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Genetic alterations in β globin gene (HBB)
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Kato, G.J., et al., Sickle cell disease. Nat Rev Dis Primers, 2018. 4: p. 18010.



Hb SS + HPFH*

HbSS + Hydroxyurea
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Hemoglobin (Hb) packaging matters

Slide courtesy of Dr. Julie Kanter (University of Alabama at Birmingham)

Thousands of Hb molecules in every RBC

HbSS + RBC transfusions
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Sickle cell disease clinical complications

Kato, G.J., et al., Sickle cell disease. Nat Rev Dis Primers, 2018. 4: p. 18010.



Kato, G.J., et al., Sickle cell disease. Nat Rev Dis Primers, 2018. 4: p. 18010.

Health-related quality of life
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Overview of SCD management

Tisdale, Thein and Eaton, Science, 13 Mar, 2020Slide courtesy of Dr. Julie Kanter (UAB)



Drug therapies for SCD modification

Ataga, K.I., & Desai, P.C. (2018). Expert Opinion on Orphan Drugs, 6(5), 329–343. 

Voxelator

Crizanlizumab

L-glutamine

Pfizer 
(Sep 2024)

European Commission 
(Aug 2023)



Leonard et al., Blood Adv. 2023 Jan 24;7(2):227-234.

Allogeneic HSCT reduces vasoocclusive episodes (VOEs)



Kassim, A.A., et al., Blood, 2024. 143(25): p. 2654-2665.

Haploidentical transplant in sickle cell disease



Overview of SCD management

Tisdale, Thein and Eaton, Science, 13 Mar, 2020



Overview of gene therapy options for sickle cell disease

Slide courtesy of Dr. Kleber Fertrin (University of Washington)



Collect Stem Cells

Patients’ own stem cells

2 different gene therapy techniques 

to increase production of healthy

(non-sickle) hemoglobin

• Donor = Recipient
• Available for all patients
• No need for immunosuppression
• No risk of GVHD

Person with SCD

Transplant back 

“modified” stem cells

Slide courtesy of Dr. Julie Kanter (UAB)

Current SCD gene therapy → autologous stem cells





Lovotibeglogene autotemcel (lovo-cel) therapy

• Lovo-cel inserts A NEW GENE using a viral vector to deliver a non-sickling globin
gene to the stem cells

• A virus is chosen as a vector because it can get inside the cell – but the viral
genes are fully removed and replaced with the anti-sickling gene

• Gene addition does not remove or change any of the existing genes

Slide courtesy of Dr. Julie Kanter (UAB)



Lovo-Cel mechanism of action

HbAT87Q

HbS

What type of Hb do these 
new stem cells make?

-Hb AT87Q

-Hb S

Slide courtesy of Dr. Julie Kanter (UAB)



Characteristics Total N=47
Age at enrollment in years, median (min, max) 23 (12, 38)

Adult, ≥18 y, n (%) 37 (78.7)
Adolescent, ≥12 to <18 y, n (%) 10 (21.3)

Sex, n (%)
Male 28 (59.6)
Female 19 (40.4)

Follow-up post infusion in months, median (min, max) 35.5 (0.3, 61.0)

Genotype for β-globin, n (%)

βS/βS 46 (97.9)

βS/β0 1 (2.1)

Genotype for α-globin, n (%)
αα/αα 32 (68.1)
αα/-α3.7 13 (27.7)
-α3.7/-α3.7 2 (4.3)

Annualized number of adjudicated VOEs,a,b median (min, max) 3.5 (0.0, 16.5)

Annualized number of adjudicated sVOEs,a,b median (min, max) 3.0 (0.0, 13.0)

History of stroke, n (%) 6 (12.8)

Annualized number of packed RBC transfusions,a median (min, max) 3.0 (0.0, 17.0)

Baseline total Hb, median (min, max),c g/dL 8.70 (6.1, 12.5)

Prior hydroxyurea use, n (%) 40 (85.1)

Hb, hemoglobin; RBC, red blood cell; sVOE, severe vaso-occlusive event; VOE, vaso-occlusive event.

Kanter, J., et al., Transplantation and Cellular Therapy, 2024. 30(2, Supplement): p. S230-S231.

Table 1: Lovo-cel patient characteristics



Hb, hemoglobin; HbAT87Q, anti-sickling Hb; IC, informed consent; SCD, sickle cell disease;
sVOE, severe vaso-occlusive event; VCN, vector copy number; VOE, vaso-occlusive event

During Complete Resolution Period:

• 88.2% (30/34; 95% CI: 72.5-96.7) of patients 
achieved complete resolution of all VOEs

• 100% (10/10) of adolescent patients 
demonstrated complete resolution of VOEs

Through Long Term Follow Up:

• Most (7/8) patients who experienced VOEs post
treatment experienced a reduction of at least
75% compared with before treatment

• All patients had stable peripheral blood VCN,
total Hb, and HbAT87Q after lovo-cel infusion,
including those who had VOEs (n=8)

0 6m 12m 18m 24m 30m 36m 42m 48m 54m 60m24m

24 months prior to
informed consent

12m

26
35
27
36
25

25
26
17
29
17

17
17
12
29

19
13
12
25
26

31
15
17
24

12.5

23 10.3

‒
‒

8.3
9.8
‒

30 9.0

‒
‒

6.4
9.7

15 9.0
38 8.2
18 8.3

8.7
8.9
8.5
‒

19 8.5
24 7.0

6.1
‒
‒

7.7
8.1

18 6.3
30 8.0

‒
8.6
‒
‒

27 7.5

Age Baseline
at IC total Hb

25 8.5 0
0
0
0
0

13
0
0
1
2
0
0
0
0
8
0
0
2
0
0
0
0
1
0
0
0
0
0
4
0
0
0
0
1

To
ta

ln
u

m
be

r
o

fe
ve

n
ts

po
st

dr
ug

p
ro

du
ct

12
7

4
4
7

21
3
5

15
7

10
17
7
4

13
19
21
5

10
4
4
7
4

26
7

14
3

11
33
6
5
7

24
20

To
ta

ln
u

m
be

r
o

fe
ve

n
ts

ov
er

2
ye

ar
s

pr
e-

IC

sVOEb

VOE a

Complete resolution
assessment period

Annualized VOEs, median(min, max)

VOE At baseline

3.5 (1.5, 16.5)

Post infusion

0 (0, 3.6)

Lovo-cel 1o endpoint: 88% of evaluable patients achieved
Complete Resolution of all vasoocclusive events (VOEs)

*VOEs= Any acute episode of pain with no medically determined cause other than a vasoocclusion lasting 2 hours and requiring care at a medical facility



Severe VOE Resolution

b

• 94% (32/34; 95% CI, 80.3-99.3) of patients 
experienced complete resolution of sVOEs

Hospital Admissions & Days

• 85% (29/34) of patients had no VOE-related 
hospital admissions from 6 months post infusion
to last follow-up

Among patients with VOEs post lovo-cel infusion,
annualized median (min, max):

• Hospital admissions were reduced from
2.5(1, 13)→0.41 (0, 2)

• Hospital days were reduced from 15.75
(3.5, 136.0)→ 2.20 (0.0, 25.4)
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Lovo-cel 2o endpoint: 94% of evaluable patients achieved
Complete Resolution of all severe VOEs*

Hb, hemoglobin; HbAT87Q, anti-sickling Hb; IC, informed consent; SCD, sickle cell disease;
sVOE, severe vaso-occlusive event; VCN, vector copy number; VOE, vasoocclusive event

*Severe VOE=VOE requiring ≥24-hour hospital or ER observation unit visit or ≥≥ 2 visits to a day unit or ER over a 72-hour period, with both visits requiring 
intravenous pain management



Kanter, J., et al., Transplantation and Cellular Therapy, 2024. 30(2, Supplement): p. S230-S231.



Pain interferencePain intensity
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BL, baseline; HRQOL, health-related quality of life; PROMIS-57, Patient-Reported Outcomes Measurement Information System questionnaire

Improvement in Pain Intensity, Pain Interference, and 
Fatigue (PROMIS-57)

Clinically meaningful improvements in pain intensity (57%), pain interference (64%), and fatigue (64%) sustained up to 36 months

Slide courtesy of Dr. Julie Kanter (UAB)



TEAEs, treatment-emergent adverse events, AE, adverse event; SCD, sickle cell disease 

TEAEs Events, N (%)

Any grade

Grade ≥ 3
47 (100)

44 (93.6)

Lovo-cel–related AEs 6 (12.8)

Anemiaa 2 (3.4)

Abdominal discomfort 1 ( 1.7)

Blood pressure diastolic decreased 1 ( 1.7)

Myelodysplastic syndromeb 1 ( 1.7)

Nasal congestion 1 ( 1.7)

Patients with any serious AE 26 (55.3)

Patients with lovo-cel–related serious AEs 2 (3.4)

•Most TEAEs occurred in the 1st year post-
lovo-cel infusion and mostly due to 
busulfan conditioning

•No cases of veno-occlusive liver disease,
graft failure, or graft-versus-host disease

•No vector-related complications  e.g., 
insertional oncogenesis or vector-
mediated replication-competent lentivirus

•One death due to significant baseline 
SCD-related cardiopulmonary disease, not 
considered related to study drug

a Sponsor assessed, b Serious AE

Lovo-cel safety outcomes

Kanter, J., et al., Transplantation and Cellular Therapy, 2024. 30(2, Supplement): p. S230-S231.

Hsieh, M.M., et al., Blood Adv, 2020. 4(9): p. 2058-2063.



Sharma, A., How I Treat Sickle Cell Disease with Gene Therapy. Blood, 2024.

Lovo-cel contraindicated in SCD patients with ≥2 alpha 
gene deletions





Gene 
Editing

How does gene editing work?

Slide courtesy of Dr. Julie Kanter (UAB)



Exagamglogene autotemcel (exa-cel) mechanism of action

= Hb S gene

Cut out BCL11a aka Hb F "off" switch

(turns Hb F production back on)

What type of Hb do
these new stem cells
make?

-Hb S

-Hb F

Slide courtesy of Dr. Julie Kanter (UAB)



Table 1: Exa-cel patient characteristics

Primary efficacy population had >12 months of follow up after transitional washout period

Frangoul, H., et al., N Engl J Med, 2024.



Exa-cel clinical outcomes 

Frangoul, H., et al., N Engl J Med, 2024.



Exa-cel secondary outcomes 

Frangoul, H., et al., N Engl J Med, 2024.



• VOD in 1 patient improved with defibrotide 

• 1 death due to COVID

• No graft failure or hematologic malignancy

Exa-cel safety outcomes 

Frangoul, H., et al., N Engl J Med, 2024.
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Sharma, A., How I Treat Sickle Cell Disease with Gene Therapy. Blood, 2024.

Summary of key clinical trials of selected gene therapies for SCD



Alavi et al., Blood 2022; 140 (Supplement 1): 4907–4909

PRECIZN-1: Phase 1/2 Study of Zinc Finger Nuclease-Modified 
Autologous Hematopoietic Stem for Sickle Cell Disease (BIVV003)



BIVV003 study participant

43.2%
40.8%

11.6%

0.9%



Gene Transfer Study Inducing Fetal Hemoglobin in SCD 
(GRASP) STUDY

Phase 2 Trial (NCT05353647) – active, enrolling

• BMT CTN 2001 (PI: David Williams)

• Primary endpoint: Elimination of VOEs

• 25 total patients, ages 13 – 40 years old

• 9 sites (4 in California)



GRASP study participant

1.7% 1.5%
2.6%

20%

29%

43.8%

37.4%

49%

12%



In summary….

Lovo-cel and Exa-cel gene therapies improve clinical outcomes and quality of life:

o INCREASE total Hb and non-sickle Hb

o ALMOST normalize hemolysis markers

o DECREASE or eliminate acute pain episodes

o IMPROVE fatigue and other patient-reported health-related quality of life measures

What we do NOT know about these 2 gene therapies for SCD:

o Prevent end-organ damage e.g., stroke, retinopathy, nephropathy, hepatopathy, etc.,

o Reverse current end-organ damage e.g., osteonecrosis, leg ulcers, etc.,

o Durability of response e.g., will hematologic effects of Exa-Cel last > 3 years?
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Lentiviral vector (LVV) for Hb gene delivery

Slide courtesy of Dr. Julie Kanter (UAB)



vector

Lentiviral vector (LVV) for Hb gene delivery

Durand S. Viruses. 2011;3:132-159.

Dong AC. Adv Exp Med Biol. 2017;1013:155-176.Slide courtesy of Dr. Julie Kanter (UAB)
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