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Navigating the Complexities of Sickle Cell Disease: An Expert Perspective

ReachMD Announcer:
Welcome to ReachMD.

This podcast is intended for medical professionals; nothing in this podcast is intended as medical advice. This medical industry feature,
titled “Navigating the Complexities of Sickle Cell Disease: An Expert Perspective,” is sponsored by Agios. Participants featured in this
episode have been compensated for their time.

Here’s your host, Dr. Jennifer Caudle.

Dr. Caudle:
This is ReachMD, and I'm your host, Dr. Jennifer Caudle. Today, our discussion focuses on the pathophysiology, clinical presentation,
burden, and unmet needs of sickle cell disease.

And joining me for our program today is Dr. Samuel R. Wilson. He’s an Assistant Professor of Medicine in the Division of Hematology at
the University of North Carolina School of Medicine in Chapel Hill. Dr. Wilson, welcome.

Dr. Wilson:
Thank you.

Dr. Caudle:
So let's start with some background. What'’s the cause and prevalence of sickle cell disease, both in the U.S. and on a worldwide scale?

Dr. Wilson:
So, sickle cell disease is a group of inherited disorders caused by a variant in the beta-globin gene, leading to the production of

abnormal hemoglobin known as hemoglobin S."2

So, sickle cell disease occurs when a person inherits the hemoglobin S gene with a second variant beta-globin gene, such as another
hemoglobin S or a hemoglobin C, D, or beta thalassemia mutation. And all of this leads to the underproduction of hemoglobin A.3

So people with homozygous hemoglobin S or sickle cell anemia, or SS, the most common form of sickle cell disease, produce mostly
hemoglobin S. And under deoxygenated conditions, such as when our red blood cells deliver oxygen to our tissues, the hemoglobin S
chains will polymerize, or create long chains of hemoglobin. And these chains are inflexible and impact the red cell shape, resulting in
the characteristic sickled shape that we see in sickle cell. And thereby, this leads to abnormal red blood cell function, it leads to red
blood cell breakdown or hemolysis, and ultimately leads to the various clinical manifestations that we see in sickle cell disease, including

vaso-occlusion and anemia.’2

In terms of its prevalence, sickle cell disease is among the most common inherited conditions globally, affecting more than seven million
individuals worldwide, which is a lot.!45

It's more common in people descending from areas where malaria is or was endemic, with an incidence of 0.07 per 1,000 births in
nonendemic areas but 10.68 per 1,000 births in African regions where there’s high malaria endemicity.>8

And in the U.S., it impacts about 100,000 individuals, with higher prevalence in the Black or African-American population at one out of
365 births, and the Hispanic-American population at one out of 16,300 births.®
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The most common genotype for individuals with sickle cell disease in the U.S. is hemoglobin SS, and this accounts for about 75.6
percent of the population.”

Now if we turn to disease burden, sickle cell disease has an annual global mortality of 376,000 individuals#

In the U.S., sickle cell disease continues to be a source of early mortality among the Black American population, with a reduced overall
life expectancy of 40 to 50 years compared to the national average of 70 years, which is a two decade gap. And the sickle cell disease

annual death rate in the Black American population is much higher than in the global population, at 1.91 versus 0.4 per 100,000

population.48

Dr. Caudle:
I'd like to dive deeper into the pathophysiology of sickle cell disease. Could you explain the core processes of disease development and
progression?

Dr. Wilson:

Of course.

So, one key pathophysiological process that we see in sickle cell disease is hemoglobin S polymerization, which leads to all the
downstream of sickle cell disease symptoms. "9

So, what is hemoglobin S? So, The substitution of glutamic acid for valine at the sixth position of the beta-globin chain leads to the
formation of hemoglobin S.1:3

And when hemoglobin S is deoxygenated, it can form long polymers that are rigid and physically distort the shape of the red blood
cells.2:3

This polymerization leads to sickling, impaired blood flow to tissues, and hemolysis.2

We also see increased adhesion-mediated vaso-occlusion as a result of sickled red blood cells, leading to aggregation of inflammatory

cells such as neutrophils, platelets, and endothelial cells, and all of this contributes to impaired blood flow. 12

And another disease mechanism is that the hemolysis-mediates endothelial dysfunction. So, free heme from hemolysis leads to
depletion of endothelial nitric oxide reserves and the generation of oxygen-free radicals. -2

There is sterile inflammation, and that also promotes vaso-occlusion 2

So if we take a look at each of these processes you have deoxygenation of abnormal hemoglobin S polymers leading to intravascular
hemolysis, and then this contributes to the chronic vasculopathy, platelet activation, and pulmonary hypertension. 1

Intravascular hemolysis has many downstream effects. For example, it can inhibit nitric oxide signaling, which can lead to
vasoconstriction and inflammation, and as well it can amplify reactive oxygen species formation, which disrupts the redox balance.? 10

So we see that intravascular hemolysis leads to endothelial dysfunction due to the activation of sterile, or pathogen-free, inflammation,

and this is triggered by the release of heme from hemolysis, and then you get the recruitment of inflammatory cells, and the production of

cytokines that promote adhesion molecules on the endothelial and red blood cells.0:11

These intricate processes contribute to the vaso-occlusion and chronic inflammatory state in sickle cell disease?

Dr. Caudle:
Thanks for walking us through the underlying disease mechanisms, Dr. Wilson. And with that in mind, how does the pathophysiology of
sickle cell disease affect clinical presentation and comorbidities in these patients?

Dr. Wilson:
That’s a really great question, because these disease pathways of vaso-occlusion, inflammation, and hemolysis underlie a wide range of
sickle cell disease clinical manifestations and comorbidities that significantly impact our patients' lives.

So, vaso-occlusion, which is a hallmark of sickle cell disease, leads to acute pain, acute chest syndrome, hyposplenism, osteonecrosis,
and nephropathy.3

And these inflammatory processes in sickle cell disease contributes to a hypercoagulable state, and the nitric oxide dysregulation due to
intravascular hemolysis can cause pulmonary hypertension, priapism, leg ulcers, and cerebrovascular disease.3
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When we look at these sickle cell disease comorbidities by age, we find some differences in presentation.

In a retrospective longitudinal cohort study of over 7,500 individuals with sickle cell disease, vaso-occlusive pain and infection were the
most common symptoms across all ages. Now older adults between the ages of 46 to 64 had higher rates of cardiopulmonary disease
and lower rates of vaso-occlusive pain than younger adults. A major limitation of this study, however, is that genotype information isn’t

included, which does differ by ages because of survival bias.'?

Dr. Caudle:
For those just tuning in, you're listening to ReachMD.

I'm Dr. Jennifer Caudle, and today I'm speaking with Dr. Samuel R. Wilson about sickle cell disease, its underlying pathways, and
disease burden on patients.

So now that we've discussed the symptoms and comorbidities associated with sickle cell disease, Dr. Wilson, can you elaborate on how

these contribute to the disease burden experienced by patients?

Dr. Wilson:
Of course. So in terms of disease burden, sickle cell disease has a significant impact on our patients’ quality of life.

A multi-country, cross-sectional survey assessing the impact of sickle cell disease on the daily lives of over 2,100 patients reported
disrupted functioning in both the emotional and functional domains.'3

For example, 62 percent avoided intense physical activity due to sickle cell disease. Now some part of this was probably due to the
worry about exercise leading to symptoms occurring, like painful episodes for 58 percent, exhaustion for 55 percent, and dehydration for
48 percent.!3

Patients also reported disruptions in daily functioning and relationships, such as in family and social life activities for 41 percent,

household daily activities for 38 percent, sexual desire and/or activity for 32 percent, and their relationship with spouse or partner for 32
13

percent.

Putting this into perspective, the baseline physical functioning health-related quality of life in sickle cell disease has been comparable to
or worse than in chronic diseases such as cancer, cystic fibrosis, and obesity, which we understand has a huge impact on quality of
life.14

And if we consider the economic burden, the impact on healthcare costs and utilization is substantial.

So, in a retrospective observational study analyzing electronic health record claims over a ten-year period, the annual incremental
economic burden of sickle cell disease was estimated to be approximately three billion dollars, with inpatient costs accounting for 57
percent of the total and outpatient costs for 38 percent.'®

Meta-analysis and systematic review of the literature found that there were varying rates in the number of annual emergency department

visits, hospitalizations per patient per year, and rates of readmission in adults with sickle cell disease.®

Dr. Caudle:
And what are the current unmet needs in sickle cell disease screening?

Dr. Wilson:
Despite advancements in the understanding and management of sickle cell disease, there are unmet needs in screening.

For instance, ensuring universal newborn screening for sickle cell disease worldwide is and continues to be a major challenge. Many
individuals born in regions without universal sickle cell screening or before its widespread implementation in areas such as the U.S.

may have missed diagnoses. And globally, standardized protocols for screening adults are Iacking.”’18

Dr. Caudle:
And what about unmet needs in treatments?

Dr. Wilson:

So in the past 30 years, we have had an expansion in treatment options for sickle cell disease, which is welcome. Yet, given the current
morbidity that we see in sickle cell disease, despite the availability of these treatments, I'm eager for the development of additional
disease-modifying treatments that are better tolerated, have fewer side effects, and improve the quality of life and morbidity in sickle
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cell.

Now we've touched on the clinical repercussions of vaso-occlusive events in sickle cell disease, but it's also crucial to understand the
benefits of increasing hemoglobin levels.

A systematic literature review with meta-analysis modeling demonstrated that an increased hemoglobin of one gram per deciliter or
more decreased risks of strokes and silent cerebral infarcts by 41 percent, albuminuria by 53 percent, and mortality by 64 percent. It's
important to note that the studies included in these meta-analysis covered all genotypes and included patients both with and without

treatment with hydroxyurea or transfusions.20

Currently available treatments include disease-modifying and transformative therapies.

Disease-modifying treatments include transfusions and pharmacotherapies.!9:21:22

Red blood cell transfusions reduce circulating hemoglobin S-containing red blood cells 321

And pharmacotherapies can target a number of mechanisms underlying the pathophysiology of sickle cell disease, such as:19:21

¢ Increasing the fetal hemoglobin, which prevents hemoglobin S polymerization
e or by reducing oxidative stress

e inhibiting P-selectin, which contributes to vaso-occlusion

¢ and inhibiting hemoglobin S polymerization.

Transformative therapies, such as hematopoietic stem cell transplant or gene therapy, replace the bone marrow stem cells with donor or
edited stem cells that do not sickle.4:23
Each of these treatments has its limitations, including cost, tolerability, effectiveness, side effects, and thus a patient-centric approach

should be utilized when determining the best treatment for each patient.

Dr. Caudle:

With these unmet needs in mind, what emerging therapies are on the horizon for sickle cell disease?

Dr. Wilson:
The emerging treatment strategies for sickle cell disease aim to target the various pathways involved in the pathophysiology of the
disease.

An upstream target is pyruvate kinase activation, which aims to improve the red blood cell health and survival while simultaneously
reducing hemoglobin S polymerization and red blood cell sickling. It does this by increasing ATP and decreasing 2,3-DPG.24

One strategy to inhibit hemoglobin S polymerization is by increasing fetal hemoglobin production. As we mentioned earlier, fetal
hemoglobin interrupts hemoglobin S polymerization. So fetal hemoglobin production can be increased via pharmacotherapies or via

gene therapy. 9.2
Downstream of that, targeted strategies include novel therapies that target other aspects of sickle cell disease pathophysiology, such as
inflammation, oxidative stress, and adhesion molecule expression.24:25

Each of these emerging treatment strategies has value, and an individualized treatment approach should consider the patient’'s goal of
care and preferences through shared decision-making.

Dr. Caudle:
And as we conclude our discussion today, Dr. Wilson, what key points would you like to leave with our audience?

Dr. Wilson:

Thank you. So it's important to keep in mind that sickle cell disease is a group of inherited disorders caused by variations in the beta-
globin gene.214

And a key process in the disease development is hemoglobin S polymerization. This leads to a cascade of pathologic processes,
resulting in endothelial dysfunction, vaso-occlusion, and inflammation.2:°
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These disease pathways underlie the sickle cell disease clinical presentation and comorbidities, including impaired health-related
quality of life and a considerable annual mortality burden.413:14

Dr. Caudle:
Well, as those key takeaways bring us to the end of today’s program, I'd lile to thank my guest, Dr. Samuel R. Wilson, for helping us
shed light on the complexities of sickle cell disease and the ongoing efforts to improve care for these patients.

Dr. Wilson, it was great speaking with you today.

Dr. Wilson:
It was a pleasure talking with you as well. And thank you for the invitation.

ReachMD Announcer:
This medical industry feature was sponsored by Agios. If you missed any part of this discussion, visit Industry Features on
ReachMD.com, where you can Be Part of the Knowledge.

References:

1. Sedrak A, Kondamudi NP. Sickle cell disease. StatPearls Publishing; 2023. Updated August 12, 2023. Accessed April 16, 2024.
https://www.ncbi.nIm.nih.gov/books/NBK482384/.
2. Sundd P, Gladwin MT, Novelli EM. Pathophysiology of Sickle Cell Disease. Annual Review of Pathology. Mechanisms of Disease.
2019;14(1):263-292. doi:10.1146/annurev-pathmechdis-012418-012838
3. Rees DC, Williams TN, Gladwin MT. Sickle-cell disease. The Lancet. 2010;376(9757):2018-2031. doi:10.1016/S0140-
6736(10)61029-X
4. Thomson AM, McHugh TA, Oron AP, et al. Global, regional, and national prevalence and mortality burden of sickle cell disease,
2000-2021: a systematic analysis from the Global Burden of Disease Study 2021. Lancet Haematol. 2023;10(8):e585-€599.
doi:10.1016/S2352-3026(23)00118-7
5. CDC. Data & statistics on sickle cell disease. Centers for Disease Control and Prevention. Published May 2, 2022. Accessed April
16, 2024. https://www.cdc.gov/ncbddd/sicklecell/data.html/.
6. Modell B. Global epidemiology of haemoglobin disorders and derived service indicators. Bull World Health Organ.
2008;2008(6):480-487. doi:10.2471/BLT.06.036673
7. Saraf SL, Molokie RE, Nouraie M, et al. Differences in the clinical and genotypic presentation of sickle cell disease around the
world. Paediatr Respir Rev. 2014;15(1):4-12. doi:10.1016/j.prrv.2013.11.003
8. Payne AB, Mehal JM, Chapman C, et al. Trends in Sickle Cell Disease—Related Mortality in the United States, 1979 to 2017. Ann
Emerg Med. 2020;76(3):S28-S36. doi:10.1016/j.annemergmed.2020.08.009
9. Gibson JS, Rees DC. Emerging drug targets for sickle cell disease: shedding light on new knowledge and advances at the
molecular level. Expert Opin Ther Targets. 2023;27(2):133-149. doi:10.1080/14728222.2023.2179484
10. Kato GJ, Steinberg MH, Gladwin MT. Intravascular hemolysis and the pathophysiology of sickle cell disease. Journal of Clinical
Investigation. 2017;127(3):750-760. doi:10.1172/JC189741
11. de Almeida CB, Kato GJ, Conran N. Inflammation and sickle cell anemia. In: Costa FF, Conran N, eds. Sickle cell anemia: From
basic science to clinical practice. Springer International Publishing; 2016:177-211.
12. Ramsey SD, Bender MA, Li L, et al. Prevalence of comorbidities associated with sickle cell disease among non-elderly individuals
with commercial insurance—A retrospective cohort study. PLoS One. 2022;17(11):e0278137. doi:10.1371/journal.pone.0278137
13. Osunkwo |, Andemariam B, Minniti CP, et al. Impact of sickle cell disease on patients’ daily lives, symptoms reported, and disease
management strategies: Results from the international <scp>Sickle Cell World Assessment Survey</scp> ( <scp>SWAY</scp> ).
Am J Hematol. 2021;96(4):404-417. doi:10.1002/ajh.26063
14. Kato GJ, Piel FB, Reid CD, et al. Sickle cell disease. Nat Rev Dis Primers. 2018;4(1):18010. doi:10.1038/nrdp.2018.10
15. Huo J, Xiao H, Garg M, Shah C, Wilkie D, Mainous Il A. The Economic Burden of Sickle Cell Disease in the United States. Value
in Health. 2018;21:S108. doi:10.1016/j.jval.2018.07.826
16. Lee S, Vania DK, Bhor M, Revicki D, Abogunrin S, Sarri G. Patient-Reported Outcomes and Economic Burden of Adults with
Sickle Cell Disease in the United States: A Systematic Review. /Int J Gen Med. 2020;Volume 13:361-377.
doi:10.2147/IJGM.S257340
17. McGann PT, Hoppe C. The pressing need for point-of-care diagnostics for sickle cell disease: A review of current and future
technologies. Blood Cells Mol Dis. 2017;67:104-113. doi:10.1016/j.bcmd.2017.08.010
18. National Academies of Science E and Medicine. Addressing Sickle Cell Disease: A Strategic Plan and Blueprint for Action.
(McCormick M, Osei-Anto HA, Martinez RM, eds.). National Academies Press; 2020. doi:10.17226/25632

Be part of the knowledge.® © 2024 ReachMD Page 5 of 6



ReachMD

Be part of the knowledge* TRANSCRIPT

19.

20.

21.

22.

23.

24.

25.

Brandow AM, Liem RI. Advances in the diagnosis and treatment of sickle cell disease.J Hematol Oncol. 2022;15(1):20.
doi:10.1186/s13045-022-01237-z

Ataga Kl, Gordeuk VR, Agodoa I, Colby JA, Gittings K, Allen IE. Low hemoglobin increases risk for cerebrovascular disease,
kidney disease, pulmonary vasculopathy, and mortality in sickle cell disease: A systematic literature review and meta-analysis.
PLoS One. 2020;15(4):€0229959. doi:10.1371/journal.pone.0229959

DHHS, NIH, NHLBI. Evidence-based management of sickle cell disease: Expert panel report. DHHS, NIH, NHLBI; 2014.
Accessed April 16, 2024. https://www.nhlbi.nih.gov/sites/default/files/media/docs/sickle-cell-disease-report%20020816_0.pdf.
Benjamin L. Pain Management in Sickle Cell Disease: Palliative Care Begins at Birth? Hematology. 2008;2008(1):466-474.
doi:10.1182/asheducation-2008.1.466

NHLBI, NIH. Sickle cell disease - Treatment. www.nhlbi.nih.gov. Published August 8, 2023. Accessed April 16, 2024.
https://www.nhlbi.nih.gov/health/sickle-cell-disease/treatment/.

Pace BS, Starlard-Davenport A, Kutlar A. Sickle cell disease: progress towards combination drug therapy. Br J Haematol.
2021;194(2):240-251. doi:10.1111/bjh.17312

El Hoss S, EI Nemer W, Rees DC. Precision Medicine and Sickle Cell Disease. Hemasphere. 2022;6(9):e762.
doi:10.1097/HS9.0000000000000762

SCD-US-0107/ August 2024

Be part of the knowledge.® © 2024 ReachMD Page 6 of 6



	Transcript Details
	ReachMD
	Navigating the Complexities of Sickle Cell Disease: An Expert Perspective

