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Longer-Term Follow-up on the First Patients with Severe Hemoglobinopathies Treated with LentiGlobin™ Gene Therapy
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INTRODUCTION RESULTS: SEVERE SICKLE CELL DISEASE (SCD) RESULTS: TRANSFUSION-DEPENDENT B-THALASSEMIA (TDT) SAFETY IN SCD AND TDT TREATED PATIENTS

e B-globin gene addition into hematopoietic stem cells (HSCs) has the Patient and DP characteristics Patient and DP characteristics * Adverse events generally consistent with myeloablative conditioning
potential to reduce or eliminate the symptoms of severe sickle cell Patient 1204 1207 1208 Patient 1201 1202 1203 1206 — Non-hematologic Grade 3-4 AEs from conditioning to last
disease (SCD) and reduce or eliminate transfusion requirements in follow-up:

Age at Enrollment (years) 18 16 19 17
transfusion-dependent B-thalassemia (TDT) Age at Enrollment years) 13 16 21 HoMozveoUs e Stomatitis (n=4), elevated AST (n=2), and one case each of
. . . . z u .

* LentiGlobin contains autologous CD34+ cells transduced with the Genotype BS/BS BS/BS BS/B0 Genotype BO/BE BO/BE VST nt ﬁgo GoA BO/BE elevated ALT, elevated GGT, elgvateq hepatic enzymes, |
BB305 lentiviral vector, which encodes a human B-globin gene Pre-Treatment pRBC Transfusions" (mL/kg/yr) 139 188 176 197 premature menopause, tooth infection, oral herpes, major
containing a single point mutation (AT87Q) designed to confer Busulfan AUC’ (daily average, uM*min) 4,841 5,022 5,447 P us! MBIV depressive disorder, staphylococcus test positive,

i-sickli i imi i - i Busulfan AUC* (daily average, uM*min 4967 5212 46708 4930 i i i
anti-sickling proper'Fles S|m|.la.r to those.observed V\.II1.:|’1 y-globin VCN in Drug Product 1.2/1.0 0.7/1.0 0.8/0.5 (daily ge, u ) cholestasis, hypercapnia, ACS, and pyrexia

* Proof of concept using lentiviral B-globin gene addition for treatment VCN in Drug Product 1.5 21 0.8 1.1 e No drug product-related AEs
of patients with TDT has been established! and LentiGlobin CD34+ Cell Dose (x10%/kg) 5.6 4.7 3.0 CD34+ Cell Dose (x105/kg) 89 136 88 10 e 11 serious AEs (SAEs) post-LentiGlobin
treatment in patients with severe SCD or TDT has been previously = : : : : — 3 SAEs related to SCD in 2 patients
reported from this study, HGB-20523 AR O (e, 35.2 8.9 6.0 Follow-up (months) 45.5 40.5 24.0 24.0 « 2 episodes of ACS in 1 patient and 1 episode of VOC in 1

VCN: number of vector copies per diploid genome

' ' ) . . VCN = number of vector copies per diploid genome pat|ent
+ Busulfan plasma levels were monitored daily and busulfan dose was adjusted to meet the daily target average AUC of 4000-5200 uM*min + Mean pRBC requirement per year, over the past 2 years prior to consent
STU DY D ES I G N  Busulfan plasma levels were monitored daily and busulfan dose was adjusted to meet the daily target average AUC of 4000-5200 uM*min _ 8 add |t|0na | SAES were re po rted | N 5 pat|ents
§ Patient 1203 was the only patient who did not require an increased busulfan dose to achieve target AUC

e Elevated LFTs, staphylococcus infection, pneumonia, major

Transfusion Stem Cell Pre-infusion Transduced Stem Hb at 6 months and most recent StUdy visit Freedom from pRBC transfusion Hb at most recent StUdy visit depressive disorder, wisdom tooth infection, cholestasis,
Regimen Collection Conditioning Cells Infused Total Hb (g/dl-) . . .
— B HbA (Transfused) Most recent study visit =T rheumatoid pain, knee pain
51 B HbS vo1 [N < Bl HbA (Endogenous)  « No replication competent lentivirus or evidence of insertional
rior o mabiimation ' 2oyear 5816 B HbA = 14 12.9 BN HbE oncogenesis detected to date
£  Target hemoglobin — —> — follow-up C 14- 2 'g = [ ] HbAz
© : Exchange B (T 7 T87Q o .
2 f;zstusil:)nsgprior to Apheresis Busulfan Long-Term = 10.0 10'6 - HbA ‘E 107 8 7 - HbAm?q S U IVI M ARY
BMH and conditioning (TT) or bone myeloablation Follow-Up € 107 1203 m S .
e Target HbS <30%, marrow Q c 8- -
Hb 9-10 g/dL harvest (SCD) Study (] 8- () . . .
5 1206 m O 6l * All patients with severe SCD and TDT continue to
- . c
. Lentl(—?lobln BB305 manufactu.rmg S _ z 6 ‘S 2 Successfu”y produce HbAT87Q
s & ® @'y O s 4 . 0 6 12 18 24 30 36 42 4 < . ,
= 8 ®g0 ®g0 249¢ © 52% 6% Months Post Drug Product Infusion o 21 * |n patients with SCD
g “é Lp .. .. ' Wc’ ' UO-O 2 - H Anti-sickling Time from treatment to last transfusion B Time from last transfusion to last follow-up g 0- . 9 .. .
© § £ o- = ' 14% Hbt * Transitioned to therapeutic phlebotomy I Month 42 Month 42 Month 24 Month 21 — Patients are able to prOdUCE 14_52/’ antI_SICkIIng Hb
Select stem cells Transduce with Freeze, test and Q . .. . * . .
88305 vector release < Month 6 Month 30 M°“;";0“;1"'h9 “;;’;;5 e Patient 1203, who produces minimal endogenous Hb and received 1201 1202 1203 1206 — Patient 1204, with more than 30 months follow-up,
1204 a DP with a VCN of 0.8, has had no pRBC transfusions in 21 months : o :
M ETHODS *Patient 1207 received exchange transfusions at Months 6 and 8 due to ACS and at Month 9 for ACS prophylaxis and had a total Hb Of 8’ 7 g/dL at Mro)nth 24 *HbA produced by patient 1203 is a result of the patient’s IV51 nt 110 G>A genotype Contlnues to ShOW marked Cllnlcal Improvement
t % Anti-sickling Hb consists of HbA™’2, HbF, and HbA, ’ . .
: . . . . . . . .\ i . . * |n patients with TDT
HbA'™7Q gver time following DP infusion Hb over time following DP infusion Serum ferritin at baseline and most recent study visit P
 Patients (5-35 years of age) with severe SCD (e.g. >2 acute chest = 8- . — 40001 — Patients have been free of chronic transfusions with
. ) . : . I -
syndrome [ACS]_eplsodes_or >2 vaso-occlusive crises [VOC] in o 50% of Hb T 16- ‘a‘in . near normal and stable levels of total Hb
preceding year/in year prior to regular transfusions) or TDT S 6. is HbAT’Q oo =
(>100mL/kg of packed red blood cells [pRBCs] per year) were enrolled = c 4 £ | — 3 of 4 patients have been able to transition to
e Following rr|10bilization and zi\lpheresis (TDT) or bonehmﬁrrow harvest = . % 12- k] phlebotomy and have had markers of
+ 1 Q 5 o
I(SCE)'_ aLI‘tO Otgous CD34+ cells were transduced with the BB305 o 26% of Hb is £ 10- £ 1000] dyserythropoiesis return to near normal levels
en . Iviral vector . . . . . 8 HbAT87Q — 1204 8 R 8 B ) - o ) . ______ i . o __ Normal range . . . . . .
» Patients underwent myeloablative conditioning with busulfan prior to g 2 * — 1207 g2 s ——— —— —— —_— 14-275 g/t e Safety profile of LentiGlobin in this study continues to
. . 0 " % 9% of Hb is o) Baseline Month42 Baseline Month42 Baseline Month24 Baseline Month 21 . . . .. . .
infusion of the transduced cells . f X ¢ 7%ofHbis — 1208 S . 1201 1202 1203 1206 appear consistent with myeloablative conditioning, with
e After infusion, patients were monitored for hematologic engraftment, 8 HbA ™™ c — 1201 " . P . . .
vector copy number (VCN), HbA™72 expression, transfusion T 5 : . 5 Ty 1 s 21 a 27 30 2, oo  Serum ferritin decreased following DP infusion in 3 of 4 patients no LentiGlobin related AEs to date
: ’ oo = — Patient 1202 restarted chelation at Month 9 and transitioned . . . .
requirements (TDT), VOCs and hospitalizations (SCD), adverse events Months Post Drug Product Infusion - — 1203 to phlebotomy, however has been able to discontinue both e Three clinical studies are ongoing to further evaluate the
(AES) and |ntegrat|0n S|te analyS|S *Patient 1207received exchange transfusions at Monthssa.\nd.SduetoA(iSand at Month 9 for ACS prophylaxis . g 1206 L Patient 1201 Was on che|ation Month 3 _ 30 and began Safety and efficacy Of LentiGIObin:
* All patients treated show a rising trajectory of HbA™’@ production through 6 months T 00 c 19 13 4 20 26 22 a8 phlebotomy at Month 33
STUDY STATUS e HbA™’Qin patient 1204 remained stable after 9 months post-infusion —_ Ppatient 1203 restarted chelation theraov at Month 15 — SCD: HGB-206 (NCT02140554)
e Decrease in HbA™’Q levels in patient 1207 followed exchange transfusions Months Post Drug Product Infusion : Py
—  Patient 1206 began phlebotomy at Month 13 — TDT: Northstar-2 (NCT02906202) and Northstar-3
Treatment and Enroliment Complete VOC and ACS prior to and following DP infusion Markers of dyserythropoiesis have largely returned to normal in 3 of 4 patients (NCT03207009)
=
alll povents consented s [ Follow-up after o 3,
enrolled drug product (DP) infusion: 1204 « VOCs (1-3/yr) and ACS (x2) despite hydroxyurea Approximately'30 months post-treatmen.t,'the. patient p< 0.05 _g_ p < 0.001 REFERENCES
N=4 N=8 N=4 « Bilateral hip osteonecrosis, cholecystectomy and suffered an episode of acute gastroenteritis with a 2- B
splenectomy for hypersplenism day fever of up to 40°C, leading to dehydration; the c 81 ° 4 A 1) Cavazzana-Calvo M, et al. Nature. 2010:467(7313):318-22; 2) Ribeil JA, et al. N Engl J Med
All patients (N=7) « ARBC transfusi initiated in 2010 patient subsequently developed a VOC and was — Q o- e , etal. : ; 313): ; ) . g
Ineligible - ransrusion program was initiated in ) hosbitalized for 7 davs for symptomatic treatments = 8 VG 2017; 376:848-855; 3) Ribeil JA, et al. EHA Learning Center. June 2017; 181918. Abstract P631
N=1 Median: 24.0 months including iron chelation* P y ymp e O
= . ) _ o - o
Min —Max: 6.0 - 45.5 months 1207 ¢ VOCs (up to 7/yr) despite hydroxyurea and ACS (x5) Patient, who has restrictive pulmonary syndrome, had ..".,':_ 6 o -
. . i ions initi i 2 episodes of ACS c = 4-
cell collect dd Regular prophylactic RBC transfusions initiated in — -
€ ;0 L;C fonan ¢ rug 2013%*; iron chelation was started 5 months later *  Events occurred approximately 6 and 8 months S 4- ¢ ® E ACKNOWLEDGEMENTS
N=3 proguct manufacture N=4 SCD (N=3 after DP infusion & ° 7
complete Median: 8.9 months «  Both resulted in hospitalizations, treated with Q :. Py g 2. We thank the study participants and their families. We acknowledge the support of our
N=7 Min — Max: 6.0 — 35.2 months exchange transfusions T 24 ; ° : ° colleagues at Necker Children’s Hospital, Assistance Publique — Hépitaux de Paris, Institut
Patient ed hvlacti h transfusion at @ ) _"_._0'?._ National de la Santé et de la Recherche Médicale (INSERM), Institut des Maladies Génétiques
IVT |etr;‘ ;eceévs @ Propby actic ex_c_ anEﬁ‘J rar;s Lfsftrll @ —_— ¢ d A, o) P %e (IMAGINE Institute), and bluebird bio, who play critical roles in the execution of this work.
on and has since been receiving HU and nightly — = °
TDT (N=4) oxygen with no subsequent relapse 0 T T T by 3 0 ' T T .
Median: 32.2 months 1208 ¢ VOCs (up to 5/year) and ACS (x6) * No episodes of VOCs, ACS, pain, hemolysis, or Pre-GT After GT Pre-GT After GT v Pre-GT After GT Pre-GT After GT DISCLOSURES
Conditioning and drug Min — Max: 24.0 — 45.5 months * In the absence of hydroxyurea efficacy, regular concomitant treatments 1201, 1202, 1206 1203 1201, 1202, 1206 1203
N=3 prOdUCt infUSion Complete N=4 prophylactic RBC transfusions were initiated in 2014* GT, gene therapy; Horizontal bars represent medians; p-values calculated using two-sided Wilcoxon rank-sum test Dr. Cavazzana has no disclosures to report
N=7 Data presented are as of * Despite regular transfusions, patient was still o

Following gene therapy, sTFR decreased in 3 BE/BP patients (p<0.001), while hepcidin/ferritin ratios increased (p=0.014)

September 20, 2017 symptomatic with 2 VOC and 1 ACS * No change was observed for either marker in patient 1203 (homozygous IVS1-110)

*According to treating physician records
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