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Abstract

Diffuse large B-cell ymphoma (DLBCL) represents the commonest subtype of non-Hodgkin lymphoma and encompasses
a group of diverse disease entities, each harboring unique molecular and clinico-pathological features. The understand-
ing of the molecular landscape of DLBCL has improved significantly over the past decade, highlighting unique genomic
subtypes with implications on targeted therapy. At the same time, several new treatment modalities have been recently
approved both in the frontline and relapsed settings, ending a dearth of negative clinical trials that plagued the past
decade. Despite that, in the real-world setting, issues like drug accessibility, reimbursement policies, physician and
patient preference, as well as questions regarding optimal sequencing of treatment options present difficulties and
challenges in day-to-day oncology practice. Here, we review the recent advances in the therapeutic armamentarium of
DLBCL and discuss implications on the practice landscape, with a particular emphasis on the context of the healthcare
system in Singapore.
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1 Introduction

Diffuse large B-cell lymphoma (DLBCL) represents the commonest subtype of non-Hodgkin lymphoma and encompasses
a group of diverse disease entities, each harboring unique molecular and clinico-pathological features. The recent fifth
edition of the World Health Organization (WHO) Lymphoma Classification as well as the International Consensus Clas-
sification (ICC) recognizes 17 subcategories of large B-cell lymphomas other than DLBCL, not otherwise specified (DLBCL,
NOS), reflecting their broad clinical spectrum and biological complexity [1, 2]. Nonetheless, the heterogeneity of DLBCL
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remains incompletely represented in the current framework, as the molecular genetics of the disease and their clinical
actionability continue to be investigated and refined.

Contemporarily, approximately two-thirds of patients diagnosed with DLBCL can achieve durable remission and
be cured after frontline treatment with rituximab-based chemoimmunotherapy. For the remaining patients however,
autologous stem-cell transplantation (ASCT) [3, 4] may provide a chance of cure in only a quarter of the cases, and sur-
vival outcomes for early relapsed or refractory DLBCL remain dismal [5, 6]. Remarkably, in terms of treatment modalities,
several newer options have been recently approved and are now available both in the first-line and relapsed settings,
ending a dearth of negative clinical trials that plagued the past decade [7]. Despite that, in the real-world setting, issues
like drug accessibility, reimbursement policies, physician and patient preference, as well as questions regarding optimal
sequencing of treatment options present difficulties and challenges in day-to-day oncology practice.

Additionally, even as the therapeutic landscape continues to evolve rapidly with the anticipated entry of novel agents
like bispecific T-cell engagers (BIiTE), antibody-drug conjugates (ADC), multitarget-specific drugs, and innovative immu-
notherapies, a daunting task remains in the clinical integration of information derived from our improved understanding
of the molecular pathology and genomic composition of DLBCL, with the ultimate goal of delivering precision medicine
in the clinic [8, 9]. In this paper, we review the rapid advances in the therapeutic armamentarium of DLBCL and discuss
implications on the practice landscape in the context of the evolving healthcare system in Singapore.

2 DLBCL in the Singapore context

Singapore is a developed country in Asia with a population of over 5 million people, comprising multi-ethnic representa-
tives from East (Chinese), South-East (Malay) and South Asian (Indian) ethnicities where each group has their unique
sociocultural characteristics and genetic background. In keeping with global cancer trends, lymphomas are the fifth
most common cancer in males and sixth most common cancer in females in Singapore [10, 11]. According to earlier
statistics (from 1998 to 2007), the incidence of lymphoma in Singapore has been increasing at an average rate of 2.4%
and 4.0% per year in males and females, respectively [12]. In a previously published population-based cancer registry
study, DLBCL was the most common subtype amongst the mature B-cell lymphomas, accounting for about 30% of all
lymphoid neoplasms from 1998 to 2012 [12]. In terms of first-line treatment, anti-CD20 monoclonal antibody rituximab
plus cyclophosphamide, doxorubicin, vincristine, prednisolone (R-CHOP) chemoimmunotherapy has remained standard
of care for the past two decades, consistent with international practice guidelines [13, 14].

Recently, the financing scheme of cancer treatment in Singapore had been refined in view of its rising costs and to
ensure insurance premiums remain affordable over time. A Cancer Drug List (CDL) has been introduced by the Ministry of
Health (MOH) of Singapore, incorporating the concept of limited co-payment together with comprehensive accessibility
for approved cancer therapies used in Singapore. This includes most of the standard approved therapies for lymphoma
(Table 1). For a specific drug to be on the list, pharmaceutical companies are responsible for demonstrating the clinical
and cost-effectiveness of the treatment through the Agency for Care Effectiveness (ACE), Singapore’s national Health
Technology Assessment (HTA) agency. Based on the evidence and companies’ price proposals, the MOH Drug Advisory
Committee (DAC), chaired by the Director of Medical Services in MOH and comprising senior public sector doctors, phar-
macists and MOH representatives, makes recommendations to MOH for listing and reimbursement limits. The MediShield
Life scheme is a compulsory national basic health insurance scheme, while the MediSave scheme is a national medical
savings scheme, both of which have predetermined claim and withdrawal limits, respectively. In public healthcare insti-
tutions, listed drugs may be subsidised in two frameworks—the Standard Drug List (SDL) and the Medication Assistance
Fund (MAF), both largely determined by the patient’s monthly per capita household income. Cancer treatments that are
not listed on the CDL are otherwise not readily eligible for reimbursement [15].

On March 18 2023, the Singapore Lymphoma Scientific Symposium 2023 was convened at the Academia, Singapore
General Hospital campus, involving major stakeholders in lymphoma care across the country. A closed session was held
by an invited panel of lymphoma experts across Singapore, in which the local management practices on DLBCL care
in various settings were discussed and documented. Lymphoma specialists from both public (co-authors J.Y.C,, N.S.,
N.G., FL. M.L.P, A, KW.Y, S.T.L) and private (D.T.) practice were included, as well as the lead lymphoma scientist of the
Singapore Lymphoma Study Group (C.K.O.). Viewpoints from an international expert outside of Singapore (G.L.) were
also obtained and discussed with respect to the local context. These perspectives have been summarized and relevant
aspects of local practice preferences for DLBCL are included in this article.
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Table 1 Cancer Drug List (CDL) for ymphoma treatment in Singapore (as of 1 Apr 2023)

Drug name Clinical indication

Acalabrutinib Mantle cell lymphoma; received at least one prior therapy

Bexarotene Cutaneous T-cell ymphoma; received at least one prior systemic therapy

Brentuximab vedotin CD30+ peripheral T-cell ymphoma; previously untreated

Brentuximab vedotin CD30+ cutaneous T-cell lymphoma; received at least 1 prior systemic therapy

Brentuximab vedotin Relapsed or refractory CD30 + Hodgkin lymphoma; following ASCT or at least two prior therapies when ASCT or
multi-agent chemotherapy is not an option

Brentuximab vedotin Relapsed or refractory systemic anaplastic large cell lymphoma

Brentuximab vedotin Consolidation treatment of CD30+Hodgkin lymphoma who are at increased risk of relapse or progression fol-
lowing ASCT

Brentuximab vedotin Previously untreated CD30+advanced classic Hodgkin lymphoma

Copanlisib Relapsed follicular ymphoma who have received at least two prior systemic therapies

Crisantaspase Hypersensitivity to E.coli-derived asparaginase

Crizotinib Relapsed or refractory, systemic ALK-positive anaplastic large cell lymphoma

Ibrutinib Waldenstrom’s Macroglobulinaemia

Ibrutinib Mantle cell lymphoma; received at least one prior therapy

Idelalisib Relapsed follicular lymphoma; received at least two prior systemic therapies

Nivolumab Relapsed or refractory classical Hodgkin lymphoma after ASCT and treatment with brentuximab vedotin

Obinutuzumab Follicular lymphoma that has not responded to or progressed within 6 months after treatment with rituximab
or a rituximab-containing regimen

Obinutuzumab Previously untreated stage Il bulky, Il or IV follicular ymphoma

Pembrolizumab Treatment of patients with relapsed or refractory classical Hodgkin lymphoma, who have failed ASCT or follow-

ing at least two prior therapies when ASCT is not a treatment option
Pembrolizumab Refractory primary mediastinal B-cell lymphoma, or who have relapsed after 2 or more prior lines of therapy
Rituximab (subcutaneous) Maintenance treatment of follicular lymphoma who have responded to induction therapy
Rituximab (subcutaneous) CD20 + diffuse large B-cell non-Hodgkin lymphoma
Rituximab (subcutaneous) Previously untreated stage Ill-IV follicular lymphoma
Romidepsin Cutaneous T-cell ymphoma; received at least one prior systemic therapy

ASCT autologous stem cell transplant

3 Current first line treatment of DLBCL
3.1 Establishment of R-CHOP as standard first-line therapy

Coiffier et al. first published the results of the seminal LNH-98.5 randomized trial in 2002, providing evidence for improved
overall survival (OS) outcomes in 399 previously untreated elderly patients with DLBCL in the age range of 60-80 years.
In this study, patients assigned to receive eight cycles of R-CHOP every 3 weeks had significantly improved complete
response rates compared to those who received eight cycles of CHOP (76% vs 63%, respectively). Importantly, R-CHOP
treatment resulted in better event-free survival (EFS) and OS outcomes without greater toxicity [16], leading to incor-
poration of rituximab into the standard first-line therapy for DLBCL. With a median follow-up of 10 years, the 10-year
progression-free survival (PFS) was 36.5% with R-CHOP, compared with 20% with CHOP alone. The 10-year OS was 43.5%
and 27.6%, respectively [17]. Pfreundschuh et al. reported the results of the MInT study in 2006, in which 824 young
patients aged 18-60 years with DLBCL received six cycles of CHOP-like chemotherapy with or without rituximab. In
keeping with findings from elderly patients, the addition of rituximab led to higher complete response rates, as well as
increased EFS and OS [18]. With a median follow-up of 72 months, the 6-year EFS was 74.3% and 55-8%, while the 6-year
OS was 90.1% and 80.0%, for patients treated with and without rituximab, respectively [19]. The RICOVER-60 study sub-
sequently showed no difference in outcomes comparing six and eight cycles of R-CHOP given every 2 weeks [20]. These
studies firmly established six cycles of R-CHOP as standard first-line therapy for DLBCL.
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3.2 Beyond standard R-CHOP therapy

Since the early pivotal trials that led to the adoption of anti-CD20 monoclonal antibody-based chemoimmunotherapy
R-CHOP as standard first-line treatment of DLBCL [16-20], further progress in the field has been hampered by a succes-
sion of failed phase lll clinical trials attempting to improve upon it. Dose-intensified induction regimens such as R-ACVBP
(rituximab, doxorubicin, cyclophosphamide, vindesine, bleomycin, and prednisone), while providing significant EFS
and OS benefit, is logistically complex and carries significant risk of haematological toxicities. The study population
was also limited to young patients aged 18-59 years with age-adjusted international prognostic index (aa-IPI) scores
of 1, precluding widespread clinical adoption [21]. Other intensification strategies including the use of dose-adjusted
EPOCH-R (DA-EPOCH-R; etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin, and rituximab) [22], as well
as consolidation with high-dose chemotherapy (HDC) and ASCT [23-25] have not been demonstrated in a prospective
randomized controlled trial to provide significant benefit over R-CHOP. In addition, the incorporation of novel agents
to the R-CHOP induction backbone, such as bevacizumab [26], obinutuzumab [27], lenalidomide [28], ibrutinib [29],
everolimus [30] and enzastaurin [31] have all failed to achieve success despite promising early signals of efficacy. In the
REMARC study, maintenance therapy with lenalidomide significantly prolonged progression-free survival (PFS) over pla-
cebo, in elderly patients with DLBCL responding to R-CHOP, though no OS benefit was observed [32]. Since the intent of
upfront treatment is curative, the value of a PFS benefit without improvement in OS remains contentious, since patients
may still be successfully salvaged upon progression. Additionally, given the non-trivial toxicities of lenalidomide in this
susceptible population, including high grade neutropenia and cutaneous reactions, the optimal use of this approach
remains to be determined.

Polatuzumab vedotin is a CD79b-directed ADC covalently bound to monomethyl auristatin E, a microtubule-disrupting
agent. CD79b, a subunit of a heterodimer transmembrane component of the B-cell antigen receptor, is ubiquitously
expressed on mature B-cell ymphomas, including DLBCL [33-36]. Recently, polatuzumab vedotin in combination with
rituximab, cyclophosphamide, doxorubicin and prednisone (pola-R-CHP) was demonstrated in a placebo-controlled
phase lll trial to improve PFS over R-CHOP in patients with previously untreated intermediate to high-risk DLBCL (IPI score
at least 2) [37, 38]. At two years, the PFS was 76.7% versus 70.2%, respectively. Exploratory subgroup analysis favored
pola-R-CHP for patients above 60 years of age, patients with the activated B-cell subtype of DLBCL, absence of bulky
disease, and patients who had higher IPI scores between 3 and 5. Importantly, patients in the pola-R-CHP arm received
less subsequent treatment (22.5%) as compared to the R-CHOP arm (30.3%), including radiotherapy, systemic therapy,
stem-cell transplantation, and CAR-T therapy. In terms of safety profile, grade 3/4 adverse events were comparable in
both groups. However, no significant OS difference was observed between both arms. The POLARIX study has since
been deemed by the National Institute for Health and Care Excellence (NICE, UK) as the first trial in over 20 years to show
meaningful benefit in 20 years over R-CHOP [39], and has similarly been backed by the US Food and Drug Administration
(FDA) [40]. Similarly in Singapore, pola-R-CHP has recently received new drug indication approvals by the Health Sci-
ences Authority (HSA), though the regimen is not yet listed on the CDL [41]. Given current cost constraints, both patient
preference and disease factors may be taken into consideration for the use of pola-R-CHP in patients with intermediate
to high-risk DLBCL.

Our local practice preferences for standard-risk and intermediate to high-risk DLBCL include:

1) Forstandard-risk DLBCL: R-CHOP chemoimmunotherapy given in six 21-day cycles.
2) Forintermediate to high-risk DLBCL with an IPI score of 2-5, Pola-R-CHP is currently not reimbursed but can be considered
in selected patients where cost constraints are not a limiting factor.

3.3 Lowrrisk patients with limited-stage disease

DLBCL is localized at the time of diagnosis in 25% to 30% of the patients [42]. In clinical practice, the IPI [38] remains one
of the most widely used prognostic models for risk stratification of DLBCL. In limited stage (I or Il) disease with aa-IPl of 0
and non-bulky disease (< 7.5 cm), contemporary treatment with six cycles of R-CHOP result in highly favorable outcomes
with 6-year PFS approximating 90% and OS at 95% [18, 19].

In the pre-rituximab era, the SWOG 8736 study had showed that in limited stage disease, three cycles of CHOP fol-
lowed by consolidation radiation therapy was non-inferior to eight cycles of CHOP alone in terms of long term survival
outcomes, though either modalities resulted in continuous relapse risk and are inadequate by modern standards [43,
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44]. In the rituximab era, several key studies have evaluated the optimal cycle length of systemic R-CHOP therapy, the
need for radiation therapy, as well as the potential of a response-adapted approach using positron emission tomography
(PET), all of which remain areas of controversy [42, 45]. Of particular note, for patients with “low risk” DLBCL, the phase
[l FLYER study had examined a cohort of young patients aged 18-60 years diagnosed with limited stage and non-bulky
(<7.5 cm) disease, as well as having good ECOG performance status of 0 to 1, and normal serum lactate dehydrogenase
(LDH) levels. The study demonstrated that four cycles of R-CHOP therapy followed by two additional cycles of rituximab
was non-inferior to standard six cycles of R-CHOP, providing an abbreviated chemotherapy regimen while sparing radia-
tion for this group of patients with favorable prognosis [46].

A PET response-adapted approach to deciding on the number of chemotherapy courses or delivery of radiation
therapy has been evaluated in several studies, and may be particularly useful for selected “low risk” DLBCL cases not
meeting FLYER criteria (e.g. elderly patients, or presence of high-risk features). The S1001 phase Il study demonstrated
excellent survival results in patients (non-bulky < 10 cm, stage I/l untreated DLBCL) treated with four cycles of R-CHOP
in the event of a negative interim PET (after cycle 3), which occurred in the majority (89.1%) of all evaluable patients
[47]. The LYSA group LNH 2009-1B phase Il study investigated previously untreated stage I-Il DLBCL patients, aged
18-80 years with aa-IPl scores of 0. In the experimental arm, patients who achieved a negative interim PET (after cycle
2) of R-CHOP (80.4% of patients) went on to receive a total of four cycles, whereas those with an interim positive PET
went on to receive a total of six cycles. The 3-year PFS was 92.0% in the experimental arm as compared to 89.2% in the
standard arm consisting of six cycles of R-CHOP regardless of interim PET results, demonstrating non-inferiority [48].
Taken together, an abbreviated course of chemoimmunotherapy might be considered for elderly patients with limited
stage disease in whom systemic toxicity is a concern (preferably PET-guided if available), while reserving consolidation
radiation therapy to those with initial bulky disease or residual disease at the end of treatment. Similarly, abbreviated
therapy might be considered for young patients meeting FLYER criteria, or otherwise in those with a negative interim
PET, avoiding long term toxicity concerns of radiotherapy.

Our local practice preferences for low risk DLBCL are variable and include:

1) R-CHOP chemoimmunotherapy given in six 21-day cycles as for standard-risk DLBCL.

)
2) Abbreviated R-CHOP for four cycles, with or without 2 additional rituximab doses, if meeting FLYER criteria.
3) Combined modality treatment with abbreviated R-CHOP for three cycles followed by consolidation radiation therapy.
4) A PET-guided approach with three to four cycles of R-CHOP followed by consideration of consolidation radiation therapy.

3.4 Double-expressor, double-hit and high risk genetics

The majority of DLBCL cases are of germinal center B-cell (GCB) or activated B-cell (ABC) origin [49-52], and several stud-
ies have demonstrated an inferior prognosis for ABC-type DLBCL [53, 54]. While the gene expression-based assays (e.g.
Lymph2Cx) [52] are often deployed in clinical trials to differentiate GCB or ABC subtypes, immunohistochemistry-based
algorithms (e.g. Han's criteria) are most frequently used in clinical practice, the latter of which allows the determination
into GCB and non-GCB subtypes [53]. Attempts to overcome this poor outcome by addition of novel agents to the R-CHOP
backbone, for example ibrutinib [29] or lenalidomide [28] have not been successful despite biological rationale, sug-
gesting a therapeutic approach stratified by cell-of-origin classification may not be that straightforward. It is well known
that a high proportion of aggressive B-cell ymphomas harbor high-protein expression of MYC and BCL2 and/or BCL6.
These so-called double-expressor DLBCL have been correlated with an inferior outcome following standard therapies
[55-60]. The pathogenetic mechanism for the double-expressor phenotype can be broadly divided into those related
to, or lacking genomic rearrangements, the latter of which generally belongs to the ABC subtype [61].

Patients with high grade B-cell ymphomas defined by MYC and BCL2 and/or BCL6 genomic rearrangements, or so-
called a double-hit or triple-hit lymphomas, have been well-documented to confer worse prognosis after standard
treatment with R-CHOP chemoimmunotherapy [62]. In a more recent retrospective study by the Lunenburg Lymphoma
Biomarker Consortium on 2383 patients with DLBCL, MYC rearrangements occurred in 11% of the cases and led to worse
survival outcomes especially within the first 2 years from diagnosis, with 5-year survival rates of approximately 60% [60].
Importantly, when analysed with respect to the presence of BCL2 and/or BCL6 translocations, only cases with double-hit
or triple-hit, but not MYC rearrangement alone, influenced PFS and OS. In addition, their results suggest that MYC rear-
rangements to a non-immunoglobulin gene partner do not affect survival outcomes.
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In terms of frontline induction and consolidation strategies, there is currently no single standard approach for both
double-expressor DLBCL and high grade B-cell ymphomas with MYC rearrangements, especially for the latter group that
are double-hit or triple-hit. Dose-intense regimens [63-66] and consolidation with high dose chemotherapy and stem
cell transplant have been explored [21, 67], though their utility remains controversial [68]. In a propensity score-matched
retrospective Italian study in patients with double-expressor DLBCL, treatment with either DA-EPOCH-R or R-CHOP
showed similar PFS and OS, though younger patients below the age of 65 years achieved a significantly better 2-year
PFS with DA-EPOCH-R compared with R-CHOP [69]. Several groups have also adopted DA-EPOCH-R for MYC-rearranged
DLBCL based on results of a prospective multicentre phase Il trial, in which the majority of patients had advanced disease
and yet achieving a 48-month EFS and OS of 71% and 77%, respectively [70]. Meta-analysis of 11 retrospective studies
showed favorable PFS with this more intensive regimen over R-CHOP, though no difference in OS was observed [71].
Notably however, in the intergroup Alliance/CALGB 50303 phase Ill, DA-EPOCH-R failed to improve survival outcomes
compared with R-CHOP, and was associated with higher toxicities, though the study was not designed to address high-
risk DLBCL subgroups [22]. With ongoing controversies surrounding high-grade B-cell lymphoma with MYC and BCL6
rearrangements as a distinct biological and clinical entity [1, 2], as well as the significance of the MYC rearrangement gene
partner, the optimal treatment regimen will need to be further defined in prospective clinical trials. Given these uncer-
tainties, R-CHOP remains commonly utilized in this group of high grade B-cell ymphomas harboring high risk genetics.

Our local practice preferences for DLBCL with high-risk genetics include:

1) Single MYC rearrangements: R-CHOP chemoimmunotherapy given in six 21-day cycles as for standard-risk DLBCL; Pola-
R-CHP can be considered as for intermediate to high-risk DLBCL with an IPI score of 2-5, in selected patients where cost
constraints are not a limiting factor.

2) Double-expressor DLBCL: R-CHOP chemoimmunotherapy given in six 21-day cycles as for standard-risk DLBCL; Pola-R-CHP
can be considered as for intermediate to high-risk DLBCL with an IPI score of 2-5, in selected patients where cost constraints
are not a limiting factor.

3) Double-hit or triple-hit: DA-EPOCH-R or R-CHOP given in six 21-day cycles.

4 Special considerations
4.1 Elderly and frail patients

The treatment of DLBCL in elderly patients over 80 years old and in frail patients remains challenging, requiring a fine
balance of both maximising therapeutic efficacy and tolerability. Large prospective studies on DLBCL establishing R-CHOP
as standard frontline therapy have generally excluded these vulnerable patients who represent a group with poorer
prognosis [72-74].

A multicentre, single arm phase Il study evaluated the use of rituximab in combination with dose-reduced CHOP
(R-miniCHOP) in patients aged over 80 years who had DLBCL and a good performance status, achieving a 2-year PFS
of 47% and 2-year OS of 59% [75]. Treatment-related toxicities were generally acceptable, and most of the observed
severe haematological and infectious complications, as well as treatment-related deaths occurred during the first cycle
of treatment, suggesting the need for prephase treatment with steroids [76]. Recently, the addition of lenalidomide
to R-miniCHOP (R2-miniCHOP) was investigated in a phase Ill study, though it could not demonstrate any significant
improvement in OS (2-year OS 66% both arms) [77].

Several smaller studies have also investigated the use of more tolerable regimens over R-CHOP, focusing on this unique
patient cohort. In a phase Il study, three cycles of abbreviated chemoimmunotherapy either with or without doxorubicin
followed by four courses of maintenance rituximab were used to treat elderly patients aged 70 years or older (n=51;
43% aged 80 years or older) who are poor candidates for standard R-CHOP therapy, achieving 2-year PFS of 71% and
2-year OS of 72% [78]. Another phase Il study (n=14) on rituximab and bendamustine in elderly patients 80 years or
deemed ineligible for R-CHOP by physician’s discretion demonstrated overall response rates of 69%, including complete
response rates of 54%. The median PFS and OS were both 7.7 months [79]. Chemotherapy-free regimens such as the
use of rituximab plus lenalidomide [80] and ibrutinib, rituximab plus lenalidomide [81] have also been suggested to be
clinically efficacious and safe in elderly patients.
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In patients with underlying comorbidities such as cardiac dysfunction precluding the use of anthracyclines, the substi-
tution of etoposide for doxorubicin (R-CEOP) has been suggested as a potential alternative to R-CHOP, while preserving
curative potential. Long term disease-specific survival outcomes at 10 years were not significantly different for R-CEOP
and R-CHOP, though OS was lower in the R-CEOP group [82]. On a similar note, substitution of non-pegylated liposomal
doxorubicin for doxorubicin (R-COMP) has been proposed as an alternative regimen, though a randomized phase Il trial
comparing R-COMP to standard R-CHOP in patients with newly diagnosed DLBCL and normal cardiac function failed to
demonstrate a significant reduction in cardiotoxicity [83]. A single-arm phase Il multicentre trial of rituximab, gemcit-
abine, cyclophosphamide, vincristine, and prednisolone (R-GCVP) demonstrated encouraging results, with 2-year PFS
of 50% and 2-year OS of 56% [84].

Our local practice preferences for DLBCL in elderly and frail patients include:

1) R-miniCHOP chemoimmunotherapy given in six 21-day cycles.

2) Other regimens including R-GCVP or R-CVP may be considered, particularly in the setting of cardiac dysfunction.

3) Forlimited stage DLBCL, abbreviated R-CHOP for three to four cycles followed by consideration of consolidation radiation
therapy, possibly guided by end of treatment PET imaging.

4.2 Disease site-specific considerations

Primary mediastinal B-cell ymphoma (PMBCL) is a distinct clinical and biologic entity recognized by the WHO Lymphoma
Classification, originating from thymic B-cells [1]. Characterized by a peak incidence in the adolescent and young adult
population, female preponderance, mediastinal presentation and unique molecular landscape, there is currently no uni-
form standard of care, with several strategies derived from both adult and pediatric studies [85]. R-V/MACOP-B (rituximab,
etoposide or methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisone, bleomycin) and R-CHOP regimens,
typically followed by consolidation radiation therapy, have resulted in favorable outcomes in PMBCL [86, 87]. In addition,
DA-EPOCH-R without consolidation radiation therapy has been evaluated in a phase Il trial in PMBCL so as to reduce
long term toxicity in these young and predominantly female patients [88-90]. Though the outcomes of this study were
impressive, with a 5-year EFS of 93%, the optimal systemic therapy and need for consolidation radiation, particularly in
the setting of complete metabolic response, remain to be further evaluated. In Singapore, a multicentre study of 124
patients with PMBCL revealed superior survival outcomes for R-CHOP plus radiation and DA-EPOCH-R, when compared
with R-CHOP alone—5-year PFS were 90% vs 88.5% vs 56%, respectively [91].

Apart from PMBCL, the optimal treatment strategies of other rare primary extranodal subtypes of DLBCL are less well-
defined. In primary breast DLBCL, treatment with R-CHOP chemoimmunotherapy remains an acceptable frontline option,
with the role of irradiation and central nervous system (CNS) prophylaxis remaining controversial despite frequent breast
and CNS relapses [92-94]. Primary testicular lymphoma represents another unique subtype of large B-cell lymphoma
in an “immune-privileged site” [1], and has a tendency to disseminate extranodally including to the contralateral testis
and CNS [95, 96]. Orchidectomy followed by R-CHOP in combination with CNS prophylaxis and locoregional radiation
therapy has been recommended as first-line treatment, especially for patients with limited stage disease [97, 98]. Other
subtypes of large B-cell ymphomas are beyond the scope of this discussion and will not be further elaborated.

Our local practice preferences for site-specific DLBCL include:

1) Primary mediastinal DLBCL: DA-EPOCH-R given in six 21-day cycles; consideration of consolidation radiation therapy in
selected patients

2) Primary breast DLBCL: R-CHOP chemoimmunotherapy given in four to six 21-day cycles, depending on the presence of risk
factors

3) Primary testicular: R-CHOP chemoimmunotherapy given in six 21-day cycles, in combination with CNS prophylaxis and
locoregional radiation therapy (including the contralateral testis)

4) Primary gastrointestinal: R-CHOP chemoimmunotherapy given in four to six 21-day cycles, depending on the presence of
risk factors; consideration of dose attenuation in cycle one and prephase treatment
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4.3 DLBCL in the setting of HIV/AIDS

HIV infection and acquired immunodeficiency syndrome (AIDS) is associated with several lymphoproliferative neo-
plasms including DLBCL [99]. The effectiveness of infusional EPOCH-R and R-CHOP has been evaluated in phase Il trials
on patients with HIV-associated DLBCL and other high-grade lymphoma [100-102]. A pooled analysis of 150 patients
treated on AIDS Malignancy Consortium (AMC) studies of either R-CHOP or EPOCH-R showed that EFS and OS outcomes
favored the EPOCH-R regimen [103]. Further results from a large pooled analysis of 1546 patients from 19 prospective
clinical trials also showed that the use of rituximab improved survival outcomes and demonstrated greater efficacy for
the use of EPOCH as compared to CHOP in HIV-associated lymphoma [104]. While six cycles of EPOCH-R may represent
the preferred regimen for HIV-associated DLBCL, early data suggests that an abbreviated treatment course may be suf-
ficient for good risk patients. Dunleavy et al. reported a phase Il trial whereby patients with HIV-associated DLBCL could
be treated with three cycles of EPOCH-RR (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin—double
dose rituximab) given a negative interim PET after cycle 2 [105]. Similarly, in a post-hoc analysis of a phase Il trial con-
ducted by the AIDS Malignancy Consortium, 2-year EFS was similar in patients achieving early complete response after
two cycles of EPOCH-R who then went on to complete a total of four cycles, as compared to those who received up to
six cycles following documentation of complete response only at cycle 4 [106, 107]. Whether a response-adapted strat-
egy may allow an abbreviated treatment duration while not compromising treatment outcomes remain to be further
evaluated in further studies.

Our local practice preferences for DLBCL in the setting of HIV/AIDS include:

1) DA-EPOCH-R given in six 21-day cycles
2) Abbreviated three cycles of EPOCH-RR

5 Role of CNS prophylaxis in DLBCL

The topic of CNS prophylaxis remains a highly controversial area in the management of DLBCL. Approximately 5% of
patients with DLBCL develop relapse in the CNS despite treatment with chemoimmunotherapy [108]. The CNS Interna-
tional Prognostic Index (CNS-IPI) further enables the identification of patient subgroups at the highest risk of CNS relapse
[109]. Criteria for CNS prophylaxis in DLBCL vary amongst consensus guidelines, but generally includes patients with
high CNS-IPI scores of 4-6, disease involvement of more than 2 extranodal sites, double-hit or triple-hit genetics, and
involvement of high-risk extranodal sites (e.g. testicular, renal/adrenal, breast, bone marrow). There is also ongoing debate
regarding the efficacy of intrathecal (IT) and high-dose intravenous methotrexate (HD-MTX) as the optimal methods for
CNS prophylaxis. A systematic review of stand-alone IT prophylaxis had shown no reduction in CNS relapse rates [110],
while two recent meta-analyses could not provide evidence for a benefit of IT or intravenous therapy [111, 112]. While
major consensus guidelines still suggest the use of HD-MTX as the preferred method for CNS prophylaxis over IT therapy,
the optimal and safest way to administer it remains contentious. An intercalated strategy allows for early CNS-directed
therapy at the risk of delaying systemic therapy due to inadvertent toxicity, while delivering HD-MTX after completion
of systemic therapy may represent a more rational approach that prioritizes systemic control [108]. In general, once the
indication for CNS prophylaxis has been identified, HD-MTX is the preferred modality over IT MTX, and an intercalated
approach should only be considered if induction systemic therapy would not be compromised.

In Singapore, a previous retrospective study on 499 patients diagnosed with DLBCL and treated with CHOP or R-CHOP
showed that poor performance status (ECOG > 1), non-complete response to systemic therapy, and involvement of testis,
kidney and breast were independent predictors of CNS relapse. Importantly, IT prophylaxis did not reduce CNS relapse
[113]. More recently, a multicentre retrospective study was conducted on patients with DLBCL treated with R-CHOP at
three academic medical centers in Singapore. In patients with high CNS-IPI scores of 4-6 or with involvement of high-
risk extranodal sites (breast, testis, kidney/adrenal), CNS prophylaxis with HD-MTX of at least 1 g/m2 either intercalated
with R-CHOP or given at the end of six cycles, was demonstrated to lower the risk of isolated CNS relapse. However, this
did not influence concomitant CNS-systemic relapse rates, systemic relapse rates, or improve survival outcomes [114].
Primary CNS lymphoma is not included within the scope of this discussion.
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Our local practice preferences for CNS prophylaxis in DLBCL are variable and include:

1) HD-MTX (at least 1 g/m?) for at least 2 cycles, given in an intercalated approach or at the end of induction chemoimmu-
notherapy

2) HD-MTX generally preferred over IT prophylaxis

3) Preferred indications include high-risk extranodal site, in particular testicular and renal/adrenal involvement

6 Relapsed or refractory DLBCL

Approximately 30-40% of DLBCL are refractory or relapse despite frontline chemoimmunotherapy [115]. In the
second-line setting, high dose chemotherapy followed by ASCT remains one of the curative treatment options,
though about two-thirds of patients will continue to relapse [3, 4, 116]. In particular, patients who are refractory or
relapse within 1 year from frontline therapy represent a population with dismal outcomes.

Three CD19-directed CAR-T therapies—axicabtagene ciloleucel [117-119], tisagenlecleucel [120-122] and liso-
cabtagene maraleucel [123] have been approved for adult patients who have relapsed or refractory large B-cell lym-
phoma including DLBCL who had received 2 or more lines of systemic therapy. Recently, two randomized phase Ill
trials have also shown the superiority of CAR-T-cell products over ASCT in patients with relapsed or refractory disease
within 1 year after first-line treatment [124, 125]. The pivotal ZUMA-7 trial in particular reported an overall survival
benefit of axicabtagene ciloleucel over standard chemoimmunotherapy followed by high-dose chemotherapy with
autologous stem-cell transplantation. The four-year overall survival rate was 54.6% with axicabtagene ciloleucel and
46% with standard care [6].

Other approved therapeutic options include polatuzumab vedotin in combination with bendamustine and rituxi-
mab (pola-BR) [126, 127], tafasitamab in combination with lenalidomide [128], loncastuximab tesirine [129] and
selinexor [130] which are potentially useful for patients ineligible for ASCT or CAR-T therapy (Table 2). The results of
arecent phase Il study in the second line treatment of transplant-eligible relapsed aggressive B-cell ymphoma using
polatuzumab in combination with R-ICE (pola-R-ICE) has been reported in abstract form. An encouraging response
rate of 89% and complete response rate of 61% was achieved, with approximately half the patients proceeding onto
ASCT at the time of reporting [131].

With the current armamentarium available, it has become increasing challenging to decide on the optimal therapy
after failure of frontline treatment. Apart from efficacy and safety concerns, the financial burden that these new treat-
ment modalities place on the patient and larger healthcare system presents as an important issue as well. And even
as we are learning how to navigate the rapidly evolving therapeutic landscape of DLBCL, emerging novel strategies
such as bispecific antibodies glofitamab [132], epcoritamab [133, 134] and odronextamab [135] are already expected
to add to the complexity of managing patients with DLBCL in the immediate future. The US FDA has just granted
approval for glofitamab and epcoritamab for the treatment of patients with relapsed/refractory DLBCL after two or
more lines of systemic therapy [136, 137]. A challenging question that remains to be answered will be the optimal
sequence in which to use these novel therapeutic modalities, and the best combination approach.

Our local practice preferences for relapsed or refractory DLBCL include:

1) Fortransplant eligible: R-ICE, R-DHAP, R-GDP, Pola-R-ICE followed by ASCT

2) Fortransplant ineligible: R-GDP, R-GEMOX, Pola-BR, Pola-R-ICE

3) CAR-Ttherapy is available for indicated use though not currently reimbursed in Singapore, and can be considered in selected
patients where cost constraints are not a limiting factor.

7 Next generation sequencing in the clinic—ready for primetime?
Our understanding of the molecular landscape of DLBCL has improved significantly over the past decade, highlighting

unique genomic subtypes with implications on targeted therapy [138, 139]. These molecular classification systems
are anticipated to enable new trials for targeted therapies, with the potential for clinical implementation. This builds
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upon earlier incorporations of genomic information into the modern framework for DLBCL sub-classification, based
on cell-of-origin by gene transcription profiling, and gene rearrangements of MYC, BCL2 and/or BCL6. Chapuy et al.
analysed 304 DLBCL cases and identified five genetic clusters with distinct signatures termed C1 to C5 [140], while
the National Cancer Institute (NCI) group examined 574 cases to identify seven genetic subtypes termed BN2, A53,
EZB (MYC+and MYC-), ST2, MCD, and N1 [141, 142]. Both these classification systems are based on whole exome
and deep targeted sequencing, and share significant overlap—C1 or BN2 harbors BCL6 rearrangements and NOTCH2
mutations; C2 or A53 carries TP53 alterations and aneuploidy; C3 or EZB is characterized by BCL2 translocations and
mutations in CREBBP, EZH2 and KMT2D; C4 or ST2 carries mutations in SGK7; C5 or MCD carries mutations in MYD88
and CD79B; N1 carries NOTCH1 mutations. The Haematological Malignancy Research Network (HMRN) further vali-
dated the reproducibility of these molecular subtypes and their potential clinical applicability in a larger cohort of
928 DLBCL formalin-fixed paraffin-embedded (FFPE) samples using a 293-gene targeted sequencing panel, demon-
strating the recapitulation of major subtypes [143]. Notably, the NCI classification has now been developed into a
publically-available LymphGen probabilistic classifier that is able to assign individual patients to one of these seven
genetic subtypes.

Recent data suggests that the molecular heterogeneity of DLBCL may provide a rational explanation for the failure of
previous targeted therapy trials. In the PHOENIX study, patients with non-GCB DLBCL did not benefit from the addition
of ibrutinib to R-CHOP therapy [29]. However, younger patients with MCD and N1 DLBCL subtypes had a superior 3-year
EFS of 100% with ibrutinib plus R-CHOP, as compared to 42.9% and 50%, respectively, with R-CHOP alone [144]. Though
this result is based on retrospective analysis and requires prospective validation, it provides an initial demonstration of
the potential for incorporating a molecular consensus based-approach in the design of future clinical studies. In current
clinical practice, the value for routine genomic profiling in the frontline or relapsed setting remains unclear [145]. Logisti-
cal challenges and cost issues aside, the implications of molecularly subtyping DLBCL on treatment selection are not yet
certain. Furthermore, a significant proportion of DLBCL remains unclassifiable [140-143], and the influence of ethnicity
and age needs to be further clarified. Perhaps a deeper characterization of the molecular landscape of DLBCL is still war-
ranted, integrating pan-omic data encompassing the genome, transcriptome, epigenome, proteome and metagenome,
as well as multi-dimensional information of the tumor microenvironment and host immune system through single cell
and spatiotemporal profiling [146].

Our local practice preferences for DLBCL are currently not determined by molecular consensus classifications.

8 Conclusions

The diagnostic algorithm of DLBCL has evolved over time, building on the foundations of anatomical pathology assess-
ment of tissue architecture and cytomorphology, to the incorporation of immunophenotype, as well as assessment
of genetic rearrangements. In the new era of molecular medicine and precision oncology, the diagnosis of DLBCL has
and will continue to be refined in the context of clinical relevance and application. Simultaneously, the rapidly growing
therapeutic landscape of DLBCL poses a significant challenge to the practicing hemato-oncologist, particularly in having
to tackle issues of drug accessibility and cost deliberations in context of the larger socio-economy, all while balancing
against the needs and preferences of the individual, in the spirit of personalized care for patients with DLBCL.
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