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Transfusion-dependent B-thalassemia (TDT)

Iron overload in Event free survival in thalassemia patients
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EFS, event free survival; HSCT, hematopoietic stem cell transplantation; LIC, liver iron concentration; MMFD, mismatched family donor; MSD, matched sibling donor

1. Aydinok et al. Eur J Haematol. 2015;95(3):244-53. 2. Baronciani et al. Bone Marrow Transplant. 2016;51(4):536-41.



Northstar (HGB-204) study of LentiGlobin gene therapy in TDT

= LentiGlobin gene therapy contains autologous CD34+ HSCs transduced ex vivo with the BB305
lentiviral vector encoding B-globin with a T87Q amino acid substitution

= Northstar is an international, multi-center, Phase 1/2, open-label, single-arm study in

adolescents/adults with TDT

— Primary objectives: Safety and efficacy of LentiGlobin gene therapy in TDT

All 18 patients have completed the 2-year study

Median follow-up: 32.1 months
(min —max: 23.1 — 41.9 months)

All patients have since enrolled in
the long-term follow-up study, LTF-303

HSCs, hematopoietic stem cells; TDT, transfusion dependent B-thalassemia
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Overview of the Northstar (HGB-204) clinical study
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Long-Term
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Patient and drug product characteristics
N=18 patients

B°/B°  Non-B°/B°
(n=8) (n=10)

median (min — max)

Drug Product Characteristics

Busulfan AUC" 4127 4060

. . .. Non-f32/39
Patient Characteristics B%/B
(n=10)
B*/B° — 6
Genotypes
Other — 4
Age at drug product infusion 23.5 20.5
median (min —max), years (13 -36) (16 — 35)
Pre-study pRBC transfusion 182.7 146.9

volume

_ _ _ (124.4- 261.3)
annualized median (min — max), mL/kg/yr

(139.1 - 234.5)

Liver Iron Concentration 6.3 5.7
median (min —max), mg/g (0.4-17.0) (1.2-126.4)
Splenectomy 3 3

n, % (38) (30)

HM*min (3072 —4714) (3030 - 4417)
Drug product VCN' 0.6 0.7
vector copies/diploid genome (0.3-1.5) (0.3-1.1)
CD34+ cells transduced’ 32 29

% (18 —58) (17 — 44)
Drug product cell dose 11.0 7.1
CD34+ cells x10%/kg (6.1-18.1) (5.2 -13.0)

AUC, area under the curve; pRBC, packed red blood cells; VCN, vector copy number

*Estimated average daily busulfan exposure over 4 days
122 drug product lots manufactured for 18 patients

Data as of 7 March 2018




Neutrophil and platelet engraftment

Patients
(N=18)

Neutrophil engraftment” 18.5
median (min — max), study day (14 — 30)
Platelet engraftment’ 39.5
median (min — max), study day (19 -191)

*Absolute neutrophil count > 500 cells/pL for 3 consecutive days
"Unsupported platelet count > 20,000 platelets/pL

= Cumulative incidence of neutrophil engraftment was 100% by Day +30
= Cumulative incidence of platelet engraftment was 78% by Day +60 and 94% by Day +100

= Median duration of hospitalization from conditioning to post-DP infusion discharge was
40 (min — max: 27 — 69) days
DP, drug product
Data as of 7 March 2018 6



Safety of LentiGlobin treatment in adults and adolescents with TDT

remains consistent with myeloablative conditioning

Non-hematologic* grade > 3" AEs reported in 22 patients n (%) = One SAE of wild-type HIV
DP infusion to 2 years follow-up N=18 infection was reported 23
Stomatitis 12 (67) months after DP infusion and
Febrile neutropenia 10 (56) was considered not related to
Pharyngeal inflammation 5 (28) LentiGlobin
Menstruation irregular 3(17)

o = No grade > 3 DP-related AEs
Epistaxis 2(11) .
Veno-occlusive liver disease* 2(11) - Mo gmitiEie

= No vector-mediated
replication competent
lentivirus detected

Serious AEs* reported in 22 patients

DP infusion to last follow-up
Thrombosis® 2 (11)

Veno-occlusive liver disease* 2(11)

*Hematologic AEs commonly observed post-transplant have been excluded; "No grade 4 or 5 non-hematologic events were
reported; ¥ Both VODs were grade 3 and serious events $Included 1 vena cava thrombosis and 1 intracardiac thrombus

= No evidence of clonal
dominance

AE, adverse event; DP, drug product; HIV, human immunodeficiency virus; SAE, serious adverse event, VOD, veno-occlusive liver disease

Data as of 7 March 2018 7



8/10 patients with non-B°/B° genotypes achieved and maintain

transfusion independence

Median duration of transfusion independence to date of 33 months

(min — max: 16 — 38) in 8/10 patients Hb (g/dL)
At last study visit
1102 10.3
1104 | ——TE 9.4
¢ 355 12.0
Lo 353 12.5
1111* 34.7 13.5
1120 203 9.1
1117 10.7
1119 10.0
0 6 12 18 24 30 36 42

Months Post Drug Product Infusion

Time from treatment to last transfusion B Time from last transfusion to last follow-up
*Indicates male patients. Transfusion independence is defined as weighted average Hb >9 g/dL without any RBC transfusions for 212 months. Hb, hemoglobin

Data as of 7 March 2018 8



Peripheral VCN and HbA™’Q production

Patients with non-B°%/B° genotypes

Gene therapy-derived

VCN in peripheral blood over time
hemoglobin (HbA™’?) over time
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Dotted lines indicate patients receiving chronic transfusions
HbA™’Q Gene therapy-derived hemoglobin; VCN, vector copy number (vector copies/diploid genome)

Data as of 7 March 2018 9



3/8 patients with B%/B° genotypes are free from chronic transfusions

Time free from chronic transfusions (months) At ::g .E,tgu/d‘ill-\zisit
1106 21.7 9.3
1103 10.3
0 6 12 18 24 30 36 42

Months Post Drug Product Infusion
Time from treatment to last transfusion B Time from last transfusion to last follow-up

Patients 1103 and 1123 achieved transfusion independence with a
duration to date of 14 and 16 months, respectively

* Indicates male patient
¥ Patient had a single transfusion for an acute event of cat scratch disease
Transfusion independence is defined as weighted average Hb >9 g/dL without any RBC transfusions for 212 months. Hb, hemoglobin

Data as of 7 March 2018 10



Peripheral VCN and HbA™’Q production

Patients with B%/B° genotypes

Gene therapy-derived

VCN in peripheral blood over time
perip hemoglobin (HbA™7Q) over time
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Total hemoglobin remains stable following cessation of chronic

transfusions

Hb concentration (g/dL)

6_

4- — Non-B%/BR° genotypes
2- — B%/B° genotypes

0 T T T

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42
Months Following Last Chronic RBC Transfusion

Hb, hemoglobin; RBC, red blood cell
Data as of 7 March 2018 12



Reduction in RBC transfusion volume in patients

still receiving transfusions

300~ 82%, 27% 53% median reduction
reduction (min — max: 8% — 74%)

Annualized RBC volume
(mL/kg/year)
3 3 8

0 |. 1 1 II || |. ||
1118 1121 1107 1110 1113 1115 1122
Non-B°/B° genotypes B%/B° genotypes

Pre-treatment: Annualized volume of RBC transfusions in the 2 years prior to study enrollment

I Post-treatment: Annualized on-study volume of RBC transfusions starting at month 6 post-DP infusion through last study visit
RBC, red blood cell

Data as of 7 March 2018 13



Peripheral VCN correlates with DP VCN and HbA™7Q at Month 6

Drug product VCN correlated Peripheral VCN correlated

o, With peripheral VCN!? with HbA™7Q |evels!
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® HGB-204 ® HGB-205 (NCT02151526)

PBMC, peripheral blood mononuclear cells; VCN, vector copy number (vector copies/diploid genome)

r’=0.69
P<0.001

29[ o r’=0.75; P<0.001

VCN in PBMCs at 6 Mo
HbAT87Q (g/dI) at 6 Mo

1. Thompson et al. N Engl J Med. 2018 Apr 19;378(16):1479-1493. 14



Next steps: Pivotal phase 3 clinical studies of LentiGlobin in TDT

kRTHSTAR 2

S T UDY

HGB-207

Phase 3, multi-center, global study
NCT02906202

* Non-B0/B0 genotypes
* N = 23 patients < 50 years of age

* Open and enrolling

&RTHSTAR-3

S T U DY

HGB-212

Phase 3, multi-center, global study
NCT03207009

* B%/B° genotypes
* N =15 patients < 50 years of age

* Open and enrolling




Summary

= With up to 3.5 years of follow-up, LentiGlobin gene therapy has eliminated or reduced chronic
RBC transfusions in most patients with TDT

— 8/10 patients with non-B°%/B° genotypes and 3/8 patients with B°/B° genotypes remain free from chronic
transfusions

= Hemoglobin levels are stable at near-normal levels (9.1 — 13.5 g/dL) in transfusion-free patients

= Safety profile is consistent with myeloablative conditioning with busulfan

— No grade > 3 AEs were considered related to LentiGlobin

= Two phase 3 studies are underway to evaluate LentiGlobin safety and efficacy in TDT using a
refined DP manufacturing process:

— Northstar-2 (non-B°%/B° genotypes)
— Northstar-3 (B°/B° genotypes)

AE, adverse event; DP, drug product; RBC, red blood cell; TDT, transfusion dependent B-thalassemia; Tl, transfusion independence

Data as of 7 March 2018 16
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