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The role of pathologic testing in the diagnosis and management of
patients with diffuse large B cell ymphoma: a narrative review
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Background and Objective: Diffuse large B cell lymphoma (DLBCL) is the most common lymphoid
malignancy in adults. More than half of patients with new DLBCL diagnoses are cured with front line
immunochemotherapy, yet subsets of patients identified by pathologic testing are at higher risk of relapse.
However, these pathologic classification systems remain imperfect and their implications for treatment are
uncertain. We aim to discuss recent work in this area and explore its potential applications for improving
patient treatment in the clinic.

Methods: A literature review using the PubMed and Google Scholar databases was conducted to identify
studies focused on molecular testing in DLBCL using keywords: DLBCL, molecular testing, and next generation
sequencing (NGS). The authors selected and reviewed papers of relevance and importance to this topic.

Key Content and Findings: Molecular testing using immunohistochemistry (IHC), fluorescence
in situ hybridization (FISH), gene expression profiling, and NGS all have important roles in characterizing
DLBCL. Established systems of pathologic classification based on cell of origin (COO) or translocations
in MYC, BCL2, and BCL6 by FISH as well as increased expression of MYC and BCL2 protein by IHC
can be useful in risk stratifying patients, but how they should be best utilized to guide therapeutic choices
remains uncertain. Comprehensive genomic analysis allows for more precise clustering of patients that may
be useful in guiding individualized treatment choices for patients, and NGS may be a practical surrogate for
experimental assays.

Conclusions: Increased utilization of pathologic testing has allowed for more specific classification and
risk stratification of DLBCL. However, more work is needed in order to best utilize those tests which
are available in clinical laboratories in a cost-effective, timely manner that will allow for identifying novel

therapeutic approaches for specific patients most likely to benefit from them.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is the most
common form of non-Hodgkin lymphoma with about
150,000 new cases annually worldwide (1). The majority of
patients newly diagnosed with this disease are cured with
standard immunochemotherapy consisting of rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) (2). However, about 40% of patients fail to
respond to or relapse after treatment with R-CHOP (3).

Patients who are not cured with frontline therapies are
more likely to have a poor outcome, although some can be
cured with subsequent lines of therapy (4). Historically, fit
patients with relapsed or refractory disease are treated with
high dose chemotherapy followed by autologous stem cell
transplant with cure rates of about 30% (5,6). However,
patients with primary refractory disease or early relapse
after front line therapy have particularly poor outcomes
with this approach. Recently, CAR T cell therapies have
been approved in this setting with superior outcomes to
autologous stem cell transplant (7,8). However, still more
than half of these patients ultimately relapse (7,8).

There is importantly also a growing armamentarium
that has become available for subsequent, palliative lines
of therapy for DLBCL patients. Drugs including targeted
small molecule inhibitors (9,10), antibody-drug conjugates
(11,12), bispecific antibodies (13,14), cellular therapies
(15-17), and others can extend the lives and palliate the
symptoms of patients who have relapsed after or are not
candidates for curative intent therapies. However, which
patients are most likely to benefit from which therapies
remains incompletely understood.

Despite substantial improvements to later lines of therapy
for DLBCL patients, the best chance of cure remains with
front line treatments. Standard clinical assays are able to risk
stratify patients, but to this point have had only very limited
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implications in therapeutic decision making. Variability in
patient responses reflect biologic heterogeneity across cases
of DLBCL (18-20). There remains an important need for
better approaches to risk stratify patients with DLBCL and
to better target intensified treatment regimens to those most
likely to benefit from them. There is also an important need
to tailor later lines of therapy to individual patients. More
recently, molecular techniques, such as comprehensive
genomic analyses or clinical laboratory mutation analysis,
may have utility in achieving these goals. In this narrative
review, we will discuss recent work in this area and how it
might be applied in the future to better treat patients in
the clinic. We present this article in accordance with the
Narrative Review reporting checklist (available at https://
aol.amegroups.com/article/view/10.21037/aol-23-19/rc).

Methods

This narrative review was intended to discuss the role of
pathologic, molecular and genetic testing in DLBCL. The
analysis was performed in the PubMed and Google Scholar
databases, which were searched for studies discussing
molecular testing in patients with DLBCL (Zable I). There
was no specified time frame. All international peer-reviewed
papers in English language including retrospective,
observational, prospective, randomized, and real world
studies were included. No exclusion criteria were used. All
the authors were involved in the selection and reviewing of
the relevant publications.

Molecular testing in DLBCL
Cell of origin (COO) classifications

One of the established classification systems for DLBCLs
is based on their COO with prognostic and therapeutic

ltems Specification

Date of search

Databases and other sources searched
Search terms used

Timeframe

Inclusion criteria

Selection process

June 1%, 2023, and September 1%, 2023

PubMed, Google Scholar

Diffuse large B-cell ymphoma, molecular testing, next generation sequencing
Inception to September 1%, 2023

Included relevant international peer-reviewed papers in the English language

Both authors were involved in the selection and review of relevant publications

© Annals of Lymphoma. All rights reserved.

Ann Lymphoma 2024 | https://dx.doi.org/10.21037/a0l-23-19


https://aol.amegroups.com/article/view/10.21037/aol-23-19/rc
https://aol.amegroups.com/article/view/10.21037/aol-23-19/rc

Annals of Lymphoma, 2024

Page 3 of 12

Table 2 Summary of front line trials evaluating modified chemotherapy regimens

Trial Treatments

Patient population

Results

ROBUST (29) Lenalidomide + R-CHOP vs. R-CHOP

REMoDL-B (32) Bortezomib + R-CHOP vs. R-CHOP
PHOENIX (28,30) Ibrutinib + R-CHOP vs. R-CHOP

POLARIX (33) Pola-R-CHP vs. R-CHOP

ABC COO

GCB and non-GCB COO
Non-GCB COO

GCB and non-GCB COO

2-year PFS: 67% vs. 64% (P=0.29)
5-year OS: 79% vs. 76% (P=0.32)
EFS HR: 0.934 (P=0.59)

2-year OS: 88.6% vs. 88.7% (P=0.75)

R-CHOP, immunochemotherapy consisting of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; pola-R-CHP,
combination of rituximab, cyclophosphamide, doxorubicin, and prednisone; COO, cell of origin; GCB, germinal center B cell type; ABC,
activated B cell type; PFS, progression-free survival; OS, overall survival; EFS, event-free survival; HR, hazard ratio.

implications. Well accepted immunohistochemistry (IHC)
based protocols, including the Hans (21) and Tally (22)
algorithms, can be used to determine a germinal center
B cell (GCB) or activated B cell (ABC)/non-GCB COO
classification for these lymphomas. Gene expression profiling
strategies can also be used to determine COO classification
(23-25) with enhanced prognostic value (26), but are not
commonly used in clinical practice. GCB DLBCLs appear to
develop from normal GCBs, while ABC DLBCL:s arise from
post-GCBs in a phase between activation and plasmacytic
differentiation (27).

Lymphomas classified as GCB type have superior
outcomes when compared with ABC or non-GCB type
DLBCL in patients treated with R-CHOP (25). Efforts to
improve outcomes for patients with non-GCB DLBCL by
adding non-cytotoxic agents to R-CHOP therapy has been
largely unsuccessful (28-31), although recent studies suggest
potential benefit of some modified treatment regimens
(Tuble 2). A subgroup analysis of the REMoDL-B trial,
suggests improved survival outcomes with the addition of
bortezomib to R-CHOP in patients with ABC COO (32).
The POLARIX trial also showed an early progression-
free survival (PFS) advantage can be achieved by replacing
vincristine with polatuzumab (pola-R-CHP) in this
subgroup (33,34).

Despite no clear benefit in the front line (29,31), some
therapies did appear to be more effective in certain COO
subgroups in patients with relapsed disease. For example,
lenalidomide was shown to be more effective than
standard of care therapies in multiply relapsed non-GCB
lymphomas, but not in GCB lymphomas (35). Similarly,
patients with relapsed ABC lymphomas were significantly
more likely to respond to ibrutinib than patients with
GCB lymphomas (36). Additionally, using gene expression
profiling to classify DLBCL specimens by COO,
bortezomib sensitized patients with ABC type lymphoma
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to chemotherapy, but did not benefit patients with GCB
type DLBCL (37).

Gene expression profiling has been used to identify
distinct genetic pathways that are associated with each
COO subtype including established oncogenes and tumor
suppressors (38). In preclinical models, targeting the
transcription factor encoding gene SBIP was able to slow
the growth of cells derived from ABC type DLBCL, but
not GCB type DLBCL (38). Another study identified
upregulation of nuclear factor (NF)-xB pathway signaling
in ABC, but not GCB DLBCL. Repression of the NF-
kB pathway was toxic to ABC derived DLBCL cell lines,
but not GCB derived cell lines in preclinical models (39).
Activating NF-«xB pathway mutations were associated with
inferior outcomes among DLBCL patients treated with
R-CHOP (40). Patients with relapsed or refractory ABC
type DLBCL who were treated with bortezomib, which
inhibits the NF-«B pathway iz vitro, in combination with
chemotherapy appeared to derive a benefit that was not
seen in patients with GCB type DLBCL (37), as above.
Treatment with ibrutinib, which blocks B cell receptor
signaling upstream of the NF-«kB pathway generated
significantly higher response rates in patients with ABC
type lymphomas than in patients with GCB lymphomas (36).
Further studies like these will help to identify potential
actionable targets that may improve outcomes for future
patients.

Other IHC based testing in DLBCL

While cell of origin testing is currently the most clinically
useful IHC based test, other markers have historically been
found to have prognostic utility. About 5-10% of patients
diagnosed with DLBCL have IHC positive for CD5 at the
time of diagnosis and the significance of this marker has
been reviewed in detail previously (41). While some of these
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patients may have transformed disease from occult chronic
lymphocytic leukemia (CLL)/small lymphocytic lymphoma
(SLL) or mantle cell lymphoma (MCL), which almost
always express CDS5 (42), there appears to be a histologically
distinct subset with de novo CDS5 expression (43). These are
typically associated with an ABC phenotype (44,45) and
high international prognostic index (IPI) scores (46). As a
result, patients with CD5 positive disease have relatively
poor prognosis (46-48). Some studies have suggested that
the negative prognostic impact of CDS5 expression may
be independent of other factors including COO and IPI
(45,49,50), however there remains very limited data from
prospective clinical trials to support the use of escalated
therapies in these patients (41). Due to an absence of strong
data to drive treatment strategies and the fact that CD5
positivity is often confounded by other poor prognostic
signals, it is not frequently used in clinical decision making.

Another commonly utilized immunohistochemical stain
in DLBCL is MIB-1 or Ki-67, which is expressed in actively
cycling cells and is used as a marker of tumor proliferation.
Higher Ki-67 levels are associated with poor prognosis in
DLBCL, but did not add additional prognostic value to
IPI scores (51,52). Interestingly, a high Ki-67 proliferation
index was more predictive of poor outcomes in patients
with GCB type lymphoma than in those with ABC type (53).
Broadly, high Ki-67 correlates with more aggressive tumors,
but remains limited in its clinical utility for DLBCL
patients as it has not been shown to predict response to
specific therapies.

MYC, BCL2, and BCL6 abnormalities

Cytogenetic abnormalities in MYC, BCL2, and BCL6
detected by fluorescence in situ hybridization (FISH) also
have prognostic utility in patients with newly diagnosed
DLBCL. Translocations in the MYC gene, seen in about
10% of DLBCL patients, are associated with poor outcomes
(54,55), particularly when found together with either BCL2
or BCLG6 rearrangements (56,57) colloquially referred to
as “double hit” or “triple hit” lymphomas. In one large
cohort study, this negative prognostic impact of the MYC
translocation was only present when the translocation
partner was the immunoglobulin gene and BCL2 and/
or BCLG6 translocation was also present (58). More recent
work has suggested that patients with MYC and BCL6
rearrangements have more heterogenous disease (59),
which has led some to no longer classify tumors with these
alterations as “double hit” lymphomas (60). Strategies using
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intensified chemotherapy regimens in this subset of patients
have shown improved PFS, but not overall survival (OS)
(61,62) and remain controversial.

One group used RNA sequencing to establish a high
grade B cell lymphoma double hit signature that included
104 unique genes. Using an independent validation cohort,
they were able to demonstrate that their gene signature
was in fact prognostic for patients with DLBCL receiving
R-CHOP independent of FISH translocation status (63).
Further, this gene signature was able to identify a cohort
of patients with high risk of disease relapse after R-CHOP
who tested negative for MYC translocations (64). This work
suggests that FISH testing may not capture the complete
subset of patients at increased risk of relapse.

Others have evaluated patient samples for overexpression
of MYC and BCL2 proteins in the presence or absence
of translocations using IHC. This captures a larger
group of patients as nearly all patients with translocations
express high levels of protein. It also captures patients
with ABC COO disease, which very rarely presents with
translocations in MYC, but can present with elevated
expression of these proteins. This “double expressor” status
has also been associated with poor outcomes with front line
R-CHOP (65,66), but intensified therapy is not typically
recommended in this cohort of patients (in the absence
of gene translocations) due to high levels of biological
heterogeneity among them (67).

High levels of MYC and BCL2 protein expression
have been linked to increased signaling through the B
cell receptor pathway (68), which has led to interest in
using Bruton’s tyrosine kinase inhibitors in these patients.
Interestingly, patients with relapsed or refractory double
expressor DLBCL had high response rates to ibrutinib
monotherapy (69). Further, in a subgroup analysis of the
PHOENIX trial evaluating the addition of ibrutinib to
front line R-CHOP in patients with non-GCB DLBCL (28),
patients in the ibrutinib arm who were double expressors (as
measured by RNA sequencing) had improved event-free,
but not OS in the ibrutinib arm (30). When MYC and BCL2
expression status were elevated in an RNA-sequencing
analysis both event-free and OS were significantly
improved. Additionally, increased MYC/BCL2 co-expression

8L26>'P and

was correlated with increased rates of MYD$§
CD79B mutations (30).

These data demonstrate that alterations in MYC and
BCL2 expression are imperfect prognostic markers and may
function only as a surrogate for changes in the expression

patters of other genes. Perhaps more precise tools, including
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Table 3 Summary of reported clustering algorithms, associated individual genes, and prognostic implications

Reference Clusters Associated COO Associated genes Prognosis
Chapuy et al. 2018 Cluster 0, n=12 n/a n/a 5-year PFS =78%
:\7'32;”6 Medicine Cluster 1, n=56 ABC NOTCH2, BCL10, FAS, CD70, BCL6, PD-L1, PD-L2  5-year PFS =72%
Cluster 2, n=64 n/a TP53, CDKN2A, RB1 5-year PFS =57%
Cluster 3, n=55 GCB BCL2, CREBBP, EZH2, PTEN, KMT2D, TNFRSF14 5-year PFS =49%
Cluster 4, n=51 GCB CD83, CD58, NFKBIE, NFKBIA, CARD11, SKG1, RHOA 5-year PFS =74%
Cluster 5, n=64 ABC BCL2, CD79B, MYD88, PIM1, ETV6 5-year PFS =53%
Schmitz et al. MCD, n=71 ABC MYD88, CD79B, SPIB, CDKN2A 5-year OS =26%
2018 NEJM (73) BN2, n=98 n/a NOTCH2, BCL6, SPEN, DTX1, PRKCB, BCL10 5-year OS =36%
N1, n=19 ABC NOTCH1, IRF4, TNFAIP3 5-year OS =65%
EZB, n=69 GCB BCL2, EZH2, REL, CREBBP, KMT2D 5-year OS =68%
Lacy et al. 2020 MYD88, n=152 ABC MYD88, PIM1, CD79B, ETV6, CDKN2A 5-year OS =42.1%
Blood (74) BCL2, n=176 GCB EZH2, BCL2, CREBBP, TNFRSF14, KMT2D 5-year OS =62.5%
SOCS1/SGK1, n=111 GCB SOCS1, CD83, SGK1, NFKBIA, HISTTHE 5-year OS =64.9%
TET2/SGK1, n=98 GCB TET2, BRAF, SGK1, KLHL6, ID3 5-year OS =60.1%
NOTCH2, n=143 n/a NOTCH2, BCL10, TNFAIP3, CCND3, SPEN 5-year OS =48.1%
NEC, n=248 n/a NOTCH1, REL, TP53 5-year OS =53.6%
Sha et al. 2019 Molecular high grade GCB, N=83  MYC, KMT2D, BCL2, TP53, TNFRSF14, EZH2, DDX3X 3-year PFS =37%
JCO (75) Non-molecular high n/a, N=845 n/a 3-year PFS =72%

grade

COO, cell of origin; n/a, not available; PFS, progression-free survival; ABC, activated B cell type; GCB, germinal center B cell type; OS,

overall survival.

NGS and gene expression panels (63,64), can more directly
detect the alterations affecting prognosis and responsiveness
to different/escalated therapies. These types of tools will
likely be useful in directing frontline and subsequent lines
of therapy in DLBCL patients.

NGS and DLBCL clusters

More recently, several groups have done work seeking
to use more comprehensive genomic analyses to more
effectively identify clinically relevant DLBCL subgroups.
Early work in this area used large gene expression panels
to develop a 13 gene microarray that effectively segregated
patients with a high risk of relapse (12% 5-year OS) and
low risk of relapse (70% 5-year OS) in response to CHOP
based therapy (70). More recent work utilized an unbiased
CRISPR screen to identify genetic drivers of DLBCL and
generated a prognostic model that outperformed COO, IPI,

© Annals of Lymphoma. All rights reserved.

and MYC/BCL2 expression levels (71).

Chapuy ez 4. used whole exome sequencing to classify
tumors into five different clusters (72). Clusters 1 (associated
with NOTCH?2 activating mutations and NF-«xB pathway
mutations) and 5 (associated with BCL2 gain, MYD§8"*"",
and CD79B mutations) were composed of predominantly
ABC-type DLBCL. Patients with cluster 1 tumors had
significantly better prognosis compared with patients in
cluster 5 when treated with front line R-CHOP. Cluster
3 (associated with BCL2 translocation and mutations in
epigenetic modifiers including EZH?2) and 4 (associated with
mutations in NF-«B, B cell receptor pathway, and immune
evasion molecules) tumors were associated with GCB type.
Patients with cluster 4 tumors had superior PFS compared
with those in cluster 3. Cluster 2 tumors harbored frequent
TP53 inactivating mutations and were also associated with
poor prognosis (Table 3). Over 95% of DLBCL specimens
in this cohort could be classified into one of these five
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clusters suggesting potential real world feasibility as a tool
to risk stratify patients within a known COO subtype (72).

A similar study from Schmitz et 4/. developed a
clustering algorithm that divided tumor samples into four
distinct clusters characterized by MYD88"*”’" and CD79B
mutations (MCD); BCL6 fusions and NOTCH?2 mutations
(BN2); EZH2 mutations and BCL2 translocations (EZB);
and NOTCH1 mutations (N1) (73). The MCD and BN2
clusters were both associated with ABC COO with those
in the MCD cluster having significantly worse PFS after
treatment with R-CHOP. The EZB cluster was associated
with GCB COO and these patients had the best prognosis
after treatment with R-CHOP. Those in the N1 cluster
had poor prognosis (73) (Table 3). Intriguingly, when
these clusters were applied to patient samples from the
PHOENIX trial, patients in the poor prognosis MCD
and N1 clusters had dramatically improved OS with the
addition of ibrutinib to front line therapy suggesting
valuable therapeutic implications (76). Unfortunately, only
47% of tumor samples fit within these cluster definitions
limiting its clinical potential (73).

One group used targeted mutational analysis only to
define clusters similar to those described in the studies
above. Unfortunately, these clusters had only limited
prognostic value (74). Another study using targeted
mutational analysis was able to define a subset of patients
with features of a Burkitt lymphoma-like gene expression
pattern enriched for mutations in KM72D, BCL2, MYC,
and DDX3X. Specimens in this cluster made up 9% of
all cases evaluated, were all of GCB COO, and were
associated with poor prognosis (75) (Table 3). Additionally,
work has shown that somatic hypermutation (77) and
clonal evolution/mutation (78) patterns can also be
used to divide DLBCL specimens into distinct subtypes
with prognostic significance (77). Others have used
microenvironmental signatures (79) and groupings based
on host immune response (80) to group DLBCL subtypes.
These approaches theoretically could have a role in
determining which patients are likely to respond to newly
approved immunotherapies like CAR T cells and bispecific
antibodies.

In an effort to enhance clinical applicability of these
techniques, Wright ez 4. developed the LymphGen assay,
which assigns probabilistic values to tumor samples based
on mutations identified (81). This publicly available tool
allows for sequencing analysis on any patient specimen to
be used to categorize it into one or more groups. As more
work is completed, this tool will likely have increasing

© Annals of Lymphoma. All rights reserved.
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utility in therapeutic decision making.

The utility of circulating tumor DNA (ctDNA) in DLBCL

Another emerging tool for use in DLBCL management is
ctDNA testing or “liquid biopsies”. These tests allow for
the detection of DNA shed from tumors through peripheral
blood draws bypassing the need for more invasive tumor
biopsies (82) and are already widely clinically utilized in
some solid malignancies (83). Early work in DLBCL has
shown that ctDNA is a sensitive and specific tool useful for
identifying and surveilling disease. Pretreatment ctDNA
levels and their trends in response to therapy can be utilized
as independent prognostic markers for patients (84,85).
Early work has also shown that liquid biopsies can be used
to stratify GCB and ABC COO (85,86). Further, ctDNA
testing can detect specific somatic mutations that may help
direct targeted therapies or could be used to help classify
patients into distinct clusters (as above) (87-89). In some
cases, ctDNA testing was found to be more sensitive than
testing on standard biopsies (88).

Liquid biopsies may also have utility in disease monitoring
and surveillance after treatment. Several studies have
demonstrated that ctDNA is sensitive and specific for
detecting occult malignancy (90,91). These tests may
detect disease earlier and less ambiguously than standard
surveillance methodologies like imaging scans (90,91).
While not yet approved or widely utilized clinically, these
technologies continue to evolve and may play an important
role in disease monitoring and treatment decision making
for DLBCL in the future (92,93).

Discussion

A variety of standard-of-care and investigational pathologic
techniques are available to characterize DLBCL specimens.
Established methodologies including THC for COO
classification and FISH for identification of MYC, BCL2 and
BCL6 translocations have important prognostic significance
for patients with these malignancies (Figure 1). While these
strategies are readily performed in a timely manner in most
clinical labs, they have significant limitations and may not
accurately risk stratify all patients with DLBCL. How the
results of these tests should be utilized in clinical decision
making remains uncertain and controversial.

The aforementioned studies using comprehensive
genomic analysis to define clusters or subgroups of
DLBCL/HGBL tumors certainly provide encouragement
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Figure 1 Summary of molecular testing in DLBCL. Fluorescence in situ hybridization testing and immunohistochemical tests for cell of

origin, MYC/BCL2 expression, and other markers are standard of care in the workup of DLBCL. Genetic sequencing methodologies are

emerging as potentially important and useful tools to more effectively characterize and treat patients with DLBCL. DLBCL, diffuse large B

cell lymphoma; ctDNA, circulating tumor DNA.

that it is possible to improve upon our ability to risk-stratify
and potentially individualize therapy for newly diagnosed
patients with these diseases. The challenge remains to
determine how best to deploy these tests clinically and
how to incorporate them into recommendations made to
patients in need of treatment.

Tumor sample mutational analysis is available in most
clinical labs. At our institution, we regularly perform these
tests on patient DLBCL specimens with high success rate
(>92%) and short median turnaround time (18 days) (94).
Results of these tests can be used to group patients into
clusters using LymphGen (81) or similar platforms that can
be used to direct therapeutic decisions in challenging cases
(Figure I). While not yet available, it stands to reason that
commercial laboratories could soon develop versions of a
lymphoma mutation panel with a short turnaround time as
is done for other types of tumors.

Another issue to explore is whether the goal of clinical
laboratory mutation analysis should be to replicate cluster
assignment as experimentally defined in the work described
above (72-74) or to identify relevant individual mutations
associated with the clusters without as strong a focus
on definitive subgroup assignment. Individual “high-
risk” mutations including TP53 (95,96), MYD§8 (97),
MYC (98), and EZH2 (99) reported in these studies
are reported to be predictive of patient outcomes after
treatment with R-CHOP. These types of results would
be more easily incorporated into patient care than cluster

© Annals of Lymphoma. All rights reserved.

assignment. For example, based upon the results of the
aforementioned Wilson study (76), one could use mutations
in any of MYD88""", CD79B or NOTCHI as a surrogate
for the MCD or N1 subgroups and offer R-CHOP with
ibrutinib in the front line setting to fit patients in these
categories. Finally, there may be significant variability of
both mutations detected and signaling pathways affected
within a genetic subgroup, which may have implications
for efforts to offer a single targeted therapy to all patients
whose tumors are classified within a specific subgroup. For
example, EZH?2 mutations are almost exclusively detected
in EZB tumors, but <50% of EZB tumors actually harbor
an EZH2 mutation (81), so it is not clear that all patients
with EZB tumors would benefit from treatment with EZH?2
inhibitor therapy.

A very recent study took advantage of this idea to design
a basket trial (100). In this very exciting trial, patients were
screened using a 20 gene panel to classify them into one of
six genetic subgroups based on the clustering systems and
individual mutations described above. All patients received
one cycle of R-CHOP while awaiting their sequencing
results and then were randomized into a control group
that would receive an additional 5 cycles of R-CHOP
or an experimental group to receive R-CHOP plus an
additional agent tailored to their genetic classification (100).
The addition of targeted agents based on genetic subtype
classification impressively improved OS outcomes (100)
further suggesting an important role for the incorporation
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of genomic data into front line treatment decisions. Future
work will help us to better understand specific genetic
subgroups and more effectively cluster patients into groups
that might benefit from personalized escalated therapies.

Conclusions

We now have an embarrassment of riches of pathologic
data available to help guide the risk-stratification and
management of patients with newly diagnosed DLBCL.
Moving forward, it would be a worthwhile effort to
create a standardized targeted lymphoma mutation panel,
guided by the findings from the investigations discussed
above (63,72-75,100) and others, which can be routinely
performed by clinical laboratories with a short turnaround
time sufficient to direct patient care (101). Such a panel
could be utilized by clinical trials in this patient population
so results obtained in the experimental setting could be
easily translated. While results of pathologic testing have
not translated into major advances in clinical management
of newly diagnosed DLBCL patients over the past several
years, they have the potential to do so in the years to come.
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