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Abstract

Background The combination of rituximab and chemotherapy is a first-line treatment for patients with B-cell non-Hodg-
kin lymphoma. Lenalidomide is an immunomodulatory drug that has shown promising properties and activity in a
variety of hematological malignancies. This study evaluated the efficacy and safety of lenalidomide-based regimens in
the treatment of B-cell non-Hodgkin lymphoma.

Methods The PubMed, Science Direct, ClinicalTrials.gov, and Web of Science databases were searched for relevant studies
published up to May 2022. Studies with patients diagnosed with non-Hodgkin B-cell lymphoma, who were randomly
assigned to a lenalidomide treatment group or a non-lenalidomide control group were considered for inclusion in this
review and meta-analysis. Pooled hazard ratios (HRs) with 95% confidence intervals (Cls) of the time-to-event outcomes
and risk ratios (RRs) with 95% Cls of dichotomous data were estimated.

Results A total of 3593 patients from 10 studies were evaluated. The results of the pooled analysis indicated that the
lenalidomide-based regimen was associated with prolonged overall survival (HR, 0.85; 95% Cl 0.74-0.97; P=0.02) and
progression-free survival (HR, 0.70; 95% Cl 0.57-0.88; P=0.002). Significant differences were found in the overall response
rate (RR, 1.18; 95% Cl 1.04-1.33; P=0.01) and complete response rate (RR, 1.18; 95% Cl 1.00-1.39; P=0.05) between the
treatment and control groups.

Conclusions Lenalidomide appears to be a promising therapeutic agent that offers the possibility of a novel combination
of chemotherapy free regimen for patients with B-cell non-Hodgkin lymphoma.
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Abbreviations

95% Cl 95% Confidence interval

ABCDLBCL Activated B-cell-like diffuse large B-cell lymphoma
B Bendamustine

CHOP Cyclophosphamide + doxorubicin + vincristine + prednisone
CR Complete response

CcvpP Cyclophosphamide vincristine prednisone

DLBCL Diffuse large B cell ymphoma

FL Follicular lymphoma

G Gemcitabine

HR Hazard ratio

IC Investigator’s choice

L Lenalidomide

MCL Mantle cell ymphoma

MZL Marginal zone lymphoma

n/N Number (n) with outcome/number (N) in treatment group
N Number of patient enrolled

NA Not available

ORR Overall response rate

0S Overall survival

PD Progressive disease

PFS Progression free survival

PR Partial response

R Rituximab

R? Lenalidomide + rituximab

RR Risk ratio

R/R Relapsed and/or refractory

SD Stable disease

1 Introduction

Non-Hodgkin lymphoma is one of the most common cancers, with its incidence ranking eighth and tenth among men
and women, respectively. Countries with a high human development index have higher incidence rates than countries
with a low human development index [1]. The majority non-Hodgkin lymphomas are B-cell derived, B-cell non-Hodgkin
lymphoma originates from B-lymphocytes at different stages of development [2-4]. The B-cell non-Hodgkin lymphomas
include malignancies with different morphological, biological, and clinical presentations, and B-cell non-Hodgkin lym-
phoma is divided into aggressive and indolent lymphomas [5]. Among them, the diffuse large B-cell and the follicular
lymphomas are the most common aggressive and indolent lymphomas, respectively [6]. Diffuse large B-cell lymphoma
and follicular lymphoma, together, account for 60% of non-Hodgkin lymphomas [7, 8]. The use of rituximab has revolu-
tionized the treatment of B-cell non-Hodgkin lymphoma by targeting specific B-cell surface molecules to remove tumor
cells, thereby improving patient survival significantly [9-11]. Although the outcomes have improved in most patients
with standard chemoimmunotherapy, patients with refractory or relapsed B-cell non-Hodgkin lymphoma have a poor
prognosis [12-14]. The side effects and progressive drug resistance associated with cytotoxic chemotherapy are well-
known [15, 16], and the development of chemotherapy-related cardiovascular diseases is relatively common due to
the high cardiotoxicity of doxorubicin and cyclophosphamide currently used in first-line treatment regimens for B-cell
non-Hodgkin lymphoma [17, 18].

The advent of novel targeted agents and cellularimmunotherapy has increased the tendency to use chemotherapy-
free regimens with a high safety level, durable response, and lower risk of disease progression, as a substitute for current
chemo-immunotherapy [19, 20]. The oral immunomodulatory drug, lenalidomide, has been investigated and used in a
variety of hematological malignancies [21]. Lenalidomide exerts anti-tumor effects through direct anti-tumor activity
and has effects on the tumor micro-environment through multiple mechanisms; it also has a synergistic action with
rituximab in the treatment of B-cell non-Hodgkin lymphoma [22]. The synergistic mechanism of this combination therapy
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promotes the complementary effects of lenalidomide in combination with other monoclonal agents and small-molecule
inhibitors [23]. Lenalidomide has also shown effective activity in patients with relapsed/refractory B-cell non-Hodgkin
lymphoma [24].

A better understanding of the efficacy and adverse effects of lenalidomide are likely to influence the choice of treat-
ment options for B-cell non-Hodgkin lymphoma. The existing research on the topic is mostly based on retrospective
studies and phase I/l clinical trials on the role of lenalidomide in diffuse large B-cell ymphomas. However, there are no
study of treatment with lenalidomide in B-cell non-Hodgkin lymphoma based on large scale clinical trials [25]. Therefore,
we conducted a study to examine the efficacy of lenalidomide in the treatment of B-cell non-Hodgkin lymphoma to
determine whether treatment with lenalidomide versus no lenalidomide reduces the risk of adverse effects.

2 Methods

This study were conducted in accordance with the Preferred Reporting Items of Systematic Reviews and Meta-Analysis
(PRISMA) reporting guidelines [26].

2.1 Eligibility criteria

Published studies that met the following eligibility criteria were included in the review and meta-analysis: (1) all patients
were diagnosed with non-Hodgkin B-cell lymphoma; (2) lenalidomide-based treatment regimens were used; (3) non-
lenalidomide-based treatment regimens were used as a control; (4) the primary outcomes were overall survival and
progression-free survival, and the secondary outcomes were the overall response rate, the complete response rate, and
safety; and (5) the study’s design was either a randomized controlled trial (RCT) or a retrospective cohort study. We did
not impose any restrictions on publication status, date of publication, or language of the studies. Multiple reports from
the same study were considered to be one publication, and only articles with recent and complete data were included.
Full-text articles and supplementary appendices for trials were used as resources. Reviews, editorials, and conference
papers without sufficient data were excluded.

2.2 Information sources and search strategy

Online databases, including PubMed, Science Direct, ClinicalTrials.gov, and Web of Science were searched from inception
to May 2022 to identify eligible studies. The following MeSH terms and relevant variants in English were used as search
terms:“Lymphoma, B-Cell”; “Lymphoma, Follicular”; “Lymphoma, Mantle-Cell”; and “Lenalidomide.” References that were
included in the relevant studies were manually searched. Two reviewers independently screened the titles and abstracts
of the articles, excluded unrelated articles, and then selected the articles that conformed to the study’s criteria for inclu-
sion by browsing through the full text.

2.3 Data extraction and quality assessment

Data from the selected studies were extracted using a standardized form, which included the surname of the first author,
year of publication, location of the study, ClinicalTrials.gov Identifier, trial phase, histology, experimental protocol, sample
size, mean age, follow-up time, and outcome events. Hazard ratios and 95% confidence intervals (Cls) of patients’ overall
survival and progression-free survival were extracted from survival curves and survival data. The number of events, the
corresponding population’s overall response, the complete response, and adverse events were extracted. If a concurrent
independent review was available, the data assessed by the independent review committee were extracted.

The risk of bias among the RCTs was evaluated based on the following items: generation of an allocation sequence,
allocation concealment, blinding, incomplete outcome reporting, selective outcome reporting, and other biases. Each
item of the trial was graded as low, unclear, or high risk for bias according to the criteria specified in the Cochrane
Handbook. The Newcastle-Ottawa Scale was used to assess three aspects (with eight questions each) to determine the
quality of the retrospective studies: selection, comparability, and results. Data extraction and quality assessment were
evaluated independently by two authors, and all disagreements were resolved through discussion.

@ Discover



Research Discover Oncology (2024) 15:105 | https://doi.org/10.1007/512672-024-00965-7

2.4 Statistical analysis

We calculated the pooled hazard ratios (HRs) of the time-to-event outcomes using the inverse variance and reported
the pooled estimates and corresponding 95% confidence intervals (Cls). Risk ratios (RR) and 95% Cls of the dichotomous
data were calculated using the Mantel-Haenszel method. Heterogeneity among the studies was assessed using the I?
statistic. 12 values of 25, 50, and 75%, respectively, were considered to be low, medium, and high levels of heterogeneity.
We analyzed the data using a fixed-effects model, and we used a random-effects model when I? > 50%. Assessments of
quality and risk of bias were performed for all studies. We conducted subgroup analyses of overall and progression-free
survival by type of lymphoid neoplasm. Differences between the subgroups were assessed using the Chi-square test.
Sensitivity analysis was performed for all results, especially for results with high heterogeneity. For outcomes with a
specific number of patients who were lost to follow-up, we assumed that the outcomes were most severe among those
patients. Results were considered statistically significant when the P-value was < 0.05. All statistical analyses were com-
pleted using Review Manager, version 5.3.

3 Results
3.1 Study selection and quality assessment

A total of 1206 titles and abstracts in the initial literature search were identified, and 771 citations were retained after we
removed all duplicates (Fig. 1). After assessing the titles and abstracts of all the included articles to determine compliance
with the inclusion criteria, 614 articles were excluded because they were irrelevant to the studies’ research questions and
102 clinical trials were excluded because they were irrelevant to the research questions or they had insufficient data. The
full text of the remaining 35 articles were reviewed, and 25 studies were excluded, including 20 articles with unanswered
but relevant research questions and five articles with reports of the same experiment in different periods. Nine of the 20

1206 studies identified through PubMed, Science
Direct, clinicaltrials.gov, and Web of science

I 435 duplicates excluded

771 studies and trail reviewed

716 citations excluded

614 studies excluded after title and abstract screening

102 trails excluded

59 withdrawn, not updated, suspended, recruiting or not yet
recruting

43 no suitable control, single-arm, dose escalation or no
result

35 full-text and 20 trails reviewed

4 retrospective cohort studies reviewed 31randomized controlled studies reviewed 20 trails reviewed
23 studies excluded 11 trails excluded
18 not related to the research question 4 suitable control
2 not related to the 5 duplicate reports of same trails 7 no results

research question

2 qualified studies 8 qualified studies including 9 trails

Fig. 1 Flow diagram of the selection of studies
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experiments matched the screening criteria, and another 11 articles were excluded because of the absence of appropriate
controls and lack of adequate data. No new studies were found after reviewing the relevant literature and the reference
lists from relevant studies for the present review. Finally, 10 published studies that met the established inclusion criteria
were included in this systematic review [27-36].

3.2 Study characteristics

Characteristics of the individual studies are described in Table 1. A total of 3593 patients were included in the present
study. These 10 selected studies included eight prospective studies and two retrospective cohort studies. One experi-
ment included patients with mantle cell ymphoma, four experiments included patients with follicular ymphoma and
marginal zone lymphoma, and five included patients with diffuse large B-cell ymphoma. The median follow-ups ranged
from 4.9 to 96 months. Except for one study with a target population over 80 years old, the median ages of the included
patients ranged from 59 to 73.6 years. A higher incidence of neutropenia, thrombocytopenia, leukopenia, anemia, and
febrile neutropenia was found among patients with grade 3 or more severe hematological toxicity. A higher incidence
of fatigue, diarrhea, infection, and rash was found in patients with grade 3 or more severe non-hematological toxicity.

Eight of the studies were multi-center RCTs, six of which were open-label trials. Two trials explicitly used blinding, with
one using masking for the participants, care providers, investigators, and outcome evaluators. The study populations of
the two retrospective studies were representative samples, and their study designs were between-group comparisons.
However, no missing data were reported in the retrospective studies and all the included studies were judged to be of
high quality.

3.3 Overall survival

The pooled analysis of overall survival was consistent among the 10 included studies. A significant improvement was
found in the overall survival of patients receiving lenalidomide (HR, 0.85; 95% Cl 0.74-0.97; P=0.02), compared to those
treated without lenalidomide (Fig. 2A). No significant heterogeneity (I?=0%) was observed between the experiments,
and the funnel plots did not support publication bias (Additional file 1: Fig. S1). A subgroup analysis of overall survival
showed that the patients with diffuse large B-cell ymphoma clearly benefitted from their treatment with lenalidomide
(HR, 0.83;95% C1 0.71-0.98; P=0.02; I>=0%; 5 trials; 1,584 patients; Fig. 2B). However no significant difference was found
between the treatment and control groups with follicular lymphoma (HR, 0.86; 95% Cl 0.60-1.24; P=0.42; 1> =44%; 4
trials; 1692 patients), marginal zone lymphoma (HR, 2.89; 95% Cl 0.56-14.92; P=0.21; 1 trial; 63 patients) or mantle cell
lymphoma (HR, 0.89; 95% Cl 0.62-1.28; P=0.53; 1 trial; 254 patients).

3.4 Progression-free survival

In the pooled analysis of progression-free survival, the lenalidomide-based treatment was associated with a significantly
prolonged progression-free survival, compared to the non-lenalidomide-based treatments. The pooled HR of the nine
studies showed a significant improvement in progression-free survival (HR, 0.70; 95% Cl 0.57-0.88; P=0.002; 1>=71%;
Fig. 3A). Furthermore, progression-free survival was analyzed by lymphoid neoplasm (Fig. 3B). In the four experiments
including 1692 patients with follicular ymphoma, the addition of the lenalidomide group probably contributed little
or no difference to their progressive-free survival (HR, 0.59; 95% Cl 0.33-1.06; P=0.08; I2=88%). An experiment with 63
relapsed/refractory marginal zone patients with lymphoma showed no changes between treatments (HR, 1.00; 95%
Cl 0.55-1.83; P=1.00). A trial including 254 patients with relapsed/refractory mantle cell ymphoma revealed that the
lenalidomide arms of the study had significantly higher progression-free survival than the non-lenalidomide arms had
(HR, 0.61; 95% Cl 0.44-0.84; P=0.003). Patients with diffuse large B-cell ymphomas were enrolled in five studies, and
four studies that included 1201 patients reported progressive-free survival. Lenalidomide significantly improved the
progressive-free survival of patients with diffuse large B-cell ymphoma (HR, 0.79; 95% Cl 0.66-0.95; P=0.01; 12=19%),
but no statistically significant differentce was found between the subgroups. However, those patients with the activated
B-cell subset (known as the ABC Type) of diffuse large B-cell ymphoma who received lenalidomide treatment showed
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Test for overall effect: Z= 2.33 (P = 0.02)
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Fig.2 Forest plots of the hazard ratios of the overall survival of the lenalidomide group versus the no-lenalidomide group. A All trials are
included. B The subgroup analysis of overall survival was divided by type of lymphoid neoplasm

a significant improvement in progressive-free survival (HR, 0.75; 95% Cl 0.59-0.95; P=0.02; I2=19%; Additional file 1:
Fig. S2).

3.5 Overall and complete response rates

Eight trials including 2,998 patients reported an overall response rate. A total of 1,091 of the 1,541 patients in the lena-
lidomide group responded to treatment, and 967 of the 1,456 patients in the control group responded to treatment. The
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Fig.3 Forest plots of the hazard ratios of the progression-free survival of the lenalidomide group versus the no-lenalidomide group. A All
trials are included. B The subgroup analysis of progression-free survival was divided by type of lymphoid neoplasm

addition of lenalidomide significantly improved the overall response rate (RR, 1.18; 95% Cl 1.04-1.33; P=0.01; 12=88%;
Fig. 4A), and compared to the control group, the lenalidomide group showed a significantly improved complete response
rate (RR, 1.18; 95% Cl 1.00-1.39; P=0.05; I>=73%; Fig. 4B).

3.6 Adverse events
An incidence of grade 3 or more severe adverse events was reported in 1,360 patients in three trials, and no evi-

dence was found that the lenalidomide-based treatment increased the incidence of adverse events above grade 3
(RR, 1.11; Table 2). Among the patients with hematological toxicity, lenalidomide-based treatment was associated
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Fig.4 Forest plots of the risk ratios of the overall response and complete response of the lenalidomide group versus the no-lenalidomide
group. A Overall response. B Complete response

Table 2 Pooled analysis of risk
ratios of adverse events above
grade 3 and second primary
cancers
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Events Experimental group  Control group RR 95% Cl P 12, %
n/N (%) n/N (%)

Adverse events 467/678 (68.9) 457/682 (67.0) 111 0.86-1.42 0.43 87
Neutropenia 629/1547 (40.7) 534/1476 (36.2) 1.55 1.03-2.33 0.03 93
Thrombocytopia 147/1547 (9.5) 93/1476 (6.3) 144 0.85-245 0.18 70
Anemia 136/1040 (13.1) 90/973 (9.2) 145 1.13-1.85 0.003 40
Leucocytopenia 75/1187 (6.3) 91/1105 (8.2) 0.73  0.34-1.57 0.42 76
Diarrhea 28/1210(2.3) 9/1126 (0.8) 256 1.25-5.23 0.01 0
Rash 26/760 (3.4) 3/759 (0.4) 8.64 2.62-2849 0.0004 22
Fatigue 24/1430(1.7) 18/1352(1.3) 129 0.71-2.34 0.41 0
Nausea 3/966 (0.3) 13/967 (1.3) 0.29 0.09-0.86 0.03 29
Second primary cancers  70/1044 (6.7) 74/966 (7.7) 0.88 0.64-1.21 0.45 0

n/N number (n) with outcome/number (N) in treatment group, RR risk ratio, 95% Cl 95% confidence inter-

val, PP value
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with an increased risk of tertiary and more severe neutropenia (RR, 1.55; 8 trials; 3023 patients) and anemia (RR, 1.45;
7 trials; 2013 patients), compared with the controls. No significant difference in the risk of tertiary or more severe
thrombocytopenia (RR, 1.44; 8 trials; 3023 patients) or leukocytopenia (RR, 0.73; 5 trials; 2292 patients) was found
between the treatment groups. Among the patients with non-hematological toxicity, the risk of diarrhea (RR, 2.56;
5 trials; 2336 patients) and rash (RR, 8.64; 3 trials; 1519 patients) increased in the lenalidomide group. However, the
risk of nausea was reduced significantly in the lenalidomide group (RR, 0.29; 3 trials; 1933 patients), whereas the risk
of fatigue (RR, 1.29; 7 trials; 2782 patients) was not significantly different between the groups. Finally, the pooled
analysis of the risk ratio of second primary cancers was not statistically significant between the patients treated with
the lenalidomide-based protocol and the controls (RR, 0.88; 5 trials; 2010 patients).

4 Discussion

This study was conducted using 10 studies to assess the safety and efficacy of a lenalidomide-based treatment regimen
in patients with B-cell non-Hodgkin lymphoma. The results of the included studies showed that the progressive-free
survival and overall survival of patients treated with lenalidomide improved, compared to patients who were not treated
with lenalidomide. The subgroup analyses of the overall and progressive-free survival were performed considering
possible differences in efficacy among patients with different B-cell non-Hodgkin lymphomas. The results showed that
diffuse large B-cell ymphoma and mantle cell ymphoma responded well to it, and follicular lymphoma and marginal
zone lymphoma achieved efficacy similar to that expected after standard treatment. Moreover, they also had increased
overall and complete response rates. Although lenalidomide increased the risk of grade 3 neutropenia, anemia, diar-
rhea, and rashes to a higher (more severe) grade among the patients receiving it, no significant difference in the risk of
thrombocytopenia, leukopenia, or fatigue was found. To date, this comprehensive assessment is the first and largest
study of lenalidomide-based treatment for B-cell non-Hodgkin lymphoma, and it provides the highest level of evidence
for both physicians and patients.

The main result of the present study was the significant difference in overall survival between the lenalidomide and
no-lenalidomide groups. There are two possible explanations for lenalidomide’s advantage: its direct anti-tumor activity
and its synergistic effect with rituximab. The efficacy of lenalidomide may vary by lymphoma cytogenetics and tumor
microenvironment. In order to identify which patients will receive the maximum benefit from treatment containing lena-
lidomide, we performed a subgroup analysis to explore which patients with B-cell non-Hodgkin lymphoma of different
lymphoma types might benefit from treatment with lenalidomide. The results of our analysis showed that lenalidomide-
based treatment improved overall survival in patients with diffuse large B-cell ymphoma. Nevertheless, among patients
with follicular, marginal zone, and mantle cell ymphomas, lenalidomide-based treatment was associated with similar
long-term survival benefits of standard treatment, and it demonstrated meaningful clinical activity, which is consistent
with the results reported in previous studies [37, 38]. A non-chemotherapeutic regimen containing lenalidomide may be
more appropriate for older patients who are difficult to treat with standard immuno-chemotherapy. Although the data
are insufficient to support the subgroup analysis, studies show that the activity of lenalidomide is maintained in patients
aged > 65 years old. Furthermore, long-term follow-up results of experiments are needed because they may demonstrate
the effect of lenalidomide on overall survival more accurately, especially experiments including indolent lymphoma.

Given that the overall survival of patients with B-cell non-Hodgkin lymphoma was prolonged significantly after the
introduction of rituximab into treatment and that overall survival is influenced by many factors. We focused on progres-
sive-free survival, compared to prolonged overall survival. Our analysis showed that the addition of lenalidomide was
associated with longer progression-free survival. Among these were significant differences in diffuse large B-cell lym-
phoma and mantle cell ymphoma. Moreover, the poor prognosis of activated B-cell (ABC) diffuse large B-cell ymphoma
also significantly improved progression-free survival, consistent with previous study articles and pre-clinical studies of
lenalidomide in diffuse large B-cell lymphoma [39]. In two previous studies, a long-term follow-up trial of lenalidomide
combined with rituximab for follicular ymphoma, which had an 8 year progression-free survival of 65%, challenged the
clinical trial outcome of bendamustine plus rituximab with a 5 year progression-free survival of 65.5% [40]. Hence, the
natural course of follicular ymphoma (the most common indolent lymphoma) might determine the need for long-term
follow-up to achieve meaningful progression-free survival.

Patients less than 60 years old with diffuse large B-cell ymphoma who were treated with complete and partial remis-
sion 24 months after their diagnosis had a survival rate comparable to age- and sex-matched healthy individuals [41].
The patients with B-cell non-Hodgkin lymphoma who relapsed after 5 years had better survival than those with earlier
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relapses [42]. The median follow-up of the response evaluations for most of the included experiments was longer than
24 months. Our study showed that patients receiving lenalidomide had an 18% higher likelihood of response and com-
plete response, compared with controls. Moreover, at the end of treatment for aggressive lymphoma and follicular
lymphoma, the use of positron emission tomography and computed tomography is the standard test of complete remis-
sion [43]. However, some trials did not use positron emission tomography as a means of assessment, and the complete
response rate may have been underestimated [44].

Given the significant improvements in overall survival and progression-free survival among B-cell lymphoma patients,
the management and prevention of treatment-related side effects have received increasing attention. A summary analysis
of adverse events showed that adding lenalidomide did not increase the risk of grade 3 or more severe adverse events,
compared to the control groups. The adverse events most associated with the use of lenalidomide were neutropenia,
rashes, and diarrhea, which were the result of loss of key transcription factors inducing granulocyopoiesis and the acti-
vation of dendritic-mediated cell humoral immunity [45]. The most common cases of hematotoxicity were neutropenia,
thrombocytopenia, anemia, and leukopenia. The results showed an increased risk of grade 3 or more severe neutropenia
and anemia, with no significant difference in thrombocytopenia or leukopenia. However, previous studies have shown
that neutropenia during lenalidomide treatment is reversible and improved by sustained growth factor support [43].
Although the risk of a rash is increased and may hinder treatment due to its negative effects on quality of life, the inci-
dence of rashes is not significant. A grade 1 or 2 rash can be monitored or treated with steroids, and a rash above grade
3 can be controlled by interrupted treatment and prednisone [46]. With prolonged survival, a second primary cancer
with a clear effect on survival became more prevalent in patients with B-cell non-Hodgkin lymphoma [47]. Non-Hodgkin
lymphoma has a greater risk of a second tumor, which does not significantly differ between subtypes [48]. The occurrence
of a second tumor was associated with immune dysfunction [49, 50]. There was no evidence in the summary analysis that
patients treated with lenalidomide might be prone to a second primary cancer. Lenalidomide was also found to be asso-
ciated with venous thromboembolic events in the treatment of B-cell non-Hodgkin lymphoma [51]. However, given the
few reports of thromboembolic events in the included literature, no relevant results were reported in the present study.

The strengths of this study include a comprehensive search that was based on clear inclusion criteria. Most of the
included studies were multicenter RCTs conducted at prestigious research centers, with large samples of representative
populations. The data from the prospective RCTs in the present study may be more robust than the data from previous
reviews, which were mainly based on cohort studies and single-arm clinical trials, thereby providing more reliable conclu-
sions and clinical guidance. Moreover, the evidence from the prospective RCTs and retrospective studies was carefully
evaluated and the risk of bias for all of them was low. The overall survival of patients with diffuse large B-cell ymphoma
found in our studies was largely consistent with that of previous studies [25], so we performed a more detailed analysis
of progressive-free survival, overall survival, and adverse reactions. Our results provide answers to efficacy and safety
questions about lenalidomide in the treatment of B-cell lymphoma. A better understanding of lenalidomide’s mechanism
of action on cells in the tumor micro-environment will help optimize the therapeutic effect of lenalidomide on B-cell
non-Hodgkin lymphoma.

This study has several limitations. First, the dosage and mode of administration of lenalidomide and the drugs included
in the combination treatment varied among the different studies. Therefore, a standard lenalidomide dose or treatment
regimen could not be recommended based on this study. The short follow-up period was insufficient, and some of the
experiments never reached the overall or progressive-free survival medians. The included literature contained different
subtypes of B-cell non-Hodgkin lymphoma, with histological inconsistencies. Although our results provide answers
to efficacy and safety questions about lenalidomide in the treatment of B-cell lymphoma, they also highlight gaps in
the research. Analyses of RCTs on mantle cell, marginal zone, and other B-cell non-Hodgkin lymphomas that were not
included in the present study’s analysis, are needed to obtain a clearer understanding of the efficacy and safety of lena-
lidomide. Given the ability of lenalidomide and its simplified treatment as an oral drug, the dose and course of treatment
should be determined, and patient satisfaction and quality of life, should be investigated. A better understanding of
lenalidomide’s mechanism of action on cells in the tumor micro-environment will help optimize the therapeutic effect
of lenalidomide on B-cell non-Hodgkin lymphoma.
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5 Conclusions

This study sheds light on the addition of lenalidomide to the treatment regimen, which may be associated with significant
survival benefits and controlled adverse effects. Based on the findings of existing clinical trials, this study provides a rela-
tively high level of evidence for the efficacy and safety of lenalidomide in the treatment of B-cell non-Hodgkin lymphoma.
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