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Background: There has been long-standing controversy regarding the effectiveness and safety of 
lenalidomide as a maintenance treatment for patients with multiple myeloma (MM) after allogeneic cell 
transplantation. This meta-analysis aimed to explore the effectiveness and safety of lenalidomide in the 
maintenance treatment of MM patients after allogeneic cell transplantation based on published data. 
Methods: A systematic review and meta-analysis was conducted in English and Chinese databases, covering 
all available publications until 1 December 2020. Statistical analysis was performed using the software 
STATA 14.0, and odds ratios (ORs) combined with 95% confidence intervals (CIs) were calculated to explore 
the efficacy and safety of lenalidomide in the treatment of MM patients after allogeneic cell transplantation. 
Results: A total of 173 MM cases in 8 independent studies from 2007 to 2014 were included. Through a 
single-arm meta-analysis of the disease status of MM patients after lenalidomide treatment, 3.6% of patients 
were in minimal response (MR, P=0.006), 39.0% were in complete remission (CR, P=0.169), 20.2% in partial 
remission (PR, P<0.001), 12.8% in very good partial remission (VGPR, P=0.049), and 9.7% in SD (P=0.023); 
the PD was 5.6% (P=0.010). Through meta-analysis of adverse reactions after taking lenalidomide, 35.3% 
(P=0.628) of participants developed acute graft-versus-host disease (GVHD); 22.6% (P=0.049) developed 
chronic GVHD; 20.3% (P=0.001) developed infection; 22.5% (P=0.352) had thrombocytopenia; 32.5% 
(P<0.000) had neutropenia; pain occurred in 17.8% (P=0.350) of patients, and peripheral neuropathy 
occurred in 17.8% (P=0.995) of participants. The overall survival (OS) of ≥2 years and progression-free 
survival (PFS) of ≥2 years of MM patients after allo-hematopoietic-stem-cell transplantation (HSCT) taking 
lenalidomide were analyzed, and the results were 64.9% (P=0.049) and 58.4% (P=0.890), respectively. 
Discussion: Lenalidomide is effective in the treatment of MM patients after allo-HSCT, and reducing the 
incidence of infection and peripheral neuropathy, but it is not effective in reducing GVHD and blood system 
adverse reactions.
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Introduction

Multiple myeloma (MM) is a malignant plasma cell disease 
characterized by abnormal proliferation of bone marrow 
plasma cells accompanied by excessive production of 
monoclonal immunoglobulin or light chain (M protein). 
Very few patients express the unsecreted type of MM, and 
may not produce M protein. MM is often accompanied by 
multiple osteolytic damage, hypercalcemia, anemia, and 
kidney damage (1), and various bacterial infections are also 
prone to occur due to the inhibition of the production of 
normal immunoglobulin. 

Account ing  fo r  abou t  10% o f  hemato log i c a l 
malignancies, MM is the second most common tumor of 
the hematological system (2), mostly affects the middle-
aged and elderly, and currently there is no complete cure. 
In the 1970’s and 1980’s, MM was treated with traditional 
chemotherapy such as melphalan and prednisone (MP) or 
dexamethasone (VAD), and the complete remission (CR) 
rate was only 3–5% (3). From the 1980’s to the 1990’s, due 
to the rise of auto-HSCT and allo-hematopoietic-stem-
cell transplantation (HSCT) technologies, the efficacy 
of MM treatment was significantly improved. Among 
them, the allo-HSCT technique is an alternative method 
when traditional chemotherapy and auto-HSCT cannot 
be effectively applied due to its graft anti-tumor effect 
(graft versus myeloma, GVM), but the higher incidence of 
graft-versus-host disease (GVHD) limits its widely used 
in clinical practice. Lenalidomide is a structural analog of 
thalidomide, and is a new generation immunomodulator 
developed by Celgene Corp. (Summit, NJ, USA). It is 
mainly used for the treatment of MM, myelodysplastic 
syndrome, and lymphoma. Lenalidomide is commonly 
used in the treatment of MM patients who have previously 
received allo-HSCT due to its unique immune regulation 
and tumor-killing dual mechanism; however, there are still 
clinical controversies regarding its effectiveness and safety. 
Therefore, we conducted a single-arm meta-analysis on the 
effectiveness and safety of lenalidomide in the treatment of 
MM patients after allo-HSCT. We present the following 
article in accordance with the PRISMA reporting checklist 
(available at https://dx.doi.org/10.21037/apm-21-1598).

Methods

This meta-analysis was conducted with guidance from 
the Cochrane handbook and reported according to the 
Preferred Reporting Items for Meta-Analyses (PRISMA) 

guidelines. The process followed a priori established 
protocol.

Data sources and search strategy

Relevant publications were identified by an electronic 
literature search of PubMed (Medline), EMBASE, Web of 
Science, Cochrane Library, Chinese National Knowledge 
Infrastructure (CNKI) Database, Wanfang, and Weipu 
Databases up to 1 December 2020. The search was conducted 
by an experienced medical librarian, with input from the 
study’s investigators, and it included the following keywords: 
‘Revimid’ or ‘Revlimid’ or ‘CC-5013’ or ‘CC5013’ or 
‘IMiD3 Cpd’, or ‘Multiple Myelomas’ or ‘Myelomas, Multiple’ 
or ‘Myeloma, Multiple’ or ‘Myeloma, Plasma-Cell’ or ‘Plasma-
Cell Myeloma’ or ‘Myelomatosis’ or ‘Plasma Cell Myeloma’or 
‘Cell Myeloma, Plasma’ or ‘Kahler Disease’ or ‘Myeloma-
Multiple’ or ‘Myeloma Multiple’or ‘MM’ or ‘Transplantation’ 
or ‘Transplantations’ or ‘Cell Transplants’ or ‘Transplant, Cell’ 
or ‘Transplants, Cell’or ‘allogene’. Medical Subject Headings 
(MeSH) terms were also searched: ‘Lenalidomide’ or 
‘allogeneic cell transplantation’ or ‘multiple myeloma’. Due 
to language limitations, only English and Chinese documents 
were reviewed.

Study selection

Cohort, cross-sectional, and case-control studies were 
deemed as acceptable through the study selection 
process. The inclusion criteria were as follows: (I) studies 
focused on patients with MM; (II) participants received 
allogeneic cell transplantation; (III) participants received 
lenalidomide treatment; (IV) number of participants 
was no less than 5; and (V) the disease progression after 
lenalidomide treatment was reported, including adverse 
reactions, progression-free survival (PFS), and overall 
survival (OS) data. The exclusion criteria were as follows: 
(I) duplicate literature, (II) data required for analysis was 
not reported, (III) studies only including infants (aged  
<6 years old); (IV) studies lacking adequate sample size (less 
than 5 participants with MM); and (V) animal studies. In 
situations where studies contained substantial overlapping 
data from the same patient population (>2 years of 
overlapping data), only data from the most comprehensive 
study (greatest number of participants) was included. In 
studies with a minor degree of overlap (<2 years overlap), 
both datasets were included with a pre-planned sensitivity 
analysis. 

https://dx.doi.org/10.21037/apm-21-1598
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Data extraction and quality assessment

Data extraction was performed independently by  
2 investigators and confirmed by the third investigator. The 
data extraction process included: (I) study characteristics 
(primary author, year of publication/time period of study, 
and study design); (II) characteristics of participants and 
MM (number of cases, participant age). For this study, 
the methodological quality of the included studies was 
assessed using the Quality Assessment of Diagnostic 
Accuracy Studies-2 (QUADAS-2) Scale. Studies were 
scored across 4 categories: random sequence generation  
(3 questions), randomized hiding (4 questions), blind 
method (3 questions), and quitting and withdrawal  
(2 questions). Study quality was defined as low and high 
corresponding to scores of 1–3 and 4–7, respectively. 

Statistical analysis

The statistical software Stata 14.0 (StataCorp. LLC., 

College Station, TX, USA) was used to meta-analyze the 
extracted data. Before the meta-analysis, the heterogeneity 
between studies was analyzed by chi-square (χ2) test. When 
P<0.05, heterogeneity was considered significant. Then, 
the random effects model was used to merge and the cause 
of heterogeneity was further analyzed. When P>0.05, 
there was no significant heterogeneity, and the fixed effects 
model was used to merge data. The correlation index was 
expressed by odds ratio (OR) and 95% confidence interval 
(CI). A P value <0.05 was considered statistically significant.

Results

Results of document search 

As shown in Figure 1, a total of 325 records were identified 
after the initial search of databases. After reading the title/
abstract, 307 records were excluded via removal of duplicates 
or irrelevant studies. The remaining 8 records were further 
analyzed by full-text reading, resulting in the exclusion of 
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Figure 1 Flow chart depicting search strategy for the systematic review.
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1 record according to the inclusion and exclusion criteria. 
Ultimately, after qualitative and quantitative data synthesis, 
only 8 independent studies, including 7 cohort studies and  
1 case-control study, were included in this meta-analysis, 
with a total of 181 participants. 

Characteristics of included studies

All of the included 8 articles were published between 2009 
and 2014, of which 2 were published in Germany, 2 in the 
USA, 2 in the Netherlands, and 2 in the USA. All of the 
participants were Caucasians, aged 48–58.5 years old. The 
characteristics of included studies are summarized in Table 1.

Disease status after lenalidomide treatment

Firstly, we conducted a single rate meta-analysis of 
the disease progression of MM patients after receiving 
lenalidomide treatment. Among them, 2 studies reported 
that the condition after treatment with lenalidomide was 
minimal response (MR), and the overall rate was 3.6% 
(CI: 0.004 to 0.097, P=0.006), 8 studies reported that the 
condition was CR, and the overall rate was 39.0% (CI: 0.303 
to 0.480, P=0.169), 6 studies reported that the condition 
was partial remission (PR), and the overall rate was 20.2% 
(CI: 0.092 to 0.343, P<0.001), and 7 studies reported that 
the participants’ condition was very good partial remission 
(VGPR), with an overall rate of 12.8% (CI: 0.066 to 0.208, 
P=0.049). A total of 6 studies reported that the participants’ 
condition after treatment with lenalidomide was stable 
disease (SD) with an overall rate of 9.7% (CI: 0.040 to 0.175, 
P=0.023), and 3 studies reported that the condition was 
progressive disease (PD), with an ORR of 5.6% (CI: 0.013 
to 0.124, P=0.010) (Figure 2, Table 2).

The statistics of adverse events

We conducted a single rate meta-analysis of the adverse 
reactions of MM patients after allogeneic cell transplantation 
after receiving lenalidomide treatment. A total of 8 studies 
reported the incidence of acute GVHD in participants after 
lenalidomide treatment, with an overall rate of 35.3% (CI: 
0.290 to 0.419, P=0.628). A total of 4 studies reported the 
incidence of chronic GVHD with an overall rate of 22.6% 
(CI: 0.109 to 0.370, P=0.059); 3 studies reported infections 
after treatment, and the overall rate was 20.3% (CI: 0.031 to 
0.471, P=0.001). There were 5 studies that simultaneously 
reported the incidence of thrombocytopenia and neutropenia, 

the overall rates were 22.5% (CI: 0.157 to 0.302, P=0.352) 
and 32.5% (CI: 0.110 to 0.590, P<0.001), respectively. 
There were 3 that reported the symptoms of pain in patients 
lenalidomide treatment with an overall rate of 17.8% (CI: 
0.092 to 0.284, P=0.350). In addition, there were 3 studies 
which reported the occurrence of peripheral neuropathy, and 
the rate was 17.8% (CI: 0.109 to 0.256, P=0.995) (Figures 3-9, 
Table 2)

Survival

We performed a one-arm meta-analysis of PFS and OS 
in MM patients who had been treated with lenalidomide. 
There were 5 studies which included participant PFS 
(≥2 years) data, and the analysis results showed that the 
overall rate was 58.4% (CI: 0.499 to 0.667, P=0.890). In 
addition, all 8 studies mentioned participants’ OS (≥2 years)  
data and analysis showed that the pooled rate of OS  
(≥2 years) in MM patients who had received allogeneic cell 
transplantation after lenalidomide treatment was 64.9% (CI: 
0.451 to 0.824, P<0.001) (Figures 10,11, Table 2). 

Discussion

The disease MM is a malignancy of antibody-secreting, 
terminally differentiated B cells that home to and expand 
in the bone marrow, with symptoms related to anemia, 
immunosuppression, bone destruction, and renal failure. 
Allo-HSCT is widely used clinically as an effective method 
for the treatment of MM. However, there are many adverse 
reactions after allo-HSCT, such as GVHD, infection, 
thrombocytopenia, pain, and so on, which will cause serious 
distress to patients' postoperative life, and even affect 
their MM treatment. As the 4-amino-glutaryl derivative 
of thalidomide, lenalidomide is commonly used in the 
treatment of various malignant hematological diseases and 
solid tumors due to its reduced side effects and unique 
dual mechanism of immune regulation and tumor killing. 
There is no relevant report at present regarding whether 
lenalidomide can effectively improve the treatment effect of 
MM patients after allo-HSCT and reduce the occurrence of 
adverse reactions; thus, we conducted this meta-analysis.

We first analyzed the disease status of 173 MM patients 
who received allo-HSCT after taking lenalidomide. The 
results showed that the comprehensive CR ratio reached 
46.6% (CI: 30.1% to 63.3%), and the PR and VGPR also 
reached 21.8% (CI: 12.8% to 32.5%) and 14.7% (CI: 
9.7% to 20.7%), respectively, while the comprehensive 
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PD ratio was only 6% (CI: 1.5% to 13.2%), indicating 
that lenalidomide is effective and has a good performance. 
To address safety concerns, we analyzed the incidence of 
a series of possible complications. Among them, the most 

commonly occurring were acute GVHD and chronic 
GVHD in patients after allo-HSCT, at rates of 35.3% 
(CI: 29% to 41.9%) and 22.6% (CI: 10.9% to 37%), 
respectively; there was no effect in reducing the incidence 

Table 2 Summary table of meta-analysis results

Items Overall rate 95% CI P value I2

Disease status

MR 0.036 0.004–0.097 0.006 64.40%

CR 0.390 0.303–0.480 0.169 79.10%

PR 0.202 0.092–0.343 0.000 57.60%

VGPR 0.128 0.066–0.208 0.049 8.50%

SD 0.097 0.040–0.175 0.023 48.00%

PD 0.056 0.013–0.124 0.010 60.50%

Adverse events

Acute GVHD 0.353 0.290–0.419 0.628 0.00%

Chronic GVHD 0.226 0.109–0.370 0.049 59.70%

Infection 0.203 0.031–0.471 0.001 85.10%

Thrombocytopenia 0.225 0.157–0.302 0.352 9.60%

Neutropenia 0.325 0.110–0.590 0.000 89.90%

Pain 0.178 0.092–0.284 0.350 4.80%

Peripheral neuropathy 0.178 0.109–0.256 0.995 0.00%

Survival

PFS (≥2 years) 0.584 0.499–0.667 0.890 0.00%

OS (≥2 years) 0.649 0.451–0.824 0.049 82.00%

The numerical results of overall rate and 95% CI are obtained after double sine transformation. CI, confidence interval; MR, minimal 
response; CR, complete remission; PR, partial remission; VGPR, very good partial remission; SD, stable disease; PD, progressive disease; 
GVHD, graft-versus-host disease; PFS, progression-free survival; OS, overall survival.
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Figure 3 A meta-analysis of acute GVHD in patients with MM treated with lenalidomide. (A) Forest diagram and (B) Funnel diagram are 
the results of the analysis of the prevalence of acute GVHD. MM, multiple myeloma; GVHD, graft-versus-host disease.
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of GVHD. In addition, the overall incidence of infection 
after treatment was 20.3% (CI: 3.1% to 47.1%), which 
was at a low level. The main adverse reactions in the blood 
system after taking lenalidomide were thrombocytopenia 

(22.5%, CI: 15.7% to 30.2%) and neutropenia (32.5%, CI: 
11.0% to 59.0%), and 17.8% of participants experienced 
pain. The incidence of peripheral neuropathy was 17.8% 
(CI: 10.9% to 25.6%), which was somewhat improved 
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Figure 4 A meta-analysis of chronic GVHD in patients with MM treated with lenalidomide. (A) Forest diagram and (B) Funnel diagram are 
the results of the analysis of the prevalence of chronic GVHD. MM, multiple myeloma; GVHD, graft-versus-host disease.

Figure 5 A meta-analysis of infections in patients with MM treated with lenalidomide. (A) Forest diagram and (B) Funnel diagram are the 
analysis results of infection prevalence. MM, multiple myeloma.

Figure 6 A meta-analysis of thrombocytopenia in patients with MM treated with lenalidomide. (A) Forest diagram and (B) Funnel diagram 
are the results of the analysis of the prevalence of thrombocytopenia. MM, multiple myeloma.
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compared to the previous generation of thalidomide. In 
summary, lenalidomide has a good effect in the maintenance 
treatment of MM patients who have already received allo-
HSCT. Lenalidomide has a certain effect on reducing the 

incidence of infection and peripheral neuropathy, but no 
effect in controlling the postoperative GVHD, and there 
was no significant improvement in adverse reactions of the 
blood system.
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Figure 9 A meta-analysis of peripheral neuropathy in patients with MM treated with lenalidomide. (A) Forest diagram and (B) Funnel 
diagram are the analysis results of the prevalence of peripheral neuropathy. MM, multiple myeloma.

Figure 7 A meta-analysis of neutropenia in patients with MM treated with lenalidomide. (A) Forest diagram and (B) Funnel diagram are the 
results of the analysis of the prevalence of neutropenia in patients with MM treated with lenalidomide. MM, multiple myeloma.

Figure 8 Meta-analysis of pain in patients with MM treated with lenalidomide. (A) Forest diagram and (B) Funnel diagram are the results of 
the analysis of the incidence of pain. MM, multiple myeloma.
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Only 8 clinical studies were included in this meta-
analysis, and the number of participants involved in 
each study was not large, resulting in a low sample size 
overall in this analysis, which reflected the current lack 
of clinically related studies. In the analysis of adverse 
reactions, there were only 3 studies included in the analysis 
of pain, infection, and peripheral neuropathy. This made 
our conclusions more sensitive, and we need to continue 
to include studies as they become available to reduce 
the sensitivity of the analysis results. Besides, since most 
of the included studies did not elaborate on the dosage 
and treatment duration of lenalidomide, the analysis did 
not control the variables for the dosage and period. This 
may have been one of the sources of heterogeneity in the 
analysis. The participants in this analysis were all Caucasian, 
so whether our analysis results would be applicable among 
other races requires verification. 

In summary, this research confirmed that lenalidomide is 

effective in the treatment of MM patients after allo-HSCT, 
and reducing the incidence of infection and peripheral 
neuropathy, but it is not effective in reducing GVHD and 
blood system adverse reactions.
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