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• Brief overview of the pathophysiology of sickle 
cell disease.

• Discuss new pathophysiologically‐based 
therapies for sickle cell disease.

Objectives
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Overview / Pathophysiology

Pathophysiologically‐based 
Therapeutic Approaches

Clinical Trials
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Hemoglobin
• Four globular proteins (globins)

– 2 α‐like globins
– 2 β‐like globins

• Four heme groups
– One per globin chain
– Reversibly bind O2 (CO2, NO)

• Hb synthesis must be balanced 
and coordinated

• All components are labile and 
toxic
– globins, heme, iron 
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Beta globin “Switching” at Birth
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DNA     Protein
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HbS  (α2βS
2)

• βS : Single amino acid 
substitution 
Glutamic acid  Valine 

• Valine creates a hydrophobic 
region on the β globin
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Hemoglobin changes shape
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Molecular Pathophysiology

5/2/14
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• Deoxygenation 
results in ‘relaxation’
of the βS subunits

• Formation of non‐
covalent bonds 
between β S  proteins 
• Formation of 14‐
stranded helical 
polymers.
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Bunn HF.  NEJM 1997



Delay time
• Delay time: period during which HbS is 
deoxygenated, but not yet polymerized

• If passage through the capillaries exceeds the 
delay time, hemoglobin will aggregate, initiate 
polymerization, and sickling.
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Cellular Pathophysiology
• Polymerization leads to:

• Distortion of cell shape
• Damage to RBC membrane
• Abnormal RBC permeability
• Irreversible sickling

• Premature hemolysis       =  Hemolytic Anemia
• Impairment of RBC flow  =  Tissue Infarction
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Hemolysis and Nitric Oxide depletion
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• ↓ NO
• Endothelial
dysfunction
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Cellular Pathophysiology
• Vascular endothelial dysfunction
• Sickle RBC binds endothelium more readily. 
• Role of    ‐ Reticulocytes

‐WBC
‐ Platelets
‐ Coagulation cascade (Thrombin)

• Dysregulation of vascular tone (NO mediated)
– ↑  red blood cell transit Ɵme 
– ↑ oxygen extracƟon
– ↑ sickling and vaso‐occlusion. 
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Intra-cellular 
dehydration

Reperfusion Injury
Inflammation
Endothelial Activation

Vaso-occlusion

Nitric Oxide 
consumption

Hemolysis
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Clinical Risk Stratification ‐ CSSCD

Miller S et al. NEJM 2000
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Intravital Microscopy
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Cremaster Muscle Venule + TNF

Frenette P et al. Microcirculation 2004   



Leukocyte contribution to VOC

Manwani D and Frenette PS Blood. 2013:122(24):3892-3898
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Overview / Pathophysiology

Pathophysiologically‐based 
Therapeutic Approaches

Clinical Trials

22



Fetal Hemoglobin (HbF)

• Fetal life and early infancy are a “Honeymoon 
period” for sickle cell disease.

• Very few VOC complications observed.

• Higher Oxygen affinity

• Does not participate in polymerization.
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Polymerization “blocked” by HbF

X
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Beta globin “Switching” at Birth
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Pharmacologic induction of Hb F
HYDROXYUREA
Old drug – New indication.

» first synthesized in 1869
» anti‐neoplastic since the 1960’s

Ribonucleotide reductase inhibitor.
» mechanism of action unclear.

– ↑  Hemoglobin F
– ↓  HbS polymerizaƟon and hemolysis
– ↑  Hemoglobin
– ↓  White Blood Cells       (“Side‐Effect”?)
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Hydroxyurea – Clinical Trials

MultiCenter Study of Hydroxyurea (MSH)    (1992‐1995)
• Adults
• ↑ Hemoglobin F;   ↓ Hemolysis & Anemia;  ↓ white blood cells

• ↓ pain crises by 40%;  ↓ acute chest syndrome by 50%;  ↓ transfusions by 50%

MSH Follow‐Up                                                   (1996‐2001) 
• 40% reduction in mortality after 9 years of follow‐up

MSH Follow‐Up                                                   (1996‐2010) 
• after 17.5 years of follow‐up

Steinberg MH et al. Am J Hematol 2010;85: 403–408.

Charache S et al. N Engl J Med 1995;332:1317-1322.

Steinberg MH et al  JAMA. 2003;289(13):1645-1651
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Hydroxyurea – Clinical Trials

HUG‐KIDS (1994‐1996)
• Children 5‐15 y.o. with severe disease.

• Similar laboratory and clinical results as MSH

HU‐SOFT (1996‐2001) 
• Age >2 y.o.   Good Laboratory & Clinical effect.  

• Normal growth/development.

Baby HUG (2003‐2007) 
• Age 9–18months. 

• Dose limited to 20 mg/kg/day for 2 years.

Kinney TR et al. Blood 1999 94:1550-1554

Hankins JS et al. Blood. 2005 Oct 1;106(7):2269-75.

Wang WC et al.  Lancet. 2011 377(9778):1663-72.
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Effect of Hydroxyurea on ED Utilization of All Patients (n=61)
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Who should get Hydroxyurea? 2016

Indications:  
a) ?? age HbSS, HbSβ0 + ?? HbSC.
b) Frequent pain crises.
c) Acute chest syndrome.
d) Parental request
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Chronic Transfusion & 
Erythrocytapheresis

Protection from CVA, ACS

• Iatrogenic Fe overload
• Allo‐sensitization
• Unknown Infectious Risk
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Iron Accumulation in “STOP”

Files B et al, JPHO 2002;24:284-90
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How do we get the iron out?
Deferoxamine

(Desferal)

Overnight SubQ infusion

Deferasirox
(Exjade, Jadenu)

Once daily oral dose
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Deferiprone (Ferriprox)

Three times daily oral dose



Overview / Pathophysiology

Pathophysiologically‐based 
Therapeutic Approaches

Clinical Trials
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• Pediatric Research Equity Act (PREA 2003)
• Best Pharmaceuticals for Children Act (BPCA 2002) 

– Increase pediatric trials to ensure adequate testing, safety, 
and efficacy of new therapies for children. 

– Simple goal ‐ develop new and innovative evidence‐based 
therapies to extend/enhance lives of children.

• Orphan Drug Act (ODA 1983)
– Tax incentives.
– Enhanced patent protection and marketing rights.

• Rare Diseases Act (RDA 2002)
– Establish Office of Rare Diseases at NIH.

Changing Landscape in U.S.
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• Manipulation of Oxygen dissociation curve
• Leukocyte/Selectin inhibition
• Platelet inhibition
• Anti‐inflammation
• Endothelial Dysfunction

• Stem Cell Transplant and Gene Therapy

Pathophysiologically‐based Therapies
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• AesRx (Aes‐103)
• Global Blood Therapeutics (GBT440)

Manipulation of Oxygen Dissociation
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Study Aes‐103‐002 (NCT01597401)
• For those with measurable pain at baseline 
(NPRS  2) pain was significantly reduced in a 
dose‐dependent and time‐dependent manner.
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Kato GJ, ASH Annual Meeting 2013 Abstract



• A novel small molecule.
• Reversible binding to α‐globin.
• Stabilizes Hb ‐ O2 conformation.
• Dose‐dependent increase in Hb ‐ O2 affinity.
• Highly selective for Hemoglobin.
• Prevents RBC sickling and prolongs RBC half‐
life in a murine model of sickle cell disease.

Global Blood Therapeutics (GBT440) 
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Hemoglobin  (g/dL)

GBT440‐001 (NCT02285088)
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Relative change from baseline, median, and 25th and 75th %ile

Reticulocyte count (%)

Lehrer-Graiwer J et al. EHA 2016



Irreversibly sickled cells (smear)

GBT440‐001 (NCT02285088)
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Lehrer-Graiwer J et al. EHA 2016



• Glycomimetics / Pfizer (Rivipansel)
– Small molecule pan‐selectin blocker
– Phase II (NCT01119833) complete.
– Phase III RESET  (NCT02187003) enrolling.

• Selexys (SelG1)
– P‐selectin specific humanized monoclonal 
antibody 

– Phase 2 SUSTAIN (NCT01895361) complete.

Leukocyte/Selectin inhibition
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Selectin Biology
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Rivipansel (GMI‐1070)
• Phase II multi‐center, prospective, 
randomized, double blind study in hospitalized 
sickle cell disease patients experiencing VOC. 

• N = 76 patients  22 N.A. sites 
• Ages 12 to 60 years
• HbSS or HbSβ0 thalassemia with VOC.
• Loading dose IV, followed by q 12 h doses.
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Telen M. Blood. 2015 Apr 23;125(17):2656-64



Rivipansel (GMI‐1070)
• Rivipansel decrease time to resolution of VOC 
(p=0.19).

• 83% reduction in cumulative IV opioid use (p=0.010). 
The effect on opioid use was seen within 24 h.
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Telen M. Blood. 2015 Apr 23;125(17):2656-64



Rivipansel
• RESET (NCT02187003)
• Phase III multi‐center, prospective, 
randomized, double blind study in hospitalized 
sickle cell disease patients experiencing VOC. 

• N = 350 patients  83 sites 
• Ages >6 years
• HbSS, HbSβ thalassemia, HbSC or HbS‐Variant
• Loading dose IV, followed by 8 X q 12 h doses.
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Selexys – SelG1 
• SelG1 is a humanized 

monoclonal antibody 
that binds to human P‐
selectin and blocks the 
interactions with its 
ligand PSGL‐1. 

• Human IgG2 heavy chain 
constant region was 
exploited to eliminate 
potential antibody 
effector function as the

• Human kappa light chain 
constant region.
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P‐selectin
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http://www.selexys.com/



Selexys – SUSTAIN (NCT01895361)
• Phase II, multicenter, randomized, placebo‐
controlled, double‐blind, Study to Assess 
Safety and Efficacy of SelG1 With or Without 
Hydroxyurea Therapy in Sickle Cell Disease 
Patients with Sickle Cell‐Related Pain Crises.

• Age 16 ‐ 65 years 
• 2 ‐ 10 VOC within the last 12 months. 
• HbSS, HbSC, HbSβ0‐ and HbSβ+‐thalassemia.
• N = 174 
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Selexys – SUSTAIN (NCT01895361)
• Administered IV over 30 min. followed by 60 
min. monitoring

• Loading Dose: Day 1 and Day 15 ± 3 days 
• Maintenance Dose: beginning at Week 6 and 
continuing every 4 weeks through Week 50 
(Final Dose). 

• Study completed – Results pending.

56



• ADP released from hemolyzing sickle cells 
induces platelet activation through the 
platelet P2Y12 ADP receptor. 

• Platelet P2Y12 ADP receptor antagonists
• Eli Lilly (Prasugrel)

‐ Phase 3 DOVE trial (NCT01794000) completed.

• Astra Zeneca (Ticagrelor)
‐ Phase 2 HESTIA trial (NCT02214121) enrolling.

Platelet inhibition
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Molecular targets of antiplatelet agents
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Michelson AD. Nat Rev Drug Discov. 2010 Feb;9(2):154-69.



• Multinational Phase III, Double‐Blind, 
Randomized, Efficacy and Safety Comparison 
of Prasugrel and Placebo in Pediatric Patients 
with Sickle Cell Disease.

• HbSS and HbSβ0 thalassemia.
• Age ≥2 and ≤16 years.           N=341 
• 9 months of treatment with an OLE.
• 51 study sites in 14 countries.

– USA, Canada, Brazil, Lebanon, Egypt, Turkey, Italy, Belgium, France, UK, 
Netherlands, Ghana, Kenya, Oman, Saudi Arabia, UAE

Prasugrel
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Rate of VOC

Treatment No
Patients 
w/events

(%)

Total no 
events

Length of 
follow‐up

Event 
rate

Crude rate 
ratio

Rate Ratio 
95% CI
(lower, 
upper)

p‐value

prasugrel
(N=171)

115 (67.3) 328 142.89 2.295 0.830 0.83
(0.66, 1.05)

.117

placebo 
(N=170)

123 (72.4) 408 147.44 2.767

Heeney MM et al. N Engl J Med 2016; 374:625-635
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Mean number of VOC

Heeney MM et al. N Engl J Med 2016; 374:625-635
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• Omega 3 Fatty Acids (Fish oils)
– Lovaza (NCT01202812) ? Status.
– Sancilio & Co (NCT02604368) ? Opening soon.

• Regadenoson
– selective adenosine A2ARc agonist
– Phase 2 trial (NCT01788631)  Enrolling.

Anti‐inflammation
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Professional illustration by Eric Smith 

/REGADENOSON

Sickle Cell and Cytokines
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Study Design
• Phase II ‐multicenter, prospective, double 
blind, placebo controlled trial in SCD patients 
admitted with pain and/or mild to moderate 
ACS.

• Regadenoson vs. Placebo  ‐ 48hr infusion
• Primary objective: 

– effect on iNKT cell activation.

• Secondary objectives: 
– effect on LOS, respiratory Sx, opioid use, 
inflammatory markers
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• Mast Therapeutics (MST‐188 Velpoloxamer)
– EPIC trial (NCT01737814) Completed.

Endothelial Dysfunction
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Velpoloxamer ‐ Background & Rationale
• Vepoloxamer is a nonionic material that reduces erythrocyte 

aggregation and cellular adhesion to the vascular 
endothelium.

• Vepoloxamer adheres to damaged cell membranes, restoring 
the cell’s natural, hydrated, non‐adhesive surface and 
decreases whole blood viscosity.
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• A Phase III Randomized, Double‐Blind, 
Placebo‐Controlled, Multicenter Trial of 
Vepoloxamer in Sickle Cell Disease with Vaso
Occlusive Crisis.

• HbSS, HbSC, HbSβ0 thal, or HbSβ+ thal.
• Age 4 ‐ 65 years.             
• N=388
• 77 study sites in 14 countries.

• USA, Canada, Belgium, Brazil, Dominican Republic, Jamaica, Jordan, 
Lebanon, Oman, Panama, Spain, Turkey...

EPIC (NCT01737814)
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Velpoloxamer ‐ Results
September 2016
• Velpoloxamer did not significantly reduce in the 
mean duration of VOC compared to placebo (82 
hours vs 78 hours (p=0.09)). 

• No statistically significant differences between 
Velpoloxamer and placebo for the rate of re‐
hospitalization for VOC or the occurrence of acute 
chest syndrome.
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Velpoloxamer – Ramifications?
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Shift in Therapeutic Focus

Series of childhood life‐threatening events 
&

Identification & management of organ damage

↓
Cure?

Bone Marrow/Stem Cell Transplant
Gene Therapy 



What can you do ?

89

• Ask Questions.
• Be Involved.
• Participate in Research.




