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Pathophysiology and mechanism of injury in SCD

Image courtesy of National Institutes of Health

• Single nucleotide variant on β hemoglobin gene

• Deoxygenation à Hb S polymerization

• *Heterocellular-endothelial aggregates à VOCs

• Ischemia-reperfusion injuryà inflammation

• Hemolysis à cell free Hb, oxygen free radicals 
and sterile inflammation

• Nitric oxide (NO) scavenging à dysregulation of 
vasomotor tone

• Recurrent hypoperfusion à end-organ damage

*Sickled erythrocytes, activated neutrophils, platelets



Sickling syndromes

Vivien A. Sheehan. Hematology-Oncology 12:1, 2-15



Clinical complications of sickle cell disease

Acute complications
§ Vasoocclusion (pain)
§ Acute chest syndrome
§ Acute stroke
§ Priapism
§ Hepatobiliary complications
§ Splenic sequestration
§ Acute renal failure

Chronic complications
§ Pulmonary hypertension
§ Ophthalmologic complications
§ Avascular necrosis
§ Leg ulcers
§ Recurrent or stuttering priapism



Complications of sickle cell disease accumulate with age
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Slide courtesy of Dr. Jane Hankins (St. Jude Children’s Research Hospital)
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Russell E. Ware. Blood 2010 115:5300-5311

Hydroxyurea (HU) - mechanisms of action in SCD

• Activate soluble guanylyl cyclase à
induce Hb F production

• Inhibit ribonucleotide reductase à
decrease neutrophils and retics

• endothelial adhesion à improve 
rheology of neutrophils and reticulocyte

• erythrocyte hydration à decrease 
hemolysis, reduce intracellular sickling

• Release NO à local vasodilation, 
improve vascular tone



Optimizing hydroxyurea use in sickle cell anemia

Russell E. Ware. Hematology Am Soc Hematol Educ Program, 2015



Clinical indications for HU initiation in SCD

Vivien A. Sheehan. Hematology-Oncology 12:1, 2-15

• Children age ≥ 2 years with moderate to severe sickle cell anemia
Ø Ok to start in children by age 9 months to prevent SCD complications

• Adults with sickle cell anemia and
Ø ≥ 3 pain crises per year
Ø pain that interferes with ADLs or QOL
Ø history of severe or recurrent acute chest syndrome

• Adults with SCD *variants complicated by pain impacting ADLs/QoL

• Adults with sickle cell-related CKD on exogenous erythropoietin

Yawn et al. JAMA. 2014;312(10):1033-1048
*HbSC and Hb Sβ⁺ thalassemia
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Moerdler and Manwani. Hematology Am Soc Hematol Educ Program. 2018;2018(1):493-506.

Novel agents à inflammation and NO bioavailability in SCD



Niihara et al. N Engl J Med 2018 Jul 19;379(3):226-235.



Niihara et al. N Engl J Med 379;3 July 19, 2018

Time to 1st SCD pain episode delayed by 30 days

HR 0.69
95% CI 0.52-0.93

Median: 54 vs 84 days



Niihara et al. N Engl J Med 379;3 July 19, 2018

Time to 2nd SCD pain episode delayed by 79 days

Median days 133 vs 212

HR 0.68
95% CI 0.49-0.96
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Moerdler and Manwani. Hematology Am Soc Hematol Educ Program. 2018;2018(1):493-506.

Novel agents à adhesion in SCD



Ataga KI et al. N Engl J Med. 2017;376(5):429-439



Time to 1st sickle cell-related pain crisis

Ataga KI, et al. NEJM, 2017

Median Time to 1st pain crisis
High-Dose    4.1 months
Low-Dose     2.2 months
Placebo        1.4 months



Time to 2nd sickle cell pain crisis

Ataga KI, et al. NEJM, 2017

Median Time to 2nd pain crisis
High-Dose     10.3 months
Low-Dose        9.2 months
Placebo           5.1 months





Karkoska et al. https://doi.org/10.1002/ajh.26002

https://doi.org/10.1002/ajh.26002


Laboratory changes pre- and post- crizanlizumab infusion

Karkoska et al. https://doi.org/10.1002/ajh.26002

https://doi.org/10.1002/ajh.26002
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Novel agents à RBC sickling in SCD

Moerdler and Manwani. Hematology Am Soc Hematol Educ Program. 2018;2018(1):493-506.



Vichinsky E., et al. N Engl J Med. 2019;381(6):509-519.



Change in Hb levels from 0-24 weeks with voxelator

Vichinsky E, et al. N Engl J Med. 2019;381(6):509-519



Vichinsky E, Hoppe CC, Ataga KI, et al. N Engl J Med. 2019;381(6):509-519

Change in Hb levels at 24 weeks with voxelator





Outline

§ Overview of mechanism of injury in sickle cell disease (SCD)

§ SCD-modifying drugs
Ø Hydroxyurea 

Ø L-glutamine 

Ø Crizanlizumab

Ø Voxelator

§ Curative options



Gene therapy for SCD

33

Demirci, Uchida & Tisdale. Cytotherapy. 2018 July ; 20(7): 899–910
Drysdale et al. Cell Stem Cell 2021; 28:191-208

Slide courtesy of Dr. Kleber Fertrin (University of Washington, Seattle, WA)



Pros and cons of alloHCT vs. Gene therapy

• AlloHCT – pros
• Data on longer follow up
• Expanding donor pool: haplo
• Can achieve 100% chimerism

• AlloHCT – cons
• GVHD
• Immunosuppression
• Long-term effects of radiation?

• Gene therapy – pros
• No need for donor
• Only needs 30% Hb replacement?
• No GVHD

• Gene therapy – cons
• Cost
• Off-target effects, myeloid 

neoplasms?
• Residual “mild” SCD?

34Slide courtesy of Dr. Kleber Fertrin (University of Washington, Seattle, WA)



HbA

HbS

Matched related HCT
Haploidentical HCT

Gene therapy

Transfusion
Voxelotor

Crizanlizumab

L-glutamine

Hydroxyurea

Summary: Therapeutic options for SCD
Children<5y: penicillin; All: folate supplementation

HydroxyureaHydroxyurea

Adapted from Costa FF & Fertrin KY in: “Sickle Cell Anemia: From Basic Science to Clinical Practice”, Ch 12, Springer, 2016.

Hemolytic anemia

Vaso-occlusion

Novel HbF inducers
Novel anti-sickling agents

Novel anti-adhesion mabs

Hydration
Pain medication
Antibiotics



SCD Educational resources
• NHBLI Evidence-based Management of Sickle Cell Disease
– Expert Panel Report (2014)

• ASH Benign Hematology Curriculum 
– Sickle cell disease course

• ASH Clinical Practice Guidelines on SCD*
o Cardiopulmonary and Kidney Disease
o Transfusion Support
o Cerebrovascular Disease
o Management of Acute and Chronic Pain
o Stem Cell Transplantation

• UCSF Benioff Children’s Hospital SCD Bootcamp

*ASH Pocket Guides (download from App store)



Thank you


