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Overview of Presentation

• Background: Timeline of Therapies in SCD
• Background: Complications in Sickle Cell Disease
• Review of current disease modifying therapies and 

clinical trials
• Review of new mechanisms of action for new 

disease modifying therapies 
• Considerations and Clinical Scenarios for therapies 

in SCD
• Review current  FDA approved  treatments and 

Curative therapies 



Future for new therapies are Bright for SCD!

• There are  over 20 new therapeutic 
products under investigation for SCD

• These include Bone Marrow 
Transplant and Gene Therapies



Time of therapies in SCD



Background: Novel Therapeutics for SCD

• New Approaches to SCD Therapies have shifted in 
many ways in the past 5-10 years.

• 1) Renewed Focus on what’s Outside the RBC 

• 2) What’s really happening inside the Sickle Red 
Blood Cell? Other mechanisms that trigger sickling.



CASE

16 y/o male with Hgb SS Sickle cell disease 
who is maintained on hydroxyurea @ 
25mg/kg/day with Hgb 8.5 and fetal 
hemoglobin( Hgb F) of 25%  ( MCV 100) and  
has had an increase in pain in  his lower legs x 
6 mos.  What should we do to optimize his 
sickle cell care?

What are his treatment options??



Considerations: What’s happening in the sickle cell 
patient? What complications exist now or happen 
recurrently ?



Overall Complications in an aging SCD patient



Considerations for the type of treatment: 
Age, How is it given, side effects, indications

• Considerations
– Age eligibility(  2 y/o, 5 y/o, 12 y/o, 16, y/o, 18 y/o)
– Route of delivery( oral vs IV); tablet vs solution
– Side Effect Profile

• Indications
– Prevention of ongoing  end organ damage
– Decrease the frequency of symptoms/complications

• Pain episodes
• Acute chest syndrome
• Priapism
• Lack of energy
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Disease progression or
Compliance? 
Both???

Does 
Compliance/ 
adherence 
drop off?

Compliance/Adherence



AYA Transition Considerations and 
Compliancewhere will you go?
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• Adults who had died, the average time between transfer of care and death was 1.8 
years (Quinn et al, 2010). 

• 2-3 Fold increase Mortality of SCD patients >18 years vs their younger pediatrics

• Unfortunately, this period of transition is often defined by patients “lost to follow up” 
due to 

• Poor acceptance of new adult healthcare providers

• non-adherence to disease-modifying treatments such as hydroxyurea

• sharp increases in rates of hospitalization and readmission

• Lack of Adult Hospitals caring for SCD patients

• Lack of Geographic Regional Clinics and Hospitals



SICKLE CELL DISEASE- Types of Therapies

• Categories
– Disease Modifying

• Change the course of the disease without cure
– Hydroxyurea
– Oxbryta
– Adakveo
– Endari-L Glutamine

– Curative therapies
• Bone Marrrow( Stem Cell) Transplantation

– Sibling match
– Haplo( Half match, i.e. parent) identical match
– Match Unrelated Donor

– Gene Therapy
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SICKLE CELL DISEASE- Types of Therapies
– Quality of Life

• Effective in improving or maintaining a acceptable quality of life

Risks and Benefits
• Side effects acceptable??
• Short term risksGI,strokes
• Long term risks-->
• Development of another chronic disease( i.e GVHD) or worsening 

the health of another organ ( i.e. kidney)
• Mortality( chance of dying from this therapy)

• Reproductive health
– Spermatogenesis/ sperm count
– Oocyte( eggs) damage
– Sperm collection pre BMT
– Oocyte( eggs) preservation pre BMT/?October 16, 2020



SICKLE CELL DISEASE- Clinical Scenarios

• Clinical Scenarios
– Low Hemoglobin(.i.e Hgb <9.0) on  Maximum Tolerated 

Dose on hydroxyurea 
• Oxbryta

– Persistent Pain on hydroxyurea on Maximum Tolerated 
Dose on hydroxyurea

• Adakveo
• L-Glutamine 

– Development of  severe  red blood cell antibodies or 
history of Hyperhemolysis

• Erythropoietin +/- hydroxyurea
• Volexotor
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Piel FB et al. N Engl J Med 2017;376:1561-1573.

Summary of Recommended Treatment Approaches for 
Sickle Cell Disease before 2019





Complexity of our new understanding of Sickle Cell 
Disease  Pathophysiology:So many factors!!

• ‘



How do new  sickle cell treatments work in SCD?

• ‘



• ‘

Targets of Treatments for SCD



Sickle Cell FDA Approved Drugs (4)

FDA Approved Age

Endari( L-Glutamine) Anti-Oxidant 2017 5 years and older

Hydroxyurea Increases Fetal 
Hemoglobin
Anti-Inflammatory
Anti-Adhesion

Adults  1998

Children   12/2017

18 y/o and older

2 years and older

Oxbryta(Voxelotor) Increases Hemoglobin
Red Blood Cell 
Allosteric Modifier ( 
increases O2 to Sickle 
Cells 

Children and Adults 
11/2019

12 years and older

Adakveo( 
Crizanlizumab)

Anti-Adhesion Children and Adults 
11/2019

16 years and older



Stages of Different Treatments Options from Clinical 
Trials Standard of care/FDA





Blood Transfusion 



Current Curative therapies/strategies



Gene therapies “Disease modifying”  vs “curative like 
results”:

Approaches to Gene Therapy: 
(1) addition of a helpful gene( Gene 

Addition) the level of 
production of this” new 
hemoglobin” determines how well 
it changes the course of the SCD

(2) Gene knockdown (eg, Bcl11A) to 
Improve hemoglobin F levels level 
of production Fetal Hgb determines 
how well it changes the course of 
disease
.



Gene therapies “Disease modifing”  vs “curative like 
results”:

(3) direct globin gene editing to 
“correct”the mutation present (eg, 
changing a hemoglobin S [HbS]–
encoding gene to one encoding 
hemoglobin A); 

(4) Gene editing of globin 
regulatory elements, to at least 
partially reverse the normal 
hemoglobin switching from fetal to 
adult hemoglobin.



Categories of Treatment options: 



Indications for HSCT balanced with donor: 
Risk/Benefit ration Considerations  availability



Benefits of Each Therapy



Benefits of Each Therapy



Benefits of Each Therapy



Benefits of Each Therapy



ADAKVEO: Anti-stickiness/adhesion of cells to the 
vessell wall and to each other( Anti- P Selectin)

• Approved to decrease the 
frequency of vasocclusive
crises in adults and children 
16 y/o and older 

• Given as an IV Infusion  
every 4 weeks after after
initial  and loading doses 
during Week o and Week 4. 
.



Adakveo

• ADAKVEO attaches to P-
selectin, a sticky factor that 
plays a key role in blockages, 
also known as vaso-occlusion

• By attaching to P-
selectin, ADAKVEO blocks 
connections between certain 
cells such as red blood cells, 
white blood cells, and platelets
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Crizanlizumab ( Anti P-Selectin)

Adakveo significantly reduced the median annual rate of VOCs by approximately 
45% vs placebo (1.63 vs 2.98, respectively; P =.010). Reductions in VOC 
frequency were observed regardless of sickle cell disease genotype and/or 
hydroxyurea use.



SICKLE CELL DISEASE

• CHRONIC, LIFELONG, DEBILITATING CONDITION 
RESULTING IN MULTIORGAN DYSFUNCTION  AND 
DECREASED LIFESPAN

• BUT New Therapies are Here and more exciting 
ones are on the Horizon!!
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Hydroxyurea

• The most effective  disease modifying drug in Sickle Cell Disease in 
adults and children

• Offered to children 9  months and older. FDA approved for 
Children 2 years and older

• MSH( Adults)  : HU reduced frequency of pain crisis, 
hospitalization, acute chest syndrome to  by 50%

• Baby HUG: safety and efficacy in infants with SCA 

• Common Adverse Effects: suppression of blood counts, rash, 
stomach discomfort; 

October 16, 2020 Charache 1995;Thornberg 2012

NHLBI guidelines for SCD 2014



Hydroxyurea- How does it work

Thornburg C. et al. Effects of Hydroxyurea on pain, dactylitis, acute chest syndrome and hospitalization in sickle cell anemia (SCA): results from the baby 
hug trial.  American Society of Pediatric Hematology Oncology Conference. May2010. 

Red Blood Cell Changes

How does hydroxyurea work?
Hydroxyurea makes red  blood cells  bigger and less likely to sickle.



Baby HUG Study Results

Thornburg C. et al. Effects of Hydroxyurea on pain, dactylitis, acute chest syndrome and hospitalization in sickle cell 
anemia (SCA): results from the baby hug trial.  American Society of Pediatric Hematology Oncology Conference. 

May2010. 



OXBRYTA(Voxelotor) 
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• Hemoglobin S polymerization 
inhibitor indicated for the 
treatment of sickle cell disease 
in adults and pediatric patients 
12 years of age and older

• Given once-daily(1500mg) as 
500mg tablets



OXBRYTA(Voxelotor) 
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• Voxelotor is designed to work by 
helping hemoglobin, the molecules 
inside red blood cells, hold onto 
more oxygen as the red blood cells 
travel through the body. 

• This keeps red blood cells in their 
normal shape and helps stop 
sickling. 



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

Change in Hemoglobin Level from Baseline to Week 24.

• Overall,achieving greater than 1g/dL increase in hemoglobin (51.1% vs 6.5%)
• Voxelotor increased hemoglobin levels, at 24 weeks, to a mean of 9.8 g/dL

with the highest dose, and 8.9 g/dl with the lowest dose.



Endari( L-Glutamine) :

• Essential amino acid 

• Increased levels are needed in certain conditions 
(such as stress in the red blood cell)

• Indicated to reduce the acute complications 
of sickle cell disease in adult and pediatric 
patients 5 years of age and older

• Uptake of L-glutamine is several times greater in 
sickle red cells than in normal red cells primarily 
to increase the total intracellular NAD level



Y Niihara et al. N Engl J Med 2018;379:226-235.

Recurrent Events of Sickle Cell–Related Pain Crisis over 
Time, According to Trial Group.

The cumulative number of painful crises was 25% lower in the L-glutamine group 
than in the placebo group over the entire 48-week treatment period



Endari( L-Glutamine) :



Endari( L-Glutamine) :



Endari( L-Glutamine) :

• 5 grams to 15 grams orally, twice daily based on 
body weight. 

• Each dose of Endari should be mixed in 8 oz. (240 
mL) of cold or room temperature beverage or 4 
oz. to 6 oz. of food before 



CASE

16 y/o male with Hgb SS Sickle cell disease 
who is maintained on hydroxyurea @ 
25mg/kg/day with Hgb 8.5 and fetal 
hemoglobin( Hgb F) of 25%  ( MCV 100)  and 
has had an increase in pain in  his lower legs x 
6 mos.  What should we do to optimize his 
sickle cell care?

What are his treatment options??
Oxbryta( Voxelotor)?
Adakveo( Crizanlizumab)?

 



SICKLE CELL DISEASE: Exciting times are here!

• SCD: Chronic, lifelong, debilitating condition 
resulting in multiorgan dysfunction  and decreased 
lifespan

• BUT New Therapies are Here and are on the 
Horizon!!

• Discuss with your Hematology provider!
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