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ABSTRACT
Background: Treatment with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) is standard of care first line treatment for diffuse large B-cell lymphoma (DLBCL), though out-
comes remain suboptimal.
Methods: We performed a systemic review and meta-analysis of randomized controlled trials compar-
ing the efficacy and safety of R-CHOP vs. R-CHOPþX (addition of another drug to R-CHOP) as first
line treatment for DLBCL. We searched Cochrane Library, PubMed and conference proceedings up to
September 2020.
Results: Our search yielded ten trials including 4206 patients. The added drug was bortezomib or
lenalidomide in three trials each, and gemcitabine, bevacizumab and ibrutinib, each drug in one trial.
R-CHOPþX was associated with statistically significant improved disease control (HR 0.88, 95% CI
0.78–0.99). The point estimate was in favor of improved overall survival with R-CHOPþX (hazard ratio
(HR) 0.87, 95% confidence interval (CI) 0.75–1.00), although this was not statistically significant.
Subgroup analysis revealed improved disease control with the addition of lenalidomide and in patients
younger than 60 years. R-CHOPþX was associated with an increase in serious adverse events and
grade III/IV hematologic toxicity.
Conclusion: The addition of another drug to frontline R-CHOP treatment for DLBCL did not result in a
significant improvement in OS, although we did observe improved disease control compared to R-
CHOP, perhaps most evident with the addition of lenalidomide. Yet, RCHOPþX was associated with
an increased risk for serious and hematological adverse events. Further studies could reveal subgroups
that would benefit most from augmentation of standard R-CHOP.
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Background

During the last two decades, the research in diffuse large B
cell lymphoma (DLBCL) has enabled improved biological
molecular and cytogenetic understanding of the disease. The
distinction of germinal center B-cell (GCB) and activated B-
cell (ABC) DLBCL molecular subtypes has provided prognostic
stratification [1,2]. Nevertheless, standard of care first line
treatment has remained rituximab, cyclophosphamide, doxo-
rubicin, vincristine, and prednisone (RCHOP) for almost two
decades [3]. Approximately 40% of patients will have refrac-
tory DLBCL or early relapse when treated with RCHOP front-
line therapy [4]. Different protocols, such as dose-adjusted
etoposide, prednisone, vincristine, cyclophosphamide, doxo-
rubicin and rituximab (DA-EPOCH-R) and obinutuzumab,
cyclophosphamide, doxorubicin, vincristine, and prednisone
(GCHOP) have failed to demonstrate improved efficacy in
frontline DLBCL therapy compared to RCHOP [5,6]. Whether
there is room for improvement is unclear, and prospective
studies have recently examined whether the addition of vari-
ous drugs to RCHOP (termed R-CHOPþ X) could improve

outcomes. The aim of this study was to compare the efficacy

and safety of R-CHOP vs. R-CHOPþX as first line treatment

for DLBCL.

Material and methods

We searched PubMed until September 2020, The Cochrane

Central Register of Controlled Trials (CENTRAL), published in

The Cochrane Library, until September 2020, and the follow-

ing conference proceedings: Annual Meeting of the

American Society of Hematology (till December 2019),

Annual Meeting of the American Society of Clinical Oncology

Annual Meeting (till May 2020), Annual Meeting of the

European Hematology Association (till June 2020), and

International Conference of Malignant Lymphoma (till June

2019). We cross-searched the terms ‘diffuse large cell lymph-

oma’ or ‘aggressive lymphoma’ and similar terms, ‘RCHOP’

and ‘first line’ and similar terms. For PubMed, we added the

Cochrane highly sensitive search term for identification of
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clinical trials. In addition, we scanned references of all
included trials and reviews identified for additional studies.

Study selection

We included all randomized controlled trials (RCTs) compar-
ing first line treatment with R-CHOP vs. R-CHOPþ X (i.e. R-
CHOP with the addition of another single drug) in patients
with newly diagnosed DLBCL.

Data extraction and quality assessment

Two reviewers (O.P., R.G.) independently extracted data
regarding case definitions, characteristics of patients, and
outcomes from included trials. In the event of disagreement
between the two reviewers regarding any of the above, a
third reviewer (A.G.) extracted the data. Data extraction was
discussed, and decisions were documented.

Two reviewers independently assessed the trials for the
following domains: allocation concealment, generation of the
allocation sequence, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data
reporting, and selective outcome reporting. We made critical
assessment separately for each domain and graded it as low,
unclear, or high risk for bias according to the criteria speci-
fied in the Cochrane Handbook version 5.1.0.7 [7].

Outcome measures

Primary outcome was overall survival (OS). Secondary out-
comes included disease control, response rate (ORR), com-
plete response (CR) rate and safety.

We defined disease control as any of the following out-
comes: progression-free survival (PFS), event-free survival
(EFS), or disease-free survival (DFS) as reported in the original
trials. The preferred outcome extracted for disease control
was PFS, defined as time from randomization to progression
or death from any cause. If data for PFS were not available,
then we used DFS, defined as time from CR to relapse or
death from any cause. If data for PFS and DFS were not
available, we used EFS, as defined as time from randomiza-
tion to failure of treatment including relapse, death, or tox-
icity due to treatment [8].

Data synthesis and statistical analysis

We obtained data from aggregate statistics presented in the
studies’ reports and used Peto’s method for time to event
analysis. To obtain parameters for calculation of Peto’s
method in the Review Manager software, we based our
method on the article by Parmar et al. [9] Odd ratios (ORs)
and variances for time-to-event outcomes were estimated
and pooled in Review Manager (version 5.3 for Windows;
The Cochrane Collaboration, Oxford, UK). An OR less than 1.0
was in favor of RCHOPþX therapy.

Relative risks (RRs) and 95% confidence intervals (CIs) for
dichotomous data were estimated using the Mantel-
Haenszel method.

We assessed heterogeneity of trial results by the chi test
of heterogeneity, and the I2 statistic of inconsistency [10].
Statistically significant heterogeneity was defined as p less
than 0.1 or an I2 statistic greater than 50%. We conducted
the meta-analysis using a fixed-effect model (FEM), and in
case of high heterogeneity, we used random-effects
model (REM).

We planned to perform subgroup analyses for OS
and disease control by the type of additional drug
added to RCHOP, by cell of origin (COO) and by age
under 60 years.

Results

Description of trials

The literature search yielded 225 trials, of which 56 were
considered as potentially relevant. Forty nine were excluded
for various reasons (Figure 1). Ten trials fulfilled the inclusion
criteria, three of which were abstracts [11–13], and seven
published in peer review journals [14–20]. The trials were
published between the years 2010 and 2019. The added
drug was bortezomib or lenalidomide in three trials each,
and gemcitabine, bevacizumab, enzastaurin and ibrutinib -
each drug in one trial. The characteristics of included trials
are shown in Table 1.

Our analysis included 4206 patients. Median age of
patients ranged between 50 and 83 years. Six trials included
all DLBCL patients regardless of cell of origin
[11,12,14–16,19], whereas four trials included only patients
with non-GCB/ABC DLBCL [13,17,18,20].

Risk of bias of included trials

Five trials were judged at low risk of selection bias
[13–15,17,20]. In the other five trials, methods of allocation
concealment and generation were not reported (two
abstracts [11,12], three articles [16,18,19]). Blinding of
patients and personnel was done in two trials ([13,20], dou-
ble blinding). All trials were judged at low risk of attrition
bias, and all trials except one [15] were judged at low risk of
reporting bias, since clinically important outcomes including
overall survival were well addressed. Further details can be
found in supplementary Table S1.

Primary outcome

Data from eight trials were available for analysis of OS
[11–13,15–19]. The point estimate add in favor of improved
overall survival with the addition of another drug to RCHOP,
albeit without statistical significance, with HR 0.87, [95% CI
0.75–1.00, I2 ¼ 0%, 3343 patients, 8 trials], (Figure 2). A sub-
group analysis of OS for both bortezomib and lenalidomide
showed similar point estimates, without a statistically signifi-
cant effect on OS with the addition of either drug: HR 0.82
[95% CI 0.62–1.08, I2 ¼ 0%, 1288 patients, 3 trials] and HR
0.84 [95% CI 0.68–1.04, I2 ¼ 0%, 1168 patients, 3 trials],
respectively (supplementary Figures S1–S2). Subgroup
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analysis of patients with non-GCB DLBCL revealed no differ-
ence in OS, HR 0.89 [95% CI 0.67–1.18, I2 ¼ 0%, 940 patients,
3 trials] (supplementary Figure S3).

Secondary outcomes

There was a statistically significant improvement in disease
control in the RCHOPþX arm vs. R-CHOP, HR 0.88 [95% CI

225 references were iden�fied
and screened in The Cochrane
library, PubMed and EMBASE

7 randomized
controlled trials were
included in the meta-
analysis

49 references were excluded for
the following reasons:

23 RCTs not addressing the study
ques�on

7 phase 1/2 studies

12 retrospec�ve studies

7 meta-analyses/reviews

56 full text ar�cles were
retrieved for detailed evalua�on

3 abstracts from
conference
proceedings

169 references excluded
due to lack of relevance
at abstract review

10 trials included

Figure 1. Flow diagram of publications identified for study and exclusions. RCT randomized control trial.

Table 1. Characteristics of included trials.

Study (arranged by year
of publication)

Type of DLBCL
eligibility
criteria

Primary
endpoint

Length of
followup
(months)

Treatment
regimen

Number of
patients
included

Age
(Median, range)

Sex
(male,

percentage)

Ann Arbor
stage III/

IV (percentage)

Aurer et al. 2010 All CR NA GEM-RCHOP 12 50 (34–61) 50% 75%
RCHOP 13 50 (25–70) 54% 62%

Seymour et al. 2014 All PFS 24 BEV-RCHOP 390 61 (19–89) 47% NA
RCHOP 397 61 (18–82) 51% NA

Offner et al. 2015 Non-GCB (IHC) CR 25 BOR-RCHP 84 60 (20–84) 49% 73%
RCHOP 80 59 (23–83) 59% 78%

Hainsworth et al. 2016 All PFS 24 ENZ - RCHOP 57 64 (NA) 60% NA
RCHOP 43 63 (NA) 51% NA

Leonard et al. 2017 Non-GCB (IHC) PFS 34 BOR-RCHOP 103 65 (20–83) 50% 74%
RCHOP 103 61 (22–85) 57% 73%

Younes et al. 2019 Non-GCB (IHC) EFS 35 IBR-RCHOP 419 63 (NA) 53% 76%
RCHOP 419 61 (NA) 53% 75%

Davies et al. 2019 All PFS 42 BOR-RCHOP 459 63 (20–84) NA 69%
RCHOP 459 65 (24–86) NA 68%

Vitolo et al. 2019 ABC (GEP) PFS 27 LEN-RCHOP 285 65 (21–82) 58% 87%
RCHOP 285 65 (28–83) 50% 88%

Nowakowski et al. 2019 All PFS 30 LEN-RCHOP 173 67 (24–88) 65% 97%
RCHOP 176 66 (37–92) 56% 96%

Oberic et al. 2019 All OS 25 LEN
-
R(mini)CHOP

122 83 (80–96) 47% 106

R(mini)CHOP 127 83 (80–94) 44% 105

GCB: germinal center B-cell like; COO: cell of origin; IHC: immunohistochemistry; ABC: activated B-Cell; GEP: gene expression profiling; CR: complete remission;
PFS: progression free survival; EFS: event free survival; RCHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; GEM: gemcitabine; BEV:
bevacizumab; BOR: bortezonib; ENZ: enzastaurin; IBR: ibrutinib; LEN: lenalidomide; NA: not available.

746 O. PASVOLSKY ET AL.

https://doi.org/10.1080/0284186X.2021.1898048


0.78–0.99, I2 ¼ 24%, 3832 patients, 7 trials], (Figure 3). A sub-
group analysis also revealed improved disease control with
the addition of lenalidomide to RCHOP, HR 0.74 [95% CI
0.61–0.91, I2 ¼ 32%, 919 patients, 2 trials] (supplementary
Figure S4). However, subgroup analysis of the addition of
bortezomib revealed no difference in disease control, HR
0.84 [95% CI 0.66–1.07, I2 ¼ 0%, 1288 patients, 3 trials] (sup-
plementary Figure S5). Subgroup analysis of patients younger
than 60 years revealed improved disease control, HR 0.52
[95% CI 0.36-0.74, I2 ¼ 0%, 2 trials] (supplementary Figure
S6). There was no statistical difference with the addition of
another drug to RCHOP in the non-GCB DLBCL subgroup
analysis, HR 0.88 [95% CI 0.75-1.04, I2 ¼ 0%, 2022 patients, 5
trials] (supplementary Figure S7).

The ORR and CR rates were similar in the two arms (RR
0.98 [95% CI 0.95–1.02, I2¼ 60%, 3173 patients, 9 trials], and
RR 0.99 [95% CI 0.94–1.05, I2¼ 35%, 2926 patients, 8 trials],
respectively).

Safety

Five trials (N¼ 2340) reported serious adverse events. There
was a significant increase in serious adverse events in the R-
CHOPþ X group vs. control, RR 1.35 [95% CI 1.23–1.47. I2 ¼
66%]. Eight trials (N¼ 2530) reported hematologic toxicity:
Rates of grade III/IV anemia and thrombocytopenia were sig-
nificantly higher in the RCHOPþX arm as compared to R-
CHOP (RR 1.47 [95% CI 1.18–1.82, I2 ¼ 37%, 2530 patients, 8
trials] and RR 2.54 [95% CI 1.60–4.04, I2 ¼ 63%, 2281
patients, 7 trials], respectively). There was no difference in
rates of grade III/IV neutropenia in both arms (RR 1.11 [95%
CI 0.98–1.27, I2 ¼ 71%, 2530 patients, 8 trials]).

Discussion

This systemic review and meta-analysis showed that the add-
ition of an extra drug to the conventional first line R-CHOP
regimen in patients with newly diagnosed DLBCL did not
result in a statistically significant improvement in OS, though
the point estimate was in favor of improved overall survival
with R-CHOPþ X. We did observe a small statistically signifi-
cant improvement in disease control with R-CHOPþX com-
pared to the standard R-CHOP, perhaps most evident with
the addition of lenalidomide. We found no significant change
in response rates. In addition, R-CHOPþX was associated
with an increased risk for serious and grade III/IV hemato-
logical adverse events, especially anemia and thrombocyto-
penia. We found an improved disease control in the
subgroups of lenalidomide and in patients younger than
60 years of age (26% and 48% improvement, respectively).

The pivotal trial by Coiffier et al. published in 2002, con-
firmed that adding rituximab to the CHOP backbone, yielded
improved survival in frontline DLBCL, compared to CHOP
alone [21]. Ever since, attempts have been made to improve
upon this regimen: Intensifying the chemotherapeutic regi-
men usually resulted in increased toxicity and/or insufficient
improvement in efficacy [5,22]. Nonetheless, several trials
showed improved outcomes in subgroups receiving intensi-
fied treatment. For example, rituximab, doxorubicin, cyclo-
phosphamide, vindesine, bleomycin, and prednisone (R-
ACVBP) has been associated improved PFS and OS compared
to RCHOP in younger patients with non-GCB DLBCL [23]. Our
findings also suggest that a younger age group might bene-
fit from an intensified treatment regimen. We found a 48%
improvement in PFS with RCHOPþX compared to RCHOP in
patients younger than 60 years of age. We were able to

Figure 2. Overall survival of patients treated with R-CHOPþ X compared with RCHOP. CI: confidence interval; O: observed; E: expected.

Figure 3. Disease control of patients treated with R-CHOPþ X compared with RCHOP. CI: confidence interval; O: observed; E: expected.
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include only two studies into our subgroup analysis of
younger patients, one added ibrutinib to RCHOP [20] and
the second study added lenalidomide [12]. The study by
Younes et al. with ibrutinib demonstrated significant
improvement not only in PFS, but also in OS [20], however
there was insufficient data from other studies to conduct a
pooled survival analysis. Younger patients could potentially
benefit more from regimen intensification due to better tol-
erance of treatment toxicity, enabling preserved dose inten-
sity as well as reduced treatment related morbidity and
mortality compared to elderly patients [24]. This is exempli-
fied by the higher rates of adverse events in patients above
60 years of age when ibrutinib was added to RCHOP in the
study by Younes et al., leading to more cases of treatment
discontinuation [20].

Consolidation with frontline autologous HSCT for DLBCL
was examined in several RCTs prior to and after the rituxi-
mab era with conflicting results, and a recent meta-analysis
of RCTs conducted with rituximab-containing regimens
showed no benefit for upfront transplant, even in high-risk
populations. [25] Trials with maintenance therapy for patients
with DLBCL achieving CR/PR after frontline therapy have
generally failed to show significant benefit, however a meta-
analysis conducted by our group did reveal a reduced
relapse rate and improved disease control with maintenance
therapy, albeit with increased infection rate and no survival
benefit [26].

Changing certain aspects of the original RCHOP protocol
has enabled some fine tuning. Recently, it has been observed
that six cycles of RCHOP are non-inferior to eight cycles [27].

Improved understanding of gene expression profiling in
DLBCL has enabled the advent of novel therapeutics target-
ing crucial pathways believed to be drivers of the lymphoma
pathogenesis, such as NFK-B in the ABC subtype of DLBCL
[3]. In an attempt to target patients with lymphoma harbor-
ing constitutive NFK-B activation, four trials included in this
meta-analysis included only patients with specific COO cate-
gories. An additional trial conducted a preplanned analysis
examining the effect of adding bortezomib to RCHOP in the
GCB and ABC subtypes [15]. Despite the potential mechanis-
tic advantage for incorporating targeted drugs to RCHOP for
patients with non-GCB DLBCL, we did not find a statistically
significant advantage for RCHOPþX in this subgroup ana-
lysis. Study methodology and patient selection might partly
explain the lack of efficacy. First, dosage of the added drug
might be insufficient to provide clinical benefit, as proposed
for instance by Leonard et al. regarding bortezomib [17].
Furthermore, DLBCL subtype designation in three studies
was obtained using immunohistochemistry (IHC) classification
[17,18,20], which is suboptimal compared to gene expression
profiling (GEP), performed in one study [12]. It is possible
that studies which established COO prior to commencing
therapy also had selection bias due to recruitment of rela-
tively clinically stable patients, thus narrowing the possible
advantage for treatment intensification. Study design allow-
ing for rapid enrollment may enable better distinction
between treatment arms, as suggested by the trend toward
improved outcomes in the study by Nowakowski et al. [12],

which facilitated rapid time from diagnosis to treatment
(median of 21 days).

To date no single study has shown positive results to
improve on the standard RCHOP. Our analysis demonstrated
a small (12%) yet statistically significant disease control
advantage for patients treated with an addition of another
drug to RCHOP. Variability in added drug efficacy might have
decreased apparent superiority of some drugs. Most studies
evaluated drugs that target different stages of the B-Cell
receptor (BCR) pathway, which is constitutively activated in
the ABC DLBCL subtype (lenlidomide, ibrutinib and bortezo-
mib). It is possible that there may be an advantage for one
drug over the other in this category. Lack of advantage in
disease control in the bortezomib subgroup, compared to
the 26% statistically significant improvement demonstrated
in the lenalidomide subgroup may reflect suboptimal borte-
zomib dosing or insufficient blockade of the BCR pathway.

Our study has several limitations: There was variability in
the studies, the most obvious one being the different type
of drug used as an additive to RCHOP. Furthermore, also in
trials examining the same added drug, there were some dif-
ferences in dosing and scheduling. Additionally, as described
in Table 1, the trials included varied in inclusion criteria,
especially regarding COO, but also regarding other aspects
of study design (primary endpoint, length of follow up) and
disease characteristics (stage) and population (age) variables.
This variability is manifested by mild heterogeneity in the
analysis of disease control s (I2 ¼ 24%). If this analysis was
conducted with random effects model, rather than the fixed
effect model, it could have resulted in a wider confidence
interval and possibly a non-significant global effect for dis-
ease control. Therefore, the results should be addressed cau-
tiously. Subgroup analyses were performed on a restricted
number of trials, increasing potential bias and limiting
study power.

R-CHOP still remains the ‘gold standard‘ of treatment for
DLBCL. In this meta-analysis we did not observe a statistically
significant improvement in OS with the addition of another
drug to this regimen. In aggressive lymphoma, it is still not
completely clear if a benefit in PFS can translate into an OS
benefit. OS is still the gold standard primary efficacy end-
point for evaluating treatment strategies for DLBCL [28]. A
signal toward improved disease control with RCHOPþX in
this meta-analysis suggests that perhaps certain subgroups
could benefit from the addition of an additional drug to this
regimen. This may be true for younger patients, who may be
able to better tolerate more intensive treatment, although
we found only two studies with adequate PFS data for
patients under the age of 60 years. This may also be true for
the addition of lenalidomide to RCHOP, which exhibited
benefit in disease control. Future trials should assess the
addition of new drugs to the RCHOP backbone in specific
populations and settings.
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