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OVERVIEW

Introduction
Sickle cell disease is caused by an inherited mutation in the β globin gene that creates hemoglobin S, an 
abnormal form of hemoglobin which is prone to polymerization when exposed to low oxygen tension which 
results in sickling of red blood cells, hemolytic anemia, vascular occlusion of small vessels, ischemic tissue and 
organ injury and recurrent painful crises. Drugs for sickle cell disease include agents that increase fetal 
hemoglobin, which has a higher affinity for oxygen and can decrease sickling and agents that act downstream 
from sickling in preventing the microvascular occlusions due to the sickled red cells by inhibition of hemoglobin 
S polymerase, decreasing oxidative stress, and lessening of sickle cell adhesion to endothelial cells.

Background
Sickle cell disease is caused by an inherited mutation in the β globin gene that creates hemoglobin S, an 
abnormal form of hemoglobin which is prone to polymerization with deoxygenation resulting in sickling of red 
blood cells, hemolytic anemia, vascular occlusion of small vessels, ischemic tissue and organ injury and 
recurrent painful crises. Sickle cell disease affects at least 100,000 Americans and is most common in persons of 
African descent. Long term complications include disability due to recurrent painful crises, acute chest 
syndrome, pulmonary hypertension, stroke and cerebral infracts, end-organ damage and early mortality. Most of 
the complications of sickle cell disease are due to the vaso-occlusive crises caused the aggregates of sickled red 
cells, platelets, leukocytes adhering to endothelial cells and causing vascular stasis and ischemic injury to tissues. 
The recurrent vaso-occlusive crises can cause cerebral vascular stokes, pulmonary hypertension, renal and 
hepatic dysfunction, splenic infarcts and injury to bone and muscle. Drugs for sickle cell disease target the 
prevention of sickle cell formation, but also the subsequent vaso-occlusive crises which is the result of the sickled 
cells forming aggregates with platelets and leukocytes that adhere to microvascular endothelial cells causing 
obstruction and local ischemic damage. A non-pharmacologic approach to management of sickle cell anemia is 
chronic transfusions to raise the hemoglobin level and provide normal hemoglobin and its oxygen carrying 
ability. Medications specifically approved for use in sickle cell disease include hydroxyurea, L-glutamine, 
voxelotor and crizanlizumab all of which act on a different target in the pathway of vaso-occlusive crises.

Hydroxyurea is an antimetabolite used in cancer chemotherapy, particularly in chronic myelogenous leukemic 
and head and neck cancers. In addition, chronic therapy with hydroxyurea has a beneficial effect in sickle cell 
disease by increasing fetal hemoglobin synthesis (hemoglobin F) which provides a proportion of normal oxygen 
carrying hemoglobin. Chronic therapy with hydroxyurea can decrease sickling and increase hemoglobin levels, 
with a decrease in vaso-occlusive crises and improvement in general well-being in individuals with sickle cell 



disease. Hydroxyurea was approved for use in sickle cell disease in 1998 and is considered a first line therapy in 
management of this disease.

L-glutamine is an amino acid that serves as an important precursor of key antioxidant compounds that act to 
decrease oxidative stress which is common in sickled red cells. The tissue levels of endogenous antioxidants are 
often deficient in sickle cell disease and can be increased by L-glutamine intake. L-glutamine appears to act in 
decreasing painful crises in sickle cell disease by increasing levels of nicotinamide adenine dinucleotide (NAD) 
and glutathione, essential molecules in intracellular oxidative-reductive balance and metabolism. L-glutamine 
was approved for use in sickle cell disease in 2017 but has not had widespread use.

Voxelotor is a small molecular inhibitor of hemoglobin S polymerization. Voxelotor binds to and stabilizes the R 
oxygen high-affinity conformation of HbS, thus decreasing the concentration of the T conformation that is 
prone to polymerization. While voxelotor has been shown to raise hemoglobin levels and decrease reticulocytes 
in patients with sickle cell disease, it has not been shown to decrease vaso-occlusive crises or prevent organ 
damage. Voxelotor was approved for use in sickle cell disease in 2019 but has not had widespread use.

Crizanlizumab is a humanized IgG2 monoclonal antibody to P-selectin, an important adhesion molecule that is 
expressed on activated platelets and leukocytes and mediates adhesion of sickle cell aggregates to endothelial 
cells. Crizanlizumab has been shown to decrease vaso-occlusive crises, but does not increase hemoglobin levels 
or reduce hemolysis in sickle cell disease.

Hepatotoxicity
None of the four approved drugs for sickle cell disease have been associated with serious hepatotoxicity. Low 
rates of transient, asymptomatic, mild-to-moderate serum enzyme elevations can occur with hydroxyurea and 
voxelotor, and rare instances of clinically apparent liver injury with jaundice have been reported with 
hydroxyurea. Diagnosis of drug induced liver injury is challenging in patients with sickle cell disease because 
they frequently have mild jaundice due to the chronic hemolysis. In addition, patients with sickle cell disease 
often have serum enzyme elevations due to chronic liver injury, the result of complications of the disease and its 
treatment, such as chronic viral hepatitis and iron overload from frequent blood transfusions, gallstone disease 
from chronic hemolysis, congestive liver injury from pulmonary hypertension, ischemic hepatopathy from 
microvascular crises in the liver, and nodular regenerative hyperplasia probably from chronic microvascular 
injury. Thus, jaundice and other evidence of liver disease can occur independent of the use of medications for 
sickle cell disease and the differential diagnosis can be challenging.

Full discussion of the potential hepatotoxicity of drugs for sickle cell disease and references to their safety are 
given in the following individual chapters in LiverTox.
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