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Surgical Pathology, Human Pathology, Modern Pathology and Pathology. He is an
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Node Pathology (Lippincott Williams & Wilkins, 4th edition in 2007, and 5th edition in
2021); Atlas of Lymph Node Pathology (Springer, 2013); AFIP Atlas of Tumor Pathology
Tumors of the Lymph Nodes and Spleen (American Registry of Pathology, 2017); and
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Diffuse Large B-cell Lymphoma
Definition

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, NOS




Diffuse Large B-cell Lymphoma
Standard Therapy
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Diffuse Large B-cell Lymphoma
Not Otherwise Specified (NOS) is Most Common

Large B-cell lymphomas

~759%

S

Diffuse large B-cell lymphoma, NOS
T-cell/histiocyte-rich large B-cell lymphoma

Diffuse large B-cell ymphoma/ high grade B-cell Iymphc:r‘na
with MYC and BCL2 rearrangements ~80/0

ALK-positive large B-cell lymphoma

Large B-cell lymphoma with IRF4 rearrangement
High-grade B-cell lymphoma with 11q aberrations
Lymphomatoid granulomatosis

LYMPHOMA
EBV-positive diffuse large B-cell lymphoma . o . _
Diffuse lame B-cell lymphoma associated with: chanic The 5th edition of the World Health Orggnlzatlon Classification
inflammation of Haematolymphoid Tumours: Lymphoid Neoplasms
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Magdalena Czader (3", Sandeep S, Dave (0 "%, Daphne de Jong® ", Mr-g Qing Du @™ Vo;o S_ Elenitcba Johnsm

Fluid overload-associated large B-cell lymphoma Jucith Ferry™", Juia Geyer(", Dita Gratzinger ©3*!, Joan Guitart )™, Surmeet Gual 5, Macian Harria _
Creistine | Hm-soa , SyWia Hartmann (O™, Andreas Hochhaus O, Patty M. Jansen % Kaneosuke 'Iamlx |, Werner Kempl (0
Flasmablastic Iymphc:r‘na Joseph Khouty @, Hiroshi Kimura ™, Wollram Kapper (3%, Alexanda €. Kovach @)™, Shajl Kumar &, Alesander J, Lazar (™"
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Intravascular large B-cell lymphoma
Primary mediastinal large B-cell ymphoma
Mediastinal grey zone lymphoma

a

High-grade B-cell lymphoma, NOS

1-2%

Leukemia 36: 1720, 2022
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Diffuse Large B-cell Lymphoma NOS
Clinical Findings of 1,085 Patients

Median age 57y (7-85)
Male 56%
B symptoms 19%

Bulky disease 9%

Serum LDH high 45%0
Performance status 0-1 81%
>2 19%
Anatomic site Nodal 63%
Extranodal 37%
Stage I-II 65%
III-1V 35%

BM involved 7%

Y Shi et al. Chin J Cancer Res 31:152, 2019



Diffuse Large B-cell Lymphoma
International Prognostic Index

Age

Performance status
LDH

Extranodal sites

Stage

< 60 vs. >60 years
0-1vs. 2-4

Normal vs elevated
<1vs>1site

I-11 vs III-IV

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




Diffuse Large B-cell Lymphoma NOS
Morphologic Variants

Common Rare

Centroblastic (~80%) Sinusoidal
Immunoblastic (~10%) Spindled

Multilobated (<5%) Myxoid
Anaplastic (<5%) Signet Ring
Rosettes

Does morphology correlate with prognosis ?



trial of the DSHNHL

Immunoblastic morphology but not the immunohistochemical GCB/nonGCB
classifier predicts outcome in diffuse large B-cell lymphoma in the RICOVER-60

German Oft,? Marita Ziepert,® Wolfram Klapper,* Heike Horn,? Monika Szczepanowski,* Heinz-Wolfram Bernd ®
Christoph Thorns,® Alfred C. Feller,® Dido Lenze  Michael Hummel.® Harald Stein,® Hans-Konrad Maller-Hemelink,?
Matthias Frank,” Martin-Leo Hansmann,” Thomas F. E. Barth,® Peter Molier,? Sergio Cogliatti,® Michael Pfreundschuh, ™
Norbert Schmitz,'" Lorenz Tromper, 2 Markus Loeffler,? and Andreas Rosenwald'
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Blood 116: 4916, 2010
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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

Sow 330 oy 0300 M
DL LD LY

Rituximab

Rituximab
Murine
variable
a/b 95\' «CD20
K constant
T Human

IgG1Fc



Potential Targets Assessable by IHC
Here are a Few

CD19 Tafasitamab B-cell receptor
signaling

CD30 Brentuximab vedotin NF-kB

CD38 Daratumumab Cell migration,
adhesion, signaling

CD79b Polatuzumab vedotin B-cell receptor
signhaling

BTK Ibrutinib B-cell receptor

PI3K Idelalisib Selective inhibitor

BRAF, MEK Vemurafinib, cobimetinib MAP kinase

BCL-2 Venetoclax Apoptosis
PD-L1/L2 Nivolumab, others Checkpoint inhibitors
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Chromosome Translocations in DLBCL

Tasocton |G T reeny

t(3;var)(q27;var) BCL6 and other partners (IGH common) 30-40%

t(14;18)(q32;921) IGH and BCL2 20-30%
t(8;var)(q24.1;var) MYC and other partners (Ig and non-Ig) 8-10%

inv(3q) TBL1XR1-TP63 ~5%
t(6;var)(p25;var) IRF4 and IGH (rarely IGK or IGL) 4-5%
t(14;16)(q32;q24.1) IGH and IRFS8 2-3%
t(5;14)(q33;932) EBF1 and IGH 1-2%
t(14;17)(p32;p13.1) IGH and TNFRSF13 1-2%
t(9;14)(p13;q32) PAX5 and IGH ~1%
t(14;19)(q32;q13) IGHand BCL3 <1%

var = variable gene partners



MYC Rearrangement is Prognostic in DLBCL
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Prognostic Significance of MYC Rearrangement
and Translocation Partner in Diffuse Large B-Cell
Lymphoma: A Study by the Lunenburg Lymphoma
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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

Distinct types of diffuse large
B-cell lymphoma identified
by gene expression profiling

Michael Eisen, PhD

Louis Staudt, MD, PhD
Nature 403: 503, 2000



Diffuse Large B-cell Lymphoma
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Diffuse Large B-cell Lymphoma
GEP Shows 2 Types that Predict Prognosis
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Diffuse Large B-cell Lymphoma
GEP is Valid for R-CHOP Treated Patients

. 1.0- 1.0+
z =E b\-\_\WGerm.nal-cen:er B-cell-like
g o3 Germinal-center B-cell-like - | o2 \ S PP,
? T 0.64 s 12 0.6~ W
3 N 2% e,
g e 044 —— -_3 A 0.4- Activated B-cell-like
= .g Activated B-cell-like &
-é 029 p.0.001 024 p.0.001
o
0.0 1 1 | 1 ! 0.0 1 1 I I 1
0 1 2 3 “ 5 0 1 2 3 4 5
Years Years
No. at Risk
Germinal-center B-cell-like 107 82 61 39 27 15 101 74 56 35 24 14
Activated B-cell-like o3 &0 33 23 11 6 S0 45 30 17 10 S

An unclassified group also existed = 10-15% of cases

N Engl J Med 359: 2317, 2008
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Can Immunohistochemistry be used as a
Surrogate for GEP in DLBCL?

+ ‘~- ~
= _ Non-GCB
) + Chris Hans, MD

BCL6

Results match gene expression m

profile in ~80% of cases Blood 106: 275, 2004
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Diffuse Large B-cell Lymphoma
Gene Mutations

158 driver gene mutations

ean = 17 mutations/case

Why do mutations occur?
Aging (~80%)

679, 2018

AID/somatic hypermutation
AID = activation-induced
cytidine deaminase (C =*U - T)

Nat Med 24
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Mutations Involved in DLBCL Pathogenesis

B-cell receptor signaling
CD79A, CD79B, CARD11
Toll-like receptor signaling
MYDS8S8
Lymphocyte differentiation
TNFAIP3/A20, TRAF3, BIRC3, IKKb
DNA repair and transcriptional regulation
TP53
Lymphocyte activation
STAT6, BCL10
DNA methylation
EZH2, KMT2D
DNA acetylation
CREBBP, MEF2B
Immune surveillance
B2M, CD58



Diffuse Large B-cell Lymphoma, NOS

Rearrangements and mutations correlate with COO

GCB ABC

MYCR
IGH-BCL2
BCL6 R
CREBBP
EP300
B2M
KMT2D/C
CD58
CARD11
TNFAIP3
MYDS8S8
CD79A/B
PRDM1
EZH2
MEF2B
PTEN

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

Frequency of Mutations
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Large B-Cell Lymphoma

R. Schmitz, G.W. Wright, D.W. Huang

S. Roulland, M. Kasbekar, R.M. Young, A.L

Y. Yang, H. Zhao, W. Xu, X. Liu, B. Zhou, W. Du, W.C

|
S. Pittaluga, W.H. Wilson, and L.M. Staudt

Genetics and Pathogenesis of Diffuse
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|\: n J (:.») Wan g,

~ 500/ cases
were classified

X1ao, X. Yu,

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

4 Subgroups of DLBCL

EZB
EZH2 mutations and BCLZ2
translocations

BN2
BCL6 fusions and NOTCH2 mutations

MCD
MYD88 and CD79B mutations

N1l
NOTCHI1 mutations

Progression-free Survival among Patients Whose Tumors Were
Genetically Classified )
Comparison P Value
4-Way 8.88x105
EZB vs. MCD 6.07x10°7
EZBvs. N1 5.62x10°°
o 1.0+ EZB vs. BN2 0.98
& . Nlvs.BN2  0.001
5 0.8 | - MCDvs. N1 048
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8% 064 W -
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£ |
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N Engl J Med 378:1396, 2018
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CO No defining features (n=12)

C1 BCLé6 translocations, NOTCH2 pathway, NF-kB (n=56)

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

C3 BCLZ2translocations, chromatin modifier gene mutations (n=55)
C4 Immune evasion genes (n=51)

C5 CD79B, MYDS8S8, 18q/ BCL2 gains, other genes (n=64)



Molecular subtypes of diffuse large B cell
lymphoma are associated with distinct pathogenic
mechanisms and outcomes
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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




LYMPHOID NEOPLASIA

Targeted sequencing in DLBCL, molecular subtypes,
and outcomes: a Haematological Malignancy Research
Network report
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A Probabilistic Classification Tool
for Genetic Subtypes of Diffuse Large B Cell
Lymphoma with Therapeutic Implications
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Cancer Cell 37: 551, 2020
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DLBCL Subgroups

MCD
MYDS8S8 + CD79B mutations

N1
NOTCH1 pathway

A53
Aneuploidy + TP53 mutations

BN2
BCL6 fusions + NOTCH2 mutations

ST2
SGK1 and TETZ2 mutations

EZB
EZH2 mutations +
BCLZ2 translocations



Comparison of Three Systems

53% 73% 96%
Modified Main gene Related
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¢ Primary CNS
MCD MYD88 c5 il Gl B Poor Lymphoma, Primary
Testicular Lymphoma
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Mod Pathol 36 (Jan): 100007, 2023




Take Home Points

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

The 5th ed WHO recommends using this model, but only
until a better, more practicable system becomes available

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

We need to maximize the workup of biopsy
specimens, particularly needle biopsy specimens,
and push for more tissue when needed
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Clu:g@gal and Biological Subtypes ¢\
of B-cell Lymphoma Revealedby ]
ﬁlcroenwronmental Signatures - *

Nikita Kotlov!, Alexander Bagaev', Maria V. Revuelta?, Jude M. Phillip?, Maria Teresa Cacciapuoti®,
Zoya Antysheva!, Viktor Svekolkin', Ekaterina Tikhonova', Natalia Miheecheva', Natalia Kuzkina',
Grigorii Nos!, Fabrizio Tabbo?, Felix Frenkel, Pacla Ghione?*, Maria Tsiper?, Nava Almog?,

Nathan Fowler®, Ari M. Melnick?, JopnP Leonard?, Giorgio Inghirami?, and Leandro Cerchietti’

Transcriptomic analysis of 4,655 cases of DLBCL
25 functional gene expression signatures (FCES)

Four lymphoma microenvironment signatures

Germinal center-like
Mesenchymal
Inflammatory
Depleted

Cancer Discovery 11: 1468, 2021
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Diffuse Large B-cell Lymphoma

Impact of Immune Landscape (TME)

General mechanisms related to tumor microenvironment (TME)
Alterations that decrease tumor immunogenicity (e.g. B2ZM mutations)
Alterations that increase tumor immunogenicity (e.g. viral infection)

Immune cells in TME can be functional or exhausted
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High-grade B-cell Lymphoma
Morphologic Spectrum

Burkitt-like lymphoma

“Burkitt lymphoma” but strong BCL2+
Blastoid

Diffuse large B-cell lymphoma (double hit)



High-grade B-cell Lymphoma
Burkitt-like
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High-grade B-cell Lymphoma
Close mimic of Burkitt
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CELL LYMPHOMA

-GRADE B

HIGH

Blastoi

Looks like lymphoblastic lymphoma but

negative for TdT or other immature markers

Histopathology 61:945, 2012

Rashmi Kanagal Shamanna, MD



HIGH-GRADE B-CELL LYMPHOMA
DLBCL with MYC and BCL2 Rearrangements
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DLBCL with MYC and BCL2 Rearrangements
Poor Prognosis

100- 100
804 . B0+
All others (n=384) All others (n=384)
3 60 w2 B0+
iy w0
O 40+ p<.0001 B 407 p<.0001
201 - 200+
MYC/BCL2 DH (n=10) MYC/BCL2 DH (n=10)
0 T T T T T T 1 ﬂ I I I 1 I 1 1
D 20 40 B0 BO 100 120 140 0 20 40 &0 80 100 120 140
Months Months

Patients with MYC/BCL2 rearrangements have
a poor prognosis

Represent 8-10% of all cases of DLBCL

Shimin Hu MD, PhD Blood 121: 4021, 2013



World Health Organization Classification
2017 Revised 4 Edition

Two types of high-grade B-cell lymphoma (HGBL)

HGBL with MYCR + BCL2R +/- BCL6R

HGBL, not otherwise specified

WHO book, p. 335-341



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

MYC/BCL2 65%

MYC/BCL2/BCL6 21%

MYC/BCL6 149%
Prognosis poor for all types Dan Landsburg, MD
MYC/BCL2 DHL and triple hit cases similar
GCB; TP53 mutations common Landsburg et al. Cancer 122:559, 2016

MYC/BCL6 DHL a little different

More often extranodal (liver)
GCB and non-GCB Pillai et al. Am J Surg Pathol 37:323, 2013

] Gebauer et al. Leuk Lymphoma 56:179, 2015
Rare 7P53 mutations



5th Edition of WHO Classification (2022)

The new name for tumors with MYC + BCL2 (or MYC +
BCL2 + BCL6) rearrangements is:

Diffuse large B-cell lymphoma/high-grade B-cell
lymphoma with MYC and BCLZ2 rearrangements

Tumors with MYCand BCL6 rearrangements are
now excluded

High-grade B-cell lymphoma, NOS remains as a
separate category



Double-Hit Gene Expression Signature Defines
a Distinct Subgroup of Germinal Center
B-Cell-Like Diffuse Large B-Cell Lymphoma

Daisuke Ennishi, PhD'; Aixiang Jiang, MSc'?; Merrill Boyle, BSc'; Brett Collinge, BSc'; Bruno M. Grande, BSc?; Susana Ben-Neriah,
MSc'; Christopher Rushton, BSc?; Jeffrey Tang, BSc®; Nicole Thomas, BSc?; Graham W. Slack, MD'; Pedro Farinha, PhD'; Katsuyoshi
Takata, MD’; Tomoko Miyata-Takata, MD'; Jeffrey Craig, PhD'; Anja Mottok, PhD’; Barbara Meissner, PhD'; Saeed Saberi, PhD"; Ali
Bashashati, PhD*; Diego Villa, MD'; Kerry J. Savage, MD*; Laurie H, Sehn, MD*; Robert Kridel, PhD?; Andrew J. Mungall, PhD®; Marco A,
Marra, PhD®; Sohrab P. Shah, PhD?; Christian Steidl, MD'; Joseph M. Connors, MD*; Randy D. Gascoyne, MD'; Ryan D. Morin, PhD?;
and David W, Scott, PhD’

Methods
157 GCB DLBCL cases
RNA sequencing

J Clin Oncol 37: 190, 2019

25 cases of MYC/BCL2 double hit lymphoma (DHL)

New Tool

104 gene expression signature for MYC/BCL2 DHL (DHITsig)

Results
42 had DHITsig

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

115 did not have DHITsig

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



What Do These Data Say About FISH as a
Test for MYC/BCL2 Double Hit Lymphoma ?

FISH often under-calls double hit lymphoma
MYCis activated via mechanisms not recognized by FISH

or FISH does not detect all MYC R cases
FISH also can overcall double hit lymphoma

FISH probes are large; cover a large amount of DNA

May therefore show rearrangements that do not
actually involve MYCor BCL2



FISH can under-call double hit lymphoma
One explanation

Patient 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20

____ Genetic Double Hit (WGS) I I8 I I B

MYC Rearrangement (FISH)

MYC Rearrangement (WGS) . . . . . . . .

MYC Focal Gain/Amplification .

MIR17HG Gain B B 111

PVT1 Focal Loss . .

MYC IHC ...III.. I .III
BCLZ Rearrangement (FISH)

BCL2-IGH/K Rearrangement WGS) [l I B B HEEEEEE EBEEEER
ecic i B  HERERER REERER

6 / 30 DLBCL with DHITsig+ but FISH negative have
cryptic insertions of MYC or BCL2

The double-hit signature identifies double-hit diffuse large
B-cell lymphoma with genetic events cryptic to FISH

Blood 134: 1528, 2019
Lo K #ihon " Jefvey Tong * Susers BenNerddh,' Miguw lcaide.' Aniang Jang.' ' Suno M. Grende " Dhwatopher K Suhton,' [ ] 14

Moyl Boyle * Dartars Melwner.* Dvad W, Scom "% and Byan D Mamn ' A*




MYC and BCL2 by IHC

Epitomics, | .*
MoAb Y69 |-

MOAB 124



MYC+ BCL2+ DLBCL By IHC
Patients Have a Poorer Prognosis
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Concurrent Expression of MYC and BCL2 in Diffuse Large B-Cell
Lymphoma Treated With Rituximab Plus Cyclophosphamide,

Doxorubicin, Vincristine, and Prednisone

Nathalie A. Johnson, Graham W. Slack, Kerry J. Savage, Joseph M. Connors, Susana Ben-Neriah, Sanja Rogic,
David W. Scott, King L. Tan, Christian Steidl, Laurie H. Sehn, Wing C. Chan, Javeed Igbal, Paul N. Meyer,
Georg Lenz, George Wright, Lisa M. Rimsza, Carlo Valentino, Patrick Brunhoeber, Thomas M. Grogan,

Rita M. Braziel, James R. Cook, Raymond R. Tubbs, Dennis D. Weisenburger, Elias Campo,

Andreas Rosenwald, German Ott, Jan Delabie, Christina Holcroft, Elaine S. Jaffe, Louis M. Staudt,

and Randy D. Gascoyne

J Clin Oncol 30: 3452, 2012



Double Hit vs Double Expressor

GCB ABC

DEL = ~30% of DLBCL
DHL = ~10% of DLBCL

Shaoying Li, MD Pathology 50: 74, 2018



High-grade B-cell Lymphoma, NOS
Definition

“"HGBL-NOS represents a heterogeneous type of
aggressive B-cell lymphoma composed composed of
medium-sized or blastoid cells and that does not

fulfill the diagnostic criteria for other well defined
lymphoma entities.”

WHO 5t edition online



Shaoying Li = Lianqun Qiu’, Jie Xu
Mahsa Khanlari', Roberto N. Miranda

High-grade B-cell lymphoma (HGBL)-NOS is
clinicopathologically and genetically more
similar to DLBCL/HGBL-DH than DLBCL

! Pei Lin', Chi Young Ok
' and L. Jeffrey Medeiros'

! Guilin Tang(@®', Timothy J. McDonnell', M. James You

1

136 patients with HGBL-NOS

Lianqun Qiu, MD, PhD

Age (yrs), Median
(range)

Age =60 (yrs)
Male%

History of FL/NHL
BM involved

CNS involvement
Extranodal sites = 2
Elevated serum LDH
Stage lll or IV
H-l/High 1Pl

62 (18-87)

52 (70/136)
68 (92/136)
17 (23/136)
32 (38/119)
26 (22/86)
42 (57/136)
72 (83/116)
77 (102/132)
68 (86/126)

Leukemia 37: 422, 2023



High-grade B-cell Lymphoma, NOS
Morphologic Spectrum

Burkitt-like lymphoma
“Burkitt lymphoma” but strong BCL2+
Blastoid



Shaoying Li 1= Lianqun Qiu’, Jie Xu
Mahsa Khanlari', Roberto N. Miranda

High-grade B-cell lymphoma (HGBL)-NOS is
clinicopathologically and genetically more
similar to DLBCL/HGBL-DH than DLBCL

', Pei Lin', Chi Young Ok
' and L. Jeffrey Medeiros'

', Guilin Tang(®', Timothy J. McDonnell’, M. James You ('

Morphology
Intermediate
Blastoid
DLBCL

Immunophenotype
CD10 = 30%

BCL6 = 30%

MUM1 = 30%

BCL2 = 50%

MYC = 40%
MYC/BCL2 DE

Ki67, Median (range)
GCB (Hans) type

Cytogenetics
MYC-R
BCL2-R
BCL6-R
Complex karyotype

60 (81/136)
40 (55/136)

75 (100/133)
80 (92/115)
61 (45/74)
70 (91/130)
75 (72/96)
44 (45/102)
85 (20-100)
86 (107/125)

43 (59/136)
13 (12/93)
10 (8/82)
85 (29/34)

HGBL-NOS

Leukemia 37: 422, 2023



High-grade B-cell Lymphoma, NOS
Double Hit (DH) Signature is Important

O HGBL-NOS: By top 30 genes
©
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539%0 of HGBL-NOS cases had a double hit - like signature
Present in 75% of MYC-R and 35% of MYC-G cases

Double hit = dark zone signature Leukemia 37: 422, 2023
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