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Abstract

Large B-cell lymphomas, with an estimated 150,000 new cases annually worldwide, represent
almost 30% of all cases of non-Hodgkin’s lymphoma. Patients typically present with progressive
lymphadenopathy, extranodal disease, or both and require therapy. Despite the advanced stage at
presentation in the majority of patients, more than 60% can be cured with R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone) immunochemotherapy (Fig. 1A).
Patients with treatment failure after R-CHOP often have a poor outcome — in particular, those
with disease that is refractory to frontline or subsequent therapies — although some patients can
have a durable remission and be cured after secondary therapies. Over the past two decades,
improved insights into large B-cell lymphomas, in terms of epidemiology, prognostic factors, and
biologic heterogeneity, have led to a refinement of disease classification and the development of
new therapeutic approaches.

PATHOLOGICAL FEATURES AND MOLECULAR CLASSIFICATION

Diagnosis of large B-cell lymphomas relies on a detailed examination of tumor tissue, best
achieved with an excisional biopsy specimen evaluated by an expert hematopathologist.®

In addition to morphologic characteristics, an accurate lymphoma classification requires
specialized tests, including immunohistochemistry, flow cytometry, fluorescence in situ
hybridization (FISH), and molecular testing. Biopsy specimens obtained by fine-needle
aspiration are inadequate for pathological assessment. Although specimens from core biopsy
are frequently used, they are often insufficient for a complete evaluation, and core biopsy
should be performed only if excisional biopsy is not feasible.

The updated World Health Organization (WHO) classification has refined the categorization
of large B-cell lymphomas, which are a heterogeneous collection of clinicopathological
entities (Table 1),8 of which diffuse large B-cell lymphoma, not otherwise specified
(DLBCL, NOS), is the most common. A detailed review of each disorder is beyond the
scope of this article, and thoughtful management often requires consultative review.

This review focuses primarily on DLBCL, NOS (henceforth referred to simply as DLBCL),
which is also highly heterogeneous. Gene expression profiling has delineated two distinct
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molecular subtypes of DLBCL, the germinal center B-cell-like (GCB) subtype and the
activated B-cell-like (ABC) subtype; 10 to 15% of cases are unclassifiable.! These subtypes
are believed to arise from different stages of lymphoid differentiation (cell of origin), relying
on separate oncogenic mechanisms, with the ABC subtype having an inferior outcome (3-
year progression-free survival, approximately 40 to 50%, vs. 75% with the GCB subtype).8-2
The ABC subtype of DLBCL is characterized by chronic B-cell receptor signaling and
activation of nuclear factor xB, whereas the GCB subtype expresses genes commonly
detected in germinal center B cells, including BCL6 and £ZHZ2 (Fig. 1C). This phenotypic
distinction is relevant because targeted agents may be preferentially active in one subtype.
Although gene expression profiling is rarely performed in clinical practice, platforms
suitable for routine care may soon be available.® Alternatively, immunohistochemistry-based
algorithms, such as the Hans algorithm (Table 2), can be used to dichotomize cases as GCB
and non-GCB (the latter comprising the ABC subtype and the majority of unclassified
cases), although these algorithms provide only an approximation of gene expression
profiling, with a risk of misclassification.10

Detailed analyses of molecular aberrations (including gene mutations and copy-number
gains or losses) have led to proposals of new taxonomies for DLBCL, yielding unique,
genetically defined subtypes beyond the cell of origin23 (Fig. 1C). These newly proposed
classification schemes may better delineate distinct biologic entities, providing greater
potential for individualized therapeutic interventions. However, further validation and
development of reproducible molecular assays will be required before clinical application is
feasible.

In addition to the molecular heterogeneity of DLBCL described above, recurrent genetic
rearrangements of clinical significance can be detected by FISH. A MYC rearrangement is
seen in 12% of cases, whereas a MY C rearrangement concurrent with a rearrangement

in BCLZ, BCLG, or both occurs in 4 to 8% of cases with morphologic features of

DLBCL, the majority of which are the GCB subtype, in which BCLZ2 rearrangements occur
exclusively.1112 These cases are now classified as “high-grade B-cell lymphoma with MYC
and BCL2and/or BCL 6 rearrangements,” commonly referred to as double- or triple-hit
lymphoma, and are associated with a poor outcome after R-CHOP.%:11 Data suggest that
the adverse outcome associated with double- or triple-hit high-grade B-cell lymphoma

is primarily evident when MYC s translocated with an immunoglobulin gene partner
(rarely assessed in clinical practice) and that concurrent rearrangements involving BCLZ2 or
BCL 6 have similar prognostic significance.1l Retrospective series suggesting that R-CHOP
may be insufficient in such cases prompted the use of more intensive therapies, such as
dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin with
rituximab (DA-EPOCH-R), which may be associated with improved outcomes and are
currently recommended in appropriate cases.13

In contrast to the relative rarity of double- or triple-hit high-grade B-cell lymphoma detected
by FISH, overexpression of MYC protein as measured by immunohistochemical analysis
occurs in approximately 45% of cases and overexpression of BCL2 protein occurs in
approximately 65% of cases (in the absence of dual rearrangement of MYCand BCL2).12
The overexpression of both MY C and BCL2, occurring in approximately 30% of cases of
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DLBCL, termed double-expressor lymphoma, is associated with a worse prognosis than
single or no overexpression of either MYC or BCL2.14 Double-expressor lymphoma is not a
discrete biologic entity, since it can occur in both the GCB and ABC subtypes as a result of
varied underlying molecular mechanisms, but it is more common in the ABC subtype, which
may in part mediate the prognostic implications.

EPIDEMIOLOGIC FEATURES

The median age at diagnosis of DLBCL is in the mid-60s; 30% of patients are older

than 75 years of age. Although the majority of patients present without a history of
lymphoma, DLBCL can arise as a transformation from an underlying known or occult
low-grade B-cell lymphoma. Epidemio-logic studies support a complex and multifactorial
cause of DLBCL, with risk factors including genetic features, clinical characteristics, and
immune dysregulation, as well as viral, environmental, or occupational exposures!® (Fig.
1B). Although DLBCL is not considered a heritable disease, genomewide association
studies have identified multiple genetic susceptibility loci, implicating pathways involved
with immune function.1® Screening procedures are not available.

STAGING AND RESPONSE ASSESSMENT

Staging and response assessment should be performed in accordance with Ann Arbor
staging and the Lugano classification criteria®17-18 (see Tables S1 and S2 in the
Supplementary Appendix, available with the full text of this article at NEJM.org). In
recent years, because of its higher sensitivity, 18F-fluorodeoxyglucose positron-emission
tomography with computed tomography (PET-CT) has replaced CT.17 The total metabolic
tumor volume at diagnosis may also be prognostic.1® Staging bone marrow biopsy is
positive in 15 to 20% of cases and, when concordant large B cells are present, is associated
with a poor prognosis.2? Bone marrow biopsy is no longer mandatory in patients who have
undergone PET-CT staging, although low-volume disease or discordant indolent lymphoma
(which does not alter the outcome) may occasionally be missed.>2! End-of-treatment
response evaluation is best performed by means of PET-CT, with interpretation according
to the Deauville five-point scale (Table S3), with uptake in the mediastinum and liver used
as reference points. A score of 1 or 2 and probably 3 is considered to indicate a complete
metabolic response.1”

The response during therapy can be assessed with the use of CT to detect nonresponding or
progressive disease. Studies evaluating the merit of interim PET-CT have yielded conflicting
results, although PET-CT after two to four cycles of treatment appears to be prognostic,
particularly when the response is assessed with the use of quantitative methods.22 However,
treatment modification based solely on interim PET-CT findings has not been shown to alter
the outcome and thus is not recommended outside of clinical trials.1” Recently, circulating
tumor DNA has shown promise as an interim response-assessment tool and is being actively
investigated.23

Although data are limited, routine post-treatment surveillance imaging has not been shown
to affect the outcome and is generally discouraged.® Patients should be clinically monitored

N Engl J Med. Author manuscript; available in PMC 2021 August 20.


http://NEJM.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sehn and Salles

Page 4

every 3 months for 2 years, then every 6 to 12 months.® Patients who remain event-free for
2 years from the time of diagnosis have an expected overall survival that is almost similar
to survival in the general, age-matched population.2* However, physicians should monitor
patients for long-term risks, including late infectious complications, autoimmune disorders,
secondary cancers, and cardiovascular events.

PROGNOSTIC FACTORS

The International Prognostic Index (IPI) remains the primary clinical tool for predicting
outcomes and for stratifying patients in clinical trials.2> The IPI has been validated and
refined in the modern era, with the National Comprehensive Cancer Network IPI (NCCN-
IPI) allowing greater discrimination among high-risk patients26-28 (Table 3). However, these
clinical indexes cannot be used to identify patients at very high risk or to discern biologic
heterogeneity. Numerous biologic factors have been correlated with outcomes (Table 2).
However, they have yet to be integrated into a validated prognostic index.

PRIMARY MANAGEMENT
ADVANCED-STAGE DISEASE

Treatment of DLBCL relies on systemic therapy. Most patients (approximately 70%)
present with advanced-stage disease, and historically, eight cycles of CHOP was established
as the preferred chemotherapeutic regimen. The addition of the anti-CD20 monoclonal
antibody rituximab subsequently led to a significant improvement in overall survival.3°

A dose-intensive regimen of rituximab combined with doxorubicin, cyclophosphamide,
vindesine, bleomycin, and prednisone (R-ACVBP) has been the only regimen providing

a survival advantage over R-CHOP in patients with an age-adjusted IPI score of 1 (on a
scale of 0 to 3, with higher scores indicating greater risk).31 However, clinically significant
toxic effects curtailed its use. Attempts to improve outcomes by intensifying chemotherapy;,
with or without stem-cell transplantation, or by decreasing the interval between R-CHOP
cycles to 14 days have not yielded a survival benefit (Table S4). In a randomized trial
involving unselected patients with DLBCL, DA-EPOCH-R was associated with greater toxic
effects and did not improve progression-free or overall survival in the overall cohort, as
compared with R-CHOP.32 It is noteworthy that high-risk patients were underrepresented

in this trial, and on post hoc analysis, patients with an IPI score of 3to 5 (on a

scale of 0 to 5, with higher scores indicating greater risk) had improved progression-free
survival with DA-EPOCH-R, although there was no significant difference in overall survival
between the two regimens. Although treatment with DA-EPOCH-R has shown encouraging
outcomes in patients with double- or triple-hit high-grade B-cell lymphoma and those with
primary mediastinal B-cell lymphoma, its use for patients with high-risk DLBCL remains
investigational. A study of the anti-CD20 monoclonal antibody obinutuzumab did not show
that it provided an additional benefit, as compared with rituximab.33 This study showed no
added value of eight cycles of CHOP as compared with six cycles, thereby confirming six
cycles of R-CHOP every 3 weeks as the standard of care.343%

The value of consolidative radiation therapy after immunochemotherapy has not been
proved. Patients with a complete metabolic response on post-treatment PET-CT have a
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favorable outcome without the use of radiation therapy.33:36 Whereas biopsy and further
systemic therapy may be warranted in patients with a positive finding on PET-CT,
consolidative radiation therapy may be considered in some patients without evidence of
disease progression who have residual positive sites on PET-CT that are amenable to
radiation therapy.36

Evaluating new therapies for patients with disease that is resistant to chemotherapy is

a priority. However, in view of the biologic heterogeneity of DLBCL, targeted agents

may benefit only select subgroups of patients, requiring biomarker assessment. Several
large, randomized trials have evaluated the addition of new agents to R-CHOP (Table S4).
Whereas the addition of the proteasome inhibitor bortezomib showed no benefit,37-38 the
addition of the Bruton tyrosine kinase inhibitor ibrutinib yielded mixed findings. A phase

3 trial comparing ibrutinib and R-CHOP with R-CHOP alone in patients with non-GCB
DLBCL (selected on the basis of immunohistochemical testing) showed no significant
difference in outcomes between groups in the intention-to-treat population, but a secondary
analysis suggested a survival benefit with the addition of ibrutinib for patients younger than
60 years of age; toxic effects in older patients impeded treatment with R-CHOP.3% The use
of ibrutinib with R-CHOP requires further validation.

A randomized phase 2 trial evaluating the addition of Ienalidomide to R-CHOP (R2-CHOP)
in unselected patients suggested an improvement in progression-free and overall survival, 40
but the definitive phase 3 trial involving patients with the ABC subtype of DLBCL (selected
by means of gene expression profiling) showed no added value of lenalidomide.*! Several
phase 3 trials failed to show a survival benefit of maintenance therapy after R-CHOP, with
agents such as rituximab,*2 enzastaurin,*3 everolimus,** or lenalidomide,*® adding to prior
negative studies of maintenance chemotherapy.

Outside of clinical trials, R-CHOP has prevailed as the standard of care for DLBCL,
regardless of the immunohistochemical profile or molecular subtype. However, the negative
findings in recent trials should be interpreted in the context of numerous limitations. Delays
incurred by biomarker testing probably led to selection bias, with underrepresentation of
higher-risk patients that were in need of immediate treatment,® limiting the statistical power
to detect a benefit. Most important, biologic heterogeneity due to the molecular complexity
of DLBCL, despite enrichment for cell of origin, may have limited the ability to detect a
benefit within more discrete subgroups of patients. Future trials will need to have adaptive
designs in order to maximize the likelihood of success.

LIMITED-STAGE DISEASE

Approximately 30% of patients present with limited-stage disease, commonly defined as
stage | or 1l disease that is nonbulky (largest mass, <7.5 to 10 cm) and anatomically
localized, without systemic symptoms. These patients tend to have low-risk clinical features
and a favorable outcome, although a pattern of delayed relapse has been recognized.*’
Before the introduction of rituximab, the standard treatment consisted of three cycles of
CHOP and involved-field radiation therapy, since it improved overall survival, as compared
with eight cycles of CHOP.29 However, this survival advantage was lost with longer follow-
up as a result of late relapses and second cancers probably related to the radiation therapy,
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suggesting that chemotherapy alone may be appropriate.#’ With a 5-year overall survival
rate in the range of 85 to 95% for patients with limited-stage disease, recent efforts have
focused on limiting the number of chemotherapy cycles or omitting radiation therapy (Table
S4).

A randomized trial has confirmed that treatment with four cycles of R-CHOP alone is
sufficient for patients 60 years of age or younger with nonbulky stage I or Il disease (largest
mass, <7.5 cm) who have no age-adjusted IPI risk factors (Eastern Cooperative Oncology
Group [ECOG] performance status score of 0 or 1, on a scale of 0 to 5, with higher numbers
indicating greater disability; and a normal lactate dehydrogenase level).8 PET-CT tailored
therapy has been explored in patients with broader inclusion criteria. In a phase 3 trial,
patients who had a complete metabolic response as indicated by PET-CT assessment after
four cycles of R-CHOP did not benefit from the addition of radiation therapy, although
patients with at least one IPI risk factor received six cycles of R-CHOP.4° Results from a
phase 2 trial and a population-based analysis have shown that treatment with four cycles of
R-CHOP alone appears to be sufficient in patients who have a complete metabolic response
as indicated by PET-CT after three cycles of R-CHOP.59:51 Optimal management has not
been fully defined for patients with a positive interim PET-CT assessment or for those with
a high stage-modified IPI score or disease that has high-risk biologic features (few of whom
have been included in recent trials).

PATIENTS FOR WHOM STANDARD THERAPY IS NOT FEASIBLE

Approximately 20 to 25% of patients are not candidates for treatment with standard
frontline therapy such as R-CHOP because of poor fitness related to age, coexisting medical
conditions, or cardiac dysfunction. Patients with a good baseline performance status whose
functional status has been compromised by lymphoma may be considered for standard
therapy. Comprehensive geriatric assessment or simple functional testing may be useful

to identify patients for whom a modified approach is warranted. For such patients, dose-
reduced versions of R-CHOP, such as R-mini-CHOP, may be used with curative intent.>2 A
short prephase of glucocorticoids, with or without vincristine, may improve the side-effect
profile associated with treatment.>3 In patients with a contraindication to anthracycline,
substitution with gemcitabine or etoposide may provide satisfactory results, whereas trials of
alternative anthracyclines or cardioprotective agents have not provided convincing evidence
of safety or efficacy.>*>°

CENTRAL NERVOUS SYSTEM PROPHYLAXIS

Recurrence of disease in the central nervous system (CNS), occurring in 3 to 5% of
patients, is a devastating event, with median overall survival of less than 6 months.56-58
CNS recurrence is often manifested early after the completion of therapy, suggesting

the presence of occult CNS involvement at diagnosis. The CNS-IPI risk model, which
includes the five IPI risk factors and the presence of renal or adrenal involvement, stratifies
patients into risk categories, with 12% of patients having a high risk of CNS recurrence
(10 to 12% risk).%8 Other factors may augment this risk, including ABC subtype, double
expression of MYC and BCL2, and testicular involvement at presentation.>6-58 The role
of CNS prophylaxis that incorporates systemic CNS-penetrating agents remains unproved
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and controversial.>%:60 Prophylactic intrathecal chemotherapy is no longer recommended for
patients with DLBCL.51

MANAGEMENT OF RELAPSED OR REFRACTORY DISEASE

Approximately 10 to 15% of patients treated with R-CHOP have primary refractory disease
(i.e., an incomplete response or a relapse within 6 months after treatment), and an additional
20 to 25% will have a relapse after an initial response, typically within the first 2 years.24
Outcomes remain poor for patients in whom frontline treatment fails, particularly patients
with refractory disease, for whom the median overall survival is approximately 6 months.52
Patients with late relapses (>2 years after treatment) have somewhat better outcomes,
although relapse with indolent lymphoma can occur, underscoring the need for repeat
biopsy.53

TRANSPLANTATION-ELIGIBLE PATIENTS

Treatment with high-dose chemotherapy and autologous stem-cell transplantation (ASCT)
offers the best chance of cure in patients with chemotherapy-sensitive relapsed or refractory
disease, but because of advanced age and coexisting medical conditions, only half of such
patients are considered to be candidates for transplantation. The commonly used platinum-
based salvage regimens (rituximab with dexamethasone, high-dose cytarabine, and cisplatin
[R-DHAP], rituximab with ifosfamide, carboplatin, and etoposide [R-ICE], and rituximab
with gemcitabine, dexamethasone, and cisplatin [R-GDP]) have shown similar efficacy in
randomized trials, and the choice of regimen may depend on institutional preference or the
side-effect profile.54.65 Approximately 50% of patients have a response to initial salvage
therapy and then undergo ASCT, with an overall cure rate in the range of 25 to 35%.54.6
Allogeneic transplantation may also be curative; however, the advantage of graft-versus-
tumor effect is offset by higher treatment-related mortality. In light of the availability of new
agents, the role of allogeneic transplantation in patients in whom ASCT has failed is unclear.

TRANSPLANTATION-INELIGIBLE PATIENTS

Patients who are not candidates for ASCT because of poor fitness due to age or coexisting
medical conditions, those who do not have a response to salvage therapy, and those who
have a relapse after ASCT are classified as transplantation ineligible. Ultimately, the
majority of patients with relapsed or refractory DLBCL fall into this category, and sequential
single-agent chemotherapy or a multiagent regimen with an acceptable side-effect profile,
such as rituximab, gemcitabine, and oxaliplatin (R-GemOX), has frequently been used with
palliative intent.56 However, the availability of novel agents, including chimeric antigen
receptor (CAR) T-cell therapy, has provided alternatives with the potential for durable
disease control and an apparent survival advantage, as compared with conventional therapy.

CAR T-CELL THERAPY

CAR T-cell therapy, a gene-modified cellular treatment, represents a major paradigm
shift in the management of relapsed or refractory DLBCL. The first approved products
involve autologous T cells targeting CD19. In pivotal trials, axicabtagene ciloleucel,
tisagenlecleucel, and lisocabtagene maraleucel have been associated with overall and
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complete response rates in the range of 52 to 82% and 40 to 54%, respectively, among
patients with relapsed or refractory aggressive B-cell lymphoma87-9 (Table 4). Updated
follow-up of the pivotal study of axicabtagene ciloleucel showed that 37% of patients had
ongoing complete responses at a median follow-up of 27 months.88 However, the reports of
outcomes are likely to be optimistic because of patient selection. These CAR T-cell products
have received regulatory approval for patients with relapsed or refractory aggressive B-cell
lymphoma who have received at least two lines of systemic therapy, and randomized studies
are evaluating the possibility of replacing ASCT with CAR T-cell therapy.

Treatment with CAR T-cell therapy is associated with distinct toxic effects and may not be
appropriate for all patients. The reported rate of grade 3 to 4 cytokine release syndrome

and neurologic toxic effects has ranged from 2 to 22% and 10 to 28%, respectively.57-69
Currently, use of CAR T-cell therapy remains impeded by potential toxic effects, inadequate
bridging therapy for patients with rapidly evolving disease, the requirement for specialized
care, and economic considerations, with cost-effectiveness analyses placing it at a level that
may not be feasible in some clinical settings.8% Ongoing development, including evaluation
of constructs directed at alternative or multiple targets, as well as allogeneic “off-the-shelf”
products, is likely to expand options in the future.

NOVEL THERAPIES

Despite the advance of CAR T-cell therapy, novel therapies are needed for relapsed or
refractory DLBCL. Numerous agents are undergoing evaluation, and selected drugs of
interest are listed in Table 4.

Antibody—drug conjugates allow selective delivery of cytotoxic agents to tumor cells

with the use of targeted antibodies. Polatuzumab vedotin is an antibody—drug conjugate
targeting CD79b, a component of the B-cell receptor complex.”4 The combination of
polatuzumab vedotin and bendamustine—rituximab has received regulatory approval on the
basis of a randomized phase 2 trial involving transplantation-ineligible patients that showed
a significant improvement in the rates of complete metabolic response, progression-free
survival, and overall survival, as compared with bendamustine-rituximab alone.” A phase
3 trial evaluating polatuzumab vedotin as a replacement for vincristine in R-CHOP in
previously untreated patients has been completed, and the results are pending. Additional
antibody-drug conjugates are undergoing clinical evaluation.”273

Selinexor, a selective inhibitor of the nuclear export protein XPOL1, leading to nuclear
accumulation of tumor suppressor proteins, has also received regulatory approval for
patients with relapsed or refractory DLBCL who have received at least two lines of therapy,
on the basis of a phase 2 study showing modest single-agent activity.8* Tafasitamab is a
humanized anti-CD19 monoclonal antibody providing a modest benefit as a single agent,’?
but results from a phase 2 study of tafasitamab in combination with lenalidomide showed
efficacy, leading to regulatory approval for patients with DLBCL who are transplantation-
ineligible.”! Since this agent has the same target as CD19-directed CAR T-cell therapy,
appropriate sequencing of these options needs to be assessed.
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Various other immunotherapeutic approaches are under investigation. Despite efficacy in
primary mediastinal B-cell lymphoma, programmed cell death protein 1 (PD-1) inhibitors
have failed to show a benefit in patients with DLBCL.8%> Magrolimab, a macrophage
immune checkpoint inhibitor blocking the “don’t eat me” molecule CD47, appears to
synergize with rituximab, enhancing macrophage cellular phagocytosis, and has shown
encouraging activity in an early clinical trial.86

By targeting antigens on both tumor cells and T cells, bispecific antibodies induce T-cell
activation, leading to cell-mediated cytotoxicity. Bispecific antibodies have shown potential
in relapsed or refractory DLBCL, with durable remissions observed. Blinatumomab, a
bispecific T-cell engager directed against CD3 and CD19, is active in DLBCL, but the
development of this agent is hindered by a continuous infusion schedule and associated
neurotoxicity.”® Several full-length bispecific antibodies targeting CD3 and CD20, which
are in development, have a longer half-life, allowing for administration every 3 to 4

weeks, including the possibility of subcutaneous delivery. An ongoing phase 1-1b study

of mosunetuzumab has shown promising response rates among patients with relapsed or
refractory DLBCL, including patients in whom CAR T-cell therapy had failed, with durable
responses observed.”” Additional agents targeting CD3 and CD20 that are in development
and have shown preliminary efficacy are glofitamab, odronextamab, and epcoritamab.”8-80

Other agents targeting apoptosis (the BCL2 inhibitor venetoclax), the B-cell receptor
pathway (the Bruton tyrosine kinase inhibitor ibrutinib, as well as lenalidomide), and
epigenetic regulators (the EZH2 inhibitor tazemetostat) have shown limited single-agent
activity and are being explored in various combinations.81-83.87 As additional agents
become available, the sequencing of rational synergistic combinations, guided by patient
characteristics and underlying biologic features that are based on validated molecular assays
and predictive biomarkers, would be the desired goal.

A decision tree for management of large B-cell lymphomas is provided in Figure 2.
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Figure 1 (facing page). Outcomes of Diffuse Large B-Cell Lymphoma (DLBCL), Risk Factors,
and Biologic Features.

Panel A shows Kaplan—Meier survival estimates for all patients with newly diagnosed
DLBCL treated with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone) in British Columbia, Canada (2001-2019). Time to progression (TTP)

is measured from the date of diagnosis to the date of disease progression or death from
lymphoma, with deaths from unrelated causes censored. This curve highlights that the risk
of DLBCL progression is highest within the first 2 years, followed by a lower risk of
progression for up to 10 years. Progression-free survival (PFS) is measured from the date
of diagnosis to the date of progression or death from any cause. Given that the median

age of patients with DLBCL is in the mid-60s, the difference between the TTP and PFS
curves reflects the competing risk of death from unrelated causes. The marginal difference
between the PFS and overall survival (OS) curves reflects the limited number of patients
cured with secondary therapies, although new therapies may improve overall survival.
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Panel B shows reported risk factors for the development of DLBCL. Panel C shows the
heterogeneous biologic features that reflect insights gained over the past 20 years. Gene
expression profiling originally delineated two molecular subtypes, germinal center B-cell-
like and activated B-cell-like, which are believed to arise from different stages of B-cell
lymphoid differentiation (cell of origin), with gene expression resembling their normal
B-cell counterparts.! Distinct functional profiles and genetic aberrations have been identified
within the two subtypes, but heterogeneity within these subtypes has also been recognized.
On the basis of the results of in-depth genomic analyses, new taxonomies for DLBCL have
been proposed, designated as the LymphGen classification? and DLBCL clusters.® These
taxonomies further refine DLBCL genomic classification and may better delineate distinct
biologic entities. The postulated associations between cell-of-origin molecular subtypes and
these new genomic entities are denoted by solid arrows, indicating robust associations;
dashed arrows indicate weaker associations or uncertain associations. Genetic hallmarks
based on recurring genomic aberrations and resultant deregulated genetic pathways have
been identified within entities, which are associated with varied prognoses. DLBCL with a
MYC rearrangement and a concurrent rearrangement in BCL2, BCL6, or both (double-hit
[DH] or triple-hit [TH] lymphoma) is currently classified as a high-grade B-cell lymphoma
(HGBCL-DH/TH). HGBCL-DH/TH cases, together with cases with an EZB subtype with a
MYC DH gene signature (EZB-MYC+),24 largely cluster with the EZB subtype and harbor
biologic features associated with a poor clinical outcome. BCR denotes B-cell receptor,
CNS central nervous system, EBV Epstein—Barr virus, HHV8 human herpesvirus 8, HIV
human immunodeficiency virus, HL Hodgkin’s lymphoma, miR-17-92 microRNA cluster
17-92, NF-«xB nuclear factor xB, PI3K phosphatidylinositol 3-kinase, SLE systemic lupus
erythematosus, and TNF/LTA, tumor necrosis factor/lymphotoxin alpha.
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Pathological Review of Biopsy

« H&E staining; IHC profile (e.g., COO, DEL); FISH (MYC, BCL2, BCLG6)
« Consider molecular testing for COO and viral testing as required
« Integrate clinical factors to identify unique WHO clinicopathological entities

I

T
~5-10%

1

T
~80-85%

1

1
~10-15%

|

High-Grade B-Cell Lymphoma
With or without DH or TH

Diffuse Large B-Cell Lymphoma, NOS

rearrangements
Consider intensive therapy,
such as DA-EPOCH-R

« Routine labs (CBC, LDH, LFTs, Cr) and viral (HBV, HCV, HIV) testing

« 18FDG PET-CT imaging and dedicated investigations as clinically
indicated

« Bone marrow biopsy (optional)

« If high CNS risk: head MRI and lumbar puncture (flow cytometry)

Staging Investigation

[

T
~30%

1
~70%

If Standard Therapy Not Feasible or If
Anthracycline Contraindicated: dose reduction
or drug substitution with curative intent

Other Large B-Cell Lymphomas
Unique entities may require
alternative treatment

Limited-Stage
« 3 Cycles of R-CHOP+XRT
« 4 Cycles of R-CHOP (bulk <7.5 cm, age-adjusted IPI=0)
« PET-guided 4-6 cycles R-CHOP with or without XRT

Advanced-Stage
« 6 Cycles R-CHOP considered standard of care
« New regimens to be considered in clinical trials
« High CNS risk: role of systemic prophylaxis unclear

\

1 T
~95% ~85%

1
~15%

~5%
Primary Refractory Complete Response Primary Refractory
Persistent disease or progression Determined by PET-CT and clinical assessment Persistent disease or progression
within 6 mo Clinical monitoring every 3 mo for 2 yr, then every 6-12 mo within 6 mo

5-10% 20-25%
Limited-Stage Relapse Advanced-Stage Relapse

I
~50% ASCT Eligible

psed or Refractory Disease
Repeat biopsy recommended and
staging as outlined above

i 1

’ Platinum-Based Salvage Therapy

Second-Line Therapy

1
~50% Not Candidates for ASCT

Available Options for
ASCT-

T
~50% Response

v

1
~50% Refractory

ligible Patients
« Immunochemotherapy
« CAR T-cell therapy
« Polatuzumab vedotin+BR
« Selinexor
« Tafasitamab-lenalidomide
« Investigational agent

4 or regimen
~50% Response ~50% Relapse No ASCT \/ « Allogeneic stem-cell trans-
] | Third-Line Therapy plantanon_
More « Best supportive care
Aer ASCT 2% (including XRT)

~25-35% of ASCT-Eligible
Patients Are Cured

Figure 2 (facing page). Algorithm for the Management of Large B-Cell Lymphomas.
Diagnostic confirmation is based on careful pathological review of biopsy material

(preferably from an excisional biopsy). Clinical and pathological features should be used
to categorize patients according to the World Health Organization (WHO) classification
for lymphoid cancers in order to identify patients with large B-cell lymphomas who
may require alternative therapies. Routine staging investigations should be performed to
distinguish patients with limited-stage disease (typically defined as Ann Arbor stage |
or 11, with nonbulky mass <7.5 to 10 cm, without systemic symptoms and with disease
that can be encompassed by a radiation field) from those with advanced-stage disease.
Evaluation of patients with a high risk of CNS involvement should include magnetic
resonance imaging (MRI) of the brain and cytologic evaluation of cerebrospinal fluid,
with flow cytometry to rule out occult CNS involvement. Patients with limited-stage
disease may be treated with an abbreviated course of immunochemotherapy, with or
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without radiation therapy. Standard therapy for patients with advanced-stage disease

is six cycles of R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone) immunochemotherapy, regardless of the immunohistochemical (IHC) profile
(e.g., double-expressor lymphoma [DEL]) or molecular subtype. Outcomes in patients with
high-risk DLBCL remain unsatisfactory with R-CHOP, and clinical trials should strongly
be considered. Although CNS-penetrating systemic therapy, such as high-dose methotrexate
with R-CHOP, can be considered for patients at high risk for CNS recurrence, the value of
this approach remains unproven. Response should be assessed with 18F-fluorodeoxyglucose
positron-emission tomography and computed tomography (18F-FDG PET-CT), according to
the Lugano classification criteria, with interpretation according to the Deauville five-point
scale.>17:18 patients with evidence of relapsed or refractory disease should undergo repeat
biopsy and staging to optimize further therapy. Patients who are eligible for autologous
stem-cell transplantation (ASCT eligible) should receive platinum-based salvage therapy,
with those who have a response proceeding to ASCT. Patients who do not have a response to
salvage therapy or who have a relapse after ASCT, as well as those who are not candidates
for ASCT because of age and coexisting medical conditions, are considered to be ASCT
ineligible. There are numerous treatment alternatives for these patients, and selection of
therapy should be individualized on the basis of disease and clinical characteristics of

the patient. Based on regulatory approvals, some options may be indicated only for third-
line therapy and beyond (e.g., CAR T-cell therapy at present) and therefore thoughtful
sequencing of available therapies is instrumental. Clinical trials incorporating new agents
should strongly be considered at all phases of therapy. CBC denotes complete blood count,
COO cell of origin, Cr creatinine, DA-EPOCH-R dose-adjusted etoposide, prednisone,
vincristine, cyclophosphamide, and doxorubicin with rituximab, FISH fluorescence in situ
hybridization, H&E hematoxylin and eosin, HBV hepatitis B virus, HCV hepatitis C virus,
LDH lactate dehydrogenase, LFTs liver-function tests, NOS not otherwise specified, and
XRT radiation therapy.

N Engl J Med. Author manuscript; available in PMC 2021 August 20.
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