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Abstract: The emerging molecular and prognostic characteriza-
tion of diffuse large B-cell ymphoma (DLBCL) has challenged the
rituximab, cyclophosphamide, doxorubicin, vincristine, and predni-
sone (R-CHOP) treatment paradigm in recent years, with the iden-
tification of several DLBCL subtypes associated with significantly
inferior survival after standard R-CHOP therapy. Efforts to improve
upon the R-CHOP backbone have included dose intensification
as well as the addition of new agents; the infusional dose-adjusted
rituximab, etoposide, prednisone, vincristine, cyclophosphamide,
and doxorubicin (DA-R-EPOCH) regimen has been identified as
a potential replacement for R-CHOP in high-risk DLBCL. In this
review, we provide a historical perspective on the R-CHOP and
DA-R-EPOCH regimens and summarize the clinical trial literature
regarding the efficacy of each regimen in various risk groups of
DLBCL. Further, we propose clinical management scenarios in
which DA-R-EPOCH may be preferred, including some for patient
populations in which the use of R-CHOP vs DA-R-EPOCH is

controversial.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common type
of non-Hodgkin lymphoma (NHL) in the United States. Treatment
with rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) chemoimmunotherapy leads to a cure in
50% to 70% of patients." R-CHOP has been the therapeutic stan-
dard for DLBCL for nearly 20 years, with the addition of rituximab
to the CHOP backbone in the 2000s significantly improving sur-
vival after decades of unsuccessful efforts to intensify CHOP with
additional chemotherapeutics. However, DLBCL is increasingly
being recognized as a heterogeneous disease with distinct molecu-
lar subtypes affecting both response and survival. As such, intense
interest has been shown in improving upon the standard-of-care
R-CHOP regimen, particularly for patients with adverse prognostic
features or high-risk tumor genetics. One regimen in particular that
has emerged is dose-adjusted rituximab, etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin (DA-R-EPOCH), an
intensified infusional variation of R-CHOP that has been studied in
numerous DLBCL subtypes.? Herein, we review the history of the
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R-CHOP and DA-R-EPOCH regimens and summarize
the literature regarding their efficacy in various risk groups
of DLBCL, including potential patient populations in
which DA-R-EPOCH may be preferred and those in

which controversy persists.

Historical Perspective: Evolution of R-CHOP
as the Standard of Care in DLBCL

Multiagent chemotherapy for DLBCL was pioneered by
DeVita and colleagues in 1975 with the publication of a
series of 27 patients who were treated with 6 cycles of pro-
carbazine, vincristine, prednisone, and either cyclophos-
phamide or nitrogen mustard, with an overall response
rate (ORR) of 70% and a complete response (CR) rate
of 41%.% Long-term survival was demonstrated in the
37% of patients who were in remission 2 years after the
completion of treatment, which the authors described as
compatible with cure. These results were confirmed the
following year in a randomized controlled trial by the
Southwest Oncology Group of doxorubicin, vincristine,
and prednisone (HOP) vs CHOD, which demonstrated a
1-year overall survival (OS) rate of 64% to 75%. The pos-
sibility of curing aggressive B-cell lymphomas with che-
motherapy alone had not previously been demonstrated
in that era, and it generated considerable enthusiasm for
the development of novel multiagent combination che-
motherapy regimens.’

A series of intensified second- and third-generation
regimens were developed in the 1980s, with the goal
of improving response rates.®” These regimens, which
relied on an increased number of cytotoxic agents,
included methotrexate, bleomycin, doxorubicin, cyclo-
phosphamide, vincristine, and dexamethasone (m-BA-
COD); prednisone, doxorubicin, cyclophosphamide,
and etoposide, followed by cytarabine, bleomycin,
vincristine, and methotrexate with leucovorin rescue
(ProMACE-CytaBOM); and methotrexate, doxorubicin,
cyclophosphamide, vincristine, prednisone, and bleomy-
cin (MACOP-B).® In several phase 2 trials, the CR rates
with these regimens appeared significantly higher than
those with first-generation regimens, such as CHOR*
"' with a doubling of historical OS rates.”? Given the
apparent superiority of these next-generation regimens in
cross-trial comparisons, the Southwest Oncology Group
and the Eastern Cooperative Oncology Group initiated
a prospective, randomized phase 3 trial of CHOP, m-BA-
COD, ProMACE-CytaBOM, and MACOP-B in 1986."
In this study of 899 patients with advanced-stage, inter-
mediate- or high-grade NHL, no significant difference in
ORR, CR rate, disease-free survival rate, or OS rate was
found among any of the 4 regimens, with a 3-year OS
rate of 54% for CHOP. However, the rates of grade 4
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to 5 toxicities were significantly higher with m-BACOD
and MACOP-B than with CHODR, and the third-gener-
ation regimens did not improve survival over CHOP in
any of the prognostic subgroups. This landmark study
established CHOP as the standard-of-care regimen for
DLBCL because it was effective and conferred the least
toxicity. The study also challenged the notion that “more
is better” with respect to the chemotherapy-based man-
agement of DLBCL.

However, long-term cure rates were still relatively
poor with CHOD, at less than 50%, particularly for
adverse-risk subgroups identified by the International
Prognostic Index (IPI) in 1993." As such, calls were
renewed for novel, non-chemotherapeutic approaches
to the treatment of DLBCL, including monoclonal
antibodies. The introduction of rituximab in a phase 1
study in 1994" quickly led to subsequent phase 2 studies
that demonstrated considerable activity of rituximab as a
single agent'® and in combination with CHOP' in both
untreated and relapsed DLBCL. R-CHOP was solidified
as the new standard of care in DLBCL after the publica-
tion of several phase 3 trials, the first in 2002 by Coiffier
and colleagues; in this study, 398 elderly patients aged 60
to 80 years with untreated DLBCL were treated with 8
cycles of CHOP vs R-CHOPD"® The patients treated with
R-CHOP had significantly higher rates of CR (76% vs
63%) and 2-year OS (70% vs 57%), with no significant
differences in rates of adverse events between R-CHOP
and CHOP. The superiority of R-CHOP in younger
patients was confirmed in a study from the MabThera
International Trial (MInT) Group published by Pfreund-
schuh and colleagues in 2006, in which 824 patients aged
18 to 60 years with DLBCL and a maximum IPI score
of 1 were treated with 6 cycles of CHOP-like therapy vs
rituximab plus CHOP-like therapy.” R-CHOP treat-
ment resulted in significantly higher CR rates (86% vs
68%) and 3-year OS rates (93% vs 84%), with similar
rates of toxicity. Long-term follow-up from both studies
confirmed the superiority of R-CHOP and the ability to
cure patients with this regimen, with 10-year OS rates of
44% vs 28% in elderly patients®® and 6-year OS rates of
90% vs 80% in younger patients.?' Several other studies
have confirmed the survival advantage of R-CHOP over
CHOR22,23

Despite these high OS rates, R-CHOP is less effec-
tive at inducing short- and long-term remissions in some
patients who have DLBCL, with approximately 20% of
them having primary refractory disease and 30% subse-
quently experiencing relapse after achieving a complete
remission.! Although previous attempts in the 1980s to
improve the rates of response to the CHOP backbone via
chemotherapy had been unsuccessful, the development of
the infusional EPOCH regimen in the 1990s provided a
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novel and rational treatment paradigm that would chal-
lenge the R-CHOP status quo.

The Rationale and Development of Infusional
DA-R-EPOCH in DLBCL

The development of the EPOCH regimen by the National
Cancer Institute (NCI) began after in vitro studies of the
individual components of CHOP chemotherapy found
that less resistance to chemotherapy developed in tumor
cells with prolonged low-concentration exposure to vin-
cristine and doxorubicin than with short-duration bolus
administration, and etoposide was found to be synergistic
with CHOP? With these data, a 96-hour continuous infu-
sion regimen of EPOCH was designed that incorporated
a dose-adjustment strategy based on the hematopoietic
nadir to account for interpatient variations in steady-
state plasma concentrations—hence the “dose-adjusted”
nomenclature.?

EPOCH was first studied in 74 patients with relapsed
or refractory low-, intermediate-, or high-grade NHL.* In
the preliminary phase 2 report by Wilson and colleagues,
published in 1993, patients with intermediate- or high-
grade lymphoma had ORRs of 77% to 90%, with CRs
in 20% to 42%. In a report published in 2000, the 8-year
follow-up data for the cohort demonstrated an ORR of
70% to 78% and a CR rate of 13% to 36% for patients
with aggressive lymphomas.” At a median follow-up of
76 months, the OS was 12.6 months for patients with
aggressive de novo lymphomas and 23.4 months for those
with aggressive transformed lymphomas in the relapsed
and refractory setting, with improved outcomes for
EPOCH compared with other salvage regimens used at
the time in cross-trial comparisons.

EPOCH was quickly brought into the front-line
setting by 2002 in a phase 2 study of 50 patients with
newly diagnosed DLBCL, which demonstrated an ORR
of 100% and a CR rate of 92%, as well as an OS rate
of 73% at a median follow-up of 62 months.? Subset
analyses revealed no difference in response or survival
rates according to IPI score, with an ORR of 100% in
high-risk patients who had an IPI score of 3 to 5, but
they revealed that overexpression of the BCL2 protein, a
marker of the activated B-cell (ABC) subtype, was asso-
ciated with inferior survival. The addition of rituximab
to EPOCH was also examined in a phase 2 study by the
NCI that was published in 2002, in which 38 patients
with untreated or relapsed/refractory aggressive lympho-
mas received at least 6 cycles of DA-R-EPOCH.* The
study cohort included a significant number of high-risk
patients, with 61% of the untreated patients having at
least high-intermediate IPI scores and 30% having a
performance status of 2 or higher. The untreated patients

had an ORR of 85% and a 1-year OS rate of 79%, which
was encouraging given the preponderance of patients
with high-risk IPI scores in the study. These early studies
generated considerable enthusiasm for DA-R-EPOCH as
a possible replacement for R-CHOP in DLBCL with a
high-risk IPI score.

Improving Upon R-CHOP as the Standard of
Care

The majority of phase 3 clinical trials for DLBCL over
the past decade have focused on improving the R-CHOP
backbone through treatment intensification or the addi-
tion of novel agents, including the use of precision medi-
cine to determine which agents may be most appropriate
for patients with specific molecular subtypes of DLBCL.

Intensifying Standard R-CHOP-21

Early research in the R-CHOP era, including the afore-
mentioned MInT Group study, identified that patients
with high IPI scores had an inferior response to standard
R-CHOP. The MInT Group study found a significantly
worse 3-year event-free survival (EFS) rate (76%) in
patients with an IPI score of 1 and/or bulky disease than in
those without these adverse characteristics (89%).' Given
the prognostic validity of the IPI score in the rituximab
era, with a 5-year OS rate of less than 50% for high-risk
patients compared with a rate of more than 90% for low-

risk patients,”? extensive attempts have been made to

intensify the standard 21-day R-CHOP (R-CHOP-21)
regimen for patients with high-risk IPI scores.

Although most phase 3 intensification studies did not
demonstrate improvements in survival over R-CHOP-21
(Table 1), limited evidence suggests that treatment inten-
sification can improve survival in very select populations.
In a randomized trial conducted by the French Groupe
d’Etude des Lymphomes de 'Adulte, which compared
rituximab, doxorubicin, cyclophosphamide, vindesine,
bleomycin, and prednisone (R-ACVBP) vs R-CHOP, an
OS benefit was observed in patients aged 18 to 59 years
with an age-adjusted IPI score of 1 who were treated
with R-ACVBD, with 3-year OS rates of 92% vs 84%.%
However, the trial evaluated a very narrow patient pop-
ulation, and the rates of short- and long-term toxicities
were higher in the R-ACVBP arm, with a 38% rate of
febrile neutropenia (vs 9% in the R-CHOP group) and
an increase in secondary malignancies.®! Further post hoc
analysis of this study revealed that R-ACVBP was supe-
rior to R-CHOP only in patients with the non-germinal
center B-cell (non-GCB) subtype of DLBCL.%

The limited toxicity and extended anti-lymphoma
activity of rituximab were the focus of several studies
to intensify rituximab administration with R-CHOP,
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Table 1. Selected Phase 3 Randomized Controlled Trials to Improve Upon R-CHOP-21

vs RW-CHOP-21
(CHOP-21 with 8 doses

of weekly rituximab)

Clinical Trial ‘ Comparison Groups ‘ Patient Population Outcomes Conclusions
Studies of R-CHOP-21 Intensification
Habermann, Maintenance ritux- 632 patients aged 60 y 2-y FFS rate was higher with | Negative: No
2006* imab vs observation or older with untreated maintenance rituximab after | benefit was found for
after R-CHOP-21 or DLBCL CHOP (74% vs 45% with maintenance rituximab
CHOP-21 observation alone), but not after R-CHOP.
with maintenance rituximab
after R-CHOP (79% vs 77%
with observation alone).
Pfreundschuh, | 6 or 8 cycles of 1222 patients aged 3-y EFS was 47% after 6 Positive: 6 cycles of
2008% CHOP-14 or 61-80 y with untreated cycles of CHOP-14, 53% R-CHOP-14 signifi-
(RICOVER-60) | R-CHOP-14 DLBCL after 8 cycles of CHOP- cantly improved EFS,
14, 67% after 6 cycles of PFES, and OS vs 6 cycles
R-CHOP-14, and 63% after | of CHOP-14, although
8 cycles of R-CHOP-14. no increase in OS was
found for 8 cycles
of R-CHOP-14 or
CHOP-14 compared
with 6 cycles.
Récher, 2011 | R-ACVBP vs 380 patients aged 18-59 y | 3-y OS was 92% in the Positive: Compared
(LNH03-2B) R-CHOP-21 with untreated DLBCL R-ACVBP group and 84% | with standard
and age-adjusted IPI 1 in the R-CHOP group. R-CHOP, R-ACVBP
significantly improved
EFS, PFS, and OS.
Delarue, 2013* | R-CHOP-14 vs 602 patients aged 60-80 y | 3-y EFS was 56% in the Negative: R-CHOP-14
(LNHO03-6B) R-CHOP-21 with untreated DLBCL R-CHOP-14 group and did not improve efhi-
and age-adjusted IPI 1 60% in the R-CHOP-21 cacy compared with
group. R-CHOP-21.
Cunningham, R-CHOP-14 vs 1080 patients aged >18 y | 2-y OS was 83% in the Negative: R-CHOP-14
2013% R-CHOP-21 with untreated DLBCL | R-CHOP-14 group and 81% | was not superior to
in the R-CHOP-21 group. R-CHOP-21.
Chiappella, R-CHOP-14 vs 399 patients aged 18-65 y | 5-y OS was 78% in the Negative:
2017%¢ R-MegaCHOP-14 with | with untreated DLBCL consolidative transplant R-MegaCHOP plus
(DLCLO04) or without consolidative | and age-adjusted IPI 2-3 | group and 77% in the consolidative transplant
transplantation non-transplant group. did not improve OS.
Vitolo, 20177 | G-CHOP-21 vs 1418 patients aged >18 y | 3-y PES was 70% in the Negative: G-CHOP
(GOYA) R-CHOP-21 with untreated advanced- | G-CHOP group and 67% | did not improve
stage DLBCL and IPI 22, | in the R-CHOP group. PFS compared with
IPI 1 if age <60 y, or IPI1 0 R-CHOP.
and bulky disease
Lugtenburg, R-CHOP-14 vs 574 patients aged 18-80y | 3-y OS was 81% in the Negative:
2020% RR-CHOP-14 with untreated stage II-IV | R-CHOP-14 group and RR-CHOP-14 did not
(HOVON-84) | (R-CHOP-14 with extra | DLBCL and age-adjusted | 76% in the RR-CHOP-14 | improve CR rate, PFS,
rituximab on day 8 of IPI 1-3 for ages 18-65y | group. or OS compared with
the first 4 cycles) and age-adjusted IPI 0-3 R-CHOP-14.
for ages 66-80 y
Ohmachi, R-CHOP-21 with 421 patients aged 20-79 y | 3-y OS was 89% in the Negative:
2021% 8 doses of rituximab with untreated DLBCL | R-CHOP-21 group and RW-CHOP-21 did not
(JCOGO601) once every 3 wk 90% in the RW-CHOP-21 | improve PFS compared

group.

with R-CHOP-21.
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Table 1. (Continued) Selected Phase 3 Randomized Controlled Trials to Improve Upon R-CHOP-21

Clinical Trial | Comparison Groups | Patient Population Outcomes Conclusions

XR-CHOP Studies

Seymour, Bevacizumab 787 patients aged Median PFS was 40 mo in | Negative: The trial was stopped
2014% + R-CHOP >18 y with untreated | the RA-CHOP group and | early because of increased
(MAIN) (RA-CHOP) vs DLBCL 43 mo in the R-CHOP cardiotoxicity of RA-CHOP
R-CHOP group. without prolongation of PFS.
Thieblemont, Maintenance 650 patients aged 2-y PES was 80% in the Positive: Median PFS was
20174 lenalidomide or 60-80 y with untreated | lenalidomide maintenance | significantly longer with
(REMARC) placebo following stage II-IV DLBCL group and 75% in the maintenance lenalidomide than
first-line treatment and age-adjusted IPI | placebo maintenance with placebo, although without
with R-CHOP >1 who achieved a PR | group. a significant difference in OS.
or CR after first-line Median PFES was significantly
Cell of origin R-CHOP longer with lenalidomide than
assessment with placebo for the GCB cell

of origin group, although not
for the non-GCB cell of origin

group.
Davies, 2019 | Bortezomib + 918 patients aged 30-mo PES was 70% Negative: RB-CHOP-21 did
(REMoDL-B) R-CHOP-21 >18 y with untreated | in the R-CHOP-21 not improve PFS compared
(RB-CHOP) vs DLBCL group and 74% in the with R-CHOP-21. Further,
R-CHOP-21 RB-CHOP-21 group. bortezomib did not signifi-
cantly affect PFS in either the
Cell of origin ABC or GCB cell of origin
assessment group.
Younes, 2019% | Ibrutinib + 838 patients aged 3-y EFS was 70% in the Negative: Ibrutinib +
(PHOENIX) R-CHOP-21 vs >18 y with untreated | ibrutinib + R-CHOP-21 R-CHOP-21 did not improve
R-CHOP-21 non-GC-type stage group and 67% in the EFS, PFS, or OS compared
[I-IV DLBCL and R-CHOP-21 group with R-CHOP-21. Further, the
Cell of origin IPI >1 addition of ibrutinib did not
assessment improve EFS in the ABC cell of
origin group.
Nowakowski, Lenalidomide + 570 patients aged 2-y PES was 67% in the Negative: R2-CHOP-21 did
20214 R-CHOP-21 (R2- >18 y with untreated | R2-CHOP-21 group and | not improve PFS compared
(ROBUST) CHOP) vs ABC-type stage II-IV | 64% in the R-CHOP-21 with R-CHOP-21.
R-CHOP-21 DLBCL and IPT 22 group.
Cell of origin
assessment

ABC, activated B-cell; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; CR, complete response; DLBCL, diffuse large

B-cell lymphoma; EFS, event-free survival; FFES, failure-free survival; GCB, germinal center B-cell; G-CHOP, obinutuzumab plus CHOP; IPI,
International Prognostic Index; mo, months; OS, overall survival; PES, progression-free survival; PR, partial response; R-ACVBP, rituximab,
doxorubicin, cyclophosphamide, vindesine, bleomycin, and prednisone; R-CHODP, rituximab plus CHOP; R-MegaCHOP, rituximab,
cyclophosphamide, doxorubicin, and vincristine on day 1, and prednisone on days 1-5; R2-CHODP, lenalidomide and rituximab plus CHOP; RA-
CHOP, bevacizumab and rituximab plus CHOP; RB-CHOP, bortezomib and rituximab plus CHOP; RR-CHOP, R-CHOP with extra rituximab;
RW-CHOP, CHOP with weekly rituximab; wk, weeks; XR-CHOP, addition of a new therapeutic (“X”) to the R-CHOP backbone; y, year(s).

including several phase 2 trials of dose-dense rituximab ~ in both unselected patients and those with high-risk IPI
with R-CHOP that suggested improved survival in elderly ~ scores has been unsuccessful in improving outcomes.
patients with a poor prognosis.”“® However, subsequent
randomized phase 3 data on R-CHOP with weekly ritux- ~ Precision Medicine and R-CHOP: the XR-CHOP
imab found no difference in survival with intensified ritux- ~ Paradigm

imab and greater toxicity in older patients. Overall, the  Given the limited success in improving R-CHOP out-

intensification of standard R-CHOP-21 to treat DLBCL comes by means of classic risk stratification with the
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IPI score, intense interest is being shown in designing
new treatment regimens based on specific subtypes of
DLBCL, moving toward the use of precision medicine in
lymphoma. Gene expression profiling has demonstrated 2
distinct subtypes of DLBCL based on the cell from which
the lymphoma originated during the process of B-cell
differentiation: germinal center B-cell (GCB) lymphoma
and activated B-cell (ABC) lymphoma.” The prognosis
for ABC DLBCL is significantly worse than that for GCB
DLBCL after R-CHOP treatment, with 5-year OS rates
of 45% to 56% in the ABC subtype vs 78% to 80% in
the GCB subtype.® Further, there are molecular subtypes
of DLBCL, which also confer a worse prognosis. In the
latest World Health Organization (WHO) guidelines, the
entity “high-grade B-cell lymphoma” refers to the iden-
tification of MYC, BCL2, and BCLG rearrangements by
fluorescence in situ hybridization (FISH), with the pres-
ence of MYC and BCL2 or BCLG rearrangements referred
to as “double-hit lymphoma” (DHL) and the presence of
all 3 rearrangements referred to as “triple-hit lymphoma”
(THL).” In large retrospective series, both DHL and
THL confer a very poor prognosis when treated with
standard R-CHOP therapy, with 5-year OS rates of 22%
to 27%.% Lymphomas that co-express MYC and BCL2
proteins by immunohistochemistry without underlying
rearrangements, colloquially termed “double-expressor
lymphomas” (DELs), are also an adverse prognostic group
with an inferior 5-year OS rate of 30% to 36% when
treated with R-CHOPR*

Given these inferior outcomes, recent trials have
focused on developing novel regimens that are based on
the cell of origin or molecular subtype of DLBCL, often
by using an “XR-CHOP’ framework in which a new
therapeutic (“X”) is added to the R-CHOP backbone.”*!
As shown in Table 1, these phase 3 studies have also had
limited success, with no improvement in survival for the
non-GCB/ABC subtype of DLBCL after the addition of
bortezomib, lenalidomide (Revlimid, Celgene), or ibru-
tinib (Imbruvica, Pharmacyclics/Janssen) to R-CHOP.
Other novel agents are in development and have shown
promising activity; for example, the BCL2 inhibitor vene-
toclax (Venclexta, AbbVie) was added to R-CHOP in a
recently reported phase 2 study in which 28% of patients
had ABC DLBCL.*?

Challenging R-CHOP With DA-R-EPOCH to
Create a New Standard of Care

Given the limited success of R-CHOP intensification and
XR-CHOP in improving outcomes for patients who have
DLBCL with high-risk clinical and molecular features,
DA-R-EPOCH has emerged as a potential new treatment
backbone, with numerous studies conducted over the past

DA-R-EPOCH VS R-CHOP IN DLBCL

decade.?>3% These trials have been primarily in the phase
2 setting and have focused on the use of DA-R-EPOCH
in specific high-risk DLBCL cohorts (see eTable at www.
hematologyandoncology.net).

Clinical and Biological Scenarios in Which
DA-R-EPOCH Is Preferred

High-Grade B-Cell Lymphoma With DHL/THL.
Informed by several retrospective studies demonstrating
better outcomes with intensified therapy in patients having
high-grade DLBCL with rearrangements indicating a poor
prognosis,®"¢* a phase 2 trial evaluating DA-R-EPOCH in
patients with MY C-rearranged DLBCL was conducted by
the NCL% At a median follow-up of 14 months for the
first 52 patients, the progression-free survival (PFS) rate
was 79% for the whole cohort and 87% for patients with
DHL, which were promisingly high survival rates with
DA-R-EPOCH. However, not all patients in the trial had
DHL, and some patients had Burkitt lymphoma. A subse-
quent meta-analysis of R-CHOP vs dose-intensive thera-
pies in DHL, which included 11 retrospective analyses but
no randomized controlled studies, found a significantly
longer PES but not OS in patients with DHL treated
with frontline DA-R-EPOCH than in those treated with
R-CHOP* The final results of the aforementioned NCI
phase 2 study were published in 2018 and demonstrated a
4-year OS of 77% for all patients who had M YC-rearranged
DLBCL treated with DA-R-EPOCH. Of the 53 patients
in the final analysis, 45% had DHL, and the 4-year OS
rate of the patients who had DHL was 82%, with a 4-year
OS rate of 72% in the patients who had DHL with high
IPI scores of 3 to 5. Although this was a phase 2 single-arm
study, it demonstrated the highest long-term survival rates
of patients with high-risk DHL in the modern era and
led to the inclusion of DA-R-EPOCH in the National
Comprehensive Cancer Network (NCCN) guidelines.
However, a recent large retrospective review of more than
6800 patients with MYC-rearranged DLBCL, DHL, or
THL who were treated with R-CHOP or DA-R-EP-
OCH demonstrated no difference in 4-year OS between
the 2 regimens.® Overall, the evidence for the efficacy of
DA-R-EPOCH in DHL/THL is limited, but it is fre-
quently administered at lymphoma centers owing to the
known poor outcomes with standard R-CHOPR.

Primary Mediastinal B-Cell Lymphoma. Primary medi-
astinal B-cell lymphoma (PMBL) is a rare subtype of NHL
that was previously thought to be a subtype of DLBCL,
although it has now been recognized as a unique disease
that shares some features with Hodgkin lymphoma.®
R-CHOP has historically been the mainstay of therapy,
with 3-year EFS rates of 78% and 5-year OS rates of
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82%,% and it is frequently combined with consolidative
radiation. Given that PMBL is more common in young
women such that secondary breast cancers and long-term
cardiovascular toxicity from mediastinal radiation are of
concern, DA-R-EPOCH without consolidative radiation
has been explored as a potential therapeutic approach.
In a landmark phase 2 study by the NCI in 2013, 51
patients with untreated PMBL received 6 to 8 cycles of
DA-R-EPOCH without radiation, with a 5-year EFS
rate of 93% and a 5-year OS rate of 97%.>* Given these
very high survival rates, DA-R-EPOCH is commonly
used to treat PMBL, although 6 cycles of R-CHOP fol-
lowed by consolidative involved-field radiation therapy
is also reasonable if the risks of mediastinal radiation are
accepted.®?

HIV-Associated DLBCL. Most patients with HIV-asso-
ciated NHL have advanced-stage DLBCL or Burkitt lym-
phoma, and their prognosis is poor compared with that
of HIV-negative patients; their median survival was 5 to
6 months in the pre-antiretroviral therapy (ART) era and
is approximately 2 years with CHOP chemotherapy.”
However, the risk for treatment-related mortality was sig-
nificantly higher with the addition of rituximab to CHOP
than with CHOP alone in a phase 3 randomized trial in
2005, particularly in patients with a CD4 cell count of
less than 50/uL.”? This finding significantly dampened
interest in R-CHOP for the treatment of HIV-associated
DLBCL, and EPOCH was therefore explored for these
patients, with a trial in 2003 demonstrating an OS rate of
60% for EPOCH at a median follow-up of 53 months.”
Subsequent studies found that outcomes for HIV-associ-
ated NHL were significantly improved in the era of ART
and that rituximab could be safely given concurrently
with ART to improve survival.”* A landmark phase 2 ran-
domized study in 2010 by Sparano and colleagues admin-
istered EPOCH with either concurrent or sequential
rituximab to 106 patients with untreated HIV-associated
aggressive lymphoma; the 2-year OS rate was 70% with
concurrent DA-R-EPOCH, and 70% to 75% of the sur-
viving patients were without evidence of progressive lym-
phoma at 2 years.> Notably, the rate of treatment-associ-
ated deaths was 7.3% to 9.8% in the study, lower than the
14% in the aforementioned R-CHOP vs CHOP study. A
subsequent analysis of pooled data from 1546 individual
patients in 19 prospective clinical trials of HIV-associated
NHL found a significantly improved OS with EPOCH
compared with CHOP, although the difference in OS
was of only borderline significance when DA-R-EP-
OCH was compared with R-CHOP (P=.087).”* In the
absence of robust randomized data, many centers utilize
DA-R-EPOCH for HIV-associated DLBCL, and it is the
preferred regimen in the NCCN guidelines, particularly

for patients with other adverse risk factors, such as a high
IPI score, DEL, or DHL. However, R-CHOP is also a
reasonable therapeutic choice.

Gray Zone Lymphoma. Gray zone lymphoma (GZL)
is a very rare and distinct lymphoma having pathologic
features of both DLBCL and classic Hodgkin lymphoma
(cHL), with a more aggressive presentation and inferior
outcomes in comparison with DLBCL and c¢HL.”>7¢
Although GZL has historically been treated with both
DLBCL and cHL paradigms, outcomes are superior when
it is treated with R-CHOP or DA-R-EPOCH, for which
the 2-year PES rate is 52%, compared with 22% for cHL-
type therapy.”” A prospective study of DA-R-EPOCH
in 24 patients with untreated mediastinal GZL found a
3-year EFS rate of 62% and a 3-year OS of 74%,>® which
are better than historical survival rates”® and have led to

the use of DA-R-EPOCH for GZL.

Clinical and Biologic Scenarios in Which
DA-R-EPOCH vs R-CHOP Is Controversial

Patients With High-Risk IPI Scores. With data from
the initial studies and an observational study in 20077°
suggesting that DA-R-EPOCH may have particular
activity in patients who have high-risk IPI scores, a phase
2 study of DA-R-EPOCH in 72 patients with untreated
stage II or higher DLBCL was published by the NCI
in 2008.” The authors of this landmark study included
per protocol assessments of the expression of several bio-
markers, including CD10, BCL6, and MUMI, to deter-
mine GCB or ABC subtype, as well as the expression of
BCL2, given the inferior survival with DA-R-EPOCH
in their previous 2002 study.? The study cohort included
a substantial proportion of high-risk patients, with 40%
of them having an IPI score of 3 or higher. The CR rates
were 100% in patients with low IPI scores (0-2) and 82%
in those with high IPI scores (3-5), with a lower 5-year
survival rate of 74% in the patients with an IPI score of 3
and 37% in those with an IPI score of 4 or 5, compared
with 90% to 100% in those with an IPI score of 0 to 2. A
difference of borderline significance was found between
the 5-year OS rates of patients with GCB and those with
ABC DLBCL (P=.059), although the difference in 5-year
PFS was not significant. The authors concluded that
DA-R-EPOCH may be more effective than R-CHOP
for patients with GCB DLBCL as well as for patients
with an IPI score of 0 to 2, and they also stated that the
lower survival rate of the patients with high IPI scores
was due to 4 deaths without progression. However, it
is important to note that historical 5-year OS rates in
the R-CHOP era were 67% for those with an IPI score
of 3 and 54% for those with an IPI score of 4 or 5,%
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Table 2. R-CHOP vs DA-R-EPOCH for Various Subtypes of DLBCL

DLBCL Subtype Recommended Regimens

(in Preferred Order)

Evidence

Clinical and Biological Scenarios in Which DA-R-EPOCH Is Preferred

High-grade B-cell DA-R-EPOCH (only phase 2 data)

Phase 2 data demonstrating high 5-y OS rates with

lymphoma with DHL/ | or R-CHOP DA-R-EPOCH vs historical rates with R-CHOP.
THL
PMBL DA-R-EPOCH (only phase 2 data) Phase 2 data demonstrating higher 5-y OS rates with
or R-CHOP + consolidative radiation | DA-R-EPOCH vs historical rates with R-CHOP, and toxici-
ties from consolidative radiation may potentially be avoided.
HIV-associated DA-R-EPOCH (only phase 2 data) Phase 2 data demonstrating higher 2-y OS rates with
DLBCL or R-CHOP DA-R-EPOCH vs historical rates with R-CHOP.
GZL DA-R-EPOCH (only phase 2 data) Phase 2 data demonstrating higher 3-y OS rates vs historical
or R-CHOP rates with R-CHOP.

Clinical and Biological Scenarios in Which DA-R-EPOCH vs R-CHOP Is Controversial

High-risk IPI scores R-CHOP Phase 3 intergroup trial showed no difference in OS on the

(IPI 3-5) basis of IPI risk group.

GCB type R-CHOP R-CHOP is the therapeutic standard for GCB DLBCL, which
is the best prognostic subtype.

ABC type R-CHOP No high-quality data are available comparing R-CHOP vs
DA-R-EPOCH.

DEL R-CHOP Phase 3 intergroup trial showed no difference in OS on
the basis of DEL phenotype, although the study was likely
underpowered for this post hoc analysis.

Richter syndrome R-CHOP Clinical trials are paramount for this very poor prognostic
subtype. DA-R-EPOCH has significant rates of toxicity.

Testicular DLBCL R-CHOP No data are available comparing R-CHOP vs DA-R-EPOCH.

ABC, activated B-cell; DA-R-EPOCH, dose-adjusted rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin; DEL,

double-expressor lymphoma; DHL, double-hit lymphoma; DLBCL, diffuse large B-cell lymphoma; GCB, germinal center B-cell; GZL, gray zone

lymphoma; IPI, International Prognostic Index; OS, overall survival; PMBL, primary mediastinal B-cell lymphoma; R-CHOP, rituximab plus

cyclophosphamide, doxorubicin, vincristine, and prednisone; THL, triple-hit lymphoma; y, year(s).

so DA-R-EPOCH was not associated with a significant
improvement in these patients with high-risk IPI scores.

However, subsequent studies in HIV-associated
DLBCL and MYC-rearranged DLBCL, which enrolled
large proportions of patients with high IPI scores, gen-
erated renewed interest in evaluating DA-R-EPOCH for
patients with high-risk IPI scores. A phase 2 study by the
Spanish PETHEMA Group evaluated 81 patients with
untreated, poor-risk DLBCL, 86% of whom had high-
risk IPI scores of 3 to 5.7 The CR rate was 80% and the
10-year OS rate was 64%, with no significant difference
in survival on the basis of IPI score or GCB vs ABC sub-
type. Toxicity was as previously described with DA-R-EP-
OCH; an episode of neutropenic fever developed in 46%
of the patients, although 91% received all planned cycles.
The 10-year OS rate in this study of patients with high-
risk IPI scores was the highest described in the literature
at the time, supporting further evaluation.

‘The Intergroup phase 3 randomized study of R-CHOP

Clinical Advances in Hematology & Oncology Volume 19, Issue 11 November 2021

vs DA-R-EPOCH for untreated DLBCL enrolled 524
patients over an 8-year period from 2005 to 2013.° A total
of 491 eligible patients were randomly assigned to 6 cycles
of either R-CHOP or DA-R-EPOCH. Most patients had
advanced-stage disease, although the proportion of enrolled
patients with a high-risk IPI score was much smaller than
in previous studies of DA-R-EPOCH; 25% of the patients
had an IPI score of 3, and 12% had an IPI score of 4 or
5. Evaluating for DHL or DEL was not prospectively
required, and only a minority of patients were subsequently
found to have either DEL (16%) or DHL (3 patients). At
a median follow-up of 5.2 years, no significant differences
were found in response rates or survival rates between the
R-CHOP or DA-R-EPOCH cohorts; the 5-year OS rates
were 79% for R-CHOP and 78% for DA-R-EPOCH.
Post hoc subgroup analyses revealed a significantly higher
PES rate in the patients in the DA-R-EPOCH group with
an IPI score of 3 to 5 without a significant difference in
OS. No other subgroup differences in survival were noted
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between the patients who received R-CHOP and those
who received DA-R-EPOCH, including no difference
for the patients with DEL. Toxicity was significantly
worse with DA-R-EPOCH; grade 3 to 5 adverse events
developed in 98% of patients in the DA-R-EPOCH arm
vs 78% in the R-CHOP arm. Although the eflicacy of
R-CHOP and DA-R-EPOCH did not differ in this study,
there are concerns that the study cohort overrepresented
favorable-risk patients, which may have obscured any
benefit of DA-R-EPOCH. This is evidenced by a 3-year
PES rate in the control arm of 72%, which is higher than
expected, as well as a lower number of patients with DEL in
the study than expected and very few patients with DHL/
THL. An initial requirement of fresh frozen tissue for study
enrollment may have exacerbated this selection bias because
patients with high-risk disease, for whom rapid progression
is a concern, were likely not enrolled owing to an urgent
need for the initiation of treatment.

As such, R-CHOP has remained the standard for the
unselected frontline treatment of patients with DLBCL,
including those with high-risk IPI scores, the afore-
mentioned phase 3 study having been unable to answer
questions about the utility of DA-R-EPOCH in DEL or
DHL/THL owing to low patient numbers.

Activated B-Cell Subtype DLBCL. Given the poor
prognosis of patients with ABC DLBCL, several studies
have focused on evaluating the DA-R-EPOCH platform
specifically for this subtype. On the basis of a greater
understanding of CARDII and MYDS88 mutations in
ABC DLBCL, the NCI added bortezomib to EPOCH
without rituximab in 49 patients with relapsed DLBCL
and found a significantly higher response rate and median
OS in those who had ABC DLBCL than in those who
had GCB DLBCL with the addition of bortezomib.®!
However, subsequent phase 2 studies have diminished
enthusiasm for DA-R-EPOCH in ABC DLBCL,> such
as the Cancer and Leukemia Group B (CALGB) study
of 69 patients with untreated DLBCL that included
an assessment of cell of origin.®’ In that study, 51% of
the patients had non-GCB/ABC DLBCL, and time to
progression, EFS, and OS were all significantly worse in
non-GCB than in GCB DLBCL after treatment with
DA-R-EPOCH. Subsequent research on the manage-
ment of ABC DLBCL has shifted to novel agents in an
XR-CHOP platform, as detailed in Table 1.

Double-Expressor Lymphoma. As previously out-
lined, the phase 3 NCl-sponsored study of R-CHOP
vs DA-R-EPOCH did not demonstrate a difference in
survival for patients with DEL, although this conclusion
was made in a post hoc subgroup analysis in a study that
included very few patients with DEL.” Retrospective

analyses have confirmed this finding,®* and as such,

R-CHOP has remained the standard of care for DEL.

Richter Syndrome. The most common histology in
patients with Richter syndrome is DLBCL. The prognosis
for patients with Richter syndrome is extremely poor, with
a median OS of 9 months in the modern era.?* R-CHOP
is most commonly used for these patients, and retrospec-
tive analyses have suggested that DA-R-EPOCH does not
significantly improve outcomes and may be associated
with worse toxicity, with 73% of patients experiencing an
adverse event in the first cycle and 30% dying without
progression of lymphoma in one study of 46 patients.®
However, preliminary results of a phase 2 trial of veneto-
clax plus DA-R-EPOCH for Richter syndrome found a
median OS of 16.3 months in 27 patients, and more data

are needed.®

Testicular DLBCL. Primary testicular lymphoma,
which is histologically DLBCL in the majority of cases,
is a rare extranodal NHL that has inferior OS compared
with nodal DLBCL, with no plateau in survival curves
and continual late relapses for more than 10 years after
diagnosis.’”# The current standard of care for patients
with limited-stage disease involves orchiectomy, 6 cycles
of R-CHOD, central nervous system (CNS) prophylaxis
(given the high risk for CNS relapse), and contralateral
scrotal radiation therapy to prevent contralateral testicular
recurrence.®’ None of the retrospective series of patients
who had testicular DLBCL treated with intensified
regimens such as DA-R-EPOCH have demonstrated an
advantage over R-CHOP

Current Landscape of DLBCL Management

Despite intensive study over the past 40 years and the
identification of novel subtypes of disease with adverse
risk factors, the management of DLBCL has remained
relatively unchanged in the R-CHOP era, with standard
R-CHOP effecting a cure in the majority of patients.
Although intensified treatment with DA-R-EPOCH is
another treatment option studied in some subtypes of
DLBCL, the recent negative phase 3 trial of R-CHOP
vs DA-R-EPOCH in the frontline setting has solidified
the position of R-CHOP as the therapeutic standard
and has unfortunately left several questions unanswered
regarding high-risk subsets such as DEL and DHL/THL.
DA-R-EPOCH is also more costly and more toxic than
R-CHOP?! features that further call into question its util-
ity for most patients with DLBCL. The evidence-based
use of R-CHOP vs DA-R-EPOCH for various subtypes
of DLBCL is summarized in Table 2, with phase 2 sin-
gle-arm studies in DHL/THL, PMBL, HIV-associated
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DLBCL, and GZL suggesting that DA-R-EPOCH can be
used. It is important to note that considerable controversy
surrounds these data, as most of the trials included unse-
lected patients with DLBCL and lacked a comparator arm
or had inadequate power to evaluate efficacy in specific
high-risk subsets. Further, time-dependent selection bias
in clinical trials, in which patients with aggressive presen-
tations cannot be enrolled owing to trial requirements for
tissue biopsies or cell of origin testing, may skew data.”>%
As such, standard R-CHOP is an appropriate alternative
in all of these scenarios, particularly for patients who are
unlikely to be able to tolerate more intensive and toxic
DA-R-EPOCH.

Complicating the selection of an initial treatment for
DLBCL is the emerging evidence of molecular hetero-
geneity in this disease. Although cell of origin provided
initial insight, currently at least 8 groups of molecularly
distinct subsets in DLBCL are known,” increasing our
appreciation of pathogenic heterogeneity.”* Further,
the effect of 7P53 mutations on treatment choice is
undergoing active study, as 7P53 mutations are inde-
pendently associated with inferior outcomes of treatment
with R-CHOP, but not DA-R-EPOCH.”” Studies to
address these gaps in the literature are urgently needed,
and numerous trials are in progress evaluating additions
to the DA-R-EPOCH backbone, including lenalidomide
plus DA-R-EPOCH in DHL and DEL,”® venetoclax
plus DA-R-EPOCH in aggressive NHL,” and acalabru-
tinib (Calquence, AstraZeneca) with either R-CHOP
or DA-R-EPOCH in DLBCL.! Enrollment in clinical
trials is paramount for patients who have DLBCL with
adverse clinical or pathologic features, particularly trials of
novel agents with robust biological rationales.
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eTable. Selected Clinical Trials of DA-R-EPOCH in DLBCL

Clinical
Trial

Study Design

Patient Population

Outcomes

Conclusions

High-Grade B-Cell Lymphoma With Double-Hit Lymph

omal/Triple-Hit Lymphoma

Dunleavy,
20183

Phase 2 sin-
gle-arm study of
DA-R-EPOCH in
DLBCL with MYC

rcarrangement

53 patients aged >18
y with untreated
DLBCL and MYC
rearrangement by

FISH

In the entire cohort, the 4-y
OS rate was 77%. In the
45% of patients with DHL,
the 4-y OS rate was 82%,
and the 4-y OS rate was
72% in the patients who had
DHL with a high IPI of 3-5.

DA-R-EPOCH was effective, achieving
durable remissions in patients with
MYC-rearranged DLBCL, including
those with DHL and a high-risk IPI

score.

Primary Mediastinal B-Cell Lymphoma

Dunleavy, | Phase 2 single-arm | 51 patients with 5-y EFS was 93%, and 5-y | DA-R-EPOCH was efficacious in

2013* study of DA-R-EP- | untreated PMBL OS was 97%. PMBL, without any need for consoli-
OCH without dative radiation.
radiation in PMBL

HIV-Associated DLBCL

Sparano, | Phase 2 ran- 106 patients aged 2-y OS rates were 70% with | DA-R-EPOCH was effective for

2010% domized trial of >18 y with untreated | concurrent DA-R-EPOCH | HIV-associated lymphoma; patients
EPOCH with HIV-associated lym- | and 67% with sequential who had a baseline CD4 cell count of
either concurrent phomas, including EPOCH and rituximab; less than 50/uL had a high infectious
or sequential DLBCL 70%-75% of surviving death rate in the concurrent DA-R-EP-
rituximab in patients in the entire cohort | OCH arm.
HIV-associated were without evidence of
lymphomas progressive lymphoma at 2 y.

Gray Zone Lymphoma

Wilson, Single-arm study 24 patients with 3-y EFS rate was 62%, and | DA-R-EPOCH has efficacy in

2014°¢ of DA-R-EPOCH | untreated 3-y OS rate was 74%. mediastinal GZL without the use of
in GZL mediastinal GZL mediastinal radiation.

High-Risk International Prognos

tic Index Scores

Wilson, Single-arm study 38 patients with Untreated patients had an Rituximab in addition to EPOCH was
2002 of DA-R-EPOCH | untreated or ORR of 85% and a 1-y OS | efficacious in patients with untreated

in all comers with | relapsed/refractory of 79%. DLBCL in a study with a significant

DLBCL DLBCL number of high-risk patients; 61% of

untreated patients had at least high-
intermediate IPT scores.

Wilson, Phase 2 single-arm | 72 patients aged 5-y PES was 79%, 5-y DA-R-EPOCH had efficacy in low-
2008 study of influence | >18 y with untreated | OS was 80%. Survival and intermediate-IPI DLBCL.

of biomarkers stage II-IV DLBCL | was significantly worse in

and GCB vs high-risk IPL

non-GCB cell of

origin subtype on

outcomes with

DA-R-EPOCH
Purroy, Phase 2, 81 patients aged 10-y EFS was 48% and DA-R-EPOCH demonstrated good
2015% single-arm study 18-75 y with 10-y OS was 64%, with long-term outcomes in high-risk

of DA-R-EPOCH | untreated DLBCL no significant difference DLBCL, with 86% of patients in the

in poor-prognosis | and IPI >2, age- in survival based on IPI or | study having a high-risk IPI of 3-5.

DLBCL adjusted IPI >1, GCB vs ABC subtype. 46%

or any IPI if bulky of patients had neutropenic
disease fever, and 91% completed
all planned cycles of
DA-R-EPOCH.
(Table continues on next page)
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eTable. (Continued) Selected Clinical Trials of DA-R-EPOCH in DLBCL

Clinical
Trial

Study Design

Patient Population

Outcomes

Conclusions

High-Risk International Prognostic Index Scores (continued)

Bartlett,
2019

Phase 3 random-
ized controlled trial
of DA-R-EPOCH
vs R-CHOP

491 patients aged >18
y with untreated stage
II-IV DLBCL; fresh
frozen tumor biopsy
required before regis-
tration for assessment
of double-hit and

double-expressor status

Response rates and
survival did not differ
significantly between
the R-CHOP and
DA-R-EPOCH cohorts,
with 5-y OS rates of
79% for R-CHOP and
78% for DA-R-EP-
OCH.

Negative: DA-R-EPOCH was more toxic
and did not improve PES or OS com-
pared with R-CHOP. Post hoc subgroup
analyses revealed a significantly longer
PES in the DA-R-EPOCH group for IPI
3-5, although no significant difference

in OS.

Activated B-Cell Subtype

Wilson, Phase 2 single-arm | 72 patients aged >18 y | 5-y PFS was 79% and DA-R-EPOCH possibly has better
2008 study of influence | with untreated stage 5-y OS was 80%, and activity in the GCB subtype of DLBCL.

of biomarkers 1I-IV DLBCL PFES was better in GCB

and GCB vs compared with non-

non-GCB cell of GCB subtype.

origin subtype on

outcomes with

DA-R-EPOCH
Wilson, Phase 2 single-arm | 69 patients aged >18 y | 51% of patients had DA-R-EPOCH had better activity in
2012% study of influence | with untreated stage non-GCB/ABC subtype, | GCB than in non-GCB DLBCL.

of GCB vs II-IV DLBCL and TTP, EFS, and OS

non-GCB cell of
origin subtype with
DA-R-EPOCH

were all significantly
worse in non-GCB vs

GCB.

Double-Expressor Lymphoma

Bartlett,
2019

Phase 3 random-
ized controlled trial
of DA-R-EPOCH
vs R-CHOP

491 patients aged >18
y with untreated stage
II-IV DLBCL; fresh
frozen tumor biopsy
required before regis-
tration for assessment
of double-hit and

double-expressor status

Response rates and
survival did not differ
significantly between the
R-CHOP or
DA-R-EPOCH cohorts.

Negative: No subgroup survival differ-
ences were found between R-CHOP and
DA-R-EPOCH, including no difference
in patients with DEL. More favorable
results for R-CHOP vs historical
controls, as well as the small percentage
(only 16%) of patients with DEL and the
small number (only 3) of patients with
DHL, suggest selection bias and lack of

generalizability.

ABC, activated B-cell; DA-R-EPOCH, dose-adjusted rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin; DEL,

double-expressor lymphoma; DHL, double-hit lymphoma; DLBCL, diffuse large B-cell lymphoma; EFS, event-free survival; FISH, fluorescence

in situ hybridization; GCB, germinal center B-cell; GZL, gray zone lymphoma; IPI, International Prognostic Index; ORR, overall response rate;

OS, overall survival; PES, progression-free survival; PMBL, primary mediastinal B-cell lymphoma; R-CHOP, rituximab plus cyclophosphamide,

doxorubicin, vincristine, and prednisone; THL, triple-hit lymphoma; TTP, time to progression; y, year(s).
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