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Maintenance therapy for untreated diffuse
large B-cell lymphoma: a systematic review
and network meta-analysis
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Abstract

, Feng Zhang, Qingmin Yao, Yanxia Liu, Xiaojuan Zhu and Peng Chen

Background: Several clinical trials have been conducted to evaluate the role of maintenance
therapy in untreated diffuse large B-cell lymphoma (DLBCL) patients with complete response
or partial response following standard immunochemotherapy; however, the effect of
maintenance therapy remains uncertain, and a suitable maintenance strategy has not been
determined because of the lack of direct/indirect comparisons.

Methods: We performed a systematic review and Bayesian network meta-analysis (NMA] to
analyze and compare the effectiveness of different maintenance regimens in newly diagnosed
DLBCL patients. We searched the PubMed Medline, Embase, Web of Science, Cochrane Database
of Systematic Reviews, and Cochrane Central Register of Controlled Trials for relevant papers
from inception to 18 March 2021. Our study was prospectively registered in the International
Prospective Register of Systematic Reviews (CRD42020168864). Data on overall survival (0S])
were extracted and the treatments were ranked using the surface under the cumulative

ranking (SUCRA] curve.

Results: Eight trials and seven treatments involving 3525 patients were analyzed. OS analysis
indicated that none of the drugs showed any benefit compared with non-maintenance therapy.
Maintenance therapy with lenalidomide (SUCRA 69.3%) was ranked first in terms of 0S.
Conclusion: Based on the OS results observed in this NMA, we do not recommend
maintenance therapy in patients with newly diagnosed DLBLC after first-line therapy.

Keywords: chemotherapy, diffuse large B-cell lymphoma, maintenance therapy, meta-

analysis, targeted therapy

Received: 31 January 2021; revised manuscript accepted: 27 April 2021.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the
most common type of non-Hodgkin lymphoma
(NHL), accounting for 30—40% of all NHL cases.!
DLBCL is a potentially curable disease; during the
last two decades, the addition of rituximab (R) to
standard chemotherapeutic drugs including cyclo-
phosphamide, doxorubicin, vincristine, and pred-
nisone (CHOP) has improved the outcome of
patients with DLBCL.>»?> R-CHOP has therefore
emerged as the standard first-line immunochemo-
therapy for newly diagnosed DLBCL patients.
However, >30% of DLBCL patients relapse within
the first 2-3 years, leading to a poor prognosis.*

It has been shown that maintenance with rituxi-
mab is associated with improved outcomes in
indolent NHL.> To prevent relapse and improve
the survival of DLBCL patients, clinical investi-
gators have made considerable efforts regarding
subsequent treatment after front-line therapy.
Recently, increasing attention has been focused
on maintenance therapy following induction ther-
apy-induced remission.

Several clinical trials have been conducted with
drugs, including rituximab, lenalidomide, enzas-
taurin, everolimus, and thalidomide among oth-
ers, to evaluate the efficacy of maintenance therapy
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for untreated DLBCL patients with complete
response (CR) or partial response (PR) after
standard immunochemotherapy.-13 Subgroup
analyses of some clinical trials indicate that main-
tenance therapy has differences in gender” and
induction protocol,® which suggests that it is a
promising strategy for future research on the
choice of drugs and potentially a highly selected
group of patients.

However, the effect of maintenance therapy
remains uncertain, and a suitable maintenance
strategy has not been determined due to the lack
of direct/indirect comparisons. It has been
reported that rituximab maintenance improved
survival in male patients with DLBCL after stand-
ard therapy.” However, Habermann er al®
reported that no benefit was provided by mainte-
nance therapy after R-CHOP. It has been indi-
cated that 2 years of lenalidomide maintenance in
patients responding to R-CHOP significantly
improved progression free survival, without a sig-
nificant impact on overall survival (OS).!! To
determine the suitable maintenance strategies
and estimate the ranking and hierarchy of them in
DLBCL patients, we conducted a network meta-
analysis (NMA), which can compare multiple
interventions under the similar condition.

We first performed a systematic literature review of
randomized controlled trials (RCTs) in newly diag-
nosed DLBCL cases to evaluate the maintenance
treatments using different agents, and then con-
ducted an NMA to compare the OS of each agent
versus the others. This paper provides evidence that
can enable the design of clinical trials for the main-
tenance treatment of DLBCL patients in the future.

Methods

Study design

This systematic review and NMA was performed
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.!%15> Qur study was prospectively regis-
tered in the International Prospective Register of
Systematic Reviews (CRD42020168864)

Search strategy and selection criteria

We reviewed studies evaluating patients newly diag-
nosed with DILBCL and with response to standard
immunochemotherapy including rituximab that

compare maintenance therapy with placebo/obser-
vation or compare different agents for maintenance
with each other. We systematically searched PubMed
Medline, Embase, Web of Science, Cochrane Database
of Systematic Reviews, and Cochrane Central Register
of Controlled Trials for relevant papers from incep-
tion to 18 March 2021. The search terms were “dif-
fuse large B cell lymphoma” and “maintenance”.
The language of the articles was restricted to
English. We also conducted manual searches for the
references of each study to ensure that no articles
were missed.

The following eligibility criteria were considered:
population, study design, interventions, compari-
sons, and outcomes. The inclusion criteria were as
follows: (a) RCTs that evaluated the response of
newly diagnosed DLLBCL patients (adults) to stand-
ard immunochemotherapy; (b) parallel design
RCTs fulfilling the criteria of population/problem,
intervention, comparison, outcome, and study
type;!® (c) prospective phase II or phase III RCTs
that included rituximab in pre-maintenance therapy
and compared at least two maintenance approaches;
(d) RCTs that included the comparison of agents
including placebo and no maintenance; and (e)
RCTs that reported survival data including OS. We
excluded studies in which patients did not receive
rituximab as part of the induction therapy because
this is no longer considered standard therapy.

Two investigators independently reviewed and
selected studies according to the PRISMA dia-
gram.1® All disagreements between the two
reviewers (TY and XZ) were resolved by discus-
sion with a third investigator (FZ, QY, or YL).

Data extraction

Two independent reviewers extracted the follow-
ing information from all the eligible studies: name
of the first author, year of publication, study
phase, number of patients included in each arm,
study enrollment period, months of median fol-
low-up, pre-maintenance therapy, agents for
maintenance of each arm, treatment schedule of
every maintenance therapy, months of median
duration of maintenance therapy, hazard ratios
(HRs) and confidence intervals (CIs) for OS.

Whenever data were unavailable in the full-text
studies, we estimated the HR wusing the ratio
between the probabilities of the two arms and
estimated the 95% CI using the p value.l”
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Quality assessment

We used the Cochrane risk of bias tool to evaluate
the risk of bias of each RCT that was included.!®
Two authors independently assessed the following
domains: random sequence generation, allocation
concealment, blinding of participants and person-
nel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other biases.

Statistical analysis

The primary outcome was the OS. We conducted
the Bayesian NMA for OS in a random-effect
model using the natural log transformations of
HRs, and their 95% CIs, to estimate standard
errors. No maintenance/placebo was selected as a
common comparator to include all trials within one
framework. The placebo treatment was assumed to
be equivalent to no maintenance regarding the effi-
cacy level. Our NMA does not involve direct or
indirect pairwise comparisons; therefore, we con-
ducted a Bayesian consistency framework.

The software used in our study was Stata software
(version 15.1) and R-project statistical software
(version 3.6.1) with the gemtc package and JAGS
package. Bayesian NMA was performed in a ran-
dom-effect model using Markov chain Monte
Carlo methods. For our outcome measure, three
Markov chains were simultaneously run in paral-
lel for 80,000 interactions with 10,000 burn-ins
per chain to obtain the posterior distribution.
Treatment effects were estimated using HR and
the corresponding 95% CI. We calculated the
surfaces under the cumulative ranking curves
(SUCRA:S) to rank the probabilities of all included
treatments. SUCRA represents 1 if the treatment
is certain to be ranked first and 0 if it is certain to

be the last.19:20
a-l1 b
cum
Z b=1 Y

a—1

SUCRA/ =

Results

Study selection and characteristics

We identified 754 articles from our original litera-
ture search. After duplicates were removed and
the titles and abstracts were screened, 35 articles
were considered for full-text assessment. Finally,
eight articles involving 3525 patients met the eli-
gibility criteria for NMA (Figure 1).

The main characteristics of the eight RCTs are
listed in Table 1. Most of the enrolled trials were
published within the last 5 years. There were five
phase III trials and two phase II trials. The median
follow-up period ranged from 32 to 81 months.
Most of the pre-maintenance treatments included
R-CHOP or R-CHOP-like regimens. Seven
maintenance options were evaluated: enzastaurin,
rituximab, lenalidomide, lenalidomide plus ritux-
imab, everolimus, thalidomide, and observation/
placebo. The main results of the eight RCT'’s are
presented in Table 2.

The network established for NMA in our out-
come is shown in Figure 2, where direct compari-
sons between drugs are represented by solid lines.

Risk of bias

The risk of bias in the included trials is shown in
Figure 3. The overall quality of the included trials
was adequate. Regarding random sequence gen-
eration, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome
assessment, incomplete outcome data, selective
reporting, and other biases, all the included RCT's
were rated as “low risk”.

NMA

Compared with non-maintenance therapy
through NMA, none of the drugs showed any
benefit in improving OS, and the results showed
no statistical difference (Figure 4).

Maintenance therapy with lenalidomide (SUCRA
69.3%) was ranked first in terms of OS; enzastaurin
(SUCRA 58.8%) and thalidomide (SUCRA 57%)
were ranked the second and third respectively (Figure
4) (Supplemental material Figure s1 online).

Discussion

Maintenance therapy is a strategy to maintain the
initial response to induction therapy, prolong
remission duration, delay relapse, and increase
long-term survival by inhibiting cell proliferation.
Maintenance therapy has been successfully used
in a broad range of neoplasms, such as multiple
myeloma or indolent lymphoma.2!-24 In the past
decades, maintenance strategies have been used in
clinical trials for DLBCL.%13 However, the role of
maintenance therapy in DLBCL remains uncer-
tain, and there is a lack of clinical trials that directly
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Figure 1. Literature search and selection. Preferred Reporting Items for Systematic reviews and Meta-
analyses (PRISMA] flow chart of the study selection for the network meta-analysis.

RCT, randomized controlled trial.

compare the efficacy of different maintenance
drugs.

We conducted the present systematic review and
NMA using Bayesian statistics to compare the
efficacy of drugs and drug combinations for main-
tenance therapy in newly diagnosed DLBCL
patients after standard therapy. The OS was cho-
sen as the primary outcome and results suggest
that maintenance therapy provides no benefit.

To the best of our knowledge, this study is the first
NMA to estimate the comparative efficacy of differ-
ent drugs used in maintenance therapy after first-
line immunotherapy for newly diagnosed DLBCL
patients. A systematic literature review of PubMed
revealed just one meta-analysis study that assessed

the role of maintenance therapy in patients with
DLBCL who achieved CR or PR after first-line
therapy.?> Assessing OS as the primary outcome,
our results, which showed that maintenance ther-
apy did not affect the OS, were consistent with
those of that study. There are several differences
between the studies. First, in the meta-analysis by
Rozental et al., not all studies included rituximab in
the induction therapy; the immunochemotherapy
containing rituximab is currently standard therapy
for DLLBCL, therefore we excluded the studies in
which patients did not receive rituximab as part of
the induction therapy. Second, they conducted a
traditional meta-analysis to compare maintenance
and non-maintenance therapy; we conducted an
NMA to compare multiple maintenance drugs.
Third, they performed subgroup and adverse event

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

T Yuan, F Zhang et al.

"auosiupaJd pue ‘aunsiioulA ‘udignioxop ‘apiweydsoydo)oAd ‘qewixniid ‘OHI-Y ‘gqeWIXnild ‘Y ‘a)gejieae jou ‘yN ‘Adedsyjowayd ‘owayd

Kep
¢ /6w oe-001 apluwopney] @l Aep/buwig SnWoJany dOHO-d e VN c0l I ¢ 7€ 19 bueny 8
¢l 0gaded cl Aep/bwigl snwinoJlany owsyd-y 7°0G €102-600¢ YL 1 21838 Bizim L
9104
Kep-gz Aiana
jo 1z-| shep
uo Aep/bwi gz el
e 0gaded 7% dplwoplieusT]  SpluopleusT dOHO-d 18 7102-600¢ 059 1l juowsgaly 9
(L1 pue
'6°L'G'E'L
$91242) 581240
paJaquinu-ppo
jo g Kkep uo
Klsnouanedyui
qw/BwigLe
qewixnyid
‘91240 Aep-gz 9124>
Kiane jo |z-| Kep-gz A1ana
sAep uo Aep Jo | Z-| SAep
/bw oz gewixnii uo Aep/bwi gz
¢l oplwopneusT + SpiwiopneusT ¢l splwoplieusT]  SpluopleusT dOHO-d 89y €102-800¢ 7% 1l o 78 19 Appay S
syjuow g
¢ uoliieAlasqQ vz Kiens qw/buig/g qewixniy AMNN-dOHI-Y ] 010Z¢-700¢ 99 1 1230 4abaer Y
INVEEID
(W/bwig/e
jo Bunsisuod
954Nn02 Yyoea
U}IM ‘s|eAdajul
yjuow-9 ie g€ 19
e uoljeAlasqQ 7z $95JN03 Jno4 qewixniy dOHO-Y 144 1002-8661 1% VN uuewJsqeH €
syjuow g juswjeady L1eid
7 uoljealasqQ vg  Ksena w/buigre qewixniy plepueis 4% 110¢-¢00¢ ZSl 1 Briey-suaziim 4
LYE 0gadsed 6°€E Aep/Bbuigpg ulunejsezuy dOHJ-Y 87 VN 8GL 1 g7e 39 dwnig l
(syjuow) (syyuow)
Adesayy Adesayy
dueudUIRW adueuljuIRW
Jo uoneanp ?)npayass Jo uoneuanp ?)npayos
ueipapy jJuswjieau) jJudwijeal) uelpap juswijeal) juawieal) Adesayy  (syjuow) papnjoul
asueuajuiew  dn-mon)o) poisad  sjyuaned jo
w.ie 1043u0) wuJe jejuawiiadx3y -ald uelpap juawiyjoluzy JaquinN aseyd 1eur al

'SO13S149)0kIRYD 1BI1I) — S|} P}I9)as | d)qel

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 12

Table 2. Selected trials - trial results.

ID  Trial Arm No. of patients 0s
Experimental Control Experimental Control HR 95% CI p value

1 Crump et al.t Enzastaurin Placebo 504 254 1.04 0.741-1.468  0.807

2 Witzens-Harig  Rituximab Observation 77 75 0.843 NA 0.65
etal’

3 Habermann Rituximab Observation 207 208 1.28 0.65-2.53 0.48
etal’

4 Jaegeretal.’? Rituximab Observation 329 888 0.81 0.49-1.34 0.4145

5 Reddy et al.1 Lenalidomide  Lenalidomide + rituximab 22 22 2.94 NA 0.4

6 Thieblemont Lenalidomide  Placebo 323 327 1.17 0.9-1.6 0.29
etalm

7 Witzig et al."? Everolimus Placebo 372 370 0.75 0.51-1.10 NA

8 Huang et al.3 Everolimus Thalidomide 50 52 0.711  0.169-2.998 NA

Cl, confidence interval; HR, hazard ratio; NA, not available; OS, overall survival.

Rituximab
(613) Placeb
lacebo
®) 3 (1567)
Lenalidomide 1
(345)
o
1
1 o
1 Enzastaurin
(504)
o
Lenalidomide +Rituximab
(22) Thalidomide
(52)
1 o
o
Everolimus
(422)

Figure 2. Network plot of all eligible trials assessing maintenance treatments for untreated diffuse large
B-cell lymphoma. The size of each plot represents the number of patients (in brackets) receiving the
corresponding intervention. The width of each line represents the number of trials (beside the line] of
corresponding comparison.

analysis, which we were unable to perform due to conclusion about which one is preferred. NMA is
the lack of relevant data in the included literature.  a technique for comparing three or more inter-

ventions simultaneously in a single analysis by
Traditional meta-analysis can only collect head- combining both direct and indirect evidence
to-head RCTs of two treatments, for example, a across a network of studies. There are six mainte-
certain drug and a placebo, and then draw a nance therapies in our study under the similar
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+ Low risk of bias
@ High risk of bias

Crump2016 | ' [+

Witzens-Harig 2015 | ([ (+

Habermann 2006 | (+ +

Jaeger2015 | (| (£

Reddy 2017

Thieblemont 2020 | '+ |

Witzig 2018 | ‘+ |

Huang 2018

Figure 3. Assessment of the risk of bias in the included studies.

+, low risk of bias; -, high risk of bias.

condition, therefore we use the Bayesian NMA as
opposed to the classic meta-analysis. There are
several advantages of NMA according to the
Cochrane handbook. First, NMA can exploit all
available direct and indirect evidence. Second,
empirical studies have suggested it yields more
precise estimates of the intervention effects in
comparison with a single direct or indirect esti-
mate. Third, NMA provides information for
comparisons between pairs of interventions that
have never been evaluated within individual rand-
omized trials. In addition, the simultaneous com-
parison of all interventions of interest in the same
analysis enables the estimation of their relative
ranking for a given outcome.?¢

Our study included eight RCTs, all of which
reported OS as one of the outcomes. To synthesize

all the available evidence of maintenance therapy,
we chose OS as the primary outcome. Generally,
OS is the most important end point in clinical tri-
als. DLBCL is an aggressive lymphoma that mostly
relapses within the first 2-3 years; one study indi-
cated that patients with DLBCL treated with
standard immunochemotherapy who are event-
free for 2years have the same OS as the general
population.?” Event-free survival for 2years is an
appropriate criterion to evaluate agents for mainte-
nance therapy in newly diagnosed DLBCL
patients, which provides a reliable design scheme
for future clinical trials and meta-analysis.

There are several points worthy of further study
according to our comprehensive understanding of
maintenance therapy in patients with newly diag-
nosed DLBCL.
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Overall survival

Low risk  High risk

Treatment HR (95% CI) Sucra of death | of death
Enzastaurin 1.0 (0.36, 3.0) 58.8% —0—
Rituximab 0.94 (0.49, 1.8) 49.4% —Q—
Lenalidomide 1.2 (0.42, 3.4) 69.3% —O0—
Lenalidomide +rituximab ~ 0.39 (0.024, 6.5) 26.4% O
Everolimus 0.75 (0.25, 2.2) 32.9% —OT—
Thalidomide 1.1 (0.14,7.9) 57.0% D
No maintenance/placebo 1.0 56.2% ¢
| |
0.02 1 8

P=5%

HR (95% Cl)

Figure 4. Forest plot of network meta-analysis results for overall survival. SUCRA represents the rank probabilities of all included
treatments; it equals 1 if the treatment is certain to be ranked the first and 0 if it is certain to be the last.
Cl, confidence interval; HR, hazard ratio; SUCRA, surface under the cumulative ranking curve.

First, lenalidomide is an oral immunomodulatory
agent with direct anti-tumor activity and immu-
nologic effects. Its mechanism of action in neo-
plasms is yet to be fully determined. It has been
used in several cancer types, such as multiple
myeloma, myelodysplastic syndrome with 5q
deletion, and relapsed/refractory mantle cell lym-
phoma.?® Lenalidomide has significant single-
agent activity in relapsed/refractory DLBCL.2°
Nowakowski ez al.3° reported that the combina-
tion of lenalidomide and R-CHOP therapy could
overcome the negative prognostic impact of non-
germinal center B-cell (non-GCB) phenotype on
the outcome in newly diagnosed DLLBCL patients.
The current study evaluated the efficacy of lena-
lidomide as maintenance therapy for untreated
DLBCL; the negative results could probably be
attributed to the small sample size.

Second, rituximab has been applied as mainte-
nance therapy in several types of lymphomas, such
as follicular lymphoma and mantle cell ymphoma,
with encouraging results.?%2431,32 However, con-
vincing evidence that maintenance with rituximab
can improve the prognosis of patients with
DLBCL after completion of first-line standard

treatment is still lacking. Three studies that evalu-
ated the role of rituximab maintenance therapy in
newly diagnosed DLBCL patients were included
in our NMA. Two of them, through subgroup
analysis, concluded that rituximab maintenance
therapy improves outcomes in male DLBCL
patients;”° men with a low international prognos-
tic index (IPI) have better outcomes.® However,
small sample size and unplanned subgroup analy-
sis limit the credibility of these results. This is an
interesting question that needs to be addressed in
future prospective trials.

Third, DLBCL is a heterogeneous disease, and
the heterogeneity is derived from the clinical,
pathological, and molecular biological aspects of
recurrent somatic mutations in multiple genes
that can affect cell regulation and proliferation.
Heterogeneity leads to different therapeutic
effects in patients with DLBCL. It has been
reported that the prognosis is poor in DLBCL
patients with the following characteristics: male,
older age, more complications, higher tumor bur-
den, higher level of lactate dehydrogenase, higher
IPI score, non-GCB according to cell-of-origin
(COO), higher Ki-67 proliferation index, P53
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mutation, double/triple hits, and co-expression of
BCL6, BCL2, and MYC.3343 Individualized ther-
apy according to patient characteristics is the
focus of the current research. Therefore, it is nec-
essary to conduct subgroup analysis, considering
the different sources of heterogeneity in the design
of clinical trials, which show exciting prospects
for DLBCL maintenance therapy.

There are ongoing clinical trials that use other
agents for DLBCL maintenance therapy after
first-line immunochemotherapy. These drugs
include bortezomib (phase III, NCT01965997),
metformin (phase II, NCTO03600363), and
nivolumab (phase I, NCT03311958). We are
awaiting exciting results from the ongoing
DLBCL maintenance therapy clinical trials.

However, there are several limitations to our
NMA. First, the results may be potentially
affected by heterogeneity, which is caused by
many factors, such as different inclusion criteria
for the individual studies, inconsistent induction
therapy, different protocols for a maintenance
drug, and different follow-up durations. Second,
very few RCTs were included in our study, and
some comparisons included only one trial in our
meta-analysis, such as lenalidomide versus pla-
cebo, lenalidomide versus lenalidomide plus ritux-
imab, enzastaurin oversus placebo, everolimus
versus placebo, and everolimus wersus thalido-
mide; therefore, the results may be considered as
inconclusive evidence to some extent. More high-
quality RCTs are essential to provide reliable
proof. Third, our NMA did not conduct sub-
group and adverse events analysis.

Conclusions

Our results do not support maintenance therapy
in patients newly diagnosed with DLBLC, after
first-line therapy. However, lenalidomide may be
a potentially effective drug although the efficacy
has to be confirmed by further clinical trials with
more patients. The results of ongoing clinical tri-
als which evaluate the effects of other agents such
as bortezomib and metformin on maintenance
therapy of newly diagnosed DLBCL patients are
awaited. In addition, due to the heterogeneity of
DLBCL, prospective subgroup design of clinical
trials considering the sources of heterogeneity
should be conducted in the future to identify the
suitable drug for maintenance therapy in appro-
priate patients.
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