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WHO 2016: Refinements of aggressive B-cell 
lymphomas classification

Swerdlow et al. Blood 2017 (127): 20

and BL” (BCLU) to recognize a subset of very aggressive tumors in
which the distinction between DLBCL and BL was very difficult.
Lymphomas with a GEP intermediate between that of molecular BL
and molecular non-BL (mostly DLBCL), also lends support to the
existence of these intermediate-type cases, which were not, however,
considered a specific entity.84,85 Segregation of these cases was also
necessary to better define these clinically problematic tumors.3

Additional studies followed that demonstrated that BCLU and other
LBCL, with rearrangements of MYC and BCL2 and/or BCL6, had
mutational features intermediate between DLBCL and BL. They also

better characterized the double-/triple-hit lymphomas, including iden-
tifying features that might mitigate the adverse clinical impact ofMYC
translocations.68,86-88 The criteria for BCLU, however, are vague and
the diagnosis has not been used uniformly, limiting its utility as a
diagnostic category.68,86,87

All LBCL withMYC and BCL2 and/or BCL6 rearrangements will
be included in a single category to be designatedHGBL,withMYC and
BCL2 and/or BCL6 rearrangements, except for cases that fulfill the
criteria for a follicular or lymphoblastic lymphoma (Figures 4 and 5).89

The morphologic appearance should be noted in a comment. The

Figure 5. Cytologic spectrum of HGBL, with MYC

and BCL2 and/or BCL6 rearrangements. (A-B) This
HGBL with MYC and BCL6 rearrangements closely
resembles a BL including a starry sky with tingible body

macrophages and many intermediate-sized transformed
cells although there are some subtle cytologic differences
from a classic BL. (C) This HGBL with MYC, BCL2, and

BCL6 rearrangements appears more blastoid but was
TdT2. (D) This HGBL with MYC and BCL2 rearrange-
ments would otherwise have been considered a DLBCL

that included many immunoblastic-type cells with single
prominent central nucleoli. (A-D) Hematoxylin and eosin

stain.
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Figure 4. Diagnostic approach to HBCLs. Lymphomas that potentially fall into the HGBL categories can morphologically resemble B-lymphoblastic leukemia/lymphoma
(B-LBL), BL, and DLBCL as well as lymphomas that are intermediate between DLBCL and BL (DLBCL/BL). These distinctions can be very subjective. The orange arrows

indicate cases with a BL phenotype and aMYC rearrangement without BCL2 or BCL6 rearrangements (“single hit”). The red arrows indicate cases withMYC and BCL2 and/or
BCL6 rearrangements (“double or triple hit”). Neither MCLs, subtypes of LBCLs, nor Burkitt-like lymphoma with 11q aberration are indicated in this diagram. Adapted from
Kluin et al89 with permission. Professional illustration by Patrick Lane, ScEYEnce Studios.
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Evolving role of NGS in aggressive B-cell lymphomas 
classification

precision medicine strategy will necessitate implementation of new molecular tools to further refine lymphoma classification and
prognosis in order to facilitate individualized therapeutic decision making for patients.

This review will focus on aspects of the genomic dissection of aggressive B-cell lymphomas that have current clinical relevance or
are very likely to have relevance in the near future. The discussion will follow the order of historic discovery, commencing with
recurrent chromosomal translocations, followed by insights from gene expression profiling and then description of the mutational
landscape of aggressive lymphoma. The impact on the 2017 World Health Organization (WHO) classification system [4] will be
highlighted, examples of the potentially actionable biology will be provided, and the real-world challenges to implementation of
practical genomic testing will be delineated. In the current WHO Classification of Tumours of the Haematopoietic and Lymphoid
System, cases previously diagnosed as diffuse large B-cell lymphoma (DLBCL) due to morphology and immunophenotype, are now
reassigned to the diagnostic category High-grade B-Cell Lymphoma with MYC and BCL2 and/or BCL6 rearrangements based on
results of special studies. Therefore, for ease of discussion, the term “DLBCL-like” will be used for all tumours with DLBCL mor-
phology and phenotype regardless of translocation status. Detailed discussions on the specific lymphoma entities are contained in
other articles in this issue.

2. Chromosomal translocations

2.1. The discovery of recurrent translocations

The discovery of the major recurrent translocations in aggressive B-cell lymphoma represented the first step in the genomic
dissection and utilized the lowest resolution technology – visualizing the chromosomes of the malignant cells. Staining of the
chromatin facilitated the observation of the t(8;14) translocation in the karyotypes of Burkitt lymphoma (BL) and other non-Hodgkin
lymphomas in 1976 [5]. In 1982, the genes involved in this chromosomal translocation were shown to beMYC and IGH [6,7]. Shortly
after, mouse modelling demonstrated that MYC was a potent oncogene [8]. Karyotyping was also used to discover the other major
recurrent translocations seen in aggressive B-cell lymphomas – namely t(14;18) involving BCL2 and IGH [9] and translocations
involving BCL6 [10] in both follicular lymphoma (FL) and DLBCL. In routine clinical practice, fluorescence in situ hybridization
(FISH) is now used in favor of karyotyping due to its lower limit of detection, shorter turnaround time, and applicability to routine
formalin-fixed, paraffin-embedded (FFPE) tissues.

2.2. MYC translocations

Translocations involving the MYC locus (chromosome 8q24.2) are observed in most aggressive B-cell lymphomas at varying
incidences (see Figs. 1 and 2), ranging from>90% of BL [11] to ∼12% of tumours with DLBCL morphology [12]. These translo-
cations result in MYC overexpression by utilising elements in the partner locus to drive constitutive expression, providing pro-
liferation and anti-differentiation signals. In BL, the partner gene is almost always IGH, with a small minority partnering with IGL and
very rarely IGK. In contrast, in a significant proportion of tumours (∼50%) with DLBCL morphology, the partner locus is not an IG

Fig. 1. Current and future classification of aggressive B-cell lymphoma. Schema showing the diagnostic flow from morphology to assignment of
lymphoma subtype in the 2017 WHO classification, as adapted from Ref. [4]. Below is shown the postulated future of lymphoma classification based
on the recently published genetic-based taxonomies of DLBCL [72,73]. The taxonomy of Schmitz et al covers ∼45% of tumours, while that of
Chapuy et al includes all patients. Where there appears to be overlap between the taxonomies, the boxes are shown vertically placed. The overlap
between N1 and Cluster 2 is not clear. * Clinicopathological criteria are used to define PMBCL. Abbreviations: HGBL-NOS: high-grade B-cell
lymphoma not otherwise specified’ HGBL-DH/TH: high-grade B-cell lymphoma with MYC and BCL2 and/or BCL6 rearrangements; DLBCL-NOS:
diffuse large B-cell lymphoma not otherwise specified; PMBCL: primary mediastinal B-cell lymphoma; ABC: activated B-cell-like DLBCL; GCB:
germinal centre B-cell-like DLBCL.
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WHO Revised 4th Ed. WHO 5th Ed. ICC
High grade B cell lymphoma, NOS High grade B cell lymphoma, NOS 3 High grade B cell lymphoma, NOS 3

High grade B cell lymphoma 
with MYC and BCL2 or BCL6 rearrangements

Diffuse large B cell lymphoma / high grade B cell 
lymphoma with MYC and BCL2 rearrangements 1

High grade B cell lymphoma
with MYC and BCL2 rearrangements
High grade B cell lymphoma 
with MYC and BCL6 rearrangements (provisional) 1

Burkitt lymphoma Burkitt lymphoma Burkitt lymphoma
Burkitt-like lymphoma with 11q aberration (provisional) High grade B cell lymphoma with 11q aberration 2 Large B cell lymphoma with 11q aberration 

(provisional) 2

High grade B cell lymphomas

1 WHO 5th: HGBCL with MYC and BCL6 now under DLBCL, NOS, or HGBL, NOS (rare). However, BCL6-R should be reported (for clinical trial etc).

Downgraded to provisional in ICC. To allow continued studies.  Morphology (DLBCL vs HGBL) should be reported. 

2 WHO 5th LBCL with 11q acceptable. Although morphologically resembles BL, genetically (GEP and mutational spectrum) closer to DLBCL than to BL.
Cases with a BL-like appearance that lack MYC rearrangement should be tested for the 11q gain/loss by FISH. 

3 HGBL, NOS with expression of TdT, not to diagnose as B-ALL, based on mutational studies, CD34 negativity and presence of isolated or double-hit 
MYC rearrangement.



Chromosomal breakpoints in DLBCL

Aukema et al, Blood 2011
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total %
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MYC+ TH %
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Barrans 2010 245 14% 2% 8% 1% 3% 12%

Obermann 2009 220 4% 3% 0 0 0 1%

Yoon 2008 137 7% 7% 1% 1% 1% 3%

Tibiletti 2009 74 16% 4% 7% 7% 1% 12%

Copie-Bergman 
2009

68 3% 3% 0 0 0 0

Van Imhoff 2006 58 15% 8% 5% 2% 0 7%

Savage 2009 135 9% 7% 2% NA NA NA

Klapper 2008 117 8% NA NA NA NA NA



Clinical features of “double hit” lymphoma

Aukema et al, Blood 2011
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Bertrand 2007 10/17 
(59%)

10% 58 70% NA NA NA NA 56%

Johnson 2009 54/54 
(100%)

46% 62 76% 50% 71% NA 35% 70%

Kanungo 2006 14/14 
(100%)

None 55 NA 93% 79% 21% 57% NA

Le Gouill 2007 16/16 
(100%)

25% 61 100% 100% 94% 50% 88% 81%

Macpherson 
1999

15/39 
(38%)

46% 65 92% 80% 69% NA 62% 90%

Niitsu 2009 19/19 
(100%)

None 61 100% 100% 84% 21% 63% 89%

Snuderl 2010 20/20 
(100%)

15% 64 95% 100% 59% 45% 30% 85%

Tomita 2009 27/27 
(100%)

17% 51 96% 93% 65% 9% 65% 87%



Clinical differences between MYC-R and non MYC-R DLBCL 
patients: Lunenburg Biomarker Consortium

N= 2383 Without MYC-R With MYC-R

Age > 60 65.7% 72.7%

IPI score
0-2
3-5

57.7%
43.3%

47.0%
53.0%

Ann Arbor stage
I-II
III-IV

40.6%
59.3%

32.1%
67.9%

Extranodal sites 
>1 23.5% 32.2%

Elevated LDH 53.1% 65.9%

Rosenwald et al, J Clin Oncol 2019

N= 2383 N(%)

MYC negative 2119 (92.2%)
MYC positive
SH (IG)
DHT/TH (IG)
SH (non IG)
DH/TH (non IG)

40 (1.7%)
54 (2.4%)
17 (0.7%)
53 (2.3%)

Missing 100



MYC rearrangement as prognostic marker: 
Lunenburg Biomarker Consortium

MYC-DH/TH (IG) constellation (P, .001) and the IPI (P,
.001), whereas all other variables were not significant
(Table 2).

Impact of MYC and BCL2 Expression and COO
on Outcome

A total of 1,414 patients with DLBCL with available im-
munohistochemical expression status of the MYC and
BCL2 proteins were available for analysis. Survival curves
(PFS, OS) for the four subgroups (with and without in-
cluding patients with MYC-DH/TH) are shown in the Data
Supplement. In accordance with numerous published

studies, dual-expressor DLBCL (40% or greater MYC ex-
pression and 50% or greater BCL2 expression) had an
inferior outcome (overall log-rank P , .001). The COO
assignment using the Hans algorithm (with and without
including patients with MYC-DH/TH) was prognostic in the
entire cohort (n = 1,919) and within the groups of clini-
cal trial and registry patients separately (n = 698 and
1,221, respectively). In line with previous results, MYC-R
was more frequent in germinal center B-cell–like (GCB)
DLBCL (16.6%) compared with non-GCB DLBCL (6.3%;
P , .001), and patients with MYC-DH that involved BCL2
and those withMYC-TH almost exclusively fell into the GCB
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FIG 2. Kaplan-Meier estimates of (A) progression-free survival (PFS) according to MYC-rearrangement (MYC-R); (B) overall survival (OS) according toMYC-
R; (C) PFS according to MYC single-hit (SH), double-hit (DH), or triple-hit (TH) constellation; and (D) OS according to MYC-SH, -DH, or -TH constellation.
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MYC rearrangement as prognostic marker: Lunenburg 
Biomarker Consortium

MYC-DH/TH (IG) constellation (P, .001) and the IPI (P,
.001), whereas all other variables were not significant
(Table 2).

Impact of MYC and BCL2 Expression and COO
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munohistochemical expression status of the MYC and
BCL2 proteins were available for analysis. Survival curves
(PFS, OS) for the four subgroups (with and without in-
cluding patients with MYC-DH/TH) are shown in the Data
Supplement. In accordance with numerous published

studies, dual-expressor DLBCL (40% or greater MYC ex-
pression and 50% or greater BCL2 expression) had an
inferior outcome (overall log-rank P , .001). The COO
assignment using the Hans algorithm (with and without
including patients with MYC-DH/TH) was prognostic in the
entire cohort (n = 1,919) and within the groups of clini-
cal trial and registry patients separately (n = 698 and
1,221, respectively). In line with previous results, MYC-R
was more frequent in germinal center B-cell–like (GCB)
DLBCL (16.6%) compared with non-GCB DLBCL (6.3%;
P , .001), and patients with MYC-DH that involved BCL2
and those withMYC-TH almost exclusively fell into the GCB
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N= 2383 PFS OS

HR (95% CI), p HR (95% CI), p
MYC-negative 1 1

MYC-DH/TH before 24 
mo 1.67 (1.25-2.23), <.001 2.20 (1.64-2.96), <.001

MYC-DH/TH after 24 mo 0.42 (0.17-1.02), 0.055 0.44 (0.18-1.08), .073

MYC-SH 1.22 (0.82-1.80), 0.25 1.45 (0.96-2.18), .077

IPI low 1 1

IPI high 2.51 (2.18-2.90), <.001 2.82 (2.40-3.32), <.001



Different outcomes in double or triple hit lymphomas? 
Lunenburg Biomarker Consortium

presence of MYC-R on survival. By statistically analyzing
time-dependent effects, we demonstrated that this impact
was only evident within the first 2 years after the diagnosis.
Thus, the survival probability of patients withMYC-R DLBCL
who survived for at least 2 years did not differ from those
with DLBCL without MYC-R. This 2-year effect was also

evident in DLBCL with an MYC-SH and MYC-DH/TH
constellation when analyzed separately. However, although
MYC-DH/TH DLBCL clearly showed decreased PFS and
OS, the negative impact of MYC-SH was negligible and not
statistically significant. These data suggest that little justi-
fication exists for altering initial therapeutic approaches in
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presence of MYC-R on survival. By statistically analyzing
time-dependent effects, we demonstrated that this impact
was only evident within the first 2 years after the diagnosis.
Thus, the survival probability of patients withMYC-R DLBCL
who survived for at least 2 years did not differ from those
with DLBCL without MYC-R. This 2-year effect was also

evident in DLBCL with an MYC-SH and MYC-DH/TH
constellation when analyzed separately. However, although
MYC-DH/TH DLBCL clearly showed decreased PFS and
OS, the negative impact of MYC-SH was negligible and not
statistically significant. These data suggest that little justi-
fication exists for altering initial therapeutic approaches in
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time-dependent effects, we demonstrated that this impact
was only evident within the first 2 years after the diagnosis.
Thus, the survival probability of patients withMYC-R DLBCL
who survived for at least 2 years did not differ from those
with DLBCL without MYC-R. This 2-year effect was also

evident in DLBCL with an MYC-SH and MYC-DH/TH
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DHITsig within the 157 patients with de novo GCB-DLBCL
uniformly treated with R-CHOP6,24 using assignments from
the locked RNAseq model. DHITsig was not associated with
clinical variables, including the factors of International
Prognostic Index (IPI), IPI subgroups, B symptoms, and
tumor volume. As expected, MYC and BCL2 translocations
and protein expression of MYC and BCL2 were significantly
more frequent in DHITsig-pos patients (allP, .001; Table 1).

DHITsig-pos patients had significantly shorter TTP, DSS,
and OS compared with those with DHITsig-neg GCB (log-
rank P , .001, , .001, .012, respectively) and exhibited
outcomes comparable to those of ABC-DLBCL from the
cohort of 347 patients (Figs 2A to 2C). Of note, the DHITsig-
pos patients without HGBL-DH/TH-BCL2 showed com-
parably poor prognosis to patients with HGBL-DH/TH-BCL2
(Appendix Fig A2, online only). Although IPI factors, IPI
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FIG 2. Prognostic association of double-hit signature (DHITsig) in patients with diffuse large B-cell lymphoma (DLBCL) treated with rituximab plus cyclo-
phosphamide, doxorubicin, vincristine, and prednisone. Kaplan-Meier curves of theDHITsig-positive (DHITsig-pos) germinal center B-cell-like DLBCL vDHITsig-
negative (DHITsig-neg) GCB-DLBCL v activated B-cell-like (ABC)-DLBCL for (A) time to progression (TTP), (B) disease-specific survival (DSS) and (C) overall
survival (OS) in the BC Cancer cohort and (D) OS in the Reddy et al19 validation cohort. *P, .001, †P = .011. HR, hazard ratio; PFS, progression-free survival.
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DHITsig within the 157 patients with de novo GCB-DLBCL
uniformly treated with R-CHOP6,24 using assignments from
the locked RNAseq model. DHITsig was not associated with
clinical variables, including the factors of International
Prognostic Index (IPI), IPI subgroups, B symptoms, and
tumor volume. As expected, MYC and BCL2 translocations
and protein expression of MYC and BCL2 were significantly
more frequent in DHITsig-pos patients (allP, .001; Table 1).

DHITsig-pos patients had significantly shorter TTP, DSS,
and OS compared with those with DHITsig-neg GCB (log-
rank P , .001, , .001, .012, respectively) and exhibited
outcomes comparable to those of ABC-DLBCL from the
cohort of 347 patients (Figs 2A to 2C). Of note, the DHITsig-
pos patients without HGBL-DH/TH-BCL2 showed com-
parably poor prognosis to patients with HGBL-DH/TH-BCL2
(Appendix Fig A2, online only). Although IPI factors, IPI
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Double-Hit Status With TP53 Abnormalities Predicts Poor Survival 
in Patients With Germinal Center B-Cell Like (GCB) DLBCL Treated 
With R-CHOP

Background
Genomic analysis of cases of de novo GCB DLBCL, including 
those patients with DH lymphoma (presence of MYC and 
BCL2 and/or BCL6 translocations) 
The objective was to develop a molecular subtyping schema 
to risk-stratify patients with GCB DLBCL treated with R-CHOP
Results 
87 non GCB DLBCL cases divided into 4 groups:
- GCB1 (DH positive, TP53 inactivation): poor survival 
- GCB2 (DH positive, TP53 wildtype): good survival 
- GCB3 (DH negative, EZH2 mutation and/or BCL2 

translocation): intermediate survival 
- GCB4 (DH negative, without EZH2 mutation or BCL2 

translocation): excellent survival 

OS when compared with DHITsig-negative cases (8), but this group
had a good survival in our study after removing the cases with TP53
abnormalities (Fig. 2A and B).

GCB3: DHITsig negative and EZH2 mutated and/or BCL2 trans-
location (EZB like)

There were 28 cases (32%) that were DHITsig negative and had
an EZH2 mutation and/or BCL2 translocation. These were catego-
rized as EZB like with some overlapping features with the DLBCL in
cluster 3 of Chapuy and colleagues (20). These cases showed
frequent mutations of BCL2 (50%), KMT2D (57%), TNFRSF14
(36%), SGK1 (36%), and histone modifying genes (39%), but
mutations of MYC were infrequent (4%; Fig. 1). The survival of
this group was intermediate compared with the other groups
(Fig. 2A and B).

GCB4: DHITsig negative and not EZB like (GCB other)
The largest group of cases (51%) was DHITsig negative and lacked

EZH2mutations and/orBCL2 translocations. These cases had frequent
mutations in SGK1 (16%) and histone modifying genes (50%), as well
asTET2mutations (25%; Fig. 1). These cases had similarities to cluster
4 of Chapuy and colleagues (20). The survival of this group was
excellent (Fig. 2A and B).

External validation
Using an independent cohort of 188 patients, with GCB DLBCL

treated with R-CHOP, from the study by Wright and colleagues (14),
we found that cases that were DHITsig positive with any TP53
abnormality (biallelic, copy-number loss, and/or mutation) had a
poor OS and PFS (Fig. 3A and B; Supplementary Fig. S3), whereas
those with a TP53 abnormality that were DHITsig negative did not

Figure 2.
Training cohort (N¼ 87). A and B,OS and PFS in the genomic subgroups of GCB DLBCL treated with R-CHOP. GCB1 (TP53 abnormalities with DHITsig positive) had
very poor survival, whereas GCB3 (EZH2mutation and/or BCL2 translocation) had an intermediate survival. Removing the caseswith TP53 abnormalities (abn) from
the DHITsig-positive (DHITþ) cases improved the OS and PFS of the DHITsig-positive cases (GCB2). Cases in GCB4 had an excellent survival. C andD,OS and PFS in
GCB DLBCL with reference to TP53 abnormalities. Patients with TP53 abnormalities in conjunction with DHITsig positive (blue) had very poor survival. However,
patients that had TP53 abnormalities without DHITsig positive (green) had excellent survival. DHIT#, DHITsig negative.
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Chemotherapy studies in MYC+ DLBCL and “double hit” lymphoma

Aukema et al, Blood 2011

Study Population Treatment PFS/RFS/EFS OS

Savage KJ et al, 
Blood 2019

MYC+:12 (8 DE)
MYC-: 123

R-CHOP MYC+ vs MYC- 5-year PFS: 
66% MYC- vs 31% MYC+
(P = 0.006) 

5-year OS: 
72% MYC- vs 33% MYC+
(P=0.016)

Johnson et al, 
JCO 2012

14 DHL
55 DEL
236 other DLBCL 

R-CHOP in de novo DLBCL 5-year PFS:
DHL: 18%
DEL: 32%
Non-DHL/DEL DLBCL: 65% 

5-year OS:
DHL: 27% (P < 0.001)
DEL: 36% (p=0.014)
Non-DHL/DEL DLBCL: 71% 

Horn H et al.
Blood 2013

29 DHL/THL
321 other DLBCL

CHOP-14 +/-R novo 
DLBCL on RICOVER 
study

3-year EFS R-CHOP DHL group:
38.1% for MYC+/BCL2+ 
50.0% for MYC+/BCL6+

3-year OS R-CHOP DHL group:
35.7% for MYC+/BCL2+ 
75.0% for MYC+/BCL6+

Petrich AM et al.
Blood 2014

311 total patients
286 DHL
25 THL 

R-Hyper-CVAD: 65 
DA-EPOCH-R: 64 
R-CODOX-M/IVAC: 42
R-CHOP: 10
R-ICE: 9
Other regimens: 31 
patients 

Median PFS:
Intensive Regimen: 21.6 months
R-CHOP: 7.8 months (P=0.001)
All patients: 10.9 months

2-year PFS all patients: 40% 

Median OS all patients: 21.9 
months
Median OS NR if CR to frontline 
therapy; no difference with 
consolidation auto/allo SCT
2-year OS all patients: 49% 

Oki Y et al.
BJH 2014

129 DHL R-CHOP: 57 pts
R-EPOCH: 28 pts
R-HyperCVAD/MA: 34 pts
Other regimen: 10 patients

2-year & 3-year EFS:
R-CHOP: 25% & 20%
R-EPOCH: 67% & 67%
R-HyperCVAD/MA: 32% & 32%
Other: < 10% & < 10%
All: 33% & 29% 

2-year & 3-year OS:
R-CHOP: 41% & 35%
R-EPOCH: 76% & 76%
R-HyperCVAD/MA: 44% & 40%
Other: < 12% & < 12%
All: 44% & 38% 



Outcomes in double hit lymphoma: Intensification of 
treatment- Multicenter retrospective analysis

Petrich et al. Blood 2014

We then used the pretreatment variables that were significant
on MVA to build and evaluate a novel prognostic scoring system.
Because the HR of each variable was similar (1.59-2.00), one point
was assigned to each. This model was particularly effective at
identifying a favorable-risk population, though cohorts with 2, 3, or 4
points by this model did not have significantly different OS curves
fromone another (data not shown).We therefore categorized patients
into low-risk (0 points), intermediate risk (1 point), and high risk (2 or
more points). Of 201 patients with sufficient evaluable data, 14 (7%)
were characterized as low risk, 66 (33%) as intermediate risk, and
121 (60%) as high risk. This DHL Prognostic Index (DPI) resulted in
excellent discrimination ofOS curves for this population,with 2-year

estimated OS rates of 91%, 59%, and 41% in the 3 risk groups,
respectively (Figure 4A).By comparison, risk stratification bymeans
of the conventional international prognostic index (IPI29) and the
revised IPI (R-IPI30) are demonstrated in Figure 4B-C.

Discussion

The present analysis represents the largest and most comprehensive
effort to examine patients withDHL.We demonstrated that intensive
induction regimens may be associated with improved response rate,

Figure 2. Comparison of long-term, progression-free, and overall survival. Kaplan-Meier curves comparing the long-term (A) progression-free survival (PFS) and overall
survival (OS) of the entire cohort; PFS (B) and OS (C) by induction regimen; PFS (D) and OS (E) comparing R-CHOP with other intensified induction regimens (ie,
DA-EPOCH, Hyper CVAD, and CODOX/M-IVAC).

Figure 3. Overall survival by SCT versus observation

in first complete remission. Kaplan-Meier curves
demonstrating overall survival (OS) by (A) use of SCT
compared with observation among those in first complete

remission (CR); OS by (B) those who were positive for
central nervous system (CNS) involvement at the time
of diagnosis compared with those who did and did not

receive CNS-directed prophylaxis (PPX); and OS for
(C) those with relapsed/refractory disease based on
whether salvage therapy was administered (those who

were not known to receive salvage therapy are included
with those confirmed to have not received salvage

therapy).
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Outcomes in double hit lymphoma: Intensification of 
treatment-

Oki et al, Br J Haematol 2014

Discussion

To our knowledge, this is the largest single-centre retrospec-

tive study of patients with DHL as defined by FISH and, in a

small number of patients, conventional cytogenetic analysis.

This study did not address the respective importance of cyto-

genetic versus protein status of MYC, BCL2 or BCL6. Despite

the limitations of a retrospective study, the results may be

useful as a reference for future clinical trials, and have impli-

cations for the candidate regimens for a prospective clinical

trial. We confirmed that the outcome of patients with DHL

is poor with conventional chemotherapy. Survival after DHL

progression is particularly dismal, suggesting that salvage

therapies are ineffective, with or without SCT. Therefore,

response to the initial induction chemotherapy is essential

for long-term survival.

We identified PS ≥2 and bone marrow involvement as

prognostic factors and suggest that these factors alone could

provide a useful stratification index, a DHIPI score. In addi-

tion, the cumulative incidence of CNS disease rose to 13% in

the entire cohort, suggesting that CNS targeting should be a

part of DHL treatment, especially for cases with DHIPI ≥1.
Extra signals of MYC, BCL2 or BCL6 had clinical significance

similar to that of translocations involving these genes,

although this is based on a small number of patients. The

MYC and BCL6 probes did not assess partner genes in this

study. Although the IGH-BCL2 did assess the complete

fusion, extra BCL2 signals in this study could be explained

by translocation involving the immunoglobulin light chains

genes, known to occur in about 10% of DHL (Tomita et al,

2009) and not assessed in this study.

The CR rate of patients with DHL after R-CHOP was low

(40%), as were the 5-year OS and EFS rates after R-CHOP

(22% and 20%, respectively), consistent with prior studies

(Macpherson et al, 1999; Kanungo et al, 2006; Bertrand et al,

2007; Le Gouill et al, 2007; Johnson et al, 2009; Niitsu et al,
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Fig 3. Survival by treatment. (A) Event-free survival by initial treatment. (B) Overall survival by initial treatment. (C) Event-free survival in
patients who achieved CR, based on whether frontline stem cell transplant was performed. (D) Overall survival in patients who achieved CR,
based on whether frontline stem cell transplant was performed. EFS, event-free survival; OS, overall survival; RCHOP, rituximab, cyclophospha-
mide, doxorubicin, vincristine, prednisone; REPOCH, rituximab, etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; RHCVAD/
MA, rituximab, hyperfractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone, alternating with cytarabine plus methotrexate;
SCT, stem cell transplantation.
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Discussion

To our knowledge, this is the largest single-centre retrospec-

tive study of patients with DHL as defined by FISH and, in a

small number of patients, conventional cytogenetic analysis.

This study did not address the respective importance of cyto-

genetic versus protein status of MYC, BCL2 or BCL6. Despite

the limitations of a retrospective study, the results may be

useful as a reference for future clinical trials, and have impli-

cations for the candidate regimens for a prospective clinical

trial. We confirmed that the outcome of patients with DHL
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therapies are ineffective, with or without SCT. Therefore,

response to the initial induction chemotherapy is essential
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We identified PS ≥2 and bone marrow involvement as

prognostic factors and suggest that these factors alone could

provide a useful stratification index, a DHIPI score. In addi-

tion, the cumulative incidence of CNS disease rose to 13% in

the entire cohort, suggesting that CNS targeting should be a

part of DHL treatment, especially for cases with DHIPI ≥1.
Extra signals of MYC, BCL2 or BCL6 had clinical significance

similar to that of translocations involving these genes,

although this is based on a small number of patients. The

MYC and BCL6 probes did not assess partner genes in this

study. Although the IGH-BCL2 did assess the complete

fusion, extra BCL2 signals in this study could be explained

by translocation involving the immunoglobulin light chains

genes, known to occur in about 10% of DHL (Tomita et al,

2009) and not assessed in this study.

The CR rate of patients with DHL after R-CHOP was low

(40%), as were the 5-year OS and EFS rates after R-CHOP

(22% and 20%, respectively), consistent with prior studies

(Macpherson et al, 1999; Kanungo et al, 2006; Bertrand et al,

2007; Le Gouill et al, 2007; Johnson et al, 2009; Niitsu et al,
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Wilson WH, et al. ASH 2016. Abstract 469.
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Untreated, newly diagnosed 
stage II-IV DLBCL (stage I 
PMBCL), ECOG PS 0-2, 

LVEF > 45%, tumor biopsies 
available, no CNS disease

(N = 465)

DA-EPOCH-R*
(n = 232)

R-CHOP*
(n = 233)

6 cycles

• Primary endpoint: EFS
• Secondary endpoints:

– RR
– OS
– Safety 42 DEL, 13 with MYC-R, 3 confirmed DHL

However, no difference in OS was observed in this sub-
group (Data Supplement). No meaningful difference in PFS
or OS between arms for any of the other subgroups was
demonstrated.

CNS relapse occurred in 4.0% of patients (n = 10) treated
with R-CHOP and 3.3% (n = 8) treated with DA-EPOCH-R.
Compliance with protocol-specified CNS prophylaxis was
not captured precisely. However, there was no clear impact
of prophylaxis on CNS relapse in our limited data set (Data
Supplement).

Among 35 patients with PMBCL, PFS events occurred in
three of 20 patients treated with R-CHOP and two of

15 patients treated with DA-EPOCH-R. No patients with
PMBCL received RT. There was no difference in PFS or OS
for 42 patients with DE phenotype who received R-CHOP
(n = 22) versus DA-EPOCH-R (n = 20; Data Supplement).
Progression or death occurred in seven of 13 patients with
MYC rearrangement: four of seven treated with DA-EPOCH-
R and three of six treated with R-CHOP.

Safety. The safety analysis population comprised eligible
patients with available toxicity data (n = 480). There were
five (2.1%) treatment-related deaths per arm (causes in R-
CHOP arm: infection [n = 2], cardiac [n = 1], CNS hem-
orrhage [n = 1], unknown [n = 1]; causes in DA-EPOCH-R
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KM Est (95% CI)Time Point (years)HR (95% CI)Events/Total
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250 196 179 165 137 90

No. at risk:

FIG 2. Progression-free sur-
vival (PFS) by treatment arm.
Kaplan-Meier PFS estimate of
all patients by treatment arm in
years since random assign-
ment. There was no statistically
significant difference in PFS
between arms (P = .6519). DA-
EPOCH-R, dose-adjusted eto-
poside, prednisone, vincristine,
cyclophosphamide, doxorubi-
cin, and rituximab; HR, hazard
ratio; KM Est, KM, Kaplan-Meier
estimate; R-CHOP, rituximab,
cyclophosphamide, doxorubicin,
vincristine, and prednisone.

TABLE 2. Progression-Free Survival for All Patients and According to Treatment Arm
Parameter Event/Total Hazard Ratio (95% CI)* Survival Estimates (95% CI), %† P

All patients 159/491 2 Years: 77.1 (73.5 to 81.0)

3 Years: 73.9 (70.1 to 77.9)

5 Years: 67.1 (62.8 to 71.6)

Treatment arm .6519‡

DA-EPOCH-R 76/241 0.93 (0.68 to 1.27) 2 Years: 78.9 (73.8 to 84.2)

3 Years: 75.8 (70.5 to 81.5)

5 Years: 68.0 (62.1 to 74.5)

R-CHOP 83/250 Reference 2 Years: 75.5 (70.2 to 81.1)

3 Years: 72.0 (66.6 to 77.9)

5 Years: 66.0 (60.2 to 72.5)

Abbreviations: DA-EPOCH-R, dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin, and rituximab; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone.
*Cox model.
†Kaplan-Meier method.
‡Log-rank test.
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Overall survival between R-CHOP or R-EPOCH for 
MYC-R, double hit or triple hit DLBCL

• Retrospective study using Flatiron electronic health record (EHR). About 
280 sites

Magnuson et Al. EHA 2021, Goyal et al, Haematologica 2022



Evaluation of Dose-Adjusted EPOCH-R Compared with R-CHOP 
for the Treatment of High-Risk, Aggressive B-cell Lymphomas: 

A Single Center Experience

22

DA-EPOCH-R R-CHOP

Median age, years [range]   64 [38;79]
IPI Score ≥ 3, n (%)                        27 (75)
Stage III/IV, n (%)                           29 (80.6)
Extranodal Sites ≥ 2, n (%)         19 (52.8)
DEL, n (%)                                 13 (36.1)
DHL/THL, n (%) 13 (36)

N = 36 N = 92
Median age, years [range]   66 [33;85]
IPI Score ≥ 3, n (%)                         85 (92.4)
Stage III/IV, n (%)                           84 (92.3)
Extranodal Sites ≥ 2, n (%)         55 (59.8)
DEL, n (%)                                 21 (22.8)
DHL/THL, n (%) 10 (11)

Rockwell et Al. ASH Meeting Abstracts 2020



No difference in PFS between DA-EPOCH-R and R-CHOP
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DA-EPOCH for DLBCL with MYC rearrangements: 
Multicenter Prospective Study

Dunleavy el al. Lancet Haematol 2018
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score of 4, due to sepsis; and one patient aged 75 years 
with an IPI score of 5, due to multiorgan failure and 
sepsis.

Discussion
To our knowledge, this is the first prospective study of 
chemotherapy in MYC-rearranged aggressive B-cell 
lymphoma. To address an important unmet clinical 
need,24 we assessed the outcome of DA-EPOCH-R in a 
multicentre study of patients with MYC-rearrangement 
aggressive B-cell lymphoma. With a median follow-up of 
55·6 months, this study yielded 48-month event-free 
survival in 71% of participants and overall survival in 
77%. Subgroup analyses showed similar results in 
patients with double-hit lymphomas, with event-free and 

overall survival at 48 months of 73·4% and 82·0%, 
respectively. Patients with MYC rearrangement alone 
had a marginally worse outcome compared with patients 
with double-hit lymphoma. These results are similar to 
those reported by the Cancer and Leukemia Group B 
multicentre study of DA-EPOCH-R in de-novo diffuse 
large B-cell lymphoma,25 which is consistent with our 
earlier findings that suggest DA-EPOCH-R obviates the 
adverse effect of MYC rearrangement.19

When we initiated this study in 2010, several 
retrospective studies had identified MYC rearrangement 
as an adverse biomarker for R-CHOP treatment.5–7 
Hence, we chose to include all patients with MYC 
rearrangement, irrespective of secondary hits with BCL2 
or BCL6, or both. However, the most recent WHO 

Figure 2: Kaplan-Meier estimates of event-free and overall survival at 48 months
Figure shows event-free (A) and overall (B) survival of 53 patients with MYC-rearrangement lymphoma; event-free (C) and overall (D) survival of 19 patients with 
single-hit lymphoma versus 24 patients with double-hit lymphoma; and event-free (E) and overall (F) survival of 17 patients with negative interim ¹⁸F-FDG PET scans 
versus 31 with positive interim ¹⁸F-FDG PET scans. ¹⁸F-FDG=¹⁸F-fluorodeoxyglucose.
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score of 4, due to sepsis; and one patient aged 75 years 
with an IPI score of 5, due to multiorgan failure and 
sepsis.

Discussion
To our knowledge, this is the first prospective study of 
chemotherapy in MYC-rearranged aggressive B-cell 
lymphoma. To address an important unmet clinical 
need,24 we assessed the outcome of DA-EPOCH-R in a 
multicentre study of patients with MYC-rearrangement 
aggressive B-cell lymphoma. With a median follow-up of 
55·6 months, this study yielded 48-month event-free 
survival in 71% of participants and overall survival in 
77%. Subgroup analyses showed similar results in 
patients with double-hit lymphomas, with event-free and 

overall survival at 48 months of 73·4% and 82·0%, 
respectively. Patients with MYC rearrangement alone 
had a marginally worse outcome compared with patients 
with double-hit lymphoma. These results are similar to 
those reported by the Cancer and Leukemia Group B 
multicentre study of DA-EPOCH-R in de-novo diffuse 
large B-cell lymphoma,25 which is consistent with our 
earlier findings that suggest DA-EPOCH-R obviates the 
adverse effect of MYC rearrangement.19

When we initiated this study in 2010, several 
retrospective studies had identified MYC rearrangement 
as an adverse biomarker for R-CHOP treatment.5–7 
Hence, we chose to include all patients with MYC 
rearrangement, irrespective of secondary hits with BCL2 
or BCL6, or both. However, the most recent WHO 

Figure 2: Kaplan-Meier estimates of event-free and overall survival at 48 months
Figure shows event-free (A) and overall (B) survival of 53 patients with MYC-rearrangement lymphoma; event-free (C) and overall (D) survival of 19 patients with 
single-hit lymphoma versus 24 patients with double-hit lymphoma; and event-free (E) and overall (F) survival of 17 patients with negative interim ¹⁸F-FDG PET scans 
versus 31 with positive interim ¹⁸F-FDG PET scans. ¹⁸F-FDG=¹⁸F-fluorodeoxyglucose.
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Outcomes in double hit lymphoma in CR1: Role of 
Autologous HCT

Landsburg et al. J Cin Oncol 2017

a statistically significant difference only in age . 60 years (57% v
37%; P = .03).

A final analysis of outcomes on the basis of both front-line
therapy and receipt of autoSCT in CR1 was performed. For
patients receiving R-CHOP front-line therapy without autoSCT
in CR1 (R-CHOP/non-autoSCT, n = 27), 3-year RFS and OS
rates were 51% and 75%; for patients receiving R-CHOP front-
line therapy and autoSCT in CR1 (R-CHOP/autoSCT, n = 8),
3-year RFS and OS rates were 75% and 83%; for patients re-
ceiving intensive front-line therapy without SCT in CR1
(intensive/non-autoSCT, n = 70), 3-year RFS and OS rates were
86% and 89%, respectively; and for patients receiving intensive
front-line therapy and autoSCT in CR1 (intensive/autoSCT,
n = 54), 3-year RFS and OS rates were 91% and 92%, re-
spectively. Intergroup comparison showed a statistically sig-
nificant difference in 3-year RFS (P = .003), which was because
of a significantly lower rate of 3-year RFS for R-CHOP/non-
autoSCT compared with intensive/non-autoSCT (P = .003) and

intensive/autoSCT (P = .001) patients, but similar 3-year OS
(P = .50; Figs 3E and 3F).

None of the baseline clinicopathologic characteristics listed in
Table 1 were significantly associated with 3-year RFS or OS in all
patients by univariable analysis. In addition, univariable analysis of
the baseline clinicopathologic features listed in Table 1 demonstrated
that no factor was associated with either 3-year RFS or OS when
analyzing patients receiving front-line R-CHOP and intensive front-
line therapy separately. Receipt of autoSCT in CR1 was also not
associated with 3-year RFS or OS for patients receiving front-line
R-CHOP (P = .51 and P = .85, respectively) or front-line intensive
therapy (P = .47 and P = .92, respectively) by univariable analysis.

Relapse and Death
Twenty-five patients relapsed with a median OS of 8.6 months

(range, 0 to 43.0 months) after relapse, with a 1-year postrelapse
survival rate of 37% (Fig 4). Postrelapse survival did not differ by
treatment with R-CHOP (n = 13) compared with intensive (n = 12)
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Fig 1. (A) Relapse–free survival and (B) overall survival for all patients.

25

50

75

100

Re
la

ps
e-

Fr
ee

 S
ur

vi
va

l (
%

)

62 47 39 33 24 18 13 10 6 3 2 2 2 2 2AutoSCT

97 74 61 52 45 29 27 23 21 14 11 10 9 7 1Non-autoSCT

No. at risk

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84

Time (months)

P = .12
Non-autoSCT

AutoSCT

A

25

50

75

100

P = .74
Non-autoSCT

AutoSCT

Ov
er

al
l S

ur
vi

va
l (

%
)

62 50 39 34 25 19 14 10 6 3 2 2 2 2 2AutoSCT

97 82 68 57 51 36 30 25 22 15 12 10 9 7 1Non-autoSCT

No. at risk

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84

Time (months)

B

Fig 2. (A) Relapse-free survival and (B) overall survival for all patients by receipt of autologous stem cell transplantation (autoSCT).
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Fig 3. (A) Relapse-free survival and (B) overall survival by front-line regimen, (C) relapse-free survival and (D) overall survival by intensive front-line regimen versus
rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) and (E) relapse-free survival and (F) overall survival by front-line regimen and receipt of
autologous stem-cell transplantation (autoSCT). DA-EPOCH-R, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin; R-CODOX-M/IVAC, cyclophos-
phamide, vincristine, doxorubicin, and high-dose methotrexate alternating with ifosfamide, etoposide, and cytarabine; R-hyperCVAD, hyperfractionated cyclophospha-
mide, vincristine, doxorubicin, and dexamethasone alternating with methotrexate and cytarabine.
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Fig 3. (A) Relapse-free survival and (B) overall survival by front-line regimen, (C) relapse-free survival and (D) overall survival by intensive front-line regimen versus
rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) and (E) relapse-free survival and (F) overall survival by front-line regimen and receipt of
autologous stem-cell transplantation (autoSCT). DA-EPOCH-R, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin; R-CODOX-M/IVAC, cyclophos-
phamide, vincristine, doxorubicin, and high-dose methotrexate alternating with ifosfamide, etoposide, and cytarabine; R-hyperCVAD, hyperfractionated cyclophospha-
mide, vincristine, doxorubicin, and dexamethasone alternating with methotrexate and cytarabine.
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R-CHOP remains inferior whether patients receive auto HCT or not. 



Outcomes of Double Expressor and Double Hit 
Lymphoma after autologous HCT: Inferior Outcomes

Herrera A et al, JCO 2016

refractory disease. Indeed, in the Collaborative Trial in Relapsed
Aggressive Lymphoma (CORAL) study, fewer than half of patients
with rel/ref DLBCL with MYC-R underwent ASCT per protocol.32

A comparison of clinical characteristics between patients with
DEL, DHL, and neither DEL nor DHL revealed that even among
patients with chemotherapy-sensitive rel/ref DLBCL, there were
differences in the depth and duration of response to induction or
salvage therapy. In our cohort, patients with DHLwere less likely to
be in CR after salvage therapy. Also, patients with DEL and patients
with DHL had a shorter time to relapse after induction therapy.
Second-line IPI data were available in only a small minority of
patients; therefore, we were unable to draw meaningful con-
clusions about differences in IPI scores among groups. In other

studies, patients with DEL were older15,18 and more likely to have
a non-GCB subtype,15,18,19 whereas DHL patients were more likely
to have a GCB subtype.21,24,25,27,28 As expected, in our cohort, DEL
was more common in the patients with the non-GCB subtype, and
DHLwas more common in those with the GCB subtype, although
these differences were not statistically significant, likely because of
the limited number of patients with COO data. Likewise, patients
with DEL and patients with DHL were older than those without
DEL or DHL, although not significantly so.

Similar to what has been reported in studies of patients newly
diagnosed with DLBCL, DEL and DHL were both associated with
poorer outcomes after ASCT in patients with rel/ref DLBCL. As
observed previously,15,19 the adverse impact of DHL on outcome
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Fig 2. Graphs of overall survival and progression-free survival after autologous stem-cell transplantation in patients with DHL compared with patients without DHL. (A)
Overall survival. (B) Progression-free survival. (C) Progression-free survival in patients with DHL compared with patients with DEL without DHL and patients with neither
DEL nor DHL. (D). Progression-free survival curves adjusted for baseline covariates, stratifying patients by disease status into nonDEL/nonDHL (n = 58), DEL/nonDHL
(n = 47), nonDEL/DHL (n = 7), and DEL/DHL (n = 5). DEL, double-expressor lymphoma; DHL, double-hit lymphoma.
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based on the availability of tumor tissue and clinical data, the
prevalence of DEL (44%) was slightly higher than what has typ-
ically been reported in newly diagnosed DLBCL cohorts, and the
prevalence of DHL (10%) was on the high end of the reported
range of DHL prevalence in upfront DLBCL.12,15,18,19,30,31 A higher

prevalence of DEL and DHL might be expected in a rel/ref
population; however, our study included only patients with
chemosensitive rel/ref DLBCL who underwent ASCT. A higher
prevalence of DEL and DHLmay have been observed in a cohort of
patients with rel/ref DLBCL identified at the time of relapse or
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Fig 1. Graphs of (A) overall survival and (B) progression-free survival after autologous stem-cell transplantation in patients with DEL compared with patients without DEL.
DEL, double-expressor lymphoma.

Table 2. Comparison of Clinical Characteristics Between Patients With DEL, DHL, and Neither DEL nor DHL

Characteristic
Non-DHL/Non-DEL

No. (%)*
DEL (non-DHL)

No. (%)*
DHL

No. (%)* P

Total 58 (100) 47 (100) 12 (100)
Median age, years (range) 58 (30-73) 61 (36-76) 62 (39-72) .15
Sex .6
Male 36 (62) 27 (57) 9 (75)
Female 22 (38) 20 (43) 3 (25)

No. of prior lines of therapy, median (range) 2 (2-5) 2 (2-4) 2 (2-3) .7
Response to frontline treatment .18
Primary refractory disease or early relapse (, 12 months) 35 (60) 35 (74) 10 (83)
Late relapse 23 (40) 12 (26) 2 (17)

saaIPI .2
0-1 15 (88) 15 (79) 2 (50)
2-3 2 (12) 4 (21) 2 (50)

Median duration of last response (excluding PIF),
No. of months (range)

19 (3-164) 7 (1-72) 9 (2-36) .011

Disease status at transplant .006
CR 43 (74) 30 (64) 3 (25)
PR 15 (26) 17 (36) 9 (75)

Conditioning .15
CBV 35 (60) 37 (79) 9 (75)
R/Z-BEAM 18 (31) 10 (21) 3 (25)
Other 5 (9) 0 (0) 0 (0)

Pre- or post-transplant RT .6
No 50 (86) 43 (91) 10 (83)
Yes 8 (14) 4 (9) 2 (17)

Median follow-up for survivors, No. of months (range) 46 (21-115) 40 (14-108) 48 (7-90) .8

Abbreviations: BEAM, carmustine, etoposide, cytarabine, melphalan; CBV, carmustine, cyclophosphamide, and etoposide; CR, complete remission; DEL, double-
expressor lymphoma; DHL, double-hit lymphoma; PIF, primary induction failure; PR, partial remission; R/Z-BEAM, BEAM with rituximab or ibritumomab tiuxetan; RT,
radiation therapy; saaIPI, second-line age-adjusted International Prognostic Index.
*Percentages may not add to 100 because of rounding.
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Allogeneic HCT seems to offer similar outcomes to non 
DHL/THL 

peritransplantation rituximab, antithymocyte globulin, or
other T cell–depleting strategies, which occurred in <15% of
patients. We attempted to minimize these potential biases
by including all patients who had tissue available for testing

among consecutively transplanted patients during the speci-
fied period. In addition, there was no significant difference
in outcome between patients included in the study and pa-
tients not included due to lack of tissue or incomplete data.

Figure 1. PFS (A) and OS (B) after alloSCT in patients with DEL compared with non-DEL patients.

Figure 2. PFS (A) and OS (B) after alloSCT in patients with DHL compared with non-DHL patients. (C) PFS in patients with DHL compared with patients with
DEL without DHL and patients with neither DEL nor DHL.

517A.F. Herrera et al. / Biol Blood Marrow Transplant 24 (2018) 514–520

Herrera A et al, BBMT 2018



Alliance 051701: DHL Cohort Study Design
• Randomized, open-label phase II/III trial in cohort of patients with DHL (data cutoff: July 8, 2021) 

– DA-EPOCH-R + venetoclax safety signal led to early closure, data release on December 2, 2020

Abramson. ASH 2021. Abstr 523. NCT03984448.

Adults with DHL,* 
ECOG PS ≤2; 

adequate organ function; 
no known CNS involvement; 

no uncontrolled HIV, HBV, HCV; 
receipt of steroids, radiation, or single 
cycle of CT prior to enrolment allowed

(N = 73†)

Stratified by IPI, prior cycle of DA-EPOCH-R, and DHL subtype

DA-EPOCH-R + 
Venetoclax 600 mg/day on 

Days 4-8 of cycle 1; Days 1-5 of cycles 2-6
(n = 37)

DA-EPOCH-R 
(n = 36)

Six 21-day cycles

Continue until PD, 
unacceptable toxicity 

or completion of 6 
cycles

Follow-up for 10 yr or 
until death

§ Primary endpoint: PFS (phase II)

§ Secondary endpoints: OS, safety, response rate

*High grade B-cell lymphoma with rearrangements of MYC and BCL2 and/or BCL6; MYC/BCL6-positive DHL requires BCL2 expression.
†Planned N = 106.



DA-EPOCH-R
DA-EPOCH-R + VEN
Stratified log-rank P = .48

Alliance 051701: Efficacy Outcomes Ven-DA-
EPOCH-R associated with poor outcomes

Abramson. ASH 2021. Abstr 523. .

PFS OS DoR

PF
S 

(%
)

O
S 

(%
)

Do
R 

(%
)

Mo From Study Enrollment Mo From Study Enrollment Mo From Study Enrollment

DA-EPOCH-R
DA-EPOCH-R +  VEN
Stratified log-rank P = 
.13

DA-EPOCH-R
DA-EPOCH-R + VEN
Stratified log-rank P = .004

6-Mo DoR, % 
(95% CI)

71 (48-85)
55 (29-74)

Median OS, Mo 
(95% CI)

NE (NE-NE)
8.5 (5.2-NE)

Median PFS, Mo 
(95% CI)

NE (6.1-NE)
6.7 (4.5-NE)

Median F/u,
Mo
7.4

+ Censor + Censor + Censor

Median F/u, 
Mo
9.2

Median F/u, 
Mo
6.3

Patients at Risk, n Patients at Risk, n Patients at Risk, n
30                   28                 17                  11                   4                    2
36                   24                 11                   6                    3                    0   

30                   29                  26                  17                  8                    2
36                   26                  17                   9                   8                    0   

27 20                  11                   4                    2                    0
24                 15                    7                    4                    1                    0
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Grade 5 AEs on or ≤30 days after treatment: 3.3% (1/30) with DA-EPOCH-R* vs 17.1% (6/35) with 
DA-EPOCH-R plus venetoclax†

49% completed Ven-DA-EPOCH-R vs 70% that completed DA-EPOCH-R



ZUMA-12 Study Design: Frontline CART therapy for high risk 
DLBCL (IPI > 3 or MYCBCL2/BCL6 rearrangements)



ZUMA-12: ORR Was 85% and CR Rate Was 74%
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• Median follow up 9.3 months (0.9 – 18 
months)

• 70% pts had more than 6 mo follow up
• ORR 88%, CR 74%
• 5 pts with initial PR/SD converted into CR
• Median DOR, PFS and OS were not 

reached

• Enrolled/Leukapheresis= 37 pts. Evaluable 
for safety= 32 pts and for efficacy= 27 pts

• Median age 61 (23 – 86). Older than 65 yo
41%

• Stage III/IV 87%
• Double/Triple Hit Lymphoma 45%
• Deauville 4/5: 50/50%

Neelapu et AL. ASH Meeting Abstracts 2021



Duration of Response, Event-Free Survival, 
Progression-Free Survival, and Overall Survivala

a Analyses done in all treated patients with centrally confirmed disease type (double- or triple-hit lymphomas) or IPI score ≥3 who received ≥1×106 CAR T cells/kg. b One 
patient died after progression (cause of death was progression). 
DOR, duration of response; EFS, event-free survival; mo, month; NE, not evaluable; NR, not reached; OS, overall survival; PFS, progression-free survival.

DOR EFS

Overall SurvivalPFS OS

Herrera A et al, JCO 2016



Summary
• DHL/THL represent a heterogeneous disease with poor outcomes
• Intense regimens are preferred in majority of cases. Exceptions: 

Elderly? Limited stage DHL?
• Relapse/Refractory DHL/THL have poor outcomes. Allogeneic HCT 

is recommended in those achieving response after salvage therapy
• CART therapy is currently approved for DLBCL after failure post 2 

lines of therapy and includes DHL/THL
• Consider clinical trials


