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Hemoglobin Delivers Oxygen

The cooperative o-
&
B-globin chains facilitate oxygen delivery
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Adapted from MITCH WEISS & https://www.britannica.com/science/hemoglobin & Bernard and Levy Physiology, 6" Ed., 2008
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Mature erythrocytes are loaded with hemoglobin




Hemoglobin-A



SCD: The Problem

Hemoglobin Deoxy HbS-containing Vasculopathy
HbS polymer.  RBC (sRBC)

Watson &
Crick, Nature
1953

https://www.britannica.c Labie & Elion, Pathol Gladwin MT, Vichinsky E. N Engl J
om/science/hemoglobin Biol (Paris), 1999 Med 2008;359:2254-2265.
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SCD is a biological “trade-off”

Malaria Distribution

HbSA Distribution

From Allison “Perspectives” Genetics, 2004



Hemoglobin-AS

ﬁS

One B chain is abnormal in sickle cell trait
HbAS



Sickle Cell Trait is not a disease

un

*1in 12 African Americans (up to 2 million Americans)
have HbAS (sickle cell trait)

*Blood counts are normal

*Risks: Dilute Urine, Blood in the urine, ? Blood clots in
the lung (Pulmonary Embolism), renal disease
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Sickle Cell Disease

Sickle cedl angmia

¢1:400-600 African
American children are
born with HbSS

¢1:835 African Americans
are born with HbSC

¢1:1000-1400 Hispanic
Americans are born with
HbSS

¢100,000 Americans have
SCD

¢>6 million sub-Saharan
Africans have SCD




Hemoglobln -SS

B> B3

Both 3 chains are abnormal in
HbSS, sickle cell anemia (2/3 of SCD in US)



SCD: The Problem
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Deoxygenated
sickle
hemoglobin
has low
solubility.
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Noguchi, CT et. al., PNAS 1980




Polymerization
results in abnormal
adhesion and In
hemolysis.

Herrick, JB, Arch Int Med, 1910 & Office of Minority Health, HHS.gov



A new population in SCD

Transfusion

Penicillin

tional Sickle Cell Act l

Life
Expectancy
(Years)
Hydroxyurea
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Le Petit Prince,de St Exupery, Sntoine, 1943 & https://www.nhlbi.nih.gov/health/health-topics/topics/scal/research



Hemoglobln-SC

S

Both B chains are abnormal in
SC Disease (HbSC, 1/4 SCD in US)



Hemoglobin-Sp—-thalassemia



Pathogenesis of SCD: Hemolysis and Adhesion

Hemolysis, endothelial dysfunction

Precapillary arteriole
Smooth-muscle

Capillary

Pulmonary hypertension
Decreased NO Leg ulceration
bioactivity Priapism
Stroke

Gladwin MT, Vichinsky E. N Engl J Med 2008;359:2254-2265.

Postcapillary venule

Increased
vaso-occlusion

The NEW ENGLAND
JOURNAL of MEDICINE



Major Complications of SCD-HbSS & HbSC

HbSS E
2/3 of SCD

ePainful Crises

eCentral Nervous system
disease-strokes, bleeds
eLung disease-ACS, # TRV
*Bone Disease-AVN
eInfection

eKidney disease
eQObstetrical Complications
ePriapism

eAsplenia

eThrombophilia

eShortened life expectancy
eCandidate for Symptom or
Disease Modifying Therapy
(Hydroxyurea, RBC
transfusions, vox, gene
therapy or HSCT)

HbSC E
1/4 of SCD

ePainful Crises
eRetinal Disease

eLung Disease-ACS

eBone Disease-AVN
eInfection

eKidney disease
eQObstetrical Complications
ePriapism

o'Hypersplenism’
eThrombophilia->25%
lifetime prevalence

eNear normal life expectancy
eCandidate for Symptom
Management Therapy
(Crizanlizumab, glutamine,
red blood cell transfusions)




Our Current Practice

* All pain is real. Compassion is highly therapeutic. (Labs that are
unchanged from baseline do not change this.)

* Knowing baseline labs is very important.

» Subtle cognitive (executive function) impairment may make
complicated recommendations difficult for some patients
(HbSS) to follow. Be clear.

 Pain is critically important, but is the tip of the pathophysiologic
iceberg.

e Caveat: ‘Sickler’ is an outmoded knickname.



SCD: The Solution?

Voxelator Hydroxyurea  Glutamine Crizanlizumab
& PK

Hemoglobin Deoxy HbS-containing Vasculopathy
HbS polymer.  RBC (sRBC)

Watson &
Crick, Nature
1953

https://www.britannica.c  Labie & Elion, Pathol Gladwin MT, Vichinsky E. N Engl J
om/science/hemoglobin Biol (Paris), 1999 Med 2008;359:2254-2265.
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The many tributaries of SCD

GUIANA  Atlantic

Ocean
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Go.Grolier.com



The many tributaries of SCD

GUIANA :
.| SURINAME (Fr.in RHRCL
UYANA ‘ Qcean
e oy Y 250 Miles

="
Manaus & -

Pacifi |‘,""-.,III h

Ocean

Go.Grolier.com



sease Modifying Therapies
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+/-Symptom-Modifying Therapy
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1. Amelioration of SCD by HbF




Amelioration of SCD by HbF

* 1991: Platt, et al. (NEJM) studied pain in SS disease
* Inverse correlation between pain and HbF

* 1994: Platt, et al. (NEJM) Mortality in SS disease
» Higher HbF was associated with survival

HbF >8.6 %
(>75th percentile)

1.0

0.5

HbF <8.6 %

0O 10 20 30 40 50 60 70

years



Standard of Care in HbSS

The New England
]t:)urmll of Medicine

Ll openignr, 19495, by the Massechuseis MaDical Sooery
Violume 332 AAY 18, 18485 Mumber 2]

EFFECT OF HYDROXYUREA ON THE FREQUENCY OF PAINFUL CRISES IN SICKLE CFELL
ANEMTA

SaMUEL CHarACHE, M. I3, MICHAEL L. "_l_"l'l-l!i:l'-i_1 MDD, RICHARD TD. !l.II"II.:-ILI'-.: MI, lI:'.'I'l.:-ILI'-.I'-._]'_ ]'_ll"l'-.'l'.ll._1 MDD,
Framca B, Barmox, M5, SUsan W, ECRERT, ROBERT 1. McCMharon, PRI, Duaxe R, Bonps, MT,
AND THE INVESTIGATORS OF THE MULTICENTER STUDY OF HYDROXYUREA 1N SICELE CELL ANEMIAE

Results:
Crises (2.5 vs. 4.5 per year (p<.05)
Median time to 15t crisis (mos.): 3.0 vs. 1.5 (p<.05)
Median time to 2" crisis (mos.): 8.8 vs. 4.6 (p<.05)
ACS episodes (total): 25 vs. 51 (p<.05)




Caveats: Hydroxyurea




« 2. Amelioration of Pain by anti-adhesive therapy

Post Capillary Venule

TNF a

ropranolol
NO depletion IL1B
eme
Monocyte activation




Anti-P Selectin

A First Sickle Cell-Related Pain Crisis
100-

90
80
70
60
50+
40+
30+
20+

Cumulative Event Rate (%)

1

——— High-dose crizanlizumab, P=0.001
Low-dose crizanlizumab, P=0.14
Placebo

No. at Risk

High-dose crizanlizumab 67 49 41
Low-dose crizanlizumab 66 47 34
Placebo 65 37 23

|
6

Months

35 30 26 24 20 18 17 16 15 7
28 21 19 17 15 12 10 10 10 3
21 17 13 12 9 &8 6 5 4 1

B Second Sickle Cell-Related Pain Crisis
100 High-dose crizanlizumab, P=0.02
90— Low-dose crizanlizumab, P=0.10
804 — Placebo

70
60
50
40
30+
20
10+

Cumulative Event Rate (%)

0 .
0 6

Months

No. at Risk

High-dose crizanlizumab 67 60 52 50 46 41 38 35 31 30
Low-dose crizanlizumab 66 62 56 50 43 40 36 34 31 26
Placebo 65 55 48 38 36 27 25 22 18 16

e Crizanlizumab for the Prevention of Pain Crises in Sickle Cell Disease
K.l. Ataga,et. Al. NEJM, 2017.




Caveats: Crizanlizumab




Caveats: Voxelotor




Symptom Relief in SCD, mostly SCA




Current Therapeutics in SCD

Treatment How it is given

Increases HbF
HYDROXYUREA  Decreases Oral
inflammation

Increases MCV

L-Glutamine

e ot
(Endari) ?Anti-oxidant Oral

Crizanlizumab Anti-adhesive

(Advakeo) (P-selectin) Wemtiny)

Voxelotor Increase Hb

(Oxbryta) affinity Oral

Tested in
variant
disease?

g Limited, but
possible benefit
No,
SS theoretically
useful
SSS Yes
SSS No



* 3. Increasing Hb through inhibition of

polymerization

The cooperative o-
&
B-globin chains facilitate oxygen
delivery

Higher affinity=gives
up oxygen less easily,
LESS POLYMER

Hemoglobin saturation (%)

up oxygen more
easily, POLYMER!

) 2007 Encyclopadia Britannica, Inc.
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Adapted from MITCH WEISS & https://www.britannica.com/science/hemoglobin & Bernard and Levy Physiology, 6" Ed., 2008
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* 3. Increasing Hb through inhibition of

polymerization



Voxelotor Increases Total Hgb in people with SCD

B LS Mean Change in Hemoglobin Level from Baseline to Wk 24

-=- Voxelotor, 1500 mg (N=88) =+ Voxelotor, 900 mg (N=92) -e- Placebo (N=91)
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No. at Risk
Voxelotor, 1500 mg
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Placebo

Vichinsky et. al., NEJM 2019.



What about CURE?




Allogeneic Transplant is a trade-off
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So Far, most transplants are

1. Matched Sibling and 2. In Children

18-29 yo
! <18 yo Intensity
Fully
Myelo-
Matched :
ablative

(sibling)



Only 13/100 people with HbSS have

a matched sibling

Variant
Disease



Most people with HbSS have a

possible donor

Variant
Disease




Donor type and age matter

Age
Score

Matched
Sibling

Matched
Unrelated

Mis-matched
Related or

unrelated
(HAPLO)

Good risk

score = (0

High risk
score =2, 3

Intermediate risk
score = 1

1 2
Years after HCT

Brazauskas, R Blood, July 2020




Caveats: Allogeneic

transplant



Gene Therapy has an impact in SCD

C Hemoglobin Fractions D Red Cells with g*, BAT87Q, and S

Nontrans- M HbAT¥Q m HbF M HbA, M HbS M HbA (transfused) W Red cells with gA M Red cells positive B Red cells
fused total only (source: for BATS7Q by single-cell with 85 only
Hb transfused blood) Western (red cells

13 with detectable gAT87Q

12 in addition to 8%)

A Lactate Dehydrogenase Level
600-
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Lactate Dehydrogenase (U/liter)
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O MW s WO~ 00O

[
Base- 3 6 9 12 15 18 21 24 27 30 33 36
L Months after LentiGlobin Infusion

No. of Patients 34 34 29 24 25 21 14 10 11 1

Median Hemoglobin Level

Proportion of Red Cells (%)

B Reticulocyte Count

line Months after LentiGlobin Infusion

Months after LentiGlobin Infusion
No. of Patients 22 35 30 23 25 19 14 12 12 6 2
Total Hemoglobin, 8.5 11.4 11.6 11.9 12.1 11.7 11.7 11.0 11.4 11.5 13.0 No. of Patients 5 20 17 19 22 16 14 9 10
Median (g/dI)

clusive event @ All other vaso-occlus

A Severe Vaso-Occlusive Events

Base- 3 6 9 12 15 18 21 24 27 30 33 36
line

Total No. Total No.
of Events 24 Months before Enrollment After LentiGlobin Infusion of Events Months after LentiGlobin Infusion

No. of Patients 34 35 30 24 25 21 14 12 12 6

C Indirect Bilirubin Level
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Months after LentiGlobin Infusion

No. of Patients 35 35 27 23 25 21 14 12 11 1

—_—
HbATSQ
expression
stabilizes
bymo 6
Median Annualized Rate for Severe Vaso-Occlusive Events (range)

The NEW ENGLAND

J Kanter et al. N Engl J Med 2022;386:617-628. JOURNAL of MEDICINE




Caveats-Autologous (gene

therapy)



SCD: Balancing Act

Hemoglobin

Deoxy
HbS polymer.

Hemolysis & Abnormal adhesion
& Vasculopathy

RISK TOLERANCE




Questions?
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