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WHO 3rd Edition, 2001 WHO 4th Edition, 2008

 351 pages

 ~37 categories

of lymphoid 

neoplasms

 439 pages

 ~71 categories

of lymphoid 

neoplasms



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

 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 of the elderly
- Primary mediastinal (thymic) large B-cell lymphoma
- Intravascular large B-cell lymphoma
- DLBCL associated with chronic inflammation (EBV)
- Lymphomatoid granulomatosis (EBV)
- ALK-positive large B-cell lymphoma
- Plasmablastic lymphoma (HIV&EBV)
- Large B-cell lymphoma arising in HHV8-associated multicentric

Castleman disease
- Primary effusion lymphoma (HIV&EBV, HHV8)

 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 

DLBCL: Split into many more entities



Lymphoma

Entity

Clinical features Morphology

Immunophenotype Genetics



 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)





CD30

CD23CD20



Primary mediastinal large B-cell 

lymphoma (PMBL)

 Proposed normal counterpart: thymic B 

lymphocyte (often with an asteroid morphology)

CD20



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

PMBL: 
Gene expression

profiling



Are there better ways to delineate entities 

within this waste-basket category?

Remarkable clinical and genetic 
heterogeneity of DLBCL, NOS 



 Common morphologic variants
- Centroblastic
- Immunoblastic
- Anaplastic

 Rare morphologic variants

 Molecular subgroups
- Germinal centre B-cell like (GCB)
- Activated B-cell like (ABC)

 Immunohistochemical subgroups
- CD5-positive DLBCL
- Germinal centre B-cell like (GCB) 
- Non-germinal centre B-cell like (non-GCB) 

WHO classification (4th edition) 
of DLBCL, NOS



Centroblastic Immunoblastic

DLBCL, NOS



Distinct types of DLBCL 
identified by GEP

 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



Germinal 

center B 

cell-like

Activated 

B cell-like



Prognostic significance of this division is 

maintained even if IPI is taken into consideration

5-yr OS 76% vs 16%



GCB v.s. ABC

Rosenwald A, et al. 

N Engl J Med 2002; 

346(25): 1937-47



GCB R-CHOP CHOP P value

3 yr OS 85% 52% < 0.001

non-GCB R-CHOP CHOP P value

3 yr OS 69% 33% < 0.001

Fu K, et al. J Clin Oncol 2008; 26: 4587

Both GCB and non-GCB DLBCL
benefit from the R-CHOP treatment



Immunostain algorithm for 
subgrouping DLBCL
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 Diffuse large B-cell lymphoma, NOS (GCB, ABC, others)

 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 

 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 

DLBCL: 2016 WHO Classification



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



EBER





EBV+ DLBCL: The cut-off of 

EBV+ tumor cells?

The proportion of EBER+ tumor cells varies considerably 

in individual cases 



No. of  cases (%)
EBER+ tumor cells of any % EBER+ tumor cells > 20% EBER+ tumor cells > 50% 

EBV+ EBV- P value EBV+ EBV- P value EBV+ EBV- P value

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)
0.568

6 (27.3) 53 (30.6)
0.480

5 (31.2) 54 (30.2)
0.554

>50 yrs 19 (70.4) 117 (69.6) 16 (72.7) 120 (69.4) 11 (68.8) 125 (69.8)

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 I/II 11 (40.7) 104 (64.2) 0.019 9 (40.9) 106 (63.5) 0.037 7 (43.8) 108 (62.4) 0.117

III/IV 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 (22.7) 85 (52.5) 0.007 5 (31.2) 85 (50.6) 0.111

Increased 20 (74.1) 74 (47.1) 17 (77.3) 77  (47.5) 11 (68.8) 83 (49.4)

ECOG 0 2 (8.3) 58 (42.0) 0.007 2 (10.5) 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 (12.5) 10 (7.2) 2 (10.5) 11 (7.7) 2 (14.3) 11 (7.4)

Extra-

nodal

≤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

> 1 site 5 (19.2) 20 (12.5) 3 (14.3) 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 (33.3) 29 (19.7) 4 (25.0) 32 (21.1)

Correlation of EBV status and clinicopathologic characteristics in 195 DLBCLs

Bi R, et al. Unpublished data from FUSCC



No. of  cases (%)
EBER+ tumor cells of any % EBER+ tumor cells > 20% EBER+ tumor cells > 50% 

EBV+ EBV- P value EBV+ EBV- P value EBV+ EBV- P value

Hans GCB-like 7 (25.9) 56 (33.3) 0.299 5 (22.7) 58 (33.5) 0.221 3 (18.8) 60 (33.5) 0.177

non-GCB-like 20 (74.1) 112 (66.7) 17 (77.3) 115 (66.5) 13 (81.2) 119 (66.5)

Muris GCB-like 14 (51.9) 117 (69.6) 0.056 12 (54.5) 119 (68.8) 0.137 9 (56.2) 122 (68.2) 0.240

non-GCB-like 13 (48.1) 51 (30.4) 10 (45.5) 54 (31.2) 7 (43.8) 57 (31.8)

CD10 + 6 (22.2) 32 (19.0) 0.435 5 (22.7) 33 (19.1) 0.434 3 (18.8) 35 (19.6) 0.620

- 21 (77.8) 136 (81.0) 17 (77.3) 140 (80.9) 13 (81.2) 144 (80.4)

BCL6 + 7 (25.9) 102 (60.7) 0.001 5 (22.7) 104 (60.1) 0.001 4 (25.0) 105 (58.7) 0.010

- 20 (74.1) 66 (39.3) 17 (77.3) 69 (39.9) 12 (75.0) 74 (41.3)

MUM1 + 8 (29.6) 95 (56.5) 0.008 6 (27.3) 97 (56.1) 0.010 4 (25.0) 99 (55.3) 0.019

- 19 (70.4) 73 (43.5) 16 (72.7) 76  (43.9) 12 (75.0) 80 (44.7)

BCL2 + 12 (44.4) 109 (64.9) 0.036 9 (40.9) 112 (64.7) 0.028 7 (43.8) 114 (63.7) 0.097

- 15 (55.6) 59 (35.1) 13 (59.1) 61 (35.3) 9 (56.2) 65 (36.3)

Ki-67 ≤ 50% 5 (18.5) 25 (14.9) 0.403 4 (18.2) 26 (15.0) 0.448 3 (18.8) 152 (84.9) 0.460

> 50% 22 (81.5) 143 (85.1) 18 (81.8) 147 (85.0) 13 (81.2) 27 (15.1)

Treat

ment

CHOP-like 15 (60.0) 83 (55.3) 0.416 14 (70.0) 84 (54.2) 0.135 8 (57.1) 90 (55.9) 0.579

RCHOP-like 10 (40.0) 67 (44.7) 6 (30.0) 71 (45.8) 6 (42.9) 71 (44.1)

DFS < 0.001 < 0.001 0.038

OS < 0.001 < 0.001 0.008

Bi R, et al. Unpublished data from FUSCC

Correlation of EBV status and clinicopathologic characteristics in 195 DLBCLs



Survival of EBV+ DLBCLs with different 
therapeutic regimens

CHOP RCHOP

Case No. DFS OS Case No. DFS OS

EBV+ 14
< 0.001 < 0.001

10
< 0.001 < 0.001

EBV- 79 62

Bi R, et al. Unpublished data from FUSCC

CHOP RCHOP

EBV-

EBV-

EBV+

EBV+



EBV+ DLBCL-related differential genes

Gene symbol P value FDR Geom mean of 

intensities in 

EBV+

Geom mean of 

intensities in 

EBV-

Fold-change

BLNK 0.0003381 0.0159 592.5 1214.82 0.49

NFKBIA 0.0025516 0.06 BLNK 1887.96 1.35

BCL6 0.0248577 0.273 575.13 927.76 0.62

LRMP 0.0250088 0.273 653.37 1091.59 0.6

CDC7 0.0346789 0.273 273.26 212.11 1.29

SCYA3 0.0349144 0.273 265.89 166.43 1.6

Bi R, et al. Unpublished data from FUSCC

EBV+ EBV-



Possible signaling pathways involved

in EBV+ DLBCLs

Bi R, et al. Unpublished data from FUSCC



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

 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)

 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

 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



Fostamatinib

Ibrutinib

GS1101

Idelalisib







DLBCL carrying MYC abnormalities 

 MYC gene (8q24.21) play important roles in the regulation 

of cell differentiation, cell cycle, apoptosis, adhesion, and 

angiogenesis

 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

 DLBCL carrying MYC abnormalities  has been reported to 

be associated with a worse clinical outcome



DLBCL with MYC rearrangement: Incidence 

and clinicopathologic characteristics 

Wang WG, et al. Unpublished data from FUSCC

(9.3%)



Prognostic impact of MYC
rearrangement in DLBCL

Wang WG, et al. Unpublished data from FUSCC
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Expression of MYC protein in DLBCL

Wang WG, Li XQ, et al. Unpublished data from FUSCC

	

	



Double-hit B-cell lymphoma (DHL)

 Refers to a B-cell lymphoma with 8q24/MYC 

rearrangements in combination with a translocation 

involving another gene (e.g., BCL2, BCL3, BCL6)

 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

 The spectrum of MYC/BCL2 DHL has been recently 

broadened to include those have concurrent MYC and 

BCL2 cytogenetic abnormalities other than translocations

 A subset of DLBCL overexpressing MYC and BCL2 show 

overlap with MYC/BCL2 DHL, but are not equivalent 



Classification of DHLs

Aukema SM, et al. Blood 2011; 117: 2319





C-MYCCD20 CD10

BCL6 MUM1



BCL2

t(8)(q24)/c-mycKi-67





C-MYCBCL6

t(8)(q24)/c-myct(3)(q27)/bcl-6



DHL: BCL6+/MYC+ v.s. BCL2+/MYC+

BCL6+/MYC+ (%) BCL2+/MYC+ (%) P

CD20+ 14/14 (100) 117/119 (98) NS

CD10+ 7/11 (64) 143/159 (90) 0.03

BCL6+ 6/7 (86) 68/83 (82) NS

BCL2+ 2/9 (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



Immunohistochemical DHLs

 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

 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

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



MYC protein expression and genetic alterations have 
prognostic impact in patients with diffuse large B-cell 

lymphoma treated with immunochemotherapy

 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%

 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 

 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

 Patients with tumors expressing both MYC/BCL2 had the worst 

prognosis, whereas those with double-negative tumors had the best 

outcome

 High MYC expression was associated with shorter overall survival 

irrespectively of the IPI and BCL2 expression

Valera A, et al. Haematologica 2013; 98(10): 1554-62











MYC/BCL2 coexpression in DLBCL: 
A common event with a poor prognosis 

Hu S, et al. Blood 2013; 121: 4021-31







MYC translocation partner gene 
determines survival in DLBCL

Pedersen, et al. Eur J Haematol 2014

DH+, non-IG

DH-

DH+, IG



DHL: Does histologic subtype 
(DLBCL,NOS v.s. HGBCLU) have 

prognostic relevance?  

Cook, et al. Am J Surg Pathol 2014

Snuderl, et al. Am J Surg Pathol 2010

DLBCL, NOS

HGBCLU

DLBCL, NOS

HGBCLU

MYC IHC+

MYC IHC-



 DHL should be unified in a single category so 

that they can be further studied in clinical trials

 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 

 For cases without DH, just use the terminology 

“High grade B-cell lymphoma, NOS”

WHO proposal for DHL v.s. HGBCLU  



Clinical, morphological, immunophenotypic and 

biological overlap between CHL and PMBL

PMBCL

Rosenwald et al, J Exp Med 2003; 198: 851-62

Savage et al, Blood 2003; 102: 3871-9

CHL



No wonder there are:

 Composite tumors of 

classical Hodgkin 

lymphoma + PMBL

(synchronous or 

metachronous)

 B-cell lymphomas with 

features intermediate 

between DLBCL and 

classical Hodgkin 

lymphoma (grey zone 

lymphoma, GZL) 



30-yr-old male, mediastinal mass

+

Left: CHL Right: PMBL
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B-cell lymphoma, unclassifiable, with features 
intermediate between DLBCL and CHL

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

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

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

 Immunophenotype:
CD45+, CD30+, PAX5+, CD20+/-, CD79a+/-, CD15+/-, 
CD10-, BCL6-/+



GZL



CD15 CD23

CD20CD20

CD30



Haematologica 2011; 96:496-9













GZL: What’s new?

 PMBL and CHL share a common GEP signature

 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

 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



Haematologica 2011; 96: 558-65

Identification of differentially methylation targets
in NSCHL, PMBL, AND GZL



Grey zone lymphomas include 

but are not restricted to the 

two examples listed in the 4th 

edition of WHO classification



NLPHL

CHL THRLBCL
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