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Learning objectives

 Define the pathophysiology and clinical manifestations of sickle cell 
disease and describe its global impact

 Evaluate current management strategies for sickle cell disease, with 
a focus on managing painful vasoocclusive crisis

 Appraise where cellular and gene directed therapy fits into the 
spectrum of therapeutics for patients with sickle cell disease



Single gene hemoglobin disorder with multiorgan dysfunction

Stuart and Nagel Lancet 2004; Thein & Howard Blood 2019

Recurrent vasoocclusive crises Multiorgan vasculopathyHb polymerization



Beyond borders: Geographic inequity

https://www.notaloneinsicklecell.com/Global-Impact-Of-SCD/

Globally the 
commonest 

genetic blood 
disorder



Sickle pathophysiology involves multiple parallel pathways

Phenotypic heterogeneity of SCD

• Persistence of fetal hemoglobin (HPFH)
• Mutations affecting fetal hemoglobin 

expression
• Coinheritance of alpha thalassemia
• HbSC and HbSβ+thal

• Iron status
• Undefined factors

Sundd et al Annual Review of Medicine 2019



Current treatment targets and approved treatments
Sickle Cell Disease Investigational therapies 

(* FDA approved for SCD)

Hb, hemoglobin; HbS, sickle hemoglobin; Glu, glutamine; Val, valine; Slide courtesy Dr. Swee Lay Thein, modified 2024
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Agents 
that 
prevent 
red cell 
sickling

• Fetal Hb expression
Hydroxyurea*, Decitabine, Panobinostat
Gene editing* - FDA approval Dec 2023

• Hb O2 affinity 
Voxelotor* - FDA approved Nov 2019
Pyruvate kinase activators

• Allogeneic BMT
• Gene addition* - FDA approval Dec 2023

• Simvastatin
• Regadenoson
• Rivaroxaban
• Ticagrelor
• Isoquercetin

• Crizanlizumab* (Nov 2019)
• L-Glutamine* (Jul 2017)
• Vepoloxamer
• Rivipansel



Beyond Pain: Sickle Cell World Assessment Survey

https://www.notaloneinsicklecell.com/Impact-of-Pain-Crises/#sway; Osunkwo et al Amer J of Hematol 2021

>2100 
individuals 
surveyed 
from 16 

countries

Fatigue; Bone aches; headache
Fear of dying

https://www.notaloneinsicklecell.com/Impact-of-Pain-Crises/#sway


Complications occur at all life stages

Kavanaugh P et al JAMA 2022



Acute and chronic complications of SCD

• 29 year old female with HbSS
disease

• Presents to the ER with acute pain 
typical of her usual “crisis”

• She denies any obvious triggering 
factors

• She is not taking hydroxyurea or any 
other disease modifying therapy

• You admit her for management of an 
acute vasoocclusive event

Kato et al. Nature Reviews 2018



Sickle Cell Disease – VOC treatment is mostly symptomatic
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Slide courtesy Naoya Uchida 2018, modified 2019 & 2023; VOC, vasoocclusive crisis



Symptomatic management
 Rapid initiation of individualized opioid 

analgesia (<30 min) is desirable

 Adequate initial dosing; Repeated frequent 
administration until pain improves (?PCA)

 Patient-specific dosing protocols provide 
better clinical outcomes*

 Use NSAIDs as adjunct, if not contraindicated

 Adjuvants - fluid, oxygen, others 

Disease modifying therapy
 Medication
 Hydroxyurea 
 Crizanlizumab 
 L-Glutamine 
 Voxelotor

 Social factors impact treatment 
success

 Patient education 

Management of acute vasoocclusive crisis 

*Tanabe Eur J Haematol 2023; Masese et al Blood (2023) 142 (Supplement 1): 3671



Sickle cell disease modifying therapy
Hydroxyurea* 
(hydroxycarbamide)

L-glutamine** 
(Endari)®

Crizanlizumab**** 
(Adakveo)®

Voxelotor*** 
(Oxbryta)®

Mechanism 
of action

Increases fetal Hb

Reduce sickle Hb
Reduces crisis

Unknown; provide 
amino acid source to red 
blood cells
Reduces crisis

Reduces red, white, 
platelets sticking to 
blood vessel wall
Reduces crisis

Hb binds to oxygen 
irreversibly
Reduces sickling of Hb
Reduces anemia

Predominant 
treatment 
effect

Patients (HU,
n=152; placebo,
n=147) had decrease 
in VOE from 4.5 to 
2.5/y

Patients (Endari, n=152; 
placebo, n=78) had a 
25% reduction in VOE 
33% Reduction in 
hospitalization

Patients (Adakveo, 
n=67; placebo, n=65) 
had a reduction in 
VOE from 2.98 to 
1.63/y)

Patients (Oxbryta, n=90; 
placebo, n=92) 51% had 
an increase in Hb ≥1 
g/dL at 24 weeks

Formulation  Oral, daily Oral, daily Intravenous every 4 
weeks

Oral, daily 

Rx duration Lifelong Lifelong Try for at least 3-6 
months

Lifelong 

*Charache et al. New Engl J Med 1995; **Niihara et al N Engl J Med 2018; *** Vichinsky et al N Engl J Med 2019; **** Ataga et al N Engl J Med 2017 



Hydroxyurea: mechanism and efficacy

Hydroxyurea (HU) 
mechanism of action#

 Ribonuclease 
reductase inhibitor

 Induces HbF
 Reduced sickling
 Improved rheology
 Myelosuppression
 Nitric oxide donor
 Reduced adhesion

*Multicenter HU study      **Baby HUG study
HU Placebo P 

value
HU Placebo P 

value

Number of patients 152 147 96 97

Pain (VOC) 2.5/y 4.5/y <0.001 177 372 0.002

Acute chest 25 51 <0.001 8 27 0.017

Dactylitis 24 123 <0.001

Hospitalization 1/y 2.4/y <0.001 232 321 0.050

Transfusions 48 73 <0.001 35 60 0.033

*Charache et al. New Engl J Med 1995
**Wang et al. The Lancet 2011
Tshilolo et al New Engl J Med 2019 (REACH investigators)

#McGann & Ware Expert Op on Drug Saf 2015



Underutilization persists since 2014 SCA treatment guidelines*

Gap in evidence based practice# ^

 86/677 (15.1%; 95% CI, 12.3%-18.3%) 
were treated with hydroxyurea within 3 
months of their third encounter.

 At 12 months, this only increased to 
22.7% (95% CI, 18.9%-27.0%).

 Little change in the observed patterns 
of yearly DMT use from 2014 to 2021^

*Yawn et al JAMA 2014 NHLBI guideline summary;  # Stetler et al, JAMA 2015; ^ Newman et al JAMA Open 2023 



Case scenario 1

• Recently moved to the 
United States (US)

• Does not have a primary 
care provider

• She is not taking hydroxyurea or 
any other disease modifying 
therapy.

• She wants to know when she will 
be transfused. “she feels so 
much better with a unit of blood”.



Sickle complication Screening recommendation Prevention strategy

Encapsulated organism sepsis due to 
functional asplenia

Not applicable Penicillin prophylaxis twice daily until 
age 5 and routine immunization lifelong

 Cognitive impairment and 
developmental delay

 American Academy of Pediatrics and 
Neurology surveillance screening tools

No preventative strategy is available.

Vasculopathy
 Arterial – overt stroke
 Arterial - silent infarcts
 Venous – venous thrombosis

 Yearly TCDs between ages 2 & 16
 MRI brain during school & as adults
 NA

Chronic red cell transfusion for high risk 
and switch to HU
Heparin prophylaxis

Nephropathy Yearly urine microalbumin starting at age 10 No preventative strategy is available.

Retinopathy Dilated eye exam every two years starting at age 
10

No preventative strategy is available.

Perioperative setting to prevent 
complications, specifically ACS

Determined case by case and type of surgery Preoperative red cell transfusion for 
general anesthesia lasting >1hr

Primary prevention recommended in SCD

Kavanaugh P et al JAMA 2022



Tisdale et al. Treating Sickle Cell Anemia. Science 2020



Curative therapy: Stem cell transplantation

Allogeneic stem cell transplantation

 Eligibility: HbSS or HbSβ0thal  

- Severe sickle cell disease 
- High risk individuals

 Must have a matched sibling donor

 Complications: 
- short term TRM 
- long term GVHD

 Cost: high burden on health system

Outcomes

Gluckman et al Blood 2017; Registry data for HLA identical sibling HSCT; 1000 transplants between 1986 and 2013



Case scenario 2

• 36 y.o. F with HbSS and prior history of ACS 
x 2, VOC 3/year and life-threatening PE on 
lifelong anticoagulation and Rt heart 
catheterization documented Pulm Htn

• Underwent haploidentical-HSCT
• Estimated 2-year EFS = 88% (95% CI: 

73.5%, 94.8%)*
• Durable donor engraftment at 2-years with 

low mortality. 
• The 2-year EFS and OS are comparable to 

that reported after MSD myeloablative HSCT

• On d+41 developed sudden loss of 
consciousness; CT brain  shows intracranial 
hemorrhage

*Kassim et al: ASH 2023 LBA-4 Reduced Intensity Haploidentical Bone Marrow Transplantation in Adults with Severe SCD: BMT CTN 1507; n=54 

Case from Dr. Courtney Fitzhugh, CMTB, NHLBI



Gene addition (ex vivo)*
 Phase 2 study of Lovo-cel® infusion in 47 patients 

with 60 months follow-up (126 pt yrs)
 Reduction in VOE from 3.5/year to 0/year
 Over 40% of total hemoglobin was HbAT87Q

 Toxicity mild; no malignancy in 37 months f/u.

Gene disruption (ex vivo)**
 CRISPR-Cas9 targeting of gene:

- **BCL11A erythroid- enhancer 
- ***HBG1 & HBG2 gene promoters

 Phase 3 non viral, Exa-cel® infusion robustly 
induced HbF (n=44)

 VOE free = 97%; hospitalization free post infusion 
= 100%

 Toxicity mild; stable durable editing in HSPCs

Curative therapy: Gene directed treatment

*Kanter el al New Engl J Med 2022; **Frangoul et al New Engl J Med 2021; ***Sharma et al New Engl J Med 2023; Data from presentations made at ASH 2023



Life changing benefits versus massive costs

Hardy et al: Assessing Psychosocial Readiness for Gene Therapy in Sickle Cell Disease: A Consensus Statement ASH 2023



Continue identifying newer therapeutic options but widely implement approved therapy

Establish role of curative therapy in representative populations

Measure impact of curative therapy and establish its durability

Clarify how treatment can be more readily available and affordable for all populations 
living with SCD

Incorporate the future of SCD treatment into current management



Summary

 Define the pathophysiology and clinical manifestations of sickle cell 
disease and describe its global impact

 Evaluate current management strategies for sickle cell disease, with 
a focus on managing painful vasoocclusive crisis

 Appraise where cellular and gene directed therapy fits into the 
spectrum of therapeutics for patients with sickle cell disease
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