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Large cells with B cell 
phenotype (variation if  

plasmablastic features) diffuse 
growth, commonly with high 

proliferation rate

Site of onset 
Cytology

centroblastic/Immunoblastic, plasmoblastic, 
linfoblastoid, Burkitt-like 

Amount of reactive microenvironment

Phenotype 
lineage B cell markers; variation if  plasmablastic features 

(CD20, CD79a, Pax5; IRF4, CD138)
functional B-lineage associated markers 

Bcl6, CD10, IRF4, cMyc, Bcl2)
Virus associated

EBV (EBER/LMP1), HHV8
Molecular studies

(FISH, ISH, NGS, other)



ICC WHO



Large cells with B cell lymphomas

Not site-defined
Not virus-associated   

Either nodal or extranodal

Diffuse Large B cell Lymphoma, NOS
Burkitt Lymphoma

Large B-cell Lymphoma  with IRF4 rearrangement
High grade/Large B-cell Lymphoma with MYC and BCL2 rearrangement (MYC/BCL6)

High grade B-cell Lymphoma / Large B-cell lymphoma with 11q aberration



Central pathology review : 44% cases reclassified as DLBCL
13% concordance for assigning blastoid vs BL-like 

Nevertheless, morphologic assignement is still required by the WHO-5 
and ICC classifications for categorization of HGBLs

Collinge BJ et al. Hematol Oncol. 2021; 2. Zayac AS et al. Blood Adv. 2023



DLBCL cytology
and 
no double hit 
(MYC/BCL2-R)



Both WHO and ICC 2022 

Ø Define cell of origin classification
requested in both classiifctions

Ø Clinical impact
Ø Do not specify in non-NOS LBCL

Wright G et al. PNA 2003, Lenz G et al NEJM 2008, Rosenwald A et al. NEJM 2002; 100 genes that were most highly differentially expressed; Alduaij et al. Blood 2023; Hans CP et al. Blood 2004; Scott et al. Blood 2014

Lymph2Cx is the gold standard but IHC algorithms acceptable (Hans’ 2004) specify algorithm
Hans’ miss 10-15% of GEP-defined unclassified tumors



COO	with	G-CHOP COO	with	R-CHOP

A randomized, open-label, Phase III study of 
obinutuzumab or rituximab plus CHOP in patients with 
previously untreated diffuse large B-Cell lymphoma: 
final analysis of GOYA. Sehn et al. JHO 2020

Alduanij et al Blood 2023
Outcome difference between GCB-DLBCL and ABCDLBCL is 
smaller than previously : COO alone does not account for the 
heterogenous outcomes following R-CHOP

Unfortunately, clinical studies based on this COO-classification (also GEP) have repeatedly failed to improve the 
outcome of DLBCL patients (GoYA trial)

this simplified scheme is not sufficiently effective for clinical trial 
design and define more effective poor-risk criteria for highly 
aggressive BCL that require different/more intensive therapy 

approaches



De-emphasize morphologic variants1

De-emphasize double expression of bcl2 
and cmyc proteins (bcl2 >50%; cmyc
>40%)

can include cases with single hit 
-MYC-R
reported with worse outcome
or 
-BCL2-R 
likely transformed FL; specified category
in the WHO2022

1.Meriranta L et al. Blood Adv. 2020

c-MYC>40%BCL2>50%



Bcl2

Bcl6

Myc

CD10

DLBCL with starry-sky morphology, and/or high proliferation index do not merit recategorization as HGBCL, NOS. They can be MYC-SH

MYC single hit lymphomas with DLBCL cytology

1)MYC-R negatively affected OS/PFS in DLBCL with 
an MYC-SH and MYC-DH/TH

2)DLBCL-MYC SH: no reason to change therapeutic 
approaches (effect negligible)



Be careful to



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

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

Ø0.05% of DLBCL

Øchildren and young adults (median 12 yrs; range 4–79 yrs)
Ølimited stage I-II (>cervical/Waldayer ring; 
<<subdiaphragm; GI)

ØAggressive cytology + diffuse>follicular (both)
usually no starry sky

Ramis-Zaldivar Blood 2020



CD10 IRF4

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

Cd10 BCL6

IRF4TR+

•difficult to recognize at conventional karyotyping; often IG/IRF4TR

•possible BCL6TR; no MYCTR no BCL2TR

IRF4 mutations 76% (may support the diagnosis)



MYC R and BCL2 R 
all cytology types

2022 International Consensus Classification (ICC) 
retains the term HGBL with MYC and BCL2 rearrangements regardless of the morphologic 
appearance; describe the cellular morphology (DLBCL, HG)

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

WHO-5 
term based on the morphologic appearance (DLBCL or HGBL)
Delete High grade B-cell Lymphoma with MYC and BCL6 rearrangements



10%
Most cases belong to COO-GCB
CD10+ (95%)
MUM1 neg (89%)Most cases are 

DE (75%)
BCL2+ strong (95%)
MYC+ (>70%+cells) 

Subset is transformed FL
(patients’ history is relevant)

HBGL-TH: 1.7% >GCB
1228 biopsies



MYC:IG partner negative impact

strong negative effect particularly within first 2 yrs 
after diagnosis: optimizing first-line treatment approaches to 
achieve maximum complete response rates because salvage 
treatment at relapse is not effective

1. Alduaij et al. Blood 2023, McPhail ED et al. Haematologica. 2018, Copie-Bergman C et al. Blood. 2015; 2. Rosenwald A et al. J Clin Oncol 2019; 3. Rosenwald A et al. J Clin Oncol. 2019; Petrich AM et al. Blood. 2014; Dunleavy K et 
al. Hematology Am Soc Hematol Educ Program. 2021; Moore EM et al. Am J Surg Pathol. 2017; 4. Alduanij et al. 2023

more favorable with DLBCL cytology and 
Dzsignature negative

Additional factors that may influence outcome



<50% are GCB 
complex karyotype
MYC translocation partner may be an IG or non-IG gene

“pseudo-double hit” t(3;8)(q27;q24), which fuses the BCL6 and MYC loci 
indistinguishable from conventional MYC and BCL6 “double hits” at BA-FISH 
Still undetermined if pseudo-double hits have clinical and biological features distinct from DH-BCL6 with IG 
gene partners. 

genetically more heterogeneous than DH-BCL2
mutations in genes associated with BCL2-rearranged lymphomas but at lower frequencies (KMT2D 18%, 
CREBBP 12%, BCL2 8%, TNFRSF14 8%, EZH2 50%). some mutational overlap with BL (mutations in 
CCND3 27%, ID3 13%, FOXO1 13%; approximately 20% show DZ/MHG signature
with LymphGen molecular classifier : cases fall in various groups (EZB, BN2, other groups or unclassified)

MYC R and BCL6 R: all cytology types



MYCCNV/BCL2CNV 12%, MYCCNV/BCL2TR 8%, BCL2CNV /MYCTR 2%

802 de novo tumors of DLBCL morphology: SV detected by FISH Collinge et al. Blood 2021

“Therefore, irrespective of prognostic 
significance, these results strongly support the 

current WHO classification, whereby only 
rearrangements are considered in defining 

HGBL-DH/TH”

double MYC and BCL2 aberrancies (no double translocation)



Alduaij et al. Blood 2023



High grade cytology



fish is mandatory cytology blastoid

cytology BL-like

DD with Lymphoblastic LL and MCL



HG cytology Burkitt/Burkitt-like

CD10

CD38

Bcl-6 Bcl-2 Ki67 cMYC

LMO2



Thomas N et al. Blood. 2023

MYC translocation / No BCL2TR/BCL6TR
IGH MYC translocation partner in 80% cases (IGK in 
15% and IGL in 5% cases)
Rare BLs (cryptic insertions of MYC into IGH) are not
detectable with standard FISH probes 24 

MYCTRdoes not drive BL lymphomagenesis in 
isolation
low complexity (40% of cases harboring the IG::MYC 
as the sole cytogenetic alteration) 

Recurrent alterations in genes involved in 
BCR/PI3K signaling (ID3, TCF3, FOXO1, PTEN), 
MYC regulation (MYC, SIN3A, DDX3X, and TFAP4), 
apoptosis and cell cycle regulation (TP53, USP7, 
CDKN2A, CCND3*), 
epigenetic regulation (ARID1A, SMARCA4, KMT2D, 
HIST1H1E, CHD8, FBXO11, and BCL7A), 
G protein-coupled receptor signaling (GNA13, RHOA, 
and P2RY8). 

Roschewski M et al. N Engl J Med. 2022; Boerma EG et al. Leukemia. 2009; López C. Nat Commun. 2019; Grande BM et al. Blood. 2019; *also as protein expressed; 70% sBL/ID-related BL, 40% endemic
BL



similar to Burkitt but not all fits



ICC2022: Large B-cell lymphoma
provisional entity (genetically distinct from BL)
WHO-HAEM5: High grade B-cell Lymphoma

> DLBCL features: more cell pleomorphism than BL
high debris-full histiocytes
diffuse>follicular (>paediatric), in ID patients

no/minimal/little MYC protein expression

Residual phenotype BL-like
>CD10+/Bcl6+/Bcl2 >neg (GCB-COO)
LMO2 >strongly pos (BL mostly negative)

MUM1 >neg
EBER negative

Courtesy Prof  S Lazzi 

B-cell lymphoma with 11q aberration 
(molecularly defined category)



Ø DEFINITION

in keeping with the convention to call high grade on BL-like morphology)

Ø MOLECULAR FEATURES

Ø 11q deletion/insertion FISH positive 
(11q23 gain/11q24-qter loss; only 11q loss may be acceptable)
specific FISH probes (>sufficient); CN array studies: ideal in FISH false-negative cases*

Ø MYCTR negative (recommended wide MYC-R studies including BA, fusion probes)

Ø Distinct profile from MYCTRBL
§ more complex genetic aberrations (gains in chr 5q,12p, 18q, deletions 6q)
§ typical BL mutations (TCF3 and ID3) absent; harbor GNA13 mutations (not found in BL but in GCB-DLBCL) 

*particularly in the rare cases with copy-neutral loss of heterozygosity at 11q24-qter) ; Horn H et al. Am J Surg Pathol. 2021



BUT BEWARE THAT 

v11q alterations can associate with MYC-R (in Burkitt and HGBCL-
NOS)

vHGBCLNOS wityh MYC and 11q rearrangements show features 
resembling BL

vSo, in routine diagnostics if MYC-TR is positive in a HGBCL no need
to search for 11q aberrancies, since it would not change the 

classification of the disease



>older individuals; median age 7th decade, male predominance; rare/not recognized in 
pediatric age

often widespread, advanced-stage (III/IV) disease, extranodal/bone marrow involvement common

Survival outcomes are less favorable than DLBCL, NOS (2-year PFS 55.2%; OS 68.1%)

genetically heterogeneous 
most commonly of GCB origin by GEP (57% reported in 1 study)
complex karyotype
MYC-TR in one-third of cases (>IG gene partner)
59% display a DZ signature; GEP more closely overlaps HGBL/DLBCL-DH than GCB-derived DLBCL, 
NOS 
>unclassified by the LymphGen algorithm (small subsets into EZB (13%), MCD (9%), ST2 (7%), BN2 
(4%)
Recurrent mutations in KMT2D, TP53, CXCR4, TET2.

High grade B-cell lymphoma, NOS



Ø BL/high grade cytology : 
FISH-MYC mandatory

Ø DLBCL cytology: 
COO GCB (high correspondence between Hans and Lymph2Cx) 
MYC protein expression: cutoff >70% may guide, almost always 
present in MYC rearranged cases
If limited resources or optimizable: discuss with the hematologist 
(to verify patient’s fitness and potential eligibility to undergo 
intensified therapy for HGBL DH/TH)



Who dlbcl ATTENZIONE



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

multiplatform genomic studies revealed the existence of genetic subtypes of DLBCL using clustering methodologies (WES)

at present not included in routine clinical use



A Probabilistic Classification Tool for Genetic Subtypes of Diffuse Large B Cell Lymphoma with Therapeutic Implications
Cancer Cell. 2020 Wright 

. 

LymphGen algorithm
• publicly accessible at https:// 

llmpp.nih.gov/lymphgen/index.php

• unifies two recent genetic profiling studies 
(Chapuy et al., 2018; Schmitz et al., 2018) 
and was also evident in the independent BCC 
cohort (3 cohorts of data); 54% of the cases 
are assigned 



Courtesy Prof. ssa Lorenzi - BS
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