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Abstract

Background and objective: Lentivirus gene therapy (LGT) is an emerging therapy for sickle cell
disease (SCD), although its efficacy and safety are under evaluation in clinical trials. This review
assessed the efficacy and safety of LGT in relation to hydroxyurea (HU).

Materials and methods: A systematic review was conducted using The Preferred Reporting
Items for Systematic Review and Meta-analysis protocol. Following a set of inclusion criteria, 10
studies were selected for quality assessment, extraction, and meta-analysis from 499 studies
pooled from PubMed, ScienceDirect and Sematic Scholar. Data obtained were described and
subjected to random effect meta-analysis using RevMan software.

Results: There was a significant increase (p-value<0.00001) in haemoglobin (Hb) level after LGT
and production of HbAT87Q and foetal haemoglobin (HbF). Clinical outcome decreased
significantly, and no hospitalization was required following LGT. A significant age-related
difference in the LGT outcome was observed. Mode 1 treatment had significantly higher
(p=0.004) outcome compared to mode 2 treatment. There was a significant increase
(p<0.00001) in treatment outcome in SCD patients treated with LGT compared to those treated
with HU. Gastroenteritis and leucopenia were the most reported adverse effects.

Conclusion: The review has demonstrated that LGT has a promising efficacy in the treatment of

SCD although there are existing safety concerns.

Introduction

Sickle cell disease (SCD) comprises a set of hereditary
blood disorders impacting the structure and function
of red blood cells (RBCs) [1-3]. These cells, which
typically transport oxygen throughout the body,
undergo a transformation in SCD, adopting a rigid and
sickle-shaped form. This alteration gives rise to a

range of complications, including anemia, pain,
infections, organ damage, and stroke [4]. The root
cause of SCD lies in a genetic mutation affecting
the hemoglobin-coding gene, leading to the
synthesis of abnormal hemoglobin, termed
hemoglobin S. This variant hemoglobin S,
polymerizes under low oxygen conditions,
distorting the shape of RBCs [5].
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The pathophysiology of SCD is intricate, involving
several factors, such as hemolysis, vaso-occlusion,
inflammation, oxidative stress, endothelial
dysfunction, and hypercoagulability [6-8]. Treatment
of SCD aims to prevent or mitigate the frequency and
severity of complications, enhance quality of life, and
extend lifespan of the patient. Existing therapeutic
approaches encompass supportive care,
pharmacological agents, and hematopoietic stem cell
transplantation (HSCT) [9,10]. Various supportive care
approaches include hydration, analgesics and
antibiotics administration, blood transfusions, and
immunization modalities [11,12]. Among
pharmacological agents, hydroxyurea stands out—an
agent boosting fetal hemoglobin production, thereby
reducing the polymerization of hemoglobin S and the
sickling of RBCs [12]. Demonstrating efficacy,
hydroxyurea has been linked to a decrease in pain
crises, incidents of acute chest syndrome,
hospitalizations, and increased mortality rate in SCD
patients [13]. Nevertheless, challenges such as
variable response, adverse effects, and compliance
issues temper its utility [14].

For those seeking a curative option, hematopoietic
stem cell transplantation (HSCT) emerges as a
transformative approach. This process entails
replacing the defective hematopoietic stem cells
(HSCs) of the patient with healthy HSCs from a
compatible donor, restoring normal hemoglobin
production and eliminating the manifestations of
SCD [9]. However, HSCT includes adverse effects such
as graft-versus-host disease, graft failure, infections,
and infertility [9]. Furthermore, its applicability is
constrained by the availability of suitable donors and
the high cost associated with the procedure [9,15].

At present, a cutting-edge alternative in SCD
intervention is gene therapy, aiming to rectify the
underlying genetic anomaly at its source. This
innovative approach involves the introduction of a
functional gene into specific target cells, notably
hematopoietic stem cells (HSCs), to bring about
modifications in their gene expression and
phenotype character [16]. Gene therapies broadly
fall into two categories: gene addition and gene
editing. Gene addition involves incorporating a
therapeutic gene into the genome of the target cells
without altering existing genes [16]. On the

other hand, gene editing entails the precise
modification or correction of the target gene,
employing advanced tools such as zinc finger
nucleases, transcription activator-like effector
nucleases, or the CRISPR-Cas9 system [17,18]. One
of the most exciting advances in sickle cell disease
(SCD) treatment is the use of CRISPR/Cas9 gene
editing, a technology that allows scientists to
make precise changes to DNA. Generally, CRISPR is
palindromic sequence in bacterial genome which
can be excised by the cas9 enzyme, allowing
scientists to modify, edit, insert or delete genes
according to convenience. This breakthrough has
led to CASGEVY™ (exagamglo gene autotemcel,
or exa-cel), the first FDA-approved CRISPR-based
therapy for SCD, developed by Vertex
Pharmaceuticals and CRISPR Therapeutics.
CASGEVY works by editing a patient’s own stem
cells to boost the production of fetal hemoglobin
(HbF), which helps counteract the harmful effects
of sickle hemoglobin [19,20]. The FDA approval of
CASGEVY in late 2023 was a landmark moment
not just for SCD patients, but for the entire field of
gene therapy. For decades, researchers have been
working toward a true cure for SCD, and this
therapy represents a major step forward. Clinical
trials have shown that CASGEVY can dramatically
reduce or even eliminate pain crises in many
patients, offering hope for a life free from the
most debilitating symptoms of SCD [21]. Beyond
its clinical success, CASGEVY’s approval also sets a
precedent for future gene-editing treatments,
proving that CRISPR technology can be both safe
and effective in treating genetic disorders. While
challenges like cost and accessibility remain, this
therapy opens a new era of personalized medicine
for SCD patients [22,23].

Lentivirus gene therapy (LGT) represents a
subtype of gene addition therapy utilizing
lentiviruses as vectors to transport the therapeutic
gene into the targeted cells. Lentiviruses,
belonging to the retrovirus family, possess the
unique capability to infect both dividing and
non-dividing cells, integrating their genetic
material seamlessly into the host genome [15].
LGT offers several advantages over alternative
gene therapy vectors, including high transduction
efficacy, stable gene expression, low
immunogenicity, and a large transgene capacity
[24]
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Figure-1: General Schema for Gene Therapy [25]
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Ex Vivo Therapy: Hematopoietic stem cells (HSCs) are collected, modified externally (introducing

or editing genes), and reinfused to address genetic defects at their source.

(B)

In Vivo Gene Therapy: Systemic delivery of a gene-modifying agent with affinity for HSCs directly

targets cells within the patient's body, providing a streamlined and less invasive gene therapy approach.

The efficacy of LGT hinges on the type of therapeutic
gene delivered by the lentiviral vector [29]. In the
context of sickle cell disease (SCD), there are two
primary strategies for LGT: anti-sickling gene therapy
and globin gene therapy [16,25-34]. Anti-sickling gene
therapy entails the delivery of a gene encoding a
modified hemoglobin variant capable of preventing or
reducing the polymerization and sickling of
hemoglobin S [32-34]. Examples of anti-sickling genes
include hemoglobin F (HbF), the fetal form of
hemoglobin typically silenced after birth, and
hemoglobin A (HbA), the normal adult form of
hemoglobin mutated in SCD [32-34]. Other examples
involve hemoglobin A2 (HbA2), a minor adult
hemoglobin form, and

hemoglobin mutants like hemoglobin E (HbE) and
hemoglobin G (HbG), both possessing reduced
affinity for hemoglobin S [32-35].

Globin gene therapy, on the other hand, involves
delivering a gene encoding a functional globin
chain, such as beta-globin or gamma-globin, to
restore the balance and production of globin
chains in SCD [34,36,37]. SCD is characterized by a
deficiency of beta-globin, leading to an excess of
alpha-globin, resulting in ineffective
erythropoiesis and hemolysis [38]. By introducing
a functional beta-globin or gamma-globin gene,
LGT can increase the synthesis of hemoglobin A or
hemoglobin F, respectively, correcting the
alpha-beta globin imbalance [37,38].
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Figure-2: Gene therapy strategies for SCD. (A) Antisickling globin expression as a gene-therapy strategy to
prevent RBC sickling. (B) Gene-addition strategy to deliver antisickling genes. (C) Gene-editing approaches to

induce HbF by NHEJ and gene repair by HDR.

Abbreviations: HDR — Homology Direct Repair, SCD -Sickle cell disease, HbF —Foetal Haemoglobin, NHEJ — Non

-Homologous end joining, RBC- Red blood cell.
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administering low vector doses, employing
autologous cells, utilizing high-fidelity vectors,
incorporating immunosuppressive drugs, and
employing advanced monitoring techniques
[39-41].

To gauge the effectiveness of this therapeutic
approach, a range of assessment methods is
employed. In vitro analyses are conducted to
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scrutinize alterations in vector titers and transduction
efficacy [42]. In vivo studies entail the transplantation
of vector- or mock-transduced cells into animal
models to evaluate therapeutic effectiveness [42].
Rigorous clinical trials are undertaken to assess the
safety and efficacy of the lentiviral vector, the in vivo
gene transfer clinical protocol, and the sustained
correction of associated pathological symptoms [43].
The evaluation of vector integration sites is crucial to
ensure the safety of the gene therapy [43].
Additionally, measuring degradative metabolite levels
in patients during treatment aids in evaluating
therapeutic efficacy [43]. The monitoring of clinical
endpoints involves observing changes in disease
symptoms, the frequency of disease-related
complications, and the overall health and quality of
life of patients [44]. These outcomes aim to improve
oxygen-carrying capacity, minimize painful episodes,
prevent life-threatening complications, and enhance
the overall well-being of individuals with SCD.

Exploration of LGT for SCD has been documented in
studies such as those conducted by creative biolabs
and Walters et al. [45,46]. These investigations have
effectively demonstrated the safety and efficacy of
LGT, showcasing stable engraftment, elevated
hemoglobin levels, and substantial improvement in
SCD symptoms without encountering adverse events
or complications. Significantly, these studies have
contributed groundbreaking clinical evidence,
suggesting the potential for LGT to serve as a gene
therapy cure for SCD. This underscores the viability of
LGT utilizing various beta- and gamma-globin genes.

While LGT has shown promising outcomes, it is
essential to acknowledge certain limitations that
warrant attention. These limitations are limited
patient numbers, short follow-up periods, and a
deficiency in long-term data [47]. To strengthen the
robustness of LGT's safety and efficacy profile, further
studies are imperative. These studies should delve
into critical parameters such as lentiviral vector
design, conditioning  regimens,  transduction
protocols, and comparative analyses with alternative
gene therapy strategies [47]. Additionally, the
optimization of clinical endpoints and the resolution
of practical challenges, including

COSt, accessibility, etnics, and regulation, are
pivotal for propelling LGT toward becoming a
viable treatment for Sickle Cell Disease [47].

Conducting a comprehensive review of lentivirus
gene therapy for SCD is undeniably crucial.
Existing treatments for SCD often lack a definitive
cure, with variable effectiveness among patients.
Lentivirus gene therapy, in contrast, has shown
promising results in treating SCD and holds the
potential for a curative approach [48].
Nevertheless, a thorough understanding of the
safety and efficacy of this therapy remains a
priority. By scrutinizing the existing literature on
lentivirus gene therapy for SCD, identifying
knowledge gaps, and shaping future research
directions, we can contribute to the development
of more effective and potentially curative
treatments for SCD.

Materials and methods

The Preferred Reporting Items for Systematic
Review and Meta-analysis (PRIMSA) protocol of
2015 [49] was followed in the step-by-step
development of the review to ensure
reproducibility and transparency in the review
process. The summary of the PRISMA protocol
was reported using a PRISMA flowchart.

Study selection criteria: inclusion criteria:
Studies included were clinical trials reporting the
efficacy of LGT in correcting gene mutation in SCD
in human subjects. Also included were studies
focusing on safety and adverse effects of LGT in
the treatment of SCD patients. Studies also
considering the efficacy and safety of
hydroxyurea (HU) for SCD treatment were equally
considered. Overall, studies included were
original articles from peer-reviewed journals from
relevant repositories or online databases.

Exclusion criteria: Studies not relevant to LGT in
SCD such as other haemoglobinopathies like
thalassemia were excluded. Animal studies,
editorials and review articles, original studies
using other forms of gene therapy were also
excluded.

Information Sources-The following electronic
databases or repositories used for the systematic
review are as follows: PubMed, ScienceDirect and
Semantic scholar.
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Search strategy: A comprehensive search strategy
was developed using a combination of Boolean
function [50] and filters to narrow the study to
original articles and clinical trials (randomized and
non-randomized clinical trials) with advanced

Table-1: Search Query/Boolean Function

search including specific keywords like “lentivirus
sickle cell disease” particularly for ScienceDirect.
It is important to mention that the search
strategy was adjusted to the specific provisions of
each database.

Database

Search query/Boolean function

PubMed

("Lentivirus gene therapy" OR "gene therapy") AND ("sickle cell disease" OR

"sickle cell anemia") AND ("effectiveness" OR "efficacy" OR "safety" OR
"adverse effects" OR "side effects" OR "hydroxyurea" OR "stem cell

transplantation")
ScienceDirect
"lentivirus""
Semantic scholar

ase

efficacy and safety of lentivirus gene therapy in sickle cell anaemia
sickle cell disease"
efficacy OR effectiveness AND safety AND lentivirus gene AND therapy AND

Data management: All search results from the listed
databases were first imported and managed by
EndNote software, after which they were exported as
XML files to Covidence for screening, selection,
extraction and quality assessment of the included
studies. Leveraging on the features of the software
(EndNote), streamlining the process of reference
formatting of included studies to the desired citation
style was possible [51]. Covidence is a web-based tool
for systematic review management [52,53] following
PRISMA guideline, including title and abstract
screening, full text screening, quality assessment. The
Covidence tool was also used for data extraction and
PRISMA flowchart generation [52,53].

Study selection and data extraction: Screening of
titles and abstracts was done separately to find
studies that might be suitable for full review. Then,
the full texts of those studies were checked based on
specific criteria. Studies that met these criteria were
selected for data collection. The data collected
included the study type, patient details, type and
dose of treatment, lab results, clinical results, and, if
needed, information on side effects.

Quality assessment: Virtually all the studies included
were in the 1/2 phase of clinical trial. Since these
phases of studies are typical of pilot studies, the
checklist tool used was put into

consideration to capture the peculiarity of such
studies because studies in early phase clinical
trials may require modifications in their quality
assessment due to their uniqueness. In this case
the studies were neither a full-scale clinical nor
randomized clinical trial. To fulfill this purpose,
the University of Chicago checklist for pilot
studies was used to judge the quality of each
study. It reflected at parameters such as the
study’s goal, the reason for doing it, whether the
way data was collected matched the goal, the
number of participants (though not in a strict
statistical way), if the data collection method
would work in a larger study, and whether there
was a good reason to move forward with a
full-scale study.[54].

Data synthesis and analysis: Qualitatively, a
narrative synthesis of studies included was
described with provision of the overview of the
evidence. Furthermore, meta-analysis was carried
out or performed using random effects on
comparable outcomes with the RevMan statistical
software, a software built by Cochrane
collaboration for meta-analysis [55,56]. In the
present study, statistical tools and tests were
deployed to analyze and test the generated data.
Each of these tools and tests was chosen based
on the research objectives and the nature of the
data. Descriptive Statistics: Mean and proportion.
These were used to summarize the central
tendency of
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continuous variables like hemoglobin levels and
percentages. Descriptive statistics provided a clear
overview of the data, helping to understand the
typical values and variation in measurements before
and after treatment [57]. Random effect
meta-analysis was used to compare groups and
subgroups, and for the determination of homogeneity
of data obtained from the selected studies.

Ethical consideration: Following the fact that the
review depended on already published data

(secondary data) available in the public domain
for public use, ethical clearance was not required
for the commencement of the study. However, all
used data from the secondary sources were duly
cited.

Results

Figure-3 above shows the PRISMA flowchart
illustrating the review process. Out 0f449 studies,
10 were considered eligible for quality
assessment and onward data extraction.

Studies from databases/registers (n = 449)
PubMed (n=7)
ScienceDirect (n =77)
Semantic Scholar (n = 365)

References from other sources (n =)
Citation searching (n=)
Grey literature (n=)

References removed (n = 9)
Duplicates identified manually (n = 1)

A 4

Studies screened (n = 440)

A 4

Duplicates identified by Covidence (n=8)
Marked as ineligible by automation tools (n =)
Other reasons (n=)

Studies excluded (n = 394)

v

Studies sought for retrieval (n = 46)

N

Titleswere not relevant to the subject of review
interest

k4

Studies not retrieved (n=10)

Studies assessed for eligibility (n = 46)

A

A 4

Studies included in review (n = 10)

Figure-3: PRISMA Flowchart

Studies excluded (n = 36)
Wrong outcomes (n =11)
Wrong study type (n=6)
Wrong patient population (n=19)

[
| Included studies ongoing (n = 0)
| Studies awaiting classification (n = D)
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Table-2: Characteristics and result summaries of eligible studies

Study Study Design  Study Population Treatment PTAinterval Summary of the findings
Studies on Lentivirus gene therapy
Kanter et al., Non-randomi SCD patients; LentiGlobin 17months The study demonstrated
2022 [58] zed clinical Sample size:35; gene; significant hematologic
trial Mean age: 24 yrs  Dose(CD34+) improvement, with
(cells/Kg): hemoglobin levels increasing
6.9x10"6 from 8.5 to 11 g/dL following
treatment. The therapy
achieved 40% HbAT87Q
expression, accompanied by
substantial clinical benefits
including reduction of
vaso-occlusive pain to 12%
and non-cardiac pain to 34%
Esrick et al., Phase 1/2 Severe SCD BCL11A shmiR; 18months The study reported
2021 [59] clinical trial patients; Dose(CD34+) hemoglobin elevation from 9.3
Sample size: 6 (cells/Kg): to 11.4 g/dL alongside 28.5%
Mean age: 14.3 yrs 6.6x10"6 HbF production. The study also
documented notable
decreases in hemolytic
markers, with absolute
reticulocyte count declining
from 427,500 to 224,500
cells/mL and lactate
dehydrogenase levels reducing
from 446.5 to 303 U/L.
Magrin et Phase 1/2 SCD LentiGlobin 28.7 months The study observed
al., 2019 clinical trial patients gene; post-treatment hemoglobin
[60] Sample size: 3 Dose(CD34+) levels of 10.7 g/dL with 22.7%
Mean age: 16.7 yrs (cells/Kg): HbAT87Q, though clinical
4.4x10"6 outcomes showed persistent
vaso-occlusive pain (66.7%)
and chest pain syndrome
(33.3%) in some patients.
Bonner et Phase 1/2 SCD LentiGlobin n/m The study achieved the
al., 2019 clinical trial patients gene; highest HbAT87Q levels across
[61] Sample size: 13 Dose(CD34+) studies at 85%, indicating
Mean age: n/m (cells/Kg): n/m strong therapeutic gene
expression, though complete
hematologic and clinical data
were not available.
Malik et al., Phase 1/2 Severe SCD Modified 18months The study demonstrated
2018 [62] clinical trial patients y-Globin hemoglobin improvement
Sample size: 2 lentiviral vector; from 8 to 10.6 g/dL with
Mean age: 30yrs Dose(CD34+) 20.5% HbF production, while
(cells/Kg): noting that half of treated
4.0x1076 patients continued to

experience non-cardiac pain.
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Study Study Design  Study Population Treatment PTAinterval Summary of the findings
Tisdale et Phase 1/2 Severe SCD BB305 lentiviral  3months The study reported
al., 2018 clinical trial patients vector; hemoglobin levels reaching
[63] Sample size: 11 Dose(CD34+) 10.5 g/dL with 39% HbAT87Q
Mean age: 25yrs  (cells/Kg): expression, though some
7.1x10"6 patients still exhibited
vaso-occlusive pain (33.3%)
and non-cardiac pain (50%).
Hebert et Phase 1/2 SCD LentiGlobin 25months The study documented
al., 2018 clinical trial patients gene; post-treatment hemoglobin of
[64] Sample size: 3 Dose(CD34+) 10.3 g/dL with 28.1%
Mean age: n/m (cells/Kg): n/m HbAT87Q, with chest pain
syndrome persisting in 33.3%
of cases but no
treatment-related
hospitalizations.
Studies on Hydroxyurea therapy
Lad et al., Clinical trial ~ SCD Hydoxyurea; 24 months  The study showed that
2022 [65] patients Dose(CD34+) post-treatment hemoglobin
Sample size: 138 (cells/Kg):18.7 levels averaged 9.2 g/dL with
Mean age: <14 yrs 25.6% HbF production. Clinical
outcomes showed minimal
vaso-occlusive pain (3.6%) and
no chest pain, though
non-cardiac pain remained
prevalent at 54.3%.
Hospitalization data was not
reported
Hoppe et al., Clinical trial  Severe SCD Hydroxyurea; 137 weeks  The study demonstrated the
1999 [66] patients Dose(CD34+) highest hemoglobin
Sample size: 8 (cells/Kg): 27 improvement among
Mean age: 3.7 yrs hydroxyurea studies (10.7
g/dL) with 19% HbF. Notably
eliminated all vaso-occlusive
and non-cardiac pain, but
reported a 20% hospitalization
rate post-treatment
Ofakunrin et Quasi-experi SCA Hydroxyurea; 12 months  The study achieved
al., 2018 mental study patients Dose(CD34+) hemoglobin levels of 9.3 g/dL,
[67] Sample size: 54 (cells/Kg): n/m though HbF percentages were

Mean age: 8.4 yrs

not documented. The study
reported complete resolution
of both vaso-occlusive and
non-cardiac pain (0% for
both), with no reported
hospitalizations.

PTA interval: Post-treatment assessment interval; SCD: Sickle cell disease; SCA: Sickle cell anaemia; n/m: Not

mentioned
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Meta-analysis of the efficacy of a treatment (Lentivirus gene therapy) in managing sickle cell disease based
on Haemoglobin

Before Treatment After Treatment Mean Difference Mean Difference
Study or Subgroup  Mean  SD  Tofal Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bonner etal, 2014 209 0002 13 2719 1007 13 1A3% -DE3F118,-0.08) -
Esricketal, 201 931 142 114 0053 6 148% -210[3.64, -0.56) B
Hebertetal, 2018 403 1.9 3103 1.023 3 146% -6.27[813-4.41) —
Kanter etal, 2022 845 0004 35 11 2039 2 1A2%  -2A0F3.30,-1.70) -
Magrin etal, 2019 107 0.0 B 107 0273 3 193% -TE3[7.84,-7.37) -
Malik etal, 2018 g a4 2 106 232 2 102%  -260F8.30,3.10)
Tisdale etal, 2018 g 308 11 105 00643 11 146% -250}4.32 -068] —_—
Total (95% Cl) 76 63 100.0% -3.50[-6.63,-0.38] ol
Heterogeneity; Tau®=16.55; Chi*=471.06, df = 6 (F = 0.00001); F=99% _150 |5 ! é 150

Testfor overall effect. 2= 2.20 (F=0.03) Favours [Befpre Treatmen] Favours [Afier Treatment]

Figure-4: Forest Plot illustrating meta-analysis of the efficacy of a treatment (Lentivirus gene therapy) in
managing sickle cell disease based on Haemoglobin

Table-3 below shows the results of absolute
reticulocyte  count (ARC) and lactate
dehydrogenase (LD) before and after the
intervention. The result showed a decline in the
ARC and LD levels after the lentivirus gene
therapy.

Figure-4 shows that among the seven studies, there
was statistical difference among the groups of the
studies (Z=2.20, P<0.03). This implies significant
reduction in Hemoglobin before gene therapy (MD=
-3.50, 95% C.1 [-6.63,

-0.38]). Also, significant heterogeneity was seen
across the studies (12= 99%; P<0.00001).

Table-3: Summary of the efficacy of a treatment (lentivirus gene therapy) in managing sickle cell disease

Absolute Absolute Lactate Lactate
Study reticulocyte count  reticulocyte count  dehydrogenase dehydrogenase
(ARC) (cell/ml) (ARC) (cell/ml) (LD) (U/liter) (LD) (U/liter)
before treatment after treatment before treatment  after treatment
Kanter et al., 2022 [58] 280000 180000 400 250
Esrick et al., 2021 [59] 427500 224500 446.5 303

Magrin et al., 2019 [60] - - - -
Bonner et al., 2019 [61] - - - -
Malik et al., 2018 [62] - - - -
Tisdale et al., 2018 [63] - - - -
Hebert et al., 2018 [64] - - - -

The results from Table-4 below show Kanter et al.
reported a treatment percentage of 40% for
HbAT87Q, while Esrick et al. reported a percentage of
28.5% for HbF [58,59]. These values represent the
proportions of these components in their respective
treatments. Similarly, Magrin et al. reported a
treatment percentage of 22.7% for

HbAT87Q, and Bonner et al. reported a high
percentage of 85% for HbAT87Q [60,61]. Malik et
al. reported a treatment percentage of 20.5% for
HbF [62], while Tisdale et al. and Hebert et al.
reported a percentage of 39% and 28.1% for
HbAT87Q respectively [63,64].
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Table-4: Proportion of HBAT87Q and HbF among the studies

Study Percentage of HbAT87Q (%) treatment Percentage of HbF (%)
Kanter et al., 2022 [58] 40 -

Esrick et al., 2021 [59] - 28.5

Magrin et al., 2019 [60] 22.7 -

Bonner et al., 2019 [61] 85 -

Malik et al., 2018 [62] - 20.5

Tisdale et al., 2018 [63] 39 -

Hebert et al., 2018 [64] 28.1 -

Table-5 summarizes the results of the proportions of
clinical outcomes related to vaso-occlusive pain, chest
pain syndrome, hospitalization, and non-cardiac pain
in various studies. Kanter et al. (2022) reported
vaso-occlusive pain percentage of 12% and
non-cardiac pain of 34% [58]. They did not provide
data for chest pain syndrome or hospitalization.
Magrin et al. reported a high vaso-occlusive pain
percentage of 66.7% and chest pain syndrome of
33.3% [60]. They did not provide data for
hospitalization or non-cardiac pain. Malik et al.
reported that 50% of patients had

Table-5: Proportion of the clinical outcomes

non-cardiac without providing information on
vaso-occlusive pain, chest pain syndrome, or
hospital stays [62]. Tisdale et al. found that 33.3%
had vaso-occlusive pain and 50% had non-cardiac
pain, while the research did not report on chest
pain syndrome or hospitalizations [63]. Hebert et
al. reported chest pain syndrome in 33.3% of
patients but did not provide any information
concerning vaso-occlusive pain, non-cardiac pain,
or hospital stays [64]. Esrick et al. and Bonner et
al. did not give any data on these clinical
outcomes [59,61].

Stud Vaso-occlusive Chest pain Hospitalization Non-cardiac pain
v pain (%) syndrome (%) (%) (%)
Kanter et al., 2022 [58] 12 - - 34
Esrick et al., 2021 [59] - - - -
Magrin et al., 2019 [60] 66.7 33.3 - -
Bonner et al., 2019 [61] - - - -
Malik et al., 2018 [62] - - - 50
Tisdale et al., 2018 [63] 33.3 - - 50
Hebert et al., 2018 [64] - 333 - -
Age dependent variation in treatment outcome
Age dependent variation Age dependent variation

Study or Subgroup  Age dependent variation SE Weight IV, Random, 95% CI IV, Random, 95% Cl

Eonner et al, 20149 85 0.0016 14.3% 85.00 [54.52, 85.15] .

Estick et al., 2021 272 0.0034 143% 27.20[27.19, 27.21] -

Hehertet al, 2018 456 0.0401 14.3% 45.60 [45.52, 45.68] -

Kanter etal, 2022 105 0.081 143% 10.50 [10.34, 10.66] -

Magrin et al., 2019 296 0.394 143% 29.60 [28.83, 30.37] -

Malik etal., 2018 87.4 0.0891 143% 87.40 [87.23, 87.57] .

Tisdale etal, 2018 11.8 00231 14.3% 11.90 [11.85, 11.94] .

Total (95% CI) 100.0% 42.46 [30.22, 54.70] *

Heterogeneity: Tau®= 273.08; Chi*=1546131.84, df= 6 (P <= 0.00001); F=100% =hn 00 P 100 =ho

Test for overall effect: Z=6.80 (P = 0.00001)

Age dependent variation

Figure-5: Forest Plot for Pooled effect of age dependent variation in treatment outcomes across the studies
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The forest plot in Figure-5 above demonstrated the
age dependent variation in treatment outcomes
across the studies. There was a significant difference
across the studies based on age dependent variation
in treatment outcome (Z’=6.80 [P<0.00001]). The
pooled effect revealed significant age variation across
the study participants (IV=42.46, 95% C.| [30.22,
54.70]).

Significant heterogeneity among the studies was also
detected (1°=100%).

Table-6 provides a summary of descriptive statistics
related to age-dependent variation in treatment

outcomes for sickle cell disease across different
studies. The table includes data on the ages of
individuals who participated in the studies. The
average age of the participants across all studies is
approximately 22 vyears, with an age interval
spanning from 14 to 32 years. The table presents

various treatment outcomes, including the
percentage of HbAT87Q treatment, the
percentage of HbF treatment, absolute

reticulocyte count (ARC) after treatment, and
lactate dehydrogenase (LD) levels after treatment.

Table-6: Summary of descriptive statistics on age dependent variation in treatment outcome

Study Age Percentage of Percentage Absolute Lactate
HbAT87Q (%) of HbF (%)  reticulocyte count dehydrogenase
treatment (ARC) (cell/ml) (U/liter) after

after treatment treatment

Kanter et al., 2022 [58] 24 40 - 180000 250

Esrick et al., 2021 [59] 14.3 - 28.5 224500 303

Magrin et al., 2019 [60] 16.7 22.7 - - -

Bonner et al., 2019 [61] - 85 - - -

Malik et al., 2018 [62] 30 - 20.5 - -

Tisdale et al., 2018 [63] 25 39 - - -

Hebert et al., 2018 [64] - 28.1 - - -

Average Age 22

Age Interval 14-32

Meta-analysis of treatment outcome based on mode of action of lentiviral gene therapy

Mode 1 Mode 2 Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bonneretal, 2019 101 0.043 g 1001 0.043 B 201% 0.00F0.08, 0.04] s
Esticketal, 2021 234 0123 10 A4 203 10 20.0% -51.86[93.12,-50.60) o
Hebertetal, 2018 6.01 234 3125 0082 3 19.8% -6.89[-0.54,-4.24] -
Kanteretal, 2022 23129 10 a8 004 10 200% 1.20 F0.60, 3.000 i
Magrinetal, 20149 102 0.045 3 26 00012 3 201% -15.80F15.85,-14.74] "
Total {95% Cl) 32 32 100.0% -14.69 [-24.61, 4.77] e
Heterogeneity Tau®=127.43; Chi*= 18808527, df= 4 (F = 0.00001); F=100% l l l l
, -A0 -25 1 25 a0
Testfor overall efect 2= 2.90 (P = 0.004) Mode 4 Mode?

Figure-6: Forest plot showing the treatment outcome based on Mode of action of lentiviral gene therapy.
Mode 1: represents treatment targeted at improving the corrected mutant gene (HbAT87Q)
Mode 2: represents treatment targeted at improving HbF level.
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Figure-6 below shows the meta-analysis of treatment  Lentiviral gene therapy favoured mode 1 action
outcome based on mode of action of lentiviral gene  (IV=-14.69, 95% CI [-24.61, -4.77], Z=2.90,
therapy across the studies. It was seen that there was  P=0.004).

a significant mean difference between the mode 1  Significant heterogeneity existed among the
and mode 2 groups and

Treatment outcome based on disease severity

groups (I*= 100%, P<0.00001).

Severe SCD SCD Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bonneretal, 2019 B.O01 0092 30128 0234 317 % -BBH[TAT,-BE1) "
Esticketal, 2021 230004 10 ME 28 10 174% 1.20 [0.60,3.00) ™
Hebertetal, 2018 102 0.0Mm2 3 26 0045 317 T% 1580 [15.85,-15.75) "
Kanteretal, 2022 945 0932 B 101 0043 B 1TE% -0.65 [-1.40,0.10] -
Magrin etal, 2019 872 0423 10 M9 203 10 17E% 318 [4.44,-197) -
Walik etal, 2018 448 3454 3014 raz 3 120% 540438, 15.18) -
Total {95% Cl) 35 35 100.0% -3.83[-9.79,213]

Heterogeneity, TauF = 52.30; ChiP= 567821, df= & (P = 0.00001); = 100%

Testfor overall effect Z=1.26 (=021}

20 A0 0 10 20
Severe Sickle CellDisease Sickle Cell Disease

Figure-7: Forest Plot showing treatment outcome based on disease severity (SSCD versus SCD)

Further Meta-analysis was conducted to treatment
outcome based on disease severity (SSCD versus SCD)
There was

among the

studies

(Figure-7).

significant difference in the treatment effect in

both groups (IV=-3.83, 95% [-9.79, 2.13], Z=-1.26).
There was significant heterogeneity among the

no studies (’=100%).

Meta-analysis of treatment outcome based on duration of treatment assessment

1 year Duration Term

< 1 year Duration Term

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Banner etal, 2019 [ 11 5 11 155% 1.44[027,7.71] al—
Esricketal., 2021 4 12 4 6 11.6% 0.25[0.03, 2.001 T

Hehert et al, 2018 11 33 T 33 2M41% 1.86 [0.62, 5.61] T
Kanter etal,, 2022 ] 12 H] 12 187% 0.36[0.07,1.88] e

Magrin et al, 2019 ] 10 4 10 14.2% 2.35[0.38,13.47] —
Malik etal, 2018 3 34 ] 34 18.0% 0.27[0a7,1.10 T

Tisdale etal, 2018 24 4} 26 G Mot estimable

Total {95% CI) 118 112 100.0% 0.78 [0.34,1.79] -~

Tatal events G0 63

Heterageneity, Tau*=0.43; Chi*= 839, df =9 (P =014}, F= 40% 'D.D1 071 1-0 1DD'

Testfor overall effect Z=0.59 (P = 0.55)

1 year Duration Term 1 year Duration Term

Figure-8: Forest plot showing treatment outcome based on duration

Based on Figure-8 as illustrated, the meta-analysis of
treatment outcome based on duration of treatment

assessment revealed no effect for

duration of treatment assessment at 1 year
duration term and <1 year duration term (OR,
0.78, 95% [0.34, 1.79), Z=0.59, p=0.55).
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Meta-analysis of treatment outcome between lentivirus gene therapy and hydroxyurea for SCD

Lentivirus gene therapy hydroxyurea for SCD Mean Difference Mean Difference
Study or Subgroup Mean SO Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bonneretal., 2019 104 0.043 G101 0.043 6 101% 0.00F0.05, 0.08]
Esricketal, 2021 234 0123 10 A42 203 10 10.0% -51.86-53.12,-50.60 4
Hebertetal, 2018 f.01 234 3128 0092 3 98% -6.89 [9.54,-4.24] -
Hoppe etal, 1939 231 29 10 219 004 10 10.0% 1.20F0.60, 3.00] ™
Kanter etal,, 2022 10,2 0.045 3 26 00012 3 101% -1580F15.85,-15.79] "
Ladetal, 2022 104 0.043 G101 0.043 6 101% 0.00F0.05, 0.08]
Magrin etal, 2019 234 0123 10 A42 203 10 10.0% -51.86-53.12,-50.60 4
Maliketal, 2018 f.01 234 3128 0092 3 98% -6.89 [9.54,-4.24] -
Ofakunrin etal, 2018 231 29 10 219 004 10 10.0% 1.20F0.60, 3.00] ™
Tisdale etal, 2018 10,2 0.045 3 26 00012 3 101% -1580F15.85,-15.79] "
Total (95% Cl) 64 64 100.0% -14.70[-20.43,-8.96] -
Heterogeneity, Tau®= 84.99; Chi®= 396170.53, df= 8 (P = 0.00001); F=100% -1%0 _150 b 110 250

Test for overall effect: £=5.02 (P =0.00001)

Lentivirus gene therapy Hydroxyurea for SCD

Figure-9: Forest Plot Showing meta-analysis of treatment outcome between lentivirus gene therapy and

hydroxyurea for SCD

The meta analysis of treatment outcome between
lentivirus gene therapy and hydroxyurea for SCD were
estimated in Figure-9 below. It was revealed that
lentivirus gene therapy improved treatment
outcomes compared to hydroxyurea for SCD (1V,
-14.70, 95%, [-20.43, -8.96] Z=5.02, P<0.00001).
Significant heterogeneity was observed in the studies
(1’=100%).

Table-7 presents a summary of descriptive statistics
comparing treatment outcome (HbF) between two
different approaches for managing sickle cell disease
(SCD): lentivirus gene therapy and hydroxyurea
treatment.

In lentivirus gene therapy, the percentage of HbF (%),
an important indicator in SCD treatment, also varies
among the studies. Esrick et al. (2021) reported a
percentage of HbF of 28.5%, indicating the presence
of a significant amount of fetal hemoglobin after
lentivirus gene therapy [59]. Malik et al. reported a
percentage of HbF of 20.5% [62]. Some studies did
not provide data for certain treatment outcomes. In
hydroxyurea treatment, the percentage of HbF (%),
similarly, varies between studies. Lad et al., 2022,
reported a percentage of HbF of 25.6%, while Hoppe
et al. reported a percentage of HbF of 19% [65,66].
Like

the lentivirus gene therapy section, some studies
did not provide data for certain treatment

outcomes.

Table-7: Summary of descriptive statistics on
treatment outcome between lentivirus gene
therapy and hydroxyurea for SCD based on HbF

level

Study

Percentage of HbF (%)

Lentivirus gene therapy
Kanter et al., 2022 [58]
Esrick et al., 2021 [59]
Magrin et al., 2019 [60]
Bonner et al., 2019 [61]
Malik et al., 2018 [62]
Tisdale et al., 2018 [63]
Hebert et al., 2018 [64]
Hydroxyurea treatment
Lad et al., 2022 [65]
Hoppe et al., 1999 [66]

Ofakunrin et al., 2018 [67]

25.6
19
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Comparison clinical outcome between lentivirus gene therapy and Hydroxyurea for SCD

Lentivirus gene therapy ~ Hydroxyurea treatment Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bonneretal, 2019 1283 0392 12 013 B 101% -891[-10.24,-9.58] .
Esticketal, 2021 HH 1Y M e03 2 10 10.0% 28.47[26.83,3017) -
Hebertetal, 2018 1234 11 K 29 3 100% -1036[13.87,-6.89] -
Happe &tal., 1999 FEN RN M08 1023 10 101%  2228[2164,2292) .
Kanteretal, 2022 432 43 3182 1203 388% 250001883, 1.17) —
Ladetal, 2022 329 0302 6 1764 242 B 100% -14.35F16.30,-12.40] -
Magrin et al, 2019 234 113 M 198 203 10 101% 1746 [H18.72 -1620] -
Malik et al, 2018 £.01 234 3128 1203 3 100%  -BRY[u.8Y-3481] -
Ofakuntin etal, 2018 231 29 M0 1482 24 10 10.0% 8.58[6.27,10.89) -
Tisdale etal, 2018 102 108 3165 432 380%  -B30[11.34,-1.26] -
Total (85% Cl) 64 64 100.0%  1.88[-10.50,14.26] -*-
Heterogeneity, Tau®= 396.40; Chi*= 995650, df= 8 (P « 0.00001) F=100% _550 _255 P 255 550

Testfor overall effect 2= 030 (P=077)

Lentivirus gene therapy Hydroxyurea treatment

Figure-10: Forest plot showing the comparison of clinical outcomes between lentivirus gene therapy and

Hydroxyurea for SCD

The meta-analysis of the comparison of clinical
outcomes between lentivirus gene therapy and
hydroxyurea for SCD (Figure-10) showed that there
was no significant difference between lentivirus
gene therapy and hydroxyurea for SCD (IV=1.88,
95%, [-10.50, 14.26], Z=0.30, P=0.77). There
wassignificant heterogeneity among the studies
(1>=100%, P<0.00001).

Discussion

Studies suggest, LGT (gene therapy) consistently
raised hemoglobin levels (10.3-11.4 g/dL) and
lowered markers of red blood cell breakdown.
Treatments using the HbAT87Q approach (up to 85%
effectiveness) worked better than those focused on
increasing HbF (up to 28.5%) [58—64]. Clinical
outcomes varied, with some patients experiencing
residual pain despite hematologic improvement.

When compared to hydroxyurea, LGT achieved higher

hemoglobin levels (9.2-10.7 g/dL with hydroxyurea)
without hospitalizations, though both therapies
showed comparable reductions in clinical
complications [65,66]. The durability of treatment

benefits was evident in studies with follow-up periods

exceeding one year, supporting LGT as a
transformative, but not yet perfect, therapy for sickle
cell disease.

The substantial increase in Hb levels indicated a
positive response to the therapy, as higher Hb
levels are generally desirable in managing sickle cell
disease. A reduction in absolute reticulocyte count
(ARC) is typically seen as a positive response to
treatment in sickle cell disease as well as a
decrease in lactate dehydrogenase (LD) levels. All
these changes in the parameters are often
indicative of improved red blood cell health. These
findings are in consonance with the study
conducted by Abraham in 2021 who reported that
increase in Hb level is an indication of improvement
of red blood cell health and treatment success
[25,68]. This is to say that the decrease in ARC and
LD levels reported in this review were suggestive of
therapeutic success of LGT in SCD patients whose
red blood cells were often destroyed or lysed due
to their sickle shape. In general, the increase in Hb,
and decrease in ARC and LD levels suggested that
the therapy was effective in improving the health of
individuals with SCD [69].

Considering HbAT87Q and HbF levels in the studies
reviewed, it is evident that HbAT87Q level rose as
high as 85% while HbF levels rose as high as 28.5%
of the total haemoglobin. This suggests that LGT
using HbAT87Q correction might lead to better
results for raising hemoglobin levels than
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approaches focusing on HbF. However, care should be
taken about drawing conclusions because only two
studies looked at HbF, which may not be sufficient to
make the comparison reliable. It is important to
mention that LGT reviewed in this study had two
kinds of intervention; the lentivirus gene intended to
correct the mutant gene thus promoting HbAT87Q
[70], and the LGT intended to increase HbF level [33].
Higher HbF is intended to decrease HbS
polymerization, and thus less likely to promote sickle
cell formation that is associated with vaso-occlusion,
anaemia and organ damage [71]. Again, since the HbF
intervention outcome is not intended to correct the
mutant gene but rather suppress its polymerization,
the low percentage contribution HbF level to the total
Hb level is logically supported.

Clinical outcomes such as vaso-occlusive pain, chest
pain syndrome, hospitalization and non-cardiac pain
were assessed among the studies. The findings
revealed that there were no reported cases of
hospitalization after treatment although there were
few reported cases of vaso-occlusive pain [58,60,63],
chest pain syndrome [60,64], and non-cardiac pain
[58,60,63]. These findings support the fact that LGT
improves the quality of life as reported by other
studies [58,72-74].

The data in Table-6 showed that individuals of
different ages participated in these studies, ranging
from young adolescents to adults. This age variation
allowed for an exploration of how age may influence
treatment outcomes. For example, Kanter et al.
reported that individuals with an average age of 24
years showed improvements in Hb levels and about
40% of them responded well to HbAT87Q treatment.
Esrick et al. observed positive treatment outcomes in
individuals with an average age of 14.3 vyears,
including higher Hb levels and a percentage of HbF
treatment of 28.5% [59]. Magrin et al. included
individuals with an average age of

16.7 years, showing improvements in Hb levels and a
percentage of HbAT87Q treatment of 22.7% [60].
Although all age levels, ranging from 14-32 years, had
improvements in the measured outcomes, the effect
of the treatment varied significantly depending on
the age of the subjects. This report is consistent with
the view of other researchers who reported a
possibility of age dependence outcome in gene
treatment interventions [75,70].

It is noteworthy that LGT provides therapeutic
intervention via any of the two mechanisms: gene
addition [16] and promoting HbF production
[25-33]. In comparing between modes of
treatment, since the results showed that there
was significant improvement in the treatment
outcome in mode 1 compared to mode 1lI, it
implies that the LGT was more effective when the
treatment was targeted towards correcting the
mutant gene than when treatment was targeted
towards improving HbF level. This means that
whether the LGT was made to fix the faulty gene
or to increase fetal hemoglobin levels, both
approaches showed better treatment result,
although correcting the mutant gene provided
better therapeutic achievement than improving
foetal haemoglobin level.Till now, no study has
compared the treatment outcomes between
these two modes. The study conducted by
Demirci and Germino-Watnick who reported
improvements in total Hb levels in lentiGlobin
gene and BCL11A shmiR gene infusion [33,76]
supports the fact that both modes of treatments
achieved therapeutic success.

The findings obtained in comparing LGT
outcomes between severities of SCD showed no
significant difference. This implies that the
severity of the disease does not play any role in
treatment outcome of LGT. Although earlier
findings from this study have reported treatment
improvement in all SCD patients, the severity
status of SCD did not impact differential
treatment benefit on the efficacy of LGT when
patients with SCD and severe SCD treatment
outcomes were compared. This implies that the
LGT achievement does not segregate between
patient with mild SCD and those with severe SCD.
This may be supported with the clinical outcomes
result that showed that there was a decline in the
SCD crisis after LGT treatment in all studies
irrespective of the SCD severity [58,60,63].

The result presented in Figure-6 highlighted the
diversity in the duration of treatment assessment
across the studies, however, the duration of the
treatment (whether long term or short term) did
not make any difference in the success achieved.
This may be due to the sustained presence of the
corrected gene in the haematopoietic stem cell
infused in the treatment process, resulting in
continuous production of healthy red blood cells
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and improved treatment outcome. This is supported
by the works conducted by Kanter and Drakopoulou
in 2021 and 2022 respectively who reported long
term effectiveness of LGT [16,78].

In comparing LGT and HU treatment in terms of Hb
levels after treatment, both approaches showed
significant variability among studies, with patients
treated with LGT having better treatment outcome
compared to those on HU treatment. This suggests
that while HU has long been used to help people with
SCD and is supported by the American Society of
Hematology, the new treatment LGT seems to work
even better. LGT gives new hope for improving how
SCD is treated and managed. Also, LGT is given just
once, while HU needs to be taken regularly, making
LGT even more beneficial compared to HU [78,79].

When it comes to the percentage of HbF, it appears
that lentivirus gene therapy, as seen in Esrick et al.
[59], and Malik et al. [62] resulted in slightly higher
percentages compared to HU treatment. However, it
is important to note that these changes may be due
to chance, or on various factors, including individual
patient characteristics, the specific protocol used in
each study, mechanism of drug action and the
duration of treatment.

Generally, there was no significant difference in the
clinical outcomes (vaso-occlusive pain, chest pain
syndrome and non-cardiac pain) between LGT and HU
treatment among SCD patients. However, those who
were treated with LGT had no case of hospitalization
after the treatment but in HU treated, a report by
Hoppe and his colleagues in 1999 reported that 20%
of the SCD patients were re-hospitalized after HU
treatment [66]. This implies that both treatments
were able to provide similar treatment effectiveness
to the patients.

Some safety concerns were identified in course of this
review. One study identified some safety concerns
such as occurrence of Type 1 diabetes and respiratory
infection, but he reported those adverse effects were
not necessarily related to the effect of the
administered treatment (LGT) [59]. Hydroxyurea
treatment was reported to have a few safety concerns
also such as leucopenia, myelosuppression, brain
infarction. However, although there was no leading or
most frequent safety issue identified, leucopenia was
consistent in

poth HU treatment and LGI. ThiS may be due 1o

the impact the treatments have on
haematopoietic system and bone marrow.
Studies have established a dose-dependent

relationship of leucopenia occurrence in HU [80].
Based on previous reports by Kanter and
Ofakunrin, the leucopenia may be due to
neutropenia which gave rise to the condition
febrile neutropenia reported by them [16,61].
Contrarily, Lad and his colleagues did not identify
any adverse effect after the administration of HU
[67].

Although LGT for sickle cell disease shows
promising outcomes in the initial trials, there are
however certain criticisms that must be
addressed to advance its clinical application.
While LGT demonstrates promising efficacy in
increasing hemoglobin levels and reducing clinical
complications, the current evidence is limited by
the predominance of early-phase trials with small
sample sizes and short follow-up periods, leaving
long-term safety and durability of therapeutic
effects unresolved. Notably, the mechanisms
underlying age-dependent treatment responses
remain unclear, particularly whether pediatric
patients, with their more active haematopoietic
systems, derive greater benefits than adults.
Additionally, while LGT targeting HbAT87Q
correction appears superior to HbF induction, the
biological rationale for this difference warrants
deeper investigation, including potential
synergies between the two approaches. Disease
severity did not significantly influence outcomes,
but patient heterogeneity, including genetic
variations in SCD subtypes, was not thoroughly
examined, suggesting a need for stratified
analyses. There are not enough studies
comparing LGT with other new treatments like
CRISPR gene editing or stem cell transplants, so it
is still not known which is safer, more effective, or
more affordable. The safety data available is
incomplete, especially concerning side effects
such as neutropenia and gastroenteritis, which
necessitate further reporting and research.
Besides medical results, there are also real-world
challenges like high costs, limited production
capacity, and ethical concerns that need to be
solved to make LGT available to everyone. Future
research should focus on long-term studies,
direct comparisons with other treatments, and
finding markers to track how well it works. Filling
these
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gaps could help turn LGT into a widely available and
life-changing cure for SCD, customized for different
patients and types of the disease.

Conclusion

This study comprehensively examined the efficacy,
clinical outcomes, and safety of LGT for sickle cell
disease (SCD) in comparison with HU. This review has
revealed that although both treatment interventions
provided improvement in the laboratory data like
haemoglobin level, LGT had better treatment
achievement compared to HU. While both treatments
had improvements in the clinical outcomes, there was
no significant difference in the improvement levels
between both treatments. This suggests that both
treatment approaches have comparable outcomes in
terms of managing these clinical manifestations of
SCD.

Considering factors that may affect the efficacy of
LGT, age, mode of treatment, severity of the disease
and duration of treatment follow-up were studied,
and this review reported that age of the patient may
have an effect on the efficacy of the treatment.
Similarly, the LGT mechanism that favours addition of
the corrected sickle cell gene provides better
treatment efficacy than LGT mechanism that
enhances HbF production. Also, the treatment
remained effective after one year. People who were
checked before one year and those checked after one
year showed similar improvements. Both
interventions, however, reported safety concerns.
Certain adverse effects like neutropenia and
gastroenteritis were reported in both LGT and HU
treatment of SCD which requires further
investigations and research to improve patient safety.

Recommendations

To gain better comprehensive understanding of the
comparative effectiveness of these treatments and
their long-term impact on the quality of life for
individuals with SCD, further research, including
large-scale clinical trials and extended follow-up
studies is imperative. Since LGT has better efficacy
and comparable safety concerns with HU, LGT may be
considered a better treatment option for SCD

patients. Owing to the fact there were limited
studies in LGT, most studies on LGT were
currently non-randomized clinical trials, and
therefore, it is recommended that future studies
should be designed as randomized controlled
clinical trials. Further research should build upon
the lessons learned from early clinical trials and
preclinical models to refine treatment protocols
and enhance the safety profile of LGT.

Limitation

Since LGT is an emerging therapy gaining research
interest in clinical trials, there were limited
primary studies on this therapy and as such may
affect the quality of the evidence or conclusion
generated from this review. Also, the few
available studies were in their phase 1/2 of
clinical trial and as such, the sample size in each
study was not adequate enough to make strong
inferences on the population because they do not
meet the statistical requirement for adequate
population representativeness.

Acknowledgments

We extend our acknowledgments to family
members, friends and academic colleagues who
provided various kinds of support on this
research journey. Very importantly, we extend
our appreciation to Department of Biomedical
Science, College of Medicine, University of
Chester for providing the platform and approval
for this research.

Author’s contributions

SD developed the manuscript. CFA performed the
meta-analysis and other statistics. IMK and PUE
Reviewed and edited the work.

Conflict of interest

Authors declared no conflict of interest

Funding

The research work was self-sponsored.



IMC | Med Sci 2025; 19(2): 007

References

1.

National Heart, Lung, and Blood Institute
(NHLBI). Sickle cell disease. Bethesda, MD; 2024.
Available from:
https://www.nhlbi.nih.gov/health-topics/sickle
-cell-disease. [Accessed on December 2024].

National Human Genome Research Institute.
Sickle cell disease. Bethesda, MD; 2020.
Available from:
https://www.genome.gov/Genetic-Disorders/S

ickle-Cell-Disease. [Accessed on July 2023].

MedlinePlus. Sickle cell disease. Bethesda, MD:
National Library of Medicine; 2024. Available
from:
https://medlineplus.gov/sicklecelldisease.html.
[Accessed on July 2024].

MedlinePlus. Sickle cell disease. Bethesda, MD:
National Library of Medicine; 2023. Available
from:
https://medlineplus.gov/genetics/condition/sic

kle-cell-disease/. [Accessed on July 2024].

Mayo Clinic. Sickle cell anemia. Rochester, MN:
Mayo Foundation for Medical Education and
Research; 2022. Available from:

| ./ lini di ) .
ns/sickle-cell-anemia/symptoms-causes/syc-20
355876. [Accessed on July 2023]

Steinberg  MH, DeBaun MR, Tirnauer JS.
Pathophysiology of sickle cell disease. UpToDate.
2024.

Kato GJ, Gladwin MT. Evolution of novel
small-molecule therapeutics targeting sickle cell
vasculopathy. JAMA. 2008; 300(22):
2638-2646. doi:10.1001/jama.2008.

Kreidieh F, Taher AT, Besa EC, Ventocilla M,
Maakaron JE. Sickle cell disease (SCD).
Medscape. 2025; Available from:
https://emedicine.medscape.com/article/2059
26-overview.

Kanter J, Liem RI, Bernaudin F, Bolafios-Meade J,
Fitzhugh CD, Hankins JS, et al. American Society
of Hematology 2021 guidelines for sickle cell
disease: stem cell transplantation. Blood Adv.
2021; 5(18): 3668-3689.
doi:10.1182/bloodadvances.2021004394C.

10.

11.

12.

13.

14.

15.

16.

17.

Krishnamurti L. Hematopoietic cell
transplantation for sickle cell disease:
updates and future directions. Hematology
Am Soc Hematol Educ Program. 2021;
2021(1): 181-189.
doi:10.1182/hematology.2021000251.

Ryan N, Dike L, Ojo T, Vieira D, Nnodu O,
Gyamfi J, et al. Implementation of the
therapeutic use of hydroxyurea for sickle cell
disease management in resource-constrained
settings: a systematic review of adoption,
cost and acceptability. BMJ Open. 2020;
10(11): e038685.
doi:10.1136/bmjopen-2020-038685.

Wong TE, Brandow AM, Lim W, Lottenberg R.
Update on the use of hydroxyurea therapy in
sickle cell disease. Blood. 2014; 124(26):
3850-4004.
doi:10.1182/blood-2014-08-435768.

Voskaridou E, Ladis V, Kattamis A,
Hassapopoulou E, Economou M, Kourakli A,
et al. A national registry of
haemoglobinopathies in Greece: deducted
demographics, trends in mortality and
affected births. Ann Hematol. 2012; 91(9):
1451-1458.
doi:10.1007/s00277-012-1465-7.

Langer AL, Esrick EB. B-Thalassemia: evolving
treatment options beyond transfusion and
iron chelation. Hematology Am Soc Hematol
Educ Program. 2021; 2021(1): 600-606.
doi:10.1182/hematology.2021000313.

Amadi CF, Okolonkwo BN, Dienye GO,
Odiabara KK. Lentivirus therapy in diabetes
management: an emerging therapeutic
hope. Nexus Med Lab Sci J. 2024; 1(2): 1-6.

Kanter J, Falcon C. Gene therapy for sickle
cell disease: where we are now? Hematology
Am Soc Hematol Educ Program. 2021,
2021(1):

174-180.
doi:10.1182/hematology.2021000250.

Rivella S. Gene Therapies for SCD, beta
thalassemia need further development
despite promising results. American Society
of Gene + Cell Therapy. 2022; Available from:
https://www.asgct.org/publications/news/se
pt
ember-2022/gene-therapy-sickle-cell-beta-th
al assemia.


https://www.nhlbi.nih.gov/health-topics/sickle-cell-disease
https://www.nhlbi.nih.gov/health-topics/sickle-cell-disease
https://www.genome.gov/Genetic-Disorders/Sickle-Cell-Disease
https://www.genome.gov/Genetic-Disorders/Sickle-Cell-Disease
https://medlineplus.gov/sicklecelldisease.html
https://medlineplus.gov/genetics/condition/sickle-cell-disease/
https://medlineplus.gov/genetics/condition/sickle-cell-disease/
https://www.mayoclinic.org/diseases-conditions/sickle-cell-anemia/symptoms-causes/syc-20355876
https://www.mayoclinic.org/diseases-conditions/sickle-cell-anemia/symptoms-causes/syc-20355876
https://www.mayoclinic.org/diseases-conditions/sickle-cell-anemia/symptoms-causes/syc-20355876
https://emedicine.medscape.com/article/205926-overview
https://emedicine.medscape.com/article/205926-overview
http://www.asgct.org/publications/news/sept
http://www.asgct.org/publications/news/sept

IMC J Med 5Sci 2025; 19(2): 007

18.

19.

20.

21.

22.

23.

24.

25.

KingwellK. Lentiviral vector gene therapies come
of age with two FDA approvals. Nat Rev Drug
Discov. 2022; 21(11): 790-791.
doi:10.1038/d41573-022-00176-1.

U.S. Food and Drug Administration. FDA
approves first gene therapies to treat patients
with sickle cell disease. 2023; Available from:
https://www.fda.gov/news-events/press-anno
uncements/fda-approves-first-gene-therapies-

treat-patients-sickle-cell-disease. [Accessed on
June 2025].

Frangoul H, Altshuler D, Cappellini MD, Chen YS,
Domm J, Eustace BK, et al. CRISPR-Cas9 gene
editing for sickle cell disease and B-thalassemia.
N Engl J Med. 2021; 384(3): 252-260.
doi:10.1056/NEJM0a2031054.

Vertex Pharmaceuticals Incorporated. A Phase
1/2/3 study of the safety and efficacy of a single
dose of autologous CRISPR-Cas9 modified
CD34+ human hematopoietic stem and
progenitor cells (hHSPCs) in subjects with
transfusion-dependent B-thalassemia (CLIMB
THAL-111) and severe sickle cell disease (CLIMB
SCD-121). ClinicalTrials.gov. 2023; Available
from:

https://clinicaltrials.gov/study/NCT03745287.
[Accessedon June 2025].

National Institute for Health and Care
Excellence. Exagamglogeneautotemcel for
treating transfusion-dependent
[B-thalassaemiain people 12 years and over
[TA1003]. 2024; Available from:
https://www.nice.org.uk/guidance/ta1003.
[Accessedon June 2025].

Bauer DE, Kamran SC, Lessard S, Xu J, Fujiwara y,
Lin C, et al. An erythroid enhancer of BCL11A
subject to genetic variation determines fetal
hemoglobin level. Science. 2013; 342(6155):
253-257. doi:10.1126/science.1242088.

GeneTherapyNet. Lentiviral Vectors. Available
from:

lentiviruses.html.

Abraham AA, Tisdale JF. Gene therapy for sickle
cell disease: moving from the bench to the
bedside. Blood. 2021; 138(11): 932-941.
doi:10.1182/blood.2019003776.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

Buchschacher  GL__Jr, _Wong-Staal _F.
Development of lentiviral vectors for gene
therapy for human diseases. Blood. 2000;
95(8): 2499-2504.

Vargas JE, Chicaybam L, Stein RT, Tanuri A,
Delgado-Cafiedo A, Bonamino MH. Retroviral
vectors and transposons for stable gene
therapy: advances, current challenges and
perspectives. J Transl Med. 2016; 14(1): 288.
doi:10.1186/s12967-016-1047-x.

Merten OW, Hebben M, Bovolenta
C. Production of lentiviral vectors. Mol Ther
Methods Clin Dev. 2016; 3: 16017.
do0i:10.1038/mtm.2016.17.

Morgan RA, Gray D, Lomova A, Kohn DB.
Hematopoietic stem cell gene
therapy: progress and lessons learned. Cell
Stem Cell. 2017; 21(5): 574-590.
doi:10.1016/j.stem.2017.10.010.

Clévio Nobrega, Mendonga L, Matos CA. Viral
vectors for gene therapy. In: Clévio Nobrega,
Mendonga L, Matos CA, editors. A handbook
of gene and cell therapy. Springer. 2020;
p.39-90.

Coroadinha AS. Cancer gene therapy:
development and production of lentiviral
vectors for gene therapy. Methods Mol Biol.
2022; 2521: 297-315.
doi:10.1007/978-1-0716-2441-8_16.

Vazquez DPA, Barajas AFA, Chavez KR,
Hernandez MA.Advances in gene therapy for
the treatment of sickle cell anemia.Int J Res
Med Sci. 2024; 12(10): 1-5.

doi: 10.18203/2320-6012.ijrms20242691.

Demirci S, Uchida N, Tisdale JF. Gene therapy
for sickle cell disease: An update.
Cytotherapy. 2018; 20(7): 899-910.
doi:10.1016/j.jcyt.2018.04.003.

Salinas Cisneros G, Thein SL. Recent advances
in the treatment of sickle cell disease. Front
Physiol. 2020; 11: 435.
doi:10.3389/fphys.2020.00435.

Lidonnici MR, Scaramuzza S, Ferrari G. Gene
therapy for hemoglobinopathies. Hum Gene
Ther. 2023; 34(17-18): 793-807.
doi:10.1089/hum.2023.138.


https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapies-treat-patients-sickle-cell-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapies-treat-patients-sickle-cell-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapies-treat-patients-sickle-cell-disease
https://clinicaltrials.gov/study/NCT03745287
http://www.nice.org.uk/guidance/ta1003
https://www.genetherapynet.com/viral-vector/lentiviruses.html
https://www.genetherapynet.com/viral-vector/lentiviruses.html
https://www.researchgate.net/scientific-contributions/Alejandro-Fabricio-Aguirre-Barajas-2293020605?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

IMC J Med 5Sci 2025; 19(2): 007

36.

37.

38.

39.

40.

41.

42.

43.

Demirci S, Gudmundsdottir B, Li Q, Haro-Mora JJ,
Nassehi T, Drysdale C, et al. BT87Q-Globin gene
therapy reduces sickle hemoglobin production,
allowing for ex vivo anti-sickling activity in human
erythroid cells. Mol Ther Methods Clin Dev. 2020;
17:912-921. doi:10.1016/j.omtm.2020.04.013.

Venkatesan V, Srinivasan S, Babu P, Thangavel

S. Manipulation of developmental gamma- globin
gene expression: an approach for healing
hemoglobinopathies. Mol Cell Biol. 2020; 41(1):
€00253-20. doi:10.1128/MCB.00253-20.

Goodman MA, Malik P. The potential of gene
therapy approaches for the treatment of
hemoglobinopathies: achievements and
challenges. Ther Adv Hematol. 2016; 7(5):
302-315. doi:10.1177/2040620716653729.

Schlimgen R, Howard J, Wooley D, Thompson M,
Baden LR, Yang OO, et al. Risks associated with
lentiviral vector exposures and prevention
strategies. J Occup Environ Med. 2016; 58(12):
1159-1166.
doi:10.1097/J0M.0000000000000879.

Romano G. Development of safer gene delivery
systems to minimize the risk of insertional
mutagenesis-related malignancies: a critical issue
for the field of gene therapy. ISRN Oncol. 2012;
2012: 616310. doi:10.5402/2012/616310.

Radtke S, Pande D, Enstrom M, Kiem HP. Safe and
efficient lentiviral vector integration with
HSC-targeted gene therapy. Blood Adv. 2023;
7(17): 5132-5136.
doi:10.1182/bloodadvances.2022009087.

Negre O, Bartholomae C, Beuzard Y, Cavazzana
M, Christiansen L, Courne C, et al. Preclinical
evaluation of efficacy and safety of an improved
lentiviral vector for the treatment of
B-thalassemia and sickle cell disease. Curr Gene
Ther. 2015; 15(1): 64-81.
doi:10.2174/1566523214666141127095336.

Orchard Therapeutics. Gene therapy for
metachromatic leukodystrophy (MLD).
ClinicalTrials.gov. 2018; Available from:
https://clinicaltrials.gov/st NCTO01 182.

vy

45.

46.

47.

48.

49.

50.

51.

Dorgaleleh S, Barahouie A, Dastaviz F,
Ghodsalavi Z, Oladnabi M. Evaluation of the
efficacy of lentiviral vectors in gene therapy of
beta-thalassemia patients: a systematic
review. J Pediatr Perspect. 2020; 8(5):
11243-11250.
do0i:10.22038/ijp.2020.47309.3839.

Lentiviral vector development for sickle cell
disease. Creative Biolabs. Available from:
https://www.creative-biolabs.com/gene-ther
a
py/lentiviral-vector-development-for-sickle-c
ell

-disease.htm.

Walters MC, Thompson AA, Kwiatkowski JL,
Parikh S, Mapara MY, Rifkin-Zenenberg S, et
al. Lovo-cel (bb1111) gene therapy for sickle
cell disease: updated clinical
results and investigations into two cases
of anemia from group C of the phase 1/2
HGB-206 study. Blood. 2022; 140(Supplement
1): 26-28. d0i:10.1182/blood-2022-162288.

White M, Whittaker R, Gandara C, Stoll EA. A
guide to approaching regulatory
considerations for lentiviral-mediated gene
therapies. Hum Gene Ther Methods. 2017;
28(4):163-176. doi:10.1089/hgth.2017.096.

National Heart, Lung, and Blood Institute.
Experimental gene therapy approach for
sickle cell shows promise for eliminating
pain. NIH. 2021; Available from:
https://www.nhlbi.nih.gov/news/2021/expe
ri
mental-gene-therapy-approach-sickle-cell-sh
0 ws-promise-eliminating-pain.

Shamseer L, Moher D, Clarke M, Ghersi D,
Liberati A, Petticrew M. Preferred reporting
items for systematic review and
meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation. BMJ. 2015; 349:
g7647. doi:10.1136/bmj.g7647.

Grames EM, Stillman AN, Tingley MW, Elphick
CS. An automated approach to identifying
search terms for systematic reviews using
keyword co-occurrence networks. Methods in
Ecology and Evolution. 2019; 10(10):
1645-1654. doi:10.1111/2041-210X.13268.

Peters MD. Managing and coding references
for systematic reviews and scoping reviews in


https://clinicaltrials.gov/study/NCT01560182
http://www.creative-biolabs.com/gene-thera
http://www.creative-biolabs.com/gene-thera
http://www.nhlbi.nih.gov/news/2021/experi
http://www.nhlbi.nih.gov/news/2021/experi

IMC J Med 5Sci 2025; 19(2): 007

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

EndNote. Med Ref Serv Q. 2017; 36(1): 19-31.

doi:10.1080/02763869.2017.1259891.

Kellermeyer L, Harnke B, Knight S. Covidence and
Rayyan. J Med Libr Assoc. 2018; 106(4): 580-583.

doi:10.5195/jmla.2018.513.

UNC. Covidence: quality assessment & data
extraction. University Libraries. Available from:
https://guides.lib.unc.edu/Covidence/evaluate.
[Accessed on August 2023].

University of Chicago. Pilot study checklist.
Available from:
https://health.uchicago.edu/sites/health/files/
2019-10/pilot.checklist.pdf.

Riley RD, Higgins JP, Deeks JJ. Interpretation of
random effects meta-analyses. BMJ. 2011; 342:

d549. doi:10.1136/bmj.d549.

Middlesex University London. LET:
Mathematics, Statistics & Numeracy — Using
Review Manager (RevMan) in your
Meta-analysis. London: Middlesex University
London. 2022; Available from:

https://libguides.mdx.ac.uk/MathsStats.

[Accessed on August 2024].

Ferreira ARS. The importance of descriptive
analysis. Rev Col Bras Cir. 2020; 47: €20202682.

doi:10.1590/0100-6991e-20202682.

Kanter J, Walters MC, Krishnamurti L, Mapara
MY, Kwiatkowski JL, Rifkin-Zenenberg S, et al.

Biologic and clinical efficacy of LentiGlobin for

sickle cell disease. N Engl J Med. 2022;
386(7):617-628. doi:10.1056/NEJM0a2117175.

Esrick EB, Lehmann L, Biffi A, Achebe M, Brendel
C, Ciuculescu MF, et al
Post-transcriptional genetic silencing
of BCL11A to treat sickle cell disease. N Engl J
Med. 2021; 384(3): 205-215.
doi:10.1056/NEJM0a2029392.

Magrin E, Semeraro M, Magnani A, Puy H,
Miccio A, Hebert N, et al. Results from the
completed hgb-205 trial of lentiglobin for
B-thalassemia and lentiglobin for sickle cell
disease  gene therapy. Blood. 2019;
134(Supplement_1): 3358-3358.
doi:10.1182/blood-2019-127393.

Bonner M, Kanter J, Macari ER, Lane R, Lewis G,
Coles P, et al. The relationships between target

62.

63.

64.

65.

66.

67.

68.

gene transduction, engraftment of hscs, and
rbc physiology in sickle cell disease gene
therapy. Blood. 2019; 134(Supplement_1):
206-206. d0i:10.1182/blood-2019-129124.

Malik P, Grimley M, Quinn TC, Shova A,
Courtney L, Lutzko C, et al. Gene therapy for
sickle cell anemia using a modified gamma
globin lentivirus vector and reduced intensity
conditioning  transplant shows
promising correction of the disease
phenotype. Blood. 2018; 132(Supplement 1):
1021. doi:10.1182/blood-2018-99-119591.

Tisdale JF, Kanter J, Mapara MY, Kwiatkowski
JL, Krishnamurti L, Schmidt M, et al. Current
results of lentiglobin gene therapy in patients
with severe sickle cell disease treated under a
refined protocol in the phase 1 hgb-206 study.
Blood. 2018; 132(Supplement 1): 1026-1026.
do0i:10.1182/blood-2018-99-113480.

Hebert N, Magrin E, Miccio A, Kiger L,
Kim-Anh N, Joseph L, et al. Analysis of RBC
properties in patients with SCD treated with
lentiglobin gene therapy. Blood. 2018;
132(Supplement 1):

2195-2195.
do0i:10.1182/blood-2018-99-115973.

Lad H, Naskar S, Pasupuleti SKDBP, Nahrel R,
Sihare P, Chandak GR, et al. Evaluation of
pharmacological efficacy and safety of
hydroxyurea in sickle cell disease: study of a
pediatric cohort from Chhattisgarh, India.
PediatrHematol Oncol. 2023; 40(4): 395-406.
doi:10.1080/08880018.2022.2126042.

Hoppe C, Vichinsky E, Quirolo K, van
Warmerdam J, Allen K, Styles L. Use of
hydroxyurea in children ages 2 to 5 years with
sickle cell disease. J PediatrHematol Oncol.
2000; 22(4): 330-334.
doi:10.1097/00043426-200007000-00009.

Ofakunrin AOD, Adekola K, Oguche S, Okpe
ES, Sagay AS. Efficacy and safety of
hydroxyurea in the treatment of sickle cell
anemia children in Jos, north-central
Nigeria. Blood. 2018;
132(Supplement 1): 1081-1081.
doi:10.1182/blood-2018-99-115598.

Kato GJ, Gladwin MT, Steinberg MH.
Deconstructing sickle cell disease: reappraisal
of the role of hemolysis in the development
of


https://libguides.mdx.ac.uk/MathsStats

IMC J Med 5Sci 2025; 19(2): 007

69.

70.

71.

72.

73.

74.

clinical subphenotypes. Blood Rev. 2007; 21(1):
37-47. doi:10.1016/j.blre.2006.07.001.

Escors D, Breckpot K. Lentiviral vectors in gene
therapy: their current status and future
potential. Arch Immunol Ther Exp (Warsz). 2010;
58(2): 107-119.
doi:10.1007/s00005-010-0063-4.

White SL, Hart K, Kohn DB. Diverse approaches
to gene therapy of sickle cell disease. Annu Rev
Med. 2023; 74: 473-487.
doi:10.1146/annurev-med-042921-021707.

Pack-Mabien AV, Imran H. Benefits of delayed
fetal hemoglobin (HbF) switching in sickle cell
disease (SCD): a case report and review of the
literature. J PediatrHematol Oncol. 2013; 35(8):
e347-e349.
do0i:10.1097/MPH.0b013e3182880dc8.

Telen MJ, Malik P, Vercellotti GM. Therapeutic
strategies for sickle cell disease: towards a
multi-agent approach. Nat Rev Drug Discov.
2019; 18(2): 139-158.
doi:10.1038/s41573-018-0003-2.

Thompson AA, Walters CM, Mapara YM,
Kwiatkowski LJ, Krishnamurti L, Aygun B, et al.
Resolution of serious vaso-occlusive pain crises
and reduction in patient-reported pain intensity:
results from the ongoing phase 1/2 HGB-206
group C study of LentiGlobin for sickle cell
disease (bb1111) gene therapy. TransplantCell
Ther. 2020; 136(Supplement 1):

16-17. doi:10.1016/52666-6367(21)00039-7.

Segura EER, Ayoub PG, Hart KL, Kohn DB. Gene
therapy for [B-hemoglobinopathies: from
discovery to clinical trials. Viruses. 2023; 15(3):
713. doi:10.3390/v15030713.

75. Gray SJ. Timing of gene therapy interventions:
the earlier, the better. Mol Ther. 2016; 24(6):
1017-1018. doi:10.1038/mt.2016.20.

76. Germino-Watnick P, Hinds M, Le A, Chu R, Liu
X, Uchida N. Hematopoietic  stem
cell gene-addition/editing therapy in sickle
cell disease. Cells. 2022; 11(11): 1843.
doi:10.3390/cells11111843.

77. Drakopoulou E, Georgomanoli M, Lederer CW,
Panetsos F, Kleanthous M, Voskaridou E, et al.
The optimized y-globin lentiviral vector
GGHI-mB-3D leads to nearly therapeutic HbF
levels in vitro in CD34" cells from sickle cell
disease patients. Viruses. 2022; 14(12): 2716.
doi:10.3390/v14122716.

78. American Society of Haematology (ASH).
Hydroxyurea for sickle cell disease.

79. Quarmyne M, Dong W, Theodore R, Anand SS,
Barry V, Adisa O, et al. Hydroxyurea
effectiveness in children and adolescents with
sickle cell anemia: a large retrospective,
population-based cohort. Am J Hematol.
2017; 92(1): 77-81. doi:10.1002/ajh.24587.

80. Voskaridou E, Kalotychou V, Loukopoulos D.
Clinical and laboratory effects of long-term
administration of hydroxyurea to patients
with  sickle-cell/beta-thalassaemia. Br J
Haematol. 1995; 89(3): 479-484.
doi:10.1111/j.1365-2141.1995.tb08352.x.

Cite this article as:

Joshua 5, Kanaki IM, Emeagi PU, Amadi CF. Efficacy
and safety of lentivirus gene therapy in the
correction of sickle cell disease. IMC J Med Sci. 2025,
13(2):007.
DOlhttps:/{doi.org/10.55010/imcims. 19,016




	Efficacy and safety of lentivirus gene therapy in the correction of sickle cell disease 
	Sammy Joshua1, Ioanna Myrtzious Kanaki2, Perpetua U. Emeagi3, Chikadibia Fyneface Amadi4* 
	Abstract 
	Introduction 
	Materials and methods 
	Results 
	Meta-analysis of the efficacy of a treatment (Lentivirus gene therapy) in managing sickle cell disease based on Haemoglobin 
	Age dependent variation in treatment outcome 
	Meta-analysis of treatment outcome based on mode of action of lentiviral gene therapy 
	Treatment outcome based on disease severity 
	Meta-analysis of treatment outcome based on duration of treatment assessment 
	Meta-analysis of treatment outcome between lentivirus gene therapy and hydroxyurea for SCD 
	Comparison clinical outcome between lentivirus gene therapy and Hydroxyurea for SCD 
	Discussion 
	Conclusion 
	Recommendations 
	Limitation 
	Acknowledgments 
	Author’s contributions 
	Conflict of interest 
	Funding 
	References 

