
All content published in this journal is licensed under the Creative Commons Attribution 4.0 
International License (CC BY 4.0).

1

International Journal of

ISSN 2764-0159                                                                                      vol. 5, n. 34, 2025

Health Science
Acceptance date: 28/10/2025

Fernando Malachias de Andrade Bergamo
Student – Medicine at the Faculty of Pinhais

Ryan Rafael Barros de Macedo
Student – Medicine at the Apparecido dos Santos Central Plateau University Center (UNICEPLAC)

Luiz Gustavo Cambruzzi Zimmer
Bachelor’s Degree – Medicine at the Catholic University of Pelotas (UCPel)

Ayslane Pereira Marques
Bachelor’s Degree – Nursing at the Regional University of Cariri (URCA)

Emanuelle Alice de Campos Gonzaga
Student – Medicine at Funcesi University Center

TREATMENT OF SICKLE CELL 
ANEMIA: PHARMACOLOGICAL, 
TRANSFUSION, AND 
GENETIC STRATEGIES

ARTICLE 6



DOI https://doi.org/10.22533/at.ed.1595332520116

A
rt

ic
le

 6
Tr

ea
tm

en
t o

f S
ic

kl
e 

Ce
ll 

A
ne

m
ia

: P
ha

rm
ac

ol
og

ic
al

, T
ra

ns
fu

sio
n,

 a
nd

 G
en

et
ic

 S
tr

at
eg

ie
s

2

Khadija El Hayek
Student – Medicine at Nove de Julho University 
(UNINOVE)

Daniele Diniz Neves
Student – Medicine at the Lutheran University 
of Brazil (ULBRA)

Evelynn Jeppesen Souto
Student – Pharmacy at Estácio de Sá University 
(UNESA)

Thais F Mamede Carvalho
Pediatrician – State Health Secretariat of the 
Federal District (SES-DF)

Geovanna Bezerra de Morais
Student – Biomedicine at the Brazilian Univer-
sity Center (UNIBRA)

Genesis Ribeiro Leite
Technologist – Radiology at Dr. Zenon Rocha 
Emergency Hospital in Teresina (HUT/FMS)

Rubia Martinez Santos
Bachelor’s Degree – Medicine at the State Uni-
versity of Mato Grosso (UNEMAT)

Abstract: Sickle cell disease (SCD) is a pre-
valent hereditary hemoglobinopathy cha-
racterized by hemoglobin S (HbS) poly-
merization, resulting in chronic hemolysis, 
vaso-occlusion, and progressive organ da-
mage. This narrative review analyzes current 
therapeutic strategies, ranging from disease-
-modifying pharmacological interventions 
to curative approaches. Hydroxyurea re-
mains the standard of care for fetal hemo-
globin (HbF) induction, but new therapies 
such as L-glutamine (control of oxidative 
stress), crizanlizumab (anti-adhesion via 
P-selectin), and voxelotor (inhibition of 
HbS polymerization) have expanded the 
clinical arsenal, allowing for the possibility 
of combination therapies. Transfusion ma-
nagement remains vital for stroke preven-
tion and treatment of acute complications, 
although it presents challenges such as al-
loimmunization and iron overload. In the 
curative field, allogeneic hematopoietic stem 
cell transplantation (HSCT) is effective but 
limited by donor availability. Advances in 
gene therapy (gene addition and editing) 
offer the promise of a donor-independent 
“functional cure,” although they still face 
barriers of cost and accessibility. The study 
concludes that effective management of FA 
requires a multidisciplinary approach, inte-
grating biomedical innovation with health 
policies that ensure equitable access.

Keywords: Sickle Cell Anemia; Fetal He-
moglobin; Hydroxyurea; Gene Therapy; 
Stem Cell Transplantation; Voxelotor; Cri-
zanlizumab; Transfusion Management.
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INTRO

Sickle cell anemia (SCA) is one of the 
most prevalent hereditary monogenic disea-
ses worldwide, affecting millions of indivi-
duals (GERMINO-WATNICK et al., 2022; 
BRANDOW; LIEM, 2022). It is caused by 
a specific point mutation in the beta-globin 
gene (HBB), resulting in the replacement of 
glutamic acid with valine (Glu6Val), which 
leads to the production of abnormal he-
moglobin S (HbS) (STEINBERG, 2020; 
GERMINO-WATNICK et al., 2022).

The central pathophysiology of the di-
sease is driven by the polymerization of deo-
xygenated HbS (STEINBERG, 2020). Un-
der hypoxic conditions, this polymerization 
forms rigid fibers that distort erythrocytes, 
giving them their characteristic sickle shape 
(ELENDU et al., 2023; GERMINO-WAT-
NICK et al., 2022). This process triggers the 
two main pillars of the disease: chronic he-
molytic anemia and vaso-occlusion (BRAN-
DOW; LIEM, 2022).

The clinical picture goes beyond sim-
ple vascular occlusion, encompassing a state 
of chronic inflammation, endothelial dys-
function, increased cell adhesion, and in-
travascular hemolysis (PACE et al., 2021). 
These complications result in recurrent 
and severe vaso-occlusive crises (VOCs), 
progressive damage to multiple organs—
including the brain, kidneys, and lungs—
and a significantly reduced life expectancy 
(BRANDOW; LIEM, 2022; ELENDU et 
al., 2023). Given the complexity of the dise-
ase, therapeutic strategies have evolved from 
purely symptomatic management to disea-
se-modifying therapies and, more recently, 
to curative approaches (STEINBERG, 
2020; ELENDU et al., 2023).

Sickle cell disease (SCD) is a hereditary 
hemoglobinopathy of high public health 
relevance, resulting from mutations in the 
β-globin gene that lead to the production 
of hemoglobin S (HbS) and sickling of ery-
throcytes under conditions of hypoxia, aci-
dosis, or dehydration (BRANDOW; LIEM, 
2022; PACE; STARLARD-DAVENPORT; 
KUTLAR, 2021). This condition affects 
millions of people worldwide, with a higher 
prevalence among populations of African, 
Mediterranean, Middle Eastern, and South 
Asian descent, producing a significant bur-
den of morbidity and mortality, especially in 
low- and middle-income countries (ELEN-
DU et al., 2023; PACE; STARLARD-DA-
VENPORT; KUTLAR, 2021).

From a pathophysiological perspec-
tive, the polymerization of deoxygenated 
HbS results in red blood cell deformation, 
chronic hemolysis, increased cell adhesion, 
systemic inflammation, and vaso-occlusion, 
culminating in acute and chronic pain, acute 
chest syndrome, stroke, kidney injury, car-
diopulmonary impairment, and progressive 
damage to multiple organs (BRANDOW; 
LIEM, 2022; PACE; STARLARD-DA-
VENPORT; KUTLAR, 2021; ELENDU 
et al., 2023). From this perspective, an inte-
grated understanding of the molecular basis 
and different subphenotypes of the disease is 
essential to guide more effective and indivi-
dualized therapeutic strategies.

Among the main modulators of the 
clinical severity of SCD, fetal hemoglobin 
(HbF) stands out, whose presence in high 
levels in erythrocytes prolongs the delay 
time for HbS polymerization and redu-
ces intravascular sickling (STEINBERG, 
2020). Clinical evidence indicates that hi-
gher concentrations of HbF are associated 
with a lower frequency of vaso-occlusive 
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crises, a reduction in leg ulcers, a lower oc-
currence of neurological events, and greater 
survival, making HbF a central prognostic 
determinant and a strategic therapeutic tar-
get (STEINBERG, 2020; PACE; STAR-
LARD-DAVENPORT; KUTLAR, 2021).

In this scenario of increasing thera-
peutic complexity, the role of clinical phar-
macists and hospital pharmacists gains 
strategic relevance both in interpreting the 
pathophysiological mechanisms of the di-
sease and in the safe and effective adminis-
tration of available treatments, especially in 
the case of hospitalized patients who require 
individualized drug dosages, which require 
even more caution in treatment. The expan-
sion of the drug arsenal—which includes 
HbF inducers, cell adhesion modulators, 
hemolysis-reducing agents, and new mole-
cules targeting specific pathways—requires 
qualified professional monitoring, capab-
le of assessing individual response profiles, 
guiding combination regimens, continuou-
sly monitoring adverse events, and ensuring 
that patients do not undergo dangerous 
drug interactions. In addition, the clinical 
pharmacist plays a central role in promoting 
therapeutic adherence, health education, 
and the integration of pharmacological care 
with other clinical interventions. The in-
corporation of advanced therapies, such as 
TCTH and gene approaches, further rein-
forces this need, as it involves careful patient 
selection processes, prevention of drug inte-
ractions, and prolonged safety surveillance, 
increasingly reinforcing more individualized 
and effective treatment. Thus, the qualified 
participation of this professional, together 
with the multidisciplinary team that ac-
companies the patient, becomes an essential 
element for biomedical advances to translate 

into concrete benefits for people living with 
sickle cell anemia.

Historically, the management of FD 
has been based on supportive measures, 
neonatal screening, infectious prophylaxis, 
transfusions, and the use of hydroxyurea, 
a drug that remains the standard disease-
-modifying therapy because it induces HbF 
and reduces acute events (PACE; STAR-
LARD-DAVENPORT; KUTLAR, 2021; 
BRANDOW; LIEM, 2022). In recent de-
cades, however, there has been a significant 
expansion of the therapeutic arsenal, with 
the incorporation of new drugs such as 
L-glutamine, crizanlizumab, and voxelotor, 
which act on complementary pathophysio-
logical targets—hemolysis, cell adhesion, 
inflammation, and hemoglobin oxygena-
tion—and pave the way for combination 
drug therapy regimens (PACE; STAR-
LARD-DAVENPORT; KUTLAR, 2021; 
BRANDOW; LIEM, 2022). Despite these 
advances, morbidity and mortality remain 
high, and access to innovative therapies re-
mains unequal in many contexts.

At the same time, potentially curative 
approaches have evolved, such as allogeneic 
hematopoietic stem cell transplantation 
(HSCT) from an HLA-compatible donor, 
capable of normalizing hematopoiesis and 
abolishing the sickle cell phenotype in se-
lected patients (BRANDOW; LIEM, 2022; 
ELENDU et al., 2023). More recently, 
autologous gene therapies targeting hema-
topoietic stem cells, based on lentiviral vec-
tors for the addition of therapeutic β-globin 
genes or on gene editing technologies that 
correct the mutation in HBB or reactivate 
HbF expression, have shown promising re-
sults and are emerging as a cure alternati-
ve in experimental and clinical trial settin-
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gs (GERMINO-WATNICK et al., 2022; 
STEINBERG, 2020).

Given this combination of high disease 
burden, complex pathophysiology, expan-
sion of modifying therapies, and emergence 
of curative cellular and gene strategies, it is 
essential to critically synthesize the current 
evidence. In this regard, this article aims 
to discuss sickle cell disease in light of the 
role of HbF and contemporary therapeutic 
options, emphasizing recent advances, per-
sistent challenges, and future prospects for 
improving the survival and quality of life of 
people living with SCD.

METHODOLOGY

This research was structured as a nar-
rative review of the literature, with the aim 
of consolidating and discussing current 
scientific evidence on the treatment of sickle 
cell anemia. The bibliographic survey was 
conducted in the PubMed database. The 
following descriptors (MeSH) were used 
for the search: “Anemia,” “Sickle Cell,” and 
“therapy.” The search strategy used a com-
bination of these terms with the Boolean 
operators AND and OR to optimize the re-
trieval of relevant articles.

The inclusion criteria defined were: 
publications from the last five years, writ-
ten in English or Portuguese, and with full 
text available for analysis. Duplicate stu-
dies, articles that did not directly address 
therapeutic strategies for the disease, and 
reviews with low methodological rigor were 
excluded from the selection. The selection 
process took place in two phases: initially, a 
screening based on titles and abstracts, and 
subsequently, a full reading of the selected 

articles to confirm their relevance. Relevant 
data were extracted and synthesized descrip-
tively to compose this article.

The articles analyzed were: (i) Bran-
dow and Liem (2022), which summarize 
advances in the diagnosis and treatment of 
sickle cell disease, focusing on pain, cardio-
pulmonary, neurological, and renal compli-
cations, as well as modifying and curative 
therapies;  (ii) Pace, Starlard-Davenport, 
and Kutlar (2021), which discuss the de-
velopment of combined pharmacological 
therapies, covering HbF inducers, agents 
targeting erythrocyte metabolism, and vas-
cular and systemic targets;  (iii) Elendu et al. 
(2023), who address sickle cell disease as a 
global health challenge, emphasizing under-
diagnosis, morbidity and mortality burden, 
and limitations of access to care in low- and 
middle-income countries;  (iv) Steinberg 
(2020), who thoroughly reviews the regu-
lation and prognostic role of HbF in sickle 
cell anemia;  and (v) Germino-Watnick et 
al. (2022), who analyze contemporary stra-
tegies for gene addition and gene editing 
therapy in hematopoietic stem cells in sickle 
cell disease. 

The texts were read independently and 
in depth, with manual extraction of infor-
mation related to: (a) epidemiology and 
global burden of disease; (b) pathophysio-
logy and clinical subphenotypes; (c) me-
chanisms of action and clinical impact of 
HbF; (d) disease-modifying drug therapies 
(hydroxyurea, new agents, and proposed 
combination regimens); and (e) potentially 
curative therapies (allogeneic hematopoietic 
stem cell transplantation and gene therapy 
based on lentiviral vectors or gene editing).  
The information extracted was systematized 
in thematic synthesis matrices, in which 
convergences, divergences, knowledge gaps, 
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and implications for clinical practice and 
health policies were organized.

As this is a narrative review focused 
on a set of previously selected articles avai-
lable in open access, no formal systematic 
search procedures were applied, nor were 
meta-analysis criteria or quantitative asses-
sment of heterogeneity between studies. 
Instead, an interpretive analytical approach 
was adopted, which favors the conceptual 
integration of evidence and critical discus-
sion of the translational implications of each 
thematic axis (HbF, pharmacological thera-
pies, transplantation, gene therapy), in light 
of the different care contexts described by 
the reviewed authors (BRANDOW; LIEM, 
2022; PACE; STARLARD-DAVENPORT; 
KUTLAR, 2021; ELENDU et al., 2023).

RESULTS AND DISCUSSION

The management of sickle cell anemia 
ranges from drug therapies that modify the 
course of the disease to curative interven-
tions such as stem cell transplantation and 
gene therapy.

The literature reviewed reinforces that 
sickle cell disease (SCD) is a highly hetero-
geneous condition, whose clinical evolution 
results from the interaction between the 
HBB mutation, genetic modulators, en-
vironmental factors, and, increasingly, the 
therapeutic interventions available in each 
care context (BRANDOW; LIEM, 2022; 
ELENDU et al., 2023). While Brandow 
and Liem (2022) describe in detail the spec-
trum of complications—acute and chronic 
pain, cardiopulmonary, neurological, and 
renal involvement—in highly complex he-
alth systems, Elendu et al. (2023) emphasi-

ze DF as a global health challenge, marked 
by underdiagnosis, limited access to disea-
se-modifying therapies, and high rates of 
early mortality in low- and middle-income 
countries. This discrepancy highlights that 
the discussion of advanced therapies, while 
necessary, cannot be dissociated from the re-
ality of structural inequalities in care.

Across the articles, fetal hemoglo-
bin (HbF) emerges as a central axis in un-
derstanding phenotypic variability and 
as the main biological therapeutic target. 
Steinberg (2020) systematizes robust evi-
dence showing that higher levels of HbF 
reduce HbS polymerization, attenuate he-
molysis and the occurrence of vaso-occlu-
sive crises, and are associated with longer 
survival, consolidating HbF as an important 
prognostic determinant and risk stratifica-
tion marker. However, the author himself 
points out that the response in HbF is une-
ven among individuals and is influenced by 
variants in regulatory loci such as BCL11A 
and HBS1L-MYB, which relativizes the 
idea that simply raising HbF is sufficient 
to normalize the clinical phenotype in all 
patients. In this sense, the discussion of the 
studies points to the need to integrate the 
biology of HbF into the notion of persona-
lized medicine, rather than treating it as an 
isolated therapeutic target.

From a pharmacological point of view, 
hydroxyurea remains the standard disease-
-modifying therapy, mainly due to its ability 
to induce HbF and reduce acute events, but 
its full effectiveness is limited by barriers to 
adherence, variability in response, and per-
sistent concerns—albeit largely mitigated—
about long-term toxicity (PACE; STAR-
LARD-DAVENPORT; KUTLAR, 2021; 
BRANDOW; LIEM, 2022). The articles by 
Pace et al. (2021) and Brandow and Liem 
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(2022) show that newly approved agents 
— L-glutamine, crizanlizumab, and voxelo-
tor — act at different points in the patho-
physiology (erythrocyte metabolism, cell 
adhesion/vessel occlusion, and hemoglobin 
oxygenation, respectively), with statistically 
significant reductions in the frequency of 
crises and improvement in hematological 
parameters in randomized clinical trials. 
However, the authors acknowledge that 
the effects are generally modest in terms of 
“functional cure” of the disease, the studies 
have relatively short follow-up, and the high 
cost of these drugs imposes significant res-
trictions on access, especially outside of re-
ferral centers.

The proposal for combined drug thera-
py, discussed centrally by Pace, Starlard-Da-
venport, and Kutlar (2021), is conceptually 
appealing because it mirrors the multifac-
torial pathophysiology of FD: combining 
HbF inducers, hemolysis modulators, anti-
-adhesion agents, and vascular drugs could, 
in theory, synergistically reduce pain, he-
molysis, inflammation, and endothelial 
damage. However, the authors’ discussion 
highlights important gaps: the scarcity of 
phase III trials with combination regimens, 
the absence of validated biomarkers to gui-
de the rational choice of combinations, and 
the need to evaluate pharmacokinetic inte-
ractions, impact on therapeutic adherence, 
and cost-effectiveness of these regimens in 
real-world settings. Thus, although the ho-
rizon for combination therapy is promising, 
the body of evidence does not yet warrant 
its widespread adoption without well-de-
fined protocols and without considering the 
capacity of health systems to absorb the ad-
ditional complexity that these combinations 
bring.

In the field of potentially curative the-
rapies, articles converge in recognizing allo-
geneic hematopoietic stem cell transplanta-
tion (HSCT) as an established modality for 
a subset of patients, especially when there is 
an HLA-identical related donor. Brandow 
and Liem (2022) report high overall and 
event-free survival rates at five years in re-
cent series, while pointing out that advances 
in the prophylaxis of graft-versus-host disea-
se and the use of post-transplant cyclophos-
phamide have allowed for the expanded use 
of alternative donors, including haploiden-
tical donors. However, HSCT remains limi-
ted by conditioning toxicity, risk of GvHD, 
and the restricted availability of specialized 
centers, making it a distant option for most 
patients in countries with incipient hema-
tological infrastructure (ELENDU et al., 
2023).

Autologous gene therapies targeting 
hematopoietic stem cells, detailed by Ger-
mino-Watnick et al. (2022), represent a 
conceptual leap forward by combining mo-
lecular correction of the disease with elimi-
nation of the need for an allogeneic donor. 
The article describes three main strategies: 
(i) gene addition by lentiviral vectors con-
taining β- or γ-globin variants; (ii) gene 
editing for direct correction of the mutation 
in HBB; and (iii) editing/addition aimed 
at inducing HbF by modulating regulatory 
elements such as BCL11A or the γ-globin 
locus. Preliminary results from clinical trials 
indicate normalization or substantial im-
provement in hematopoiesis, with a marked 
reduction in painful crises and transfusions, 
reinforcing the potential for a “functional 
cure” for FD (GERMINO-WATNICK et 
al., 2022; STEINBERG, 2020). However, 
Steinberg (2020) and Germino-Watnick et 
al. (2022) emphasize that significant uncer-
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tainties remain regarding long-term safety—
including the risk of myelodysplastic events, 
consequences of CRISPR-Cas9-induced 
double-strand breaks, and conditioning to-
xicity—as well as logistical, regulatory, and 
economic challenges that restrict these in-
terventions to a few centers in high-income 
countries.

A critical point that runs through the 
articles, although not always explicitly, is 
the risk of deepening health inequalities. 
While Pace et al. (2021) and Brandow and 
Liem (2022) discuss new drugs, therapeutic 
combinations, and gene therapies in detail, 
Elendu et al. (2023) point out that in many 
African, Caribbean, and other high-preva-
lence countries, there are still obstacles to 
the full implementation of basic measures 
such as neonatal screening, infectious dise-
ase prophylaxis, and structured follow-up 
in specialized outpatient clinics. In this 
context, sophisticated therapies that requi-
re advanced technology and extremely high 
costs risk benefiting only a global minori-
ty, leaving the majority of patients exposed 
to an ever-widening “therapeutic gap.” The 
authors’ discussion, therefore, reinforces the 
need to link cutting-edge translational rese-
arch to agendas of distributive justice and 
health system strengthening.

Considering the evidence analyzed as 
a whole, it is clear that scientific progress in 
FD coexists with substantial practical chal-
lenges. On the one hand, a deeper unders-
tanding of HbF regulation, the expansion 
of disease-modifying therapies, and advan-
ces in cellular and gene approaches present 
unprecedented opportunities to alter the 
natural course of the disease (STEINBERG, 
2020; PACE; STARLARD-DAVENPORT; 
KUTLAR, 2021; GERMINO-WATNICK 
et al., 2022). On the other hand, impor-

tant gaps remain: the need for long-term 
real-world studies, systematic evaluation of 
therapeutic combinations, incorporation of 
biological markers—such as HbF and other 
genetic modifiers—into clinical decision 
models, and, above all, the development of 
implementation strategies that are feasible, 
sustainable, and equitable in different socio-
economic contexts (BRANDOW; LIEM, 
2022; ELENDU et al., 2023).

Thus, the discussion points to a dual 
imperative: to continue investing in inno-
vative therapies based on well-defined mole-
cular targets and, at the same time, to ensure 
that such advances are integrated into health 
policies that expand access to proven inter-
ventions and reduce inequalities in care. By 
emphasizing the modulatory role of HbF 
and critically reviewing the main contem-
porary therapeutic options, this article rein-
forces the importance of multidisciplinary 
approaches centered on people with FD as 
an indispensable condition for translating 
scientific knowledge into real gains in sur-
vival and quality of life for this population.

Disease-Modifying Drug Therapies

Historically, hydroxyurea (HU) has 
been the mainstay of pharmacological 
treatment (BRANDOW; LIEM, 2022). 
Approved for adults in 1998 and later for 
children, HU acts primarily by inducing 
the production of fetal hemoglobin (HbF), 
a hemoglobin that inhibits the polymeriza-
tion of HbS (ELENDU et al., 2023; PACE 
et al., 2021). Studies show that HU reduces 
the frequency and severity of pain crises and 
the need for transfusions (ELENDU et al., 
2023; BRANDOW; LIEM, 2022). Its be-
nefits also include reduced cell adhesion and 
decreased white blood cell count (PACE et 
al., 2021).
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Recently, the therapeutic arsenal has 
been expanded with the approval of three 
new drugs that offer alternatives or comple-
ments to HU (BRANDOW; LIEM, 2022; 
PACE et al., 2021).

1.	L-glutamine (Endari): Approved in 
2017, it acts by reducing oxidative 
stress in sickle cell erythrocytes (PACE 
et al., 2021). Phase 3 clinical trials have 
shown that L-glutamine reduced the 
median number of pain crises and hos-
pitalizations, as well as the incidence of 
acute chest syndrome (BRANDOW; 
LIEM, 2022; PACE et al., 2021).

2.	Crizanlizumab (Adakveo): This is 
a humanized monoclonal antibody 
approved in 2019 that targets P-se-
lectin (BRANDOW; LIEM, 2022). 
P-selectin is an adhesion molecule that 
promotes interaction between sickle 
cell erythrocytes, neutrophils, platelets, 
and the vascular endothelium, a key 
step in vaso-occlusion (BRANDOW; 
LIEM, 2022). The phase 2 study that 
led to its approval showed a significant 
reduction in the median frequency of 
CVO compared to placebo (BRAN-
DOW; LIEM, 2022).

3.	Voxelotor (Oxbryta): Also appro-
ved in 2019, it is the first in its class 
to act as an allosteric modifier of HbS 
(BRANDOW; LIEM, 2022). It incre-
ases hemoglobin’s affinity for oxygen, 
stabilizing HbS in its oxygenated state 
and directly inhibiting polymerization 
(BRANDOW; LIEM, 2022; PACE et 
al., 2021). Phase 3 trials have shown 
that voxelotor significantly increased 
total hemoglobin levels and reduced 
markers of hemolysis, although it did 
not demonstrate a statistically signifi-

cant reduction in CVO rates (BRAN-
DOW; LIEM, 2022).

Disease-modifying drug therapy

Pharmacological therapy for sickle cell 
disease is based primarily on intervention in 
the main pathophysiological mechanisms 
of the disease—especially HbS polymeri-
zation, chronic hemolysis, vaso-occlusion, 
and systemic inflammation—with the aim 
of reducing acute events, delaying organ 
damage, and prolonging survival (BRAN-
DOW; LIEM, 2022; PACE; STARLARD-
-DAVENPORT; KUTLAR, 2021). In this 
context, hydroxyurea remains the drug of 
choice, as it induces the production of fe-
tal hemoglobin (HbF), reduces white blood 
cell and reticulocyte counts, decreases cell 
adhesion, and improves hematological para-
meters, with a proven impact on reducing 
vaso-occlusive crises, acute chest syndrome, 
transfusion requirements, and mortality 
(BRANDOW; LIEM, 2022; STEINBERG, 
2020). Although widely recommended in 
international guidelines, its full effective-
ness is limited by interindividual variability 
in response, barriers to adherence, and ine-
quities in access in low- and middle-income 
countries (ELENDU et al., 2023).

In recent decades, new agents have 
been incorporated into the therapeutic ar-
senal, targeting specific pathophysiological 
targets. L-glutamine acts by reducing ery-
throcyte oxidative stress, improving redox 
balance and thereby decreasing the frequen-
cy of painful crises in patients with sickle cell 
disease, although it has no direct effect on 
HbF (PACE; STARLARD-DAVENPORT; 
KUTLAR, 2021). Crizanlizumab, an anti-
-P-selectin monoclonal antibody, interferes 
with the adhesion of erythrocytes, leukocy-
tes, and platelets to the endothelium, redu-
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cing vaso-occlusive events in clinical trials, 
especially in patients with a history of re-
current crises (BRANDOW; LIEM, 2022; 
PACE; STARLARD-DAVENPORT; 
KUTLAR, 2021). Voxelotor increases the 
affinity of HbS for oxygen and thus inhi-
bits the polymerization of deoxygenated he-
moglobin, promoting elevated hemoglobin 
levels and reduced hemolysis markers, with 
potential benefits in chronic anemia and as-
sociated complications (PACE; STARLAR-
D-DAVENPORT; KUTLAR, 2021).

Based on these developments, the 
concept of combination therapy, discussed 
centrally by Pace, Starlard-Davenport, and 
Kutlar (2021), is gaining momentum. They 
propose the rational combination of dru-
gs with complementary mechanisms – for 
example, hydroxyurea as an HbF inducer 
associated with L-glutamine, crizanlizumab, 
or voxelotor – with the aim of simultaneou-
sly attacking different pathogenic axes (HbS 
polymerization, oxidative stress, cell adhe-
sion, and inflammation). Initial studies sug-
gest that combination regimens may provi-
de additional reductions in crisis frequency, 
transfusion requirements, and hospitaliza-
tions compared to the use of each agent alo-
ne (PACE; STARLARD-DAVENPORT; 
KUTLAR, 2021; BRANDOW; LIEM, 
2022). However, the evidence is still inci-
pient, with short-term follow-up, a limited 
number of participants, and a lack of robust 
phase III trials designed specifically to test 
drug combinations.

Another relevant aspect concerns pa-
tient selection and therapeutic monitoring. 
The literature highlights that the response to 
different agents is heterogeneous, influen-
ced by baseline HbF levels, genetic profile, 
clinical severity, and the presence of comor-
bidities, which points to the need to incor-

porate biomarkers (such as HbF, markers 
of hemolysis, and inflammation) and stan-
dardized clinical criteria in deciding which 
drug to start, at what dose, and in what 
combination (STEINBERG, 2020; BRAN-
DOW; LIEM, 2022). In addition, factors 
such as cost, availability in public health sys-
tems, the need for intravenous infusion (in 
the case of crizanlizumab ), and the impact 
of the “therapeutic burden” on medication 
adherence should be considered in clinical 
practice, especially in settings with limited 
resources (ELENDU et al., 2023).

In summary, disease-modifying drug 
therapy for sickle cell anemia has evolved 
from a model focused almost exclusively on 
hydroxyurea to a more complex scenario in 
which multiple agents with different targets 
can be used sequentially or in combination. 
Despite these advances, the literature hi-
ghlights the need for “real-world” studies, 
clinical trials testing combination regimens, 
cost-effectiveness assessments, and the de-
velopment of protocols adapted to different 
care contexts, in order to ensure that these 
advances translate into concrete and equita-
ble benefits for the sickle cell disease popula-
tion (PACE; STARLARD-DAVENPORT; 
KUTLAR, 2021; BRANDOW; LIEM, 
2022; ELENDU et al., 2023).

Current Pharmacological 
Expectations in the Treatment of 
Sickle Cell Anemia

The pharmacological approach to sick-
le cell anemia (SCA) has advanced signifi-
cantly, enabling not only clinical improve-
ment but also more direct intervention on 
cellular mechanisms that influence disease 
progression. Among the available dru-
gs, hydroxyurea (HU) remains one of the 
therapeutic pillars. In addition to stimula-
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ting fetal hemoglobin production through 
the pathway involving nitric oxide, solub-
le guanylate cyclase, and cGMP, HU also 
exerts a selective effect on erythroid precur-
sors, favoring lines with higher HbF expres-
sion (PACE et al., 2021). Another relevant 
aspect is its ability to modulate adhesion 
molecules—such as L-selectin and certain 
integrins—reducing the interaction be-
tween neutrophils and erythrocytes, a cen-
tral process in the genesis of vaso-occlusive 
episodes.

L-glutamine emerges as an alternative 
that acts mainly on the redox balance of si-
ckle cells. By participating in the synthesis 
of NAD+, it contributes to increasing the 
availability of this essential molecule and an-
tioxidant enzymes, reducing oxidative stress 
on the erythrocyte membrane (PACE et al., 
2021). This results in less structural damage, 
reduced hemolysis, and longer erythrocyte 
survival—something particularly relevant 
considering the typical fragility of sickle cell 
red blood cells.

Among the most recent therapies, cri-
zanlizumab represents a milestone because 
it acts on a specific target: P-selectin. By 
blocking this receptor, the drug prevents 
the formation of aggregates involving endo-
thelial cells, platelets, leukocytes, and rigid 
erythrocytes. Translational studies show that 
this inhibition reduces endothelial activa-
tion and the release of inflammatory media-
tors, such as IL-1β and TNF-α, which are 
often elevated during vaso-occlusive crises.

Voxelotor, on the other hand, offers a 
different strategy by stabilizing hemoglobin 
in its oxygenated conformation (R-state), 
which prevents HbS polymerization—a cri-
tical step that gives rise to the sickle shape of 
the cell. With good oral bioavailability and 
metabolized mainly via CYP3A4, the drug 

requires special attention from the pharma-
cist during the dispensing phase in relation 
to possible drug interactions such as enzy-
me inducers and inhibitors, if the patient is 
a user. Although it does not directly redu-
ce the frequency of crises, voxelotor has an 
important impact on hemolysis, reflected in 
consistent reductions in LDH, indirect bili-
rubin, and reticulocyte count (PACE et al., 
2021).

Another growing topic in the literatu-
re is the use of therapeutic combinations. 
Combinations such as HU + crizanlizumab 
or HU + L-glutamine show potential to act 
simultaneously on inflammatory, oxidative, 
and vascular mechanisms, suggesting an ad-
ditive or even synergistic effect on different 
aspects of pathophysiology (PACE et al., 
2021). This trend reinforces the need for 
increasingly individualized management, in 
line with modern principles of personalized 
pharmacotherapy. In special cases, such as 
hospitalized pediatric patients and/or pa-
tients with special needs who require HU 
to be administered in oral suspension at in-
dividualized doses, the role of the hospital 
pharmacist is indispensable. For the mani-
pulation and/or fractionation (if necessary) 
of drugs in the appropriate dose, as in the 
case of HU in oral suspension, which requi-
res manipulation because it is cytotoxic, ma-
nipulation must be restricted to appropriate 
environments requiring laminar flow, PPE, 
and a clean area.

Finally, I would like to add that clini-
cal pharmacists play an indispensable role 
in monitoring these patients, ensuring that 
they receive drug therapy and pharmacolo-
gical guidance in an effective manner that is 
appropriate to their needs. HU requires fre-
quent hematological monitoring due to the 
risk of myelosuppression, while voxelotor 



DOI https://doi.org/10.22533/at.ed.1595332520116

A
rt

ic
le

 6
Tr

ea
tm

en
t o

f S
ic

kl
e 

Ce
ll 

A
ne

m
ia

: P
ha

rm
ac

ol
og

ic
al

, T
ra

ns
fu

sio
n,

 a
nd

 G
en

et
ic

 S
tr

at
eg

ie
s

12

demands continuous attention to possible 
interactions. Thus, integrating knowledge 
of pharmacology, genetics, clinical practice, 
and multidisciplinary teamwork is essential 
to optimize care and ensure greater thera-
peutic safety in the management of sickle 
cell anemia. 

Transfusion Management

Red blood cell transfusions are crucial 
in the management of FA, both in acute and 
chronic scenarios (ELENDU et al., 2023). 
The goal is to increase oxygen-carrying 
capacity and dilute HbS concentration 
(ELENDU et al., 2023). In addition, regu-
lar transfusions may be indicated for indivi-
duals with severe complications of the dise-
ase, such as stroke or recurrent episodes of 
cerebral ischemia, contributing to reducing 
the percentage of circulating sickle cells and 
preventing clinical events associated with si-
ckling (ELENDU et al., 2023). 

In children with abnormal transcranial 
Doppler (TCD) velocities, chronic monthly 
transfusions are the gold standard for pri-
mary prevention of stroke, with the goal 
of maintaining HbS below 30% (BRAN-
DOW; LIEM, 2022). This regimen is also 
the treatment of choice for secondary pre-
vention in patients who have already suffe-
red a stroke (BRANDOW; LIEM, 2022). In 
the management of acute stroke, exchange 
transfusion (red blood cell exchange) is re-
commended to rapidly reduce the percen-
tage of HbS (BRANDOW; LIEM, 2022).

In urgent situations, a simple transfu-
sion can be used as an initial measure while 
preparing for exchange transfusion, which 
is more effective in reducing HbS and pre-
venting stroke recurrence (Brandow; Liem, 
2022). The use of tissue plasminogen ac-

tivator (tPA) is not recommended in chil-
dren with sickle cell disease who have acute 
stroke, due to the non-thromboembolic na-
ture of the event and the potential risk of 
complications (Brandow; Liem, 2022).

In some cases, after a year of chronic 
transfusions, children with abnormal DTC 
but no changes in angioresonance can be 
safely transferred to hydroxyurea as mainte-
nance therapy (Brandow; Liem, 2022). Re-
gular red blood cell transfusions contribute 
to reducing the proportion of sickle cells in 
circulation, improving tissue oxygenation 
and reducing the risk of serious complica-
tions such as stroke (Elendu et al., 2023).

Transfusion management

Transfusion management plays a cen-
tral role in supportive care and in modi-
fying the clinical course of sickle cell disea-
se, being used both in acute situations and 
as a chronic strategy for preventing serious 
complications. In general terms, red blood 
cell transfusions have two main objectives: 
to rapidly increase oxygen-carrying capa-
city and to reduce the proportion of red 
blood cells containing HbS in circulation, 
thereby attenuating hemolysis, vaso-oc-
clusion, and tissue hypoxia (ELENDU et 
al., 2023; BRANDOW; LIEM, 2022). In 
more serious scenarios—such as severe acu-
te anemia, acute chest syndrome (ACS), 
or stroke—this intervention can be decisi-
ve in preventing irreversible organ damage 
(ELENDU et al., 2023).

In acute settings, transfusions are par-
ticularly important in the management of 
stroke and STA. Brandow and Liem (2022) 
highlight that, in children with acute ische-
mic stroke, the recommended treatment is 
red blood cell concentrate transfusion with 
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the aim of reducing the HbS fraction to 
less than 30%, preferably through exchan-
ge transfusion. Simple transfusion alone has 
been shown to be associated with a relative 
risk of subsequent stroke that is approxima-
tely five times higher than exchange trans-
fusion, which justifies the preference for 
the latter whenever available (BRANDOW; 
LIEM, 2022). In practice, however, a simple 
transfusion is usually performed initially, on 
an urgent basis, while the exchange transfu-
sion is being prepared, so as not to delay the 
correction of anemia and hypoxia (BRAN-
DOW; LIEM, 2022). Regarding the use of 
thrombolysis, the authors emphasize that 
tissue plasminogen activator (tPA) is not re-
commended in children with FD and acute 
stroke, and in adults, its use should be care-
fully considered, without ever replacing or 
delaying immediate transfusion therapy.

In individuals with moderate or severe 
AHS, transfusions also play an important 
role by reducing viscosity, improving oxyge-
nation, and decreasing the proportion of si-
ckled red blood cells in the pulmonary beds. 
Elendu et al. (2023) point out that in situa-
tions of significant hypoxemia, severe chest 
pain, and clinical deterioration, red blood 
cell transfusion is indicated as part of a mul-
timodal approach that includes ventilatory 
support, antibiotics, and strict pain control. 
Similarly, episodes of severe acute anemia—
due to transient aplasia, marked hemolysis, 
or splenic/hepatic sequestration—require 
emergency transfusion to rapidly restore 
blood volume and prevent shock and organ 
failure (ELENDU et al., 2023).

In addition to these acute situations, 
transfusion can be used chronically, espe-
cially in the primary and secondary preven-
tion of stroke in children with FD. Based 
on studies that used transcranial Doppler to 

identify high-risk children, the practice of 
regular transfusion schedules, usually every 
3–4 weeks, has been established, with the 
goal of maintaining HbS < 30% and total 
hemoglobin around 10 g/dL, significantly 
reducing the incidence of first events and 
recurrence of stroke (BRANDOW; LIEM, 
2022). Steinberg (2020) reinforces that the 
combination of high HbF levels and strict 
control of the HbS fraction through chro-
nic transfusions is associated with less silent 
brain damage and a better long-term neuro-
logical prognosis.

Despite its effectiveness, chronic 
transfusion management poses significant 
challenges. Repeated use of red blood cells 
exposes patients to the risk of erythrocyte 
alloimmunization, hemolytic reactions, and 
iron overload, often requiring chelation and 
more complex follow-up (BRANDOW; 
LIEM, 2022; ELENDU et al., 2023). In 
many low- and middle-income settings, 
Elendu et al. (2023) emphasize that the 
availability of safe and properly typed blood 
is limited, making it difficult to implement 
large-scale chronic transfusion programs. In 
addition, the economic and organizational 
impact of these schemes is significant, requi-
ring structured blood therapy services and 
frequent laboratory monitoring.

The relationship between transfusion 
management and other disease-modifying 
therapies has also been the subject of dis-
cussion. Brandow and Liem (2022) report 
that, in certain situations, hydroxyurea has 
been evaluated as a partial alternative to 
chronic transfusion, especially in primary 
stroke prevention in selected children, pro-
vided that clinical and imaging parameters 
are closely monitored. On the other hand, 
in the field of gene therapies, “transfusion 
independence” is one of the most valued ou-
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tcomes: Germino-Watnick et al. (2022) des-
cribe that many patients undergoing gene 
addition or editing strategies become free 
from the need for regular transfusions or 
even any transfusion support after corrected 
hematopoiesis stabilization. This data rein-
forces how transfusion, although it remains 
an indispensable pillar of care, tends to be 
reconceptualized in a scenario in which po-
tentially curative therapies become a reality 
for a portion of patients.

In summary, transfusion management 
in sickle cell disease should be understood 
as a high-impact but complex intervention 
that requires careful indication, clear goal 
setting (such as reducing HbS to <30% in 
certain situations), and continuous atten-
tion to associated complications. The coor-
dination between transfusions, disease-mo-
difying drug therapies, and, in the future, 
gene therapies points to increasingly indivi-
dualized models of care, in which the ratio-
nal and safe use of blood remains essential 
to reduce morbidity and mortality and pre-
serve organ function in people with SCD 
(BRANDOW; LIEM, 2022; ELENDU et 
al., 2023; GERMINO-WATNICK et al., 
2022).

Curative Therapies: HSCT and 
Gene Therapy

The only established curative treat-
ment for FA is allogeneic hematopoietic 
stem cell transplantation (HSCT) (ELEN-
DU et al., 2023). When performed with 
an HLA-matched sibling donor (MSD), 
the five-year overall and event-free survival 
rates are greater than 90% (BRANDOW; 
LIEM, 2022). The biggest challenge with 
this approach is donor availability, as less 
than 20%, and perhaps only 10%, of pa-
tients have an MSD (GERMINO-WAT-

NICK et al., 2022; BRANDOW; LIEM, 
2022). Recent advances, such as the use of 
haploidentical (semi-compatible) donors 
with post-transplant cyclophosphamide, are 
expanding donor options (BRANDOW; 
LIEM, 2022).

To overcome the limitations of allo-
geneic HSCT, autologous gene therapy has 
emerged as a promising cure (GERMINO-
-WATNICK et al., 2022). In this scenario, 
autologous hematopoietic stem cell trans-
plantation stands out for eliminating the res-
triction of compatible donors, in addition to 
reducing the need for immunosuppressive 
drugs and the chance of graft failure or graf-
t-versus-host disease and infection (PACE et 
al., 2021). “Khadija Hayek.” The procedure 
consists of collecting CD34+ hematopoietic 
stem cells (HSCs) from the patient, gene-
tically modifying them in vivo, and subse-
quently reinfusing them after myeloablative 
conditioning (GERMINO-WATNICK et 
al., 2022). Current gene therapy strategies 
follow two main approaches:

1.	Gene Addition: Uses lentiviral vectors 
(LV) to insert a functional copy of a 
therapeutic globin gene into the pa-
tient’s HSCs. This can be a modified 
β-globin gene with anti-sickling pro-
perties (such as βT87Q-globin, used 
in LentiGlobin BB305) or a γ-globin 
gene (to induce HbF) (GERMINO-
-WATNICK et al., 2022).

2.	Gene Editing: Uses tools such as 
CRISPR/Cas9 or zinc finger nucleases 
(ZFNs) to permanently modify the ge-
nome of HSCs (BRANDOW; LIEM, 
2022). This approach may aim to di-
rectly correct the HbS mutation in the 
HBB gene (GERMINO-WATNICK 
et al., 2022) or, more commonly, to 
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induce HbF by disrupting γ-globin 
repressors (GERMINO-WATNICK 
et al., 2022; STEINBERG, 2020). 
The main target for HbF induction is 
the BCL11A gene, a master repressor 
of HbF (STEINBERG, 2020). Edi-
ting the BCL11A-specific erythroid 
enhancer (as in CTX001) prevents its 
expression, reactivating HbF produc-
tion (GERMINO-WATNICK et al., 
2022). Early clinical studies with this 
approach have shown robust results, 
with patients achieving HbF levels of 
40% to 50% and HbF expression in 
nearly 100% of erythrocytes (F-cells), 
effectively eliminating vaso-occlusive 
events (STEINBERG, 2020).

Curative therapies for sickle cell dise-
ase currently focus on two main strategies: 
allogeneic hematopoietic stem cell trans-
plant (HSCT) and gene therapy targeting 
hematopoietic stem cells. Allogeneic HSCT, 
especially from an HLA-identical sibling, is 
the most established curative modality, with 
five-year overall survival and event-free sur-
vival rates exceeding 90% in large pediatric 
cohorts after myeloablative conditioning 
and an optimized graft-versus-host disease 
prophylaxis regimen (G-VHD) (BRAN-
DOW; LIEM, 2022; GERMINO-WAT-
NICK et al., 2022).  Classic indications in-
clude a history of stroke, high risk of stroke 
by transcranial Doppler, recurrent acute 
chest syndrome, severe pain that is difficult 
to control, and progressive organ damage 
in patients with a compatible donor and 
clinical conditions to support transplanta-
tion (ELENDU et al., 2023; BRANDOW; 
LIEM, 2022).

In recent decades, less intense condi-
tioning regimens and modern immuno-
suppression strategies, such as the use of 

post-transplant cyclophosphamide, have 
broadened eligibility for adults with severe 
phenotypes and enabled the use of alterna-
tive donors (haploidentical, unrelated cord 
blood), reducing graft failure and severe 
GED (BRANDOW; LIEM, 2022; GER-
MINO-WATNICK et al., 2022).  Never-
theless, HSCT remains associated with sig-
nificant short- and long-term risks, such as 
conditioning toxicity (infertility, organ da-
mage), chronic GVHD, and opportunistic 
infections, in addition to requiring highly 
specialized infrastructure, which limits its 
availability in many low- and middle-inco-
me countries (ELENDU et al., 2023).

Autologous gene therapy seeks to cir-
cumvent some of these limitations by using 
the patient’s own hematopoietic stem cells 
(HSCs), which are genetically modified 
ex vivo and reinfused after myeloablative 
conditioning. In the gene addition appro-
ach, autologous CD34⁺ cells are collected, 
transduced with lentiviral vectors expressing 
a therapeutic β-globin (e.g., anti-sickling 
variants) or HbF-inducing γ-globin, and 
subsequently reinfused to reconstitute “cor-
rected” hematopoiesis (GERMINO-WAT-
NICK et al., 2022).  Phase I/II clinical trials 
with vectors such as LentiGlobin have de-
monstrated a sustained increase in total he-
moglobin, an elevation in the therapeutic 
hemoglobin fraction, and a marked reduc-
tion or even disappearance of vaso-occlusive 
crises and transfusion requirements in many 
participants (GERMINO-WATNICK et 
al., 2022).

At the same time, gene editing strate-
gies use tools such as CRISPR/Cas9 or zinc 
finger nucleases to directly correct the mu-
tation in the HBB gene or modulate regula-
tory elements, such as the erythroid enhan-
cer region of BCL11A, reactivating fetal  
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hemoglobin production (STEINBERG, 
2020; GERMINO-WATNICK et al., 
2022).  Initial reports indicate a significant 
increase in HbF (above 40–50%), almost 
universal F cells, and the abolition of severe 
crises in the short to medium term, which 
constitutes a “functional cure” in some of 
the patients treated (STEINBERG, 2020).

Despite the enthusiasm, both gene ad-
dition and gene editing are still considered 
approaches in consolidation, with signifi-
cant challenges. Concerns remain about 
long-term safety (risk of myelodysplasia, 
events related to viral integration or DNA 
breaks), the need for myeloablative condi-
tioning with toxicity similar to that of con-
ventional HSCT, and logistical, regulatory, 
and economic barriers that restrict these 
therapies to a few centers in high-income 
countries (GERMINO-WATNICK et al., 
2022).  Furthermore, as Pace, Starlard-Da-
venport, and Kutlar (2021) point out, the 
development of curative therapies does not 
eliminate the importance of disease- -modi-
fying interventions and transfusion support, 
which remain the basis of care for the vast 
majority of patients in the current setting.

In summary, HSCT and gene therapy 
represent a continuum of curative strate-
gies ranging from a donor-dependent allo-
geneic model to autologous approaches to 
molecular correction. While HSCT from 
an HLA-identical sibling offers a proven 
cure for a subset of patients, gene therapy 
theoretically expands the pool of candida-
tes by eliminating the need for compatible 
donors. However, the potential benefits of 
these technologies will only be fully realized 
if accompanied by policies that address ine-
qualities in access, integrate these therapies 
into comprehensive care programs, and en-
sure their ethical, safe, and sustainable pro-

vision in different health system contexts 
(BRANDOW; LIEM, 2022; ELENDU et 
al., 2023; GERMINO-WATNICK et al., 
2022).

CONCLUSION

The narrative analysis of the selected 
studies shows that sickle cell disease remains 
one of the most important challenges in 
contemporary hematology, combining a 
high burden of morbidity and mortality, 
great clinical heterogeneity, and a profou-
nd influence of social and structural deter-
minants of health (ELENDU et al., 2023; 
BRANDOW; LIEM, 2022).  In this sce-
nario, fetal hemoglobin (HbF) stands out 
as a central conceptual axis. In addition to 
explaining a relevant part of phenotypic va-
riability, it constitutes a robust prognostic 
marker and a privileged therapeutic target, 
integrating the pathophysiology of the di-
sease into the personalized medicine agenda 
(STEINBERG, 2020; PACE; STARLAR-
D-DAVENPORT; KUTLAR, 2021).

From a therapeutic standpoint, there 
has been a transition from a model based al-
most exclusively on clinical support and hy-
droxyurea to a more complex scenario that 
includes new drugs with specific targets, 
structured transfusion management, alloge-
neic hematopoietic stem cell transplantation 
(HSCT), and rapidly evolving gene thera-
pies (BRANDOW; LIEM, 2022; PACE; 
STARLARD-DAVENPORT; KUTLAR, 
2021; GERMINO-WATNICK et al., 
2022).  Disease-modifying drug therapy is 
advancing from a “single-agent” paradigm 
to the prospect of rational combinations 
that simultaneously address HbS polymeri-
zation, hemolysis, cell adhesion, inflamma-
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tion, and oxidative stress, although robust 
long-term trials are still lacking to define 
optimal regimens, with patient profiles and 
cost-effectiveness in different settings.

Transfusion management continues to 
play a fundamental role in care, especially 
in acute situations such as stroke and acute 
chest syndrome, as well as in chronic trans-
fusion programs to  prevent neurological 
events   , but still at the cost of increased 
risk of alloimmunization, iron overload, 
and the need for highly organized blood 
transfusion services (BRANDOW; LIEM, 
2022; ELENDU et al., 2023). In this con-
text, HSCT with an HLA-identical donor 
remains a consolidated curative option for a 
subset of patients with a severe phenotype, 
while autologous gene therapies—both 
gene addition and gene editing—are emer-
ging as a promising frontier for “functional 
cure,” theoretically expanding the univer-
se of candidates for definitive intervention 
(GERMINO-WATNICK et al., 2022; 
STEINBERG, 2020).

Despite these advances, the reviewed 
articles converge in emphasizing that most 
people with sickle cell disease live in low- 
and middle-income contexts, where there 
are still difficulties in ensuring neonatal scre-
ening, infectious prophylaxis, regular access 
to hydroxyurea treatment, safe transfusions, 
and specialized follow-up (ELENDU et al., 
2023).  In this sense, HSCT and gene the-
rapy run the risk of becoming extremely hi-
gh-cost technologies, reaching only a mino-
rity, if they are not accompanied by explicit 
policies of equity, sustainable financing, and 
strengthening of health systems. This im-
plies articulating the biomedical innovation 
agenda with public health, regulation, and 
distributive justice strategies, under penalty 
of deepening already striking inequalities.

Due to its narrative nature and analysis 
of an intentionally selected set of recent re-
views, this review does not claim to exhaust 
the available literature or produce quanti-
tative syntheses of effectiveness. Among its 
limitations are the risk of study selection 
bias, the absence of meta-analysis, and the 
focus on English-language publications, 
which may underrepresent local experien-
ces in countries with high prevalence. Ne-
vertheless, by integrating findings on HbF, 
pharmacological therapies, transfusion ma-
nagement, HSCT, and gene therapy, this 
work contributes to critically organizing 
some of the main conceptual and practical 
axes that currently guide sickle cell disease 
care (BRANDOW; LIEM, 2022; PACE; 
STARLARD-DAVENPORT; KUTLAR, 
2021; STEINBERG, 2020; GERMINO-
-WATNICK et al., 2022).

As a future agenda, the reviewed au-
thors point to the need for: (i) long-term 
“real-world” studies evaluating drug com-
binations, clinical outcomes, quality of life, 
and cost-effectiveness; (ii) systematic incor-
poration of biomarkers—especially HbF 
and genetic modifiers—into clinical deci-
sion protocols; (iii) prolonged monitoring 
of the safety of gene therapies, including the 
risk of late hematological events; and (iv) 
development of implementation models 
that make these innovations accessible in re-
source-limited settings (PACE; STARLAR-
D-DAVENPORT; KUTLAR, 2021; GER-
MINO-WATNICK et al., 2022; ELENDU 
et al., 2023).

It can therefore be concluded that ta-
ckling sickle cell disease requires integrated 
approaches, ranging from the optimization 
of modifying therapies and transfusion 
management to the careful incorporation 
of HSCT and gene therapies, necessarily 
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anchored in health policies that promote 
broad access, multidisciplinary care, and a 
focus on the person living with sickle cell 
disease. Only the combination of biomedi-
cal innovation and a commitment to equity 
will enable the significant recent scienti-
fic advances to be converted into concrete 
and sustainable gains in survival and quality 
of life for this population. (Daniele Diniz 
Neves).

In the field of current pharmacological 
expectations, there is a consistent movement 
toward therapies that act in an integrated 
manner on different pathophysiological 
axes of the disease. The combination of fe-
tal hemoglobin inducers, NO–sGC–cGMP 
pathway modulators, agents that reduce cell 
adhesion, and strategies aimed at controlling 
oxidative stress represents a trend that seeks 
to extend the clinical benefit beyond what 
each drug has been able to offer individu-
ally. The diversification of this therapeutic 
arsenal, however, imposes new challenges 
in terms of monitoring, safety, and ratio-
nal use. This is where the participation of 
clinical and hospital pharmacists becomes 
essential: by dispensing medications safely, 
evaluating response profiles, guiding com-
plex regimens, monitoring specific risks, 
such as possible drug interactions that could 
harm the patient, and supporting treat-
ment adherence, professionals contribute 
decisively to turning these innovations into 
effective gains in care, offering increasingly 
individualized and effective treatment in 
promoting patient health. As new molecu-
les advance into clinical practice, the quali-
fied work of pharmacists is no longer merely 
complementary but becomes part of the 
core of the therapeutic process, leading to 
more efficient results.
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