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1 | DISEASE OVERVIEW

| Stefan Klaus Barta?

Abstract

Disease Overview: Diffuse large B-cell lymphoma (DLBCL) is the most common type
of aggressive non-Hodgkin lymphoma originating from the germinal center, and it
represents a heterogeneous group of diseases with variable outcomes that are differ-
entially characterized by clinical features, cell of origin (COO), molecular features, and
most recently, frequently recurring mutations.

Diagnosis: DLBCL is ideally diagnosed from an excisional biopsy of a suspicious
lymph node, which shows sheets of large cells that disrupt the underlying structural
integrity of the follicle center and stain positive for pan-B-cell antigens, such as
CD20 and CD79a. COO is determined by immunohistochemical stains, while molecu-
lar features such as double-hit or triple-hit disease are determined by fluorescent in
situ hybridization analysis. Commercial tests for frequently recurring mutations are
currently not routinely used to inform treatment.

Risk Stratification: Clinical prognostic systems for DLBCL, including the rituximab
International Prognostic Index, age-adjusted IPIl, and NCCN-IPI, use clinical factors
for the risk stratification of patients, although this does not affect the treatment
approach. Furthermore, DLBCL patients with non-germinal center B-cell (GCB)-like
DLBCL (activated B-cell like and unclassifiable) have a poorer response to up-front
chemoimmunotherapy (Cl) compared to patients with GCB-like DLBCL. Those with
c-MYC-altered disease alone and in combination with translocations in BCL2 and/or
BCL6 (particularly when the MYC translocation partner is immunoglobulin) respond
poorly to up-front Cl and salvage autologous stem cell transplant at relapse.
Risk-Adapted Therapy: This review will focus on differential treatment of DLBCL

up-front and at the time of relapse by COO and molecular features.

high frequency of extranodal disease. The most common up-front treat-

ment is chemoimmunotherapy (Cl) with R-CHOP (rituximab, cyclophos-

Diffuse large B-cell lymphoma (DLBCL) is the most common type of
non-Hodgkin lymphoma (NHL) in the United States, representing
approximately 24% of new cases of NHL each year.? The disease is
aggressive, and patients typically present with rapidly enlarging lymph-
adenopathy and constitutional symptoms, necessitating immediate treat-

ment. Although most patients present with lymphadenopathy, there is a

phamide, doxorubicin, vincristine, and prednisone), which leads to cure in
approximately 50%-60% of patients. Unfortunately, for those who
develop disease that is refractory to up-front treatment, or relapse after
achieving remission, outcomes are particularly poor, with high-dose che-
motherapy and autologous stem cell transplant (ASCT) achieving long-

term remissions in only a minority of patients in the era of rituximab.®
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Since 1993, clinicians have used the International Prognostic Index
(IP))* to characterize prognosis in aggressive NHL based on five clinical
factors: age, stage, the number of extranodal sites, performance status,
and LDH. However, in the past two decades, tremendous effort has
been made to identify unique DLBCL subtypes by cell of origin (COO)
and molecular features, which can be used independently of the IPI to
identify high-risk disease and predict failure of up-front R-CHOP and/or
ASCT at the time of relapse. In a parallel timeframe, multiple clinical
studies have explored differential approaches to up-front treatment and
treatment of relapsed disease based on disease subtype and our evolv-
ing understanding of the underlying disease pathogenesis of each sub-
type. Most recently, next-generation sequencing and comprehensive
genomic analysis has allowed us to further subclassify this disease by
recurrent, high-frequency mutations, which provides a solid foundation
for the development of novel targeted approaches.>”

2 | DIAGNOSIS

The diagnosis of DLBCL is ideally made from an excisional biopsy of an
abnormally enlarged, suspicious appearing lymph node upon clinical
examination and radiographic imaging. This allows for the largest
amount of tissue to be reviewed by pathology and avoids sampling error
and false negatives, which can happen with fine needle aspiration or
core biopsy in a highly heterogeneous lymph node tissue environment.
DLBCL can frequently involve extranodal sites, including the kidneys,
adrenal gland, brain, bones, and other soft tissues. Careful requirements
must be made in each patient to obtain a biopsy that is the least invasive
and yet provides sufficient tissue. Positron emission tomography-
computed tomography can be used to determine the sites of disease
with the highest standardized uptake value (SUV) and possibly the most
aggressive disease and to notify the preferred site of biopsy. Morpho-
logically, DLBCL is characterized by a diffuse infiltration of medium-
to-large cells with large nucleoli and abundant cytoplasm, which disrupt
and efface the underlying architecture of the involved lymph node. The
cells typically express pan-B-cell antigens, including CD19, CD20,
CD22, CD79a, and CD45. The majority of the cells also express surface
immunoglobulin (IG).2 Approximately 14% of cases express CD30, which

can portend to a favorable prognosis.”*°

2.1 | Cell of origin

In 2000, Alizadeh and colleagues used gene expression profiling (GEP) of
96 normal and DLBCL lymphocytes to identify three unique genetic sig-
natures that portended to three different subtypes of disease based on
COO. These include the germinal center B-cell (GCB)-like subtype, which
resembles the GEP of normal GCBs, the activated B-cell (ABC)-like sub-
type, which resemble normal ABCs, and unclassifiable disease in the
remaining 10%-15% of samples.'? Although originally identified by GEP,
this assay has had limited clinical adoption as yet because of high cost and
the need for fresh frozen tissue. In clinical practice, immunohistochemis-
try (IHC) algorithms such as the Hans and Tally methods are used to iden-

tify COO, with variable concordance to GEP 1218 Recently, more novel

platforms such as Lymph2Cx allow for digital GEP on fixed, paraffin-
embedded tissue and have shown a greater concordance with GEP than
IHC.¥*1> This platform currently remains useful in the research setting,
and it has not yet been adapted for clinical use. Given the wide adoption
of IHC algorithms to assess COO, DLBCL is most commonly classified
into GCB DLBCL and non-GCB DLBCL. Although being a misnomer, the
non-GCB DLBCL contains ABC DLBCL (which do originate from the ger-
minal center) and the previously unclassifiable disease per GEP. When
disease is assessed by GEP, these three distinct subcategories remain.

2.2 | Molecular features

In parallel to COO studies, the subtypes of DLBCL based on molecular
features have also been found to have prognostic impacts. c-MYC is a
proto-oncogene in chromosome 8g24 and encodes a transcription fac-
tor, which when dysregulated leads to downstream effects of cellular
survival and proliferation. BCL2 is an oncogene on chromosome 18g21
with antiapoptotic properties, while BCL6 is a transcriptional repressor
on chromosome 3g27. Patients with DLBCL and overexpression of the
¢c-MYC oncogene and BCL2 (240% and >50% by IHC, respectively) have
double expressor lymphoma (DEL), which is associated with an interme-
diate prognosis to up-front R-CHOP. DELs account for approximately
one-third of de novo disease and up to 50% of relapsed/refractory
(RR) DLBCL.*%Y7 Patients with genetic rearrangements in c-MYC in addi-
tion to BCL2 and/or BCL6 have high-grade B-cell lymphoma with MYC
and BCL2 and/or BCL6 according to the WHO 2016 classification of
hematologic malignancies, and are also called double-hit or triple-hit lym-
phomas (DH/THLs). DH/THLs represent 6%-14% of patients with
DLBCL.*®1? These genetic rearrangements are identified by fluorescent
in situ hybridization (FISH). Both IHC and FISH studies should be done at
the time of diagnosis, and ideally again at the time of recurrence for prog-
nostic and treatment implications.

When both COO and molecular studies are performed in parallel in
de novo DLBCL, DELs are more often associated within the ABC subtype,
while DH/THLs tend to occur within the GCB subtype. The International
DLBCL R-CHOP Consortium performed an analysis of 893 patients with
de novo DLBCL and found that 66% of DELs were ABC DLBCL, while
only 39% of non-DELs were ABC DLBCL. The same group found that
7 of 8 patients in a cohort of 327 with de novo DH/THLs had the GCB
subtype®2° (Figure 1). In a larger study of 1228 patients with DLBCL from
three clinical trials, Scott and colleagues performed FISH, COO, and IHC
testing of DLBCL samples and found a 1.7% prevalence of DH/THL in
ABC DLBCL, compared to a 13.3% prevalence in GCB DLBCL (17.7%
with MYC rearrangement).2* Within GCB DLBCL, a 104-gene double-hit
signature has been developed to predict poor response to up-front R-
CHOP regardless of the DH/THL status.2? Research on appropriate dis-

ease classification and prognostic implications is ongoing.

2.3 | Recurrent mutations by whole exome
sequencing

Two recently published studies have used whole exome sequencing to

characterize new genetic subtypes of disease based on the presence
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DLBCL subtypes

Non-GCB:
unclassifiable

GCB = Germinal center B-cell-like

ABC = Activated B-cell-like

HGBL = with MYC and BCL2 and/or BCL6, also known as
double/triple HIT

DEL = Double expresser

FIGURE 1 Overlap of DLBCL subtypes by COO and molecular
features

of recurrent mutations. These categories were mapped onto the ABC
and GCB subtypes of DLBCL, as originally identified by GEP. Schmitz
and colleagues used whole exome and transcriptome sequencing, array-
based DNA copy-number analysis, and targeted amplicon resequencing
on 574 primarily pretreatment DLBCL biopsy samples to identify four
distinct genetic subtypes of disease with different recurring mutations
portending to differential clinical outcomes. These categories include
the MCD, BN2, N1, and EZB subtypes.® The MCD subtype was charac-
terized by the co-occurrence of MYD88 (L265P) and CD79 mutations,
the BN2 subtype by BCL6 fusions and NOTCH2 mutations, the N1 sub-
type had frequent NOTCH1 mutations, and the EZB subtype had EZH2
and BCL2 translocations. The BN2 and EZB subtypes conferred good
prognosis to first-line Cl, while the other subtypes conferred a poor
prognosis.

In parallel, Chapuy and colleagues classified 304 primary, previ-
ously untreated DLBCLs based on low-frequency genetic alterations,
recurrent mutations, somatic copy number alterations, structural vari-
ants, and coordinate signatures to identify five different DLBCL sub-
sets with differing high-frequency recurrent mutations. These include
two distinct subsets of GCB DLBCL with good and poor risk, a low-
risk ABC-DLBCL, and an ABC/GCB-independent group with marginal
zone/extrafollicular origin.

Whole exome sequencing and the associated next-generation
sequencing modalities have not yet been adopted into clinical prac-
tice, and tailored therapeutic approaches to these different subtypes
have yet to be defined. Ongoing translational work and collaborations

with bioinformatics will be necessary to further differentiate these

high-frequency mutations into driver mutations (which are necessary
and sufficient for lymphomagenesis) and passenger mutations. Driver
mutations can then be used to identify therapeutically relevant tar-
gets. Some potential therapeutic targets include mutations in MYD88;
CD79a/b in the ABC subtype of disease; and EZH2, BCL2, and
CREBBP in the GCB subtype of disease.

3 | RISKSTRATIFICATION

A combination of clinical factors, COO, and molecular studies are used
to predict prognosis in DLBCL.

3.1 | Clinical factors

The IPI has been used since 1993 to predict prognosis in aggressive
NHL treated with doxorubicin-containing regimens.* This has been
validated in the rituximab era (R-IPl) and in patients <60 years of age
(age-adjusted IPI).23 It has also been expanded to include the more
granular information about each of these variables in the recent
NCCN-IP1.24 In the most commonly used IPI, patients with a score of
0-1, 2, 3, and 4-5 had a 3-year overall survival (OS) of 91%, 81%, 65%,

and 59%, respectively.?®

3.2 | Cell of origin

Multiple studies have shown that patients with the ABC disease subtype
have significantly poorer outcomes to standard up-front rituximab-
containing Cl compared to GCB disease.?>1%2¢ |n a study of 157 de novo
DLBCL cases treated with up-front rituximab containing Cl, patients with
the ABC subtype as identified by GEP had a 5-year progression-free sur-
vival (PFS) of 31% compared to 76% in GCB disease, which translated to
an inferior 5-year OS (45% vs 80%).%2 Similarly, in a study of 344 patients
with de novo DLBCL treated with R-CHOP that used the Lymph2Cx
assay on the paraffin-embedded tissue to identify COO, the 5-year PFS
and 5-year OS was 48% and 56%, respectively, in ABC disease, compared
to 73% and 78% in GCB disease.'* In relapsed disease, the prognostic
impact of COO remains less clear. Although the Bio-CORAL study
suggested that GCB DLBCL treated with R-DHAP had an improved

3-year PFS compared those treated with R-ICE,%”

multiple other studies
have failed to reproduce these results, including patients who went on to

receive consolidative ASCT.28-30

3.3 | Molecular features

The presence of gene rearrangements in MYC is associated with a
poorer response to up-front R-CHOP compared with MYC-counter-
parts.332 Further research has shown that the MYC translocation part-
ner matters, and MYC rearrangements with the IG partner (~50% of
cases) portend to a poorer OS compared to MYC- and non-IG partnered
MYC gene translocations.®*** The co-occurrence of either a BCL2 or
BCL6 rearrangement in DH/THL has a particularly aggressive clinical

phenotype with high rates of advanced disease, and extra-nodal disease
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leading to a higher IPI at presentation.>“*>%7 This translates into a poor
response to standard up-front R-CHOP,*8%? with one retrospective
study reporting a 5-year PFS and 5-year OS of 27% and 18%,
respectively.3®

MYC rearrangement (MYC+) and DH/THL remains significantly
prognostic at the time of relapse. In the Bio-CORAL study, patients
with RR MYC+ had a higher LDH and age-adjusted IPI than their
MYC-RR counterparts. All were treated with salvage chemotherapy
and ASCT, and MYC+ patients had low rates of complete response
(CR) to R-ICE and R-DHAP (23% and 26% vs 35% and 54% in MYC-
disease, and a 4-year PFS of less than 20% and OS of 26% (R-ICE) and
31% (R-DHAP).*°

DELs are also associated with lower rates of CR and lower PFS
and OS to up-front R-CHOP compared to those without DEL"? with
one study reporting a 5-year OS and PFS of <30%. These outcomes
appear to be intermediate to DLBCL without molecular alterations

and the more aggressive DH/THL.

4 | RISK-ADAPTED THERAPY

4.1 | Up-front therapy

In previously untreated DLBCL, R-CHOP remains the backbone of
therapy, with the total number of cycles and addition of radiation
dependent on stage at presentation and tumor bulk. This approach
can achieve durable remissions in approximately 60% of patients
(Coiffer 2010). Numerous efforts to improve R-CHOP, including
increased dose density with 14-day cycles, the use obinutuzumab in
place of rituximab, or intensification of therapy to, for example, dose-
adjusted (DA) etoposide, prednisone, vincristine, cyclophosphamide,
and doxorubicin (EPOCH) have been made, but have generally failed

to show significant clinical benefits. 4144

4.1.1 | Treatment options in DLBCL by COO—up-
front therapy

Efforts to improve up-front therapy Cl in non-GCB DLBCL have com-
bined biologic agents, including ibrutinib, bortezomib, or lenalidomide
with R-CHOP with varying success. These agents were chosen based on
the developing understanding that ABC disease is driven by dys-
regulation and constitutive activation of B-cell receptor (BCR) signaling,
leading to downstream activation of the nuclear factor kappa-light-
chain-enhancer of activated B-cells (NF-kB) pathway and uncontrolled
gene transcription and cellular survival and proliferation.*® Ibrutinib, a
first-in-class, irreversible Bruton's Tyrosine Kinase (BTK) inhibitor, targets
BTK in the BCR signaling pathway, where activating mutations have
been found. Bortezomib, a proteasome inhibitor, is thought to prevent
proteosomal degradation of IkB kinase, an inhibitory kinase that puts the
brakes on NF-kB. The exact role of lenalidomide, an immunomodulatory
agent, in the pathogenesis of ABC disease is unclear.

Although a phase Ib study of ibrutinib + R-CHOP showed that the
combination was tolerable and had high responses in both GCB (5/7)
and ABC disease (2/2 patients),*® the phase Il PHOENIX study of this

combination for stage I-IV non-GCB DLBCL as identified by IHC and
ABC DLBCL as identified by GEP was stopped early by Jannsen in July
2018 because it did not meet its primary PFS endpoint [NCT01855750].
These data were presented at the American Society of Hematology
(ASH) 2018 meeting, while in the whole study, the population outcomes
of R-CHOP with and without ibrutinib were not significantly different,
an unplanned subset analysis suggested benefits in PFS, event-free sur-
vival (EFS), and OS in patients <60. It appeared that increased anti-
lymphoma activity was offset by a higher frequency of toxicities
abrogating benefits particularly in older patients.

Similarly, in an early phase trial of bortezomib + R-CHOP, the combina-
tion was tolerable and suggested improvements in PFS and OS in non-GCB
disease (as identified by IHC), but these results could not be confirmed in
larger phase Il (PYRAMID) and Il (ReMoDL-B) studies.*”~#°

A phase |l study of lenalidomide in addition to R-CHOP in untreated
DLBCL showed an impressive overall response rate (ORR) of 98% (80%
CR) and similar response rates between GCB and non-GCB disease
(as identified by IHC), suggesting that lenalidomide can overcome the nega-
tive prognostic impact of non-GCB disease.*® A larger phase Il ROBUST
randomized trial of lenalidomide + R-CHOP vs placebo + R-CHOP in ABC
DLBCL (as identified by GEP) has completed accrual, and results are
expected in the next 1-2 years [NCT02285062]. A similar study conducted
by the Eastern Cooperative Oncology Group for patients with stage II-IV
DLBCL has finished recruiting and is awaiting read-outs [NCT01856192],
and will have preplanned PFS analysis by COO (by GEP and/or IHC).

4.1.2 | Treatment options in DLBCL by molecular
features—up-front therapy

Despite knowledge that up-front R-CHOP produces poor long-term out-
comes in DHL/THL, the rarity of this entity has precluded robust pro-
spective data to help establish an optimal induction regimen. Multiple
retrospective studies have suggested that intensification of up-front Cl
may be superior to R-CHOP, which was confirmed in a systemic review
and meta-analysis of 394 patients from 11 studies.®¢>%>2 Overall, a mul-
ticenter retrospective study of 311 patients with previously untreated
DHL who were treated with induction therapy + ASCT, at a median
follow-up of 23 months, the median PFS of those receiving R-CHOP
was 7.8 months compared to 21.6 months with more intensive up-front Cl
strategies, such as R-EPOCH, R-CODOX-M/IVAC, and R-HyperCVAD.3¢
The meta-analysis by Howlett et al. suggested a superior PFS to R-EPOCH
compared to R-CHOP and other intensified regimens, which has led to
widespread adoption of intensified frontline Cl in this population, but this
needs to be validated in a prospective manner. The CALGB/Alliance 50303
phase Il trial of DA-EPOCH showed no differences in EFS or OS in the
DLBCL population as a whole, but subset analysis by FISH and IHC has yet
to be reported, and will unlikely be able to answer this question due to low
populations of DH/THL in the study.

Retrospective data suggest that there is no role of consolidative
ASCT in MYC-positive disease in the first remission who were treated
with intensive induction regimens. In a recently published multi-center
retrospective study of 159 patients with DHL, there was no difference in

relapse-free survival and OS between patients who received ASCT
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consolidation in first CR compared to those who did no
the subset analysis of patients who received R-CHOP, consolidative
transplant was associated with improved survival compared to no trans-
plant, likely due to inferior outcomes with up-front R-CHOP. Several
protocols are actively enrolling patients with DH/THL, including a study
of R-EPOCH with lenalidomide [NCT02213913] and R-EPOCH with the
Bcl2-inhibitor venetoclax [NCT03036904].

Similarly, in DEL, there is lack of robust prospective data validating a
role in more intensive up-front Cl. Small retrospective, single-center stud-
ies also suggest improved outcomes with R-EPOCH, while unplanned
subset analysis from the CALGB 50303 trial suggest no difference.>*>°

Prospective data are needed to inform an optimal induction regimen.

5 | RRDISEASE

At the time of progression or disease relapse, the standard treatment
for transplant eligible patients remains salvage chemotherapy followed
by consolidative ASCT in chemotherapy-sensitive disease (Vose 2001).
The benefit of high-dose chemotherapy and ASCT rescue in relapsed
disease was originally demonstrated in the pre-rituximab era (PARMA
study), where Thierry et al. demonstrated a 5-year EFS of 46% in
chemotherapy-sensitive patients to chemoradiation + ASCT compared
to 12% in those who received chemoradiation alone without trans-
plant.56 In the rituximab era, these numbers are less favorable, with the
CORAL study reporting a 3-year PFS of only 37% in patients who
received either R-ICE or R-DHAP prior to ASCT and only 21% in
patients with prior exposure to rituximab as part of up-front C1.°

Several specific populations with RR disease have particularly poor
outcomes. Less than 20% of patients with primary progressive disease
achieve long-term remissions.3%>’ Patients who do not qualify for
transplant, either after failing salvage or due to poor performance sta-
tus or inadequate stem cell collection had a median OS of 3.3 months
in the CORAL study.’® In addition, patients with relapse <12 months
after ASCT have a median OS of approximately 10 months.>’

Recently, the SCHOLAR-1 study combined data from two phase
Il clinical trials and two observational cohorts to describe the out-
comes in the refractory DLBCL population. In over 636 patients with
progressive disease or stable disease as the best response to at least
4 cycles of up-front Cl or 2 cycles of salvage, respectively, or relapse
at or within 12 months of treatment, the median OS was 6.3 months
from the start of salvage treatment, with only 28% alive at 1 year.°

With a better understanding of the heterogeneity of DLBCL,
ongoing efforts are being made to refine treatment in RR disease
based on disease subtypes, particularly for patients who are not eligi-

ble for transplant or who have relapsed after transplant.

5.1 | Treatment options in DLBCL by COO—for RR
disease

5.1.1 | Ibrutinib

In a phase I/1l study of 80 patients with RR DLBCL, treatment with
the single agent ibrutinib resulted in a 40% ORR in patients with the

ABC subtype (14/38), compared to an only 5% ORR in those with the
GCB subtype as identified by GEP.®* Those with ABC disease and
mutations in BCR signaling (with a gain of functional mutations in the
BCR subunit CD79b) had a higher rate of response (55.5%); responses
were also higher in patients with concomitant myeloid differentiation
primary response 88 (MYD88) mutations (4/5; 80%). These results
have not yet been confirmed in a larger prospective study. A recently
published multi-institutional retrospective study of 54 patients with
RR DLBCL (36 de novo, 18 transformed) treated with ibrutinib found
an ORR of 28% (5 CRs, 10 PRs) and no difference in ORR or median
PFS between the GCB and non-GCB subtypes as identified by IHC.®2
With a median PFS of 1.7 and 3.0 months in the GCB and non-GCB
subtypes, single-agent ibrutinib may have limited utility, regardless of
the COO subtype in RR DLBCL.

Interestingly, a recently published phase | clinical trial of ibrutinib +
ICE in RR DLBCL was found to be tolerable without any dose-limiting
toxicities at doses up to 840 mg of ibrutinib and reported an ORR of
90% (11 CR, 7 partial response (PR) to 20 patients).® In this study, all
patients with non-GCB disease who completed at least 1 cycle of ther-
apy achieved a CR. These results need to be confirmed in larger, ran-
domized studies with longer follow-ups. Ongoing studies of ibrutinib
in RR DLBCL are listed in Tables 1 and 2. Notably, one study is investi-
gating the role of ibrutinib in RR non-GCB DLBCL who are not candi-
dates for ASCT [NCT02692248], while another is investigating the
benefit of adding ibrutinib during and after ASCT in the ABC subtype
[NCT02443077].

As in chronic lymphocytic leukemia and mantle cell lymphoma,
patients with DLBCL can develop resistance to BTK inhibitors after a
period of response. The mechanisms for resistance have been described in
the ABC subtype of disease, including activating mutations in CARD-11,
deleterious mutations in the NF-kB regulator NFKBIE, and translocations
between (immunoglobulin heavy chain (IgH) and interferon regulatory fac-
tor (IRF), which bring the IRF8 transcription factor under the IgHV heavy
chain promoter.6*%> Ongoing research is needed to identify methods of

overcoming BTK inhibitor resistance.

5.1.2 | Lenalidomide

Early phase studies of lenalidomide, an immunomodulatory agent, as a
single agent have shown moderate clinical benefits in RR DLBCL. A
study of 108 patients reported an ORR of 28% and a median duration
of response (DOR) of 3.7 months, with a median DOR of 10.6 months
in responders.®®%” However, a small study of 44 patients with avail-
able histologic materials found a significantly higher ORR in the non-
GCB subtype as determined by the Hans algorithm compared to the
GCB subtype (52.9% vs 8.7%, =0.006), with no difference in OS. This
led to a phase 2/3 clinical trial of lenalidomide vs investigator's choice
in 102 patients with RR DLBCL, with patients stratified by COO as
determined by the Hans algorithm.®® The results of this study were
recently published, and has also suggested a greater benefit in the non-
GCB subtype [ORR (27.5% vs 11.8%) and PFS (13.6 vs 7.8 weeks)] with

lenalidomide.
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Drug

Lenalidomide

Title

Selected ongoing studies in RR DLBCL evaluating response by COO

Inclusion criteria

e WiLeEy- L«

COO subtype-specific endpoints

Phase I/11 Ibrutinib in combination with lenalidomide RR DLBCL Secondary endpoint (phase Il) safety and
NCT02077166 and rituximab in participants with relapsed tolerability in RR non-GCB DLBCL
or refractory diffuse large b-cell lymphoma
Phase 1/11 R-ICE and lenalidomide in treating patients Phase I: CD20+ B-cell Tertiary objective:
NCT02628405 with first-relapse/primary refractory lymphomas To evaluate ORR based on GCB vs non-GCB
diffuse large b-cell lymphoma Phase II: RR DLBCL subtypes
Phase I/ Rituximab, lenalidomide, and nivolumab in RR non-GCB DLBCL and Primary objective (phase Il):
NCT03558750 treating participants with relapsed or RR primary CNS Evaluate the efficacy of lenalidomide in
refractory non-germinal center type diffuse lymphoma combination with standard doses of
large B cell lymphoma or primary central rituximab and nivolumab in R/R non-GCB
nervous system lymphoma DLBCL and PCNSL
Phase I/l Nivolumab and lenalidomide in treating RR NHL and HL Tertiary objective:
NCT03015896 patients with relapsed or refractory To explore the relationship between ABC or
non-Hodgkin or Hodgkin lymphoma GCB DLBCL with ORR to the combination
of lenalidomide and nivolumab in patients
with relapsed/refractory FL and DLBCL
Ibrutinib
Phase Il A randomized double-blind phase Il study of RR non-GCB DLBCL All study endpoints are in the ABC subtype
NCT02443077 ibrutinib during and following autologous
stem cell transplantation vs placebo in
patients with relapsed or refractory diffuse
large B-cell lymphoma of the activated B-cell
subtype
Phase Il Ibrutinib in patients with refractory/relapsed RR non-GCB DLBCL All study endpoints are in the non-GCB
NCT02692248 non-GCB Diffuse large B-cell lymphoma subtype
non-candidates to autologous stem cell
transplantation
Phase I/11b Pembrolizumab and ibrutinib in treating RR DLBCL Tertiary objective:
NCT02950220 patients with relapsed or refractory To explore the relationship between COO

non-Hodgkin lymphoma

TABLE 2 Selected ongoing studies in RR DLBCL targeting MYC-altered disease

Drug
BET inhibitors

Title

Inclusion criteria

and ORR in ABC vs GCB subtype

Molecular subtype
specific endpoints

Phase I/l A dose escalation study to investigate the safety, Phase I: RR AML, MM, or NHL All study endpoints are in
NCT01943851 pharmacokinetics (PK), pharmacodynamics Phase 2: DHL and THL MYC-altered disease
(PD) and clinical activity of GSK525762 in
subjects with relapsed, refractory hematologic
malignancies
Phase | A phase 1 study evaluating CPI-0610 in patients NHL or Hodgkin's lymphoma Secondary outcome: Changes
NCT01949883 with progressive lymphoma in the expression of MYC and
other genes in tumor tissue
Phase 2 Study to evaluate the efficacy and safety of RR DLBCL, including DHT All study endpoints are in
NCT02674750 CUDC-907 in patients with RR DLBCL, including and THL and transformed MYC-altered disease

patients with MYC alterations DLBCL

Lenalidomide has been studied in combination with rituximab in
RR DLBCL, although responses have not been reported by COO sub-

type. The mechanism of action of lenalidomide in RR DLBCL is not

of IL-2 secretion, to the cereblon-E3 ubiquitin ligase complex. This

leads to increased ubiquitination and degradation of both factors,

which results in increased IL-2 and IL-2 derived apoptosis.®®”°

entirely clear, but is thought to be immunomodulatory by promoting In a phase Il trial of lenalidomide with rituximab, 45 patients with

the recruitment of Aiolos and lkaros, both transcriptional repressors RR DLBCL, follicular lymphoma, and transformed follicular lymphoma
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received lenalidomide 20 mg daily on days 1-21 of a 28-day cycle and
rituximab 375 mg/m? weekly during cycle 1.”* The study found an
ORR of 33% with a median response duration of 10.2 months and a
median PFS and OS of 3.7 and 10.7 months, respectively. The regi-
men was tolerable, and the majority of patients (9/15) could proceed
to ASCT, which translated to improved outcomes. A variation of this
regimen was studied in a small series of 23 heavily pretreated patients
with RR DLBCL >70 years of age, and reported an ORR of 35% at the
end of treatment, with high rates of CR (8 of 10 responders) and a
median DOR of 32 months.”?

In addition, patients with RR DLBCL who were responsive to
rituximab-based salvage chemotherapy but are not candidates for
ASCT may benefit for maintenance of lenalidomide. In a multicenter
phase Il trial, 48 patients were treated with oral lenalidomide 25 mg
daily on days 1-21 of a 28-day cycle until disease progression or intol-
erance, and reported a 1-year PFS of 70%.”% Benefits were observed
in all subgroups including GCB and non-GCB disease. Ongoing studies
of lenalidomide in RR DLBCL are listed in Tables 1 and 2.

5.1.3 | Bortezomib

Bortezomib has also been studied in the RR population. In a small
study of 25 RR DLBCL patients (19 GCB subtype, 6 ABC subtype),
single agents such as bortezomib had no activity, but when combined
with chemotherapy had an ORR of 93% with a median OS of
10.8 months in the ABC subtype, compared to 3.4 months in the
GCB subtype.”* Confirmation in larger studies are pending. The addi-
tion of bortezomib to a salvage regimen in the relapsed setting may

be beneficial for virally driven aggressive lymphomas.””

5.2 | Treatment options in DLBCL by molecular
features—for RR disease

5.2.1 | Autologous stem cell transplant

The role of ASCT in the salvage setting for MYC+ RR disease is con-
troversial. Patients with DHL who undergo transplant have poorer
outcomes than their non-DHL counterparts. In a large retrospective
study of 117 patients with chemotherapy-sensitive RR DLBCL who
underwent ASCT, those with DHL had an inferior 4-year PFS and OS
(28% and 25%) compared to those without DHL (57% and 61%,
respectively).2® This study also looked at DELs and reported a similarly
inferior 4-year PFS (48% vs 59%, P = .049) compared to non-DEL
patients, but no significant difference in the 4-year OS. In a multicen-
ter retrospective study of 175 patients who underwent salvage che-
motherapy with an intention to transplant, patients without MYC
translocation had a 30% 2-year OS rate, compared to 0% in patients
with MYC translocation, and 9.9% in patients with DH/THL.”® It is
unlikely that high-dose chemotherapy alone can overcome the
chemoresistance conferred by unfavorable genetic translocations in

the relapsed setting.

5.2.2 | Chimeric antigen receptor T-cell therapy

For patients with RR disease, cellular therapy with chimeric antigen
receptor T-cell therapy (CAR-T) plays an increasingly important and
evolving role in the treatment. In this form of cellular therapy, pheresed
autologous T cells are genetically modified with cloned DNA plasmids
carrying a gamma retroviral or lentiviral recombinant vector as well as
genes expressing a chimeric T cell receptor targeting a cell surface anti-
gen of interest. Early phase studies of different second-generation
CART-19 constructs targeting CD19 in the RR setting have led to the
FDA approval of Kymriah (tisagenlecleucel) and Yescarta (axicabtagene
ciloleucel) in RR DLBCL after two prior lines of therapy. In the phase lla
JULIET study of tisagenlecleucel, a CART-19 construct with the 4-1BB
co-stimulatory domain, the best ORR was reported at 52%, with a CR of
40% in 93 patients. In DHL/THL (n = 19), the ORR was 50% with a CR
of 25%. The updated results at a median follow-up of 14 months from
infusion showed a median OS and PFS of not being reached in patients
who achieved a CR, with some remissions lasting at least 2 years.””
Recently updated 2-year follow-up data from the single-arm multicenter
ZUMA-1 trial of axicabtagene ciloleucel (CD28 costimulatory domain)
reported a 74% best ORR (54% CR) and median DOR and OS of not
being reached. The study did not include detailed preplanned analysis of
molecular features.”® Recently presented abstracts at the ASH 2018
annual meeting describe comparable outcomes and toxicities in patients
treated outside of clinical trials.”?%° A trial of a third second-generation
CART-19 construct, JCARO17, is ongoing and will include patients with
MYC translocation [NCT02631044]. Early phase trials of third- and
fourth-generation CARs, including those with more than one target, and
multiple costimulatory domains are currently ongoing. CAR-T presents a
viable and very promising therapy in RR DLBCL, including MYC-altered
disease, and is an area of active research. A table of selected ongoing
studies of CAR-T and other novel therapies in RR DLBCL is listed in
Table 3.

5.2.3 | Allogeneic stem cell transplant

Allogeneic stem cell transplant remains a potential curative option in the
treatment of RR DLBCL, and carries the benefit of a tumor-free allograft
and potential graft vs lymphoma effect. However, many patients will
not qualify for transplant due to age, significant comorbidities, and poor
performance status from aggressive disease and/or multiple lines of
prior therapy. Historic studies have reported the long-term survival of
up to 40%-50%, but in the setting of significant treatment-related mor-
tality (30%-40%).8* Over the past two decades, efforts to improve these
outcomes have focused on reducing the intensity of conditioning regi-
mens. A recent retrospective study from the CIMBTR of 396 patients
who received allotransplant for DLBCL between 2000 and 2009 found
that myeloablative regimens were associated with lower rates of rel-
apse/progression at 1, 3, and 5 years,®2 but were associated with a
higher rates of nonrelapse mortality. The study found no difference in
PFS or OS (OS 26% vs 20 vs 18% at 5 years) between patients receiving
myeloablative, nonmyeloablative, or reduced intensity-conditioning regi-

mens at any of the timepoints.
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TABLE 3 Additional novel therapies in RR DLBCL

Drug
CAR-T therapy

Axicabtagene
ciloleucel

Tisagenlecleucel

JCARO14

huJCARO14
(Anti-CD19CAR-4-
1BB-CD3zeta-EGFRt)

CD19/CD22

CD19/22 (AUTO3)

Polatuzumab

Blinatumomab

MOR208

Clinical trial

NCT02348216
Phase Il

NCT03570892
Phase Il

NCT03630159%b
Phase |

NCT02631044
Phase |

NCT02706405
Phase |

NCT03103971
Phase |

NCT03233854
Phase 1

NCT03287817
Phase I/l

NCT02600897
Phase Ib/Il

NCT02729896
Phase Ib/II

NCT02257567
Phase Ib/II

NCT02568553
Phase |

NCT03340766
Phase Ib

NCT02568553
Phase |

NCT02399085
Phase |

Title

Efficacy of axicabtagene ciloleucel compared to
standard of care therapy in subjects with RR
DLBCL (ZUMA-7)

Tisagenlecleucel in adult patients with
aggressive B-cell NHL (BELINDA)

Study of tisagenlecleucel in combination with
pembrolizumab in RR DLBCL (PORTIA)

Study evaluating the safety and
pharmacokinetics of JCARO17 in B-Cell NHL
(TRANSCEND-NHL-001)

JCARO014 and durvalumab in treating patients
with RR B-Cell NHL

huJCARO14 CAR-T cells in treating adult
patients with RR B-Cell NHL or acute
lymphoblastic leukemia

CD19/CD22 chimeric antigen receptor T cells
and chemotherapy in treating patients with
RR CD19 positive DLBCL or B acute
lymphoblastic leukemia

CD19/22 CART cells followed by anti-PD1
antibody consolidation (AUTO3) for the
treatment of DLBCL (ALEXANDER)

A study of obinutuzumab, polatuzumab vedotin,
and lenalidomide in RR follicular lymphoma
(FL) and rituximab in combination with
polatuzumab vedotin and lenalidomide in RR
DLBCL

A study evaluating safety and efficacy of
obinutuzumab, polatuzumab vedotin (Pola),
and atezolizumab (Atezo) in participants with
RR follicular lymphoma (FL) and rituximab,
atezo, and pola in participants with RR DLBCL

A study of polatuzumab vedotin (DCDS4501A)
in combination with rituximab or
obinutuzumab plus bendamustine in
participants with RR FL or DLBCL

Lenalidomide and blinatumomab in treating
patients with relapsed NHL

Open label study investigating the safety and
efficacy of blinatumomab in combination with
pembrolizumab (KEYNOTE-348)

Lenalidomide and blinatumomab in treating
patients with relapsed NHL

A study to evaluate the safety and efficacy of
lenalidomide with MOR00208 in patients
with RR DLBCL (L-MIND)

e WiLey- Lo

Primary objectives in RR DLBCL

To evaluate whether axicabtagene ciloleucel
therapy improves the clinical outcome
compared with standard-of-care second-line
therapy in RR DLBCL

To evaluate the efficacy, safety, and tolerability
of tisagenlecleucel compared to standard of
care in RR aggressive B-cell NHL

To evaluate the safety and efficacy of the
administration of tisagenlecleucel in
combination with pembrolizumab in RR DLBCL

To evaluate the safety, PK, and antitumor
activity of modified T cells (JCAR017)
administered to adult patients RR B-cell NHL

To evaluate the safety of JCARO14 in
combination with durvalumab in adult
patients with RR B-cell NHL

To evaluate preliminary safety of huJCARO14 in
adult patients with CD19+ RR B-cell NHL or
ALL

To determine the feasibility of producing
CD19/22-CART cells and assessing the
safety of escalating doses of cells

To determine the safety and ORR of AUTO3 in
RR DLBCL

To evaluate the safety, efficacy, and
pharmacokinetics of rituximab, polatuzumab
vedotin, and venetoclax in RR DLBCL

To evaluate the safety, efficacy,
pharmacokinetics, and immunogenicity of
obinutuzumab + atezolizumab + polatuzumab
in RR DLBCL

To determine safety and tolerability of
polatuzumab vedotin (DCDS4501A) in
combination with rituximab or obinutuzumab
plus bendamustine in RR DLBCL

To determine the MTD of lenalidomide when
given in combination with blinatumomab in
relapsed NHL

To determine the maximum tolerated dose (MTD)
of blinatumomab in combination with
pembrolizumab in adult subjects with RR
DLBCL

To determine the side effects and best dose of
lenalidomide and blinatumomab when given
together in relapsed NHL

To characterize the safety and efficacy of the
human-anti-CD19 antibody MOR00208 in
combination with lenalidomide in adult
subjects with RR DLBCL

(Continues)
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TABLE 3 (Continued)
Drug Clinical trial Title
NCT02763319 A trial to evaluate the efficacy and safety of
Phase | MOR208 with bendamustine (BEN) vs
rituximab with BEN in adult patients with RR
DLBCL (B-MIND)
Nivolumab NCT03484819 Copanlisib and nivolumab in treating
Phase Il participants with RR DLBCL or primary
mediastinal large B-cell lymphoma
NCT03015896 Nivolumab and lenalidomide in treating patients
Phase I/l with RR NHL or HL
NCT03038672 Nivolumab with or without varlilumab in
Phase Il treating patients with RR aggressive B-cell
lymphomas
Pembrolizumab NCT03340766 Open label study investigating the safety and
Phase | efficacy of blinatumomab in combination with
pembrolizumab (KEYNOTE-348)
NCT03150329 Pembrolizumab and vorinostat in treating
Phase | patients with RR DLBCL, FL, or HL
NCT03309878 Mogamulizumab and pembrolizumab in treating
Phase I/l patients with RR lymphomas
Venetoclax NCT02992522 Obinutuzumab, venetoclax, and lenalidomide in
Phase Ib/Il treating patients with relapsed or refractory
B-cell non-Hodgkin lymphoma
NCT03136497 A study of ABT-199 plus ibrutinib and rituximab
Phase | in patients with RR DLBCL
NCT03223610 Venetoclax, ibrutinib, prednisone,
Phase | obinutuzumab, and revlimid (ViPOR) in RR

B-cell ymphoma

Primary objectives in RR DLBCL

To compare the safety and efficacy of MOR208
with BEN vs RTX with BEN in adult patients
with RR DLBCL

To study the efficacy of copanlisib and
nivolumab work in treating participants with
RR DLBCL

To determine the safety and tolerability of the
combination of lenalidomide and nivolumab
in RR NHL or HL

To determine the anti-tumor activity of
combination therapy with CDX-1127
(varlilumab) and nivolumab as compared to
nivolumab alone in patients with advanced
aggressive B-cell non-Hodgkin lymphomas

To determine the maximum tolerated dose (MTD)
of blinatumomab in combination with
pembrolizumab in adult subjects with RR DLBCL

To determine side effects and best dose of
vorinostat when given together with
pembrolizumab in RR DLBCL

To determine the best dose and side effects of
mogamulizumab in combination with
pembrolizumab in RR DLBCL

To determine the dose-limiting toxicity and the
recommended phase 2 dose of the
combination of obinutuzumab, venetoclax, and
lenalidomide in patients with RR B-cell NHL

To determine the safety and MTD of
venetoclax + ibrutinib in RR DLBCL

To study the safety of ViPOR for people with
B-cell lymphoma

Abbreviations: RR, relapsed and/or refractory; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HL, Hodgkin lymphoma; MTD, maximum tol-

erated dose.

Recently, Herrera et al. performed a multicenter retrospective
analysis of 78 patients with DHL (13%) and DEL (47%) and found no
differences in the 4-year PFS and 4-year OS between patients with
and without DEL, and between patients with and without DHL.2®
Patients with DEL had a 4-year PFS and 4-year OS of 30% and 31%
(P = .24), while those with DHL had a 4-year PFS and 4-year OS of
40% and 50% (P = .46), respectively. These data are retrospective in
nature but suggest that allogeneic transplant may overcome the poor
prognostic implications of these aggressive disease subtypes, especially
in patients with an excellent performance status and few comorbidities.
As such, these numbers may not reflect real-world experience, as they

are vulnerable to selection bias for young and fit patients.

5.2.4 | Bromodomain and extraterminal motif
inhibitors

Bromodomains are proteins that read the acetylation signature on histone

tails and process the extent that genes will be transcribed. Once an acetyl

group is found on a histone tail, the bromodomain recruits other transcrip-
tional proteins, such as the transcription factor c-MYC. Bromodomain and
extraterminal motif (BET) inhibitors prevent bromodomains from reading
the acetyl-group signature and prevent recruitment of transcription fac-
tors.2% in vitro studies have confirmed inhibition of DLBCL cell line prolif-
eration in a dose-dependent manner, as well as reductions in the levels of
MYC expression.8> Additional in vitro studies have shown synergy with
the B-cell leukemia/lymphoma-2 (BCL-2) inhibitor venetoclax in double-
hit cell lines.2¢ Early-phase clinical trials of BET inhibitors that include
patients with RR DLBCL with MYC translocations are listed in Tables 1
and 2 [NCT02543879, NCT01943851].

5.2.5 | PI3K inhibitors

CUDC-907 (fimepinostat) is a first-in class small molecular combined
histone deacetylase (classes | and Il) inhibitor and a PI3K (classes la, f,
and §) inhibitor. In MYC-driven cell lines, CUDC-907 has shown

downregulation of MYC mRNA and protein levels. It has also shown
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antitumor activity in MYC-driven animal models.®” A recently publi-
shed phase | clinical trial of CUDC-907 in RR DLBCL enrolled
37 patients. Twenty-five patients received CUDC-907 alone, while
12 received CUDC-907 in combination with rituximab. Therapy was
tolerable and reported an ORR of 37% with a median DOR of
11.2 months. The study included 14 patients with MYC alterations
(including MYC copy number gains and MYC expression 240% by
IHC, with 2 DELs and no DH/THLs), and reported a response rate of
64%.%1 A phase Il study is ongoing. Other PI3K inhibitors have been
studied in RR DLBCL. A small phase Il study of copanlisib, a pan-class
| PI3K inhibitor in RR DLBCL patients (n = 40 in the per-protocol anal-
ysis) showed an ORR of 25%, with a 13.6% response rate in the GCB
subtype and 25% in the ABC subtype.®® A phase Il trial of idelalisib in
RR DLBCL is ongoing [NCT03576443].

5.2.6 | BCL2 inhibitors

A phase | study of the BCL-2 inhibitor venetoclax was completed in
106 patients with RR NHL, and with 34 patients with RR DLBCL. The
response rates for single-agent DLBCL were 18%, with a medial PFS
of 1 month.®? Venetoclax is currently being studied in combination
with DA-EPOCH-R in a phase | study patients with DH/THL
[NCT03036904]. In the RR setting, there are ongoing studies in com-

bination with other biologic agents [NCT02992522, NCT03223610].

6 | IMMUNODIRECTED THERAPIES IN RR
DISEASE

6.1 | Checkpoint inhibitors

Studies of checkpoint inhibitors in RR DLBCL have thus far been dis-
appointing, with low response rates and short remissions. A phase |
clinical trial of nivolumab in RR DLBCL had an ORR of 36% with a
median PFS of only 7 weeks.”® Checkmate 036, the combination of
nivolumab plus ipilimumab yielded an ORR of 20% in RR NHL (10/15
with DLBCL), with a median PFS of only 1.5 months.”* In a recently
published multicenter phase Il trial of 121 patients with RR DLBCL
who had failed or were noneligible for ASCT, ORRs were 10% and
3%, respectively, at 9 and 6 months of the follow-up.”?> However, cer-
tain subtypes of extranodal DLBCL, including DLBCL leg-type, primary
mediastinal, and primary CNS lymphoma may have higher PD1/PDL-1
expression, and respond better to checkpoint inhibitors than others.
Ongoing efforts in RR DLBCL are focused on combining checkpoint
inhibitors ~ with  various other antibodies [NCT03038672,
NCT02951156], anti-CD20 antibodies, or in combination with CAR-T
therapy [NCT02926833, NCT02706405].

Polatuzumab-vedotin is a humanized anti-CD79b monoclonal anti-
body conjugated to the cytotoxic agent monomethyl auristatin
E. CD79b is expressed on the surface of B cells including malignant
lymphocytes in NHL. At the 2017 ASH meeting, a phase Il trial ran-
domized patients with RR de novo DLBCL after at least one prior line
of therapy to either polatuzumab-vedotin in addition to rituximab-

bendamustine (BR) or BR alone. At a median follow-up of 11.1 months,

the study reported an ORR rate of 45% compared to 17.5% in the BR
arm alone. The majority of these responses were complete (40% vs
15%) with a median DOR of 8.8 months vs 3.7 months in the BR
group. Early phase studies of polatuzumab-vedotin with lenalidomide
and obinutuzumab [NCT02600897], or lenalidomide, obinutuzumab,
and venetoclax [NCT02611323] are ongoing in RR DLBCL.

MOR208 is an Fc-enhanced monoclonal antibody against CD19,
which can lead to potentiation of antibody-dependent cell-mediated
toxicity and phagocytosis, as well as direct cytotoxicity. It was initially
studied in RR NHL as a single agent and showed a 26% response rate
in heavily pretreated, mostly rituximab refractory DLBCL patients.”®
The most common adverse events were infusion reactions and neu-
tropenia. Most recently, data from the L-MIND study, an ongoing
phase Il study of MOR208 in combination with lenalidomide in RR
DLBCL, were presented at the ASH 2018 annual meeting.94 At a
median follow-up of 12 months, the ORR was 58%, with 33% CR and
20% PR. In addition, 15% of patients had SD. Median DOR was not
reached. Toxicities of the combination were most commonly neutro-
penia, thrombocytopenia, and anemia, followed by diarrhea and
fatigue. A phase II/1ll study of MOR208 with bendamustine compared
to rituximab and bendamustine in RR DLBCL is actively recruiting
patients [NCT02763319].

Blinatumomab, a bispecific T-cell antibody, that transiently links
CD3-positive T cells to CD19-positive B cells currently approved for
the treatment of adult and pediatric adult lymphocytic leukemia, has
been studied in the phase Il setting in heavily pretreated RR DLBCL.”®
The study reported a 43% ORR after 1 cycle of therapy, with a 19%
CR. However, treatment continuation beyond one cycle was limited
by toxicity, with 9% of patients experiencing grade 3 or higher
encephalopathy and aphasia. A phase Ib study of blinatumomab with
pembrolizumab is ongoing [NCT03340766].

7 | CONCLUSIONS

DLBCL remains a heterogeneous disease at many levels. Of the 40%
of patients with RR disease, the vast majority of these patients are
not salvaged by high-dose chemotherapy followed by ASCT and will
succumb to their disease. Novel therapeutics in RR DLBCL are
needed. Tremendous progress has been made over the past 20 years
to identify the subtypes of this disease based on either COO or
molecular and immunophenotypic features, which carry poor prognos-
tic impacts. Refinements in our understanding of the complex patho-
genesis of these DLBCL subtypes have led to multiple efforts to
target therapy with varying success, as illustrated by this review. As of
now, however, there is limited data to inform differential therapy by
disease subtype.

Efforts are ongoing, and two recent landmark studies led by the
NCI and the Dana Farber Cancer Institute have harnessed next-
generation sequencing technologies to identify the subtypes of dis-
ease by the presence of highly recurring mutations, which portend to
different clinical phenotypes of disease. These new subtypes of dis-

ease are overlaid on the COO subtypes. A better understanding of the
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downstream effects of these recurring mutations can help us under-
stand the unique disease pathogenesis of each subtype. Although
much more work needs to be done to distinguish driver mutations
from passenger mutations and identify actionable mutations which
can be translated into therapeutic targets, advancements in bioinfor-
matics and gene-editing technologies in translational medicine will
lead to significant process in this area in the next decade. All of this
runs in parallel to the development of cellular therapy and bispecific
T-cell engager therapy, which may be agnostic of COO and molecular
features. Nevertheless, targeted therapy to DLBCL subtypes will
surely be a large part of how to successfully tackle the heterogeneity
of RR DLBCL.
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