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Abstract

As an immunomodulatory agent with antitumor activity, lenalidomide has been evaluated for its value in diffuse large
B-cell lymphoma (DLBCL). We performed a meta-analysis to gain a better understanding of the efficacy and safety of
lenalidomide in DLBCL. PubMed, Cochrane Library, and Embase were searched up to March 2022 for potential studies.
The pooled hazard ratio (HR) and relative risk (RR) with 95% confidence interval (CI) were estimated by the fixed/random
effects model. Overall, 6 randomized controlled trials including 1938 patients were included. The complete response rate
(CRR) of the group containing lenalidomide was 47.7% (95%CI 28.5-67.2%), which was higher than the 37.8% (95%CI
16.7-61.5%) of the control group without lenalidomide (RR=1.11, 95%CI 1.03-1.20, P=0.008). The overall estimation
of survival showed a benefit for progression-free survival (PFS) (HR=0.77, 95%CI 0.66-0.90, P=0.001) but not overall
survival (OS) or event-free survival (EFS). The lenalidomide group had a significant incidence of grade >3 hematological
adverse events (AEs) involving neutropenia (RR=1.56, 95%CI 1.15-2.11, P=0.004) and febrile neutropenia (RR=1.81,
95%CI 1.31-2.49, P <0.001), with the incidence of neutropenia (48.3%, 95%CI 37.5-59.1%) being highest. In conclusion,
addition of lenalidomide results in a higher CRR and better PFS but a higher incidence of grade >3 hematological AEs

involving neutropenia and febrile neutropenia.
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Introduction

Diffuse large B-cell lymphoma (DLCBL) is the most com-
mon, aggressive non-Hodgkin lymphoma (NHL) subtype,
comprising approximately 30-40% of cases [1]. The disease
is a highly heterogeneous lymphoma characterized by diffuse

b4 Qingsong Yin
jnyingingsong @163.com
Jia Liu
zlyyliujia3889 @zzu.edu.cn

Ruihua Mi
miruihua2008 @ 163.com

Lin Chen
chenlinms @yeah.net

Xiaoli Guo
gxlemail @126.com

Taotao Liang
13838174792@163.com

The Affiliated Cancer Hospital of Zhengzhou University
and Henan Cancer Hospital, Zhengzhou, China

structure, mature B-cell phenotype, and cell morphology,
with multiple subtypes and genetic profiles. DLCBL is
divided according to the Hans classification into a germi-
nal center type (GCB) and non-germinal center type (non-
GCB, most of the activated B-cell type, named ABC-type)
[2]. Standard treatment is usually immune chemotherapy
combined with rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP). Although 50-60% of
DLBCL patients can be cured by R-CHOP, the outcome of
40-50% of patients who still have relapsed/refractory (R/R)
DLBCL remains poor [3]. Although understanding of the
genetic and molecular landscape of DLBCL has increased
significantly over the last two decades, there has been lim-
ited progress with regard to implementing this knowledge
as improved upfront therapies. Recently, increasing atten-
tion has focused on the addition of various drugs to improve
outcomes.

Lenalidomide is an immunomodulatory agent that is a
derivative of thalidomide with fewer side effects, e.g., mye-
losuppression, which can limit lenalidomide's usage. Pre-
clinical studies have shown that the antineoplastic effects of
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lenalidomide include direct antineoplastic activity, immuno-
logic effects mediated by inhibition of tumor cell prolifera-
tion and angiogenesis, and stimulation of cytotoxicity medi-
ated by T cells and NK cells [4-7]. Moreover, its activity
has been demonstrated in a wide spectrum of hematologic
malignancies, including myelodysplastic syndromes [8],
multiple myeloma [9, 10], and B-cell NHL [11]. Several
clinical trials have shown that lenalidomide has efficacy
against DLBCL and is well tolerated, and it is expected to
become a new treatment option for DLBCL [12—14]. Long-
term follow-up combined analysis from two phase II trials
showed that the efficacy of lenalidomide combined with
R-CHOP (R2CHOP) was maintained over time, with a high
rate of progression-free survival (PFS), and overall survival
(OS); late toxicity was also low. Furthermore, consider-
ing the patients with high-risk features who were included,
addition of lenalidomide to R-CHOP appears to mitigate the
negative prognostic impact of the non-GCB phenotype [15].
Based on real-world data, lenalidomide plus rituximab may
serve as a salvage therapy for R/R DLBCL, with a complete
response rate (CRR) of 21% and an overall response rate
(ORR) of 38%; the median posttreatment OS and PFS were
7.3 and 1.8 months, respectively [16]. We performed this
meta-analysis to comprehensively analyze the efficacy and
safety of lenalidomide in DLBCL.

Materials and methods
Search strategy

PubMed, Cochrane Library, and Embase were searched up to
March 2022 for potential eligible published studies. We used
the following search terms: [(revlimid) OR (lenalidomide)]
AND (diffuse large B-cell lymphoma).

Selection criteria

Studies were included if the following inclusion criteria
were met: (a) patients: all patients diagnosed with DLBCL,;
(b) intervention: treatment including lenalidomide; (c)
control: treatment not including lenalidomide; and (d) out-
comes: primary outcomes of OS, PFS and event-free sur-
vival (EFS) and secondary outcomes of the response rate
and any potential hematological adverse events (AEs); (e)
study design: all included studies with a randomized con-
trolled trial (RCT) design aiming to investigate the efficacy
and safety of lenalidomide in DLBCL. The following types
of articles were excluded: case reports/case series, confer-
ence abstracts/papers, reviews and meta-analyses, preclinical
research, notes/letters/short surveys/editorial/comment/brief
communication, retrospective/observational studies, single
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arm studies and studies not providing information about the
effectiveness of lenalidomide in DLBCL.

Data collection and quality assessment

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [17] was used as a
guide and template for every step of this study. The quality
of the evidence was assessed using the Joanna Briggs Insti-
tute (JBI) reviewers' manual for RCTs and quasi-experimen-
tal studies [18]. The evidence level of the RCTs was level 1.
The following items were extracted among treated patients
from each study: authors, publication year, country, sample
size, median age, sex ratio, disease status, enrollment period,
phase, response rate and survival. The data extraction was
conducted independently by two authors. Information was
examined and adjudicated independently by an additional
author referring to the original studies.

Statistical analysis

Statistical heterogeneity was assessed using Cochran Q sta-
tistics and I? statistics, with I? statistics categorized as low
(I* <25%), moderate (I*<50%), high (I*<75%), or con-
siderable (I>>75%) heterogeneity. If there was significant
heterogeneity between studies (P <0.10 or I*>50%), the
random effects model was used; otherwise, the fixed effects
model was chosen. A meta-analysis of proportions with 95%
confidence interval (95%CI) was conducted after the data
were transformed by Freeman-Tukey double arcsine trans-
formation. The pooled hazard ratio (HR) and its 95%CI
were used to evaluate survival in relation to lenalidomide
in DLBCL. The pooled relative risk (RR) with 95%CI was
used to assess the response rate and grade > 3 hematological
toxicity. Egger’s linear regression test and Begg & Mazum-
dar’s rank correlation tests were performed to detect publi-
cation bias. Visual inspection of funnel plot was conducted.
Sensitivity analysis was conducted by sequential omission
of each included study. All analyses were performed using
R 4.1.1, and P <0.05 was considered statistically significant
for all included studies.

Results
Study selection and characteristics

Our initial literature search yielded 1474 studies. After
duplicates were removed, 1230 articles remained. A total of
1102 studies were excluded due to irrelevance after screen-
ing. The remaining 128 studies were retrieved for eligibil-
ity, 88 were excluded due to non-DLBCL/lenalidomide/
study outcomes, 8 studies were retrospective/observational
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studies, 1 study was in Russian, 4 studies involved dupli-
cate data, and 21 studies were single-arm studies. Eventu-
ally, 6 randomized controlled trials including 1938 patients
were included in the present meta-analysis (Fig. 1) [19-24].
Information related to the population characteristics, and
trial-reported results was summarized in Table 1. Among
the included patients, 4 included untreated patients, and 2
included R/R cases. There were 2 phase II studies, 1 phase
[I/1II study, and 3 phase III studies. The studies were pub-
lished between 2017 and 2021 and were mainly initiated by
researchers in Europe and America. The sample sizes ranged
from 39 to 645. The median age of most patients was greater
than 65 years, with the oldest being over 80 years.

Response rate

Among 963 DLBCL patients in the group containing lena-
lidomide, ORR was 67% (95%CI 45.7-85.3%), CRR was
47.7% (95%CI 28.5-67.2%), and the partial response rate
(PRR) was 16.3% (95%CI 10.6-23.0%). In the control
group without lenalidomide, which included 975 DLBCL
patients, the ORR was 56.9% (95%CI 31.4-80.6%), the
CRR was 37.8% (95%CI 16.7-61.5%), and the PRR was
15.6% (95%CI 10.1-21.9%). The CRR in the lenalidomide
group was significantly higher than that in the control group

Fig. 1 Literature search and

(RR=1.11,95%CI 1.03-1.20, P=0.008) (Table 2, Fig. 2).
Statistical significance was not found for ORR or PRR.

PFS, EFS and OS

Regarding meta-analysis evaluating survival, five studies
with 1899 patients analyzed the PFS of DLBCL patients
treated with lenalidomide. Low heterogeneity was found
among the included studies (I’=3.6%). The overall esti-
mation in the fixed effects model showed a PFS benefit in
favor of the control group not treated with lenalidomide
(HR=0.77, 95%CI1 0.66-0.90, P=0.001) (Fig. 3, Table 3).
Subgroup analysis showed a survival benefit in the untreated
(HR=0.79, 95%CI 0.67-0.94, P=0.006), R-CHOP-based
(HR =0.75, 95%CI 0.62-0.90, P =0.002), and > 65-year-
old (HR=0.77, 95%CI 0.66-0.90, P =0.001) populations.
There was no significant benefit in GCB (HR =0.70, 95%CI
0.48-1.03, P=0.070) or non-GCB (HR =0.83, 95%ClI
0.66-1.05, P=0.125) patients.

Also, 1601 DLBCL patients from five trials were avail-
able for analysis of OS, with 847 patients from 3 trials for
EFS. The estimation of OS and EFS were similar in the two
groups, with pooled HRs of 0.99 (95%CI: 0.83-1.20, I*=0,
P=0.950) and 0.99 (95%CI: 0.81-1.21, =0, P=0.927),
respectively.

selection

Records identified through database searching (n=1474):
(PubMed n=221, Embase n=1248, Cochrane library
n=2, Obtained from references n=3)

A

Records after duplicates
removed (n=1230)

A4

Records screened

Records excluded:

(n=1230) e Case report/case series n=9%
e Conference abstract/paper n=481
e Review and meta-analysis n=383
[ ]

Note/letter/short survey/editorial/comment/
brief communication n=114
e  Preclinical trials n=30

Records assessed for
eligibility (n =128)

Records excluded :
e Non DLBCL/ lenalidomide/ study

outcome n=88

A 4
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Studies included in
quantitative analysis

e Duplicate data n=4
e Russian n=1

3 e Retrospective/ observational n=8
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Single arm study n=21
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Fig.2 The forest plot of CRR Experimental Control Weight Weight
Study EventsTotalEventsTotal Risk Ratio RR 95%-Cl (common) (random)
Czuczman MS |, 2017 5 54 1 55 -E—'— 509 [0.61;42.17] 0.2% 0.1%
Thieblemont C , 2017 192 322 183 323 1.05 [0.92; 1.20] 35.6% 32.4%
Kuhnl A , 2020 7 21 3 18 ‘E—’— 200 [0.60; 6.62] 0.6% 0.4%
Nowakowski GS |, 2021 106 166 92 171 § 1.19 [0.99; 1.42] 17.6% 17.2%
Oberic L, 2021 59 117 53 124 = 1.18 [0.90; 1.55] 10.0% 7.6%
Nowakowski GS |, 2021 197 283 185 284 1.07 [0.95; 1.20] 35.9% 42 3%
Common effect model 963 975 111 [1.03; 1.20] 100.0% -
Random effects model 110 [1.02; 1.18] - 100.0%
Heterogeneity: I* = 0%, t° < 0.0001, p = 0.47
01052 10
Fig.3 The forest plot of PFS Weight Weight
Study TE seTE Hazard Ratio HR 95%-Cl (common) (random)
Czuczman MS , 2017  -0.45 0.2249 —'—f— 0.64 [0.41;0.99] 12.3% 12.3%
Thieblemont C , 2017 -0.35 0.1409 —=— 0.71 [0.54;0.93] 31.2% 31.2%
Nowakowski GS , 2021 -0.42 0.2178 066 [0.43;1.01] 13.1% 131%
Oberic L , 2021 0.03 0.1944 T8 1.03 [0.70; 1.50] 16.4% 16.4%
Nowakowski GS , 2021 -0.16 0.1513 0.85 [0.63;1.14] 271%  271%
Common effect model - 0.77 [0.66; 0.90] 100.0% -
Random effects model - 0.77 [0.66; 0.90] - 100.0%
Heterogeneity: /> = 4%, ©> < 0.0001, p = 0.39
0.5 1 2
Tablg 3 S.urvi_val analysis of Secondary outcomes No. of  No. of patients P (%) P value for HR (95%CI) P value
lenalidomide in DLBCL studies heterogeneity for effects
model
PFS
ALL 5 1899 3.6 0.386 0.77 (0.66, 0.90) 0.001
Disease status
Untreated 4 1790 10.1 0.343 0.79 (0.67,0.94) 0.006
Regimen
R-CHOP based 3 1549 0 0.550 0.75 (0.62,0.90) 0.002
Median age
>65 5 1899 3.6 0.386 0.77 (0.66, 0.90) 0.001
Subtype
Non-GCB 834 47.6 0.148 0.83(0.66, 1.05)  0.125
GCB 350 0 0.484 0.70 (0.48, 1.03)  0.070
oS
ALL 5 1601 0 0.592 0.99 (0.83, 1.20)  0.950
EFS
ALL 3 847 0 0.818 0.99 (0.81, 1.21) 0.927
Italic values indicate P < 0.05
EFS event-free survival, PFS progression-free survival, OS overall survival, 95%CI 95% confidence inter-
val, HR hazard ratio, R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone,
GCB germinal center type
Safety analysis significant incidence of grade >3 hematological AEs involv-

As shown in Table 2, the incidence of neutropenia in the
lenalidomide group (48.3%, 95%CI 37.5-59.1%) was higher
than that of anemia (17.3%, 95%C1 9.9-26.1%), thrombocy-
topenia (13.7%, 95%CI 5.7-24.2%) and febrile neutropenia
(11.9%, 95%CI 5.2-20.6%). The lenalidomide group had a

ing neutropenia (RR=1.56, 95%CI 1.15-2.11, P=0.004,
Fig. 4) and febrile neutropenia (RR=1.81, 95%CI 1.31-2.49,
P <0.001, Fig. 4). The incidence of anemia and thrombo-
cytopenia was similar between the lenalidomide group and
the control group (RR=1.21, 95%CI 0.79-1.87, P=0.383;
RR=1.55,95%C10.71-3.37, P=0.272, respectively).
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reliability and stability of our results.
Publication bias

Based on the results of Begg & Mazumdar's (P=0.327) and
Egger's (P=0.809) tests, there was no significant publication
bias (Fig. 6).

Discussion

Lenalidomide’s antineoplastic effects have shown a good
synergistic effect when combined with anti-CD20 mono-
clonal antibodies, as the agent enhances the NK-cell and
antibody-dependent cell-mediated cytotoxicity of the anti-
CD20 monoclonal antibody [25, 26]. The efficacy and safety

@ Springer
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Fig.4 The forest plot of neutro- Experimental  Control Weight  Weight
penia and febrile neutropenia Study EventsTotalEvents Total Risk Ratio RR 95%-Cl (common) (random)
Czuczman MS , 2017 23 54 14 55 ; 1.67 [0.97;289] 41% 13.3%
Thieblemont C , 2017 181 322 72 323 « 252 [2.01;3.16] 21.2% 21.1%
Kahnl A, 2020 6 21 4 18 129 [0.43;3.85] 1.3% 57%
Nowakowski GS , 2021 100 166 92 171 = 112 [0.93;1.35] 26.8% 21.9%
Oberic L, 2021 38 117 22 124 —— 1.83 [1.16;2.90] 6.3% 15.3%
Nowakowski GS , 2021 169 283 137 284 = 124 [1.06; 1.44] 40.4% 22.5%
Common effect model 963 975 i 153 [1.39;1.70] 100.0% -
Random effects model - 156 [1.15; 2.11] - 100.0%
Heterogeneity: 1> = 86%, t° = 0.0982, p < 0.01 f 1
05 1 2
Experimental Control Weight Weight
Study EventsTotalEvents Total Risk Ratio RR 95%-Cl (common) (random)
Czuczman MS |, 2017 4 54 2 55 —H— 204 [0.39; 10.66] 3.9% 3.8%
Kuhnl A , 2020 3 21 1 18 ——!"— 257 [0.29;22.61] 21% 2.2%
Nowakowski GS , 2021 41 166 22 171 - 192 [1.20; 3.08] 42.8% 46.2%
Oberic L, 2021 4 117 1 124 T 424 [048;37.38] 1.9% 2.2%
Nowakowski GS , 2021 39 283 25 284 o 1.57 [0.97; 2.52] 49.3% 45.7%
Common effect model 641 652 i 1.81 [1.31; 2.49] 100.0% -
Random effects model * 1.79 [1.30; 2.47] - 100.0%
Heterogeneity: P= 0%, = 0,p =089 f TTT 1
01 05 2 10
Study Hazard Ratio HR 95%-Cl s |
o
Omitting Czuczman MS , 2017 | 0.79 [0.67;0.94]
Omitting Thieblemont C , 2017~ ——+—— 0.81 [0.67;0.97]
Omitting Kuhnl A, 2020 — 0.77 [0.66; 0.90] ©
Omitting Nowakowski GS , 2021 0.79 [0.67;0.94] S
Omitting Oberic L , 2021 —&— 0.73 [0.62; 0.87] o
Omitting Nowakowski GS , 2021 —#— 0.75 [0.62; 0.90]
i =
Common effect model ——— 0.77 [0.66; 0.90] % o
075 1 15 g °
©
C
S
Fig.5 Sensitivity analysis for PFS @ v ° o
o
Sensitivity analysis § - °
° (<]
Sensitivity analysis was conducted by omitting one study at | T | T T . T
a time and analyzing the remaining studies. The results are 05 0.6 07 08 09 10 11 12
shown in Fig. 5, with no substantial changes, showing the Hazard Ratio

Fig. 6 Publication bias based on funnel plot

of lenalidomide have been investigated extensively since the
Mayo Clinic first reported a phase I study in which lenalido-
mide was combined with R-CHOP as front-line treatment in
DLBCL patients and safely combined with R-CHOP without
affecting the dose intensity of chemoimmunotherapy [27].
The phase II MCO78E study showed that lenalido-
mide in combination with standard frontline treatment
R-CHOP produced high response rates; the ORR in the
intent-to-treat population was 97% (32/33), 29 (88%) had
CR, and 3 had PR [28]. In a phase I study of lenalidomide
plus R-CHOP, the ORR was 90%, with 81% of untreated,
elderly patients with DLBCL achieving CR [29]. The CRR
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and ORR of lenalidomide in combination with R-ESHAP
(rituximab, etoposide, cisplatin, cytarabine, methylpred-
nisolone) in patients with R/R DLBCL were reported to
be 47.4% and 78.9%, respectively [30]. As a second-line
treatment for DLBCL, 38.9% of patients achieved CR with
R-GEM-L (rituximab, methylprednisolone gemcitabine,
and lenalidomide) [21]. The ORR for lenalidomide mono-
therapy in R/R patients was 33.3% [31]. Lenalidomide plus
ibrutinib and rituximab have promising activity in R/R
DLBCL, with an ORR of 44% (CRR, 28%) [32]. Dual
translocation of MYC and BCL2 in patients with DLBCL
is termed “double-hit lymphoma” (DHL), and dual pro-
tein overexpression of MYC and BCL2 without underly-
ing translocations is termed “double-expressor lymphoma”
(DEL). Both DHL and DEL are recognized as a distinct
subset of non-Hodgkin lymphoma that is associated with
very poor outcomes [33—-35]. The combination of lena-
lidomide with dose-adjusted (DA)-EPOCH-R (etoposide,
prednisone, vincristine, cyclophosphamide, doxorubicin,
and rituximab) for DLBCL treatment-naive patients shows
evidence of DHL or DEL. The best responses after induc-
tion were 13 complete responses (87%) and 1 partial
response (7%), with 1 case of progressive disease (7%)
[36]. Among the included studies, the SENIOR study pre-
sented the proportion of patients with expression or rear-
rangement of MYC and BCL2, and the ORR at the end of
treatment was 73% in the R-miniCHOP arm and 82% in the
R2-miniCHOP arm [23]. And the vast majority of patients
were newly diagnosed and treated with R-CHOP/R-min-
iCHOP. The ORR in the lenalidomide group was 67%,
the CRR 47.7%, and the PRR 16.3% among 963 DLBCL
patients, higher than in the control group. In the control
group, the ORR was 56.9%, the CRR was 37.8%, and the
PRR was 15.6%. However, only the CRR was significantly
higher in the lenalidomide group than in the control group.

The prognosis of elderly patients with newly diagnosed
DLBCL is worse than that of young patients. Comorbidities
and physiological organ function impairment often result in
unmanageable toxicities and limit optimal chemotherapy.
Our quantitative analysis showed that addition of lenalido-
mide resulted in a statistically significant improvement in
PFS but failed to improve OS and EFS. Subgroup analysis
showed survival benefits in the untreated, R-CHOP-treated,
and > 65-year-old populations. In the ECOG-ACRIN E1412
study with a median age of 66 years old [22], R2ZCHOP was
associated with a 34% reduction in the risk of progression
or death compared with R-CHOP. The 1-, 2-, and 3-year
PFES rates were 84% versus 73%, 76% versus 69%, and 73%
versus 62% for RZCHOP versus R-CHOP, respectively. The
phase III REMARC study showed that lenalidomide mainte-
nance for 24 months after obtaining CR or PR with R-CHOP
significantly prolonged PFS in untreated elderly patients
with DLBCL. The 2-year PFS was improved from 75%

(95%CI 70-80%) to 80% (95%C1 75—-84%) in the lenalido-
mide group [20]. These results were similar to our results.

It is well known that the prognosis of non-GCB is worse
than that of GCB in the R-CHOP era [37, 38]. An increasing
number of studies have also shown that lenalidomide com-
bined with R-CHOP overcomes the negative impact of the
non-GCB phenotype in untreated DLBCL and has promising
clinical activity in DLBCL [15]. A retrospectively assessed
123 R/R DLBCL patients showed that lenalidomide is more
efficient in non-GCB DLBCL, with complete remission was
achieved in 32% and a partial remission in 33% non-GCB
patients compared with 0% and 3% in the GCB group [39].
In a phase II trial, the addition of lenalidomide appears
to mitigate a negative impact of non-GCB phenotype on
patient outcome [40]. There was no significant benefit in
either GCB or non-GCB patients in our study. The possible
reason is the different typing methods based on Hans and
gene expression profiling (GEP) among the included trials.
Alternatively, more cases may be needed.

The addition of a new drug to chemoimmunotherapy
raises concerns about increased toxicity, especially in older
patients. Wang M et al. [41] reported common grades 3—4
hematological adverse events (> 10 events), including neu-
tropenia (53%), lymphopenia (40%), thrombocytopenia
(33%), leukopenia (27%) and anemia (18%). Ferreri et al.
[42] found lenalidomide was well tolerated, especially in
this elderly population, with the exception of neutropenia,
grade-4 toxicities occurred in < 1% of courses. Our study
summarized grade >3 hematological toxicity events. The
results show that the pooled incidence of neutropenia was
higher than that of thrombocytopenia, anemia, and febrile
neutropenia. Compared to the control group without lena-
lidomide, the lenalidomide group had a significant incidence
of grade >3 hematological AEs involving neutropenia and
febrile neutropenia.

This study has several limitations. First, the results may
be affected by heterogeneity caused by many factors, such as
different inclusion criteria for the individual studies, incon-
sistent induction therapy. Second, some stratified analyses
according to study or patient characteristics were not per-
formed because several treatments were reported without
more information. Therefore, the results should be consid-
ered cautiously. Further investigation is essential to provide
reliable proof.

In conclusion, DLBCL patients treated with lenalidomide
have a higher CRR, resulting in better PFS but a higher inci-
dence of grade > 3 hematological AEs involving neutropenia
and febrile neutropenia.
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