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ABSTRACT

Introduction: Novel treatment options are
needed to improve outcomes in transplant-
ineligible relapsed/refractory (R/R) diffuse large
B cell lymphoma (DLBCL). This systematic lit-
erature review evaluated clinical evidence on
treatments for patients with R/R DLBCL ineli-
gible for, or relapsed following, stem cell
transplantation.
Methods: We assessed the feasibility of con-
ducting an indirect treatment comparison (ITC)
or network meta-analysis (NMA) to evaluate the
relative efficacy and safety of polatuzumab
vedotin in combination with ben-

damustine ? rituximab versus other relevant
treatments.
Results: Thirty-seven studies were identified, of
which 20 were eligible [seven randomized,
controlled trials (RCTs); 13 observational/sin-
gle-arm trials]. Due to a lack of RCTs, an ITC/
NMA summary of the relative efficacy and
safety of the treatment options was not possi-
ble. Only two of the seven RCTs had positive
outcomes.
Conclusions: These findings highlight the
paucity of published RCTs to establish the
comparative efficacy of treatments for trans-
plant-ineligible R/R DLBCL and lack of standard
of care in this setting.
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Key Summary Points

Why carry out this study?

Outcomes for patients with diffuse large B
cell lymphoma (DLBCL) who relapse or
are refractory (R/R) to first-line treatment
are poor, especially those who are
ineligible for stem cell transplantation (a
standard second-line treatment).

The aim of our clinical systematic
literature review was to identify clinical
evidence on treatment options for these
patients and to assess the feasibility of
conducting an indirect treatment
comparison (ITC) or network meta-
analysis (NMA) to evaluate the relative
efficacy and safety of polatuzumab
vedotin plus bendamustine-rituximab
(pola-BR; a recently approved second-line
or later treatment) versus other treatments
for R/R DLBCL.

What was learned from this study?

Thirty-seven studies were identified, of
which 20 were eligible. Due to a lack of
randomized controlled trials (RCTs; seven
in total), an ITC/NMA summary of the
relative efficacy and safety of the
treatment options was not possible, and
only two of the seven RCTs had positive
outcomes.

These results highlight the lack of
published RCTs to establish the
comparative efficacy of treatments for
transplant-ineligible R/R DLBCL and the
lack of standard of care treatment in this
setting.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view

digital features for this article go to https://doi.
org/10.6084/m9.figshare.12952145.

INTRODUCTION

Comprising approximately one-third of non-
Hodgkin lymphoma (NHL), diffuse large B cell
lymphoma (DLBCL) is the most common NHL
subtype, with an estimated 5.6 per 100,000 men
and women diagnosed annually in the US and
6.6 per 100,000 in Europe [1–3]. Standard first-
line therapy for DLBCL is rituximab plus
cyclophosphamide, doxorubicin, vincristine,
and prednisone [4, 5]. For patients who do not
respond to first-line therapy, high-dose
chemotherapy followed by autologous stem cell
transplantation (SCT) represents a second
option for cure [4, 5]. However, for patients who
either relapse after or are not eligible for SCT
due to refractory disease or frailty, treatment
outcomes are poor [6]. Furthermore, even if
some patients are eligible for transplant, very
few actually benefit from this treatment [6].
Response rates to subsequent therapies range
from 10–35% in most cases [6–10]; thus, novel
treatment options are urgently needed to
improve outcomes in transplant-ineligible
relapsed/refractory (R/R) DLBCL.

Polatuzumab vedotin (pola) is an antibody-
drug conjugate that has been demonstrated to
prolong survival in combination with ben-
damustine ? rituximab (BR) compared with BR
alone in a phase 1b/2 multicenter, open-label
study of patients with transplant-ineligible R/R
DLBCL (NCT02257567) [11]. Pola, in combina-
tion with BR (pola-BR), was approved by the US
Food and Drug Administration for third-line or
later treatment of R/R DLBCL [12]. The Euro-
pean Commission granted conditional market-
ing authorization for pola-BR for second-line or
later treatment for patients with R/R DLBCL
who are not candidates for hematopoietic SCT
[13], and the Australian health authorities
approved pola-BR for second-line or later treat-
ment. These approvals were based on the ran-
domized phase 2 response data from the
GO29365 study [11, 14]. A recently published
structured review examined the efficacy of
treatment beyond frontline therapy for patients
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with transplant-ineligible aggressive B cell NHL
(aNHL) [15]. The aim of our clinical systematic
literature review (SLR) was to identify current
clinical evidence on pharmacologic options for
the specific population of patients with R/R
DLBCL who were ineligible for, or relapsed fol-
lowing SCT. A secondary objective was to assess
the feasibility of conducting an indirect treat-
ment comparison (ITC) or network meta-anal-
ysis (NMA) to evaluate the relative efficacy and
safety of pola-BR versus other relevant treat-
ments for R/R DLBCL.

METHODS

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Search Strategy

Electronic databases (Embase�, MEDLINE�, and
The Cochrane Library) were searched for rele-
vant English-language publications on 10 June
2019 using a predefined search string (see the
appendix in the electronic supplementary
material). In addition, conference proceedings
were screened from January 2015 to June 2019
from the following congresses: European
Hematology Association, International Confer-
ence on Malignant Lymphoma, American Soci-
ety of Hematology, American Society of Clinical
Oncology, European Society for Medical
Oncology, International Society for Pharma-
coeconomics and Outcomes Research Annual
and European Meetings, Health Technology
Assessment International, and Society for Med-
ical Decision Making. Finally, clinical trial reg-
istries and health technology assessment
submissions were also searched.

Eligibility Criteria

The eligibility criteria applied were in the form
of PICOS (population, intervention, compara-
tors, outcomes and study design). Table S1 in
the electronic supplementary material shows

the predefined inclusion criteria for the SLR.
Briefly, English-language randomized, con-
trolled trials (RCTs) and prospective or com-
parative observational studies in adults with R/R
DLBCL receiving licensed or investigational
treatments as second- or later-line therapy were
included. Pre-clinical/in vitro studies, trials of
first-line treatments or non-pharmacologic
therapies, reviews/editorials, case reports/case
series, and retrospective single-arm studies were
excluded.

Study Selection and Data Extraction

Identified citations were initially reviewed by
two independent reviewers to assess eligibility
on the basis of title and abstract. Full publica-
tions of potentially relevant citations were then
obtained and examined in full to identify pub-
lications eligible for inclusion in the SLR. Dis-
putes regarding eligibility were resolved
through discussion between reviewers. Cita-
tions identified by hand searching of reference
lists from included publications and also rele-
vant SLRs were also screened. Non-English-lan-
guage articles with an English abstract were
assessed individually for inclusion. Relevant
data from included studies were extracted into
pre-designed tables in Microsoft� Excel. A
quality assessment of included RCTs and
observational studies was performed using the
Cochrane Collaboration tool and the Downs
and Black checklist [16], respectively. The
Cochrane tool assesses the risk of bias across
categories and studies, and by outcomes [pro-
gression-free survival (PFS), complete response
(CR)]. The Downs and Black checklist scores
studies based on five subscales, including
reporting, external validity, bias, confounding
and power.

Network-Building Analysis

Prior to data extraction, a network-building
exercise was conducted to identify whether a
connected network of evidence could be con-
structed from the identified studies. Matching
Adjusted Indirect Comparisons is a method for
comparing single-arm studies, and was used to
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establish links to interventions not connected
to the network through RCTs; these data will be
reported separately. A post-hoc supplementary
process was then carried out, whereby studies
not meeting the SLR protocol criteria were re-
evaluated to see whether they could be used to
help construct a connected network of evidence
to provide links between comparators and fill
data gaps.

RESULTS

Search Results

Overall, the SLR identified 37 studies of patients
with R/R DLBCL (103 publications); of these, 20
studies (66 publications) met the eligibility cri-
teria (Fig. 1), including seven RCTs [11, 17–22]
and 13 prospective, observational or single-arm
trials [9, 23–34]. Table S2 in the electronic sup-
plementary material summarizes the studies

Fig. 1 PRISMA flow diagram of included studies. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-
Analyses; SCT stem cell transplant
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included in the SLR. The 20 studies included in
the review provided data on 13 different inter-
ventions (Table 1). The sample size of the
included studies varied from 14 patients [31] to
338 patients [20], with 11 studies having a
sample size of\ 60 patients [9, 22–26, 28, 29,
31, 32, 34]. Median follow-up varied from
four.Seven [28] to 65.0 months [26]. At the time
of literature searching, three studies were pub-
lished only as a conference abstract [11, 22, 30].
Of the 20 eligible studies, 15 included trans-
plant-ineligible patients and two were consid-
ered to be in a transplant-ineligible population
because they included elderly frail patients
[17, 18]. Another three studies included trans-
plantation- or chemotherapy-relapsed patients.

An additional three RCTs [36–38] and 14
single-arm studies [39–52] were identified that
did not meet the inclusion criteria for the SLR,
but were potentially useful for the post-hoc
network building exercise (see Fig. S1 in the
electronic supplementary materials). The three
RCTs did not meet the inclusion criteria for the
SLR because they were in SCT-eligible patients
[6, 37, 38].

Baseline Characteristics

Baseline characteristics in the studies are shown
in Table 2. Median patient age across studies
ranged from 51–74 years. The proportion of
males was well balanced across studies,
although five studies had[ 65% male patients
[11, 21, 27, 31, 33]. An imbalance was noted
between studies in terms of disease severity,
with some studies showing higher proportions
of patients with Ann Arbor Stage III–IV disease
and a International Prognostic Index score of
3–4 [11, 18, 26] than the other studies. Overall,
Ann Arbor Stage III–IV disease affected 48–90%
of patients. Among the eight studies that
reported individual Ann Arbor disease stages,
Stage III disease affected 6–36% of patients and
Stage IV affected 4–87% [17, 18, 20, 22,
27–29, 34]. The number of prior lines of therapy
varied from 1 to C 4 (0–1 line, 3–68%; 2 lines,
20–44%; 3 lines, 12–31%; C 4 lines, 13–35%).

Quality Assessment of Included Studies

Among the seven included RCTs, the studies by
Sehn et al. [11] and Pettengell et al. [21]
appeared to have the lowest risk for bias. This
was based on the results of the quality assess-
ment using the Cochrane critical appraisal tool.

Study Outcomes

Efficacy Outcomes
Endpoint definitions varied between studies
(see Table S2 in the electronic supplementary
materials) limiting potential comparisons. The
International Working Group (IWG) 1999–NHL
guidelines were the most commonly used cri-
teria to define CR (Fig. 2). Across the included
studies, overall response rate (ORR) was the
most commonly reported outcome. All
20 studies reported ORR (Table 1; Table S2 in
the electronic supplementary materials), with
12 studies measuring ORR as the primary out-
come [9, 19, 23, 24, 26–28, 30–34]. The reported
ORR for pola-BR was 48% compared with 18%
in BR group (Table 1) [11]. Similarly, the ORR
was higher with pixantrone than with the
comparator of the investigator’s choice of
treatment (37% vs. 14%; Table 1) [21]. ORR
across studies varied between 19% with
lenalidomide [9] and 82% with axicabtagene
ciloceucel (Table 1) [27]. The second most
commonly reported outcome was CR (Table 1;
table S2 in the electronic supplementary mate-
rials). The reported CR rates were 43% and 15%
for pola-BR vs. BR, respectively (Table 1) [11].
CR rates varied between 12% with lenalidomide
[9] and 73% with rituximab ? gemc-
itabine ? oxaliplatin (R-GemOx; Table 1) [23].

Twelve studies reported median PFS
[11, 19–22, 25, 26, 28, 31, 32], which ranged
from 2.6–17.1 months (Table 1). One of the
most notable results was the longer median PFS
with the addition of pola to BR at a median
follow-up of 22.3 months [hazard ratio (HR)
0.34 (95% confidence interval (CI) 0.2–0.57);
Table 1] [11]. Median PFS was higher with pix-
antrone than with the investigator’s choice
comparator [HR 0.60 (95% CI 0.42–0.86), med-
ian follow-up 18 months] [21]. Similarly, in the
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PIX-306 trial median PFS was prolonged with
pixantrone ? rituximab compared with gemc-
itabine ? rituximab, but the difference was not
statistically significant [HR 0.85 (95% CI
0.64–1.14), median follow-up 18 months] [22].
Among chimeric antigen receptor T cell (CAR-T)
therapies, median PFS was 2.9–3.2 months
(median follow-up of 19.0 and 28.6 months,
respectively) with tisagenlecleucel [30, 31], and
5.8 months (investigator assessed) and
7.3 months (independent review committee)
with axicabtagene ciloleucel at a median follow-
up of 15.4 months [27]. In addition, two studies
reported 1-year PFS rates [11, 25]. The PFS rate at
1 year was 46% with pola-BR (vs. 13% with BR
alone) [11], and 29% with R-GemOx [25].

Eleven studies reported median overall sur-
vival (OS) [11, 19–22, 25, 26, 29–32] with esti-
mates ranging 5.0–22.2 months (Table 1; in two
studies, median OS was not reached). An
improvement in median OS was observed with
the addition of pola to BR [HR 0.42 (95% CI
0.24–0.75)] [11]. Similarly, median OS for

pixantrone was higher than the investigator’s
choice comparator [HR 0.79 (95% CI
0.53–1.18)]; however, the difference was not
statistically significant [21]. In the PIX-306 trial,
median OS was lower with pixantrone ? ritux-
imab than with gemcitabine ? rituximab [22].
Median OS for R-GemOx ranged from 9.1 [25]
to 11.0 months [26], and median OS with tis-
agenlecleucel ranged from 11.1 [30] to
22.2 months [31]. In addition, three studies
reported 1-year OS rates [11, 25, 30]. The OS rate
at 1 year was 52% with pola-BR (vs. 24% with BR
alone) [11], 48% with tisagenlecleucel [30], and
41% with R-GemOx [25].

Other reported secondary efficacy outcomes
included event-free survival (two studies)
[11, 17] and duration of response (seven studies)
[11, 27, 30–34] (Table 1; Table S2 in the elec-
tronic supplementary materials).

Safety Outcomes
There was some variation in the safety results
presented in the studies; therefore, direct

Fig. 2 Assessment criteria used to assess complete response
(by investigator) in the included studies. Pettengell et al.
2016 [21] included patients who were rituximab naı̈ve and
rituximab pretreated (54% of the pixantrone group and

56% of the comparator group received rituximab). CR
complete response; IWG International Working Group
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comparisons were not feasible. Rates of any-
cause adverse events (AEs) were similar with
pola-BR vs. BR alone (100% vs. 97.4%) [11]. The
most common Grade 3/5 AEs that were higher
with addition of pola to BR were cytopenias,
febrile neutropenia, and infections [11]. Grade
3/4 AEs occurring in[5% of patients treated
with gemcitabine, dexamethasone, and cis-
platin were anemia and leukopenia [17]. Simi-
larly, common Grade 3/4 AEs with R-GemOx
were neutropenia (43%), peripheral neuropathy
(7%), and thrombocytopenia (43%) [25]. In a
single-arm study assessing the efficacy and
safety of tisagenlecleucel, 86% of patients had
Grade 3/4 AEs [30]. Furthermore, with axicab-
tagene ciloleucel, 67% and 27% of patients had
Grade 3/4 neutropenia and febrile neutropenia,
respectively [27]. Among the CAR-T therapies,
rates of cytokine release syndrome and neuro-
logic events (any grade) were lower with tis-
agenlecleucel than with axicabtagene ciloleucel
(57% vs. 93%, and 20% vs. 64%, respectively)
[27, 30]. Two patients treated with axicabtagene
ciloleucel died because of AEs [27]; no treat-
ment-related deaths were reported with tis-
agenlecleucel [30].

Network-Building Analysis

It was not possible to construct a connected
network of evidence using data from either
RCTs or the broader post-hoc study inclusion
(Fig. S1 in the electronic supplementary mate-
rials). Because of this, conducting an NMA was
deemed unfeasible.

DISCUSSION

This SLR provides a summary of currently pub-
lished evidence regarding treatments for R/R
DLBCL. The findings from the review highlight
that there is a paucity of published RCTs com-
paring alternative treatments for DLBCL, which
is understandable since some of these therapies
(e.g., pola, CAR-T therapies) have only been
available for approximately 2 years. Only 10/37
studies (27%) were RCTs, including three that
did not meet the inclusion criteria of transplant
ineligibility, preventing implementation of an

ITC or NMA. Furthermore, it was difficult to
summarize the relative efficacy and safety of the
different treatment options due to a lack of
robust published evidence. Only two of the
seven RCTs that met the inclusion criteria had
positive outcomes (i.e. the intervention under
study was more effective than the comparator
in terms of response) [11, 21]; of those, one was
in the second-line and beyond setting and one
was in the third-line and beyond setting.

A limitation to the comparison of the inter-
ventions assessed in this review was the differ-
ences in the baseline characteristics of enrolled
patients (Table 2). There were large differences
in terms of median age, which ranged from 51
to 74 years [24, 34], and the proportion of male
patients, ranging from 24 to 72% [17, 24]. There
were also differences in terms of prior therapies
patients received, and only five studies reported
the proportion of patients who received prior
rituximab treatment (Table 2), which ranged
from 53 to 97% for inotuzumab ozogamicin and
BR, respectively [20, 28]. The large variation in
the refractory status of patients between studies
also makes comparison of the interventions
difficult due to the poor prognosis associated
with refractory patients. Another limitation was
the difference in grading criteria of cytokine
release syndrome between the CAR-T trials. The
axicabtagene ciloleucel trials used the Lee et al.
(2014) criteria [54], whereas the tisagenleucel
trials used the University of Pennsylvania
(Penn) grading scale [55]. Due to differences in
these two methods, the Penn criteria usually
assign a higher grade of cytokine release syn-
drome compared with the Lee criteria, which
impacts the comparability of safety data
between different CAR-T trials [56].

The findings from this review are consistent
with those of a recently published structured
review, which concluded that the efficacy of
current treatments is modest and there is an
unmet need for novel, effective, and tolerable
treatments for patients with R/R aNHL who are
ineligible for or have failed SCT [15]. However,
the review by Salles et al. [15] had slightly dif-
ferent eligibility criteria than the current
review, for example, the review focused on
patients with aNHL, while the current review
focused on one subtype i.e., DLBCL.

4888 Adv Ther (2020) 37:4877–4893



Furthermore, incorporation of three identified
RCTs in transplant-eligible patients into the
post-hoc network-building exercise in the cur-
rent review allowed consideration of a broader
population than in the earlier review, which
focused on transplant-ineligible or failed SCT
patients only [15]. The findings from this review
are also consistent with a recently published
real-world study by Ionescu-Ittu and colleagues
[57], which analyzed second-line therapies for
R/R DLBCL used in US clinical practice. The
results showed heterogeneity, with 200 distinct
therapy regimens used in 702 included patients
[57], highlighting the unmet need in this
treatment landscape.

Imaging assessment criteria have become
more stringent over time [58–60]. Despite this,
the recent study of pola-BR achieved among the
highest CR in R/R DLBCL using the strictest
response criteria [11]. Responses were assessed
by CT, PET-CT, and bone marrow examination
(if required to confirm CR) as per study
protocol.

A strength of the current study is its sys-
tematic approach to literature searching.
Despite this, the lack of published studies
hampered any clinically meaningful analysis of
outcomes. In addition, the differences in
patient baseline characteristics and reported
efficacy and safety outcomes made it difficult to
compare results between the different inter-
ventions in the trials. Therefore, we recommend
that an indirect comparison should be con-
ducted to account for the differences in the
trials in the DLBCL setting.

CONCLUSIONS

These findings highlight the paucity of pub-
lished RCTs to establish the comparative effi-
cacy of treatments for R/R DLBCL, and
demonstrate a fragmented treatment landscape
and lack of standard of care in this setting.
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