCL6

Burkitt - like

x

x



ICC 2022

This provisional entity has now been renamed “large B-cell lymphoma

with 11q aberration” Chromosome 11q gains and losses Aggressive B cell lymphoma

lacking MYC-R and with 11q aberration
ICC 2022

High-grade B-cell lymphoma with 11q aberration (HGBL- 11q)

➢ children and young adults

➢ >nodal, extranodal (head, neck, tonsil 60%); GI tract 30%

➢ May occur in ID-settings

➢ Morphology: intermediate/BL-like (morphologically not

distinguishable) > DLBCL

peculiar starry sky pattern (high debris-full histiocytes)

➢ diffuse>follicular (>paediatric)

➢ Phenotype BL-like: CD10+/Bcl6+/Bcl2- (GCB-COO)

cMYC variable: > negative; some partial weak/moderate; rare 

full/intense

LMO2 >strongly pos (BL mostly negative)

EBER negative



ICC 2022

This provisional entity has now been renamed “large B-cell lymphoma

with 11q aberration” Chromosome 11q gains and losses Aggressive B cell lymphoma

lacking MYC-R and with 11q aberration
ICC 2022

High-grade B-cell lymphoma with 11q aberration (HGBL- 11q)

FISH defining cytogenetic event: 

➢ MYCTR negative, BCL2R/BCL6R negative 

➢ 11q deletion/insertion FISH positive (11q23 gain/11q24-qter loss)

Distinct molecular profile from MYCTRBL

➢ more complex genetic aberrations (gains in chr 5q,12p, 18q, deletions 6q)

➢ recurrent mutations in BTG2, DDX3X, ETX1, NFRKB, EP300 and GNA13, but

BL-typical mutations, such as ID3, TCF3 or CCND3 are missing supporting

the idea that these tumors are closer to DLBCL GCB than Burkitt lymphoma.

Prognosis uncertain:

pediatric patients good prognosis: receive BL-like therpay; 

adults: more controversial and heterogenous: DLBCL-therapy worse



HGBCL-NOS

➢ Category created in WHO 2016 

➢ typically intermediate-sized cells, often with blastoid or Burkitt-like cytology

➢ The identification of HGBCL, NOS is subjective and not always reproducible (important quality of the 

histological preparation) 

➢ Data on HGBCL, NOS remain scarce and heterogeneous

➢ 54% of HGBCL NOS have DHITsig profile

➢ Patients appear to be older adults (average age 70 years), many with advanced disease

➢ Response rates to standard therapy for DLBCL-like patients remain difficult to ascertain due to the recent

adoption of this category

➢ Some studies suggest superior outcomes with more aggressive treatment regimens



Recurrent genomic subtypes with clinical relevance (Chapuy

Nat Med 2018; Wright NEJM 2018; Lacy 2020; at present

not included in routine clinical use; 35-40% of cases are 

not currently assigned to a genetic subtype

MCD/C5; >ABC-type poor prognosis

contain the majority of primary CNS lymphomas, 

primary testicular lymphoma

EZB(MYC+MYC-)/C3 GCB-type 

mutational profile overlapping FL; BCL2 R; 

favorable prognosis but DH/TH cases are 

includes with adverse outcome

BN2/1 NOTCH2 and BCL6 mutation ; no obvious 

association with COO; mutational similarities to 

marginal zone lymphoma 

A53/2 showing aneuploidy and frequent TP53 

abnormalities.

Recurrent genomic subtypes with clinical relevance
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