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DOUBLE HIT LYMPHOMAS (DHL)
first line treatment



DLBCLs with MYC and BCL2 translocations are characterized by inferior survival

Niitsu et al., Leukemia 2009



Patients with DHL respond poorly to chemotherapy 

and have very poor survival outcomes

O
S

 (
%

)

 Since the 2016 WHO revised classification of lymphoid neoplasms, genomic translocations 

in MYC, BCL and/or BCL6 oncogenes were added to HGBL1

– HGBL occurs in <10% cases of DLBCL2

Patients with double-hit lymphomas respond poorly to chemotherapy 

and have very poor survival outcomes

Swerdlow SH, et al. Blood 2016; 127:2375–2390. 

   Friedberg JW. Blood 2017; 130: 590–596



• DHITsig expression extends beyond HGBCL-DH-
BCL2 to identify dark zone lymphomas and was thus 
renamed the “Dzsig

• DZsig defines a “Dark Zone–like” molecular phenotype. 
Tumors expressing DZsig share transcriptional 
programs of the germinal center dark zone, 
including high proliferation and immune-silent 
features.→ These cases represent a distinct 
molecular subgroup within GCB-DLBCL.

• Patients with DZsig+ DLBCL have markedly inferior 
progression-free survival, similar to HGBCL-DH-BCL2, 
and clearly worse than conventional GCB-DLBCL.

• Most DZsig-positive cases are NOT double-hit 
lymphomas. Among all DZsig+ tumors: 62% are 
GCB-DLBCL NOS, 38% are HGBCL-DH-BCL2

Dark zone signature beyond HGBCL-DH-BCL2 

The DHIT signature (renamed Dark Zone signature – DZsig) is present not only in Burkitt lymphoma (100%) and HGBCL-DH-BCL2 (77%), 
but also in ~15% of GCB-DLBCL, NOS.→ DZsig identifies a broader high-risk biological group than classical double-hit disease.



Petrich M, Gandhi M et al Blood  2014

DHL: role of intensive regimens

311 pts DHL- median age 60 (19-87); 

 DLBCL= 154 (50%)  BCLU= 150( 48%)

 BCL2 += 87%; BCL6+ =6% triple Hit= 6%

 GCB= 58 %

R-CHOP 100 (32)

R-Hyper-CVAD 66 (21)

DA-EPOCH-R 64 (21)

R-CODOX-M/IVAC 42 (14)

R-ICE 9 (3)

Others 31 (10)

Educational ASH 2014



Petrich M, Gandhi M et al 2014

DHL: role of frontline ASCT and CNS prophylaxis

For patients in CR, median OS was

similar for those observed (103 months) 

and those undergoing consolidation

SCT of any type .

CNS prophylaxis mandatory



Characteristic DA-EPOCH-R Era
(2015-2020)

Historic Era
(2005-2010)

Patients 66 38

Age >60 y 59% 63%

Stage III-IV 86% 71%

High IPI 39% 31%

DA-EPOCH-R 71% 0%

R-CHOP 23% 84%

Key findings

• 104 HGBCL-DH-BCL2 patients

• Population-based comparison

• Balanced baseline characteristics

• DA-EPOCH-R adopted in 2015-2020

Population-wide introduction of DA-EPOCH-R is associated with 
improved outcomes in HGBCL-DH-BCL2 with DLBCL morphology

Alduaij A, et al Blood Adv 2026



DHL: survival benefit with R-DA-EPOCH

Outcome DA-EPOCH-R Historic P

2y FFP 71% 47% 0.02

2y OS 75% 47% 0.008

Multivariable analysis

 FFP HR 0.38 (p=0.003)

 OS HR 0.38 (p=0.002)

Greatest benefit observed in:

• IG::MYC subgroup

• DZsig-positive tumors

Conclusion: after DA-EPOCH-R introduction, 

outcomes improved most in the IG::MYC and 

dark-zone signature– positive subgroups of 

HGBCL-DH-BCL2.

Alduaij A, et al Blood Adv 2026



Polatuzumab in HGBL: data from FIL-MAB 

Response

De novo 

(N=118)

Transfor

m (N=11)

High-grade 

(N=14)

TCHR

(N=3) PMBCL (N=6)

Other 

(N=10)

Total 

(N=162)

Not 

assessed 1 (0.85) 1 (9.09) 1 (7.14) 0 (0.00) 0 (0.00)

0 

(0.00) 3 (1.85)

CR

86 

(72.88) 9 (81.82) 11 (78.57) 1 (33.33) 6 (100.00)

6 

(60.00)

119 

(73.46)

PR

15 

(12.71) 1 (9.09) 0 (0.00) 2 (66.67) 0 (0.00)

0 

(0.00)

18 

(11.11)

PD 5 (4.24) 0 (0.00) 1 (7.14) 0 (0.00) 0 (0.00)

0 

(0.00) 6 (3.70)

EW: AE 1 (0.85) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

0 

(0.00) 1 (0.62)

EW: PD/rel 3 (2.54) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

2 

(20.00) 5 (3.09)

EW: Death 5 (4.24) 0 (0.00) 1 (7.14) 0 (0.00) 0 (0.00)

2 

(20.00) 8 (4.94)

EW: Other 2 (1.69) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

0 

(0.00) 2 (1.23)

COHORT 2 POLARCHP first line
- N = 162, IPI 3-5 
- HGBL  15, evaluable 14 

Final response assessment by subtype 

Tavarozzi R, et al, SIE 2026



Morschhauser, ASH 2023 

Copyright © 2026 American Society of Hematology 

Deciphering the Clinical Benefit of Pola-R-CHP versus R-CHOP in Different Genetic 

Subtypes Beyond Cell of Origin in the POLARIX

DZsig



DOUBLE EXPRESSOR LYMPHOMAS (DEL)
first line treatment



Johnson et al J.Clin. Oncol 2012

Myc+: ≥ 40% pos.

Bcl2+: ≥ 50% pos.



Staiger A. et al . J.Clin Oncol 2017 
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DEL- prognostic impact and risk of CNS relapse 

MYC and BCL2 protein expression predicts survival in pat ients

w ith dif fuse large B-cell lymphoma treated w ith rituximab
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Summary

Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous disease and

“double-hit” DLBCL, with both MYC and BCL2 translocations has a poor

prognosis. In this study, we investigated whether MYC and BCL2 protein

expression in tissue would predict survival in DLBCL. The study included

106 cases of de novo DLBCL treated with rituximab and cyclophosphamide,

doxorubicin, vincristine and prednisone (R-CHOP) or CHOP-like regi-

mens. The results were validated on an independent cohort of 205 DLBCL

patients. Patients with low expression of BCL2 (≤30%) and MYC (≤50%)

had the best prognosis, whereas those with high BCL2 (>30%) and MYC

(>50%) had the worst outcome. In multivariate analysis, the combination

of the BCL2 and MYC was an independent predictor of overall survival

(OS) and event-free survival (EFS) (P = 0 015 and P = 0 005, respectively).

The risk of death was nine times greater for patients with high BCL2 and

MYC compared to those with low expression. High BCL2 and MYC was a

strong predictor of poor OS (P < 0 001) and EFS (P = 0 0017) in patients

with the germinal centre B-cell (GCB) type, but not in the non-GCB type.

In DLBCL, high co-expression of MYC and BCL2 was an independent

predictor of poor survival, and could be used to stratify patients for

risk-adapted therapies.

Keywords: diffuse large B-cell lymphoma, MYC, BCL2, double-hit

lymphoma, aggressive lymphoma.

Diffuse large B-cell lymphoma (DLBCL) constitutes 30–40%

of all non-Hodgkin lymphomas in Western countries and

is biologically a heterogeneous disease. The addition of

rituximab to standard chemotherapy protocols, such as

cyclophosphamide, doxorubicin, vincristine and prednisone

(R-CHOP), has led to significantly improved survival in

these patients (Coiffier et al, 2002; Sehn et al, 2005; Fu et al,

2008; Swerdlow et al, 2008). The International Prognostic

research paper

First published online 8 February 2014

doi: 10.1111/bjh.12763

ª 2014 John Wiley & Sons Ltd

British Journal of Haematology, 2014, 165, 382–391
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CLINICAL TRIALS AND OBSERVATIONS

Impact of dual expression of MYC and BCL2 by immunohistochemistry
on the risk of CNS relapse in DLBCL

Kerry J. Savage,1 Graham W. Slack,2 Anja Mottok,2 Laurie H. Sehn,1 Diego Villa,1 Roopesh Kansara,3 Robert Kridel,2

Christian Steidl,2 Daisuke Ennishi,2 King L. Tan,2 Susana Ben-Neriah,2 Nathalie A. Johnson,4 Joseph M. Connors,1

Pedro Farinha,2 David W. Scott,1 and Randy D. Gascoyne2

1Department of Medical Oncology and 2Department of Pathology and Laboratory Medicine, Centre for Lymphoid Cancer, British Columbia Cancer Agency,

Vancouver, BC, Canada; 3Section of Medical Oncology/Hematology, Cancer Care Manitoba, Winnipeg, MB, Canada; and 4Division of Hematology,

Sir Mortimer B. Davids-Jewish General Hospital, Montreal, QC, Canada

Key Points

• Dual expression of MYC and

BCL2 is associated with an

increased risk of CNS

relapse in DLBCL treated

with R-CHOP.

Dual expression of MYC and BCL2 by immunohistochemistry (IHC) is associated with

poor outcome in diffuse large B-cell lymphoma (DLBCL). Dual translocation of MYC and

BCL2, so-called “ double-h it lymphoma,” has been associated with a high risk of central

nervous system (CNS) relapse; however, the impact of dual expression of MYC and BCL2

(dual expressers) on the risk of CNS relapse remains unknown. Pretreatment formalin-

fixed paraffin-embedded DLBCL biopsies derived from patients subsequently treated

with ri tuximab plus cyclophosphamide, doxorubicin, vincrist ine, and prednisone

(R-CHOP) were assembled on tissue microarrays from 2 studies and were evaluated for

expression of MYC and BCL2 by IHC. In addition, cell of origin was determined by IHC and the Lymph2Cx gene expression assay in a

subset of patients. We identified 428 patients who met the inclusion criteria. By the recently described CNS risk score (CNS–

International Prognostic Index [CNS-IPI]), 34% were low risk (0 to 1), 45% were intermediate risk (2 to 3), and 21% were high risk

(4 or greater). With a median follow-up of 6.8 years, the risk of CNS relapse was higher in dual expressers compared with non-dual

expressers (2-year risk, 9.7% vs 2.2%; P 5 .001). Patients with activated B-cell or non–germinal center B-cell type DLBCL also had an

increased risk of CNS relapse. However, in mult ivariate analysis, only dual expresser status and CNS-IPI were associated with CNS

relapse. Dual expresser MYC1 BCL21 DLBCL defines a group at high risk of CNS relapse, independent of CNS-IPI score and cell

of origin. Dual expresser status may help to identify a high-risk group who should undergo CNS-directed evaluation and con-

sideration of prophylactic strategies. (Blood. 2016;127(18):2182-2188)

Introduction

Central nervoussystem(CNS) relapseisadevastatingevent inpatients

with diffuselargeB-cell lymphoma(DLBCL). Despitetheoverall

improvement inoutcomeof DLBCL intherituximabtreatment era,1-4

CNSrelapsecontinuestooccur. Thismay betheresult of limitedCNS

penetration of rituximab plus cyclophosphamide, doxorubicin, vin-

cristine, and prednisone (R-CHOP) and/or poor control of systemic

diseaseand secondary spread to theCNS. Although therisk of CNS

relapse has declined in the rituximab treatment era,5,6 the impact is

modest,whichisinkeepingwithpharmacokineticstudiesshowingthat

levels in thecerebrospinal uid are only 0.1% that of matched serum

levels.7 The outcome after CNS relapse is poor, which highlights the

need to identify patients at diagnosis who may beat increased risk of

CNSrelapseand to facilitatethedevelopment of effectiveprophylactic

strategies.

The German High Grade Non-Hodgkin Lymphoma study group

recently proposed a CNS relapse risk model that incorporates the 5

International Prognostic Index (IPI) risk factors and kidney and/or

adrenal involvement (CNS-IPI) tostratify patientsinto low-risk (0 to 1

factors), intermediate-risk (2 to 3 factors), and high-risk (4 or more

factors) groupswith a2-year risk of CNSrelapseof , 1%, , 5%, and

. 10%,respectively.8Thismodel wasvalidatedintheBritishColumbia

Cancer Agency population-baseddatabase9 aswell asinaseparate

study that includedacohort of DLBCL patientsstagedwithapositron

emission tomography/computed tomography (PET/CT) scan.10 Al-

thoughthismodel providesastraightforwardway toidentify high-risk

patients, further re nement of a high-risk group by the addition of

objectivebiomarkerswill greatly facilitateCNS-directeddiagnostic

work-up as well as theselection of patients for CNS prophylaxis.

It has been well described that DLBCL comprises 2 molecular

subtypes, activated B-cell (ABC) and germinal center B-cell (GCB),

which have distinct underlying biology and drivers of disease

pathogenesis.11,12 Multiple studies have also con rmed thepoor

prognosis of ABC DLBCL13,14; however, the relative contribution

of CNS relapse to this is unknown. In addition, it is typically GCB

DLBCL patients who harbor rare dual translocations of MYC and

BCL2, so-called “double-hit DLBCL,” whichhasbeenassociatedwith

Submitted October 30, 2015; accepted January 16, 2016. Prepublished online

as Blood First Edition paper, February 1, 2016; DOI 10.1182/blood-2015-10-

676700.

Presented at the 56th American Society of Hematology Annual Meeting and

Exposition, San Francisco, CA, December 6-9, 2014.

The online version of this article contains a data supplement.

The publication costs of this article were defrayed in part by page charge

payment. Therefore, and solely to indicate this fact, this article is hereby

marked “advertisement” in accordance with 18 USC section 1734.

© 2016 by The American Society of Hematology

2182 BLOOD, 5 MAY 2016 x VOLUME 127, NUMBER 18

D
o
w

n
lo

a
d

e
d

 fro
m

 h
ttp

://a
s
h

p
u

b
lic

a
tio

n
s
.o

rg
/b

lo
o
d
/a

rtic
le

-p
d

f/1
2

7
/1

8
/2

1
8
2
/1

3
9
2

9
0

4
/2

1
8

2
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 S

e
p
te

m
b
e

r 2
0
2

3

Savage K, et al, Blood 2016



Dodero A.  et al, Leukemia 2019

Do DEL need more intensive approach than R-CHOP?
The case of R-DA-EPOCH 



Is DA-EPOCH-R superior to  R-CHOP in DEL?

 524 DLBCL patients; DEL: 15.6%

No differences by treatment arm in the MYC rearranged or

patients with DEL phenotype: this subset was of

insufficient size for statistical comparison

Bartlett NL, et al. J Clin Oncol 2019



R-CHOP vs R-DA -EPOCH in non DHL (mostly DEL) 

Alduaij A, et al Blood Adv 2026



RCHOP vs R-DA -EPOCH in non DHL : 

Humanitas experience
DEL lymphomas,  advanced stage 
 RCHOP 2010-2015  vs R-DA-EPOCH 2016-2023
 Matched comparison by Chi-square or Fisher’s exact test

Pistolese F,…. Balzarotti M…, SIE 2025



Do DEL need more drugs than R-CHOP? 

The case of BTK inhibitors

19 DELs, 15 non CGB COO 

- ORR  60% 

- CR rate  47%

2019



Immunohistochemical stratification of treatment?
ibrutinib-R-CHOP in  double expressor DLBCL

Clinical 
Impact of Ibrutinib with R-CHOP in 

Untreated Non-GCB DLBCL Co-

Expressing BCL2 and MYC Genes in 
the Phase 3 Phoenix Trial

MYC-, BCL2-

MYC+, BCL2+

RCHOP + ibrRCHOP + pbo

myc+ bcl2+ < 60 yrs

myc+ bcl2+ ITT

Johnson P, et al: Blood 2019



POLA-R-CHP investigator-assessed PFS by subgroup

Morschhauser et al , JCO 2025 . 

PFS advantage in 
POLARCHP DEL group



• Primary Objectives 

• 1A: To determine the ORR at the 

end of 2 cycles of RLI alone 

• 1B: To determine the CR rate at the 

end of RLI x 2 + RLI combined 

Smart Start: R+Len+Ibrutinib (RLI) Lead-in Prior to 

Addition of Chemotherapy for Newly Diagnosed DLBCL

first line DLBCL: a chemofree approach

Westin J et al, JCO 2023

N 60 non GCB (IHC)

Median age 63,5 range 29-83

Age > 70 17 28%

Stage III-IV 38 63%

IPI 3-5 25 42%

Elevated LDH 33 55%

Ki67> 90% 23 45%

DEL (39 tested) 24 62%



Smart Start results
response rate through treatment journey

no difference between CHOP and EPOCH (no dose adjustement) Westin J et al, JCO 2023 



Treatment of refractory/relapsed disease
DEL, DHL,HGBL, etc



Thieblemont et al. Hemasphere 2025.

Primary refractory or relapse within 12 months (75%)1 Relapse after 12 months (25%) 1

Axi-cel [IA] or 
liso-cel [IA]*

• Glofit-GemOx [IA]
• Rituximab-chemotherapy [IB]
• Pola-BR [IIIB]
• Tafa-len [IIIC] in non-refractory patients

2L

Immunochemotherapy† 

followed by HDT/ASCT if 
CR/PR [IA]

CAR-T eligible 50%
 

No intention to proceed to CAR-T
Transplant eligibleNo intention to proceed to transplant

1L 0 risk factors
Stage I/II, <80 years
R-CHOP [IA]

1 risk factor
Stage III/IV or Stage I/II with high LDH or poor PS, <80 years

R-CHOP [IA]

≥2 risk factors
Stage III/IV and high LDH and/or poor PS and/or ≥2 extranodal sites, <80 years

Pola-R-CHP [IB]

• Epcor-GemOx [IIIC] 
when available

• Clinical trial
• Best supportive care

Biopsy and CD19 testing recommended

CD20 assessment recommended

3L+ CAR-T* [III, A], bispecific antibodies [III, C], loncastuximab 
tesirine [III, C], Tafa-len [III, C], Pola-BR [III, B]

In limited stage: Involved site 
radiotherapy

Clinical trials
Best supportive care

Biopsy strongly recommended before 3L

Infused < 40%
 



A Dodero,et al Blood Adv, 2025, 

Median FU 22.86 months (9.14-24.84)
- 2 yr estimated PFS 34% (vs  33% in DLBCL) 

- 2 yr estimated DOR 47% (vs 43 in DLBCL) 

- 2 yr estimated OS 34% (vs 49% in DLBCL)

CART-SIE experience in HGBL 

The 2 yr OS difference between HBGBL and DLBCL remained

significant following weighted log-rank tests; this differnce was

related to inferior survival after CART failure in HGBL



DESCART experience in HGBL 

Phina-Zebin et al Blood Adv, 2025, 

Infused 60 Infused 135 



Figure 1. Study design

C2–C6

D1: Glofit 30mg

C7–C12

D1: Glofit 30mg 

21-day cycles C1

D1: 1000mg Gpt

D15: Glofit 10mg

D8: Glofit 2.5mg

D2: Pola 1.8mg/kg

D1: Pola 1.8mg/kg

Glofi Pola in HGBL

Hutchings et al, JCO 2025



Glofi Pola in HGBL

Hutchings et al, JCO 2025

Median FU 19.2 months

Median DOR NR

Median PFS 16.3 months





Conclusions

 Double Hit/High grade lymphoma

 despite worse than DLBCL, the outcome has improved since the systematic use 

of intensive regimen

 CNS prophylaxis mandatory

 Double Expressor Lymphoma

 R-DA- EPOCH has demostrated limited advantage over R-CHOP

 addition of biological molecules , such as BTKi,  to CIT backbone seems to be a  

right way forward

 At relapse

 CART show activity similar to DLBCL-

 bispecific/pola as well as lonca- based approaches have demostrated

ecouraging results
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