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Overview	  

•  What	  is	  DHL?	  
•  Double	  hit	  lymphoma	  (DHL)	  vs.	  Double	  
protein	  lymphoma	  (DPL)	  

•  Current	  management	  challenges	  
•  Future	  therapies	  



DLBCL:	  	  SMll	  R-‐CHOP-‐21	  

Dunleavy, Clin Canc Res, 2014 



BUT:	  	  Heterogeneity/Prognosis	  

C-‐MYC	  

IPI	  



MYC	  in	  BL	  vs.	  MYC	  in	  DLBCL:	  	  	  	  	  
Molecularly	  disMnct	  diseases	  

Burkitt lymphoma 
MYC-pos DLBCL  

Dave, NEJM, 2006 



MYC	  posiMve	  DLBCL	  

66% 

31% 
PFS 

OS 
72% 

33% 

Savage Blood 2009 & Barrans et al, JCO, 2010 

Evidence from the UK LY10 study,28 which included cases with a
complex pattern of abnormalities similar to those described here,
suggests that as well as being relatively resistant to CHOP-R, intensive
chemotherapy may also be of limited value in this group. In contrast,
BL is effectively treated with intensive chemotherapy,28 making the
distinction between BL and MYC-R DLBCL a critical diagnostic prob-

lem. Gene expression profiling has been used to determine molecular
BL, DLBCL, and intermediate signatures.20,33 Although the reported
profiles were disparate, the data from these studies support the idea of
BL as a specific entity and the gray zone of cases within the spectrum of
DLBCL that have some features of BL (including MYC-R), but do not
meet the criteria to be diagnosed as such. This has also been recognized
by the inclusion of an intermediate category between BL and DLBCL
in the most recent WHO classification.1 The emerging concept of BL is
that of a tumor in which MYC-R occurs on a background of a near
normal karyotype. The high frequency of multiple translocations in
MYC-R DLBCL means that there will be difficulty in distinguishing
these from BL in only a minority of cases. In this study, these cases
differed in one or more parameters from the classical BL immunophe-
notype.28 However, where there is uncertainty about the diagnosis in
these rare cases it may be rational to treat the patient intensively, given
the effectiveness of this approach in BL.

The study by Hummel et al20 also highlights the potential prob-
lem of using MYC-R as a surrogate for MYC deregulation, in that not
all cases with a molecular signature of BL had MYC-R. This suggests
that deregulation of MYC may occur via alternative mechanisms.
Using standard diagnostic criteria, these cases would be classified as
DLBCL and may be ineffectively treated with CHOP-R. In the absence
of population-based data, it is not possible to estimate how many
patients this would affect. About one third of patients with DLBCL
with the BL phenotype do not have MYC-R,28 but it is unknown how
many of these cases have translocation-negative molecular BL. There-
fore, it may be more appropriate to use the relative expression of MYC
and downstream effectors to define deregulation, which is further
supported by the observation that threshold levels of MYC are re-
quired for tumorigenesis,34 but this will require further study.

High Ki67 has been cited as a surrogate marker for MYC overex-
pression;35 however, the data shown here and in other studies25,26,28
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Fig 1. Predicted survival curves plotted using the model coefficients as a
graphical representation of the model. Patients classified as low, intermediate, or
high age-removed International Prognostic Index (IPI). Solid lines ! MYC normal;
dashed lines ! MYC rearrangement (MYC-R). (A) Survival probability of patients
in the different prognostic groups, all with median age (71). MYC rearrangement
reduces the probability of patient survival to approximately the next age-removed
IPI group. (B) Probability of survival of patients stratified by age at 2 years
follow-up. This demonstrates the powerful effect of age in the model as a
continuous variable. The probability of survival decreases with increasing age
within each prognostic group.
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Fig 2. Univariate Kaplan-Meier analysis of overall survival in the MYC rearrange-
ment (MYC-R) versus nonrearranged patients. Patients with rearrangement of
MYC have a significantly inferior outcome compared to those without (hazard
ratio, 2.03; 95% CI, 1.15 to 3.58). The probability of survival at 2 years was 0.35
in the MYC rearrangement group versus 0.61 for all others, based on n ! 240
patients with MYC data and clinical follow-up.
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Evidence from the UK LY10 study,28 which included cases with a
complex pattern of abnormalities similar to those described here,
suggests that as well as being relatively resistant to CHOP-R, intensive
chemotherapy may also be of limited value in this group. In contrast,
BL is effectively treated with intensive chemotherapy,28 making the
distinction between BL and MYC-R DLBCL a critical diagnostic prob-

lem. Gene expression profiling has been used to determine molecular
BL, DLBCL, and intermediate signatures.20,33 Although the reported
profiles were disparate, the data from these studies support the idea of
BL as a specific entity and the gray zone of cases within the spectrum of
DLBCL that have some features of BL (including MYC-R), but do not
meet the criteria to be diagnosed as such. This has also been recognized
by the inclusion of an intermediate category between BL and DLBCL
in the most recent WHO classification.1 The emerging concept of BL is
that of a tumor in which MYC-R occurs on a background of a near
normal karyotype. The high frequency of multiple translocations in
MYC-R DLBCL means that there will be difficulty in distinguishing
these from BL in only a minority of cases. In this study, these cases
differed in one or more parameters from the classical BL immunophe-
notype.28 However, where there is uncertainty about the diagnosis in
these rare cases it may be rational to treat the patient intensively, given
the effectiveness of this approach in BL.

The study by Hummel et al20 also highlights the potential prob-
lem of using MYC-R as a surrogate for MYC deregulation, in that not
all cases with a molecular signature of BL had MYC-R. This suggests
that deregulation of MYC may occur via alternative mechanisms.
Using standard diagnostic criteria, these cases would be classified as
DLBCL and may be ineffectively treated with CHOP-R. In the absence
of population-based data, it is not possible to estimate how many
patients this would affect. About one third of patients with DLBCL
with the BL phenotype do not have MYC-R,28 but it is unknown how
many of these cases have translocation-negative molecular BL. There-
fore, it may be more appropriate to use the relative expression of MYC
and downstream effectors to define deregulation, which is further
supported by the observation that threshold levels of MYC are re-
quired for tumorigenesis,34 but this will require further study.

High Ki67 has been cited as a surrogate marker for MYC overex-
pression;35 however, the data shown here and in other studies25,26,28
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Fig 1. Predicted survival curves plotted using the model coefficients as a
graphical representation of the model. Patients classified as low, intermediate, or
high age-removed International Prognostic Index (IPI). Solid lines ! MYC normal;
dashed lines ! MYC rearrangement (MYC-R). (A) Survival probability of patients
in the different prognostic groups, all with median age (71). MYC rearrangement
reduces the probability of patient survival to approximately the next age-removed
IPI group. (B) Probability of survival of patients stratified by age at 2 years
follow-up. This demonstrates the powerful effect of age in the model as a
continuous variable. The probability of survival decreases with increasing age
within each prognostic group.
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Fig 2. Univariate Kaplan-Meier analysis of overall survival in the MYC rearrange-
ment (MYC-R) versus nonrearranged patients. Patients with rearrangement of
MYC have a significantly inferior outcome compared to those without (hazard
ratio, 2.03; 95% CI, 1.15 to 3.58). The probability of survival at 2 years was 0.35
in the MYC rearrangement group versus 0.61 for all others, based on n ! 240
patients with MYC data and clinical follow-up.

Rearrangement of MYC in CHOP-R Treated DLBCL

www.jco.org © 2010 by American Society of Clinical Oncology 3363

128.135.12.127
Information downloaded from jco.ascopubs.org and provided by at UNIVERSITY CHICAGO on April 22, 2014 from

Copyright © 2010 American Society of Clinical Oncology. All rights reserved.



DHL:	  BCL2	  worsens	  prognosis	  of	  MYC+	  
lymphomas	  

 Johnson Blood 2009 



MYC	  rearrangement	  alone	  may	  not	  
explain	  poor	  prognosis	  

MYC BCL2 

proliferation Anti-
apoptosis 

+ = “DOUBLE HIT 
LYMPHOMA” 

DHL 



SHL	  vs.	  DHL	  vs.	  THL	  

•  MYC-‐rearrangement	  in	  non-‐BL	  without	  
addiKonal	  breaks	  is	  termed:	  	  SHL	  

•  Relevance	  regarding	  significance:	  Mixed	  
•  DHL:	  bears	  MYC	  and	  BCL-‐2	  breaks	  (87%).	  	  It	  
can	  bear	  MYC	  with	  BCL-‐6	  (5%),	  or	  other	  
oncogenes	  

•  THL:	  	  MYC/BCL-‐2/BCL-‐6	  (8%)	  



High-‐risk	  DLBCL	  subsets	  

Subset	   Freq	   R-‐CHOP	  

CR	   PFS	   OS	  

ABC	  DLBCL	   30-‐50%	   NR	   2-‐yr	  28%	   2-‐yr	  46%	  

Double	  hit	  lymphoma	   3-‐12%	   40%	   1-‐yr	  %	   <1yr	  

DPL*	   34%	   NR	   5-‐yr	  27%	   5-‐yr	  30%	  

Elderly	  DLBCL>60y	   50%	   70-‐80%	   5-‐yr	  50%	   5-‐yr	  58%	  

High	  IPI	  	   45%	   NR	   4-‐yr	  53%	   4-‐yr	  55%	  

*DPL: dual protein expression of MYC and BCL2  
Ref: Aukema Blood 2011) Hu Blood 2013; Oki 2014, Maurer 2014, Feugier 2005, Sehn 2005; 
Nowakowski 2014  

Overlaps between groups implies need for integrated risk assessment 



Features	  of	  DHL	  

Petrich  et al Blood 2014 

Clinical Features 
Median Age 60 

Stage III/IV 81% 

ECOG 2-4 28% 
High IPI nr 
Elevated LDH 76% 

     >3xULN in 33% 
Prior iNHL 22% 

Marrow+ 41% 
Any extranodal 60% 
CNS+ 7% 

Pathologic Features 
Histology 
     DLBCL 
     BCLu 

 
50% 
48% 

Partner 
     BCL2 
     BCL6 
     Both 

 
87% 
5% 
8% 

COO 
     GCB 
     ABC 

 
58% 
9% 



IHC	  for	  MYC	  

Images courtesy of Dr. Girish Venkataraman, The University of Chicago 
Hematopathology 



Double	  protein	  lymphoma	  (DPL)	  

•  The	  current	  definiKon	  of	  double	  hit	  lymphoma	  is	  
restricted	  to	  cytogeneKc/FISH	  abnormaliKes	  of	  MYC	  
and	  BCL2	  or	  BCL6	  

•  The	  term	  “double	  protein	  lymphoma	  (DPL)”	  refers	  to	  
protein	  overexpression	  of	  MYC	  and	  BCL2	  	  
–  This	  is	  not	  an	  official	  term	  within	  WHO	  
–  This	  is	  not	  a	  universally	  accepted	  term	  

•  There	  is	  limited	  data	  on	  protein	  overexpression	  of	  
MYC	  and	  BCL6	  



DPL	  Features	  

Johnson  et al JCO 2012; Green et al JCO 2012 

Clinical Features 
Median Age 63 

Stage III/IV 55-82% 

ECOG 2-4 16-28% 
High IPI (2-4) 60% 
Elevated LDH 32-42% 
Extranodal >1 19% 

Pathologic Features 
Translocations 
     MYC 
     BCL2 

 
12% 
24% 

COO 
     GCB 
     ABC 

 
47-54% 
45-46% 



IHC	  expression	  of	  BCL2	  and	  MYC	  is	  
addiMve	  in	  terms	  of	  negaMve	  prognosis	  

The patients were then divided into four groups based on

BCL2 and MYC protein expression: BCL2 !30%/MYC !50%,

BCL2 !30%/MYC >50%, BCL2 >30%/MYC !50% and BCL2

>30%/MYC >50%. The survival of patients with BCL2

>30%/MYC >50% was very poor compared to those with

BCL2 !30%/MYC !50%, whereas patients with only one

adverse prognostic factor (either BCL2 >30% or MYC >50%)

had an intermediate survival (Fig 2). In multivariate analysis,

the combination of BCL2 and MYC protein expression was a

powerful predictor of OS (P = 0!015) and EFS (P = 0!005),
independent of the cell of origin and the IPI (Table II). The

risk of death was nine times greater for patients with BCL2

>30%/MYC >50% compared to those with BCL2 !30%/

MYC !50%. There was no significant interaction between the

cell of origin and the BCL2/MYC double protein expression

group when looking at OS (P = 0!50) or EFS (P = 0!36).
This indicates that the effect of BCL2/MYC double protein

expression on outcome (OS or EFS) does not differ depend-

ing on GCB or non-GCB status. As an exploratory analysis,

the cell-of-origin groups were examined separately despite

the non-significant interaction. The combination of BCL2

and MYC protein expression was found to be a powerful

predictor of survival in the GCB group, in which patients

with BCL2 >30%/MYC >50% had a much worse OS and

EFS than the other three groups (Fig 3A, B). However, there

was no significant difference in OS or EFS in the non-GCB

group, although the patients with low expression of both

markers appeared to have a better survival (Fig 3C, D).

Other cut-off points were also evaluated for BCL2 and MYC

in the non-GCB group, but no combination was predictive

of survival. The lack of significance in the non-GCB group is

probably due to low statistical power from small group sizes.

We then validated our findings in an independent cohort

of 205 DLBCL patients treated with R-CHOP (Table S2).

Survival analysis of the validation cohort showed that the

patients with BCL2 >30%/MYC >50% had an inferior OS

and EFS compared to the rest of the patients (Fig 4A, B),

similar to the training cohort (Fig 4C, D), thus validating

our cut-off points for MYC and BCL2 protein expression.

Model validation showed good concordance in the training

dataset. The concordance index for the training dataset was

0!76 (95% CI: 0!69–0!82) for OS and 0!70 (95% CI: 0!63–
0!77) for EFS. The concordance index for the validation

dataset was 0!59 (95% CI: 0!52–0!66) for OS and 0!58 (95%

(A) (B)

Fig 2. Overall survival (A) and event-free survival (B) of patients with diffuse large B-cell lymphoma divided into four groups based on BCL2
and MYC protein expression.

Table II. Multivariate analysis of BCL2 and MYC protein expression, cell of origin and the IPI in patients with diffuse large B-cell lymphoma.

Overall survival Event-free survival

Hazard Ratio 95% CI P Hazard Ratio 95% CI P

BCL2/CMYC

BCL2 !30%/CMYC !50% 1!00 – 0!015 1!00 – 0!005
BCL2 !30%/CMYC >50% 4!23 0!50–35!77 2!16 0!43–10!84
BCL2 >30%/CMYC !50% 2!55 0!28–23!07 4!11 0!89–18!99
BCL2 >30%/CMYC >50% 9!24 1!21–70!64 7!11 1!65–30!67

Cell of origin

GCB 1!00 – 0!059 1!00 – 0!01
Non-GCB 1!92 0!98–3!78 2!15 1!20–3!83

IPI score

Low (0–2) 1!00 – 0!046 1!00 – 0!2
High (3–5) 2!03 1!01–4!05 1!49 0!81–2!72

MYC and BCL2 in Diffuse Large B-Cell Lymphoma

ª 2014 John Wiley & Sons Ltd, British Journal of Haematology 5

Overall survival EFS 

Perry BJH 2013 



PrognosMc	  relevance	  of	  COO	  and	  DPL	  

an independent Leukemia Lymphoma Molecular Profiling Program
dataset in the Gene Expression Omnibus database GSE1084627 with 181
CHOP-treated and 233 R-CHOP–treated DLBCL patients and achieved
over 97% concordance rate for the classification of 2 subtypes (GCB and
ABC).

COO classification

COO classification was achieved by combining GEP and IHC data,
with the GEP data considered the “gold standard.” Briefly, IHC was
performed in all cases in the training set and validation set 1. GEP was
performed in 451 cases in the training set and 411 were classified as
GCB or ABC; 40 (9%) were unclassifiable. The classification of these
411 cases was based on the GEP results regardless of IHC results. The
40 cases not classifiable by GEP and 15 additional cases in the training
set, for which GEP was not performed, as well as all cases in validation
set 1 were classified by IHC methods according to both the Visco-Young
and Choi algorithms (supplemental Figure 6, available on the Blood
Web site).10 The COO classification of validation set 2 was previously
reported.23

Statistical analysis

Statistical analyses were performed as described in supplemental Materials
and methods. The outcome analyses were based on the entire training set of
466 cases. The outcome analysis results limited to the 411 cases stratified
by GEP were strikingly similar to those derived from the entire training set
and are shown in supplemental Figures 1-5.

Results

The clinical and pathological features of 466 cases in the
training set are listed in Table 1. Two hundred forty-one (52%)
cases were classified as the GCB subtype and 225 (48%) were
classified as the ABC subtype (Table 1). The median follow-up
time for this study cohort was 57 months.

MYC/BCL2 protein coexpression predicts poor prognosis

in DLBCL

Using cutoff values of 40% and 70% positive tumor cells for
MYC and BCL2, respectively, 300 (64%) were positive for MYC
and 233 (50%) cases were positive for BCL2. One hundred fifty-
seven (34%) were positive for both MYC and BCL2 and 90
(19%) were negative for both.

MYC and BCL2 protein coexpression in DLBCL had a
significant adverse impact on patient survival (Figure 1A-B).
The 5-year overall survival (OS) of DLBCL patients with
MYC/BCL2 coexpression vs all other patients was 30% vs 75%
(P, .0001); the 5-year progression-free survival (PFS) was 27% vs
73% (P , .0001). When assessed separately, patients with MYC1

or BCL21 DLBCL had significantly inferior OS (Figure 1C,E)
and PFS (data not shown) compared with patients with MYC-
negative or BCL2-negative DLBCL, respectively. However, the
prognostic impact of MYC or BCL2 protein expression was ap-
parently due to the confounding effect of cases with MYC/BCL2
coexpression. When all cases with MYC/BCL2 coexpression were
excluded, neither MYC nor BCL2 protein expression significantly
impacted OS (Figure 1D,F) and PFS. Similarly, MYC or BCL2
protein expression did not correlate with COO subtypes (data not
shown).

Stratifying all patients into GCB and ABC subtypes, patients
with DLBCL with MYC/BCL2 coexpression had significantly worse
OS and PFS within both COO subtypes (Figure 2A-D). The
prognostic impact of MYC/BCL2 coexpression in DLBCL was
further assessed according to various clinical parameters. The
significantly worse OS and PFS conferred by MYC/BCL2 coex-
pression were observed in both low- and high-risk subgroups of
DLBCL stratified by International Prognostic Index (IPI) scores
(Figure 2E-F) and other individual clinical parameters (supple-
mental Figure 7).

The adverse prognostic impact of MYC/BCL2 coexpression in
DLBCL and its COO subtypes was validated in an independent set
of 234 cases (validation set 1) of de novo DLBCL treated with R-
CHOP (supplemental Figure 8). In multivariate analysis, controlling
for other clinicopathological parameters, MYC/BCL2 coexpres-
sion remained a strong independent predictor of OS (P , .0001)
and PFS (P , .0001) in DLBCL patients (Table 2).

MYC/BCL2 coexpression is associated with high-risk

clinical parameters

Various clinicopathological parameters were compared between
patients with DLBCL with or without MYC/BCL2 coexpression
(Table 1). Patients with DLBCL with MYC/BCL2 coexpression
had multiple adverse prognostic factors included in the IPI risk
stratification, including advanced age (P 5 .0011), high-stage

Table 2. Multivariate analysis of clinicopathological parameters in
DLBCLs treated with R-CHOP

OS PFS

HR 95% CI P HR 95% CI P

B symptoms 1.47 1.04-2.09 .0310 1.45 1.03-2.03 .0314

Tumor size, $7.5 cm 1.22 0.87-1.71 .2467 1.21 0.86-1.69 .2708

IPI risk, .2 2.38 1.67-3.38 ,.0001 2.22 1.59-3.11 ,.0001

COO classification, ABC 1.17 0.79-1.72 .4329 1.18 0.82-1.71 .3750

TP53 mutation 1.72 1.17-2.52 .0057 1.63 1.12-2.37 .0105

MYC/BCL2 coexpression 2.52 1.73-3.67 ,.0001 2.45 1.71-3.51 ,.0001

CI, confidence interval; HR, hazard ratio.

Figure 3. Frequency of BCL2 and MYC expression
in COO subtypes of DLBCL. (A) Relative frequency of
the ABC vs GCB subtype in DLBCL positive for BCL2
expression, MYC expression, or MYC/BCL2 coexpression
in the training set. (B) Frequency of BCL2 expression, MYC
expression, or MYC/BCL2 coexpression (in the presence
or absence of MYC/BCL2 corearrangements, DH) in
DLBCL of the ABC and GCB subtypes in the training set.
DH, double hit.
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disease (P , .0001), poor performance status (P 5 .0453), and
multiple extranodal sites of disease (P 5 .0160). Consequently,
more patients with DLBCL with MYC/BCL2 coexpression had
an intermediate-high to high IPI score (P 5 .0001). Patients with

DLBCL with MYC/BCL2 coexpression were also associated with
a lower rate of complete remission (P , .0001) and a higher pro-
liferation index (P 5 .0086). There was no significant difference
in gender, serum lactate dehydrogenase level, tumor size, or

Figure 4. MYC/BCL2 coexpression contributes to the inferior prognosis of ABC-DLBCL. (A-B) OS (A) and PFS (B) of the ABC vs GCB subtype of DLBCL
in the entire training set. COO classification of 411 cases was based on GEP results and 55 cases based on IHC results. (C-D) OS (C) and PFS (D) of the ABC vs
GCB subtype of DLBCL after all MYC1BCL21 cases were excluded. (E-F) OS (E) and PFS (F) of the ABC vs GCB subtype in MYC1BCL21 DLBCL.

Figure 5. Prognostic impact of MYC/BCL2 coexpression in DLBCL is independent of MYC/BCL2 corearrangement and TP53 mutation status. (A-B)
OS (A) and PFS (B) of patients with MYC/BCL2 double-hit DLBCL. (C-D) OS (C) and PFS (D) of patients with MYC1BCL21 DLBCL in the absence of
MYC/BCL2 double hit. (E) OS of patients with MYC1BCL21 DLBCL in the absence of TP53 mutation. (F) Prognostic impact of TP53 mutation in MYC1BCL21

DLBCL.

4026 HU et al BLOOD, 16 MAY 2013 x VOLUME 121, NUMBER 20

 use only.
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Co-expression of BCL2 
and MYC is 2-fold 

higher in ABC DLBCL 

Co-expression of BCL2 and MYC drives 
the negative outcomes in ABC DLBCL 

Hu, et al., Blood. 
2013;121(20):4021-4031  
 



PrognosMc	  relevance	  of	  IPI	  and	  DPL	  

Applied Science) and subjected to GEP as described previously.10 For data
analysis and classification, the microarray DQN signals were generated and
normalized to the quantiles of b distribution with parameters P 5 1.2 and
q 5 3. DQN is an ideal expression algorithm used for expression microarray

analysis and represents the non-central trimmed mean of differences between
perfect match and mismatch intensities with quantile normalization. A
Bayesian model was also used to determine the classification probability.26

The GEP classification method developed from this study was validated with

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 (MYC1BCL21) in the
training set. (C-D) OS of patients with MYC1 DLBCL in the presence (C) or absence (D) of BCL2 coexpression in the training set. (E-F) OS of patients with BCL21 DLBCL in
the presence (E) or absence (F) of MYC coexpression in the training set.

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 MYC1BCL21 DLBCL of the GCB subtype in the training set. (C-D) OS (C) and PFS (D) of patients with MYC1BCL21 DLBCL of the ABC subtype in the training set.
(E-F) OS (E) and PFS (F) of patients with MYC1BCL21 DLBCL risk-stratified according to IPI risk scores in the training set. DP, MYC/BCL2 double-positive; Non-DP,
non–double positive.
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Even patients with low IPI have adverse outcomes 
if “double positive” by protein expression 

Hu, et al., Blood. 2013;121(20):4021-4031  
 



IHC	  vs.	  FISH	  	  

Johnson, et al. J Clin Oncol 2012; 30: 3452 



Prognosis	  of	  DHL	  vs.	  DPL	  
disease (P , .0001), poor performance status (P 5 .0453), and
multiple extranodal sites of disease (P 5 .0160). Consequently,
more patients with DLBCL with MYC/BCL2 coexpression had
an intermediate-high to high IPI score (P 5 .0001). Patients with

DLBCL with MYC/BCL2 coexpression were also associated with
a lower rate of complete remission (P , .0001) and a higher pro-
liferation index (P 5 .0086). There was no significant difference
in gender, serum lactate dehydrogenase level, tumor size, or

Figure 4. MYC/BCL2 coexpression contributes to the inferior prognosis of ABC-DLBCL. (A-B) OS (A) and PFS (B) of the ABC vs GCB subtype of DLBCL
in the entire training set. COO classification of 411 cases was based on GEP results and 55 cases based on IHC results. (C-D) OS (C) and PFS (D) of the ABC vs
GCB subtype of DLBCL after all MYC1BCL21 cases were excluded. (E-F) OS (E) and PFS (F) of the ABC vs GCB subtype in MYC1BCL21 DLBCL.

Figure 5. Prognostic impact of MYC/BCL2 coexpression in DLBCL is independent of MYC/BCL2 corearrangement and TP53 mutation status. (A-B)
OS (A) and PFS (B) of patients with MYC/BCL2 double-hit DLBCL. (C-D) OS (C) and PFS (D) of patients with MYC1BCL21 DLBCL in the absence of
MYC/BCL2 double hit. (E) OS of patients with MYC1BCL21 DLBCL in the absence of TP53 mutation. (F) Prognostic impact of TP53 mutation in MYC1BCL21

DLBCL.
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Reviewing	  the	  literature	  

Petrich, Nabhan, and Smith, Cancer, 2014 



Management	  consideraMons	  

•  All	  data	  to	  date	  is	  retrospecKve	  
	  
•  All	  data	  to	  date	  is	  on	  DHL	  and	  not	  DPL	  
	  
•  Role	  of	  intensified	  treatment	  
	  
•  DHL	  appears	  of	  GCB	  origin	  while	  DPL	  appears	  
of	  non-‐GCB	  origin	  

	  



DHL:	  	  311	  cases	  

Petrich et al, Blood, 2014 



MDACC:	  	  129	  cases	  

Oki et al, BJH, 2014 



Treatment	  of	  DHL	  

•  Data	  thus	  far	  are	  retrospecKve	  
•  R-‐CHOP	  provides	  sub-‐opKmal	  results	  
•  Dose	  intensificaKon	  provides	  higher	  responses	  
	   	  *	  DA-‐EPOCH-‐R:	  EFS	  beeer	  than	  R-‐CHOP	   	   	   	  
	   	   	  (P=0.0008);	  HR:	  0.47	  (95%CI:	  0.19-‐1.14)	  
	   	   	  for	  OS	  (P=0.09)	  (Oki	  et	  al,	  BJH,	  2014)	  
	   	  *	  DA-‐EPOCH-‐R	  or	  R-‐CODOXM/IVAC	   	   	   	   	  
	   	   	  improved	  PFS	  compared	  with	  R-‐CHOP	   	   	  
	  	  	  	  	  	  	   	  (Petrich	  et	  al,	  Blood,	  2014)	  



Need	  newer	  therapies	  

0
10

20
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Time (Months)

OS by DHL subtype if receiving DE induction

p = 0.67 BCL2-DHL vs. BCL6-DHL 
p = 0.91 BCL2-DHL vs. THL 
p = 0.84 BCL6-DHL vs. THL 

20
0

10
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

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

Time (Months)

OS by DHL subtype

0
10

20
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Time (Months)

OS by DHL subtype if achieving CR1

p = 0.02 BCL2-DHL vs. BCL6-DHL 
p = 0.61 BCL2-DHL vs. THL 
p = 0.10 BCL6-DHL vs. THL 

0
10

20
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Time (Months)

OS by DHL subtype if receiving SCT in CR1

p = 0.01 BCL2-DHL vs. BCL6-DHL 
p = 0.36 BCL2-DHL vs. THL 
p = 0.11 BCL6-DHL vs. THL 

p = 0.89 BCL2-DHL vs. BCL6-DHL 
p = 0.69 BCL2-DHL vs. THL 
p = 0.90 BCL6-DHL vs. THL 

BCL2-DHL 
BCL6-DHL 
THL 

BCL2-DHL 
BCL6-DHL 
THL 

BCL2-DHL 
BCL6-DHL 
THL 

BCL2-DHL 
BCL6-DHL 
THL 

Landsburg et al, Lugano and ASCO 2015 

0
10

20
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Time (Months)

OS by DHL subtype if receiving DE induction

p = 0.67 BCL2-DHL vs. BCL6-DHL 
p = 0.91 BCL2-DHL vs. THL 
p = 0.84 BCL6-DHL vs. THL 

20
0

10
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

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

Time (Months)

OS by DHL subtype

0
10

20
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Time (Months)

OS by DHL subtype if achieving CR1

p = 0.02 BCL2-DHL vs. BCL6-DHL 
p = 0.61 BCL2-DHL vs. THL 
p = 0.10 BCL6-DHL vs. THL 

0
10

20
30

40
50

60
70

80
90

10
0

Pe
rce

nta
ge

 of
 P

ati
en

ts 
Su

rvi
vin

g

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Time (Months)

OS by DHL subtype if receiving SCT in CR1

p = 0.01 BCL2-DHL vs. BCL6-DHL 
p = 0.36 BCL2-DHL vs. THL 
p = 0.11 BCL6-DHL vs. THL 

p = 0.89 BCL2-DHL vs. BCL6-DHL 
p = 0.69 BCL2-DHL vs. THL 
p = 0.90 BCL6-DHL vs. THL 

BCL2-DHL 
BCL6-DHL 
THL 

BCL2-DHL 
BCL6-DHL 
THL 

BCL2-DHL 
BCL6-DHL 
THL 

BCL2-DHL 
BCL6-DHL 
THL 



RaMonal	  Newer	  therapies	  

•  AnK-‐BCL-‐,	  ABT-‐199	  
•  BET	  bromodomain	  inhibitors	  
•  Selenixor	  (KPT-‐330)	  
•  Lenalidomide	  
•  IbruKnib	  



ABT-‐199	  (Venetoclax)	  

Davids et al. EHA-2014 



Intergroup	  Proposal:	  Schema	  

Untreated	  
DHL/DPL	  

DA-‐EPOCH-‐R	  

DA-‐EPOCH-‐R	  +	  
ABT199	  

•  ABT199 will be dosed on days 1-28 of the 28 day cycle 
•  Subjects will receive up to 6 total cycles of DA-EPOCH-R +/- ABT199 

Courtesy: Alliance meeting: Chicago 2015 



BET	  Bromodomain	  Inhibitors	  

•  CYCLON:	  predicts	  resistance	  to	  anK-‐CD20	  and	  
aggressive	  behavior	  

•  CYCLON-‐knockdown	  inhibited	  aggressiveness	  
in	  MYC	  expressing	  tumors	  in	  mice	  

•  This	  effect	  can	  be	  mimicked	  by	  in	  vitro	  
treatment	  of	  lymphoma	  B	  cells	  with	  small	  BET	  
bromodomain	  proteins	  inhibitors	  	  

•  Several	  are	  in	  development	  



Lenalidomide/Bortezomib/IbruMnib	  
R-CHOP-bortezomib by GC/non-GC 

R-CHOP-Len by GC/non-GC 

Nowakowski, et al. JCO 2014 

R-CHOP by GC/non-GC 

Ruan et al. JCO.2011 

Slide courtesy of Jeremy Abramson, MD: MGH 

Younes et al. Lancet 
Oncology, 2014: 
Ibrutinib plus R-
CHOP: Phase Ib 



Phase	  I/II	  in	  DHL	  and	  DPL	  

•  DA-‐EPOCH-‐R	  plus	  lenalidomide	  (phase	  I)	  
leading	  to	  a	  phase	  II	  	  

•  Lead:	  University	  of	  Chicago	  
•  NCT02213913	  
•  Trial	  opened	  in	  September	  2014	  
•  Dose	  cohort	  2:	  15	  mg	  of	  lenalidomide	  
•  On-‐going	  



Treatment	  of	  DHL	  and	  DPL	  in	  2015:	  	  
Many	  quesMons……No	  	  answers	  

•  What	  is	  the	  best	  iniKal	  treatment?	  	  
•  Should	  paKents	  with	  DHL	  and	  IHC-‐DHL	  be	  
approached	  similarly?	  	  

•  Does	  COO	  maeer?	  
•  Should	  autologous	  stem	  cell	  transplant	  be	  offered	  as	  
consolidaKon?	  	  
–  For	  all	  paKents?	  	  
–  For	  paKents	  not	  achieving	  complete	  remission?	  

•  What	  is	  the	  role	  and	  Kming	  of	  allogeneic	  stem	  cell	  
transplant?	  	  



Increase	  awareness	  
of	  double	  hit	  
lymphoma	  

Provide	  
informaKon,	  tools	  
and	  connecKons	  

Raise	  funds	  for	  
research	  

The Double Hit Lymphoma Foundation was established in 2013 to: 



Thank	  you!	  


