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New England Journal of Medicine

“..a primary challenge to many
patients with sickle cell disease
remains a social one: being seen
and treated as individuals who
deserve relief, and being supported
rather than stigmatized in a highly
charged atmosphere” (Wailoo,

2 O 1 7 . 8 O 7 Wiailoo, K (2017) Sickle cell disease: a history of peril and progress New BHLE opyy =
. England Journal of Medicine 376( 9): 805-807 g?;l ISt gﬁ % - ‘

H\,



Sickle Cell Disease — The American Saga

Azfar-E-Alam Siddiqi, MD, PhD, Lanetta B. Jordan, MD,MPH MSPH, and Christopher S.
Parker, PhD

National Center on Birth Detects and Developmental Disabilities, Centers for Disease Control and
Prevention, Atlanta, Georgia (AS, CSP); University of Miami, Miller School of Medicine, Miami,
Florida (LBJ)
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Che New York Times https://nyti.ms/2DeGjfG

HEALTH

How One Child’s Sickle Cell
Mutation Helped Protect
the World From Malaria

The genetic mutation arose 7,300 years ago in just one
person in West Africa, scientists reported on Thursday.
Its advantage: a shield against rampant malaria.

Carl Zimmer

MATTER MARCH 8, 2018




NIH and National Foundation Expenditures For Sickle Cell Disease and Cystic Fibrosis Are Associated
With Pubmed Publications and FDA Approvals

John J. Strouse, Katie Lobner, Sophie Lanzkron, MHS, and Carlton Haywood Jr.

Blood 2013 122:1739;
Table

Funding and Research Productivity for Sickle Cell Disease and Cystic Fibrosis by Year.
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Survival in SCD

* Newborn screening for hemoglobinopathies mandated in all states in
20061

* Prior to universal screening and intervention, infection was the most
common cause of death in children with SCD?!

* Penicillin prophylaxis and pneumococcal vaccines have reduced the rate
of invasive pneumococcal disease by up to 90%!

e >98% of children with SCD now live to become adults?

Am Soc Hematol Educ Program 2019; 2019(1) 496- 504




Causes of Death in Children with SCD: Then and Now

* Deaths due to acute chest syndrome (ACS) and multiorgan failure
syndrome (MOFS) are now more common than fatal sepsis
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Quinn CT, et al. Blood. 2010;115(17):3447-3452.




ED and Hospitalizations

Figure 2. Distribution of ED Visits and Hospitalizations
Florida Only

-~ ED visits >« Hospitalizations

2.5

Mean Number Per Patient Per Quarter

0 5 10 15 20 25 30 35 40 45 50

Age in Years

Axarysis Group, INC. Si%%gﬁ ﬁ%&gﬁ, .
DISEASE
17 RESEARCH =




For video

Pathophysiology of SCD' Compli/ca\tionsl3
%m_ Chronic daily pain

Vaso-occlusive pain Anemia
@ ’\D‘e"'eased 0 Cerebral vasculopathy/stroke Retinopathy

High levels of HbS
‘ zxﬁ Acute chest syndrome Pulmonary hypertension
[ N y \ \_
Hepato-splenic sequestration -, Cardiovascular complications
Priapism | Kidney disease
Sudden death _ ‘ Leg ulcers
Organ failure | Osteonecrosis
> 50% of patients with SCD die before 45 years of age
SICKLE CELL T
mic acid; Hbs, sickle hemoglobin; Pro, proline; RBC, red blood cell; SCD, sickle cell disease; Val, valine. @E%%&%ﬁ [Reswape |

et al. Nat Rev Dis Primer. 2018:4:18010; 2. Hassell K., Am JPrev Med. 2010; 3. Kanter, et al. Blood Rev. 2013;27(6):279- 287. RESEARCH mmm 3



Treatment Evolution for in children and adults with SCD

Patients have lacked FDA-approved drug therapies for almost 100 years

Blood transfusion and supportive therapies (penicillin, folic acid) have the primary
treatments for SCD patients?

The first two FDA-approved drugs in SCD were in 2017 with L-glutamine (July)? and
hydroxyurea in 1998 for adults and now in pediatric patients from 2 years of age and older

(December)?

Two more drugs were approved in November 2019 for adolescents with SCD with voxelotor*
in patients aged 12 years and older and crizanlizumab® in patients 16 years and older

1. NHLBI Publications and Resources. Evidence-based management of sickle cell disease: Expert panel report, 2014. 2. US Food and Drug Administration.
FDA approved L-glutamine powder for the treatment of sickle cell disease [press release]. July 2, 2017. 3. US Food and Drug Administration. FDA
approves hydroxyurea for treatment of pediatric patients with sickle cell anemia [press release]. December 21, 2017. 4. US Food and Drug
Administration. FDA approves novel treatment to target abnormality in sickle cell disease [press release]. November 25, 2019. 5. US Food and Drug
Administration. FDA approves crizanlizumab-tcma for sickle cell disease. [press release]. November 19, 2019. SICHLE GELL e




Sickle Cell Disease is Chronic and Complex

A program of transition to adult care for sickle cell disease

6 Delivery Model

¢ Early Adult Care
Introduction

F Neurocognitive
Screening

4 Academic Support

7 Community
Involvement
Readiness

3
Assessment

3 Disease Education

Self-Management

SIX CORE ELEMENTS OF HEALTH CARE
TRANSITION-BASE INTERVENTIONS

* skill Training
, | Tracking and
Monitoring

1 Transition Policy

Co-Location by Pediatric and Adult Providers

Tour of the Adult Clinics

Schedule Adult Appt
Transfer Records
Toddler | School Age Adolescent | Adolescent |1 Young Adult | Young Adult Il
Screening  Screening ‘ Sci g S ing Screening Screening

Success through Acad ch and Ri ces (STARR) Program

Teen Support Group
Engagement with Local and Community-Based Organizations

Adolescent & Caregiver Provider
Self-Management Assessment
Assessment

In Clinic training by Nurse Case Manager, Online through the S.T.E.P. Program, Genetic Counseling

Personal Health Record
and Hands On Training
Through Skills Lab

Transition Benchmarks and Outcome Module within Clinical Database

. T—— — P— S ——| |

Pediatric .Adult .
Transition Policy Transition Policy

Preparation [ Transfer |  Adult Care Integration |
COMPREHENSIVE SICKLE CELL DISEASE MEDICAL HOME

Chronic care model (care coordination by interdisciplinary team)
Optional participation in the Sickle Cell Clinical Research and Intervention Program (SCCRIP) longitudinal study

-
Birth 12 18 25

Age at Intervention (years)

Saulsberry A, et al. Hematology Am Soc Hematol Educ Program. 2019;2019(1):496-504.
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SCD Clinical Complications
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SCD Clinical Complications
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[ ] Acute complications
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Kato G, et al. Nat Rev Dis Primers. 2018;4:18010.




Vaso-occlusive Episodes (VOEs)

* Pain is the hallmark feature of SCD in patients
— Complex, multidimensional pain
— Nociceptive or neuropathic
— Visceral or somatic
* Pain from VOE starts as early as the first 6-12 months of life
— Dactylitis is often the first indicator of SCD

— Involvement shifts to arms, leg, back, and pelvis as child ages

* VOEs typically last 3-9 days

Challenges in the Management of Pediatric Pain in Sickle Cell Disease. https://cme.dannemiller.com/articles/activity?id=310&f=1

THE FOUNDA
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Pain Management

* Acetaminophen

— Exceeding recommended daily dose can result in hepatic toxicity
* NSAIDs

— Pain relief and peripheral anti-inflammatory activity
— Conflicting evidence of efficacy in children
* Opioids
— Benefits
= Potent, centrally-mediated analgesic action
= Multiple routes for delivery
= Lack of ceiling effect
— Drawbacks

= Side effects (nausea, vomiting, pruritus, constipation, urinary retention, respiratory depression, oversedation)
= Tolerance = higher and higher doses necessary

= Risk for dependence

Challenges in the Management of Pediatric Pain in Sickle Cell Disease. https://cme.dannemiller.com/articles/activity?id=310&f=1
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Sickle Cell FDA-approved Drugs (4)

Mode of Action FDA Approved Indicated Pediatric Age
Hydroxyurea? Increases fetal hemoglobin Adults: 1998 18 y/o and older

Anti-inflammatory

Anti-adhesion Children: 12/2017 2 years and older
L-glutamine? Anti-oxidant 2017 5 years and older
Crizanlizumab3 Anti-adhesion Children and adults: 16 years and older

11/2019

Voxelotor* Increases hemoglobin Children and adults: 12 years and older

Red blood cell allosteric modifier 11/2019
(increases O, to sickle cells)

1. US Food and Drug Administration. FDA approves hydroxyurea for treatment of pediatric patients with sickle cell anemia [press release]. December

21, 2017.; 2. US Food and Drug Administration. FDA approved L-glutamine powder for the treatment of sickle cell disease [press release]. July 2,

2017.; 3. US Food and Drug Administration. FDA approves crizanlizumab-tcma for sickle cell disease. [press release]. November 19, 2019.; 4. US Food

and Drug Administration. FDA approves novel treatment to target abnormality in sickle cell disease [press release]. November 25, 2019. % CELL et




How Do New Sickle Cell Treatments Work?

Anti-inflammatory Anti-oxidants
agents

Anti-sickling Hydroxyurea
agents

Endothelium
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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/0) e
— 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




Sickle Cell Disease - Types of Therapies

* Categories

— Disease modifying
= Change the course of the disease without cure
— Hydroxyurea
— Crizanlizumab
— Voxelotor
— L-glutamine
— Curative therapies
= Bone marrow (stem cell) transplantation
— Sibling match
— Haplo (half match, ie, parent) identical match

— Match unrelated donor

— Gene therapy

Onimoe G, Rotz S. Cleve Clinic J Med. 2020;87(1):19-27.




Sickle Cell Disease - Types of Therapies

e Quality of life

— Effective in improving or maintaining an acceptable quality of life
* Risks and benefits

— Side effects

— Short-term risks

— Long-term risks

= Development of another chronic disease (ie, GVHD) or worsening the health of another organ
(ie, 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/?




Recommended Treatment Approaches

Treatment Approach Dose and Frequency Duration Recommendation Evidence Quality Availability in Low Resource Areas

Prevention of infection

Penicillin V 62.5-250 mg twice daily At least until 5 yr of age Strong Moderate Available
Pneumococcal vaccines Every 5 yr, starting at 2 yr of age Lifelong Strong Moderate Limited availability
Malarial prophylaxis when Daily (eg, proguanil), weekly (eg, pyrimethamine), Lifelong Strong Low Available
appropriate or intermittent (eg, mefloquine-artesunate or (in malarious area)

sulfadoxine-pyrimethamine plus amodiaquine)

Blood transfusion

Acute care
Treatment of anemia Simple transfusion; target Hb level 10 g/dl Limited Strong Low Limited availability
Preoperative transfusion Simple transfusion, performed once; target Hb Strong Moderate Limited availability
(if Hb <8.5 g/dl) level 10 g/dI

Ongoing care

Primary stroke prevention Target HbS <30%; transfusions every 3-6 wk Indefinite Strong High Very limited availability
Secondary stroke prevention Target HbS <30% or <50%; transfusions every Indefinite Moderate Low Very limited availability
3-6 wk
Prevention of additional silent Target HbS <30%; transfusions every 3-6 wk Indefinite Moderate Moderate Very limited availability
cerebral infections
Hydroxyurea
Universal use 20-35 mg/kg/day Indefinite Moderate Moderate Limited availability
Prevention of acute complications 15-35 mg/kg/day Indefinite Strong High Limited availability
Primary stroke prevention 15-35 mg/kg/day Indefinite Strong Moderate Limited availability

*Data on recommended treatments, the strength of the recommendation, and the quality of the evidence are from DeBaun MR, et al. N Engl J Med. 2014;371:699-710., Ware RE, et al. Lancet. 2016,387:661-
670.; and Yawn BP, et al. JAMA. 2014;312:1033-1048. Data availability in low resource area are from Bello-Manga H,et al. Expert Rev Hematol. 2016;9:1031-1042. HbS denotes sickle hemoglobin

Piel FD, et al. N Engl J Med. 2017;376(16):1561-1573.




Targets of Treatments for SCD

HbS
6 Glu - Val
(a2BS,) ipeli="yal) * Change the genotype
+0, u -0, —  Allogeneic BMT

— Autologous HSCT modification
Target HbS polymerization

Hb S
Polymerization

— Increase fetal hemoglobin
= Genetic and genomic approaches

—  Simulate HPFH variants

) - l :@/ Hemolysis - Suppressing BCL11A
' A 4

)Y

Sickling of RBCs Systemic

= Pharmacologically (eg, hydroxyurea)
Hb O2 affinity

‘ Vasculopathy Targeting vaso-occlusion
| /\ ____________ — Inhibiting adhesive interactions between cells

‘ and endothelium

-

S Infarction ., Inflammation

Targeting inflammation

\ J\ --------- — Feedback loop of sterile inflammation that

Ischemia promotes further vaso-occlusion
Reperfusion

Vaso-occlusion

— L-glutamine

Salinas Cisneros G, Thein SL. Front Physiol. 2020;11:435. — Inflammasome inhibition




Categories of Treatment Options

Hydroxyurea (FDA approved) Ribonucleotide diphosphate reductase inhibitor

LBH589/panobinostat (NCT01245179) Pan histone deacetylase inhibitor
Hemoglobin S 1/, elotor/GBT440 (NCT03036813) (FDA approved) a-Globin reversible binding
polymerization

Decitabine/THU (NCT01685515) DNMT1 inhibition

Sanguinate (NCT02411708) Targeting carbon monoxide delivery

IMR-687 (NCT04053803) Phosphodiesterase 9 inhibitor

L-Glutamine (FDA approved) Increase NADH and NAD redox potential
Vaso-occlusion Crizanlizumab (NCT03264989) (FDA approved) P-selectin inhibitor

Heparinoids: Sevuparin (NCT02515838) P-selectin and L-selectin inhibitor

Poloxamer and Vepoloxamer Nonionic block copolymer surfactant

Prasugrel, ticagrelor (NCT02482298) P2Y2 inhibitors

Intravenous immunoglobulin (NCT01783691) Effects on neutrophils and monocytes activation
Inflammation Simvastatin (NCT03599609) Vascular endothelium

Rivaroxaban (NCT02072668) Anti factor Xa

N-Acetylcysteine (NCT01800526) Oxidative stress reduction

THU, tetrahydrouridine; DNMT1, DNA methyltransferase type 1
Salinas Cisneros G, Thein SL. Front Physiol. 2020;11:435.




Blood Transfusions
A Mainstay of Treatment in SCD Patients

Indications for simple transfusion
= Acute splenic sequestration

=  Transient aplastic crisis

=  Symptomatic severe anemia
=  Severe acute chest syndrome
=  Preoperative preparation

Possible indications for transfusion
=  Pregnhancy

=  Hepatic sequestration

= Recurrent splenic sequestration

Goals of transfusion

Increased oxygen carrying capacity
Restoration of blood volume
Prevention of acute vaso-occlusion
Reduction of sickle cell erythropoiesis

Management and monitoring

ABO, Rh, and C/E/K antigen matching
Target hemoglobin level of <10 g/dL

Target <30% HbS with chronic transfusions
Assessment of transfusional iron overload

TCD, transcranial doppler
Ware RE, et al. Lancet. 2017;390(10091):P311-P323.

Indications for chronic transfusion

Clinical stroke
Abnormal TCD 2200 cm/sec
Multisystem organ failure

Complications not warranting transfusion

=  Uncomplicated painful crisis
=  Priapism

= Acute kidney injury

= Asymptomatic anemia

= Avascular necrosis

Short-term side effects

=  Volume overload

= Acute non-hemolytic reactions
=  Acute hemolytic reactions

Long-term complications

Erythrocyte alloimmunization
Delayed hemolytic reactions
Transfusional iron overload
Transmission of infections

THE FOUNDATION FOR
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Benefits of Each Therapy

Anemia/hemolysis Anemia/hemolysis

Vaso-occlusion ‘ Vaso-occlusion ‘

Acute chest syndrome ‘ Acute chest syndrome J

Stroke ? Stroke No evidence

Nephropathy ? Nephropathy No evidence

Pulmonary hypertension ? Pulmonary hypertension  No evidence

Fatigue and QOL § for some patients Fatigue and QOL =)

Mortality i Mortality No evidence

Anemia/hemolysis L | Anemia/hemolysis

Vaso-occlusion - Vaso-occlusion ‘

Acute chest syndrome =) Acute chest syndrome -

Stroke No evidence Stroke No evidence

Nephropathy No evidence Nephropathy No evidence

Pulmonary hypertension  No evidence Pulmonary hypertension  No evidence

Fatigue and QOL - Fatigue and QOL - SICKLE CELL B

Mortality No evidence Mortality No evidence DISEASE
RESEARCH




Current Curative Therapies/Strategies

Changing the genotype

(1) Allogeneic stem | Myeloablative regimens (MAC), reduced intensity
cell transplant regimens (RC), and non-myeloablative regimens (NMA)

(2) Autologous
transplant

a) Gene therapy
Lentiviral strategies (NCT02247843, NCT02140554,
NCT02186418)

Inducing fetal hemoglobin

b) Gene editing

Using zinc finger nucleosomes (ZFN), transcription
activator-like effector nucleases (TALENs), CRISPR/Cas9
techniques (NCT03745287)

50 clinical trials listed in ClinicalTrials.gov

10 clinical trials listed in ClinicalTrials.gov

Downregulation of BCL11A (NCT03282656)
Globin chromatin structure manipulation
Downregulating beta globin expression

Downregulation of BCL11A
Reactivation of HbF by HPFH mutations
Globin gene repair

Salinas Cisneros G, Thein SL. Front Physiol. 2020;11:435.




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=

HbF
Induction

2. Gene knockdown (eg, Bcl11A) to
Improve hemoglobin F levels = level of
production fetal Hgb determines how e
well it changes the course of disease W—2a=

ﬂ”l:ﬂ:&v&, ==
Disruption of
A E

BCL11A Enhancer

AT

THE FOUNDATION FOR
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Gene Therapies
“Disease Modifying” vs “Curative-Like Results”

* Approaches to Gene Therapy:

3. Direct globin gene editing to oy
“correct” the mutation present (eg,
changing a hemoglobin S [HbS]-
encoding gene to one encoding
hemoglobin A)

HbF
Induction

4. Gene editing of globin regulatory - .
elements, to at least partially reverse s iirnn
the normal hemoglobin switching -

from fetal to adult hemoglobin

THE FOUNDATION FOR

SICKLE CELL

li i Thein SL. F Physiol. 2020;11:435. DISEASE
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Efficiency and Safety of
CRISPR/Cas9 Gene Edited Therapy to

Treat Sickle Cell Disease

SICKLE CELL o
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CRISRP/Cas9 Gene Editing

CRISRP/Cas9 gene editing can lead to broad spectrum of
unintended genomic modifications and unforeseen side effects




LentiGlobin Gene Therapy CRISPR/Cas9 Gene Editing

Option A: Fix
CRISPR and DNA template fix the mutation in the adult
. hemoglobin gene.
Mutation G

AL A _’

Mutant adult Adult hemoglobin gene Normal adult hemoglobin
hemoglobin gene
l Option B: Swap
CRISPR reactivates the fetal hemoglobin gene by turning off the

BCLT11A gene.

Do ®Paa ®
cmv [Rlus gag cPPT (HHH GlobintcR | aus|rpq ®0" 0O ||‘] |' “ l”] — gg ®
= Hemoglobin clumping
- - BCL11A gene Fetal hemoglobin
BA'T87O @A!phasubunitofhemoglohin . Beta subunit of adult h globi @ G subunit of fetal hemoglobin
Ll beta subunit of adult hemoglobin, in sickle cell and beta-thalassemia
- Randomly inserting copies of a gene » Disrupt, Insert or Correct genes by
Into the target cell using a lentivirus targeting specific sequences
 Make functioning proteins despite  Therapeutic gene editing efficiency,
the presence of a faulty off-target effect

« VCN, insertional mutagenesis

Image Credit: Bluebird bio
Image Credit: Shutterstock/C&EN
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Gene Editing with S. pyogenes CRISPR/Cas9

CAS9
. | 53 (RNA guids, Cas9+gRNA=Ribonucleoprotein (RNP)
l lllllllllplﬁl-g:ll ll.il-l—(I ’ DNA repair pathway mOiws
LALLAL LA LRl Rlilill) ' ’ * NNoﬂé_l‘jomIOIO Ous?]ddl\blnln%DEL
\/j’\/ ( )JInsertion/deletion
/— \ . I(_II-(I)ISnI%B Directed ébfpair
A I TITTTTITITITTT m ne correction
4JM.LLILLLMUUHU LIINV 4‘[ llll:lll: :I%
| S HLA » Challenge: Improve therapeutic
| editing rate over unintended editin
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CRISPR/Cas9 Gene Edited Therapy for SCD

B Targeting of Editing Site

Guide RNA

DNA

BCL11A
Erythroid
/enhancer region
BCL11A jlj—;j:[;//il:l:l://j]:] =

sgRNA target sequence PAM

[ AL 1
TAGTCTAGTGCAAGCTAACAGTTGCTTTTATCACAGGCTCCAGGAAG

ATCAGATCACGTTCGATTGTCAACGAAAATAGTGTCCGAGGTCCTTC
||
GATAL1 binding site

* Produce fetal hemoglobin
* Disrupt HBGrepressor (BAL11A)
« CTX001 dlinical trial

Frangoul et al. CRISPR-Cas9Gene Editing for Sickle Cell Disease and [3-
Thalassemia. N Engl JMed (2021)




CRISPR/Cas9 Gene Edited Therapy for SCD

gRNA  Directly correct sickle mutation

SCD} + AAVG6 donor
HEB + High HDR efficiency, risk of AAV

CWT ] Wil A B wraiee @ Ha geffil integration, espisomal AAV

DNA donor AAV donor
D * GPH101 IND approved
CRISPR/Cas9 + Single stranded DNA (ssODN) donor
\ editingof HEB HA WT allele HA
ssODN donor

—_— T

Dever et al. CRISPR/Cas9 B-globin gene targeting in human haematopoietic stem cells. Nature (2016)
Park, Lee et al. Highly efficient editing of the B-globin gene in patient-derived hematopoietic stem and progenitor cells to treat sickle cell disease. NAR (2019)

Pattabhi et al. In Vivo Outcome of Homology-Directed Repair at the HBB Gene in HSC Using Alternative Donor Template Delivery Methods. Mol ther. Nucleic acids (2019)
Hanlon et al. High levels of AAV vector integration into CRISPR-induced DNA breaks. Nat Commun (2019)
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Ex vivo gene edited therapy for treating D

Harvest HSPCs Ex vivo
from patient Genome editing
1 Na) > (@ > _
ii Normal red Sickle cell

*  blood cell _ .
Patient Gene Edited
HSPCs HSPCs
Autologous

transplantation of

edited HSCs

Isolate HSPCs from a patient

Deliver gene editing reagents into HSPCs, cells tested for efficiency/safety

Remove the remaining HSPCs in the patient using chemotherapy

Infuse the gene-edited HSPCs

Afew percent of gene-edited hematopoietic stem cells (HSCs) can re-generate the blood system

ok N~

TTTTTTTTTTTTTTTT

Y THE CONVERSATION.|




Ex vivo gene editing research workflow

Harvest CD34+ _
HSPCs from Ex vivo
patient Gene editing

1. Hectroporation of
Cas9/ gRNA+ssODNs

2 On/ off-target analysis by
targeted amplicon

sequencing

In vitro
differentiation into
red blood cells

Xeno-
transplantation

Hemogdlobin profile
Erythropoiesis
Sickling assay

Engraftment
efficiency
Post-engraftment
on/off-target
analysis




Characterization of gene edited SCD HSPCs

HBB Hditing Efficiency Hemoglobin level Hypoxia induced sickling assay
(n=5 SCD patients) 40+
60-

- [
; o .0 £ 100 @@ HbA2 % 30
S ® 3 @l HbF o o
:'; 40 o 5) g 3 HbA 9 204 ——
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o — & 504 ? e, o
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High level (upto 39%) sickle mutation correction in patient HSPCs
Reduced Sickle Hemoglobin (HbS), increased Normal Hemoglobin (HbA)

Reduced sickling
Detected gene corrected cells after long-term (16 weeks) engraftment

Park, Lee et al. Highly efficient editing of the 3-globin gene in patient-derived hematopoietic stem and progenitor cells to treat sickle cell disease. NAR (2019
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Unintended genomic modifications
with unforeseen side effects




Small INDEL quantification by NGS

HBB

A

= ]

Targeted Amplicon *
Sequencing

Short-Range PCR(300bp)

+
lllumina Next Generation

Sequencing (NG

20+

10

Indel Frequency %

0' T T T T T T
-30-25-20-15-10 -5 0 5 10 15 20 25 30

Indel sizes (base pair)

« Successful genome editing relies on the accurate quantification of the repair
outcomes
+ Challenge: Fail to detect large genomic modifications and rare INDELs (<0.1%),

Bennett, E. et al. INDEL detection, the ‘Achilles heel’ of precise genome editing: a survey of methods for accurate profiling of gene editing induced indels, NAR (2020)
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In-frame deletions lead to HBB variants

25+ H
Small INDB-profile INDEL
e 20- 3 length Amino acid change
>
% ) 12 (bp)
Z‘,,. 12 p.V7 T9del Hb Leiden
< 10 -3 p.Vedel
2 -3 p.E7del
< 5 15
-21 -15 p.E8 V12del or p.V7 A11del
0- -6 p.E7_K8del
-30 -20 -10 0 10
INDEL sizes -15 p.P5 S9del
-21 p.V7 T12del

* In-frame deletion
» Hemoglobin variants with unknown function

» exPV/del>Hb Leiden: slightly unstable, no clear symptom in carrier
» Other Hb variants with larger deletions not in HbVar database

Bonaventura et al., “Functional Properties of Hemoglobin Leiden (A2AB26 Or7 Glu Deleted).”




CRISPR/Cas9 Off-target Effects S U

* Cas9 could generate a DSB at off-
target siteswith sequence
homology

* Gross chromosomal
rearrangements between DSBs

- Challenge: identification,
quantification, reduction of off-
target effects

C

Wu et al. Quantitative Biology (2014)
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Off-target discovery and quantification workflow

Computational prediction Cell-based discovery by GUIDE-seq
Off-tar g et @ COSMID: criser oft-target == ‘
predidion — :1 = dsODN
7 cell genome
% l Tag integration in live cells
+  AWeb-based Tool for identifying e
RSPR Cas off-target sites based on * Genome-wide Unbiased Identifications of
sequence homology DSBs BEvaluated by Sequencing
+ Off-target detection relies on the integration
Off-tarwt of dsODN taginto DBs
validation

* Quantification of off-
target editingrate by
targeted amplicon
sequencing

Tsai, S et al. GUIDEseq enables genome-wide profiling of off-
target deavage by CRSPR-Cas nudeases. Nat Botechnol (2015).
Tsai & boung, Nat Rev Genet. (2016)
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HiFidelity Cas9 Reduced Off-Target Activity

° 138: I WT Cas9 « Quantified INDBLs frequency at 57

5 0 El ﬂ';':fasg predicted OT sites

s 2ol 1 . . « 9 active OT sites >0.1%INDELrate

E 0.6T « HiF Cas9 with improved specificity

[ 0.41 « Reduced off-target effects while

g 02 preserving high on-target activity
0.0-

Target Site

Vakulskas et al. Nat Med. (2018)
Park, Lee et al. Nudeic Acids Research (2019)
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Large genomic rearrangement
between on and off-target sites

oT18

HBB
5 B 10
llll .I I. II &0 ® WT Cas9

1 » @ HiFi Cas9

Inversion O Mock

T mEni e

Deletion
0.001

» €= T T
II l . I I Inversion Deletion

» Optimized droplet digital PCR(ddPCR)assay to quantify intra-chr
inversion and deletion between on-target and OT18

» Reduced Chr rearrangement by using HiF Cas9

« Difficult to predict and quantify unintended repair outcomes
Park, Lee et al. Nudeic Acids Research (2019)

®
0.01 e © @ O

%Chromosome
rearrangement
o
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CRISPR/Cas9 induced large gene modifications

K’_ [NNN  NNN NNN NNN NNN NNN NNN NNN | ‘\
18bp UMI

nthetic Primer1 i} NN Synthetic Primer2

BN 200<LD
BN Intermediate deletion (50-200bp)
= Small INDEL (<50bp)

e =3 Complex
= Unmodified

i1 e

2.1% 2.8%

Jal mx lx,.]

« SMRT-sequencing with Unique molecular Identifier (UMI)
» Unmodified, Small INDHs
* Large deletion and insertions
» Complex local rearrangement

Karst et al. High-accuracy long-read amplicon sequences using unique molecula
identifiers with Nanopore or PacBio sequencing. Nat Methods (2021).




Large genomic modification on HBB

HBB%

~3000 —2000 —1000 0 1000 2000 3000
Relative position of large deletions

* Large deletions: Diverse, each deletion rare, make up high total frequency
« Large insertions: HBB local rearrangements, sequences donated from other loci

THE FOUNDATION FOR
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Broad spectrum of == 200<LD

CRISPR/Cas9 gene edited o intermediate deletion (s0-200bp)
outcomes in HSPCS =1 Complex

B Unmodified

21% 2.8%

» Broad spectrum of unintended genomic modifications at the CRISPR/Cas9 target site
« Limitation of sequencing technology to detect rare genomic modifications

. Betteg Iunderstand gene editing outcomes in preclinical studies to design as safe clinical trials as
possible

THE FOUNDATION FOR
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Myeloablative Transplant for SCD

‘HLA-matched sibling transplant is an established curative
treatment for SCD

*Historically has involved mveloablative conditioning, but
myeloablation is

« associated with significant toxicity (i.e. mucositis, GVHD, infertility)

* not necessary as mixed donor chimerism can achieve
hematologic cure of SCD

Can we cure SCD with less intensive conditioning?

THE FOUNDA ATION FOR
T 32 e N
RESEARCH mmm



Nonmyeloablative Transplant for SCD in adults

‘Regimen of alemtuzumab, TBI, and sirolimus first studied in
adults with SCD at the NIH

bhEra—— e N=122

Non-myeloablative human leukocyte antigen-matched related *° Sickle-free survival 85%

donor transplantation in sickle cell disease: outcomes from .
three independent centres * No chronic GVHD

Can we use this approach to effectively cure children?

Alzahrani M et al. Br J Haematol 2021;192(4):761-8.



SUN Trial ‘ A (
Sickle transplant

Using a < (. >
Nonmyeloablative approach ’ v ‘

* Prospective Phase 2 multicenter trial (NCT03587272)
+ Age 2-24.99
 HLA-identical sibling able to donate peripheral blood stem cells
« All SCD genotypes

« At least one clinical complication from SCD SIEWLE CELL B
DISEASE e
BECEADCOMN o




Disease Severity Eligibility

Hb SS / SR Hb SC / SB*/ Others

abnormal TCD, any infarct on brain MRI overt stroke

ACS x 2 (lifetime) ACS x 2 in previous 2 years

pain event x 3 (lifetime) pain event x 3 in previous year

hospitalization for any SCD complication hospitalization for ACS or pain on hydroxyurea
priapism x 2 priapism x 2

chronic transfusion chronic transfusion

splenic sequestration x 2 or splenectomy splenic sequestration x 2 or splenectomy




SUN Transplant Regimen

low dose Sirolimus

Alemtuzumab TBI

111110 finl

* Total 1 mg/kg IV Alemtuzumab

* 300 cGY TBI

Sirolimus adjusted to trough 5-15 ng/ml for one year, then
wean off if CD3 donor chimerism >50%

 Unmanipulated PBSCs, target CD34+ 10 x106/kg

RESEARCH B



SUN Trial Enrollment

* July 2018 first patient transplanted on study

March 2020 enroliment paused due to COVID-19 pandemic,
May 2020 enroliment resumed

* Current enrollment: 28 consented, 24 transplanted

« Target n=30, expanded to 40 patients

» Results on first 15 patients transplanted

THE FOUNDATION FOR



Baseline Patient Characteristics (n=15)
S I

Age, years
median (range) 13.7 (2-21)

Male sex, n (%) 9 (60%)

Genotype, n (%) Most common disease severity
Hb SS 12 (80%) eligibility criteria met:

Hb Sp° thalassemia 1(7%) >3 episodes of pain requiring
Hb SpB* thalassemia 1(7%) treatment with opiate or IV
Hb SD-Punjab 1(7%) medication (n=9)

Pre-HSCT treatment *Hospitalization for pain or ACS
Hydroxyurea 13 (87%) on hydroxyurea treatment (n=38)
Chronic Transfusion 5 (33%) « 2 ACS events (n=6)

# RBC units transfused pre-HSCT « Silent stroke (n=5)
median (range) 10 (0-224)

# hospitalizations in 2 yrs pre-HSCT
median (range) 2 (0-8)




Aim 1: Disease-Free Survival

* Median follow-up 580 days (291-1049)
* 11/15 (73%) >1 year post-transplant

* 15/15 (100%) survival
 No acute or chronic GVHD

1 graft rejection, return of sickle cell disease

* 14/15 (93%) disease-free survival

THE FOUNDATION FOR
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Aim 2: Quality of Life

edian PedsQL Scores during Transplant

00
546

90.2 90.2 *No decline in QOL
during transplant

90 -

80
‘Improvement in

QOL 1 year post-
transplant

70

60 I I I I |

Baseline Day +30 Day+100 Day+180 Day+365

n=15 n=15 n=15 n=14 n=11 SICKLE CBLL ey
DISEASE rom
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Aim 3: Transfusions

* 6/15 (40%) patients required no platelet transfusions
- # of platelet transfusions: median 1 (range 0-6)

- * McPherson ME et al.
5 Transfusion 2009;49(9):1977-86.
-}
% ** Horan JT et al. Biol Blood
= Marrow Transplant
o 2015;21(5):900-5
[
© *** Nickel RS et al. Br J Haemtol
.g 2020;189(1):162-70.
" .
BU-CY* Reduced dose BU- Various SUN

cy* Regimens™*** o
SICKLE CELL memmm
DISEASE ooy
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Future directions

» Evaluation of fertility (hormone levels, semen analyses)

* Immune reconstitution studies

* Impact on cognition

* Long term outcomes

* Decrease graft rejection, expand eligibility

THE FOUNDATION FOR



HGB-206 Group C: Treatment and drug product characteristics
N=32 Infused Patients

N=32

Parameter Median (min—max)

Treatment characteristics

No. of mobilization cycles 2(1-4)
CD34+ cells collected per mobilization cycle, x10° cells/kg 10.4 (3.9-55.4)
Estimated average busulfan AUC, min*umolt 4843 (1445°*—7322)
Neutrophil engraftment, ANC = 500 /pl x 3 days, days 19.5 (12-35)
Platelet engraftment, platelets > 50k /ul x 3 days, dayst 30 (18-136)
Duration of hospitalization$, days 35 (26-65)
Drug product characteristics (per patient)
Vector copy number, copies/diploid genome 3.8 (2.3-5.7)
CD34+ cells transduced, % 80.2 (63-93)
CD34+ cell dose, x10° cells/kg 6.8 (3.0-24.0)
'5 patients pending AUC result; * Data error is being corrected; *3 patients pending platelet engraftment at days 29, 30, and 39 post-DP infusion, but on their way to achieving engraftment; § gty & gy y B0

Duration of hospitalization from conditioning to discharge. DICEASE
ANC, absolute neutrophil count; AUC, area under the curve; DP, drug product; max, maximum; min, minimum; no., Data as of 20 August 2020 BECEADO _
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HGB-206 Group C: Complete resolution of VOEs

2 6 months post-LentiGlobin treatment

HbAT87Qstabilizationt

7 e v @ > ¢ -0
P16 ¢ & 666 ¢ o0 > ® 0
o 17 ® sMNSG sBee @ 2 | Bl
0 s s 406 Wee Wb s ¢ b ; , o ;g‘a';
s T e B ¢ o  — > ¢ e
2 zgf s o . * -
" S 6 S B I B I e s e s
EN 4w ¢ o o X ' 0 2 -
o 1 — ' 0 » ¢ VOEsclassified
s 4 ° e e * - 9%  assevere VOEs
= 8 ® X 03
= 6 ¢ i ¢ - 0« @ All other VOEs
2 5 ¢ o+ @ 3 od r 0 9©
E 5 * * o * o 08 N=19
E,l7 X o * 1E
T3 e L A 2 0000t 3 2%
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e o oo ¢ 0 000 ¢ o0 wo oo o L oFa

= S04 4 4 seme o+ G0 ¢ ] ! ,
24 M18 M12 M6 M6 M12 M8 W24
24 Months Prior to IC Post-LentiGlobin Follow-up (months)

Median (min—max)

annualized VOE rate 5 (2-0—1 4-5) 0 (0‘43)

Protocol VOEsare shown; Patients with 24 sVOEsat baseline before ICand with 2 6 months of follow-up post-DP infusion are included. AVOEincludes episodes of acute pain with no medically determined cause other than a vaso-
occlusion, lasting more than 2 hours and severe enough to require care at a medical facility, a VOEincludes acute episodes of pain, acute chest syndrome, acute hepatic sequestration, and acute splenic sequestration; THbATEA

€ FOUNDATION FOR

expression stabilizes within 6 months; *One death, unlikely related to LentiGlobin, > 18 months post treatment in a patient with significant baseline SCD-related cardiopulmonary disease. SICKLE CELL
Note: In the last datacut, one patient had a non-serious VOC at Day 107. The event is recorded as an investigator reported VOE but does not meet the definition of a protocol VOE. o ﬁ% A ﬁﬁg
S B i

DP, drug product; IC, informed consent; max, maximum; min, minimum; sVOEs, severe VOEs; VOC, vaso-occlusive crisis; VOE, vaso-occlusive Data as of 20 August 2020 RESEADOM

DY &
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PROMIS-57 Pain Intensity NRS
DISEASE

10 Direction of improvement RESEARCH mmm

(less pain)

Worst imaginable pain

Patients with better or = e—
near population

normative scores at

baseline

Patients with worse than ===
population normative

Mean score (+/-SD)

sooresatbaseline 8 S N e T e e ;l- __________________ S S ...
Overall — ~ ®
T .
Population normative — J_ 4{
score (2.6)! No pain | | | :
Sample Size Baseline M6 M12 M18 M24
(better or near/worse at baseline/overall) N= 8/11/19 5/7/12 5/4/9 2/3/5 2/2/4
Patients with baseline values (n): Baseline though M24

stter or near population normative values  Improvement noted at M6 and were generally sustained through M24

porse than population normative values Improvement in pain to levels better than population norm values were observed at M6 and were sustained
through M24

erall Improvement in pain intensity was observed irrespective of baseline values relative to population norm

ain (0—10) over the past 7 days; 1. PROMIS Cooperative Group. 2020. PROMIS Reference Populations. Available at https:/www.healthmeasures.net/score-and-interpret/interpret-scores/promis/reference-populations. Accessed Nov, 2020

eric Rating Scale; PROMIS, Patient Reported Outcomes Measurement Information System; SD, standard deviation Data as of 20 August 2020


http://www.healthmeasures.net/score-and-interpret/interpret-scores/promis/reference-populations

edian total Hb (g/dL) 8.9 1.7 11.8 11.8 1.7 1.7 11.5 11.0 1.3 1.5

(min-max)(@Ol)  (64-125) (81-148) (01-144) (95-151) (93-154) (97-150) (96-149) (107-152) (105-162) (104-150)
201
—~ B HbA (transfused)
3 Jj HoS
L;-" 15 B HbA
2 HbF
© T87Q
€ 10 21% B HoA
c Baseline total Hb
9 39%
c
S 5
-§ oo
0 SICKLE cELL B
@%ﬁ%&@% =
Baseline 3 6 9 12 15 18 21 24 30 RESEARCH mmm
Months post-LentiGlobin infusion
N* 15 25 22 22 17 13 10 8 7 3

m In patients with = 6 months of follow-up, median total Hb increased from 8.9 g/dL at baseline to = 11.8 g/dL at Month 6
m At last visit in adolescents with =6 months of follow-up (n=6), median total Hb and HbA™Qwere 13.5 g/dL and 6.1 g/dL, respectively

ents median Hb fraction as % of total Hb; ‘Number of patients with data available. Hb, hemoglobin; max, maximum; min, minimum. Data as of 20 August 2020 11



HGB-206 Group C: Near pancellular expression of HbAT/Q

2 6 months post-LentiGlobin treatment

RESEARGH

100

@, FEGswith pronly

9 0 | .. (Source: transfused blood)
s, RBCspositive for fAT87Q by singlle cell
80 00 Western (RBCs with detectable
BATE7Q in addition to ()

RBCs with (s only

70
60

50 nth¢ post-LenfGlol§in infusio

40

N Median (min—max) HbA"GYRBC was 15.3 (11.7-20) pg in patients with =6 months follow-up, which is comparable to the 13—18 pg of
HbA/RBC in individuals with sickle cell traitt and higher than 10 pg of HOF/RBC in those with HPFHS

SDare depicted; Reducing HbSto < 30% is recommended by guidelines for exchange RBCtransfusions for patients with SCD(indicated by dashed line); ‘Number of patients with data available; tCalculated as (% HbAT™7@
Hb/% RBCs containing pAT?) x MCH; *Calculated to 13-18 pg HbA/RBC using 50% HbA/RBC for the lower end of the range and 60% HbA/RBC for the upper end of the range; SEstimated in Steinberg MH et al.,

014. Data as of 20 August 2020

on of RBCs (%)

oglobin; HPFH, hereditary persistence of fetal hemoglobin; max, maximum; MCH, mean corpuscular hemoglobin; min, minimum; pg, picogram; RBCs, red blood cells; SD, standard deviation.



Lactate dehydrogenase

Reticulocyte counts
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6 9 12 15 18 21 24 30 Screening 3 6 9 12 15 18 21 24
Months post-LentiGlobin infusion Months post-LentiGlobin infusion
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(Q1, Q3) depicted; Dot-dash lines denote lower and upper limits of normal values; "Number of patients with data available; Q1, quartile 1; Q3, quartile 3.

Indirect bilirubin
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SICKLE CELL Data as of 20 August 2020
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Treatment-emergent 2 Grade 3 AEs

Reported in = 2 patients®

Stomatitis 21 (65.6)
Febrile neutropenia 14 (43.8)
Increased ALT 4 (12.5)
Increased AST 4 (12.5)
Increased GGT 4 (12.5)
Nausea 4 (12.5)
Increased blood bilirubin 2(6.3)
Premature menopause 2(6.3)
Upper abdominal pain 2(6.3)
Serious treatment-emergent AEs

Abdominal pain 2(6.3)
Nausea 2(6.3)
Drug withdrawal syndrome 2(6.3)
Vomiting 2(6.3)

"Hematologic AEscommonly observed post-transplantation have been excluded;
AEs, adverse events; ALT, alanine aminotransferase; AST,aspartate
aminotransferase; GGT, gamma-glutamyl transferase.

on study day 10 and resolved on study day 19

m 1 patient with anonserious Grade 2 [P
related neutropenic fever (resolved)

m No cases of veno-occlusive liver disease,
graft failure

m No vector-mediated ROLand no insertional
oncogenesis

m One death, attributed to cardiopulmonary
disease and unlikely related to LentiGlobin,
> 18 months post treatment in a patient with
significant baseline SCD burden

SICKLE GELL
DISEASE

RESEARCH

Data as of 20 August 2020

te chest syndrome; AE, adverse event; DP,drug product; LVH, left ventricular hypertrophy; Pls, principal investigators; RCL replication competent lentivirus; SCD,sickle cell

; VOC, vaso-occlusive crisis.



Clinical hold on bluebird bio studies on LentiGlobin for sickle
cell disease (bb1111) — hold uplifted

Data in this presentation are accurate as of 20 August 2020
Beyond this data cutoff, two SUSARs were reported from the Phase 1/2 HGB-206 study

Initially reported MDS diagnosis revised to transfusion-dependent anemia in a patient treated
in Group C
« Patient had persistent anemia 6 months after transplant and was found to have trisomy 8 in 6% of cells
scored on a 6-month bone marrow aspirate but no blasts or dysplastic cells
 Investigator assessed as serious, Grade 3, ongoing, and possibly related to LentiGlobin for SCD

« Afollow-up bone marrow aspirate revealed no genetic or chromosomal abnormalities and no evidence
of myeloid neoplasm, and the diagnosis was changed to transfusion-dependent anemia with
investigations ongoing

bluebird bio remains commiitted to patient safety and is maintaining close contact with the treating physicians who are monitoring the patients
Asof Feb 2021, the FDAhas placed the clinical studies of LentiGlobin for SCDon clinical hold, and bluebird bio is in dialogue with the FDAto
resume all clinical studies currently on hold

suspected unexpected serious adverse reactions; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; VAMPA4, vesicle-associated membrane protein 4; BM, bone marrow.



Clinical hold on bluebird bio studies on LentiGlobin for sickle
cell disease (bb1111)

Data in this presentation are accurate as of 20 August 2020
Beyond this data cutoff, two SUSARs were reported from the Phase 1/2 HGB-206 study

Patient in Group A diagnosed with AML (treated 5.5 years ago)

« Labanalyses showed significant chromosomal abnormalities and mutations in genes typically associated with the development of
AML, specifically, monosomy 7 and mutations in RUNXT and PTPN11

» Vector insertion in the AML cells took place in the VAMP4 gene, which has no known role in the development of AML or with any
cellular process related to cancer, and this insertion into the VAMP4 gene had no impact on gene expression or gene regulation

« Caseis unlikely related to vector-mediated insertional oncogenesis. Investigator assessedit as serious, Grade 4, and possibly related to
LentiGlobin for SCD

« This safety event is separate from and in addition to the patient who was diagnosed with MDS in 2018 and passed away due to
relapsed AML in 2020. The 2018 MDS patient had amonosomy 7 mutation frequently associated with myeloid cancer and did
not have vector integration present in cancer cells. The development of the 2018 MDS case was determined to be unlikely
related to LentiGlobin for SCDand attributed to busulfan conditioning by the independent data monitoring committee and
primary investigator treating the patient’

« Theunderlying increased risk of hematologic malignancies in SCD,combined with the transplant procedure and associated
proliferative stress, aswell as continued hematopoietic stress due to minimal clinical benefit in these Group Apatients (DP
manufactured using stem cells collected via BMH and using an earlier version of the manufacturing process which has since been
discontinued) may have contributed to the development of AML

bluebird bio remains committed to patient safety and is maintaining close contact with the treating physicians who are monitoring the patients
As of Feb 2021, the FDA has placed the clinical studies of LentiGlobin for SCDon clinical hold, and bluebird bio is in dialogue with the FDA to resume all
clinical studies currently on hold —— -

, 2020 Blood Advances. SUSAR suspected unexpected serious adverse reactions; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; VAMP4, vesicle-associated membrane
BM, bone marrow.




omplete resolution of severe VOEs with up to 24 months of follow-up
— Complete resolution of VVOEs after stabilization of HbAT™7@expressiont, with up to 24 months of follow-up
provement in patient-reported pain intensity sustained over 24 months of follow-up

edian total Hbis consistently = 11 g/dL = 6 months post-LentiGlobin treatment, with a median anti-sickling HbAT™7Q=
%

ear pancellular expression of HbA™7Q=> 6 months post-LentiGlobin, with, on average, ~90% of RBCscontaining HoA®BQ
t = 18 months post treatment

ey markers of hemolysis approaching near-normal levels post-LentiGlobin treatment

he safety profile post-LentiGlobin for SCDremains generally consistent with the risks of autologous stem cell transplant,
yeloablative single-agent busulfan conditioning, and underlying SCD

THE FOUNDATION FOR

SIGKLE GELL
Q expression stabilizes within 6 months. DISEASE e
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oglobin; MDS, myelodysplastic syndrome; RBC, red blood cell; SUSAR Suspected Unexpected Serious Adverse Reaction; SCD, sickle cell disease; VOE, vaso-occlusive event. v



ARU-1801 has demonstrated
meaningful clinical benefit for
patients with severe SCD using
reduced intensity conditioning

ARU-1801 is an investigational gene therapy to induce expression of novel HbFG16D

No serious adverse events related to ARU-1801 or chemotherapy have been reported
Long-term engraftment for up to 36 months without the use of myeloablative chemotherapy
Clinically meaningful long-term reductions in disease burden was observed with ARU-1801
— Significant reductions in VOEs

Process improvements correlated with improved efficacy in patient 3

— >37% total HbF and highest HbFG16D to date

— Near-pancellular Hb F distribution

— No VOEs through 12 months post treatment

ARU-1801 has demonstrated that a gene therapy for SCD with reduced intensity conditioning is possible, and

an important future option for patients
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The MOMENTUM study is a Phase
1/2 trial of ARU-1801 utilizin
reduced-intensity conditionin (%IC)

in patients with severe S

* HbSS/HbSRO/ HbSB* thalassemia

¢ 18-45 years of age Consent, Screening, Enrollment
* Patients with severe SCD (frequent painful ] 4
K VOES, 2 or more lifetime ACS, or one ACS 2 months of HbS reduction to <30%
ey : requiring ICU admission or requiring chronic
Inc.:lus.lon transfusions) r ¥
Criteria _ _ .
* Failed hydroxyurea, actively refused to take Stem cell collection (PBSC)
it, or have no access -
. . ‘
* No matched sibling donor or refused CD34+ isolation and cryopreservation
allogeneic transplant (goal =8 x 106 CD34+ cells/kg)
* Hx of stroke or on disease modifying therapy Conditioning ARU-1801
Key : for moderate to high risk for stroke 140 mg/m? melphalan manufacture
Exclusion _ _ _ "]
PR * Patients with alpha thalassemia (2 or more
Criteria .
deletions) ARU-1801 IV infusion
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Questions and
Contact

Lanetta Bronté-Hall,
MD, MPH, MSPH

Lbronte@fscdr.org

844-446-5744

Fscdr.org
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LIVING WITH SCD
DOESN’'T HAVE TO BE A CURSE.

TO MAKE AN CALL, 954-397-3251
MONDAY - FRIDAY | 8:30 AM - 5:00 PM

G

SICKLE

REPORT SCD COVID-18 CASE ACCEPTING NEW PATIENTS B DONATE TODAY! E

MEET THE PEOPLE
WE HELP

th sickle cell disease. We stand by coring for the individuals

SCOPE OF
SERVICES

duals offected wit

South Floride hes the natien’s highest number of indivi

Treatment

by o hematologist oncologist

p cell trained RN
« Port Access for blood drawing & flushing

« Program to o

patients with odherence to
treatment recommendations

« Program to reduce visits to the emergency room
« Program to reduce inpatient hospitalization

« Prograom to eliminotes t sion

for patients enrolled in chronic care management

hirty doy hospital recdmis:

« Patient tailored poin monagement
« Disaobility evaluation
« School individualized education program

* Social resource needs assessmer ner with

it (Port
Department of Children & Families)

« Neurocognitive evaluation with o neuropsychologist
« Ongoing quality improvement
« Post ho

spital discharge follow-up

« Preventive health sarvices

« Flu vaccine

« Vaccinations

« Care coordination

« Chronic care management

« Patient-centered medical home
« Speciolty care referral

« Clinical research
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