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Brief history of gene therapy research

1990s 1999 2017

1990: First patient successfully treated : First rAAV gene l First gene transfer
with gene therapy (retroviral)? ;.{ therapy trial for o therapy approved in
1995: First human rAAV use (cystic - hemophilia B the US for genetic eye
fibrosis)3 f starts’ - l condition®10

2010 and beyond...

Gene therapy | One death (JG) First rAAV gene Second gene |
. . W P ) . \ o '
first considered .'. directly related to HA  therapy trial for transfer therapy ’f‘
as atreatment 7,0 retroviral - mediated gene hemophilia A approved in the US ]
. 1 = 4 P 8 . *
option therapy* led to a greater starts for spinal muscular
focus on safety and atrophy in patients
reporting standards by the <2 years of age!?
FDA and NIH>®
FDA, US Food and Drugs Administration; 1. Friedmann T, et al. Science 1972;175:949-55; 2. Blaese RM, et al. Science 1995;270:475-80; 3. Wang D, et al. Nat Rev Drug Discov 2019;18:358-78;
HA, hemophilia A; HB, hemophilia B; 4. Sibbald B. CMAJ 2001;164:1612; 5. Cotrim AP, Baum BJ. Toxicol Pathol 2008;36:97-103; 6. Collins FS, Gottlieb S. N Engl J Med 2018;379:1393-95;
G, Jesse Gelsinger; 7. Hough C, Lillicrap D. J Thromb Haemost 2005;3:1195-1205; 8. Biomarin Pharmaceutical. Accessed July 22, 2019. https://www.biomarin.com/about/history/#1997;
NIH, National Institute of Health; 9. Luxturna Prescribing Information. Spark Therapeutics, Inc. 2017; 10. FDA. Accessed January 8, 2020. https://www.fda.gov/news-events/press-
rAAV, recombinant adeno-associated virus announcements/fda-approves-novel-gene-therapy-treat-patients-rare-form-inherited-vision-loss; 11. Zolgensma Prescribing Information. AveXis, Inc. 2019
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AAV gene therapy development for hemophilia
2000

2010

POC in animal AAV2-FIX
models of Int lar2 .
hemophilia B! tramuscuar TranSIeni.:
Hepatic artery inf.3 b ErgpresEi
Transaminitis:
cytotoxic T cell
immune response
to AAV2 capsid
in transduced
hepatocytes
HEMOPHILIA B / FIX
HEMOPHILIA A / FVIII

Schematic adapted from Dunbar CE, et al.1®
AAV, adeno-associated viral vector; FVIII, factor VIII; FIX, factor IX; kb, kilobases; POC, proof of concept;
pts, participants; SAE< serious adverse event

1. Nathwani AC, et al. Blood 2001;97:1258-65; 2. Manno CS, et al. Blood 2003;101: 2963-72; 3. Manno CS, et al. Nat Med 2006;12:342-47; 4. Nathwani AC, et al. N EnglJ Med 2011; 365:2357-65; 5. Nathwani AC, et al. N EnglJ Med 2014; 371:1994-
2004; 6. Miesbach W, et al. Blood 2018;131:1022-31; 7. Von Drygalski A, et al. Blood Adv 2019;3:3241-47; 8. George LA, et al. N EnglJ Med 2017;377:2215-27; 9. Nathwani AC, Tuddenham EGD. Br J Haematol 2020;191:573-78; 10. Rangarajan S, et al.
N EnglJ Med 2017;377:2519-30; 11. Pasi KJ, et al. Haemophilia 2021;27:947-56; 12. Ozelo MC, et al. N Engl J Med 2022;386:1013-25; 13. Visweshwar N, et al. Blood 2021;138:564-66; 14. https://wfh.org/fda-places-the-pfizer-sangamo-therapeutics-
phase-3-affine-haemophilia-a-gene-therapy-study-on-clinical-hold/; 15. George LA, et al. N Engl J Med 2021;385:1961-73; 16. Dunbar CE, et al. Science 2018;359(6372):eaan4672
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Managing transaminitis and cellular immune responses

* Immune-mediated injury is common in liver diseases

* A feature of many viral infections, autoimmunity and

transplant rejection

The immune response to AAV

vectors has characteristics of an

autoimmune hepatitis

/
Classic profile:

\

-

Raised AST/ALT

Normal bilirubin, ALP

Normal albumin

Raised IgG

F-actin positive

.

Considerations for management (immunosuppression):

» Strategy: high-dose prednisolone to control immune reaction but reduce

quickly to minimize toxicities

* Prednisolone 60 mg once daily initially, followed by tapering

* PPl once daily (to protect Gl tract)

e Calcium and vitamin D (to avoid loss of bone density)

* Consider second-line steroid-sparing agents if longer treatment

is required

~

J

Czaja AJ, Freese DK. Hepatology 2002, 36:479-497. Luxon BA.

ALP, alkaline phosphatase; ALT, Alanine aminotransferase; AST, aspartate aminotransferase; FIX, factor IX; PPI, proton pump inhibitor
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Managing transaminitis and cellular immune responses

* Immune-mediated injury is common in liver diseases

* A feature of many viral infections, autoimmunity and

transplant rejection

/
Classic profile:

\

The immune response to AAV
vectors has characteristics of an
autoimmune hepatitis

-

Raised AST/ALT

Normal bilirubin, ALP

Normal albumin

Raised IgG

F-actin positive

.

Considerations for management (immunosuppression):

» Strategy: high-dose prednisolone to control immune reaction but reduce
quickly to minimize toxicities

Prednisolone
PPl once daily
Calcium and v

Consider seco
is required

~

-

ALP, alkaline phosphatase; ALT, Alanine aminotransferase; AST, aspartate aminotransferase; FIX, factor IX; PPI, proton pump inhibitor

\

~
Alternative/second-line agents:
* Budesonide — better tolerated but requires metabolism in
the liver to its active form
* Mycophenolate (caution: teratogenic)
e Calcineurin inhibitors (tacrolimus)
W,

Czaja AJ, Freese DK. Hepatology 2002, 36:479-497. Luxon BA.
Curr Gastroenterol Rep. 2006;8(1):83-88.
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AAV gene therapy development for hemophilia
2000

2010

POC in animal AAV2-FIX scAAV-LP1-hFIXco?>
models of ) . AMT-060° i
hemopbhilia B! Intramuscular Trans|en1-; (tsl‘:jes::;)r:a?;:;cl)ol‘:’:lx
Hepatic artery inf.3 FIX expression Intravenous levels
Transaminitis: AAV8*> or AAVS5° .
cytotoxic T cell ; UREEE etfide
. Liver promotor prednisolone
immune response normalized
to AAV2 capsid Smaller transgene .
) transaminases and
in transduced . . .
h Immunomodulation maintained FIX
epatocytes
HEMOPHILIA B / FIX
HEMOPHILIA A / FVIII

Schematic adapted from Dunbar CE, et al.1®
AAV, adeno-associated viral vector; FVIII, factor VIII; FIX, factor IX; kb, kilobases; POC, proof of concept;
pts, participants; SAE< serious adverse event

1. Nathwani AC, et al. Blood 2001;97:1258-65; 2. Manno CS, et al. Blood 2003;101: 2963-72; 3. Manno CS, et al. Nat Med 2006;12:342-47; 4. Nathwani AC, et al. N EnglJ Med 2011; 365:2357-65; 5. Nathwani AC, et al. N EnglJ Med 2014; 371:1994-
2004; 6. Miesbach W, et al. Blood 2018;131:1022-31; 7. Von Drygalski A, et al. Blood Adv 2019;3:3241-47; 8. George LA, et al. N EnglJ Med 2017;377:2215-27; 9. Nathwani AC, Tuddenham EGD. Br J Haematol 2020;191:573-78; 10. Rangarajan S, et al.
N EnglJ Med 2017;377:2519-30; 11. Pasi KJ, et al. Haemophilia 2021;27:947-56; 12. Ozelo MC, et al. N Engl J Med 2022;386:1013-25; 13. Visweshwar N, et al. Blood 2021;138:564-66; 14. https://wfh.org/fda-places-the-pfizer-sangamo-therapeutics-
phase-3-affine-haemophilia-a-gene-therapy-study-on-clinical-hold/; 15. George LA, et al. N Engl J Med 2021;385:1961-73; 16. Dunbar CE, et al. Science 2018;359(6372):eaan4672
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SCAAV2/8-LP1-hFIXco: codon-optimized FIX in AAV8-pseudotyped capsid

Participant 5 (high dose, 2E12 vg/kg) ~
Liver-directed AAV8 vector (scAAV2/8-LP1-hFIXco) developed to AAVEFiX
improve transduction efﬁCiency FIX Prednisolone Treatment with FIX concentrate
10 patients with severe hemophilia B and absence of pre-existing ; h ; ‘, l, ; ‘, l, ;
antibodies against AAV8 capsid 307 ° —200
3 doses: 2E11 vg/kg, 6E11 vg/kg, or 2E12 vg/kg 12—
|
: — | Cn o .. mEx 10 10
Tran5|enF increases |n.A.LT occurred in 4 of 10 participants activity? 8- & ® AT
(4 of 6 high-dose participants) (%of ¢ —-100 (U/L)
I
* Prednisolone initiated at 60 mg/day followed by gradual normal) 4 fa et F50
dose tapering 2 seomed e e —5-0me—e
0- T 7 I I ——0
* FIX levels declined by 50 to 70% compared with values S > ¥ N A0 A
before the onset of the elevated ALT P
Years after vector infusion
* ..especially if prednisolone started >2 days after \ S

ALT increase
“Prednisolone was effective in limiting the
hepatocellular toxicity as well as preserving the
expression of transgenic factor IX, especially when such
treatment was initiated early”

* No patient had a recurrent episode of elevated ALT

3FIX coagulation activity determined with the use of a one-stage clotting assay

ALT, Alanine aminotransferase; FIX, factor IX; P, prednisolone; vg, vector genomes Nathwani AC, et al. N Engl ] Med 2014,371:1994-2004
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SCAAV2/8-LP1-hFIXco: codon-optimized FIX in AAV8-pseudotyped capsid

e Participant 52 Participant 62 ~
* However, associations between ALT elevation, Prednisolone  Treatment with FIX concentrate Prednisolone
FIX decline, and prednisolone treatment } Iis. NN ot e,
. . 30 ~ _
varied among participants 127 1 200 127' 200
1 7 .
101 150 10- n u -150
8- 8- .‘l*.i' \"n."*'i.
— & -..._. ; 100 . Sl L floo
* Despite early episodes of ALT elevations in e, _!I . _n Lo . = 'L’--—-"/ ~n o
. e - IIF%!'_I / | B | B
some participants, therg was long-term . S 2 m_" O S 3_ R X N .
endogenous FIX expression at therapeutic w5 0 T L r T o 1 0 T L rFrI U 17 .
QF Q- Q NS N\ e QF Q- [NEENY N . Ay 1
steady-state levels of 1-6%* &S S
> . . . . -
S Participant 7° Participant 10° o
5y 4y .
©
* Latest follow-up?: < 309 - 200 30, TRy 200
L
. . 12 ]
* all 10 participants have stable transgenic = -150 };_ -150
FIX activity through up to 10 years s L A 100 8- /-\ 100
. . e . . 6- LI . R 6 N e [ ]
* significant reductions in annual FIX 4- \_.-' [ S I 4 ./\'-" N/ 50
) r . 00, .6 % ~%
concentrate usage and frequency of é' Y | W — . 2 o=e® ¢ W% Eag——p .
. T T o T T T 0" T 7~ T T T
spontaneous bleeding S O g ® O o O S & & o O R
\ Years after vector infusion -
*These participants received the high dose, 2£12 vg/kg 1. Nathwani AC, et al. N Engl J Med 2014;371:1994-2004;
ALT, Alanine aminotransferase; FIX, factor IX 2. Nathwani AC, Tuddenham EGD. Br J Haematol 2020;191:573-78
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AAV gene therapy development for hemophilia
2000

2010

POC in animal AAV2-FIX SscAAV-LP1-hFIXco*» AMT-061’
models of 2 , AMT-060° i SPK90018
hemophilia B! Intramuscular I:IXTranS|ent- | (fr:‘:::;r;i‘:{cl)oz:’x | S
: . expression ntravenous ntravenous
Hepatic artery inf.> e levels « therapeutic FIX
Transaminitis: AAV8*> or AAV5® e AAVS’ or engineered?® . expression,
. reatment wi 0
. cytotoxic T cell Liver promotor prednisolone Liver promotor >30% of normal
n:m:;\?zrespo_n;e Smaller transgene normalized Limited need for
ic:\ transdc:?::j - transaminases and FIX Padua variant, steroids’-8
h Immunomodulation maintained FIX high specific activity
epatocytes
HEMOPHILIA B / FIX
HEMOPHILIA A / FVIII

Schematic adapted from Dunbar CE, et al.®
AAV, adeno-associated viral vector; FVIII, factor VIII; FIX, factor IX; kb, kilobases; POC, proof of concept;
pts, participants; SAE< serious adverse event

1. Nathwani AC, et al. Blood 2001;97:1258-65; 2. Manno CS, et al. Blood 2003;101: 2963-72; 3. Manno CS, et al. Nat Med 2006;12:342-47; 4. Nathwani AC, et al. N EnglJ Med 2011; 365:2357-65; 5. Nathwani AC, et al. N EnglJ Med 2014; 371:1994-
2004; 6. Miesbach W, et al. Blood 2018;131:1022-31; 7. Von Drygalski A, et al. Blood Adv 2019;3:3241-47; 8. George LA, et al. N EnglJ Med 2017;377:2215-27; 9. Nathwani AC, Tuddenham EGD. Br J Haematol 2020;191:573-78; 10. Rangarajan S, et al.
N EnglJ Med 2017;377:2519-30; 11. Pasi KJ, et al. Haemophilia 2021;27:947-56; 12. Ozelo MC, et al. N Engl J Med 2022;386:1013-25; 13. Visweshwar N, et al. Blood 2021;138:564-66; 14. https://wfh.org/fda-places-the-pfizer-sangamo-therapeutics-
phase-3-affine-haemophilia-a-gene-therapy-study-on-clinical-hold/; 15. George LA, et al. N Engl J Med 2021;385:1961-73; 16. Dunbar CE, et al. Science 2018;359(6372):eaan4672
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AAV gene therapy development for hemophilia
2000

2010

POC in animal AAV2-FIX SscAAV-LP1-hFIXco*» AMT-061’
models of 2 : AMT-060° i SPK90018
hemophilia B! Intramuscular I:IXTranS|ent. | (tsl':jesrtaa;)r:::i'cl)ol‘:’:lx | S
. . expression ntravenous ntravenous
Hepatic artery inf.> e levels « therapeutic FIX
Transaminitis: AAV8*> or AAV5® e AAVS’ or engineered?® . expression,
. reatment wi 0
. cytotoxic T cell Liver promotor prednisolone Liver promotor >30% of normal
n:m:;\tizrespo_n;e Smaller transgene normalized Limited need for
ic:\ transdc:?::j - transaminases and FIX Padua variant, steroids’-8
h Immunomodulation maintained FIX high specific activity
epatocytes
HEMOPHILIA B / FIX
HEMOPHILIA A / FVIII

Hemophilia A has been more challenging

* FVIII protein is inefficiently synthesised in
hepatocytes

* FVIII cDNA is too large (7 kb) to be packaged
into AAV (maximum packaging capacity 5 kb)?

Schematic adapted from Dunbar CE, et al.®
AAV, adeno-associated viral vector; FVIII, factor VIII; FIX, factor IX; kb, kilobases; POC, proof of concept;
pts, participants; SAE< serious adverse event

1. Nathwani AC, et al. Blood 2001;97:1258-65; 2. Manno CS, et al. Blood 2003;101: 2963-72; 3. Manno CS, et al. Nat Med 2006;12:342-47; 4. Nathwani AC, et al. N EnglJ Med 2011; 365:2357-65; 5. Nathwani AC, et al. N EnglJ Med 2014; 371:1994-
2004; 6. Miesbach W, et al. Blood 2018;131:1022-31; 7. Von Drygalski A, et al. Blood Adv 2019;3:3241-47; 8. George LA, et al. N EnglJ Med 2017;377:2215-27; 9. Nathwani AC, Tuddenham EGD. Br J Haematol 2020;191:573-78; 10. Rangarajan S, et al.
N EnglJ Med 2017;377:2519-30; 11. Pasi KJ, et al. Haemophilia 2021;27:947-56; 12. Ozelo MC, et al. N Engl J Med 2022;386:1013-25; 13. Visweshwar N, et al. Blood 2021;138:564-66; 14. https://wfh.org/fda-places-the-pfizer-sangamo-therapeutics-
phase-3-affine-haemophilia-a-gene-therapy-study-on-clinical-hold/; 15. George LA, et al. N Engl J Med 2021;385:1961-73; 16. Dunbar CE, et al. Science 2018;359(6372):eaan4672
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AAV gene therapy development for hemophilia
2000

2010

POC in animal AAV2-FIX SscAAV-LP1-hFIXco*» AMT-061’
he’['n‘c’,i‘;’f,,‘c’,f a1 Intramuscular? Transient AMT-0606 (f#stainecj.clf |)o:::x SPK90018 o
; ; FIX expression Intravenous erapeutic Intravenous ustaine
Hepatic artery inf.> P levels < therapeutic FIX
Transaminitis: AAV8*> or AAV5° Treat . AAV57 or engineered?® . expression,
. reatment wi 0
. cytotoxic T cell Liver promotor prednisolone Liver promotor >30% of normal
IMMUnE response normalized Limited need for
t%?g\ﬁ;:?::jd Smaller transgene transaminases and FIX Padu.a_varia_nfc, steroids’-8
hepatocytes Immunomodulation maintained FIX high specific activity
HEMOPHILIA B / FIX
HEMOPHILIA A / FVIII
. . B-domain deleted FVIII
Hemophilia A has been more challenging
 FVIll protein is inefficiently synthesised in Liver-specific promoter
hepatocytes

Different serotypes & doses

* FVIII cDNA is too large (7 kb) to be packaged
into AAV (maximum packaging capacity 5 kb)?

Schematic adapted from Dunbar CE, et al.®
AAV, adeno-associated viral vector; FVIII, factor VIII; FIX, factor IX; kb, kilobases; POC, proof of concept;
pts, participants; SAE< serious adverse event

1. Nathwani AC, et al. Blood 2001;97:1258-65; 2. Manno CS, et al. Blood 2003;101: 2963-72; 3. Manno CS, et al. Nat Med 2006;12:342-47; 4. Nathwani AC, et al. N EnglJ Med 2011; 365:2357-65; 5. Nathwani AC, et al. N EnglJ Med 2014; 371:1994-
2004; 6. Miesbach W, et al. Blood 2018;131:1022-31; 7. Von Drygalski A, et al. Blood Adv 2019;3:3241-47; 8. George LA, et al. N EnglJ Med 2017;377:2215-27; 9. Nathwani AC, Tuddenham EGD. Br J Haematol 2020;191:573-78; 10. Rangarajan S, et al.
N EnglJ Med 2017;377:2519-30; 11. Pasi KJ, et al. Haemophilia 2021;27:947-56; 12. Ozelo MC, et al. N Engl J Med 2022;386:1013-25; 13. Visweshwar N, et al. Blood 2021;138:564-66; 14. https://wfh.org/fda-places-the-pfizer-sangamo-therapeutics-
phase-3-affine-haemophilia-a-gene-therapy-study-on-clinical-hold/; 15. George LA, et al. N Engl J Med 2021;385:1961-73; 16. Dunbar CE, et al. Science 2018;359(6372):eaan4672
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AAV gene therapy development for hemophilia
2000

2010

POC in animal AAV2-FIX SscAAV-LP1-hFIXco*» AMT-061’
heTn%iI;,/f/IZfBl IntramUSCL”arz Transient AMT'0606 (5ustained{ I)OW SPK90018 |
. . FIX expression Intravenous therapeutic) FIX Intravenous Sustained
Hepatic artery inf.> P levels < therapeutic FIX
Transaminitis: AAV84> or AAV5° Treat . AAV57 or engineered?® . expression,
. reatment wi 0
ir:r»:::;croex:'ce: Coerlllse Liver promotor prednisolone Liver promotor >30% of normal
to AAV2 cap sid Smaller transgene normalized Limited need for
in transdu?ed transaminases and FIX Padu.a_varia_nfc, steroids’-8
hepatocytes Immunomodulation maintained FIX high specific activity
HEMOPHILIA B / FIX
HEMOPHILIA A / FVIII valoctocogene Sustained therapeutic FVIII, >15%; steroids used
’ - - 11 (N=
- hilia A has b hallenai B-domain deleted FVIII roxaparvovec®° > years f;l;ow - .to ::te |r|3|::'\|lasle3‘1l)/122 (N=13)
emophilia A has been more challenging -3 years in Phase =
 FVIll protein is inefficiently synthesised in Liver-specific promoter - - -
hepatocytes Different serotypes & doses giroctocogene ?t((ejr(tmdsl_us:edl, :'?2 (Ij:VIIItIeveIs N Phabse ‘:’
* FVIIl cDNA is too large (7 kb) to be packaged fitelparvovec!3 el e/ kel nkelke e ble o) cgncern abou
into AAV (maximum packaging capacity 5 kb)° thrombosis risk

Schematic adapted from Dunbar CE, et al.1® SPK-801115
AAV, adeno-associated viral vector; FVIII, factor VIII; FIX, factor IX; kb, kilobases; POC, proof of concept;
pts, participants; SAE< serious adverse event

Phase 2 (N=18), steroids used; 2 lost FVIII
due to immune response despite steroids'>

1. Nathwani AC, et al. Blood 2001;97:1258-65; 2. Manno CS, et al. Blood 2003;101: 2963-72; 3. Manno CS, et al. Nat Med 2006;12:342-47; 4. Nathwani AC, et al. N EnglJ Med 2011; 365:2357-65; 5. Nathwani AC, et al. N EnglJ Med 2014; 371:1994-
2004; 6. Miesbach W, et al. Blood 2018;131:1022-31; 7. Von Drygalski A, et al. Blood Adv 2019;3:3241-47; 8. George LA, et al. N EnglJ Med 2017;377:2215-27; 9. Nathwani AC, Tuddenham EGD. Br J Haematol 2020;191:573-78; 10. Rangarajan S, et al.
N EnglJ Med 2017;377:2519-30; 11. Pasi KJ, et al. Haemophilia 2021;27:947-56; 12. Ozelo MC, et al. N Engl J Med 2022;386:1013-25; 13. Visweshwar N, et al. Blood 2021;138:564-66; 14. https://wfh.org/fda-places-the-pfizer-sangamo-therapeutics-
phase-3-affine-haemophilia-a-gene-therapy-study-on-clinical-hold/; 15. George LA, et al. N Engl J Med 2021;385:1961-73; 16. Dunbar CE, et al. Science 2018;359(6372):eaan4672
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Valoctocogene roxaparvovec: B-domain deleted FVIII in AAV5 capsid

7 High-dose (6E13 vg/kg) participants? 4\
To address the size constraints and inefficient FVIII expression from native FVill .
gene, AAV5-hFVIII-SQ is designed with a reduced size (B-domain-deleted) FVII 3509, Participant 3 140
expression cassette, liver-specific promoter and AAVS5 vector '1{2)2
15 men with severe hemophilia A and no anti-AAV5 antibodies; 50
4 doses from 6E12 vg/kg to 6E13 vg/kg! - 60
. - 40
— -
* Participants in the high-dose cohort received prophylactic prednisolone 40 > _30
mg/day, tapering from week 3 to week 17 or longer ‘_; 2 16 20 24 28 32 36 40 44 48 52 56 Weeks
£ -
* 73.3%(11/15) had ALT elevations above ULN 2 )
> =2
* No clear/consistent association between FVIII, resolution of PMALT, and g o E
prednisolone use (e.g. Participant 3) > B0y Participant 4 140
3004 120
e One participant (Participant 4) showed VFVIII activity with DALT ‘ 2504 !
]
* ALT started to decline before initiation of therapeutic prednisolone igg- i
*  FVIll activity level subsequently increased 100--J; ----------
* No bleeding was reported I
_ _ _ o 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 Weeks
* Reductions in bleeding and FVIIl use maintained long-term Dose: 4!0"31;3!) zlsm 6[0_4"042'6' 1'51*?0_;_% mg/day
* At latest follow-up, all participants dosed at 4E13 or 6E13 vg/kg
remain off prophylaxis® 4 or 5 years after gene transfer, respectively? B Factor VIII activity | Bleeding episode
\ e ALT === Glucocorticoid dose /
aFVIIl replacement or emicizumab
ALT, alanine aminotransferase; FVIII, factor VIII; ULN, upper limit of normal range (ALT); vg, vector genomes 1. Rangarajan S, et al. N Engl J Med 2017;377:2519-30; 2. Pasi KJ, et al. Haemophilia 2021;27:947-56
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Phase 3 valoctocogene roxaparvovec trial (GENEr8-1)

7 ALT elevations? ~N
Open-label, single-group, multicenter, phase 3 study?
134 men with severe hemophilia A and no anti-AAV5 antibodies; 6E13 vg/kg dose AEs of post-baseline ALT elevation n %
ALT increased (# participants) 119 88.8
*  89% had PALT 21.5 baseline or ULN; 83% received reactive prednisolone 60 mg/day _
(or other immunosuppressants if contraindicated), tapering over >8 weeks? Potential Hy’s law case 0 0
«  Some PALT (particularly those occurring early) with positive interferon gamma ELISpot|  Total no. of ALT elevations (# events) 385
* Reductions in bleeding and FVIIl use maintained to date Grade 1 327/385 84.9
* Sustained FVIII ~20% by CSA and >30% by OSA? Grade 2 45/385 11.7
e FVIIl activity by CSA2 ™~ Grade 3 13/385 3.4
100 . .
-‘E . ® GENEr8-1 mITT (N=132) Serious AEs of ALT elevations 2/385 0.5
b ©® GENEr8-1 miTT subset? (N=17)
m —
=< 60 All Grade 3 events were managed with corticosteroids
z < and resolved
o= 40
;'L > No Grade 4 or higher ALT elevations have occurred
X =20
§ No clinically important signs of hepatocellular injury
S 0 - ' ' ' ' ' ! or liver dysfunction
0 26 52 78 104 130 156
K Weeks after vector administration / \ /

@Participants with 2156 weeks post-gene transfer at data cut

AE, adverse event; ALT, alanine aminotransferase; CSA, chromogenic substrate assay; FVIII, factor VIII; LLOQ, lower limit
of quantification; mITT, modified intent-to-treat population; OSA, one-stage assay; vg, vector genomes

1. Ozelo MC, et al. N EnglJ Med 2022;386:1013-25;
2. Mahlangu J, et al. EAHAD 2022, oral presentation
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SPK-8011: B-domain deleted FVIII in AAV3-based capsid

SPK-8011 contains a codon-optimized human FVIII gene under the control of a liver-specific promoter with an AAV3-based bioengineered capsid
18 men with hemophilia A (FVIII £2% of normal), with SPK200 neutralizing antibody titers of 1:5 or less

Dosed at between 5E11 and 2E12 vg/kg

Most received prednisolone reactively

* 5 participants received prophylactic prednisolone 2 to 4
weeks after vector administration; this did not prevent
ALT elevations

* 61% (11/18) participants had ALT elevations above ULN

* 33% (6/18) had ALT elevations and cellular immune responses

* 2 participants lost expression after a cellular immune response
against the SPK200 capsid

ALT, alanine aminotransferase; FVIII, factor VIII; ; OSA, one-stage assay; ULN, upper limit of
normal; vg, vector genomes

-

FVIII activity (% of normal)

L

210+

120+

70+

K

40

20 |

71

10+

//

//

Dose (vg/kg)

FVIII activity in 18 participants ™

2x1012

—1.5x1012

5x1011 1x1012

Years after vector infusion

George LA, et al. N Engl J Med 2021;385:1961-73
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What do we still not know about ALT elevations?

Why are there differences in what we’ve seen
among studies so far?

Does this have implications when considering
who is eligible for gene therapy?

Can steroid regimens be improved?

\ How should risks of steroid use be weighted vs. longer
term prospects of success?

What do patients need to know ahead of gene therapy
from an immunosuppression point of view?

ALT, alanine aminotransferase
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Efforts to advance our understanding

~

Basic research studies
seeking to better understand
mechanisms

e Efforts ongoing

* Challenges with inter-species
translatability and availability
of liver biopsy samples from
clinical trials

E

Clinical studies evaluating
immunosuppression
regimens

Evaluations of
immunosuppression
regimens underway

Long time horizon of clinical
research means answers
can’t be obtained rapidly

Consensus building with
current evidence is an
important interim step
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One effort currently underway:
Consensus building with RAND/UCLA appropriateness method

* Developed in the 1980s to assess appropriateness of various
therapeutic indications based on available evidence and /e\
clinician expertise in the absence of a gold standard e e
e Appropriateness = the relative weight of the benefits and harms \ [

of a medical or surgical intervention e e

e Group decisions are most robust, as individual decisions are

prone to personal biases Currently being used to
determine expert opinion on
the use of immune
suppression in people with
* Rating the appropriateness of items without requiring or forcing hemophilia receiving gene
consensus is the goal therapy

* Groups comprising 7-15 experts allow for adequately complex
discussion and the collection of differing opinions

RAND, a nonprofit institution that helps improve policy and decision making through research and analysis
UCLA, University of California Los Angeles
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Thank You!
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Backup Slides
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rAAV-hAAT-F.IX: FIX In AAV2 capsid

Participant E (2E12 vg/kg) ~
rAAV-2 vector expressing human factor IX infused
through the hepatic artery
7 participants with severe hemophilia B
3 doses: 8E10 vg/kg, 4E11 vg/kg, or 2E12 vg/k z 127 -~ 6w g
oses: vg/kg, vg/kg, or vg/kg £ - AT | co0 S
& 10 - T - 400 é
 Therapeutic levels of FIX achieved at the = L300 =
. = [
highest dose tested S 51 f2 o
o - 100 2
) 2
* Duration of expression at therapeutic “ 0 o
levels was limited to a period of ~8 0 e 4 & g 10 12 14
weeks Weeks after vector infusion
\. y
* Gradual decline in FIX accompanied by a
transient asymptomatic elevation of Loss of FIX transgene expression and transient
liver transaminases that resolved mild elevations of serum liver enzymes were
without treatment correlated with a CD8+ T cell response against
the AAV2 capsid, directed against the
transduced hepatocytes
ALT, Alanine aminotransferase; AST; aspartate transaminase; FIX, factor IX; P, prednisolone;
vg, vector genomes Manno CS, et al. Nat Med 2006;12:342-47
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AMT-060: hFIXco in AAV5 capsid?

AMT-060 combined the previously tested codon-optimized FIX gene cassette and
LP1 promoter? with an AAV5 capsid?

10 adults with hemophilia B (FIX <2% of normal) and severe-bleeding phenotype,
and absence of antibodies against AAV5

AMT-060 5E12 vg/kg (low dose) or 2E13 vg/kg (high dose)

* FIX expression levels were stable throughout the
observation period; 8 of 9 participants receiving FIX at study
entry stopped prophylaxis

* Limited, asymptomatic, and transient ALT elevations in the
low-dose (n = 1) and higher-dose (n = 2) cohorts were
treated with a short tapering regimen of prednisolone

* Unlike studies using AAV8?, no decrease in FIX activity or
capsid-specific T cell responses were detected during
transaminase elevations

ALT, Alanine aminotransferase; FIX, factor IX; hFIXco, codon-optimized human FIX transgene;

Endogenous FIX activity (IU/L)

Low-dose cohort

20 A o Participant 1 < Participant 2
18 - Mean FIX activity A Participant 3 o Participant 4
qi . increased to 4.4 IU/dL B Participant 5
12 4
10 H
' 8 . _n_
‘] ‘hpoo Py og 0 ;
o et > 5
2 —.g —- ---____g-____---____---_E:---____- ————
0 - ——

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64

High-dose cohort

20 » Participant 6 + Participant 7
1;‘) 7 4 Participant 8 m Participant 9

14 - e ® 4 = Participant 10

Mean FIX activity
increased to 6.9 1U/dL

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 &0 &
Weeks after vector infusion

~

J

1. Miesbach W, et al. Blood 2018;131:1022-31;
vg, vector genomes 2. Nathwani AC, et al. N Engl J Med 2014;371:1994-2004; 3. George LA, et al. N Engl J Med 2021;385:1961-73
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SPK-9001: FIX Padua variant in bioengineered capsid

SPK-9001: A bioengineered capsid, liver-specific promoter and factor IX Padua (factor
IX—-R338L) transgene, a naturally occurring gain-of-function mutation that results in
specific activity 8 to 12 times higher than nonmutant FIX

10 men with hemophilia B (FIX <2% of normal) were given 5E11 vg/kg dose

-

e Sustained levels of FIX coagulant activity ~¥30% of normal

e Two of 10 participants had an asymptomatic, transient
increase in ALT that was managed with a course of prednisone

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELISPOT, enzyme-linked immunosorbent spot; FIX, factor IX;

ALT/AST returned to baseline levels after prednisone initiation

Transgene expression was maintained after prednisone was
tapered and stopped

Positive ELISPOT assays in these 2 participants confirmed an
immune response to AAV-Spark100 capsid peptides

PBMC, peripheral blood mononuclear cell; ULN, upper limit of normal range; vg, vector genomes

FIX activity (% of normal)

Participant 7
Prednisone
—8— Factor IX activity
A single dose — Alanine aminotransferase
40+ of prednisone —4— Aspartate aminotransferase
150
30+ Dotted lines indicate ULN for

ALT (black) and AST (grey),
according to the local laboratory

100

[-50

T T T T T T T T
0 28 56 84 112 140 168 196 224 252 280 308 336 364

Participant 9

—8— Factor IX activity
—- Alanine aminotransferase

Prednisone —&— Aspartate aminotransferase

0

200

150

100

[-50

T T T T T T T T T
0 28 56 84 112 140 168 196 224 252 280 308 336 364

Days after vector infusion

0

ALT or AST (U/L)

J

George LA, et al. N Engl J Med 2021;385:1961-73
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AMT-061 (etranacogene dezaparvovec): FIX Padua variant in AAV5 capsid?

AMT-061 has a similar AAV5-based construct to AMT-060, with the substitution of hFIXco for the more active factor IX Padua (factor IX-R338L)
transgene!

Three adults with hemophilia B (FIX <2% of normal) and positive for low levels of AAV5 neutralizing antibodies were administered a dose of 2E13 vg/kg

. 1
e FIX activity by OSA ~

* Clinically relevant increases in FIX activity over 6 months
57.0
51.0

* No clinically significant elevations in liver enzymes or

inflammatory markers 332

== Participant 1
10 —@— Participant 2
== Participant 3

No use of corticosteroids related to treatment required

FIX activity (OSA; % of normal)

1 1 I 1 1 1 1 1 1 || 1 I 1 1 1 1 I 1 I I 1 1 1 1 1 1 1

o 1* 2 4 6 8 10 12 14 16 18 20 22 24 26

Weeks after vector infusion

tTWeek 0O reflects FIX activity before AMT-061 treatment.
*Early samples may include activity from exogenous FIX replacement.
FIX, factor IX; hFIXco, codon-optimized human FIX transgene; OSA, one-stage assay; vg, vector genomes 1. Von Drygalski A, et al. Blood Adv 2019;3:3241-47
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Giroctocogene fitelparvovec: B-domain deleted FVIIlI in AAV6 capsid

PF-07055480 (SB-525; giroctocogene fitelparvovec) contains a modified B-domain-deleted FVIII coding sequence in an expression cassette designed
for production of high yields of the vector and optimal liver-specific expression of FVIII protein?

Clinical studies in adult male participants with severe hemophilia A (FVIII £1% of normal) and no anti-AAV6 NAbs

Phase 1/2 (N=11)>2 Phase 3 AFFINE study (N~50)
* OE11—1E13 (N=6) and 3E13 vg/kg (N=5) *  ~50% enrolled; no interim analyses planned
* 4/5 high-dose participants received corticosteroids for ALT/AST * FVIll levels >150% in some treated participants led to clinical hold
elevations due to concern for risk of thrombosis*
*  FVIIl activity 25.4% via CSA at week 104 in highest dose cohort? . Sﬁme Eeing treated with oral anticoagulants to reduce risk of
thrombosis

* 1 participant experienced DVT below the knee3

N

FVIII activity (N=5; 3E13 vg/kg)? N

N
(%
o
)
N
J

——0SA —e—CSA

N

o

o
1

| May 2022: FDA clinical hold has been lifted®
t Voluntary pause in dosing new patients continues
until protocol amendment for managing elevated

[EE

w1

o
I

Ul
o
1

Mean (+SD) FVIII
activity (% of normal)
=
o
o

’ | T | | FVIII levels has b d
- W12 W24 W52* wW78* w104* evels has been agree
\ J \ y
1. https://wfh.org/fda-places-the-pfizer-sangamo-therapeutics-phase-3-affine-haemophilia-a-
ALT, Alanine aminotransferase; AST, aspartate aminotransferase; CSA, chromogenic clotting assay; DVT, deep gene-therapy-study-on-clinical-hold/; 2. Visweshwar N, et al. Blood 2021;138:564-66;
vein thrombosis; FVIII, factor FVIII; NAbs, neutralizing antibodies; OSA, one-stage assay; SD, standard deviation; 3. https://endpts.com/fda-releases-second-pfizer-gene-therapy-from-clinical-hold-as-
SAE, serious adverse event; W, week hemophilia-program-gets-ok-to-restart/
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