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Introduction

Sickle cell disease (SCD), also called sickle cell anemia, is a severe inherited blood disorder
characterized by the production of abnormally shaped hemoglobin, the protein in red blood cells
that carries oxygen throughout the body. SCD leads the body to create sticky, stiff red blood cells
that can block blood flow when stuck together in small blood vessels; this accumulation causes
pain, severe infections, and organ damage (Rees et al., 2010). The genetic illness affects millions
worldwide, especially those of African, Mediterranean, and Middle Eastern descent. Over the
past century, treatments for SCD have undergone substantial advancements. This article explores
a general timeline and notable developments of SCD remedies, detailing notable developments

from simple palliative care to recent gene therapies that offer the potential for a cure.

Notable Advancements in the 20th Century

Treatments for sickle cell anemia first aimed to ease acute symptoms and prevent further
complications. In the early 20th century, these methods included hydration, pain minimization,
and management of infections (Diggs, 1973). This only changed in the 1970s, with the
advancement of hydroxyurea, a drug that increases fetal hemoglobin production. The added
hemoglobin keeps red blood cells round and flexible, thus decreasing the frequency of sickle cell

crises and hospital admissions (Charache et al., 1995). In combating sickle cell disease,



hydroxyurea took the first step towards disease-modifying treatment. The 20th century also
witnessed groundbreaking advancements in stem cell research, allowing E. Donnall Thomas to
pioneer the first hematopoietic stem cell transplant (HSCT) in 1957. Decades later, in 1984, the
first successful case applying HSCT to replace a sickle cell patient’s marrow with that of a
healthy, compatible donor was reported, displaying the potential for medicine to finally conquer
SCD and reverse the disease (Johnson et al., 2020). Unfortunately, that potential failed to become
practical , as the treatment was limited by the availability of compatible donors and a high risk of

harmful side effects as a result of the transplant (Walters et al., 1996).

Pharmacological Progress in the 21st Century

The 21st century has seen the approval of various treatments that have revolutionized the
biomedical industry, including the management of SCD. For one, L-glutamine oral powder
(Endari), approved by the FDA in 2017, increases the amount of free glutamine in the blood,
which sickle cells can take to generate anti-oxidant molecules. Endari works to neutralize
oxidative stress of sickle red blood cells, thus reducing pain crises and acute complications
(Niihara et al., 2018). Similarly, drugs such as Voxelotor and Crizanlizumab have recently been
approved for public use. Voxelotor increases the affinity of sickle cell patients’ hemoglobin for
oxygen, thus stabilizing the hemoglobin (Vichinsky et al., 2019). Crizanlizumab is a monoclonal
antibody, preventing vaso-occlusive crises in sickle cell patients by inhibiting P-selectin, a cell
adhesion protein that plays a key role in mediating inflammation (Ataga et al., 2017).

The most promising treatment of SCD, however, is gene therapy, which addresses the very root
of the genetic disease. The most notable gene therapies are gene addition, where a normal

hemoglobin gene is inserted in the place of the patient’s sickle cell hemoglobin gene, and gene



editing technologies such as CRISPR-Cas9, which directly corrects the sickle cell mutation in the
patient’s DNA (Hoban et al., 2016). Recently, this theory was applied in Casgevy, the first
FDA-approved gene therapy. Casgevy works by making a precise modification in a particular
gene, reactivating the production of fetal hemoglobin and helping to dilute the sickle red blood

cells characteristic of SCD (Macmillan, 2023).

Conclusion

The progression of sickle cell disease treatment highlights a revolutionary journey from simple
symptomatic relief to the promise of a potential cure. Naturally, these advancements reflect
broader implications of the scientific and medical communities’ progress, with the introductions
of personalized medicine and gene therapies. However, challenges remain in the frame of
application and mass production, especially with regard to accessibility, affordability, and the
long-term impacts and safety of emerging treatments. Collaboration outside the biomedical fields
is required to ensure these novel remedies can reach those affected, regardless of social,
economic, or geographic status. Meanwhile, scientists will continue to investigate the long-term
implications of more recent medical treatments. With sustained effort, the future of sickle cell

patients looks to be increasingly bright.
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