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The relative frequencies of B-NHL subtypes
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World Health Organization Classification of Tumours

Pathology & Genetics

e and

e 351 pages

e ~37 categories
of lymphoid
neoplasms

Edited H . Vardiman

WHO 3rd Edition, 2001

WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues

Edited by Steven H. Swerdlow, Elias Campo, Nancy Lee Harris, Elaine S. Jaffe,
Stefano A. Pileri, Harald Stein, Jiirgen Thiele, James W. Vardiman

e ~71 categories
of lymphoid
neoplasms

WHO 4th Edition, 2008



DLBCL.: Split into many more entities

o Diffuse large B-cell lymphoma, not otherwise specified (DLBCL, NOS)

o Diffuse large B-cell lymphoma subtypes
- T-cell/histiocyte-rich large B-cell lymphoma
- Primary DLBCL of the CNS
- Primary cutaneous DLBCL, leg type
- -positive DLBCL of the elderly
- Primary mediastinal (thymic) large B-cell lymphoma
- Intravascular large B-cell lymphoma
- DLBCL associated with chronic inflammation ( )
- Lymphomatoid granulomatosis (
- ALK-positive large B-cell lymphoma
- Plasmablastic lymphoma ( & )

- Large B-cell lymphoma arising in -associated multicentric
Castleman disease
- Primary effusion lymphoma (H V& : )

o Borderline cases
- B-cell lymphoma, unclassifiable, with features intermediate between
DLBCL and BL
- B-cell lymphoma, unclassifiable, with features intermediate between
DLBCL and classical HL



Morphology
v

e
~ .

Immunophenotype -




Primary mediastinal large
B-cell lymphoma (PMBL)

2-4% of NHLs, young female predominance (M:F 1:2)

Localized anterosuperior mediastinal mass, bulky
disease and superior vena cava syndrome, invasion of
adjacent structures, absence of lymph node and BM
Involvement

Compartmentalizing alveolar fibrosis commonly seen,
medium-sized to large tumour cells with abundant pale
cytoplasm and round/oval nuclei, pleomorphic
/multilobated (HRS-like) cells can be seen

Phenotype: CD20+, CD79a+, Ig-, CD30+/-, CD15-,
MUM1+/-, CD23+/-, MAL+/-, P63+/-









Primary mediastinal large B-cell
lymphoma (PMBL)

e Proposed normal counterpart: thymic B
lymphocyte (often with an asteroid morphology)




PMBL.:
(Gene expression
profiling

PMBL/
Hodgkin

GEP studies show greater
similarity to classical
Hodgkin lymphoma than
conventional DLBCL!

Rosenwald A, et al. J Exp Med 2003
Savage KJ, et al. Blood 2003
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Remarkable clinical and genetic
heterogeneity of DLBCL, NOS

Are there better ways to delineate entities
within this waste-basket category?



WHOQO classification (4th edition)
of DLBCL, NOS

e Common morphologic variants
- Centroblastic
- Immunoblastic
- Anaplastic






Distinct types of DLBCL
Identified by GEP

o Analysis of gene expression profiles
(signatures) of DLBCL reveals two
subgroups:

- Germinal center B-like
- Activated B-cell-like

Alizadeh, et al.
Nature 2000; 403: 503-11
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5-yr OS 76% vs 16%
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Activated

P Hicellike 4 6 8 10

GCB v.s. ABC

Rosenwald A, et al.
N Engl J Med 2002;
346(25): 1937-47




Both GCB and non-GCB DLBCL
benefit from the R-CHOP treatment
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|mmunostain algorithm for
subgrouping DLBCL
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Immunoblastic morphology but not the immunohistochemical GCB/nonGCB
classifier predicts outcome in diffuse large B-cell lymphoma in the RICOVER-60
trial of the DSHNHL

German Ott,"? Marita Ziepert,® Wolfram Klapper,* Heike Horn,?2 Monika Szczepanowski,* Heinz-Wolfram Bernd,®
Christoph Thorns,® Alfred C. Feller,® Dido Lenze,® Michael Hummel,® Harald Stein,® Hans-Konrad Muller-Hermelink,
Matthias Frank,” Martin-Leo Hansmann,” Thomas F. E. Barth,® Peter Mdller,® Sergio Cogliatti,® Michael Pfreundschuh,®
Norbert Schmitz," Lorenz Trimper,'? Markus Loeffler,® and Andreas Rosenwald’
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Immunohistochemical Methods for Predicting Cell of

Origin and Survival in Patients With Diffuse Large B-Cell
Lymphoma Treated With Rituximab

Paul N. Meyer, Kai Fu, Timothy C. Greiner, Lynette M. Smith, Jan Delabie, Randy D. Gascoyne, German Oft,
Andreas Rosenwald, Rita M. Braziel, Elias Campo, Julie M. Vose, Georg Lenz, Louis M. Staudt, Wing C. Chan,
and Dennis D. Weisenburger
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Table 2. Results for Each Algorithm Adjusted for IPI

_ EFS 0S
Algorithm
and IPT . Conc (%) Sens (%) Spec (%) PPV (%) NPV (%) Survival (n) 95% ClI 95% ClI
Choi
GCB 87 85 89 89 85 78 : 1.5104.3 . 1.3t04.4
ABC 86
Choi*
GCB 84 . 1.4103.9 . 1.1t03.4
ABC 81
Hans
GCB 75 : 1.5104.3 . 1.2t04.0
ABC 89
Hans™
GCB 91 . 1.4103.9 . 1.1t045
ABC 75
Muris
GCB : 20t0 58 . 1.8t0 5.6
ABC
Nyman
GCB . 1.0103.0 . 091029
ABC
Natkunam
GCB 84 85 : 1.3103.6 . 1.1t03.5
ABC 86 84
Tally
GCB 76 93 86 99 99 87 69 25 1.4104.4 2.2 1.2t04.1
ABC 94 87

NOTE. The hazard ratio of GCB or its equivalent is set to 1 for each algorithm. Of the total number of patients analyzed, 130 have algorithm data, IPl data, and gene
expression profile data determined by microarray analysis. Of those 130 patients, 122 have data for all algorithms, two patients are missing one algorithm, and an
additional two patients are missing two algorithms.

Abbreviations: IPI, International Prognostic Index; IPT, immunophenotype determined by the algorithm; Conc, concordance; Sens, sensitivity; Spec, specificity;
PPV, positive predictive value; NPV, negative predictive value; EFS, event-free survival; HR, hazard ratio; OS, overall survival; GCB, germinal center B-cell type; ABC,
activated B-cell type; Choi*, modified Choi algorithm; Hans®, modified Hans algorithm.
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Comprehensive gene expression profiling and
immunohistochemical studies support application of
immunophenotypic algorithm for molecular subtype
classification in diffuse large B-cell lymphoma: A report from the
International DLBCL Rituximab-CHOP Consortium Program
Study

Carlo Visco'2, Yan Li3, Zijun Y. Xu-Monette!, Roberto N. Miranda', Tina M. Green?, Yong
Li°, Alexander Tzankov®, Wei Wen?3, Wei-min Liu3, Brad S. Kahl’, Emanuele S. G. d’Amore?,
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DLBCL: 2016 WHO Classification

o Diffuse large B-cell lymphoma, NOS (GCB, ABC, others)

o Diffuse large B-cell lymphoma subtypes
- T-cell/histiocyte-rich large B-cell lymphoma
- Primary DLBCL of the CNS
- Primary cutaneous DLBCL, leg type
- EBV-positive DLBCL
- Primary mediastinal (thymic) large B-cell lymphoma
- Intravascular large B-cell lymphoma
- DLBCL associated with chronic inflammation
- Lymphomatoid granulomatosis
- ALK-positive large B-cell lymphoma
- Plasmablastic lymphoma
- Multicentric Castleman disease
- Primary effusion lymphoma

o Borderline cases
- B-cell lymphoma, unclassifiable, with features intermediate between
DLBCL and BL (modified definition)
- B-cell lymphoma, unclassifiable, with features intermediate between
DLBCL and classical HL



EBV+ DLBCL of the elderly

> 50 yrs (may occur in younger adults), without any
known immunodeficiency, other well defined EBV-
associated disorders should be excluded

Accounts for 8-10% of DLBCL, median age 71 yr, M:F
ratio 1.4:1

70% of patients present with extranodal disease

Architecture effaced, polymorphous and large cell
lymphoma subtypes, HRS-like cells, geographical
Necrosis

CD20+, CD79a+, PAX5+, may show plasmablastic
differentiation; EBER+, LMP1+, EBNA2-/+, CD30+/-

Aggressive course, with a median survival of 24 mons
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EBV-positive diffuse large B-cell lymphoma in young
adults: is this a distinct disease entity?

J. Y. Hong1sT, D. H. Yoon2T C. Suh?, J. Huh3, 1.-G. Do?, I. Sohn?, J. Jo%, S.-H. Jung*®,
M. E. Hong®, H. Yoon®, Y. H. Ko, S. J. Kim” & W. S. Kim”*

"Department of Internal Medicine, Chung-Ang University College of Medicine, Seoul; Departments of “Oncology; 3Fathology, Asan Medical Center, University of Ulsan
College of Medicine, Seoul: “Samsung Cancer Research Institute, Samsung Medical Center, Seoul, Korea; ®Department of Biostatistics and Bioinformatics, Duke
University, Durham, USA; ®Department of Pathology; “Division of Hematology-Oncology, Department of Medicine, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, Korea

Received 23 August 2014; revised 17 November 2014; accepted 24 November 2014

Background: Epstein-Barr virus (EBV)-positive diffuse large B-cell ymphoma (DLBCL) of the elderly is defined only in
adults older than 50 years. However, EBV-positive DLBCL can affect younger patients. We investigated the prevalence,
clinical characteristics and survival outcomes of EBV-positive DLBCL in young adults.

Patients and methods: We analyzed patients with de novo DLBCL who were registered in the Samsung Medical
Center (SMC) retrospective lymphoma cohort and prospective SMC Lymphoma Cohort Study | (ClinicalTrials.gov:
NCT00822731).

Results: A total of 571 cases were included in the analysis. The prevalence of EBV positivity was 6.7% (13/195) and
9.3% (35/376) in the young group (<50 years) and in the elderly group (>50 years), respectively. EBV status was closely
associated with unique unfavorable clinical characteristics [older age, more advanced stage, two or more sites of extrano-
dal involvement, higher International Prognostic Index (IPl), and age-adjusted IP!I risk] only in the elderly group. Poor prog-
nostic impact of EBV positivity on overall survival was observed only in the elderly group [hazard ratio (HR) 2.86; 95%
confidence interval (Cl) 1.83-4.47; P <0.001], but not in the young group (HR 1.17; 95% CIl 0.35-3.89; P =0.801).
Conclusion: A substantial proportion of EBV-positive DLBCL of the elderly can occur in young adults. EBV positivity of
DLBCL in young adults was not associated with unfavorable clinical characteristics or worse outcomes. We suggest that
EBV-positive DLBCL should not be confined only in the elderly and ‘EBV-positive DLBCL in young adults’ needs to be
considered as aclinically distinct disease entity.
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Correlation of EBV status and clinicopathologic characteristics in 195 DLBCLSs

Total 27 (13.9) 168 (86.1) 22 (10.3) 173 (89.7) 17(8.7) 178 (91.3)

Age Mean (yrs) 57 55.7 58.3 55.5 59.1 55.5
<50 yrs 8(29.6)  51(30.4) 6(27.3)  53(30.6) 5(31.2)  54(30.2)
>50 yrs 19 (70.4) 117 (69.6) 0-908 16 (72.7) 120 (69.4) 0480 11(68.8) 125 (69.8) 0954

Sex Male 19(70.4) 97 (57.7)  0.151 16 (72.7) 100 (57.8) 0.132 11 (68.8) 105 (58.7) 0.305
Female 8(29.6)  71(42.3) 6(27.3)  73(42.2) 5(31.2)  74(41.3)

Sites  Extranodal 1(3.7) 28 (16.7)  0.060 1(4.5) 28 (16.2)  0.125 1(6.2) 28 (15.6)  0.276
Nodal 26 (96.3) 140 (83.3) 21(95.5) 145 (83.8) 15(93.8) 151 (84.4)

Stage Il 11 (40.7) 104 (64.2) 0.019 9(40.9) 106 (63.5) 0.037 7(438) 108 (62.4) 0.117
v 16 (59.3) 58 (35.8) 13(59.1) 61 (36.5) 9(56.2) 65 (37.6)

LDH  Normal 7(25.9)  83(52.9) 0.008 5(227)  85(52.5)  0.007 5(31.2)  85(50.6) 0.111
Increased 20 (74.1) 74 (47.1) 17 (77.3) 77 (471.5) 11 (68.8) 83 (49.4)

ECOG 0 2 (8.3) 58 (42.0)  0.007 2(105)  58(40.6)  0.039 1(7.1) 59 (39.9)  0.050
1 19(79.2) 70 (50.7) 15(78.9) 74 (51.7) 11(78.6) 78 (52.7)
>2 3(125)  10(7.2) 2(105)  11(7.7) 2(143)  11(7.4)

Extra- <1 site 21(80.8) 140 (87.5) 0.256 18(85.7)  143(86.7) 0.561 14 (93.3) 147 (86.0) 0.371

nodal 4 site 5(19.2) 20 (12.5) 3(143)  22(13.3) 1(6.7) 24 (14.0)

IPI 0-2 16 (64.0) 116 (81.1) 0.053 14(66.7)  118(80.3) 0.129 12 (75.0) 120 (78.9) 0.461
3-5 9(36.0)  27(18.9) 7(333)  29(19.7) 4(25.00  32(21.1)

Bi R, et al. Unpublished data from FUSCC



Correlation of EBV status and clinicopathologic characteristics in 195 DLBCLSs

Hans

Muris

CcD10

BCL6

MUM1

BCL2

Ki-67

Treat

ment

DFS
0S

GCB-like
non-GCB-like
GCB-like
non-GCB-like

+

< 50%
>50%
CHOP-like
RCHOP-like

7 (25.9)
20 (74.1)
14 (51.9)
13 (48.1)
6 (22.2)
21 (77.8)
7 (25.9)
20 (74.1)
8 (29.6)
19 (70.4)
12 (44.4)
15 (55.6)
5 (18.5)
22 (81.5)
15 (60.0)
10 (40.0)

56 (33.3)
112 (66.7)
117 (69.6)
51 (30.4)
32 (19.0)

136 (81.0)
102 (60.7)
66 (39.3)
95 (56.5)
73 (43.5)
109 (64.9)
59 (35.1)
25 (14.9)
143 (85.1)
83 (55.3)
67 (44.7)

0.299

0.056

0.435

0.001

0.008

0.036

0.403

0.416

< 0.001
<0.001

5(22.7)
17 (77.3)
12 (54.5)
10 (45.5)
5 (22.7)
17 (77.3)
5(22.7)
17 (77.3)
6 (27.3)
16 (72.7)
9 (40.9)
13 (59.1)
4(18.2)
18 (81.8)
14 (70.0)
6 (30.0)

58 (33.5)
115 (66.5)
119 (68.8)
54 (31.2)
33 (19.1)

140 (80.9)
104 (60.1)
69 (39.9)
97 (56.1)
76 (43.9)
112 (64.7)
61 (35.3)
26 (15.0)
147 (85.0)
84 (54.2)
71 (45.8)

0.221

0.137

0.434

0.001

0.010

0.028

0.448

0.135

< 0.001
<0.001

3(18.8)
13 (81.2)
9 (56.2)
7 (43.8)
3(18.8)
13 (81.2)
4 (25.0)
12 (75.0)
4 (25.0)
12 (75.0)
7 (43.8)
9 (56.2)
3(18.8)
13 (81.2)
8 (57.1)
6 (42.9)

60 (33.5)
119 (66.5)
122 (68.2)
57 (31.8)
35 (19.6)

144 (80.4)
105 (58.7)
74 (41.3)
99 (55.3)
80 (44.7)
114 (63.7)
65 (36.3)
152 (84.9)
27 (15.1)
90 (55.9)
71 (44.1)

Bi R, et al. Unpublished data from FUSCC
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Survival of EBV+ DLBCLs with different
therapeutic regimens
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Bi R, et al. Unpublished data from FUSCC



EBV+ DLBCL-related differential genes

BLNK
NFKBIA

BCL6
LRMP
CDC7
SCYA3

0.0003381
0.0025516
0.0248577
0.0250088
0.0346789
0.0349144

1214.82
1887.96
927.76
1091.59
212.11
166.43

Bi R, et al. Unpublished data from FUSCC



Possible signaling pathways involved
iIn EBV+ DLBCLSs

B cell receptor signaling pathway
NF-kappa B signaling pathway
Osteoclast differentiation

Primary immunodeficiency
Legionellosis

NOD-like receptor signaling pathway
Shigellosis

Cytosolic DNA-sensing pathway

Epithelial cell signaling in Helicobacter...

RIG-I-like receptor signaling pathway

Adipocytokine signaling pathway
Chronic myeloid leukemia
Leishmaniasis
Small cell lung cancer
Apoptosis
Prostate cancer
Chagas disease (American...
Toll-like receptor signaling pathway

T cell receptor signaling pathway

Bi R, et al. Unpublished data from FUSCC



Molecular profiling of diffuse large B-cell lymphoma identifies robust subtypes
including one characterized by host inflammatory response

Stefano Monti, Kerry J. Savage, Jeffery L. Kutok, Friedrich Feuerhake, Paul Kurtin, Martin Mihm, Bingyan Wu, Laura Pasqualucci,
Donna Neuberg, Ricardo C. T. Aguiar, Paola Dal Cin, Christine Ladd, Geraldine S. Pinkus, Gilles Salles, Nancy Lee Harris,
Riccardo Dalla-Favera, Thomas M. Habermann, Jon C. Aster, Todd R. Golub, and Margaret A. Shipp

DLBCL. There were 3 discrete subsets of Consensus clusters
BCR/

DLBCL—"oxidative phosphorylation,” “B- OxPhos Prolif. HR CTOT

cell receptor/proliferation,” and “host re- §22§ mﬂlﬂ“ﬂm =
sponse” (HR)—identified characterized us- o o

(Blood. 2005;105:1851-1861) Figure 4. Relationship of consensus clusters to cell-of-origin (COO) signature.

e OxPhos: Enriched in genes involved in oxidative phosphorylation,
mitochondrial function, and electron transport chain; higher levels of BCL2
family members

o BCR/proliferation: Has more abundant expression of cell-cycle regulatory genes
(CDK2, MCM family members, etc.); increased expression of DNA repair genes
(PMS2, H2AX, PTIP, P53); higher levels of BCR signaling cascade components
(CD19, Ig, CD79a, SYK, BLK) and B-cell-related transcription factors (PAX5,
OBF-1, E2A, BCL6, STAT6, MYC)

e HR: Enriched for markers of T-cell-mediated immune response and classical
complement pathway; increased expression of an overlapping set of
Inflammatory mediators and connective tissue components

e The three consensus clusters have similar 5-yr-survivals, suggesting the clusters
may be more useful for identifying potential pathogenetic mechanisms and
cluster-specific therapeutic targets than predicting responses to combination CT
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ORIGINAL ARTICLE

Loss of B-cell Receptor Expression Defines a Subset of
Ditfuse Large B-cell Lymphoma Characterized by Silent
BCR/PI3K/AKT Signaling and a Germinal Center
Phenotype Displaying Low-risk Clinicopathologic Features

Wei-Ge Wang, MD,*{ Wen-Li Cui, MD, PhD,*{} Lei Wang, MD, PhD,*{ Fen Zhu, MD,§
Xiao-Chun Wan, MD,*} Bo Ping, MD, PhD*{ Xiao-Yan Zhou, MD, PhD,*7
and Xiao-Qiu Li, MD, PhD*

Abstract: B-cell receptor (BCR) signaling is crucial for the sur-
vival of normal and neoplastic B cells, and inhibitors targeting
BCR signaling pathways have shown promising therapeutic
outcomes for patients with B-cell lymphomas. In the current
study, we analyzed de novo diffuse large B-cell lymphoma
without BCR expression (DLBCL, BCR ") in 25 cases to de-
termine the BCR/phosphatidylinositol-3-kinase/AKT (BCR/
PI3K/AKT) signaling status, clinicopathologic features, and
underlying causes leading to the loss of BCR. On the basis of
clinical features, 15 (60%) DLBCL, BCR ™ patients were clas-
sified into the low-risk group, and 18 (86%) experienced
complete remission. Morphologically and immunopheno-

PI3K /AKT pathway were expressed at low levels in DLBCL,
BCR ™ tissue. In vitro validation revealed that in DLBCL,
BCR ™ cell lines, the BCR/PI3K/AKT pathway did not respond
to BCR stimulation or inhibition. Our findings suggest that
DLBCL, BCR ™ was characterized by a silent BCR/PI3K/AKT
pathway, germinal center phenotype, and low risk and may not
be a candidate for BCR-targeted therapies.

Key Words: diffuse large B-cell lymphoma, B-cell receptor,
clinicopathologic features, PI3K, AKT

(Am J Surg Pathol 2015;39:902-911)




Metabolic Signatures Uncover Distinct Targets
in Molecular Subsets
of Diffuse Large B Cell Lymphoma

Pilar Caro,'-1% Amar U. Kishan,!-4:10 Erik Norberg,!->-10 lllana A. Stanley,'-> Bjoern Chapuy,? Scott B. Ficarro,1:3:6
Klaudia Polak,! Daniel Tondera,’ John Gounarides,” Hong Yin,” Feng Zhou,1-3-6 Michael R. Green,? Linfeng Chen,?
Stefano Monti,?? Jarrod A. Marto,'-3-.6 Margaret A. Shipp,2 and Nika N. Danial!-5*

Department of Cancer Biology

2Department of Medical Oncology

3Blais Proteomics Center

Dana-Farber Cancer Institute, Boston, MA 02115, USA

4Harvard-MIT Division of Health Sciences and Technology, Cambridge, MA 02139, USA

SDepartment of Cell Biology

6Department of Biological Chemistry and Molecular Pharmacology

Harvard Medical School, Boston, MA 02115, USA

“Novartis Institutes for Biomedical Research, Cambridge, MA 02139, USA

8The Broad Institute, Cambridge, MA 02142, USA

9Section of Computational Biomedicine, Boston University School of Medicine, Boston, MA 02218, USA
10These authors contributed equally to this work

SUMMARY Cancer Cell 22, 547-560, October 16, 2012

Molecular signatures have identified several subsets of diffuse large B cell ymphoma (DLBCL) and rational
targets within the B cell receptor (BCR) signaling axis. The OxPhos-DLBCL subset, which harbors the signa-
ture of genes involved in mitochondrial metabolism, is insensitive to inhibition of BCR survival signaling but
is functionally undefined. We show that, compared with BCR-DLBCLs, OxPhos-DLBCLs display enhanced
mitochondrial energy transduction, greater incorporation of nutrient-derived carbons into the tricarboxylic
acid cycle, and increased glutathior-le levels. Moreover, perturbation of the fatty acid oxidation program
and glutathione synthesis p-roved selectively toxic to this tumor subset. Our analysis provides evidence for
distinct metabolic f'ingerprints and associated survival mechanisms in DLBCL and may have therapeutic
implications.




DLBCL carrying MYC abnormalities

o MYC gene (8924.21) play important roles in the regulation
of cell differentiation, cell cycle, apoptosis, adhesion, and
angiogenesis

o MYC abnormalities may be involved in the pathogenesis of

some aggressive B-cell lymphomas
- Predominantly gene rearrangement associated with chromosomal

translocation, with occasional gene amplification
- Comprising BL, DLBCL and BLU, with features intermediate

between DLBCL and BL
e DLBCL carrying MYC abnormalities has been reported to

be assoclated with a worse clinical outcome



DLBCL with MYC rearrangement: Incidence

and clinicopathologic characteristics

F 1-4 54 MYC HFEHR DLBCL I AR B 2= Rk
I PR 9 B 2 F 4E DLBCL,MYC+ n(%) DLBCL,MYC- n(%)
n=17(9.3%) n=165

Il K 2 %

58 [22-86] 59 [23-86]
7(41) 87(52)
10(59) 78(48)
7(41) 119(72)

10(59) 46(28)
Kkt CE4£>10cm) 3(17) 29(18)

f# F§ RCHOP Jj % 5 (36) 55 (38)

i il CHOP /7 & 9 (64) 89 (62)
xR E
GCB 11(65) 89(54)

non-GCB 6(35) 76(46)

Ki-67 H A AR [ 7 [Fl ] 80[50-95] 82.5[40-100] 0.895

0.452

Wang WG, et al. Unpublished data from FUSCC
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Prognostic impact of MYC
rearrangement in DLBCL

Overall Survival Overall Survival of DLBCL,MYC+

—— RCHOP
~++ CHOP

P=0.94

-+- DLBCL, MYC+
—— DLBCL, MYC-

P=0.001

Percent survival
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Wang WG, et al. Unpublished data from FUSCC



Expression of MY C protein in DLBCL

IHC Score
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Double-hit B-cell lymphoma (DHL)

o Refersto a B-cell lymphoma with 8q24/MYC
rearrangements in combination with a translocation
Involving another gene (e.g., BCL2, BCL3, BCL6)

e The most common form is MYC/BCL2 DHL

- Morphologically resemble conventional DLBCL or BLU, with
features intermediate between DLBCL and BL

- GCB phenotype, high proliferation rate, complex karyotype

- Aggressive clinical course, poor prognosis

e The spectrum of MYC/BCL2 DHL has been recently
broadened to include those have concurrent MYC and
BCL2 cytogenetic abnormalities other than translocations

o Asubset of DLBCL overexpressing MYC and BCL2 show
overlap with MYC/BCL2 DHL, but are not equivalent



Classification of DHLSs

DH lymphomas

Percentage of all 326 DH cases

BCLz2t/MYCT
BCL6T/MYC*
BCL2+/BCL6T/MYC*
CCND1+/MYC+
BCL3T/MYCT
9p13T/MYC
BCL3"/9p13T/MYCT TH
Total DH and TH cases
MYC only

Burkitt lymphoma

Other lymphomas

Total

62
8
16
10
2
1
0

Aukema SM, et al. Blood 2011; 117: 2319
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DHL: BCL6+/MYC+ v.s. BCL2+/MYC+

BCL6+/MYC+ (%) BCL2+/MYC+ (%) P
CD20+ 14/14 (100) 117/119 (98) NE
CD10+ 7/11 (64) 143/159 (90) 0.03
BCL6+ 6/7 (86) 68/83 (82) NS
BCL2+ 219 (22) 130/142 (92) <0.0001
IRF4/MUM1+ 3/4 (75) 12/67 (18) 0.03
GCB-type 6/7 (86) 143/159 (90) NS
IG/MYC trans. 9/14 (64) 101/142 (71) NS

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



|mmunohistochemical DHLSs

o Johnson NA, et al. Concurrent expression of MYC and
BCL2 in diffuse large B-cell lymphoma treated with
rituximab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone. J Clin Oncol 2012; 30(28):
3452-9

o Green TM, et al. Immunohistochemical double-hit score
IS a strong predictor of outcome in patients with diffuse
large B-cell lymphoma treated with rituximab plus
cyclophosphamide, doxorubicin, vincristine, and
prednisone. J Clin Oncol 2012; 30(28): 3460-7



Prognostic significance of IDHLs

O

== DHL
Non-DHL

== DHL
MNon-DHL

o
4
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Progression-Free Survival
o
%]

24 36 48 60 72 84 96 12 24 36 48 60 72 84 96
Time (months) Time (months)

Green TM, et al. J Clin Oncol 2012; 30: 3460



MY C protein expression and genetic alterations have
prognostic impact in patients with diffuse large B-cell
lymphoma treated with immunochemotherapy
Valera A, et al. Haematologica 2013; 98(10): 1554-62

e MYC rearrangement as the sole abnormality (MYC single-hit) in 3%
of cases, MYC and concurrent BCL2 and/or BCL6 rearrangements
(MYC double/triple-hit) in 4%, MYC amplifications in 2% and MYC
gains in 19%

e MYC single-hit, MYC double/triple-hit and MYC amplifications, but
not MYC gains or other gene rearrangements, were associated with
unfavorable PFS and OS

e MYC protein expression captured the unfavorable prognosis of MYC
translocations/amplifications and identified an additional subset of
patients without gene alterations but with similar poor prognosis

e Patients with tumors expressing both MY C/BCL2 had the worst
prognosis, whereas those with double-negative tumors had the best
outcome

e High MYC expression was associated with shorter overall survival
Irrespectively of the IP1 and BCL2 expression
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MY C/BCL2 protein coexpression contributes to the inferior survival
of activated B-cell subtype of diffuse large B-cell lymphoma and

demonstrates high-risk gene expression signatures: a report from The
International DLBCL Rituximab-CHOP Consortium Program

Shimin Hu,! Zijun Y. Xu-Monette,’ Alexander Tzankov,” Tina Green,® Lin Wu,* Aarthi Balasubramanyam,* Wei-min Liu,*
Carlo Visco,® Yong Li,° Roberto N. Miranda,’ Santiago Montes-Moreno,” Karen Dybkaer,® April Chiu,® Attilio Orazi,'°
Youli Zu,"" Govind Bhagat, '? Kristy L. Richards,'® Eric D. Hsi,'* William W. L. Choi,'® Xiaoying Zhao,'® J. Han van Krieken,”
Qin Huang,'® Jooryung Huh,'® Weiyun Ai,?® Maurilio Ponzoni,?' Andrés J. M. Ferreri,?! Fan Zhou,” Graham W. Slack,**
Randy D. Gascoyne,? Meifeng Tu,?* Daina Variakojis,?®> Weina Chen,?® Ronald S. Go,?” Miguel A. Piris,” Michael B. Moller,?
L. Jeffrey Medeiros,' and Ken H. Young'

"Department of Hematopathology, The University of Texas MD Anderson Cancer Center, Houston, TX; University Hospital, Basel, Switzerland; *Odense
University Hospital, Odense, Denmark; *Roche Molecular Systems, Pleasanton, CA; ®San Bortolo Hospital, Vicenza, Italy; ®University of Louisville, Louisville,
KY: "Hospital Universitario Marques de Valdecilla, Santander, Spain; ®Aalborg Hospital, Aarhus University Hospital, Aalborg, Denmark; *Memorial
Sloan-Kettering Cancer Center, New York, NY: "®Weill Medical College of Cornell University, New York, NY; '"The Methodist Hospital, Houston, TX;
2Columbia University Medical Center and New York Presbyterian Hospital, New York, NY; "SUniversity of North Carolina School of Medicine, Chapel Hill, NC;
"Cleveland Clinic, Cleveland, OH: "®Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong, China: '®Zhejiang University School of Medicine,
Second University Hospital, Hangzhou, China; ""Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands; '®City of Hope National Medical Center,
Duarte, CA; "Asan Medical Center, College of Medicine, Ulsan University, Seoul, Korea; 2°School of Medicine, University of California San Francisco, San
Francisco, CA; 'San Raffaele H. Scientific Institute, Milan, Italy; **Southwest Washington Medical Center, Vancouver, WA: **BC Cancer Agency and BC Cancer
Research Centre, Vancouver, British Columbia, Canada; ?*Peking University School of Oncology, Beijing Cancer Hospital, Beijing, China; 2°Feinberg School of
Medicine, Northwestern University, Chicago, IL; 26Ameripathf@t,lest Diagnostics, Dallas, TX; and #’Gundersen Lutheran Health System, La Crosse, WI

proteins, those involving matrix deposition/remodeling and cell adhesion, and upregulation of proliferation-associated genes. We

conclude that MYC/BCL2 coexpression in DLBCL is associated with an aggressive clinical course, is more common in the ABC subtype,
“and contributes to the overall inferior prognosis of patients with ABC-DLBCL. In conclusion, the data suggest that MYC/BCL2 |
“coexpression, rather than cell-of-origin classification, is a better predictor of prognosis in patients with DLBCL treated with R-CHOP.

—(Blood. 2013;121(20):4021-4031)




MY C/BCL2 coexpression in DLBCL:

A common event with a poor prognosis

A
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Hu S, et al. Blood 2013; 121: 4021-31
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Figure 1. Prognostic impact of MYC/BCL2 coexpression in DLBCL. (A-B) OS (A) and PFS (B) of patients with DLBCL with MYC/BCL2 coexpression (MYC'BCL2") inthe
training set. (C-D) OS of patients with MYC" DLBCL in the presence (C) or absence (D) of BCL2 coexpression in the training set. (E-F) OS of patients with BCL2" DLBCL in

the presence (E) or absence (F) of MYC coexpression in the training set.




100+ 100+, 100

80+ All others (n=188) 80 All others (n=188) 80+
All others (n=121)
3? 60+ § 60+ 3? 60+
%) a %)
O 404 - 404 O 40
MYC+BCL2+ (n=53) 2 MYC+BCL2+ (n=53)
204 . 20+ =
p<.0001 p<.0001 p<.0001 MYC+BCL2+ (n=104)
0 T T T T T T T T 1 0 T T T T T T T T 1 0 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Months Months Months
1. 1Pl =2 Non-DP (n=133) 1. 1Pl £2 Non-DP (n=193)
100+ 10044, 2. IP1 <2 DP (n=70) 100-_. 2.1P1 <2 DP (n=70)
"""“"lu-q,lh 3. IP1 >2 Non-DP (n=81) 3. IP1 >2 Non-DP (n=81)
80 80+ .. 4.1P1>2 DP (n=67) 80+ 4.1P1 >2 DP (n=67)
- All others (n=121) lI-lLI-I —
2 60 3 60 bt 2 604
— E,.; LLJI ___________ 1 —
& Q 2
o 404 O 40+ L 40-
20 1 vs 2: p<.0001 20 1 vs 2: p<.0001
0<.0001 MYC+BCL2+ (n=104) 3 vs 4: p=.0020 " 3 vs 4: p=.0010
0 T T T T T T T T 1 D T T T T T T T T 1 0 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Months Months Months

Figure 2. Prognostic impact of MYC/BCL2 coexpression in DLBCL risk-stratified according to clinicopathologic parameters. (A-B) OS (A) and PFS (B) of patients
with MYC*BCL2" DLBCL of the GCB subtype in the training set. (C-D) OS (C) and PFS (D) of patients with MYC*BCL2" DLBCL of the ABC subtype in the training set.
(E-F) OS (E) and PFS (F) of patients with MYC*BCL2"* DLBCL risk-stratified according to IPI risk scores in the training set. DP, MYC/BCL2 double-positive; Non-DP,
non—double positive.




MY C translocation partner gene
determines survival in DLBCL

DH+, non-1G

Pedersen, et al. Eur J Haematol 2014



DHL : Does histologic subtype
(DLBCL,NOS v.s. HGBCLU) have
prognostic relevance?
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Snuderl, et al. Am J Surg Pathol 2010

Cook, et al. Am J Surg Pathol 2014



WHO proposal for DHL v.s. HGBCLU

e DHL should be unified in a single category so
that they can be further studied in clinical trials

e For cases with DH, can be labeled as “high-
grade B-cell lymphoma, with translocations
Involving MYC and BCL2 (or variant forms)” ,
and optional to further designate as DLBCL,
NOS or Burkitt-like in morphology in comments

e For cases without DH, just use the terminology
“High grade B-cell ymphoma, NOS”



Clinical, morphological, immunophenotypic and
biological overlap between CHL and PMBL

PMBL/

Hodgkin
Lymphoma
genes

IL2RG
TNFRSF14
IFIT2

NCOA1

Rosenwald et al, J Exp Med 2003; 198: 851-62
Savage et al, Blood 2003; 102: 3871-9
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No wonder there are:

e Composite tumors of
classical Hodgkin
lymphoma + PMBL
(synchronous or
metachronous)

o B-cell lymphomas with
features intermediate
between DLBCL and
classical Hodgkin
lymphoma (grey zone
lymphoma, GZL)










B-cell lymphoma, unclassifiable, with features
Intermediate between DLBCL and CHL

o Definition:
A B lineage lymphoma with overlapping clinical,
morphological, and/or immunophenotypic features
between CHL and PMBL (GZL)

o Clinical features:
Young men, large mediastinal mass, aggressive and
fails to respond to the therapeutic regimens effective in
CHL or PMBL

e Morphology:
Sheets of pleomorphic large cells, (H/RS-like), variable
sclerosis and fibrous bands, a sparse inflammatory
Infiltrate, frequent necrosis

e Immunophenotype:
CD45+, CD30+, PAX5+, CD20+/-, CD79a+/-, CD15+/-,
CD10-, BCLG6-/+
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GZL: What’s new?

e PMBL and CHL share a common GEP signature

o The exact mechanisms responsible for the transformation
of a B-cell to a HRS cell are not fully understood, but the
down regulation of B-cell program in CHL may be
responsible for the tumorigenesis, and these modifications
may be controlled at the epigenetic level

o GZL differs from NSCHL and PMBL by differential
methylation of selected CpG islands, thus, the epigenetic
signature may serve as not only new diagnostic tools, but
possible targets for future therapies



Identification of differentially methylation targets

In NSCHL, PMBL, AND GZL
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Grey zone lymphomas include
but are not restricted to the
two examples listed in the 4th
edition of WHOQO classification
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