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Abstract. Background: The immunomodulatory drug thalidomide is a promising alternative 
therapy for transfusion-dependent β-thalassemia (TDT) due to its potent induction of fetal 
hemoglobin. 
Objective: To identify the efficacy and safety of thalidomide in TDT patients. 
Methods: A comprehensive search was conducted across MEDLINE, EMBASE, CENTRAL, Web 
of Science, CBM, CNKI, VIP, Wangfang Data, and OpenGrey, up to January 24, 2026. We 
included RCTs and observational studies involving more than 10 TDT patients treated with 
thalidomide for at least 3 months. Risk of bias was assessed using RoB 2 and MINORS tools. The 
certainty of evidence was evaluated with the GRADE approach. 
Results: Twenty-six studies involving 2422 patients were included. No studies had a high risk of 
bias. The meta-analysis of RCTs demonstrated that, compared with the control group, 
thalidomide significantly increased the major response rate (MRR; low certainty), the overall 
response rate (ORR; low certainty), and hemoglobin level (Hb; moderate certainty), as well as 
fetal hemoglobin level (HbF; moderate certainty). There was no significant between-group 
difference in changes in serum ferritin (SF) levels (very low certainty). The pre-post meta-analysis 
showed the following pooled outcomes: MRR 62.91% (very low certainty), ORR 75.07% (very low 
certainty), a Hb level change of 1.94 g/dL, a HbF level change of 39.21%, and an SF level change 
of -1432.39 ng/mL. The pooled incidence of adverse drug events (ADEs) was 4.65 per 100 person 
months, and that of ADEs leading to drug discontinuation was 0.04 per 100 person months. Most 
reported events were mild and tolerable. 
Conclusion: Thalidomide may provide limited benefits for TDT patients. In clinical practice, its 
potential risks must be thoroughly weighed against these benefits. Therefore, future large-scale, 
globally diverse, and high-quality RCTs are warranted. 
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Introduction. β-thalassemia is a hemolytic anemia 
caused by a gene mutation that impairs the synthesis of 
the β-globin chain.1,2 It affects 1 in 100,000 births 
worldwide, and 1%–5% of the world's population carries 
a β-thalassemia allele.3 The prevalence of β-thalassemia 
in mainland China is 2.21%.4 In clinical practice, β-
thalassemia is classified into transfusion-dependent β-
thalassemia (TDT) and non-transfusion-dependent β-
thalassemia (NTDT) based on clinical symptom severity 
and the need for regular blood transfusion. This 
classification enables clinicians to assess disease severity 
and provides guidance for standardizing diagnosis, 
treatment, and management.1,2 TDT requires lifelong 
transfusion dependence, including conditions such as β-
thalassemia major and Hb E/β-thalassemia major. The 
definition of TDT is based primarily on clinical 
transfusion dependence, rather than genotype 1,2. 
Approximately 26,000 babies are born with TDT 
annually, and about 90% of these births occur in low- or 
middle-income countries.5  

In conventional therapies, TDT patients require 
lifelong blood transfusion and iron chelation therapy, 
which brings many challenges and unmet needs.6 As a 
result, new therapies and drugs for TDT are being 
continuously explored. In recent years, extensive basic 
and clinical research has shown that increasing γ-globin 
gene expression raises fetal hemoglobin (HbF) levels, 
thereby improving hemoglobin (Hb) levels in patients 
with β-thalassemia.7-9 Therefore, CRISPR-Cas9 gene 
therapies to reactivate γ-globin have been developed.10 

Thalidomide is a promising alternative therapy. It is 
an immunomodulatory drug and a potent inducer of HbF. 
Research indicates that thalidomide can increase γ-
globin production in patients with β-thalassemia, 
reducing α-globin accumulation and improving the α/β 
imbalance, thereby raising HbF levels. Potential 
mechanisms include: (1) thalidomide induces γ-globin 
expression by increasing ROS-mediated p38 MAPK 
signaling and histone H4 acetylation in human CD34+ 
cells. (2) thalidomide enhances STAT5 expression and 
may suppress the extrinsic caspase activation pathway. 
This reduces caspase-mediated degradation of GATA-1 
transcription factors, promoting cellular differentiation 
and ameliorating ineffective erythropoiesis.11 

For TDT patients unable to undergo gene therapy or 
stem cell transplantation, thalidomide is an actual option. 
It offers a practical, cost-effective way to reduce 
transfusion requirements. However, the effects of 
thalidomide in TDT patients require comprehensive 
evaluation. This systematic review aims to synthesize 
existing evidence on the efficacy and safety of 
thalidomide in TDT patients to inform its clinical use. 
The protocol for this study has been registered in the 
International Prospective Register of Systematic 
Reviews (PROSPERO, CRD420251040839). Ethical 

approval is unnecessary because no people or animals are 
selected as subjects in this meta-analysis. 

 
Methods 
Information sources and search strategy. To assess the 
clinical efficacy and safety of thalidomide in patients 
with transfusion-dependent β-thalassemia (TDT), a 
systematic literature search was performed. The 
following electronic bibliographic databases were 
searched (up to January 24th, 2026): MEDLINE 
(PubMed), EMBASE (Ovid), CENTRAL (The Cochrane 
Library), Web of Science, China Biology Medicine 
(CBM, SinoMed), China National Knowledge 
Infrastructure (CNKI), VIP, and Wangfang data. An 
additional search of the gray literature was conducted on 
the same day using OpenGrey. Chinese and English 
search terms were both used. And Mesh terms were 
searched following words: “thalassemia”, “β-
thalassemia”, “beta-thalassemia”, “Cooley's anemia”, 
“Mediterranean anemia”, “erythroblastic anemia”, and 
“thalidomide”. There was no restriction on age, country, 
race, gender, or year of publication. In addition, manual 
searches were made utilizing the reference lists of the 
original studies.  

 
Eligibility criteria. 

Population: Patients who were diagnosed with TDT. 
Intervention: Thalidomide alone treatment. 
Control: Placebo or no. 
Study type: Randomized controlled trials (RCTs) and 

observational studies.  
Primary outcomes: Hemoglobin (Hb) level, fetal 

hemoglobin (HbF) level, serum ferritin (SF) level, liver 
iron concentration (LIC),major response rate (MRR), 
and overall response rate (ORR). Major response (MaR) 
was defined as transfusion independence (a 100% 
reduction in transfusion requirements). Minor response 
(MiR) was defined as ≥50% reduction of transfusion 
requirement. Major response rate (MRR) = number of 
MaR+ MiR/number of cases observed. Overall response 
rate (ORR) = number of MaR+ MiR/number of cases 
observed. 

Secondary outcomes: The types and quantities of 
adverse drug events (ADEs) 

 
Exclusion criteria. 

- Population: Patients have other diseases that 
require blood transfusion or affect hemoglobin levels.  

- Study type: (1) The sample size of included 
studies was less than 10 patients. (2) The follow-up 
period in the prospective study or the treatment duration 
of thalidomide in the retrospective study was less than 3 
months. If the follow-up period (or treatment duration) 
in a study varies and includes patients with follow-up 
periods (or treatment durations) of ≥ 3 months and < 3 
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months, then patients with a follow-up period (or 
treatment duration) of < 3 months should be excluded. 

- Others: (1) Case series and case reports. (2) 
Thesis. (3) The language was not Chinese or English. (4) 
Literature without access to the full text available. 

 
Papers selection and data collection. Firstly, two 
researchers independently screened the results (titles and 
abstracts) of the literature search for potentially relevant 
studies. Secondly, we retrieved full reports of potentially 
relevant studies, and two researchers independently 
determined whether they met the predefined inclusion 
criteria. Two researchers resolved discrepancies through 
discussion and, on several occasions, consulted a third 
researcher. Further, we collected data from the included 
studies on a specially designed data collection form.  

For multiple-arm studies, we included only the 
relevant arms that included thalidomide as part of the 
intervention in at least one group. For studies reporting 
outcomes at multiple follow-up time points, we collected 
the data from the final follow-up time point. Where 
necessary, we contacted the authors of included studies 
to obtain any data that needed further clarification or was 
not reported. 

 
Study risk of bias assessment. Two researchers 
independently assessed the risk of bias in the included 
papers. Differences in the reviewers' decisions were 
resolved by consensus. 

For RCTs, bias risk was assessed using version 2 of 
the Cochrane risk-of-bias tool for randomized trials 
(RoB 2).12 Five domains are included in RoB 2 to cover 
all types of bias that are currently understood to affect 
the results of randomized trials. These are: bias arising 
from the randomization process, bias due to deviations 
from intended interventions, bias due to missing 
outcome data, bias in measurement of the outcome, and 
bias in selection of the reported result. After assessing 
the risk of bias across the 5 domains using the signaling 
questions, we determined the overall risk of bias in the 
trial by considering practical circumstances. The 
response options for the overall risk-of-bias judgment 
include “low risk of bias”, “some concerns”, and “high 
risk of bias”. We excluded high-risk-of-bias studies from 
quantitative analysis. 

For observational studies, the Methodological Index 
for Non-Randomized Studies (MINORS) was applied to 
assess bias risk.13 The MINORS tool includes 12 
evaluation criteria. The first 8 criteria apply to studies 
without a control group (maximum score: 16); when the 
remaining 4 criteria are added, they apply to studies with 
a control group (maximum score: 24). Higher scores 
indicate better evidence quality. We exclude from the 
quantitative analysis studies without a control group that 
score below 6, and studies with a control group that score 
below 8. 

 
Effect measures and synthesis methods. The methods of 
Wan et al.14 and Hou et al.15 were used to estimate the 
sample mean and SD from the sample size, median, 
range, and/or interquartile range. When studies report 
baseline outcomes and changes but not post-treatment 
outcomes, calculate the latter using subgroup merging.16  

The meta-analysis was performed using STATA 18, 
and the effect indicators and 95% confidence intervals 
(95% CI) were calculated. The effect size for continuous 
outcomes was the mean difference (MD), while the risk 
ratio (RR) was used for binary outcomes. For RCTs with 
baseline imbalance, the change-from-baseline values 
rather than final post-treatment scores were used. The 
standardized mean change (SMC) was adopted as the 
effect size to synthesize mean differences across studies, 
with results reported as standardized mean differences 
(SMDs) with 95% confidence intervals (Hedge’s g 
method used). Forest maps were created for each 
outcome. Heterogeneity among studies was assessed 
using the I2 Index. When I2<50%, a fixed-effect model 
(inverse variance method) was applied; otherwise, the 
random-effects model (DerSimonian-Laird method) was 
applied. Statistical significance was defined as p < 0.05.  

Where I² > 50%, meta-regression and subgroup 
analysis were conducted to identify the main sources of 
heterogeneity. Subgroup analysis was stratified by 
country. Meta-regression analysis was performed when 
more than 10 studies reported data for a given covariate, 
including sample size, age, dosage group 1, dosage group 
2, follow-up, baseline Hb level, baseline HbF level, and 
baseline SF level. The dosage was categorized into group 
1 and group 2 based on the different units. If fewer than 
10 studies reported data for a covariate, subgroup 
analysis was performed instead. If fewer than 4 studies 
reported data for a covariate, subgroup analysis was not 
performed. Grouping criteria for subgroup analysis are 
presented in Supplementary Table 1. Leave-one-out 
analysis is used to confirm the stability of results. 

 
Reporting bias and certainty assessment. Publication 
bias assessment was conducted for outcome measures 
reported in ≥10 studies. The Egger’s test and funnel plots 
were used to assess publication bias. The Egger’s test 
quantifies funnel plot asymmetry to provide a statistical 
test for bias. 

The overall certainty of the effect estimates was 
assessed using the GRADE system (GRADEpro GDT 
online tool: https://gradepro.org/ ). The overall quality of 
the evidence was graded as high, moderate, low, or very 
low. The high certainty indicated that we were very 
confident the true effect was close to the estimated effect. 
The moderate certainty meant we were moderately 
confident the true effect was likely close to the estimate, 
though possibly substantially different. The low certainty 
meant our confidence in the effect estimate was limited, 
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as the true effect might have differed substantially from 
it. The very low certainty meant we had very little 
confidence in the effect estimate, since the true effect 
was likely substantially different from it. 

 
Results. 
Results of search. The PRISMA flow diagram of the 
included papers is provided in Figure 1. 523 records 
were retrieved from the database, and 23 papers were 
included in our review.  

On the one hand, 12 clinical trials were excluded 
because they did not post results, but 4 of those trials 
were linked to 44 papers. On the other hand, 3 excluded 
systematic reviews linked to 39 papers. A total of 83 
records were assessed for eligibility, and 3 papers were 
included in our review. 

Finally, 26 papers were included via databases and 
other methods.17-42 
 
Properties of the included papers. Table 1 provides the 
general characteristics of patients in the included papers. 
In Chen JM 2021,24 99 patients were enrolled in a 3-
month follow-up randomized controlled trial (RCT). 
Subsequently, 90 of these patients participated in a long-
term extension trial (a single-arm pre-post trial). 
Therefore, we considered the initial RCT and the 
subsequent pre-post trial as two distinct studies, 
designated as Chen JM 2021a and Chen JM 2021b, 

respectively. The TDT patients in Jian X 202330 and 
Yang K 202432 were the same cohort, and each study 
reported different outcomes. Therefore, we combined 
Jian X 202330 and Yang K 202432 into a single named 
Jian X 2023 & Yang K 2024. Therefore, 26 studies (from 
26 papers) were included for qualitative analysis.  

Among the 26 studies, there were 19 pre-post 
studies,17-25,27,29,30,32-34,36-39,41 5 RCTs,24,28,1,35,42 1 case-
control study,26 and 1 non-randomized clinical trial.40 A 
total of 2422 patients were included. Some studies 
included both patients with TDT and NTDT, whereas our 
study only reported the baseline characteristics of TDT 
patients. Therefore, in some studies listed in Table 1, the 
age and gender of patients were marked as "NR". In the 
5 RCTs, only the control group of Chen JM 2021a used 
a placebo, while the control groups in the other studies 
only received conventional blood transfusion treatment 
without additional interventions. 

The Hb, HbF, and SF levels of TDT patients before 
and after treatment are shown in Supplementary Table 
2. None of the studies reported the liver iron 
concentration. Two RCTs with baseline imbalance, the 
changes in Hb, HbF, and SF level from baseline to 
endpoint in five RCTs were shown in Supplementary 
Table 3. The responses of TDT patients to thalidomide 
in our study and included studies are shown in 
Supplementary Table 4. The responses of TDT patients 
to  thalidomide  were  defined differently  in  each  of  the

 

 
 
 
Figure 1. PRISMA flow diagram of the included papers. 
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Table 1. General characteristics of patients. 

NO. Study ID Coutry Design 
Sample size 

(n=2422) 
Age in year* 

Gender 
(female,male) 

Thalidomide dose 
(per day)* 

Follow-up 
(months) 

1 Ramanan 201717 India Pre-post 104 13.04±8.39 34,70 2-10mg/kg 14(6-24) 

2 Jiskani 201818 Pakistan Pre-post 70 10.31±1.24 24,46 2-10mg/kg 6 

3 Begum 202019 Bangladesh Pre-post 51 9.75±4.11 23,28 2-5mg/kg 3-32 

4 Islam 202020 Bangladesh Pre-post 50 15±11.5*2 24,26 50-100mg 16(3-38) 

5 Nag 202021 India Pre-post 21 20#2 14,7 50-100mg 3 

6 Yang K 202022 China Pre-post 23 NR NR 12.5-150mg 14.6±9 

7 Chandra 202123 India Pre-post 37 17.4±1.8 11,26 2-4mg/kg 6 

8 Chen JM 2021a24 China RCT 49 18.4±5.5 20,30 100-150mg 3 

8 Chen JM 2021a24 China RCT 50 18.4±5.8 17,33 Control arm 3 

9 Chen JM 2021b24 China Pre-post 90 NR NR 100-150mg 3-24 

10 Li XY 202125 China Pre-post 77 10±2.17*2 32,45 2.5-4mg/kg 3-6 

11 Li JY 202226 China case-control 41 15.32±1.24 14,27 100mg 12 

11 Li JY 202226 China case-control 41 15.58±1.36 15,26 healthy arm 12 

12 Ali 202327 Pakistan Pre-post 532 5.3±3.8 179,353 1mg/kg-70 mg 6-30 

13 Bhattacharjee 202328 India RCT 14 26.14±4.276 4,10 50mg 6 

13 Bhattacharjee 202328 India RCT 12 28.83±4.387 7,5 Control arm 6 

14 Idrees 202329 India Pre-post 384 5±3.50*2 146,238 2.1±0.6mg/kg 
19.2 

(6-58)** 

15 Huang L 202331 China RCT 20 26.55±2.48 11,9 100mg 12 

15 Huang L 202331 China RCT 20 26.35±2.43 12,8 Control arm 12 

16 
Jian X 202330 
& Yang K 202432 

China Pre-post 22 12.4±1*2 8,14 100mg 3 

17 Yang WJ 202433 China Pre-post 34 NR NR 37.5-50mg 6-24 

18 Zhu WJ 202434 China Pre-post 50 16.5±4*2 26,24 50-150mg 50.4 ±8.9 

19 Guo LM 202435 China RCT 20 26.34±2.85 12,8 100mg 12 

19 Guo LM 202435 China RCT 20 26.52±1.21 11,9 Control arm 12 

20 Yang K 202536 China Pre-post 25 NR NR 100mg 3 

21 Hossain 202537 Bangladesh Pre-post 54 7.0±3.07 22,32 5 mg/kg 12 

22 Li XY 202538 China Pre-post 170 10.3 67,103 2.5-3.8 mg/kg 12 

23 Podder 202539 India Pre-post 52 23±7.75*2 35,37 50 mg 12(11-14)** 

24 Rahman 202540 Pakistan non-randomized 72 5.4±3.8*1 35,37 1–2 mg/kg 30 

24 Rahman 202540 Pakistan non-randomized 92 11.1±5.2*1 33,59 Control arm 30 

25 Singha 202541 India Pre-post 25 13.9±10.2 14,11 2–3 mg/kg 6 

26 Nie YJ 202542 China RCT 40 14.68±2.23 22,18 25~175 mg 6 

26 Nie YJ 202542 China RCT 40 14.35±2.16 20,20 Control arm 6 

* Data expressed as mean (SD); ** Data expressed as median (range); #2 No data conversion was performed, and the original data is the 
median; NR=not reported 
 
included studies. The response data included in our study 
were defined according to the specifications we had 
previously established. The response data in the included 
studies were also shown in Supplementary Table 4. 

 
Study risk of bias assessment. Figure 2 presents the risk 
of bias assessment for the included RCTs,24,28,31,35,42 

evaluated using the ROB 2 tool. None of the studies had 
a high risk of bias. The risk of bias for Huang L 2023,31 
Guo LM 2024,35 and Nie YJ 202542 in domain 1 was 
"some concerns". There was no clear information 
indicating whether the allocation sequence was 
concealed until the participants were enrolled and 
assigned to an intervention. And the risk of bias for Guo 
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LM 202435 in domain 5 was "some concerns". This study 
didn’t provide any information about a pre-specified 
analysis plan that was finalized before unblinded 
outcome data were available for analysis. Thus, there 

 
 

Figure 2. The risk of bias assessment results of RCTs evaluated with 
the RoB 2 tool. 
 
was no information to confirm whether the data that 
produced these outcomes were analyzed in accordance 
with a pre-specified analysis plan. 

Table 2 presents the risk of bias assessment for the 
included observational studies,17-27,29,30,32-34,36-41 
evaluated using the MINORS tool. No studies were 
excluded due to low scores. At the same time, none of 
the studies conducted a prospective calculation of the 
study size. Although some studies had a protocol 
established before the beginning of the study, the 
unavailability of these protocols precluded comparison 
with the study results, resulting in Item 3 being awarded  

 
Table 2. The risk of bias assessment results of observational studies evaluated with the MINORS tool. 

The results of pre-post studies 

study ID  I1  I2  I3  I4  I5  I6  I7  I8 Score 

Ramanan 201717 2 2 0 2 2 2 2 0 12 

Jiskani 201818 2 2 0 2 2 2 2 0 12 

Begum 202019 2 2 0 2 2 2 2 0 12 

Islam 202020 2 2 0 2 2 2 0 0 10 

Nag 202021 2 2 0 2 2 2 2 0 12 

Yang K 202022 2 2 2 2 2 2 0 0 12 

Chandra 202123 2 2 1 2 2 2 0 0 11 

Chen JM 2021b24 2 2 2 2 2 2 0 0 12 

Li XY 202125 2 2 2 2 2 2 2 0 14 

Ali 202327 2 2 2 2 2 2 2 0 14 

Idrees 202329 2 2 0 2 2 2 2 0 12 

Jian X 202330 2 2 1 2 2 2 2 0 13 

Yang K 202432 2 2 1 2 2 2 2 0 13 

Yang WJ 202433 2 2 1 2 2 2 0 0 11 

Zhu WJ 202434 2 2 1 2 2 2 0 0 11 

Yang K 202536 2 2 1 2 2 2 2 0 13 

Hossain 202537 2 2 1 2 2 2 2 0 13 

Li XY 202538 2 2 2 2 2 2 0 0 12 

Podder 202539 2 2 0 2 2 2 0 0 10 

Singha 202541 2 2 1 2 2 2 2 0 13 

The results of case-control study 

study ID  I1  I2  I3  I4  I5  I6  I7  I8 Score 

Li JY 202226 

2 2 1 2 2 2 2 0 

21 I9 I10 I11 I12         

2 2 2 2         

Rahman 202540 

 I1  I2  I3  I4  I5  I6  I7  I8 

21 
2 2 2 2 2 2 2 0 

I9 I10 I11 I12         

2 2 1 2         

I1: A clearly stated aim; I2: Inclusion of consecutive patients; I3: Prospective collection of data; I4: Endpoints appropriate to the aim of the 
study; I5: Unbiased assessment of the study endpoint; I6: Follow-up period appropriate to the aim of the study; I7: Follow-up period appropriate 
to the aim of the study; I8: Prospective calculation of the study size; I9: An adequate control group; I10: Contemporary groups; I11: Baseline 
equivalence of groups; I12 Adequate statistical analyses. 
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Figure 3. Forest plots for the meta-analysis results of MRR and ORR. 
 
only 1 point for these studies. The differences in age and 
weight between the thalidomide group and non-
thalidomide group were statistically significant; 
therefore, Item 11 was rated as 1 point in Rahman 2025.40 
 
The MRR and ORR to thalidomide 
Meta-analysis results. The meta-analysis results of the 
MRR and ORR to thalidomide are shown in Figure 3. 

One RCT,24 including 99 patients, reported MaR but 
didn’t report MiR. Therefore, the MRR and ORR from 
this trial were the same. The pooled MRR and ORR 
estimates are shown in Figure 3 a and c, respectively. 
Random-effect models were used for this meta-analysis. 
Compared with the control group, the thalidomide group 
had a significantly higher MRR and ORR (RR= 6.95, 
95% CI: 2.96 – 16.27). 

One non-randomized clinical trial40 reported MaR in 
the thalidomide arm but not in the control arm, and did 
not report MiR. Therefore, this trial was not included in 
the meta-analysis. The reported MRR and ORR in this 
trial were the same, both 73.62%. 

Seventeen pre-post studies, including 1719 patients, 
reported both MaR and MiR. The meta-analysis results 
for MRR and ORR are shown in Figure 3 b and d, 
respectively. For MRR, significant heterogeneity was 
observed (I2=93.94%), and a random-effects model was 
applied. The pooled MRR was 62.91% (95% CI: 53.87 - 

71.94%). Similarly, for ORR, the high heterogeneity was 
found (I2=94.17%), and a random effects model resulted 
in a pooled ORR of 75.07% (95% CI: 66.82 - 88.33%). 
 
Meta-regression analysis results. Meta-regression 
analysis was not performed for the single RCT. For the 
17 pre-post studies, the results of the meta-regression 
analysis are shown in Supplementary Table 5. Baseline 
SF level was significantly associated with MRR 
(p=0.031, coefficient=0.0001). After introducing 
“baseline SF level” in the model, the between-study 
variance component decreased from 0.0312 to 0.0257, 
explaining 17.63% of the heterogeneity. And meta-
regression did not identify sources of heterogeneity in the 
ORR meta-analysis. 
 
Subgroup analysis results. Subgroup analysis of pre-post 
studies showed potential effect of the country, dosage 
group 2, and baseline HbF level on MRR (p for subgroup 
differences were 0.02, 0.00, and 0.02, respectively; 
Supplementary Figure 1 a, b, and d). But considerable 
unexplained heterogeneity remained within some 
subgroups, indicating that these factors may also not be 
the main source of heterogeneity in the MRR meta-
analysis.  

Subgroup analysis of pre-post studies also showed 
potential effect of the country, dosage group 2 baseline 
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Hb level, and baseline HbF level on ORR (p for subgroup 
differences were 0.02, 0.00, 0.04, and 0.00, respectively 
(Supplementary Figure 2 a-d.). Considerable 
unexplained heterogeneity remained within the country, 
dosage group 2, and baseline Hb level subgroups, 
indicating that these factors may also not be the main 
source of heterogeneity in the ORR meta-analysis. In 
contrast, no heterogeneity was observed within the 
baseline HbF level subgroups, indicating that baseline 
HbF level may explain a portion of the overall 
heterogeneity in the ORR meta-analysis. Notably, the 
pooled ORR estimates increased progressively with 
higher baseline HbF level, suggesting a potential positive 
correlation between baseline HbF level and ORR. 
 
Sensitivity analysis results. Leave-one-out analysis 
showed that the meta-analysis results for MRR and ORR 
in both pre-post studies were robust (Supplementary 
Table 6). After removing the largest pre–post study (Ali 
2023),27 the pooled MRR and ORR decreased from 
62.91% (95% CI: 53.87% - 71.94%) to 61.78% (95% CI: 
51.16% - 72.40%) and from 75.07% (95% CI: 66.82% - 
83.33%) to 74.86% (95% CI: 65.12% - 84.60%), 
respectively. The greatest absolute difference in effect 
size was observed following the exclusion of Ramanan 
2017,17 with the pooled MRR decreasing from 62.91% 
(95% CI: 53.87% - 71.94%) to 60.86% (95% CI: 52.61% 
- 69.10%). For ORR, the greatest difference occurred 
after removing Begum 202019, resulting in an increase 
from 75.07% (95% CI: 66.82% - 83.33%) to 77.52% 
(95% CI: 65.41% - 82.22%). 

 
The Changes in Hb level (g/dl) 
Meta-analysis results. The meta-analysis results of Hb 
level in RCTs and pre-post studies are shown in Figure 
4. Five RCTs, including 285 patients, reported Hb level. 
A random-effects model was used for the meta-analysis 
(I2=93.62%). The pooled SMC was 1.50 (95% CI: 0.40 
-2.60; p = 0.01), indicating a large beneficial effect of the 
thalidomide arm compared with the control arm for 
increasing Hb level (Figure 4. a). Twelve pre-post 
studies, including 1008 patients, reported Hb level. 
Significant heterogeneity was observed (I2=97.33%), 
and a random-effects model was applied. The meta-
analysis indicated a significant increase in Hb level of 
1.93 g/dL (95% CI:1.05 – 2.80 g/dL) following 
thalidomide treatment (Figure 4. b). 

In one case-control study,26 Hb levels in TDT patients 
increased from a mean value of 7.463±1.329 g/dL to 
11.041±1.868 g/dL in the thalidomide arm, with no 
statistically significant difference in Hb levels observed 
between this arm and the healthy arm (p=0.545). And in 
one non-randomized clinical trial,40 Hb level of patients 
in the thalidomide arm increased significantly from a 
mean value of 6.12 ± 0.65 g/dL to 8.36 ± 2.04 g/dL 
(p<0.0001), while the Hb level of patients in the non-

thalidomide arm did not show a significant change (5.96 
± 0.96 g/dL to 6 g/dL). 
 
Meta-regression analysis results. The results of the 
meta-regression analysis for the 12 pre-post studies are 
presented in Supplementary Table 5. Follow-up 
duration and baseline Hb level were significantly 
associated with changes in Hb level (follow-up duration: 
p=0.012, coefficient= 0.1200; baseline Hb level: 
p=0.016, coefficient=-0.6798). After introducing these 
two variables in the model, the between-study variance 
component decreased from 2.10 to 1.211 and 0.9876, 
explaining 43.33% and 52.97% of the heterogeneity, 
respectively. 

 Subgroup analysis results 
Subgroup analysis showed a potential effect of 

dosage group 1 on Hb level changes in RCTs (p for 
subgroup differences was 0.00, Supplementary Figure 
3 c). No heterogeneity was observed within the 
thalidomide dosage group 1 subgroups, indicating that 
baseline thalidomide dosage group 1 may explain a 
portion of the overall heterogeneity in the Hb level 
change meta-analysis. Notably, the pooled SMC 
estimates increased progressively with higher 
thalidomide dosage, suggesting a potential positive 
correlation between thalidomide dosage and Hb level 
change.  

Subgroup analysis of pre-post studies also indicated 
the potential effect of country, dosage group 1, and 
baseline SF level on Hb level changes (Supplementary 
Figure 4 a, b, d). But considerable unexplained 
heterogeneity remained within some subgroups, 
indicating that these factors may also not be the main 
source of heterogeneity in the meta-analysis. 

 Sensitivity analysis results 
Leave-one-out analysis showed that the meta-

analysis results for Hb level changes in both RCTs and 
pre-post studies were robust (Supplementary Table 6). 
In pre-post studies, after removing the largest pre–post 
study (Chen JM 2021b24), the pooled Hb level change 
decreased from 1.93 g/dL (95% CI:1.05 – 2.80 g/dL) to 
1.72 g/dL (95% CI:0.86 – 2.58 g/dL). Additionally, the 
greatest absolute difference in effect size was observed 
after excluding Chandra 2021,23 with the pooled Hb level 
change increasing from 1.93 g/dL (95% CI:1.05 – 2.80 
g/dL) to 2.18 g/dL (95% CI:1.60 – 2.75 g/dL). 

 
The Changes in HbF level (%) 

 Meta-analysis results 
The meta-analysis results of HbF level (%) change 

after thalidomide treatment are shown in Figure 4. Three 
RCTs including 179 patients, HbF level. No significant 
heterogeneity was observed (I2=0.00%), and the fixed-
effects model was applied. The pooled SMC was 5.61 
(95% CI: 4.96 – 6.26; p = 0.00), indicating a large 
beneficial effect of the thalidomide arm compared with 
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the control arm for increasing HbF level (Figure 4 c). 
Four pre-post studies, including 107 patients, reported 
HbF level. Significant heterogeneity was observed 
(I2=89.16%), and a random-effects model was applied. 
The meta-analysis indicated a significant increase in HbF 
level of 39.21% (95% CI:21.31% - 57.12%) following 
thalidomide treatment. 

 Subgroup analysis results 
Subgroup analysis of pre-post studies also indicated 

the potential effect of follow-up duration and baseline 
HbF level on HbF level changes (Supplementary 
Figure 5). But considerable unexplained heterogeneity 
remained within some subgroups, indicating that these 
factors may also not be the main source of heterogeneity 
in the meta-analysis. 

 Sensitivity analysis results 
Leave-one-out analysis showed that the meta-

analysis results for HbF level changes in both RCTs and 
pre-post studies were robust (Supplementary Table 6). 
In pre-post studies, after removing the largest pre–post 
study (Chandra 202123), the pooled HbF level change 
decreased from 39.21% (95% CI:21.31% - 57.12%) to 
36.59% (95% CI:10.27% - 62.91%). Additionally, the 
greatest absolute difference in effect size was observed 
after excluding Yang K 2020,22 with the pooled Hb level 
change increasing from 39.21% (95% CI:21.31% - 
57.12%) to 46.99% (95% CI:33.52% - 60.47%). 

 
The changes in SF level (ng/ml) 

 Meta-analysis results 
The meta-analysis results of SF level (ng/mL) change 

after thalidomide treatment are shown in Figure 4. Five 
RCTs, including 285 patients, reported SF level. 
Significant heterogeneity was observed (I2=89.94%), 

and a random-effects model was applied. The pooled 
SMC was -0.35 (95% CI: -1.12 – 0.43; p = 0.38), with no 
significant between-group difference in mean change 
from baseline (Figure 4. e). Eight pre-post studies, 
including 424 patients, reported the SF level. significant 
heterogeneity was observed (I2=96.71%), and a random-
effects model was applied. The meta-analysis indicated 
a significant change in SF level of -1432.39 ng/mL (95% 
CI:-1999.80– -864.99 ng/mL) following thalidomide 
treatment.  

In one non-randomized clinical trial,40 SF level of 
patients in the thalidomide arm decreased significantly 
from a mean value of 3367.5 ± 1972.9 ng/mL to 1017.7 
± 830.3 ng/mL (p<0.001). By contrast, SF level in the 
non-thalidomide arm increased significantly from 
3009.7 ± 1984.2 ng/mL to 4111.8 ± 1724.7 mg/mL 
(p<0.001). 

 Subgroup analysis results 
Subgroup analysis of RCTs indicated the potential 

effect of dosage group 1 on SF level changes 
(Supplementary Figure 6 c). No heterogeneity was 
observed within the thalidomide dosage group 1 
subgroups, indicating this factor may explain a portion 
of the overall heterogeneity in the meta-analysis. 
Notably, the pooled SMC estimates decreased 
progressively with higher thalidomide dosage, 
suggesting a potential negative correlation between 
thalidomide dosage group 1 and SF level changes. 

Subgroup analysis of pre-post studies also indicated 
the potential effect of country, sample size, thalidomide 
dosage group 2, follow-up duration, and baseline SF 
level on SF level changes (Supplementary Figure 7). 
Considerable unexplained heterogeneity remained 
within sample size, thalidomide dosage group 2, follow-  

 
Figure 4. Forest plots of changes in Hb level, HbF level and SF level after thalidomide treatment. 
up duration, and baseline SF level subgroups, indicating 
these factors may not be the main source of heterogeneity 
in the meta-analysis. Although no heterogeneity was 
observed within country subgroups, most subgroups 

included only one study. Therefore, it cannot be 
concluded  that  this factor may explain a portion  of  the 
overall heterogeneity in the meta-analysis. 

 Sensitivity analysis results 
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In RCTs, leave-one-out analysis revealed that the 
overall result was not robust, as exclusion of one study 
(Chen JM 2021a24) reversed the statistical significance 
(Supplementary Table 6), with the pooled SMC 
decreasing from -0.35 (95% CI: -1.12 – 0.43) to -0.61 
(95% CI: -0.90 - -0,.32). And in pre-post studies. leave-
one-out analysis showed that the meta-analysis results 
for SF level changes were robust. After removing the 
largest pre- and post–study (Ramanan 2017),17 the 
pooled SF level change increased from -1432.39 ng/mL 
(95% CI:-1999.80– -864.99 ng/mL) to -1263.72 ng/mL 
(95% CI:-1887.20– -640.24 ng/mL). Additionally, the 
greatest absolute difference in effect size was also 
observed after excluding Ramanan 2017.17 

 
Safety Analysis. 

 Meta-analysis results 
The meta-analysis results of adverse drug events 

(ADEs) incidence in RCTs and pre-post studies are 
shown in Figure 5.  

Four RCTs, including 259 patients, reported ADE 
incidence, and the pooled ADE incidence estimates are 
shown in Figure 5. A fixed-effect model was used for 
this meta-analysis. Compared with the control group, the 
thalidomide group had a significantly higher ADE 
incidence (RR=1.94, 95% CI:1.64 – 2.29). Thirteen pre-
post studies, including 1640 patients, reported ADE 
incidence, and the pooled ADE incidence estimates are 
shown in Figure 5 b. A random-effects model was 
applied (I2=98.38%), and the pooled ADEs incidence 
was 4.65 per 100 person-months (95% CI: 3.56 – 5.75 
per 100 person-months).  

No RCTs reported the ADEs leading to drug 
discontinuation (ADEsLDD) incidence, and thirteen pre-
post studies reported these. A random-effects model was 
applied (I2=58.54%), and the pooled ADEsLDD 
incidence was 0.04 per 100 person-months (95% CI: 
0.00 – 0.08 per 100 person-months) (Figure 5 c.).  

One RCT28 only reported ADEs incidence in the 
thalidomide arm, which was 22.62 per 100 person-
months. For comparison, the ADEsLDD incidence was 
3.57 per 100 person-months. 

 Meta-regression analysis results 
For the 13 per-post studies, the results of the meta-

regression analysis are shown in Supplementary Table 
5. Follow-up duration and sample size were significantly 
associated with ADEs incidence (p=-0.003, 
coefficient=0.0001 and p=-0.0001, coefficient=0.037, 
respectively). After introducing “follow-up duration” 
and “sample size” in the model, the between-study 
variance component increased from 0.0003 to 0.0005 
and 0.001, respectively. These results suggested that 

“follow-up duration” and “sample size” did not explain 
the between-study heterogeneity in this meta-analysis. 

 Subgroup analysis results 
Subgroup analysis revealed no significant findings 

for ADEs in the RCTs and for ADEsLDD in pre-post 
studies (Supplementary Figure 8 and Figure 10). And 
subgroup analysis showed a potential effect of country, 
thalidomide dosage group 1, thalidomide dosage group 2, 
and baseline Hb level on ADEs incidence in pre-post 
studies (Supplementary Figure 9). But considerable 
unexplained heterogeneity remained within some 
subgroups, indicating that these factors may also not be 
the main source of heterogeneity in the meta-analysis. 

 Sensitivity analysis results 
Leave-one-out sensitivity analysis of ADEs incidence in 
RCTs showed that the overall result was not robust, as 
exclusion of one study (Chen JM 2021a24) reversed the 
statistical significance (Supplementary Table 6), with 
the pooled RR decreasing from 1.94 (95% CI:1.64 – 
2.29) to 1.30 (95% CI:0.57 – 2.98). And in pre-post 
studies. leave-one-out analysis showed that the meta-
analysis results for ADEs incidence were robust. 

After removing the largest pre–post study (Ali 
202327), the pooled ADEs incidence increased from 4.65 
per 100 person-months (95% CI: 3.56 – 5.75 per 100 
person-months) to 5.7 per 100 person-months (95% CI: 
4.2 – 7.2 per 100 person-months). Additionally, the 
greatest absolute difference in effect size was also 
observed after excluding Ali 2023.27 

Leave-one-out sensitivity analysis of ADEsLDD 
incidence in pre-post studies showed that the overall 
result was not robust, as exclusion of four studies 
(Ramanan 2017,17 Islam 2020,20 Li XY 2021,25 and Li 
XY 2025)38 reversed the statistical significance. And 
after removing the largest pre- and post–study (Ali 
202327), the pooled ADEsLDD incidence increased 
from 0.04 per 100 person-months (95% CI: 0.00 – 0.08 
per 100 person-months) to 0.1 per 100 person-months 
(95% CI: 0.0 – 0.2 per 100 person-months). 

 Types of ADEs and ADEsLDD 
The thalidomide arms of the 5 RCTs, 13 pre-post 

studies, and 1 non-randomized clinical trial collectively 
reported 1020 ADEs (Supplementary table 7). The top 
five ADEs by incidence were constipation (13.66%), 
dizziness (13.47%), abdominal pain (8.23%), drowsiness 
(7.76%), and nausea (5.80%). Most of the symptoms 
were tolerable (n = 74, 44%). The thalidomide arms of 
the 1 RCTs, 6 pre-post studies, and 1 non-randomized 
clinical trial collectively reported 34 ADEsLDD 
(Supplementary table 8). The top four ADEsLDD by 
incidence were hemolysis (17.65%), venous thrombosis 
(14.71%),  skin  rash  (11.76%), and  leukocytopenia  and  
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Figure 5. Incidence of ADEs an ADEsLDD in RCTs and pre-post studies. 
 
neutropenia (8.82%). Most ADEs were mild and 
resolved spontaneously without withdrawal, whereas 
other symptoms were alleviated with temporary dose 
reductions. 

 Grade III/IV ADEs and thrombosis 
Only 1 RCT28 and 2 pre-post studies23,38 reported 18 

Grade III/IV ADEs (Supplementary table 9). The top 
four Grade III/IV ADEs by incidence were hemolysis 
(16.61%), leukocytopenia and neutropenia (16.61%), 
syncope (11.11%), and abdominal pain (11.11%). One 
RCT28 and four pre-post studies17,25,27,38 reported 7 cases 
of thrombosis, all of which led to treatment 
discontinuation.  

 
Reporting bias and certainty assessment. For all 
outcomes assessed, the Egger’s test indicated no 
significant publication bias: MRR (p = 0.14), ORR (p = 
0.77), and changes of Hb level (p = 0.22). According to 
the results of funnel plots (Supplementary figure 11), 
as well as the Egger’s test, no reporting bias was 
observed in this study.  
GRADE evaluation results of the outcomes are presented 
in Table 3. Compared with the control group, 
thalidomide showed significant benefits in achieving 
higher MRR and ORR among TDT patients. However, 
these beneficial effects were supported by low-certainty 
evidence. The certainty of evidence was downgraded 
primarily due to the inclusion of only one RCT,24 which 
led to one-level downgrades for imprecision and 

potential publication bias. In pre-post studies, these 
findings of pooled MRR and ORR were supported by 
very low certainty evidence. The certainty of evidence 
was downgraded primarily because of extreme 
heterogeneity (I² > 90%). Since a part of the 
heterogeneity could be explained, the rating was 
downgraded by one level for inconsistency. In RCTs, 
compared with the control group, thalidomide 
significantly increased Hb levels compared with the 
control group in TDT patients. This finding was 
supported by moderate certainty evidence. The certainty 
of evidence was downgraded by one level for risk of bias, 
as more than 50% of the included RCTs were judged to 
have some concerns. It was also downgraded by one 
level for inconsistency due to extreme heterogeneity (I² 
> 90%), as a part of this heterogeneity could be explained. 
The rating was subsequently upgraded by one level for 
the presence of a dose-response gradient. In RCTs, 
compared with the control group, thalidomide 
significantly increased HbF levels compared with the 
control group in TDT patients. This finding was also 
supported by moderate certainty evidence. The certainty 
of evidence was downgraded by one level for risk of bias, 
as more than 50% of the included RCTs were judged to 
have some concerns. In RCTs, thalidomide showed no 
significant between-group difference in SF level changes 
compared with the control, a finding supported by 
evidence of very low certainty. The certainty of evidence 
was downgraded by one level for risk of bias, as more  

 



 
  www.mjhid.org Mediterr J Hematol Infect Dis 2026; 18; e2026033                                                         Pag. 12 / 16 

 

Table 3. The GRADE evaluation results of the outcomes. 

Outcomes 

Certainty assessment 
Effect 

(95% CI) 
Certainty Importance 

№ of 
studies 

Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

considerations 

MRR 1 RCTs 
not 

serious 
not serious not serious seriousa 

publication bias 
strongly 

suspecteda 

RR 6.94 
(2.96 to 16.27) 

⨁⨁◯◯ 
Low 

critical 

 17 
Pre-post 
tsudies 

not 
serious 

seriousb not serious not serious none 
Proportion 62.91% 
(53.87% to 71.4%) 

⨁◯◯◯ 
Very low 

important 

ORR 1 RCTs 
not 

serious 
not serious not serious seriousa 

publication bias 
strongly 

suspecteda 

RR 6.94 
(2.96 to 16.27) 

⨁⨁◯◯ 
Low 

critical 

 17 
Pre-post 
tsudies 

not 
serious 

seriousb not serious not serious none 
Proportion 75.07% 
(66.82% to 83.33%) 

⨁◯◯◯ 
Very low 

important 

Hb level 
changes 

5 RCTs seriousc seriousb not serious not serious 
dose response 

gradient 
SMC 1.50 

(0.40 to 2.60) 
⨁⨁⨁◯ 
Moderate 

critical 

HbF level 
changes 

3 RCTs seriousc not serious not serious not serious none 
SMC 5.61 

(4.96 to 6.26) 
⨁⨁⨁◯ 
Moderate 

important 

SF level 
changes 

5 RCTs seriousc seriousb not serious 
extremely 
seriousd 

dose response 
gradient 

SMC -0.35 
(-1.12 to 0.43) 

⨁◯◯◯ 
Very low 

important 

CI = confidence interval. a. Only one study is included. b. Part of the heterogeneity can be explained. c. More than 50% of the included studies 
were rated as having some concerns for risk of bias. d. The 95% confidence interval included the null value. 
 
than 50% of the included RCTs were judged to have 
some concerns. It was also downgraded by one level for 
inconsistency due to extreme heterogeneity (I² > 90%), 
as a part of this heterogeneity could be explained. 
Because the 95% confidence interval included the null 
value, the certainty of evidence was downgraded by two 
levels for imprecision. The rating was subsequently 
upgraded by one level for the presence of a dose-
response gradient. 

 
Discussion. The findings from RCTs should carry 
greater weight in clinical practice. The meta-analysis of 
RCTs indicated that compared with the control group, 
the thalidomide group had a significantly higher MRR 
and ORR (RR= 6.95, 95% CI: 2.96 – 16.27) (low 
certainty). A large beneficial effect was also observed in 
the improvement of Hb level (SMC=1.50, 95% CI: 0.40 
-2.60) (moderate certainty) and HbF level (SMC=5.61, 
95% CI: 4.96 – 6.26) (moderate certainty). However, the 
thalidomide group was associated with a higher 
incidence of ADEs (RR=1.94, 95% CI:1.64 – 2.29), 
while no significant between-group difference was found 
in SF level changes (SMC= -0.35, 95% CI: -1.12 – 0.43; 
p = 0.38) (very low certainty).  

Notably, the pooled results from observational 
studies provide only limited support for clinical decision-
making. The meta-analysis of pre-post showed the 
following pooled outcomes: MRR, 62.91% (95% CI: 
53.87 - 71.94%) (very low certainty); ORR, 75.07% 
(95% CI: 66.82 - 88.33%) (very low certainty); Hb level 
change, 1.94 g/dL (95% CI:1.05 – 2.80 g/dL); HbF level 
change, 39.21% (95% CI:21.31% - 57.12%); SF level 
change, -1432.39 ng/mL (95% CI:-1999.80– -864.99 

ng/mL); ADEs incidence, 4.65 per 100 person-months 
(95% CI: 3.56 – 5.75 per 100 person-months); and 
ADEsLDD incidence, 0.04 per 100 person-months (95% 
CI: 0.00 – 0.08 per 100 person-months).  

In recent years, 3 systematic reviews have reported on 
the efficacy of thalidomide in TDT patients. These 3 
systematic reviews were Lu YF 2022,43 Ali 2022,44 and 
Atta 2024.45 Findings of our study and the previous three 
systematic reviews are shown in Supplementary Table 
10. For MRR, ORR, Hb level changes, and HbF level 
changes, the findings of our study were consistent with 
those of the previous three systematic reviews. For SF 
level changes, our findings were inconsistent with those 
reported by Lu YF 2022.44 This difference may be caused 
by differences in the included studies. We included 8 
studies, whereas Lu YF 202243 included only 3. In Lu YF 
2022,43 Ali 2022,44 and Atta 2024,45 the ADE incidences 
were 30% (95%CI: 15 to 47%), 41.2% (=322/780), and 
44%, respectively. Most reported ADEs were mild, with 
constipation being the most common. These findings of 
three previous systematic reviews were consistent with 
those reported in our study. 

In conventional therapies, TDT patients require 
lifelong blood transfusion and iron chelation therapy, 
which brings many challenges and unmet needs. Our 
study indicated that compared with the control group, 
thalidomide significantly increased MRR, ORR, Hb 
level, and HbF level. Therefore, thalidomide was 
associated with potential benefits for TDT patients. For 
example, in settings where access to adequate blood 
products is limited,46 thalidomide can reduce transfusion 
dependence in TDT patients. This reduction may 
alleviate the associated economic and psychological 
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burdens on both patients and their families, thereby 
contributing to an improved quality of life. In Africa and 
the Western Pacific, around 97.3% of TDT patients did 
not receive blood transfusions, compared to 47.6% in the 
Americas and 46.8% in China.5,47 The major contributors 
to medical costs are iron chelation therapy and blood 
transfusions.47-49 In China, standard blood transfusion 
and iron chelation therapy for TDT children aged 0-5 
costs CNY 20,000-30,000 annually, but 68.18% of 
thalassemia patient families have annual incomes below 
CNY 30,000.47 Frequent hospital visits for blood 
transfusions and iron chelation therapy demand 
substantial time and energy for TDT patients, 
significantly disrupting their studies, work, and personal 
lives. In China,47 nearly 40% of thalassemia patients 
have had to suspend or drop out of school due to their 
illness, and one-third of caregivers report moderate-to-
severe care burden. A study conducted in Thailand 
demonstrated that transfusion dependence is associated 
with poor quality of life among patients with TDT.50 
Even in high-income countries, such situations cannot be 
avoided.1,51,52 

Liver iron concentration (LIC) was designated as a 
primary outcome. However, no included studies reported 
LIC data. This constituted an important limitation. 
However, other studies have shown that thalidomide can 
reduce liver iron overload. A pre-post study53 reported 
liver R2* increased from 702.21 Hz to 595.00 Hz 
(p<0.001) at 3rd month after thalidomide treatment, and 
further decreased to 464.33 Hz (p<0.001) at 12 months 
after treatment. 

Lenalidomide is a new generation of 
immunomodulator, a derivative of thalidomide. Due to 
its stronger angiogenesis inhibition and 
immunomodulatory effects, along with the advantages of 
almost no neurotoxicity and teratogenicity, it is currently 
widely used in the treatment of hematological diseases. 
Multiple studies have demonstrated that the overall ADE 
distribution of thalidomide and lenalidomide is 
consistent,54 but there are some differences in the specific 
ADE signal characteristics. The adverse reactions to 
thalidomide-based treatment regimens are considerably 
milder.54,55 In contrast, lenalidomide-based regimens 
have a lower risk for neurologic adverse events but an 
increased risk of hematologic adverse events.54,55 

Although our systematic review included 21 studies, 
only 5 were RCTs. For some outcomes, the meta-
analysis included only one RCT, resulting in a relatively 
small sample size. Although all outcomes showed 
favorable results, concerns about the quality of evidence 
remain. Therefore, additional large sample, high-quality 
RCTs are warranted in future research. 

In contrast to the meta-analysis of RCTs on HbF 
levels, all other outcome meta-analyses showed 
extremely high heterogeneity (I2>89%). Meta regression 
and subgroup analysis for Hb levels indicated that dosage 

group 1 may account for some of the overall 
heterogeneity in the RCTs, whereas follow-up duration 
and baseline Hb level appeared to explain part of the 
heterogeneity in the pre–post studies. Dosage group 1 
was also found to explain a portion of heterogeneity in 
the RCT meta-analysis of SF levels. For the remaining 
meta-analyses, the substantial heterogeneity could not be 
attributed to any identifiable factor. The presence of such 
high heterogeneity reduces the reliability of the findings 
and represents an important limitation of this study. 
Further high-quality, rigorously conducted clinical 
studies are needed to strengthen the evidence base. 

The sample size calculation for the RCT was reported 
by Chen JM 2021,24 which indicated that approximately 
100 participants would be required, assuming a 10% 
dropout rate, and about 90 participants if no dropouts 
occurred. With the exception of this trial, the other four 
included RCTs enrolled fewer than 90 participants. This 
small sample size may reduce statistical power and 
compromise the reliability of the findings, representing a 
limitation of our study. Future large-scale RCTs are 
needed to strengthen the evidence. 

Yang K 202536 included the same patients as Jian X 
202330 & Yang K 2024,32 adding 3 new participants. 
Among the patients included in Zhu WJ 2024,34 29 were 
enrolled in the Chen JM 2021a and Chen JM 2021b. This 
factor may lead to an overestimation of the clinical 
efficacy of thalidomide, representing a limitation of this 
study. 

A dose-response meta-analysis was not performed 
because the included studies did not report outcome data 
across multiple intervention levels, which is a 
prerequisite for such analyses. Meta-regression and 
subgroup analyses indicated no significant correlation 
between thalidomide dosage and MRR, ORR, HbF levels, 
ADEs, or ADEsLDD. However, subgroup analysis of 
RCTs indicated that with increasing thalidomide dosage, 
the pooled Hb level change estimates increased gradually, 
whereas the pooled SF level change estimates decreased 
gradually. Notably, when the thalidomide dosage 
was>100 mg, the changes in SF level in the control arm 
were more pronounced than those in the thalidomide arm. 
This suggested that the effect of dosage on SF level 
changes may be qualitative in nature. However, most 
subgroups included only one study, and the total number 
of included studies was limited. Therefore, no definitive 
conclusion can be reached on the association between 
thalidomide dosage and changes in Hb and SF levels, and 
further research is warranted.  

Some conference abstracts were included. Owing to 
their brief format, these abstracts may lack substantial 
data and detailed information. Furthermore, no relevant 
studies were identified from OpenGrey, which may lead 
to the omission of unpublished negative studies. 
Although publication bias was not detected by Egger’s 
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test, the above factors may still introduce potential bias 
into the pooled results. 

All included studies were conducted in a limited 
number of Asian countries (China, India, Pakistan, 
Bangladesh, and Iraq), resulting in a restricted 
geographical representation. Although beta-thalassemia 
is prevalent in Mediterranean countries, the Middle East, 
Central Asia, India, Southern China, and the Far East, as 
well as countries along the north coast of Africa and in 
South America.47 Population migration and 
intermarriage between different ethnic groups have 
introduced thalassemia in almost every country of the 
world, including Northern Europe, where thalassemia 
was previously absent. This regional clustering may limit 
the generalizability of the findings and reduce their 
external validity for clinical practice in other populations, 
which represents a limitation of this review. Further 
studies across broader geographic regions are needed to 
improve the applicability of the evidence. 

Our study showed that the top four ADEsLDD by 
incidence were haemolysis (17.65%), venous thrombosis 
(14.71%), skin rash (11.76%) and leukocytopenia and 
neutropenia (8.82%), while the top four Grade III/IV 
ADEs by incidence were haemolysis (16.61%), 
leukocytopenia and neutropenia (16.61%), syncope 
(11.11%) and abdominal pain (11.11%). These findings 
indicate that circulatory system disorders represent the 
most frequent and clinically significant serious ADEs 
associated with thalidomide. This is supported by case 
report,56 which also documents a high incidence of such 
events when thalidomide is used for other indications.57-

59 Consequently, vigilant monitoring for circulatory 
system-related adverse reactions is essential during 
clinical use of thalidomide. 

One RCT28 and four pre-post studies17,25,27,38 reported 
7 cases of thrombosis, all of which led to treatment 
discontinuation. Among the four pre-post studies, the 
thalidomide dosage was > 5mg/kg in Ramanan 2017,17 
3-5mg/kg in Li XY 202125 and Li XY 2025,38 and ≤ 
50mg in Ali 2023.27 Ramanan 201717 and Ali 202327 each 
reported 2 cases of thrombosis, whereas Li XY 202125 
and Li XY 202538 each reported 1 case of thrombosis. 
Bhattacharjee 202328 was an RCT in which the 
thalidomide dosage was ≤ 50mg, with one case of 
thrombosis reported. Three pre-post studies (Ramanan 
2017,17 Ali 202327) reported baseline SF levels. The 
baseline SF level was ≥2500 ng/mL in Ramanan 2017,17 
which reported 2 cases of thrombosis, while the baseline 
SF level was<2500 ng/mL in Ali 2023,27 which also 
reported 2 cases of thrombosis. One RCT (Bhattacharjee 
2023)28 reported 1 case of thrombosis, with a baseline SF 
level of ≥2500 ng/mL. Similarly, two studies (Ali 202327 
and Bhattacharjee 202328) reported baseline SF levels. 
The baseline Hb level was <7g/dL in Ali 2023,27 which 
reported 2 cases of thrombosis, while the baseline Hb 
level was ≥7g/dL in Bhattacharjee 2023,28 which also 

reported 1 case of thrombosis. Owing to the limited 
number of studies reporting thalidomide dosage, baseline 
Hb level, and thrombosis events, it was difficult to 
determine whether a correlation exists among these 
factors. Multiple studies60,61 have demonstrated that 
thalidomide is associated with thrombosis-related 
adverse reactions. Patients treated with thalidomide 
show a higher cumulative incidence of thrombotic events 
compared to those not receiving the drug. These results 
emphasize the importance of proactive thrombotic risk 
assessment and vigilant monitoring in clinical practice 
when using thalidomide therapy. However, whether a 
correlation exists between thrombosis formation and 
thalidomide dosage, as well as baseline Hb and SF level, 
requires further investigation. 

Patients in groups Ali 2023,27 Zhu WJ 2024,34 and 
Rahman 202540 received additional aspirin or 
clopidogrel as part of their treatment regimen. ADEs 
reported in some studies20,21 were underreported 
compared with the actual number observed. Therefore, 
this study may have underestimated these safety risks of 
thalidomide. 

The GRADE certainty of evidence for most outcomes 
was rated as very low to low, with no outcome assessed 
as high certainty. This constitutes a major limitation of 
the present review, highlighting the need for more 
rigorously designed, high-quality RCTs to provide more 
reliable evidence. 

 
Conclusions. The meta-analysis of RCTs demonstrated 
that, compared with the control group, thalidomide 
significantly increased MRR (low certainty), ORR (low 
certainty), Hb level (moderate certainty), and HbF level 
(moderate certainty), with no significant between-group 
difference in SF level changes (very low certainty). The 
meta-analysis of pre-post showed the following pooled 
outcomes: an MRR of 62.91% (very low certainty), an 
ORR of 75.07% (very low certainty), a Hb level change 
of 1.94 g/dL, a HbF level change of 39.21%, and an SF 
level change of -1432.39 ng/mL. The ADEs incidence 
was 4.65 per 100 person-months, and ADEsLDD 
incidence was 0.04 per 100 person-months, with most 
reported as mild and tolerable. These RCTs' findings 
should be prioritized to inform clinical practice, whereas 
the pooled results from observational studies provide 
only limited guidance for clinical decision-making.  

These RCT findings demonstrate that thalidomide 
was associated with potential benefits for TDT patients. 
However, it can also induce serious circulatory ADEs, 
and the incidence of such ADEs has been underestimated 
in our study. Therefore, the potential risks of thalidomide 
must be thoroughly weighed in clinical practice. 

The low quality of evidence is attributed to the limited 
sample size, geographical concentration (primarily in 
Asia), high risk of bias, and substantial heterogeneity of 
the included RCTs. Therefore, future large-scale, 
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globally diverse (including regions beyond Asia), and high-quality RCTs are warranted. 
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