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Sickle cell disease (SCD) remains one of the most pervasive inherited blood disorders in the United States, disproportionately affecting African Americans. According to the Center for Disease Control, around 1 in 365 Black or African American newborns are estimated to be born with SCD (which also constitutes around 1 in 16,300 Hispanic births). Moreover, it is estimated that roughly 100,000 people in the U.S. live with SCD, with more than 90% of them identifying as non-Hispanic Black. (Control, 2024) The destructive nature of SCD lies in its capacity to damage multiple organ systems over a lifetime: recurrent vaso-occlusive pain crises, chronic hemolytic anemia, risk of stroke, pulmonary hypertension, chronic kidney disease, and susceptibility to infections due to functional asplenia.
At the heart of SCD is a mutation in the β-globin subunit gene (HBB) leading to hemoglobin S (HbS). Under deoxygenated conditions, HbS molecules polymerize, distorting red blood cells (RBCs) into a crescent, sickle-like shape. These deformed, rigid RBCs have impaired deformability and increased tendency to adhere to endothelium, causing microvascular obstruction, ischemia, and tissue damage (Lu et al., 2021) In normal RBCs with wild-type hemoglobin A (HbA), the biconcave disc shape and membrane flexibility permit passage through capillaries and the efficient transfer of oxygen and carbon dioxide throughout the body, as well as maintenance of ionic balance and membrane integrity (through procedures such as ATP-driven ion pumps & deformability stress responses).
When RBCs repeatedly sickle and recover, cumulative damage to the membrane and cytoskeleton can lead to irreversible sickling, increased hemolysis, and reduced lifespan of RBCs (often to only 10–20 days). The release of free hemoglobin, heme, and other byproducts induces oxidative stress, endothelial activation, nitric oxide scavenging, and inflammation, and coagulation cascades. More recent studies have observed that non-sickled RBCs and other blood elements (e.g. leukocytes, platelets) can become involved indirectly: for example, RBC-derived microparticles and complement activation contribute to endothelial injury and propagate a chronic inflammatory milieu in SCD patients. (Nader et al., 2020). 
One promising therapeutic advance in SCD is crizanlizumab, a humanized monoclonal antibody approved in 2019 (marketed as Adakveo) for reducing the frequency of vaso-occlusive crises (VOCs) in SCD patients aged 16 years or older. (Administration, 2019). Crizanlizumab belongs to the IgG2 (kappa) subclass of immunoglobins. Its principal mechanism of action is binding to P-selectin (expressed on activated endothelial cells and platelets), thereby blocking the interaction with P-selectin glycoprotein ligand-1 (PSGL-1) on leukocytes, RBCs, and other blood cells. (Stevens et al., 2021) By doing so, crizanlizumab interferes with cell–cell adhesion cascades that contribute to vaso-occlusion — specifically, it reduces the tendency of sickled RBCs, leukocytes, and platelets to adhere to the endothelium under flow, thereby improving microvascular flow and reducing the incidence of occlusive events. (Karki & Kutlar, 2021)
Recent studies continue to refine our understanding of its efficacy. For instance, a 2025 analysis of the STAND (crizanlizumab with or without hydroxyurea) trial confirmed that crizanlizumab sustains P-selectin inhibition and is well tolerated, with fewer VOCs requiring medical visits in treated patients compared to placebo (Abboud et al., 2025).  Similarly, a 2024 report also affirmed benefits of crizanlizumab in attenuating VOC frequency and lowering opioid use irrespective of SCD genotype or prior hydroxyurea therapy (DeBonnett et al., 2025).
In summary, crizanlizumab’s “cleaving” wherein it exhibits adhesive interactions mediated by P-selectin - is a rational and effective adjunctive therapy in SCD, particularly for reducing vaso-occlusive crises. By binding to P-selectin on endothelial and platelet surfaces, it impedes the adhesion of sickled RBCs, leukocytes, and platelets to the vascular wall, thereby reducing microvascular blockade and pain episodes. While it does not correct the underlying hemoglobin polymerization or fully reverse hemolysis, evidence from both in vitro investigations and real-world cohort studies support its safety and prophylactic benefit. Trending research is now investigating combination regimens (e.g. crizanlizumab combined with hydroxyurea or novel hemoglobin modulators), as well as exploring biomarkers (e.g. soluble P-selectin levels, microparticles) to serve as more effective responders to SCD. As gene therapies and next-generation biologics evolve, crizanlizumab remains a meaningful targeted therapy in the SCD armamentarium, especially for patients who continue to suffer recurrent VOCs despite standard care.
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