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ABSTRACT

OBJECTIVE: The current meta-analysis was carried out to identify the efficacy and
safety of thalidomide in transfusion-dependent 3-thalassemia (TDT) patients.

METHODS: Six databases: PubMed, EMBASE, Scopus, Cochrane Library,
EBSCOhost, and MEDLINE were searched until November 18, 2021, for studies
that assessed the efficacy of thalidomide in TDT patients by using the following
search terms: “Thalidomide”, “thalidomid”, “thalomid”, “N-
phthaloylglutamimide”, and Thalassemia” using Boolean or wildcard operators.
Original research publications in English with observational and/or experimental
designs having a sample size = | 0, regardless of age and gender, used thalidomide for
=3 months exploring the impact of thalidomide in ameliorating transfusion needs
among TDT patients were included in this meta-analysis. Data were independently
extracted by two reviewers using a data extraction form. The National Institutes of
Health tool was used for quality assessment.

RESULTS: Nine studies collectively involving 407 TDT patients fulfilled eligibility
criteria. Thalidomide was associated with complete cessation of blood transfusion
requirements with an overall response of 54% (95% ClI, 34-75%) to a transfusion-
independent state; heterogeneity was considered high with an I’ of 94.7%, p-
value<0.001. Mild adverse events were reported in 44% of patients.

CONCLUSION: Thalidomide is a well-tolerated, effective and safe drug among
TDT patients, these findings, however, should be confirmed through well-designed
clinical trials.

PROSPERO Review registration number: CRD42021289950.
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INTRODUCTION

B-thalassemia is characterized by low
hemoglobin levels and is considered
the most common inherited disease
around the globe.' Thalassemia is mostly
found in Central Asia, the Mediterranean,
the Middle East, Southern China and
India, however due to migration, it is now
a global phenomenon.' The global
incidence of abnormal hemoglobin and
thalassemia is approximately 270 million,
of which 80 million individuals are -
thalassemia carriers.’

[B-thalassemia, based on blood transfusion
requirement is classified into transfusion
dependent 3-thalassemia (TDT) and non-

transfusion-dependent [3-thalassemia
(NTDT).’ In TDT patients, regular blood
transfusion is regarded as the mainstay of
treatment.'*® However, chronic blood
transfusion pose a significant risk of iron
overload and subsequent multi-organ
damage, as well as acute life-threatening
events such as acute hemolytic reactions,
bacterial infections and anaphylaxis.’

Owing to the risks and limitations of
chronic blood transfusions, the efficacy of
different drugs has been investigated in
order to improve the patients' quality of
life.” Thalidomide (an immuno-
modulating drug) showed promising
results in increasing hemoglobin levels
and reducing blood transfusion needs in
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patients with B-thalassemia.’” Despite the
fact that several studies *'' have reported
promising response of thalidomide in
TDT, it is still overlooked in the practice
guidelines as a treatment option for [3-
thalassemia management.

Current literature is partial due to lack of
precise meta-analyses reporting the
efficacy of thalidomide in
reducing/ceasing transfusion needs
among TDT patients. We believe that a
meta-analysis exploring the efficacy of
thalidomide in the complete cessation of
transfusion needs among TDT patients
will certainly change the current practice
of how TDT patients are treated by filling
the partially explained gap in knowledge.
Therefore, this study aimed to determine
the efficacy of thalidomide as a potential
treatment in ameliorating transfusion
needs among TDT patients by performing
arigorous meta-analysis.

METHODS

Data Sources and Search Strategy

A comprehensive systematic search of the
literature using six databases (PubMed,
EMBASE, Scopus, Cochrane Library,
EBSCOhost, and MEDLINE) was
conducted to evaluate the clinical efficacy
and safety of thalidomide in TDT patients
requiring regular blood transfusions
regardless of age and gender until
November 18, 2021. All databases were
searched using the following search
terms: “Thalidomide”, “thalidomid”,
“thalomid”, “N-phthaloylglutamimide”,
and Thalassemia” using Boolean or
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Figure 1: PRISMA flow chart of the included studies

wildcard operators. Complete
description of the search terms is
presented in Appendix |. Reference lists
of all primary studies were also screened
and searched using hand searches in order
not to miss any potential study. Moreover,
to find potential studies, PRISMA
(Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines
were followed."”

Study Selection

Orriginal research publications in English
with observational and/or experimental
designs having a sample size =10,
regardless of age and gender, used
thalidomide for =3 months exploring the
impact of thalidomide in ameliorating
transfusion needs among TDT patients
were included in the meta-analysis.
Patients with NTDT, pB-thalassemia
intermedia (TI), systematic reviews, case
series, case reports, and conference

abstracts were not eligible for inclusion. If
an article included both NTDT and TDT
patients, patients with TDT treated with
thalidomide were included, while others
were excluded.

Data Extraction and Quality
Assessment

Data were independently extracted by
two reviewers (Z.A and M.I) using a data
extraction form. Any disagreement was
resolved between reviewers by
discussion until consensus was reached.
The following data were extracted:
author, year, country of publication, study
design, sample size, age, follow up
duration, thalidomide dose, blood
transfusion independence rate, and
adverse events from all included studies.
The quality of the included studies was
assessed using the National Institutes of
Health (NIH) quality assessment tool for
pre-post studies with no control group.”

Data Analysis

STATA (v-14) was utilized for performing
meta-analyses using the random-effects
model vs the fixed-effects model because
of expected heterogeneity within and
between studies."” Among the included
studies, I statistic was used to interpret
the heterogeneity at a confidence interval
of 95%.

RESULTS

Study Selection

The initial literature search yielded 5318
references after duplicates were
removed. One author (Z.A.) then
screened the titles and abstracts of 5318
references, of which 277 references were
selected. Upon the application of
inclusion and exclusion criteria of the
remaining 277 references, 9 articles were
included for meta-analyses and 268
references were excluded because of the
following reasons: 248 studies were not
meeting inclusion criteria, | 3 were review
articles, 2 each were conference
proceedings and letter to editors, and 3
were case reports (Figure ).

Study Characteristics

Characteristics of all included studies are
presented in Table I. All included studies
were conducted between 2017 and 2021
in five countries: three in China, three in
India, and one each in Bangladesh, Iraq
and Pakistan. All studies were single-arm
with no comparison group and of pre-
post design, of which six studies were
conducted prospectively while three
were retrospective studies.”"® All studies
collectively enrolled 407 patients and
were published in English as full-text
articles. The sample size ranged from
n=12 to 102 and was a mixture of
children and adults (age range= 1-45
years).

TABLE I: CHARACTERISTICS OF THE INCLUDED STUDIES

Author Country | Design | Disease | Population Sample Size | Age* (Range) | Thal Dose Tx Follow-up

(N=407) in years (mg/kg/d | Indep (months)
Li, 2021 ° China Pre-post B-TM TDT 77 10 (5-18) 2.5-4 51 6
Chandra, 2021 "° India Pre-post | HbE-B-TM TDT 37 14.7 (12-18) 2-4 15 6
Begum, 2020° | Bangladesh | Pre-post | HbE-B-TM TDT 51 10 (3-24) 2-5 18 32
Yang, 2020 ” China Pre-post B-TM TDT 12 27.7 (NR) 50a 5 3
Nag, 2020 * India Pre-post | HbE-B-TM TDT 21 20**(NR) 50-100a 15 3
Yang, 2020 " China Pre-post B-TM TDT 23 27.2 (15-45) | 50-100a 10 24
Yassin, 2019 "' Iraq Pre-post B-TM TDT 14 10** (3-43) 2-10 5 8-36
Jiskani, 2018 ' Pakistan | Pre-post B-TM TDT 70 10.3 (7-12) 2-10 0 [3
Vijay, 2017 India Pre-post B-TM TDT 102 13 (1-36) 2-10 95 6-24

(a): mg/day, (*): Mean age; (**): Median age, N: Total Sample Size, NR: Not Reported, TDT: Dependent B Thal: Thali Tx Indep: Tr
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TABLE II: NATIONAL INSTITUTES OF HEALTH QUALITY ASSESSMENT TOOL

Criteria Li, |Chandra,| Begum, | Yang, | Nag, | Yang, | Yassin, | Jiskani, | Vijay,
2021 | 2021 2020 | 2020 | 2020 | 2020 | 2019 | 2018 | 2017
|. Was the study question or objective clearly stated? Yes Yes Yes Yes Yes | Yes | Yes Yes Yes
2. Were eligibility/selection criteria for the study Yes Yes Yes No | Yes | Yes | No No No
population prespecified and clearly described?
3. Were the participants in the study representative of Yes Yes Yes Yes Yes | Yes | Yes Yes Yes
those who would be eligible for the test/service/
intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified Yes Yes CD Yes CD | Yes | CD CD CD
entry criteria enrolled?
5. Was the sample size sufficiently large to provide Yes Yes Yes No No | No No Yes Yes
confidence in the findings?
6. Was the test/service/intervention clearly described and Yes Yes Yes Yes Yes | Yes | Yes Yes Yes
delivered consistently across the study population?
7. Were the outcome measures prespecified, clearly Yes Yes Yes Yes Yes | Yes | Yes Yes Yes
defined, valid, reliable, and assessed consistently across all
study participants?
8. Were the people assessing the outcomes blinded to the No No No No No | No No No No
participants' exposures/interventions?
9. Was the loss to follow-up after baseline 20% or less? Yes Yes Yes Yes Yes | Yes | Yes Yes Yes
Were those lost to follow-up accounted for in the analysis?
10. Did the statistical methods examine changes in outcome | Yes Yes Yes Yes | Yes | Yes | Yes Yes Yes
measures from before to after the intervention? Were
statistical tests done that provided p values for the
pre-to-post changes?
I |. Were outcome measures of interest taken multiple Yes Yes Yes Yes Yes | Yes | Yes Yes Yes
times before the intervention and multiple times after the
intervention (i.e., did they use an interrupted time-series
design)?
12. If the intervention was conducted at a group level (e.g., NA NA NA NA NA | NA | NA NA NA
a whole hospital, a community, etc.) did the statistical
analysis take into account the use of individual-level data to
determine effects at the group level?
Quality Rating Good | Good Good Fair | Good [Good| Fair Fair Fair
CD: Cannot Determine; NA: Not Applicable
liBalidomidefiResponse Al patients were transfusion dependent
w and thalidomide was the only intervention
except regular blood transfusions.
st Fe oD et Thalidomide was given orally as a single
. dose in the range of 2-10mg/kg/day in six
Li, 2021 —_— 0.6 (0.55,0.76) 1335 studies,”"'"*"” and 50-100mg/day in three
Ghandra, 2021 _._._ 0.41(026,057) 1270 studies.”™™®"” Of the included studies,
Begum, 2620 e 095 (0.24, 0.49) 1310 pre/post serum ferriti‘?r)II ‘Slivels are
i reported by seven studies,” """ Hb levels
‘Yang, 2020 i 0.42(0.19, 0.68) 11.03 by six Studiesg'lo‘ls"s'le'lg and HbF
Nap. 2020 071 0.50.0.86) 2 percentage by four studies.”'*®” The
Yang, 2020 0.43(0.26,063) 1220 average baseline serum ferritin level was
Yassin, 2019 0.36 (0.16,061) 1147 significantly decreased except one study'®
Viay. 2017 e osssr.007) 73 in which after treatment a significant

Jiskani, 2018

Overall ("2 = 94.70%. p = 0.00)

(Excluded)

0.54(0.34, 0.75)

100.00

T T T T T
0 2 4 6 8

T
1

Figure 2: Forest plot of thalidomide response rate (transfusion-independence)
in transfusion-dependent B-thalassemia patients

increase in average serum ferritin level
was noted. Hb levels as compared to
baseline significantly increased after
treatment. A study by Chandra et al."”
reported aslight decrease in Hb level after
treatment; however, the rate of fall of Hb
significantly decreased after treatment
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TABLE IlI: LIST OF ADVERSE EVENTS REPORTED IN THE INCLUDED STUDIES

Author (Year) Adverse Events
Li, 2021° Dizziness/ Consti- Neutro- | Leukocy- | Thromb- CvT* Seizure* | Vomiting/ | Arthralgia | Edema
lethargy pation penia topenia ocytosis nausea

Chandra, 2021'° | Constipation Neutro Pneumo- | Chicken Acute Dengue | Dizziness* | AKI* Sedation -
-penia nia pox febrile iliness| infection

Begum, 2020’ High ALT Palpitat- Excessive | Restless- | Acute Facial Cough | Vomiting | High TSH | Edema

ions sleepiness ness urticaria | puffiness

Yang, 2020"” - - - - - - - - - -

Nag, 2020" Constipation - - - - - - - - -

Yang, 2020"° Peripheral Rash Menstrual GIT - - - - -

neurotoxicity™ disorder | disorders

Yassin, 2019" Constipation EHAM* - - - - - - - -

Jiskani, 2018'" - - - - - - - - -

Vijay, 2017 DVT* Gynecomastia - - - - - N B N

EHAM: Extramedullary Hemopoietic Abdominal Masses, AKI: Acute Kidney Injury, ALT: Alanine Aminotransferase, CVT: Central Venous Thrombosis, DVT: Deep Vein Thrombosis, GIT:

to adverse event (s)

with thalidomide. A total of four studies
measured HbF percentage and showed a
significant increase in HbF percentage
after thalidomide treatment. One study"®
measured LDH and bilirubin levels and
reported a significant decrease in both
LDH and bilirubin levels after treatment.
None of the other studies measured LDH
and bilirubin levels.

Of the included studies, the follow-up
duration of TDT patients was in the range
of 3-32 months in order to determine the
safety and efficacy of thalidomide. The
mean follow-up duration was
approximately 12 months. Two studies'™"
measured spleen size before and after
treatment, but no statistically significant
difference was found.

Quality Assessment of included
studies

The NIH quality assessment tool for pre-
post studies without a control group was
employed for the quality appraisal of the
included studies (Table Il). Five eligible
studies were rated as of good quality, and
four of fair quality. The following
methodological limitations were noted;
small sample size in four studies, and lack
of prespecified eligibility criteria in the
majority of the studies. Moreover, none of
the studies stated whether assessing the
outcomes were blinded or not which may
bias the findings.

Thalidomide Response

Thalidomide was associated with
complete cessation of regular blood
transfusion among TDT patients with an
overall response of 54% (95% ClI,
34-75%) to a transfusion-independent
state; heterogeneity was considered high
with an” of 94.7%, p-value<0.001; as
depicted in Figure Il. One study'® was
excluded in the forest plot generation

because of no response (0% response
rate).

Adverse Events

Adverse events (AEs) related to
thalidomide are presented in Table III. All
studies reported AEs except two
studies.” " Mild AEs were reported in
44% of the patients except one episode
of grade-Ill neutropenia and one episode
of grade-1V acute kidney injury.
Thalidomide was well tolerated among
most of the patients, only 8 (2%) patients
stopped using thalidomide due to AEs
(deep vein thrombosis (n=2)", cerebral
venous thrombosis (n=1),° seizure
(n=1),® extramedullary hemopoietic
multiple abdominal masses (n=1) which
disappeared upon starting hydroxyurea,"
dizziness (n=1), and acute kidney injury
(n=1)."" One patient developed
peripheral neurotoxicity and intermittent
numbness in lower limbs at |8 months of
treatment; however, symptoms were not
completely reversed after stopping
thalidomide for four subsequent
months.'® Constipation (=43, 10.6%)">"*
"% dizziness and/or lethargy (n=29,
7.1%),” ' neutropenia (n=20, 4.9%)," "
nausea/vomiting (n=10, 2.4%),” ° and
thrombocytosis (n=9, 2.2%)° were more
frequently reported AEs followed by High
ALT (n=8, 2%)’, leukocytopenia (n=7,
2.3%), sedation” " and elevated
d.dimers" (n=6 each, 1.5%), edema”’
(n=4, 1%) and deep vein thrombosis and
gynecomastia (n=2 each, 0.5%)", and
thyroid-stimulatingulating hormone
(n=2, 0.5%)’. None of the patients with
elevated d.dimers presented with
thromboembolism."

DISCUSSION

This meta-analysis was aimed to
determine the safety and efficacy of

Tract, TSH: Thyroid hormone, (*): Patients withdrew thalidomide due

thalidomide among TDT patients. Eight
single-arm studies, of pre-post design
with no comparison group met our
inclusion criteria, of which six were
prospective studies and three were
retrospective. These studies collectively
enrolled 407 patients requiring regular
blood transfusion. Results of the current
meta-analysis revealed that 54% of TDT
patients become transfusion independent
after treatment with thalidomide.
Heterogeneity among the included
studies was high, which may be attributed
to different sample sizes of the included
studies.

As far as AEs are concerned, in majority of
the eligible studies it was narratively
reported, therefore we could not
perform meta-analysis on AEs related to
thalidomide use. Majority of the AEs were
transient, and relieved spontaneously
without withdrawal of the drug, only eight
patients stopped taking thalidomide due
to AEs.* """ On few occasions the AEs
relieved after lowering the dose or
temporary cessation of the drug.
Constipation and neutropenia were the
most commonly reported AEs in the
included studies.

The mean follow-up duration of all
patients in the included studies was
approximately 12 months, therefore the
incidence of long term AEs was not
documented. Acute kidney injury
occurred in one patient,” although the
patient was taking deferasirox (a well-
known nephrotoxic drug).””* Further, no
case of mortality directly related to
thalidomide was reported, only one
patient died due to dengue shock which
the patient developed during the second
month of treatment with thalidomide."

None of the included study assessed the
patient's quality of life (QoL), although it is
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obvious that the complete cessation of
blood transfusion and /or reducing
transfusion needs would have certainly
improved the QoL. However, long-term
studies assessing impact of thalidomide
treatment on QoL are highly advocated.

TDT patients require regular blood
transfusions for survival, however chronic
blood transfusions pose a significant
burden on healthcare system in
developing countries where the
prevalence of thalassemia patients is
usually high. Chronic blood transfusions
may cause iron overload and subsequent
multi-organ damage, as well as acute life-
threatening events. Therefore, owing to
the limitations of regular blood
transfusion, thalidomide is an economical
drug and costs each patient around 5-10$
per month. Conversely, in the same
patients' blood transfusion followed by
adequate chelation costs 60-80%.” One
study reported that for an average 70kg
adult, one unit of blood cost 316$, while
chelation with deferoxamine and
deferasirox for a one-month supply costs
1,500% and 3,7609%, respectively.z3

This meta-analysis suggests the potential
role of thalidomide therapy in the
complete cessation of transfusion needs,
despite the above-mentioned limitations
and lack of robust experimental studies.
Based on the findings of this meta-analysis
as well as complications associated with
chronic blood transfusions, the quick
response of TDT patients' to thalidomide
(in months), easy availability as well as
affordability of thalidomide particularly in
developing countries, we recommend the
usage of thalidomide in treating children
and adults with TDT. Therefore, until
stringent clinical studies such as well-
designed randomized control trials are
conducted, the authors concluded that
thalidomide may be prescribed to TDT
patients for a minimum of 3 to 6 months
along with a well-designed monitoring
plan to ensure the safety and efficacy, after
obtaining informed consent from the
patient itself (if he/she is an adult) or the
parents/guardian (if the patient is a
minor).

Limitations of this meta-analysis includes;
small sample size, short follow-up
duration for thalidomide treatment
(mean follow-up~12 months), less
number of observational studies and
absence of control group in the included
studies, respectively. On the other hand,
the following are the major strengths of
this meta-analysis: (a) this meta-analysis is

unique in its kind evaluating the role of
thalidomide in the complete cessation of
blood transfusions among TDT patients,
(b) only TDT patients requiring regular
and lifelong blood transfusions are
included, NTDT and Tl or mixture of
both were excluded, (c) furthermore,
literature was extensively searched using
six major biomedical databases along with
journals of potential interest via additional
hand search.
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Description of Search terms

“thalassaemia OR thalassemia OR
Betathalassemia OR Beta-thalassaemia
OR B-thalassaemia OR (-thalassemia OR
b-thalassemia OR b-thalassaemia OR
Alpha-thalassemia OR a-thalassemia OR
Alpha-thalassaemia OR a-thalassaemia
OR S Sickle Cell Disease OR Sickle Cell Dis*
OR SCD OR Anemia OR Anaemia OR
Transfusion-dependent thalassemia OR
Transfusion-dependent thalassaemia OR
Blood transfu®* OR hemoglobin synthesis
OR haemoglobin OR hemoglobin OR
fetal hemoglobin OR foetal hemoglobin
OR foetal haemoglobin OR fetal
haemoglobin OR HBF OR Fetal
Hemoglobin Induc* OR Foetal
Hemoglobin Induc* OR Foetal
Haemoglobin Induc* OR Fetal
Haemoglobin Induc* OR Hb F induc*
AND Thalidomide OR thalidomid OR
thalomid OR N-phthaloylglutamimide.”
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