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SYSTEMATIC REVIEW

Long term thalidomide therapy's efficacy and safety in
transfusion dependent beta thalassemia major
patients: a systematic review

Tahira Atta'” ', Zakia Subhan

Wajid Ali (2= >

ABSTRACT

OBJECTIVE: To identify the effectiveness and safety of thalidomide in
transfusion-dependent beta Thalassemia Major (TDBTM) patients.

METHODS: A comprehensive search of PubMed, Cochrane Library, and
Embase was conducted between January 01, 2014, and April 17, 2024, using
terms like “thalidomide”, “thalidomide”, “a- phthalimidoglutarimide”,
“thalassemia”, “beta thalassemia”, “transfusion dependent thalassemia” using
Boolean or wildcard operators. Studies published in English with an observational
or experimental design, including more than 10 TDBTM patients treated with
thalidomide for at least 3 months, were included. The review focused on patients
of all ages and genders, evaluating the impact of thalidomide on transfusion
requirements. The included trials, involved 780 participants (age range=1.5-27.2
years), showing improvements in hemoglobin, fetal hemoglobin (HbF), serum
ferritin, spleen size, and quality of life. National Institute of Health tool was used
for quality assessment.

RESULTS: After screening 19462 records, 18147 remained after duplicates
were removed. Of these, 18138 were excluded, leaving 09 studies for inclusion
in the review. Conducted in Pakistan, China, India and Iraq (2014-2024), the
studies included a single-arm trial, a double-blinded RCT, and an open-label RCT
and Pre-post enrolling 780 participants. Thalidomide (50-150 mg/day) improved
hemoglobin, HbF, serum ferritin, spleen size, and quality of life, with a mean
follow-up of 13 months. Thalidomide therapy resulted in transfusion
independence in 69.6 % (n= 543) patients. Adverse effects were reported in
41.2 % (n=322) patients. Study quality was rated as good.

CONCLUSION: Thalidomide is a well-tolerated, safe, and effective treatment
for TDBTM patients, but these findings require confirmation through well-
designed clinical trials.

KEYWORDS: Thalidomide (MeSH); Beta-Thalassemia (MeSH); Transfusion
Dependence (Non-MeSH); Anemia (MeSH); Blood Transfusion (MeSH);
Erythrocyte Transfusion (MeSH); Thalassemia Major (MeSH); beta-Thalassemia
(MeSH); Thalidomide Therapy (Non-MeSH); Transfusion Independence (Non-
MeSH); Hemoglobinopathies (MeSH).
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INTRODUCTION

Thalassemia is one of the most
prevalent hereditary anemias,
resulting from a reduced production of
globin chains.' This genetic disorder is
common in tropical and subtropical
regions, including the Mediterranean,
Africa, the Indian subcontinent, and
Asia, where the estimated frequency of
alpha thalassemia ranges from 12-50%

and beta thalassemia from 1-20%.*
Beta thalassemia is characterized by
defective synthesis of beta globin chains,
leading to reduced hemoglobin (Hb)
production, anemia, and a lower red
blood cell count. It can manifest in three
forms: beta thalassemia minor,
intermedia, and major, and may co-
occur with other hemoglobin disorders,
such as HbC/beta thalassemia,
HbE/beta thalassemia, and HbS/beta
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thalassemia. The genetic mutations
responsible for beta thalassemia vary
and include point mutations, deletions,
and insertions.” The severity of beta
thalassemia varies based on the specific
mutations in an individual's DNA.
Certain mutations can cause more
severe symptoms and complications,
whereas others may result in a milder
form of the condition. Clinically, Beta
thalassemia can be classified as
transfusion-dependent thalassemia
(TDBTM) and non-transfusion-
dependent thalassemia.’

For patients with thalassemia major, the
primary treatment consists of regular
blood transfusions and iron chelation to
manage iron overload. Other
therapeutic options include
hematopoietic stem cell transplantation
(HSCT), gene therapy, and erythroid
maturation agents.”” Currently, around
100,000 patients worldwide rely on
regular blood transfusions.” However,
chronic transfusions elevate the risk of
viral infections, acute hemolytic
reactions, allergies, and other life-
threatening complications. Additionally,
they lead to iron overload, which can
cause significant damage to multiple
organs."

A promising alternative therapy is
thalidomide, an immunomodulatory
drug and potent fetal hemoglobin (HbF)
inducer. Thalidomide enhances y-globin
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gene expression, raising HbF levels and
subsequently increasing hemoglobin
concentration, which reduces the need
for transfusions in thalassemia
patients.' For patients unable to
undergo allogeneic stem cell
transplantation, thalidomide offers a
practical, cost-effective therapeutic
option with a relatively low rate of
adverse reactions. Furthermore,
thalidomide has been proposed as a
bridge between gene therapy and
transplantation, potentially minimizing
the transfusion burden. |2 However, its
safety profile and efficacy in transfusion-
dependent thalassemia require
systematic evaluation.

Rationale for the review: Although
thalidomide has shown promise in
reducing transfusion dependence by
increasing HbF production, there is a
need for a comprehensive evaluation of
its effectiveness, safety, and potential
side effects in transfusion-dependent
beta thalassemia major patients. This
systematic review aims to synthesize
existing evidence on thalidomide's
impact, with the goal of providing
clearer guidance for its use in clinical
practice. By examining the current data
on its therapeutic potential, this review
seeks to minimize transfusion-related
complications and improve outcomes
for TDBTM patients.

This review will contribute to the body
of knowledge by offering insights into
how thalidomide can be integrated into
treatment protocols, addressing both
its benefits and limitations, and helping
to reduce the overall burden of
transfusions in thalassemia care.

METHODS

Data source and search strategy: A
comprehensive literature search was
conducted using databases such as
PubMed, Cochrane Library, and
Embase to evaluate the effectiveness
and tolerability of thalidomide in beta
thalassemia major patients receiving
regular blood transfusions. The study
included patients of all ages and both
genders, with data collected from
January 01, 2014 to April 17,2024. The
search terms used were: "thalidomide,"
"a-thalimidoglutarimide," "thalassemia,"
"beta thalassemia," and "transfusion-
dependent thalassemia," incorporating

Boolean operators and wildcards where
appropriate. A detailed list of search
terms can be found in Appendix |. The
search followed the guidelines of the
Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) to identify prospective
studies.”

Study selection: This systematic
review included full-text original articles
with an observational or experimental
design, published in English between
January OI, 2014, and April 17, 2024.
Selected studies included 10 or more
transfusion-dependent beta thalassemia
major patients of any age and gender
who had been treated with thalidomide
for a minimum of 3 months. Studies that
focused on non-transfusion-dependent
patients, beta thalassemia intermedia,
case series, case reports, systematic
reviews, or conference abstracts were
excluded.

Data extraction and quality
assessment: Data were extracted by
three independent reviewers (TA, ZS,
and WA), who assessed each study for
internal validity. After extracting data,
the reviewers discussed any potential
biases. The following data points were
collected after reaching a consensus:
author, year of publication, study design,
country, sample size, patient age,

thalidomide dose, transfusion
independence, follow-up duration,
genotype, adverse effects, and patient
response to therapy. The quality of the
included studies was assessed using the
National Institutes of Health (NIH)
quality assessment tool."

RESULTS

Study selection: After the initial
database search, 19462 records were
identified. Once duplicates were
removed, 18147records remained. Of
these, 17752 were excluded, leaving
395 records for further screening.
Among these, 386 studies were
excluded for the following reasons: 362
did not meet the inclusion criteria, and
04 were conference papers, 02 were
Case Reports, 02 editorials, 02 were
letter to editor and 14 review articles.
Finally, 09 studies were included in the
systematic review (Figure 1).

Study characteristics: Table |
summarizes the general characteristics
of the patients included in the studies.
These clinical trials were conducted
between January 01, 2014 and April 17,
2024, across three countries: Pakistan,
China, India and Iraq. Among the
studies, one was a single-arm, non-
randomized clinical trial, one was a
double-blinded randomized controlled

| Identification of studies via databases and registers |

Records identified from Databases
(m=19462)

|

Identification

Records after duplicate records
removed (n = 18147)

|

Records screened
(n = 395}

|

Screening

Reports assessed for eligibility
(m=09)

Studies included in review
(n = 09)

s

Records excluded
(n=17752)

Reports excluded: (n=386)
Mot meeting Inclusion Criteria
(n = 362)
Conference Papers {(n=04)
Case Reporis (2)
Editorial {(2)
Letter to the Editor (2)
Review Articles (14)

Figure 1: PRISMA flow diagram for systematic review
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trial (RCT), one was an open-label RCT
and 06 were pre-post. All trials were
conducted prospectively, with full-text
publications available in English.11-
15,22 Collectively, the studies enrolled
a total of 780 participants, with sample
sizes ranging from 14 to 532, including
both children and adults (ages 1.5-27.2
years). In three of the studies, patients
received blood transfusions exclusively
while on thalidomide,'""* whereas in one
study, additional medications such as
clopidogrel, iron chelators, dietary
supplements, antihistamines, and
hepatoprotective agents were
administered alongside thalidomide.
One study reported supportive care
including adenosine triphosphate for
lethargy, fiber rich diet for constipation,
vitamin D for arthralgia, vitamin B6 for
numbness, anti-allergic agents for rash,
and liver protecting agents. Aspirin
were prescribed to patients with
platelets >500x10’ /L to prevent
thrombosis. Blood transfusions were
provided to patients exhibiting
hemodynamic instability or those
unable to maintain a hemoglobin level of
6g/dLorabove.

All patients received oral thalidomide,
administered in doses ranging from 50
to 150 mg per day. Two of the studies
reported both baseline and post-
treatment hemoglobin levels, serum
ferritin levels, and spleen size,"
while one study also included quality of
life assessments and hemoglobin F
(HbF) percentage.'' The studies
demonstrated improvements in
hemoglobin and HbF concentrations,
reductions in serum ferritin and spleen
size, and enhancements in quality of life
(Table II). Chen ] et al," further
reported a reduction in serum
concentrations of lactate
dehydrogenase (LDH), a-
hydroxybutyric dehydrogenase, urea,
uric acid, glutamyl transpeptidase,
adenosine deaminase, globulin, total
bilirubin, and indirect bilirubin, with an
increase in the albumin/globulin ratio.
Ali Z et al.,"observed increases in red
blood cell counts, mean corpuscular
hemoglobin, red cell distribution width,
and platelet counts, along with
decreases in absolute neutrophil count,
LDH, and uric acid levels. Yang K et
al.,™ reported Increase in Red blood
cell count, MCV, MCH, indirect bilirubin

and LDH. The follow-up periods across
the studies ranged from 3 to 30 months,
with the mean follow-up duration being
I3 months, during which the
effectiveness and safety of thalidomide
were evaluated.

Quality assessment of the included
studies: The quality of the studies
included in the systematic review was
evaluated using the National Health
Institute assessment tool. Following the
assessment, all studies were classified as
having good quality (Table IlI).

Adverse effects: Table IV presents
the adverse events associated with
thalidomide use. Most patients
experienced mild side effects, including
constipation, dizziness, skin rash,
abdominal pain, fatigue, fever, sore
throat, nausea, and drowsiness.
However, some patients developed
more severe conditions, such as grade 3
syncope, grade 2 hyperbilirubinemia,
and grade 2 transaminitis. A total of 14
patients discontinued treatment due to
side effects, including stroke (n=1),
cerebrovascular accident (CVA) (n=3),
portal vein thrombosis (PVT) (n=2),
grade 3 syncope (n=1I), grade 2
drowsiness (n=1), and grade 2
headache (n=1), acute kidney injury
(AKI) (n=1), neutropenia (n=1), Grade
2 sedation (n=1), seizures (n=1) and
extra-medullary hemopoiesis (n=1).

DISCUSSION

Three studies involving a total of 780
patients met the eligibility criteria and
were included in this review. All the
studies were conducted prospectively.
The findings demonstrated that
thalidomide therapy led to transfusion
independence in 69.6% (n=543) of
patients. Adverse effects were reported
in 41.2% (n=322) of patients, with
most being mild to moderate, allowing
patients to continue therapy despite
these side effects. However, fourteen
patients discontinued treatment due to
severe adverse effects. The most
commonly reported side effect was
constipation (n=81I), followed by
dizziness (n=>50). The mean duration of
therapy was |3 months, and no
mortality was reported during the
treatment period. The studies showed
significant improvements in hemoglobin
levels, HbF%, serum ferritin, and

spleen size from baseline to the end of
follow-up. One study also assessed the
quality of life."

Patients with TDBTM require regular
blood transfusions for survival, but
chronic transfusions often result in iron
overload complications. TDBTM
patients absorb significantly more iron
compared to healthy individuals. In
TDBTM patients, iron levels can reach
up to 250 mg/unit of blood, whereas
healthy individuals absorb only about
0.5 g of iron annually. Excess iron is
toxic to several organs, as it generates
reactive oxygen species (ROS), which
initiate auto-catalytic reactions with
cellular components. These oxygen-
derived free radicals damage lipids,
proteins, and DNA within cells.** The
organs most commonly affected by iron
overload include the heart, pancreas,
adrenal glands, reproductive organs,
joints, and liver. *”

In low-income countries, iron chelation
therapy is the most common treatment
for TDBTM patients.”® Treatment
strategies for beta-thalassemia major
include regular blood transfusions and
iron chelation therapy, and in some
cases, HSCT. However, for patients
who cannot afford these treatment
options, thalidomide offers a cost-
effective and safe alternative. Studies
have shown that long-term use of
thalidomide can significantly increase
hemoglobin levels.”

This systematic review suggests that
thalidomide therapy can improve the
quality of life and reduce the number of
transfusions required for TDBTM
patients. The burden of regular blood
transfusions and iron chelation therapy
places considerable stress on both the
families of these patients and the
healthcare systems. For instance, the
annual cost of blood transfusions for a 4-
year-old thalassemia child ranges
between US$ 1948 and US$ 2164.”
Additionally, the total annual cost for
treating 130 beta-thalassemia major
patients in Mumbai was estimated to be
US$ 127,535.” In Sri Lanka, the
treatment of beta-thalassemia major
imposes a significant financial strain on
healthcare services and the families of
affected children.”

For these reasons, thalidomide
treatment can minimize both the
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Table I: General characteristics of patients

q q . Sample size | Thalidomide Transfusion Follow
Authors | Design | Country | Disease | Population | Age (years) (n=780) S el | e e i Genotype
AiZetal, | Ofl2bel
2023 ¢ ” | clinical Pakistan | BTM TDBTM 1.5-26 532 Max. 70 408 30 NR
trial

Bhattachar-

jeeUetal, | RCT India BTM TDBTM 26.14+4.27 14 50 NR 6 0/B0, BO/B+

2023 °
0/non-B0, non-
30/non-30, BO/B0,

Chen | et ’ E . Xmn | genotype,

al, 2021 " RCT China B-T™M TDBTM 18.4 £5.6 50 100-150 34 3 (GIG, AIG),
Simultaneous a
globin mutation

LiXetal., ) HbE-B- BO/B+, B+/B+,

2021 " Pre-post | China ™ TDBTM 10 (5-18) 77 2.5-4a 51 6 B0/BO

Chandra | BO/ Severe B+, E

etal, 2021 | Pre-post | India B-T™M TDBTM 14.7 (12-18) 37 2-4a 15 6 B-double

*® heterozygous

Yang K et . HbE-B- o

al., 2020 ™ Pre-post | China ™ TDBTM 20**(NR) 12 50 5 3 NR

Nag A et .

al, 2020 * Pre-post | India B-T™ TDBTM 27.2 (15-45) 21 50-100 15 3 NR

Yang K et ) X BO/B+, B+/B+,

al., 2020 ” Pre-post | China B-T™M TDBTM 27.2 (15-45) 23 50-100 10 24 B0/BO, BO/-, -/-

;;sls;”.ﬁ'( Pre-post | Iraq B-TM | TDBTM 10" (3-43) 14 2102 5 8-36 | NR

RCT = Randomized clinical trial; BTM = beta thalassemia major; TDBTM = transfusion dependent beta thalassemia; NR = not reported, Max = Maximum; (a):
mg/kg/day, ('): Mean age; (*): Median age,

Table II: Response of TDT patients upon thalidomide therapy

Parameters
Authors
Hemoglobin (g/dl) Serum Ferritin (ng/ml) Spleen size (cm) HbF (%) QOL (ECOG score)

Ali Z etal., 2023 From 6 to 8 From 2195 to 528 From 6.4+3.3to 5.6+3 NR NR
Bhattacharjee U et al., From 8.7+0.99 to From 3309.4+3342.39 to
2023 " 9.2+ 1.56 2587.4+2204.39 No change NR NR
Chen | etal., 2021 " From7.24+1.6 to 9.1 1.7 From 2937.8 to 2732.3 NR From 10.8 to 55.2 0807
Li X etal., 2021 7 NR NR NR From 8.87 to 84.2 NR
Chandra | etal., 2021 *® From 9.45 to 8.89 From 1758.9 to 1549.6 NR From 2.95 to 49.2 NR

2 From 10.4+4.5 to From 35.6+22.6 to
Yang K et al., 2020 Fromé.1=1.7t0o 8.5+1.4 NR 10.7+5.4 60.8+18.8 NR

o7 from From 7.22 = |.37 to
Nag A et al., 2020 6.5 (= 1.08) to 7.2 (= 1.74) 1919 ng/ml to 1404 ng/ml 756 + 1.14 NR NR
Yang K et al., 2020 * NR NR NR NR NR
Yassin AK 2019 NR NR NR NR NR

QOL= Quality of life, ECOG= Eastern Cooperative Oncology Group; NR=not reported; TDT = transfusion dependent beta thalassemia
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Table IlI: National Institute of Health Quality Assessment Tool

Ali Z et | Bhattacha- | Chen ) Li X Chandra | Yang K | Nag A | Yang K | Yassin
Criteria al., rjee U et et al., et al., Jetal, etal., et al., et al., AK
2023 ° | al,2023" | 2021" | 2021" 2021" 2020 | 2020 | 2020 | 2019 "

| .Was the research question or objective in this paper Yes Yes Yes Yes Yes Yes Yes Yes Yes
clearly stated?
2. Was the study population clearly specified and defined? Yes Yes Yes Yes Yes No Yes Yes No
gb\:/\f;s the participation rate of eligible persons at least Yes Yes Yes Yes Yes Yes Yes Yes Yes
4. Were all the subjects selected or recruited from the
same or similar populations (including
the same time period)? Were inclusion and exclusion Yes Yes Yes Yes Yes Yes Yes Yes Yes
criteria for being in the study pre-specified and applied
uniformly to all participants?
5. YVas a sample size |L!st|ﬁcat|on, Power description, or No No No No No No No No No
variance and effect estimates provided?
6. For the analyses in this paper, were the exposure(s)
of interest measured prior to the outcome(s) being No No No No No No No No No
measured?
7. Was the timeframe sufficient so that one could
reasonably expect to see an association between Yes Yes Yes Yes Yes Yes Yes Yes Yes
exposure and outcome if it existed?
8. For exposures that can vary in amount or level, did the

tud; ine different levels of th lated
study examine different levels of the exposure as relate Yes Yes Yes Yes Yes Yes Yes Yes Yes
to the outcome (e.g., categories of exposure, or
exposure measured as continuous variable)?
9. Were the exposure measures (independent variables)
clearly defined, valid, reliable, and implemented No No No Yes Yes Yes Yes Yes Yes
consistently across all study participants?
:i&:’Vas the exposure(s) assessed more than once over Yes Yes Yes Yes Yes Yes Yes Yes Yes
I'1. Were the outcome measures (dependent variables)
clearly defined, valid, reliable, and implemented Yes Yes Yes Yes Yes Yes Yes Yes Yes
consistently across all study participants?

12. Were the outcome assessors blinded to the No No Yes No No No No No No
exposure status of participants?

13. Was loss to follow-up after baseline 20% or less? Yes No Yes Yes Yes Yes Yes Yes Yes
14. Were key potential confounding variables measured
and adjusted statistically for their impact on the No No No No No No No No No
relationship between exposure(s) and outcome(s)?
Quality rating Good Good Good Good Good Fair Good Good Fair

medical complications and the financial
burden on patients and their families.
This systematic review recommends
the use of thalidomide as an affordable
and accessible treatment option for
TDBTM patients.

Limitations of the study

The study has several limitations that
may impact the interpretation of the
findings. Firstly, the review included
only nine studies, which may not
provide a comprehensive overview of
thalidomide's efficacy and safety in
TDBTM. Additionally, the included

studies exhibited heterogeneity in
design, patient populations, and
outcome reporting, complicating
comparisons and generalizability. Many
studies had relatively short follow-up
durations, limiting the assessment of
long-term effects. There is also a
potential risk of bias in study selection,
as non-English studies have been
excluded. The quality of the included
studies varied, with some presenting
moderate to low-quality evidence,
which raises concerns about reliability.
Furthermore, the absence of control
groups in some studies and reliance on

self-reported data may introduce bias in
evaluating treatment effectiveness and
adverse effects. Furthermore, one
study by Ali Z et al.," lacked adequate
justification for its sample size,
potentially limiting the generalizability
of the results. Collectively, these
limitations highlight the need for further
research to validate the findings and
provide a more thorough understanding
of thalidomide's role in TDBTM
management.

CONCLUSION

Thalidomide is generally well tolerated

KMUJ 2024, Vol. 16 No.3

259



Long term thalidomide therapy's efficacy and safety in transfusion dependent beta thalassemia major patients: a systematic review

Table IV: Adverse effects reported in studies

Authors
(Year) Adverse Effects

AliZetal., Constipation Neu:'iraope- Skin rash Pareis:hes-

6 . Ie) . oy, | <% |\ T/ TTETTTE ) TR | TR T T
2023 (33;6.2%) ©:1.1%) (5;0.9%) (4:0.8%)
Bhattacharje Grade | Grade 2 Grade 2 grade 3 grade 2 grade 2 grade 2 grade |
eUetal, somnolence | somnolenc | presyncope | syncope headache hyperbilirubinem- | transaminit- | constipati- | -------- | = ------
2023 ° (42.8%) e (35.7%) (7.1%) (7.1%) (14.3%) ia (7.1%) is (7.1%) on (7.1%)
Chen]etal., Dizziness Drsc:v(vzs |Ir'1e- Fa(tl|§l'1e Rash Pyrexia Sore throat Coni:]patl- Abc::;?;mal Na(t;ea :(;r:ni;

0 - 0 ’ 0 . o, . o, . [ 0
2021 (20; 40.8%) 42.9%) 30.6%) (% 18:4%) | (12;24.5%) (7 14.3%) (5 10.2%) | (7;143%) | 16.3%) | (5;10.2%)
Uxeqa, | Dol | Conspei | Nesope: | lesiog | oo | vps | sumest | o7 | AL o

17 . (o) . (o) ’ - [}
2021 (24;31.2%) | (9;11.7%) | (10;13%) | (7;9.1%) (9; 11.7%) (1 13%) (1:1.3%) 9;11.7%) | 5.2%) (3: 3.9%)

. . . R .
Chandra | et | Constipation Neu:'iraope Pneumonia E:)l(c(lseﬂ ﬁﬁi:sfe(zg!e Dengue infection DIZ(Z(I)Z?SS AKI* (01; Sezjg;{on
is 0, . 5 2 2 ’ o ; 3 A
al,, 2021 (14, 37.8%) (10:31.3%) (2; 6.25%) 3.13%) 9.4%) (2; 6.25%) 15.639%) 3.13%) 9.4%)
Yang K et al,,
2020* | T T | T T T T o T TV TV
NagAetal, | Constipation | | |
2020 (10, 47%)
Yang K et al., Perlphelia! Rash Mgnstrual A GIT
2020 neurotoxici- (02; 8.6%) disorder disorders | - | emeeem | emeeee ] e e | e
ty (01;4.4%) e (02; 8.6%) | (05;21.7%)

Yassin AK Constipation | EHAM(OL; | |
2019 "7 (10; 71.4%) 7.14%)*

EHAM: Extramedullary Hemopoietic Abdominal Masses, AKI: Acute Kidney Injury, CVT: Central Venous Thrombosis, DVT: Deep Vein Thrombosis,
GIT: Gastrointestinal Tract, (*): Patients withdrew thalidomide due to adverse event (s)

in transfusion-dependent beta-
thalassemia patients, with minimal
harmful reactions and no major risks
identified. It demonstrates promising
potential in reducing the need for
regular blood transfusions. However,
this systematic review highlights the
need for additional research,
particularly rigorously designed clinical
trials, to validate these findings, establish
the long-term safety and efficacy of
thalidomide, and optimize its use in
TDBTM patients.
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APPENDIX |

Search Terms: thalassaemia OR

OR Beta-thalassaemia OR [3-
thalassaemia OR B-thalassemia OR
b-thalassemia OR b-thalassaemia
OR Alpha-thalassemia OR a-
thalassemia OR Alpha-thalassaemia
OR a-thalassaemia OR 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

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

hemoglobin synthesis OR

thalassemia OR Beta-thalassemia haemoglobin OR hemoglobin OR
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