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ABSTRACT: Double-expressor lymphoma (DEL), a subtype of diffuse large B-cell lymphoma (DLBCL), presents a poor
prognosis. The traditional R-CHOP regimen has been ineffective in treating DEL. The intensified dose-adjusted rituximab,
etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin (R-DA-EPOCH) chemotherapy regimen is considered a
potential treatment strategy for DEL. This research assesses the distinction between the R-CHOP regimen and the R-DA-EPOCH
regimen in treating DEL. A systematic search was conducted in the Cochrane Library, PubMed, and Embase databases, including
studies through April 2023. Following literature screening, data extraction, and evaluation of study quality, a meta-analysis was
executed utilizing the RevMan v5.4 software. This study included five studies in total, involving 439 patients. The findings of the
meta-analysis indicated no considerable variations in the progression-free survival (HR = 1.03; 95% confidence interval, CI: 0.67—
1.60; P > 0.05), overall survival (HR = 0.90; 95% CI: 0.60-0.34; P > 0.05), and objective response rate (HR = 0.97; 95% ClI: 0.89—
1.06; P > 0.05) among individuals with DEL who underwent treatment with R-CHOP and R-DA-EPOCH. This meta-analysis
suggests that R-DA-EPOCH does not significantly improve the long-term prognosis of individuals with DEL compared to the R-
CHOP regimen.
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1. Introduction

Diffuse large B-cell lymphoma (DLBCL) is the predominant subtype of non-Hodgkin lymphoma, representing
around 30%-40% of cases globally [1]. This disease exhibits heterogeneity in pathological subtypes, morphological
variations, gene expression profiles, and prognoses [2]. The current first-line treatment for DLBCL involves the
combination of CD20 monoclonal antibodies with the rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) chemotherapy regimen. Although R-CHOP increased the cure rate of individuals with DLBCL
from 30% to around 70% [3,4], nearly 40% of the DLBLC patients experienced relapsed or refractory DLBLC with a
poor prognosis. Various factors contribute to the prognosis of individuals with DLBLC, encompassing age, international
prognostic index (IPI) score, cell-of-origin subtype and specific chromosomal rearrangements or protein expressions
[5,6]. Researchers recognize double-expressor lymphoma (DEL) as a subtype of DLBCL with a poor prognosis. They
currently define DEL as a lymphoma that meets immunohistochemical criteria with > 40% Myc-positive cells and >
50% Bcl-2-positive cells [7]. The individuals with DEL undergoing exclusive treatment with R-CHOP exhibited poor
prognosis, with 5-year progression-free survival (PFS) and overall survival (OS) rates of < 40% [8,9]. Therefore,
optimizing treatment strategies for DEL patients remains an ongoing challenge among researchers. The intensified dose-
adjusted rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin (R-DA-EPOCH)
chemotherapy regimen is considered a potential treatment strategy for DEL. A study by Dodero A. et al. demonstrated
that individuals with DEL under 65 years of age, when treated with R-DA-EPOCH, exhibited improved PFS and OS
compared to those treated with R-CHOP [10]. However, a phase 111 clinical trial by Bartlett et al. indicated that R-DA-
EPOCH demonstrated increased toxicity compared to R-CHOP. Moreover, it failed to enhance the PFS or OS of the
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DEL patients [3]. Considerable controversy surrounds the effectiveness of R-DA-EPOCH in treating DEL, emphasizing
the need for further research. In response, we conducted a meta-analysis to compare the efficacy of R-CHOP and R-
DA-EPOCH in treating individuals with DEL, aiming to provide a systematic evaluation of R-DA-EPOCH’s
effectiveness in DEL treatment.

2. Materials and Methods

2.1. Search Strategy

This systematic review conformed to the guidelines provided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA). The search for all published studies on individuals with DEL was conducted
in PubMed, Cochrane Library, and Embase databases, with the search cutoff date until April 2023. Free-text terms such
as “double expressor”, “Myc, Bcl-2”, “diffuse large B-cell lymphoma”, “EPOCH”, and “CHOP” were employed.

2.2. Study Selection

The inclusion criteria were defined based on: (1) study design, specifically focusing on the comparative
effectiveness of R-CHOP and R-DA-EPOCH in individuals with DEL; (2) reported outcomes, including rates of CR
and PR or ORR, and hazard ratios (HR) for OS or PFS. The exclusion criteria comprised: (1) article types, excluding
reviews, case reports, conference abstracts, and systematic reviews; (2) participants with a subgroup size of fewer than
10 individuals; (3) a Newcastle-Ottawa Scale (NOS) score below 4 points.

2.3. Data Extraction

Two independent reviewers conducted data extraction and entry in a double-blind manner. The extracted
information included the name of the first author, sample sizes of the experimental and control groups, publication year,
gender and age of participants, intervention protocols, relevant outcome indicators, and other relevant data.

2.4. Statistical Analysis

Statistical analysis was performed using RevMan v5.4 software. We represented binary variables as risk ratios (RR)
with their corresponding 95% confidence intervals (CI) while presenting time-related endpoints (PFS and OS) as hazard
ratios (HR) with their 95% CI. Both the 2 test and the I? test were employed to evaluate heterogeneity among the studies.
A fixed-effects (FE) model was applied when heterogeneity among studies was not statistically significant (P > 0.1 and
12 < 50%). We employed a random-effects model when detecting significant heterogeneity among the studies, excluding
cases with clear clinical heterogeneity (P < 0.1 and I? > 50%). Furthermore, subgroup or sensitivity analyses were
conducted in cases of significant clinical heterogeneity. All hypothesis tests were performed using two-sided tests at a
5% significance level.

3. Results

3.1. Literature Search

A total of 1364 potentially relevant articles were initially identified. Of these, 267 duplicates and 1044 irrelevant
articles were removed following the deduplication process, abstract screening, and full-text review. Of the remaining
53 articles, 45 had unclear outcomes, and 3 conference abstracts were excluded as well. Ultimately, the meta-analysis
of this study included 5 studies (Figure 1) [3,10-13], comprising a total of 439 patients.

3.2. Study Characteristics
Among them, 218 patients underwent the R-CHOP regimen, while 221 received the R-DA-EPOCH regimen as
their first-line treatment for DEL. The fundamental attributes of the incorporated studies are outlined in Table 1.

3.3. Quality Assessment

Out of the 5 studies included, 4 were retrospective in nature, and their quality was evaluated utilizing the NOS.
The outcomes of the quality assessment are delineated in Table 2.
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Figure 1. Flow chart of the study selection.
Table 1. Study attributes.
. . Median age Male Group C Median Male
Yo F h D
ear irst author esign Group ) (%) (n) age (Y) (%)
2021 Christopher Retrospective 39 66 57 46 66 50
2022 Othman Retrospective 94 UN 49.2 61 UN 59.6
2019 Bartlett RCT 20 UN UN 22 UN UN
2017 Pedersen Retrospective 17 UN UN 26 UN UN
2019 Dodero Retrospective 51 58 63 63 65 60

Group C: the patients of individuals undergoing R-CHOP treatment; Group E: the patients of individuals undergoing R-DA-EPOCH
treatment; UN: unable to access original data; RCT: randomized controlled trial.

Table 2. Newcastle-Ottawa Scale.

Study Year Selection Comparability Exposure Quality scores
Othman 2022 2.8, 8. * 2.8 ¢ 2. 0.8.8.8.8 ¢
Christopher 2021 1. 8.8 ¢ ¢ * * 2.8.6.8.8 8 & ¢
Pedersen 2017 1.8 8 ¢ * * %k K 1. 8.8.8.8.6 8
Dodero 2019 * Kk * * %k k 180,08, 8.8, 1
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A single study in this analysis was a randomized controlled trial, and its quality assessment was carried out utilizing
the risk of bias assessment tool recommended by the Cochrane Handbook for Systematic Reviews (v5.4.1). This tool
evaluated multiple domains, encompassing random sequence generation, blinding of implementers and participants,
allocation concealment, completeness of outcome data, selective reporting of study results, and other sources of bias.
The assessment for each domain resulted in ratings of “high risk of bias”, “low risk of bias”, or “unclear risk of bias”
(Figure 2).
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Allocation concealment (selection bias)

Blinding ofparicipants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
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Other bias

Figure 2. Risk of bias in selected study.

3.4. The Result of ORR

Three studies provided data on the ORR. Heterogeneity analysis revealed no notable heterogeneity among these
studies (1=0% and P = 0.54). Therefore, an FE model was utilized for their meta-analysis. The findings revealed that
R-DA-EPOCH did not result in a significant improvement in the ORR of the individuals with DEL relative to R-CHOP
(Figure 3).

R-DA-EPOCH R-CHOP Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, Fixed. 95% Cl M-H . Fixed. 95% CI
Othman 2022 79 94 55 61 453% 0.93[0.83,1.05]
Dodero 2019 41 51 48 63  292% 1.06 [0.87, 1.28]
Christopher 2021 33 39 41 46  25.5% 0.95[080,1.12]
Total (95% CI) 184 170 100.0% 0.970.89, 1.06]
Total events 153 144

Heterogeneity: Chri=1.23, df=2 (P=0.54 ); 1>=0% f y !

t T
Test tor overall effect : Z=0.61 (P=0.54) L R[)-Q)A-EPOCH1R-CHOP 2 e

Figure 3. Forest plot of the risk ratio of ORR in individuals with DEL who underwent treatment with R-CHOP vs R-DA-EPOCH
alone. M-H: Mantel-Haenszel; CI: confidence interval; df: degrees of freedom.

3.5. The Result of PFS

Four studies provided HR values for PFS. Heterogeneity analysis of these studies revealed no significant
heterogeneity (12=0% and P = 0.59), leading to applying an FE model for the meta-analysis. The findings revealed that
compared to R-CHOP, the use of R-DA-EPOCH did not result in a notable improvement in the PFS of individuals with
DEL (z = 0.14, P = 0.89) (Figure 4).
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Hazard ratio Hazard ratio
Study or subgroup  Jog[Hazard ratio]  SE Weight IV. Fixed., 95% Cl IV. Fixed. 95% Cl
Bartlett 2019 -0.2744 04914 20.6% 0.76[0.29, 1.99] e
Christopher 2021 0.3322 0.7102 9.9% 1.39[0.35,5.61] T i
Othman 2022 -0.4308 0.5229  182% 0.65[0.23, 1.81] R =
Pedersen 2017 0.2624 03117 51.3% 1.30[0.71, 2.39]
Total (95% Cl) 100.0% 1.03 [0.67, 1.60]
Heterogeneity: Chi>=1.90, df=3 ( P=0.59 ); 1=0% =D 01 D=1 1 TU 100’
Test for overall effect: Z=0.14 (P=0.89) ’ R-DA-EPOCH R-CHOP

Figure 4. Forest plot of the hazard ratio of PFS in individuals with DEL who underwent treatment with R-CHOP vs R-DA-EPOCH.
SE: standard error; CI: confidence interval; df: degrees of freedom.

3.6. The Result of OS

Three studies provided HR values for OS. Heterogeneity analysis revealed no notable heterogeneity among these
studies (12=0% and P = 0.84). Therefore, an FE model was utilized for their meta-analysis. The findings showed that
R-DA-EPOCH did not result in a significant improvement in the OS of DEL patients compared to R-CHOP (z = 0.52,
P =0.60) (Figure 5).

Hazard ratio Hazard Ratio

Study or subgroup __Jog[Hazard ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% C]

Bartlett 2019 -0.0101 0.4009 25.7% 0.99 [0.45, 2.17]

Othman 2022 -0.2485 03158  41.4% 0.78 [0.42, 1.45]

Pedersen 2017 0 0.3537 33.0% 1.00[0.50,2.00]

Total(95% CI) 100.0% 0.90 [0.60, 1.34]

Heterogeneity: Chi?=0.35.df=2 ( P=0.84); 12= 0% *0_01 0?1 : 1=0 - 00’
Test for overall effect: Z=0.52 ( P=0.60 ) R-DA-EPOCH R-CHOP

Figure 5. Forest plot of the hazard ratio of OS in individuals with DEL who underwent treatment with R-CHOP vs R-DA-EPOCH.
SE: standard error; CI: confidence interval; df: degrees of freedom.

3.7. Publication Bias

As an observational study, meta-analysis is vulnerable to bias at different stages. One common issue in meta-
analyses is publication bias, which can be evaluated using a funnel plot. In this study, a funnel plot was created by
plotting the HR values of each study on the horizontal axis and the reciprocal of the HR values on the vertical axis. The
funnel plot exhibited a generally symmetrical pattern, suggesting minimal publication bias (Figure 6).
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Figure 6. The funnel plot was drawn to test for publication bias. SE: standard error.
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4, Discussion

The outcomes of this meta-analysis indicate no significant improvement in PFS and OS for individuals with DEL
who underwent treatment with R-DA-EPOCH compared to those treated with R-CHOP. These outcomes aligned with
the observations made by Bartlett et al. Conversely, Dodero A et al. observed that among DEL patients under the age
of 65, individuals subjected to treatment with R-DA-EPOCH showed improved PFS (HR = 82% vs HR= 43%, P =
0.020) and OS (HR =90% vs HR = 62%, P = 0.042) relative to those treated with R-CHOP [10]. Similarly, Othman et
al. demonstrated that compared to R-CHOP, R-DA-EPOCH improved the PFS among DEL patients aged < 65 years,
although it did not prolong their OS [11]. The variations in these findings may be attributed to factors not accounted for
in this meta-analysis or to the absence of subgroup analysis considering factors such as age. As a result, the potential
benefits of R-DA-EPOCH for certain subgroups of DEL patients cannot be dismissed solely based on this meta-analysis
and should be confirmed through large-scale clinical trials. In consideration of the controversial findings regarding the
efficacy of R-DA-EPOCH in DEL, it is necessary to conduct further investigation into alternative treatment options for
DEL.

Autologous stem cell transplantation (ASCT) following high-dose chemotherapy is a potentially curative treatment
for patients with diffuse large B-cell lymphoma. However, Herrera et al. showed that DEL patients who underwent
autologous hematopoietic stem cell transplantation did not benefit compared to non-DEL patients. The 4-year OS rates
were 56% and 67%, respectively (P = 0.10) [14]. The patients with DEL had poor prognosis after high-dose
chemotherapy combined with ASCT, and the prognosis of DEL after allogeneic hematopoietic cell transplantation (allo-
HSCT) was also not good. Kawashima et al. found that due to early disease progression, the 2-year PFS for DEL patients
was only 27% [15], suggesting that neither ASCT nor allo-HSCT is a good choice for patients with DEL. Therefore,
developing more precise and effective treatment strategies for DEL patients remains a significant challenge.

In a small-sample phase I clinical trial, the combination of lenalidomide with R-DA-EPOCH emerged as a
potentially safe and feasible treatment option for DEL [16]. The study reported sustained and complete metabolic
responses in all 10 patients within the DEL cohort, with 2-year OS and PFS rates both reaching 87% after a median
follow-up period of 24 months. Furthermore, several clinical studies found that combining Bcl-2 inhibitor venetoclax
and R-CHOP can improve the prognosis of DEL patients [17,18]. Zelenetz et al. demonstrated that the combination of
venetoclax and R-CHOP achieved a complete response rate of 87.5% in DEL patients [17]. The phase 2 clinical trial
expanded the study’s sample size and demonstrated that the combination of venetoclax and R-CHOP resulted in 2-year
PFS and OS rates of 72.3% and 79%, respectively, in DEL patients [18]. Furthermore, certain in vitro experiments
showed synergistic activity between rituximab and histone deacetylase inhibitors (anti-lymphoma drugs) [19]. A phase
Il clinical trial revealed that combining chidamide and R-CHOP led to complete remission in all 12 DEL phenotype
patients, with 2-year PFS and OS rates reaching 83% and 92%, respectively [20]. The overexpression of Myc and Bcl-
2 may be associated with the activation of the B-cell receptor (BCR) and nuclear factor-kappa B signaling pathways,
indicating that the BCR signaling pathway is overactive in DEL. Therefore, interventions targeting these pathways with
BCR inhibitors may hold promise for improving the prognosis of DEL patients [21]. A phase Il clinical trial showed
that the combination of ibrutinib (oral Bruton’s tyrosine kinase inhibitor) and R-CHOP (n = 123) showed improved
event-free survival (HR = 0.646, P = 0.0403) and OS (HR = 0.682, P = 0.1574) compared to the combination of placebo
and R-CHOP (n =111) in individuals with DEL [22]. Moreover, CD19-targeted chimeric antigen receptor T-cell (CAR-
T) therapy offers a promising approach for treating refractory DLBCL. A single-arm, multicenter, phase I-11 ZUMA-1
trial showed that the CAR-T therapy elicited an objective response in 30 out of 33 DEL patients (91%), with 23 patients
(70%) achieving complete remission [23]. A phase Il clinical study conducted by Westin et al. reported that ibrutinib,
lenalidomide, combined with R-CHOP treated initial DLBCL patients, whose PFS and OS were 91.3% and 96.6%,
respectively, indicating that this regimen had good efficacy and safety for newly diagnosed DLBCL [24]. However,
further clinical studies with large sample sizes and long-term follow-up are still needed to confirm the same benefit in
patients with DEL.

The limitation of this study was that some raw key data could not be obtained, and univariate analysis of age, IPI
score, and stage was not performed in this study.

Although some studies suggest that younger DEL patients are more likely to experience longer progression-free
survival with R-DA-EPOCH, this question could not be addressed as no subgroup analysis was performed in this study.
Another limitation was that the original studies cited in this study were mostly retrospective studies, we expect a large
prospective trial to provide a definitive result.
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5. Conclusions

This meta-analysis study suggests that in DEL patients, the R-DA-EPOCH regimen can not improve the ORR,

PFS, and OS rates compared with the R-CHOP regimen. In DEL patients, the potential therapeutic benefits shown by
the new targeted agents in combination with R-CHOP or R-DA-EPOCH regimens suggest that combination therapy
may be a more viable treatment.
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