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Introduction

Sickle cell disease (SCD) is one of the most common
monogenic disorders that arise from a missense
mutation in the B-globin gene (HBB) (1). For hundreds
of years, even before documenting the first known
case of SCD in the United States (2), intermarriages
have occurred among inhabitants of the equatorial
border of Egypt and those of the neighbouring Sub-
Saharan Africa (SSA) countries. In its western desert
near the Libyan border variable rates of 0.38 % in the
coastal areas to 9.0 % in the New Valley oases have
been reported (3).

There is no precise global data regarding the number
of children born with SCD because newborn screening
for SCDis not available in most resource-poor countries
with the highest predicted burdens, based on carrier
frequencies and global birth rates, it was estimated
that around 312,000 children are born each year with
sickle cell anaemia (HbSS). There is more limited data
on allele frequency for HbC and B-thalassemia, so it is
more difficult to estimate the numbers born with other
forms of SCD, which is probably a further 50,000—
100,000 births per year (4).

The goals of the treatment of SCD are symptom
control with early detection and management of
disease complications (5). Clinical research has an
important role in enhancing children’s health, as
many treatment options used today were previously
tested in randomized clinical trials (RCTS) which help
us understand, prevent, and treat SCD. The American

Society of Hematology Research Collaborative (ASH
RC) has created the Sickle Cell Disease Clinical Trials
Network to offer resources to educate patients and
expand the range of safe and effective treatment
options (6). The DOVE (Determining Effects of Platelet
Inhibition on Vaso-Occlusive Events) study highlighted
the importance of ensuring diversity, as the disease
phenotype and adverse event may differ due to
cultural diversities, resource utilization or disease
severity, these data help in planning future trials in
SCA in a multinational setting (7).

Materials and methods

In this work, we presented the importance of
the research to understand the prevalence and
pathophysiology, improve the diagnostic methods and
the breakthrough treatment, and highlight how Egypt
contributed to this success. The literature search was
conducted in the PubMed MEDLINE database which
included articles indexed as of 15th Apr 2024, without
publication date restriction. Studies were included
if they (1) involved patients with SCD (HbSS, HbSC,
HbS/B0/+ thalassemia); (2) If the studied populations
included Egyptian patients or were conducted in
Egypt. The search terms combined (1) Sickle AND (2)
Egypt and the literature search identified 262 articles.

Results

The flow diagram detailing the selection of studies
included in this article categorized by the time of
publication is provided in Figure 1. Three categories
were defined as follows:
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Figure 1: The flow diagram detailing the selection of studies included in this article when categorized

by the time of publication
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A. From 1951 till 2000: Since the first reported case
in Egypt was in 1951 (8) till 2000 only individualized
research with few national or institutional works
published regarding SCD, mainly few case reports
and papers. Two research papers published over
this period have recruited a reasonable number of
subjects and will be discussed (9,10).

B. 2001 till 2010: The literature search identified 19
articles; two were excluded including one that was
not related to SCD, and the other did not involve a
population from Egypt. Of the included seventeen,
four will be discussed; one regarding prevalence
and prevention (11), and one of the three records
that related to the death of the Egyptian king (12-
14) will be discussed in the prevalence section, two
represent the first single site RCTs in Egypt (15,16)
as well as the first RCT (EPIC) study (17) that will be
discussed in the RCT and management section.

Clinical Trial (CT)
n=25

C. 2011 till 2024: The literature search identified
223 articles, of which 17 articles were discussed
mainly in the management and RCT section (n=12)

The detailed selection of studies (n=262) included in
this article when categorized by type were mainly full
text (n=233, 88.9%), clinical trial (n=25, 9.6%), review
of article (n=20, 7.6%), systematic review (n=4, 1.5%),
and none presented as book/documents.

The four systematic reviews discussed SCD in general
not specifically for Egypt; one review was about rare
genotypes including 68 HbSE patients reported in
the literature (18), another was a critical appraisal of
the quality of recent clinical practice guidelines for
managing pregnant women with SCD (19), the third
systemic review assesses the clinical benefits and
harms of antiplatelet agents in patients with SCD
including RCTs (20), and the fourth was an article
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Figure 2: The flow diagram detailing the selection of clinical trials included in this article
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Figure 3: Flow diagram detailing the significant milestones in the research in Egypt




that systematically evaluated the different types of
technological tools used for self-management of SCD
and assessed its efficacy (21).

Up to our database searches, twenty-five studies were
categorized as clinical trials, the flow diagram detailing
the selection of studies included in this article is
provided in Figure 2. Eleven records were excluded;
7 were not RCT and 4 were not in Egypt, while 14
included 3 were single experience, 3 sub-analyses of
RCT, one was an implementation of service and seven
RCT. One of the first international RCT to include SCD
in Egypt (EPIC study) did not appear in the search
engine as RCT (17). The timeline of the history of
SCD in Egypt, from discovery over past years to the
current treatment landscape, explores the significant
milestones illustrated in Figure 3.

Discussion

The breakthrough in understanding SCD hit when
Pauling's research for haemoglobin (Hb) using the
electrophoresis technique discovered that SCD results
from a change in protein structure and became
the first molecular disease to be discovered (22).
Unfortunately, in the initial progress in understanding
the pathophysiology and diagnosis of SCD, no research
was published from Egypt as the first case diagnosed
was in 1951 (8), this was followed by publishing a few
case reports and papers (23-31). Salah et al., 1991
studied the significant factors that may contribute to
complications in 100 pregnant mothers with SCD (35
HbSS and 65 sickle cell trait (HbAS)) and concluded
high levels of fetal Hb did not have any beneficial effect
in patients with SCD during VOCs (9). el-Hazmi et al,,
1999 performed collaborative research on patients
with SCD from Egypt, the Syrian Arab Republic,
Jordan, and Saudi Arabia, they suggest that HBB gene
haplotypes influence the clinical presentation of SCD
and that there are at least two major foci for the origin
of the sickle-cell gene, one in the eastern part of Saudi
Arabia, and the other in the populations of North
Africa and the north-western part of the Arabian
Peninsula (10).

From 2000 till 2010; few academic papers were
published focusing mainly on the prevalence. Of
interest, a work raised the hypothesis that SCA or
HbSPy is the cause of death for Tutankhamun instead
of Freiberg-Kohler syndrome has been published (14).
A work investigating the distribution of SCD confirmed
that it is not frequent in Egypt except in the Oases

where the carrier rate varies from 9 to 22% (11).
Another study screened 349 primary school children
in the closed isolated community of Siwa Oasis for
abnormal Hb profiles, 22% had abnormal Hb profiles,
of whom 88% had HDbS (94% of them SA and 6% are
SS) (32). Another study estimated the rate of sickle cell
traitin Arab countries is 0.3- 30 %, with the Arab Indian
associated with mild phenotype and the Benin and
Bantu associated with severe phenotype constituting
the bulk of the haplotypes (33), while a WHO report
estimated that the carrier frequency is 1-2% on
the North African coast (34). The strong cultural
preferences for consanguineous marriage and limited
preventive programs and resources have harmed the
management of Egyptian thalassemic patients (35),
the public health approaches targeting the prevention
of hemoglobinopathies are still patchy and inadequate
in many Arab countries recommending the upgrade
of these services and raising public awareness (33).

Focusing on SCD management, since the beginning of
the 2010 century, SCD has started to gain the scientific
attention of the academic society, with around two
hundred works published, facilitating the inclusion
of Egypt in interventional clinical trials. Hydroxyurea
(HU) the first approved drug to treat SCD was studied
in a retrospective Egyptian study to evaluate its long-
term effects on Hb, showed that it induced an increase
in Hb F level, which was maintained over time and
was associated with clinical efficacy and acceptable
safety in SCD patients (36). Another recent cross-
section Egyptian study determine the frequency of
sleep-disordered breathing in children with SCD
showed that nearly all patients (29 out of 30) were
receiving HU as the standard of care (37). Owing to
the importance of transfusion of red blood cells (RBCs)
in SCD management, a prospective, investigator-
initiated non-randomized open-label interventional,
single  Egyptian centre study (NCT03903289)
describes the implementation of the first automated
erythrocytapheresis centre in Egypt in 2017 to improve
the standard of care demonstrated that automated
erythrocytapheresis is a safe and effective modality for
the management of patients with SCD (38).

Iron chelation is required to prevent iron overload
with one of the three iron chelators (deferiprone,
deferasirox, or deferoxamine). Of note, one of the
investigator-initiated evaluated the safety and efficacy
of a new liquid formulation of deferiprone for the
treatment of 100 transfusional iron overload in children




1-10 years old (16) and although it includes only one
child with SCD, it opens the door for the following RCTs.
The FIRST (Ferriprox in Patients With Iron Overload
in Sickle Cell Disease Trial), a one-year randomized
noninferiority study (NCT02041299) in patients with
SCD receiving chronic transfusion therapy including
a total of 228 patients, a large number of them
were from Egypt demonstrated the noninferiority
of deferiprone in managing iron overload and safe
profiles (39). A post hoc analysis of the FIRST study
included patients 17 years and younger with SCD
confirmed previous findings in adults that deferiprone
is comparable to deferoxamine in reducing iron
overload and showed that it could improve adherence
and outcomes in children (40). The same findings were
found from the long-term FIRST EXT (NCT02443545),
a 2-year extension study of the FIRST study (41). The
deferasirox was tested in The multicenter Evaluation
of Patients’ Iron Chelation with Exjade (EPIC) study,
which enrolled 1744 among them 80 had SCD and
demonstrated that it could provide effective chelation
as assessed by a decline in serum ferritin (17). Data
were collected before and after 1 year of deferasirox
treatment from EPIC to evaluate trends between liver
iron concentration (LIC), transferrin saturation (TfSat),
pre-dose labile plasma iron (LPI), and their relationship
to SF categories demonstrated that despite limitations,
SF showed that the clearest relationship of markers
evaluated to LIC (NCT00171821). (42) The DEEP-2
study (NCT01825512) which was a phase 3, multicenter,
randomized trial in pediatric patients with transfusion-
dependent hemoglobinopathies in 21 research
hospitals and universities including Egypt established
a non-inferiority of deferiprone versus deferasirox
with treatment success in 69 (55:2%) of 125 patients
assigned deferiprone vs 80 (54:8%) of 146 assigned
deferasirox (43).

Bone marrow transplant (BMT) as a treatment
modality faces many obstacles that limit its use in
Egypt as the lack of resources, the lack of fully matched
sibling donors and concerns about transplant-related
toxicities. A retrospective analysis of the Eastern
Mediterranean Blood and Marrow Transplantation
(EMBMT) group studied the trends of HSCT activities in
the World Health Organization-Eastern Mediterranean
(EMRO) region, between 2011 and 2012, showed
that hemoglobinopathies, particularly thalassemia
representing around 11% only (44).

The second approved drug for SCD management,
I-glutamine, was tested in a single-site RCT to
investigate the gaps in its therapeutic implications,
especially in LMICs and financial cost compared with
HU. The study recruited sixty SCD and found that
glutamine reduced the number of VOCs and severity
and may have a potentially favourable impact on the
cerebral arterial flow velocities (45). The voxelotor,
the anti-HbS polymerization drug, was tested in the
HOPE (NCT03036813) study that was performed at 60
clinical sites including Egypt, recruited 274 SCD and
showed that it significantly increased Hb levels and
reduced markers of hemolysis (46) and it (1500 mq)
was approved in the USA in SCD patients aged 12 years
and older (47). On 24 Sep 2024, Pfizer discontinued
all active voxelotor clinical trials and expanded access
programs worldwide including Egypt based on the
totality of clinical data that indicates the overall benefit
no longer outweighs the risk in the approved SCD
patient population (48).

The antiplatelet prasugrel was investigated in the
Dove (Determining Effects of Platelet Inhibition on
Vaso-Occlusive Events) trial (NCT01794000) which
included 341 children and adolescents with SCD at 51
sites in 13 countries across the Americas, Europe, Asia,
and Africa. It was concluded that the rate of VOCs
was not significantly lower among those who received
prasugrel than among those who received a placebo
(49). Sub-analysis to capture diary completion rates
and compliance in children who used the electronic
patient-reported outcome diary during the Dove study
concluded that with appropriate design, participant
training, and sufficient monitoring, an electronic
patient-reported outcome diary can capture daily
sickle cell-related pain data in large multinational
studies (50).

One of the important early RCTs focusing on a
vaccine in SCD was addressing the PCV13 vaccine
and concluded that children with SCD 6-17 years of
age who were previously vaccinated with PPSV23 at
least 6 months before study enrollment when they
received two doses of PCV13 6 months apart, they
responded well to 1 PCV13 dose, and a second dose
did not increase antibody response (51). One of the
earliest single-site experience examined the clinical
manifestations of cardiovascular abnormalities before
and after administration of L-carnitine to randomly
selected 37 SCD children for 6 months and showed
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that cardiac diastolic function and pulmonary
hypertension showed some improvement after
L-carnitine administration (15). Another single-site
RCT enrolled 65 patients randomly assigned to three
capsules of either 1,000 mg Omega-3 fish oil or 1.5 mL
vitamin D (2,800 IU/7 ml) daily for 10 months plus the
standard therapy showed that Omega-3 was more
effective than vitamin D or standard treatment alone
to relief pain crises (52).

Conclusions

Although scanty research was carried out in the
nineteenth century and the first decade of the twentieth
century, SCD became an area of focus for research
in 2010. The standard of care and the infrastructure
improved with the involvement of several Egyptian
centers in multicenter international clinical trials paving
the way for breakthrough treatment and improved the
management.
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