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Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous
disease both in biology and clinical behavior. Approximately
two thirds of patients achieve prolonged disease free survival
and cure after induction with rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisone (R-CHOP)
chemoimmunotherapy (1). Much of the research in the field
has been devoted to characterizing the biology of those with
progressive disease or who ultimately relapse. Aberrations
of MYC, BCL2 and BCL6 have been implicated in a
proportion of these cases and include both translocations
involving these genes as well as abnormal protein expression
of MYC and BCL2. In recognition of the unique clinical
behavior of translocations involving MYC, BCL2 and
BCLG6, a provisional entity of high grade B-cell lymphoma
(HGBL) with rearrangements of MYC and BCL2 and/or
BCLG6 has been included in the 2016 revision of the World
Health Organization (WHO) classification of lymphoid
neoplasms (2). These have been referred to as double-
hit lymphomas (DHL), or in the case of DLBCL with
co-expression of MYC and BCL2, double-expressor
lymphomas (DEL).

In the chemoimmunotherapy era, rearrangements of
MYC have been associated with poor survival, especially
in the case of concomitant rearrangements of BLC2 or
BCLG6 (3-6). The presence of BCL2 or BCL6 translocations
are not the only factors that influence the prognosis of
patients with MYC rearrangements as it also appears
that the translocation partner for MYC is of significant
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importance. Translocations involving a non-IG partner
gene have not been associated with a poor prognosis
(6,7). A complete response (CR) to induction therapy is
associated with an improved prognosis as well, and there
is an association between intensive induction regimens
and improved prognosis in retrospective analyses (8,9).
While there is consensus that R-CHOP is a poor induction
regimen for DHL, much of the data supporting alternative
regimens are from retrospective series or single arm phase
II studies. Increased protein expression of MYC and BCL2
is associated with a poor prognosis and is a much more
commonly encountered scenario with up to a third of
DLBCL patients affected. While associated with an inferior
prognosis, the effect on survival appears to be of a lesser
magnitude relative to patients with rearrangements (10-13).
The optimal treatment of either group of patients is
unknown and the data regarding the efficacy of transplant
in this group are scant.

Consolidation with autologous stem cell transplant
(ASCT) after salvage chemotherapy has been considered
the standard of care in relapsed aggressive lymphomas
such as DLBCL for the past 20 years based on results from
the Parma study (14). In the chemoimmunotherapy era
induction is more successful, but a lower percentage of
relapsed patients are salvaged with ASCT. A retrospective
analysis was performed of subjects in the randomized
Collaborative Trial in Relapsed Aggressive Lymphoma
(CORAL) study to investigate the impact of MYC
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Table 1 Incidence and response characteristics of DEL and DHL

5-year PFS with

5-year OS with 4-year OS with salvage

Lymphoma subtype Prevalence  Cell of origin R-CHOP induction R-CHOP induction and ASCT
DEL (11,12,16) 29-34%  Majority ABC 27-32% 30-36% 56%
DHL (4,6,11,12,15,16) 5-12%  Majority GCB 18% 27% 25-33%

DEL, double-expressor lymphoma; DHL, double hit lymphoma; PFS, progression-free survival; R-CHOP, rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisone; OS, overall survival; ASCT, autologous stem cell transplant; ABC, activated B-cell; GCB, germinal

center B-cell.

rearrangements on outcome after ASCT. This revealed that
subjects with MYC rearrangement had significantly inferior
4-year progression-free survival (PFS) and overall survival
(OS) when compared to those without rearrangements.
Most of the MYC rearranged cases had an additional
translocation and were considered DHLs. An important
finding of this study is that the percentage of MYC
rearranged patients who achieved a CR was much lower
than the rest of the cohort and fewer patients went on to
ASCT (15).

Herrera and colleagues present the results of a
multicenter, retrospective analysis of all relapsed and
refractory DLBCL patients who underwent ASCT and had
adequate archival tissue available for IHC and FISH testing.
Importantly, all of these patients received prior rituximab
as well as anthracycline-based chemotherapy. None of
the patients included in the analysis received transplant
as consolidation after induction chemoimmunotherapy.
DEL was relatively common (44%) in this cohort and was
associated with inferior PFS, but not OS when compared to
patients without expression of MYC and BCL2. DHL was
less common with 10% of patients having rearrangements
of MYC and BCL2, BCL6 or both, and 4-year PFS and OS
were both inferior when compared to patients who did not
have rearrangements. Direct comparison between DHL and
DEL reveals statistically inferior PFS and OS in the DHL
group of patients. In a Cox model for PFS and OS, DEL
and DHL were significantly associated with an inferior PFS
and DHL and remission prior to ASCT were associated
with OS. While the numbers were small, exploratory
analysis did not reveal any prolonged survival in patients
with DHL who also had protein expression of MYC and
BCL2 (16).

This study highlights several important issues. It
demonstrates the inadequacy of salvage chemotherapy
followed by ASCT in this population, particularly in DHL.
This study also illustrates the importance of distinguishing
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DEL and DHL. These entities are distinct in biological and
clinical behavior, and while DEL without rearrangement
has a poor prognosis relative to non-DEL DLBCL,
their prognosis is not as poor as those with DHL. Table 1
provides a summary of DEL and DHL. Patients with
DEL had a 4-year PFS that was nearly double that of the
DHL group. Another important finding in this study is
that patients who were not DHL or DEL had favorable
outcomes with ASCT. In those patients who do have a CR
to salvage chemotherapy, consolidation with ASCT is a
reasonable consideration outside of a clinical trial that is
specifically designed for these groups, especially in those
patients without risk factors and DEL. These findings
are likely to be hypothesis generating and will need to be
confirmed prospectively.

As the author’s acknowledge, this analysis does have
some limitations. It is limited by the small sample size of
the DHL population and the retrospective nature. The
presence of adequate tissue was absolutely necessary to
perform this analysis, however, and the patients without
adequate tissue could not have been included. The authors
also acknowledge the selection bias present in this study
since all of the patients included responded to salvage
chemotherapy. The analysis of the CORAL study previously
mentioned would suggest that many of these patients do
not respond adequately to salvage. A significant percentage
of patients with DHL and DEL have refractory disease and
would not benefit from transplantation.

Induction chemoimmunotherapy with R-CHOP and
ASCT in relapsed and refractory patients are suboptimal
treatments for the majority of patients with DEL and
DHL. Improved induction and salvage strategies for
these groups remain a significant unmet need in the field.
Potential treatments to be evaluated in clinical trials include
intensification of induction, consolidative transplant in first
CR, incorporation of rational, targeted treatments and use
of adoptive cellular therapy. Induction with dose-adjusted
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etoposide, prednisone, vincristine, cyclophosphamide and
doxorubicin with rituximab (DA EPOCH-R) has shown
preliminary efficacy in a multicenter, single-arm study of
patients with MYC rearranged DLBCL. This included
all aggressive lymphomas with a MYC rearrangement
and showed impressive PFS in patients with MYC
rearrangement alone as well as patients with DHL (17).
These results should however be taken with some caution
given the relatively small sample size, the preliminary
nature of the results with short follow-up, and the impact
of MYC rearrangement in isolation of other factors. The
recently presented results of the Alliance study of R-CHOP
versus DA EPOCH-R should also temper enthusiasm for
this regimen as well given that there was no difference
between the regimens in an unselected group of patients
with DLBCL (18). While the correlative biology including
DHL and DEL status of patients is not yet available, it is
unlikely that there will be large differences when looking
at the subgroups provided the patients were well balanced
between treatments. It remains somewhat unlikely that
intensification of cytotoxic chemotherapy will yield
markedly improved responses. Despite the quality of the
data, given the poor outcome of patients with DHL, it has
been our practice to offer DA EPOCH-R to DHL patients
who are eligible for this more intensive therapy. We do not
offer it to DEL patients.

Consolidation with ASCT in first CR is another potential
treatment that warrants further study. In MYC rearranged
patients, subset analysis of consolidative transplant after
induction treatment in a retrospective multicenter study
failed to show a benefit in terms of OS, although the
sample size was small. This analysis also included some
patients who underwent allogeneic stem cell transplant (9).
Secondary analysis of S9704, which randomized patients
to consolidative ASCT versus observation after R-CHOP
treatment, did not reveal statistically improved survival with
transplant in MYC rearranged patients. There were very few
DHL patients who reached randomization and all of these
patients fared poorly (19). The present data are insufficient
to consider this outside of a clinical trial.

Future targeted treatment regimens are likely to include
pathway inhibition as well as immune mediated therapy.
BCL2 inhibition is a potentially attractive strategy and
preclinical data in DHL cell lines and a murine model
suggest efficacy as well as synergy with chemotherapy and
other targeted agents (20,21). The National Clinical Trials
Network is currently conducting a phase 1 trial combining
venetoclax (a bcl-2 inhibitor) with DA R-EPOCH for
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patients with both DEL and DHL; a follow-up phase 2-3
trial evaluating venetoclax in this setting is planned. Another
novel class of targeted agents that have demonstrated
activity in MYC driven lymphoma models has been the
bromodomain inhibitors (22). Further efficacy and safety
data in relapsed and refractory disease are needed with this
class of drugs however. Adoptive cellular therapy is another
possible treatment modality of interest. Data were presented
data at late-breaking abstract session of the American Society
of Hematology (ASH) Annual Meeting from a trial of KTE-
19 in relapsed and refractory aggressive B-cell lymphomas.
A single infusion of autologous anti-CD19 chimeric antigen
receptor (CAR) T-cells demonstrated substantial activity in
heavily pretreated relapsed and refractory patients, including
those who had prior ASCT (23). General concerns regarding
CAR T-cells include the acute toxicity burden, potential delays
with cellular manufacture, and the durability of response given
the short follow up with many of these patients.

While the analysis conducted by Herrera and colleagues is
limited by the relatively small sample size and retrospective
nature, the uniformity and quality of the pathologic material
enhance the impact of this paper in the field of lymphoma.
It further highlights the unmet need of DHL and the
inadequacy of current standard treatments. The inclusion
of high grade lymphoma with rearrangements of MYC,
BCL2 and/or BCL6 as a provisional entity in the WHO
classification has the potential to foster more clinical and
translational investigation in this disease. The study also
provides further data to suggest that DEL is associated with
a poor prognosis relative to those who lack expression of
MYC and BCL2 in the transplant setting. The future may
involve a more personalized approach to transplantation
with clinical trials prioritized for the higher risk patients
who have a lower probability of success with ASCT.
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