HTA Austria

Austrian Institute for

lealth Technology Assessment
L4 GmbH

y) N

tirol kliniken ain

ATMPs and Gene Therapies
In Development

Horizon Scanning — Update 2022

Report
AIHTA Policy Brief Nr.: 006b | ISSN 2710-3234 | ISSN online 2710-3242







HTA Austria

ATMPs and Gene Therapies
In Development

Horizon Scanning — Update 2022

Vienna, June 2022



Content

Projektteam
Projektleitung: Priv. Doz. Dr. Claudia Wild
Projektbearbeitung: Ozren Sehic, MA

Projektbeteiligung

Systematische Suche in Studienregistern: Ozren Sehic, MA
Unterstiitzung bei Formatierung: Smiljana Blagojevic, DI
Handsuche: Ozren Sehic, MA

Externe Begutachtung: Dr. MMag. Sabine Geiger-Gritsch, Evidenzbasierte Entscheidungsunterstiitzung (EBEU) - Medizini-
sches Projektmanagement, Tirol Kliniken GmbH

Korrespondenz:

Dieser Bericht soll folgendermafien zitiert werden/This report should be referenced as follows:

Sehic O, Wild C. ATMP and Gene Therapies in Development, Horizon Scanning. Update 2022. AIHTA Policy Brief Nr.: 006b;
Jahr. Wien: HTA Austria - Austrian Institute for Health Technology Assessment GmbH.

Interessenskonflikt

Alle beteiligten Autorinnen erkldren, dass keine Interessenskonflikte im Sinne der Uniform Requirements of Manuscripts
Statement of Medical Journal Editors (www.icmje.org) bestehen.

IMPRESSUM

Medieninhaber und Herausgeber:

HTA Austria - Austrian Institute for Health Technology Assessment GmbH
Garnisongasse 7/Top20 | 1090 Wien - Osterreich

https://www.aihta.at/

Fir den Inhalt verantwortlich:
Priv.-Doz. Dr. phil. Claudia Wild, Geschaftsflihrung

Die AIHTA Policy Briefs erscheinen unregelméRig und dienen der Verdffentlichung der
Forschungsergebnisse des Austrian Institute for Health Technology Assessment.

Die AIHTA Policy Briefs erscheinen in geringer Auflage im Druck und werden tber den Dokumentenserver
Jhttps://eprints.aihta.at/view/types/policy=5Fbrief.html “ der Offentlichkeit zur Verfligung gestellt.

AIHTA Policy Brief Nr.: 006b

ISSN 2710-3234

ISSN online 2710-3242
© 2022 AIHTA - Alle Rechte vorbehalten


http://www.icmje.org/
https://www.aihta.at/
https://eprints.aihta.at/view/types/policy=5Fbrief.html

Content

Content

(0703 111 4 L ST 5
LLIST OF FIGUTES vttt ettt ettt s st e st et et b e e e et ee e st st ene e b et e s e s eseeseneeseneeseseneeseneeseneesenes 6
) B3 T o) 721 o) (T OO 6
ZUSAIMIMEINTASSUIIE ..e.vivivitiitiiteete ettt ettt eteeteeteeteeteeteeteebeeteeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseeseesaaseass 7
EXECUTIVE SUIIITIATY ..ttt e st e et et s s e e st e s e e s e e eseeses e st emees et e s e e eseesenesseneesensesesseneeseneesenes 8
) 015 (oo 15 o1 5 1o « FOUU OO PUUSUUUUURSRTONY 9
L1 Definition: ATIMP ..ottt ettt s a et et a et e s e ke st e b et e st eneeseebesaeesenes 9
1.2 MarKet deVEIOPIMENT. c.cueeuieiieiietietieteeieteiet ettt ettt ettt et e st et et e st e st es e besse st enseneeneeseebessansenseneeneeseesessensenes 9
B\ U] s o T £ USROS 13
2.1 ReSCAICH QUESTIOMNS ..ueouieiitiiiteieieieteete ettt et et ettt ete st et et et e st eaees e et e ssesessantenseseeseesesesansenseseeseesaesesansan 13
2.2 Search strategy and in-/€XCIUSION CIITETIA ..c.coveuerreuirieririereirteieeteiertettt et sreseetesesteb et b et sae e steseseeseeebeneee 13
2.3 DATA EXILACTION 1eeuveuieuieuietieteetetetetesteseeteetestasesseseeseeseesessessassensestenseseeseesansensansenseseesessensensansenseseeseeseesansansan 14
T )11 SRS

3.1 Indication haemoPRilia.....ccoiriiieiieieiei et
3.1.1 Valoctocogene roxaparvovec (BMN-270, Roctavian, Valrox®) (Biomarin)

3.1.2 Etranacogene dezaparvovec (AMT-061, AAV5-hFIXco-Padua, CSL222, Etranadez®)
(UNIQUIE/CSLL) ottt ettt ettt ettt et s ettt e e s s es et es et ebebesesanannasan
3.1.3 Fitusiran (Sanofi)
3.1.5 Giroctocogene fitelparvovec (PF-07055480) and fidanacogene elaparvovec (PF-06838435)

(PHIZEL) ettt ettt ettt b b bbb s s sttt b st s et b et enenesenenenen
31,6 FLT1808 (FIEEIIME) c.ucuiuiuiuiiiiiriririeieteteteteie ettt sttt ettt s st se s s e e e e te s esssesesesesesene
3.2 MetabDOLiC AISOTAETS ...uveuieiietiitiieieieieite ettt ettt ettt et et et et e st eseeseebesbessensaneesseseeseesesansensenseseesessensensans
3.2.1 Vutrisiran (ALN-TTRSCO02) (AINYIAM) ...evrvirirriiiriiiiiiiiirisieieieieieieie et ses s esesesesesesens
3.2.2  Simoladagene autotemcel (OTL-101) (Orchard).......ccoceueereririeinieieieeieieieeeeeeeeee e
3.2.3  Olenasufligene relduparvovec (LYS-SAF-302) (LYSOZENE) ..eoveverererererereierreririiiieeeeseesseesesesesenens
3.24 rAAV9 (ABO-101) and SCAAV9 (ABO-102) (ADEONA) ..cvrvvreriririeieieieieieieieieieneeeeeeeesessesssesesesesesns
3.2.5  ARO-AAT (ATTOWHEAM) «..euiniiiiiieieieieieteeiee ettt ettt s s s et es st sesens
3.2.6 DTX401 (Pariglasgene brecaparvovec) (UIFAZENYX) ...oovovevrvrerereererereieieiereieeeeseeeeesesessssssssesesesesens
3.2.7  OTL-103 (OrCRATA) .ecvieieiniiiiieieieieietetet ettt ettt sttt se e s e s s s s s esesesne
3.3 OphthalmOoloZiC AISOTAETS. ...evieveuierieiieiietietieteietetetet ettt ettt eteetesbe b et e st esseseeseesessensensenseseesessensensans
33.1 Timrepigene emparvovec (AAV2-REP1) (Biogen)........ccee..... et
3.3.3 NRO082 (NFS-01, rAAV2-ND4) (Neurophth therapeutics) ........ccceceeereureenenes s
3.34 Lenadogene nolparvovec (LUMEVOQ®, GS010) (GenSight BiologiCs) .....cccvverriirererernnne
3.3.5  RGXEBI4 ettt ettt sttt b bbbt b bbb b st b s ene
33.6 AAVS-RPGR (MGTO009, botaretigene sparoparvovec) (Janssen/MEIRAGT) ..........cccueunee.
3.3.7  AAVB-RPGR (BIIB-112, BIOZEN) ...ceveririerieieiirierieieteiiesisiesesiesessesessss st sessssessesesssssssesesssssensesesssanes
3.3.8 AGTC-501 (laruparetigene zosaparvovec, TAAV2tYF -- hRPGRCO)......coovvviirininiriiiinieieieveiens
3.3.9 AAV - CNGB3 (entacingene turiparvovec) (MEIRAGT) ...cccoovvvieieieieciiecieeeeeeeie e

3.3.10 AGTC-402 (ACHM CNGA3, rAAV2tYF - PR.1-hCNGA3 (applied genetic technologies)
3.4 MUSCUIOSKEIETAl AISOTAETS. c..ivivenieiieiieiieiiitieteietete ettt ettt te et te b b essese e st esaesessessessessesseseesessensensans

3.4.1 SRP-9001 (Delandistrogene moxeparvovec, AAVrh74.MHCK?7) (Sarepta) .......cccoeevevvrvrervrrerennens
3.4.2 PF-06939926 (Fordadistrogene movaparvovec) (PiZer) ......cooveeveeieeieeieriiiieeeeeseeeeeesenenons
3.5 VaSCUIAT QISOTAETS ..vvvveeieiietiitiieieietete ettt ettt sttt e s eseeseeseeseesessesseseessesaeseesesensensessesaesessensesans
3.5.1 Donaperminogene seltoplasmid (Engensis, VM202RY) (Helixmith) ......c.ccccovvivirirrrriririnrererenenens
352  AMG-890 (0lpariSan) (AIMZEIL) .....ccevuerererereuerererererisiiesesttsesssessesesesesesesesesssssssssssssssssssssssssesesesesesens
3.5.3 Rexmyelocel T (REX-001) (ixaca, formerly REXZENEro) ........cocevvevererereuereereiiiieeeeeeeseeeesese e

3.6 Nephrological dISOTAEIS ....ccuiiuieiiieieieiietiitieteret ettt ettt et te et e tesbe b et eseesseseesessessessessesseseesessensensans



3.6.1 Cemdisiran (ALN-CCS5) (AINYIAIM) .....cociriririririeiererereieeieineeeiiseteesessssssssesesesesesesesesesssssssesssssssssssssses 43

3.7 DermatologiC iSOTAETIS ..uviieirrierierietirieieiieteteeteete et esteree e eteetessessessesseseeseesesseesessessesseseeseeseasessessessessesseses 44
3.7.1 Beremagene geperpavec (B-VEC, Vyjuvek®, (Krystal Biotech)........cccoceveveverereeeeiiiiieisireins 45
3.7.2  EB-101 (ADEONA) cuuvviiieiieieiriencieieereeeie ettt aeseeen
3.7.3 FCX-007 (Fibrocell) .......ccooun...
3.7.4 Denovoskin™ (Cutiss).....

3.8 Neurologic disorders ..................
3.8.1 Tominersen (RG-6042) (Roche)
3.8.2 VY-AADCO02 (Neurocrine BIOSCIENCES) ......cvevrvererererererereiieiriisiieeseessssssesesesesesesesesssssssssesssssssssssssnes 49
3.8.3 Neurosave (FABI17-HC) (FEITEI )uovoiriririririririeieiereteieieieieeseseseeeesesessssssesesesesesesesesesssssssssssssssssnssnns 50

L 3 Yot ) ] (o) o U

4.1 Summary of findings
4.2 Real World evidence

4.3 Limitations.....c.ccccoeeeevenennenne.
44 OULLOOK .ttt sttt et b bbbttt h bbbttt b e bt bttt et et enene

S REIEIEIICES ... evivietieeieieeteeie ettt ettt ettt te ettt be et e et e e bt s bt e te e bt e bt e b e ebe e st e s e eseeseebeeseeseeseeseeseeseeseeseeseeseeseenaane 54
6 ADDEIIALX 1uvieiiiitiiit ettt ettt ettt ettt et e et e teebe et e eteebeetbaeteebeerbeeteenbeeaseeteenbeetaeeteebeensenteeneas 59
List of figures
Figure 1-1: Umbrella term ,Advanced Therapy Medicinal Product (ATMP)” [1]..cccccveininineieieieeieeeeene 9
Figure 1-2: Ongoing clinical trials on Gene, Cell & RNA Therapies [2] .c.ccccveeerieviererierieieieneesieeeesieseesieeeenns 10
Figure 1-3: Alliance of Regenerative Medicine (ARM) annual report 2021 - forecast of upcoming

1eZULATOTY AECISIONS [S] 1ouvevieuietieierieieieieit ettt ettt ettt ettt se e s be b et et et e st eseebeeseesensensensenis 11
Figure 4-1: Most common targets in non-oncology indications [2].....ccceevverierveeriiereeriereerieeeesieseesseeeesseseesseesaenes S1
List of tables
Table 3-1: Haemophilia therapies under developmEnt - OVEIVIEW ......ccveevieveeeiirieieereeeenteeeeereereeereesseeseeeesseenenns 16
Table 3-2: Metabolic disorders therapies under deVelOPMENT......cciveveriieieriieieriieieseeterteeeese e sre e esreeaesaeesnenns 24
Table 3-3: Ophthalmologic disorders therapies under deVeloPmMENt .........cecueveieieirieenienieieeeeeeeere e eeeeenes 31
Table 3-4: Muscular dystrophy therapies under development
Table 3-5: Cardiovascular disease therapies under deVeloPMENT........ccocuieverierieieieiriieierieseiee ettt enes 40
Table 3-6: Kidney disorder therapies under deVElOPMENT.......cccuerircieriieierieeierieiese et esreeee e ese e saesaeesnenes 43
Table 3-7: Dermatologic disorder therapies under developmEent .........coouieverieieieieiiieierieeieeee ettt 44
Table 3-8: Neurologic disorder therapies under deVEIOPMENT .....cceeveriieierieeieriieieseeeestee e esreeeee e e e esreeaesaeesnenns 48
Table 4-1: Most advanced ATMP therapies close t0 aPTOVal.......cccivieiriirierierieieieireee et enas 53

Table A-6-1: Ongoing trials of ATMPs and Gene Therapies — sorted by indication
(https://clINICAIIIALS.ZOV/) cuvievieiieieeiieiete ettt ettt te e et ettt e steebeessesessaesseessessesseensaessanes S9



Zusammenfassung

Zusammenfassung

Hintergrund: Dieser Bericht ist eine Aktualisierung eines fritheren Horizon
Scanning-Berichts aus dem Jahr 2020, in dem 32 ATMPs identifiziert wur-
den. Seit August 2020 wurden sechs dieser neuen ATMPs von der EMA zu-
gelassen, und iiber fiinf weitere wird bis 2023 entschieden werden. Nach An-
gaben der Européischen Arzneimittelagentur (EMA) lassen sich ATMPs in
drei Haupttypen einteilen: Gentherapie- und somatische Zelltherapie-
Arzneimittel sowie Tissue-Engineered-Produkte. Laut Marktanalysen wer-
den im Jahr 2022 535 ATMPs in Phase 1 bis 3 untersucht, weitere 1.451 be-
finden sich in priklinischen Stadien. Der Gerinnungsfaktor VIII (Himophi-
lie A) bleibt das héufigste Ziel fiir nicht-onkologische Indikationen und der
Gerinnungsfaktor IX (Hidmophilie B) ist zur zweithdufigsten Indikation
aufgestiegen.

Dieser Bericht soll die Fragen beantworten, fiir welche Indikationen Gen-
therapien und ATMPs in der Entwicklung sind und bis wann mit einer Zu-
lassung gerechnet werden kann.

Methode: Zur Beantwortung der Fragen wurde eine systematische Suche in
Studienregistern durchgefithrt, um in Entwicklung befindliche Genthera-
pien und ATMPs zu identifizieren, gefolgt von der Extraktion von Daten
iiber die identifizierten laufenden klinischen Studien (beschrinkt auf Phase
2/3 und 3), ergidnzt durch eine Suche in der EMA-Datenbank iiber in Bewer-
tung befindliche Arzneimittel, um diejenigen Therapien zu identifizieren,
die kurz vor der Zulassung stehen. SchlieBlich wurden ver6ffentlichte In-
formationen {iber die Produkte und den aktuellen Entwicklungs-
/Regulierungsstand gesammelt und anschliefend in kurze "Vignetten" um-
gewandelt.

Ergebnisse: Die Suche in ClinicalTrials.gov ergab 58 Treffer (Phase 2/3, 3),
von denen 34 neue Studien waren. Nach Deduplizierung und Gruppierung
gleicher Therapien wurden 34 verschiedene ATMPs (ohne CAR-T) identifi-
ziert. Die Indikationsgebiete sind eine Vielfalt von genetischen Erkrankun-
gen und umfassen acht breite Indikationsgruppen (Hiamophilie, Stoffwech-
sel-, Augen-, Muskel-Skelett-, Gefaf3-, Nieren-, Haut- und neurologische Er-
krankungen). Seit August 2020 wurden sechs neue ATMPs von der EMA
zugelassen (2020: 3, 2021: 1, 2022: 2) und tber weitere finf wird bis 2023
entschieden.

Schlussfolgerung: Bei der Bewertung dieser Therapien gibt es zahlreiche
Herausforderungen. Sie haben Vorschusslorbeeren erhalten und werden oft
als "kurative" oder "disruptive" Technologien bezeichnet, obwohl fiir die we-
nigen bereits zugelassenen Therapien kaum Langzeitdaten vorliegen. Die
Herausforderung besteht nun darin, dass das potenzielle Versprechen der
Gentherapien den Erwartungen gerecht werden muss, und es ist die Aufgabe
des HTA, die tatsichliche Wirksamkeit der jeweiligen Therapien genau zu
beobachten.

Dieser HS-Bericht stellt nur eine "Momentaufnahme" dar und ist nicht so
verldsslich wie internationale Initiativen und deren systematische und per-
manente Aktivititen, da Horizon Scanning zeitaufwindig ist: 2022 wird Os-
terreich der Internationalen Horizon Scanning Initiative (IHSI) beitreten,
was einen groffen Fortschritt in den Bemithungen um die frithzeitige Identi-
fizierung neuer Therapien darstellt, die in Zukunft Auswirkungen auf Ge-
sundheit und Budget haben konnten.

Update von
2022 HS- Bericht 2020

2020:

32 ATMPs in spater
klinischer Entwicklung
identifiziert,

2022: 6 davon
zugelassen,

5 weitere bis 2023

Ziel des Berichts:
ATMPs in
Entwicklung?

Methode:

Suche in Studien-
registern nach
Phase 2 + 3 Studien
Datenextraktion
Erstellung von
Vignetten

58 neue Studien
(Phase 2, 3)
identifiziert zu

34 ATMPs in

8 Indikationsfeldern

Gentherapien und
ATMPs werden oft als
kurative Therapien
bezeichnet:
Versprechen miussen
aber noch erfullt
werden

Horizon Scanning ist
zeitaufwandig und
daher international

Osterreich tritt 2022
IHSI bei: groRer
Gewinn!



Update of 2020 report
since 08/2020:

6 new ATMPs
approved by EMA,
decision on another
5 ATMPs until 2023

aim of report: which
ATMPs are under
development?

systematic search
in trial registries
data-extraction:
indications and
approval status
vignettes

58 new trials on 34
ATMPs

(without CAR-T)
identified in

8 fields of indications

gene therapies and
ATMPs are often
referred to as curative
therapies: but
promises still need to
be fulfilled

Horizon scanning is
time-consuming and
therefore international
Austria joins IHSI in
2022: big win!

Executive Summary

Executive Summary

Background: This report is an update of an earlier Horizon Scanning report
from 2020, in which 32 ATMPs were identified. Since August 2020 six of
these new ATMPs have been approved by EMA and another five will be de-
cided upon until 2023. According to the European Medicines Agency (EMA)
ATMPs can be classified into three main types: Gene therapy and somatic-
cell therapy medicinal products as well as tissue-engineered products. Ac-
cording to market analyses in 2022 535 ATMPs are investigated in Phase 1
to 3 trials, another 1451 are in preclinical stages. Coagulation factor VIII
(haemophilia A) remains the most common target for non-oncology indica-
tions and coagulation factor IX (haemophilia B) has risen to second most
common indication.

This report aims to address the questions, for which indications gene-
therapies and ATMPs are under development and by when an approval can
be expected.

Methods: To answer the questions a systematic search in trial registries was
conducted to identify gene-therapies and ATMPs under development, fol-
lowed by the extraction of data on the identified ongoing clinical trials (re-
stricted to phase 2/3 and 3), complemented by a search in the EMA-database
on medicines under evaluation to identify those therapies closest to approv-
al. Finally published information on the products and the current stage of
development/regulation was collected and subsequently transformed into
short ,vignettes®.

Results: The search in ClinicalTrials.gov yielded 58 hits (Phase 2/3, 3), of
which 34 were new studies. After deduplication and clustering of the same
therapies, 34 different ATMPs (without CAR-T) were identified. The areas
of indications are a diversity of genetic diseases and encompass eight broad
indication groups (Haemophilia, Metabolic -, Ophthalmologic -, Musculo-
skeletal -, Vascular -, Nephrologic -, Dermatologic - and Neurologic disor-
ders). Since August 2020 six new ATMPs have been approved by EMA
(2020: 3, 2021: 1, 2022: 2) and upon another five will be decided until 2023.

Conclusion: There are many challenges in evaluating these therapies. They
have received advance praise and are often referred to as "curative" or "dis-
ruptive" technologies, although there is little long-term data for the few
therapies already approved. The challenge now is that the potential promise
of gene therapies must live up to expectations, and it is the role of HTA to
closely monitor the actual effectiveness of the respective therapies.

This HS report only represents a "snapshot" and is not as reliable as interna-
tional initiatives and their systematic and permanent activities, as horizon
scanning is time-consuming: in 2022, Austria will join the International
Horizon Scanning Initiative (IHSI), which is a major step forward in the ef-
forts to identify new therapies at an early stage that could have an impact on
health and budget in the future.



Introduction

1 Introduction

1.1 Definition; ATMP

According to the EMA, Advanced Therapy Medicinal Products (ATMPs) EMA Definitionen
can be classified into three main types (see Figure 1-1): von ATMP

B Gene therapy medicinal products: these contain genes that lead to a
therapeutic, prophylactic or diagnostic effect. They work by insert-
ing 'recombinant’ genes into the body, usually to treat a variety of
diseases, including genetic disorders, cancer or long-term diseases. A
recombinant gene is a stretch of DNA that is created in the laborato-
ry, bringing together DNA from different sources;

ATMP kdnnen in 3
Typen klassifiziert
werden

Gentherapien.

Somatische
B Somatic-cell therapy medicinal products: these contain cells or tis- Zelltherapien.
sues that have been manipulated to change their biological charac- Tissue-Engineering
teristics or cells or tissues not intended to be used for the same es- Produkte

sential functions in the body. They can be used to cure, diagnose or
prevent diseases;

®  Tissue-engineered products: these contain cells or tissues that have
been modified so they can be used to repair, regenerate or replace
human tissue;

ATMP
Advanced Therapy Medicinal Product
Regulation (EC) No. 1394/2007

Gene Therapy Somatic Cell Tissue
Medicinal Therapy Medicinal Engineered
Products Products Products

Figure 1-1: Umbrella term »,Advanced Therapy Medicinal Product (ATMP)” [1]

1.2 Market development

According to the ASGCT Pharma Intelligence Quarterly Report Q1 2022 [2] ca. 535 laufende

535 ATMPs are investigated in Phase 1 to 3 trials, another 1451 are in pre- klinische Studien in
clinical stages (see Phase 1-3

Figure 1-2). Coagulation factor VIII ((haemophilia A) remains the most haufigste nicht-
common target for non-oncology indications and coagulation factor IX onkologische
(haemophilia B) has risen to second most common indication [2] (see Figure Indikation:

4-1 in the discussion). Due to the extensive research activities in this indica- Hamophilie

tion, the BeNeLuxA initiave on Horizon Scanning has conducted a short
overview on upcoming Haemophilia therapies [3].



Update des Horizon
Scanning Berichts

zu ATMPs 2020

seitdem 6 ATMPs
zugelassen

die Zulassung von
weiteren 5 ATMPs
wird fur 2022/23
vorausgesagt

Introduction

Global Qi Q2 Q3 Q4 Qi
Status 2021 2021 2021 2022 2022

Preclinical 1,190 1,296 1,353 1412 1451

Phase | 225 269 264 248 248
Phase Il 231 236 239 244 250
Phase i 27 27 29 32 31
i 7 5 5 s
registration
Total 1,711 1,835 1,890 1,941 1,986

Figure 1-2: Ongoing clinical trials on Gene, Cell & RNA Therapies [2]

This report is an update of an earlier Horizon Scanning report from 2020
[4], in which 32 ATMPs were identified. Since August 2020 six of these new
ATMPs have been approved by EMA

XENPOZYME® (olipudase alfa) for the treatment of non-central
nervous system (CNS) manifestations of Acid Sphingomyelinase De-
ficiency (ASMD) (05/2022)

https://www.ema.europa.eu/en/news/first-therapy-treat-two-types-
niemann-pick-disease-rare-genetic-metabolic-disorder

UPSTAZA ® (eladocagene exuparvovec, PTC-AADC) for severe ar-
omatic L-amino acid decarboxylase (AADC) deficiency (PTC Ther-
apeutics International Limited) (05/2022)

https://www.ema.europa.eu/en/news/first-therapy-treat-rare-
genetic-nervous-system-disorder-aadc-deficiency

SKYSONA® (elivaldogene autotemcel, Lenti-D) for Cere-
bral Adrenoleukodystrophy (Bluebird bio) (07/2021)

https://www.ema.ecuropa.eu/en/medicines/human/EPAR/skysona

LIBMELDY® (Atidarsagen autotemcel, OTL-200) for metachro-
matic leukodystrophy (MLD) (Orchard Therapeutics) (12/2020)

https://www.ema.europa.eu/en/medicines/human/EPAR/libmeldy

LEQVIO® (Inclisiran) for Heterozygous & Homozygous FH Ather-
osclerotic Cardiovascular Disease (Novartis) (12/ 2020)

https://www.ema.curopa.eu/en/medicines/human/EPAR/leqvio

OXLUMO® (Lumasiran) for Primary Hyperoxaluria Type 1 (PH1)
(Alnylam) (11/ 2020)

https://www.ema.curopa.eu/en/medicines/human/EPAR/oxlumo

According to the annual report of the “Alliance of Regenerative Medicine
(ARM)” 2021 [5] regulatory decisions on the following therapies for 2022
and 2023 (of which some are CAR-T cell therapies covered in the recent
AIHTA-report [6]) are forecasted. Based on the ARM-forecast two ATMPs
(other than CAR-T cells) will be decided upon by EMA in 2022, three more
in 2023 (as of knowledge from 2021) [5] (see Figure 1-3):

2022
[ ]

Etranacogene dezaparvovec (AMT-061, AAVS-hFIXco-Padua,
CSL222, EtranaDez®) for Haemophilia B

Valoctocogene roxaparvovec (BMN-270, Valrox®, Roctavian) for
Haemophlia A

10
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https://www.ema.europa.eu/en/medicines/human/EPAR/libmeldy
https://www.ema.europa.eu/en/medicines/human/EPAR/leqvio
https://www.ema.europa.eu/en/medicines/human/EPAR/oxlumo
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Lifileuce! (TIL therapy) Vyjuvek (gene therapy) CTX001 (CRISPR therapy)
lovance Biotherapeutics Krystal Biotech CRISPR Therapeutics & Vertex Pharmaceuticals
Metastatic melanoma Dystrophic epidermolysis bullesa Sickle cell disease

ValRox (gene therapy) Etranacogene dezaparvovec (gene therapy) Afami-cel (ceil therapy) Libmeldy (gene therapy)
BioMarin uniQure & CSL Behring Adaptimmune Therapeutics Orchard Therapeutics
Hemophilia A Hemophilia B Advanced synovial sarcoma Metachromatic leukodystrophy

Skysona (gene therapy) HPC cord blood (cell therapy) bb1111 (gene therapy) CTO53 (CAR-T therapy)
bluebird bio StemCyte bluebird bio CARsgen Therapeutics

Unrelated donor hematopoletic Sickle cell disease R/R multiple myeloma
Cerebral adrenojeukodystrophy pragenitor ceil transplantation / e

Omidubicel (cell therapy)
Gamida Cell
Hematopoietic stem cell transplant in patients with hematological malignandes

& CHMP opinion

Figure 1-3: Alliance of Regenerative Medicine (ARM) annual report 2021 - forecast of upcoming regula-
tory decisions [5]

11






Methods

2  Methods

2.1 Research Questions

This report aims to address the following research questions (RQ):

®  RQI: For which indications are gene-therapies and ATMPs under
development?

®  RQ2: What is the status of development and by when can an approv-
al be expected?

The following methods will be applied to answer the research questions:
1. To answer RQ1, a systematic search in trial registries was conducted
to identify gene-therapies and ATMPs under development.

2. To answer RQ2, data on the identified ongoing clinical trials was ex-
tracted from the registry, esp. on status of trials and complemented
by a search in the EMA-database on medicines under evaluation to
identify those therapies closest to approval.

The methodologies are described in more detail as follows:

2.2 Search strategy and in-/exclusion criteria

A search in the following clinical trials registry was performed between
March 28" and 30" 2022.

B ClinicalTrials.gov https://clinicaltrials.gov/

B Search terms used were ,gene therapy“ AND “biological” AND
“phase 2/3 or 3”, ,Advanced therapy* medicinal product*” AND
“phase 2/3 or 3”.

Duplicates with the same trial-ID were removed.
Results were crossed checked with findings in
B  EudraCT https://eudract.ema.curopa.eu/

m EMA https://www.ema.europa.eu/en/medicines/medicines-under-
evaluation

Inclusion criteria:

®  Phase 2/3 to Phase 3 clinical trials.

®  All indications (except oncological indications)
Exclusion criteria:

®  Phase 1, 2 clinical trials

®  No product, but (in-house/hospital) process

®  No EMA or FDA Status (only China)

B Oncological indications

Selection of interventions: The search in ClinicalTrials.gov yielded 58 hits
(Phase 2/3, 3), of which 34 were new studies. After deduplication and clus-
tering of the same therapies, 34 different ATMPs were identified.
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2.3 Data extraction

After selection of interventions, data were extracted by one person (OS) and
controlled by a second researcher (CW). The following relevant clinical trial
data was extracted from ClinicalTrials.gov (https://clinicaltrials.gov/) (see
Appendix A-1):

®  Trial-ID, title, status (e.g. recruiting, active not recruiting etc.), con-
dition, intervention, name of the sponsor, phase, number of patients
enrolled, start date, completion date, the status of the application
process for centralised marketing authorization. The detailed extrac-
tion tables are presented in the Appendix.

®  Complemented by a search in

https://www.ema.europa.eu/en/medicines/medicines-under-
evaluation#2020 to identify those therapies closest to approval.

Moreover, the yielded results from the search in the clinical trial registry
were analysed by conditions, forming eight indication clusters.
Then, a targeted search in

m  Specialist Pharmacy Service (SPS)

https://www.sps.nhs.uk/articles/sps-horizon-scanning-service/

was conducted and the respective sponsors’/manufacturer’ websites were
visited for additional information for the short “vignettes”.
Publicly available information in English and German language on

B the current stage of development/regulation

®  description of the technology

was collected and extracted.
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Results

As indicated, the search in clinical trials registries yielded 34 ATMPs in
phase 2 or phase 3 trials in eight areas of indications. The longlist sorted by
indication can be found in the Appendix (Table A-1). A detailed description
is presented in the following text.

31

Indication haemophilia

Table 3-1 is providing information on gene- (incl. RNA) therapies for hae-
mophilia. Further upcoming therapeutics for haemophilia are reported in
the BeNeLuxA Report [3]. It is expected that the entire Hemophilia market
will grow to $18.88 billion by 2028.[7].

311

34 Therapien in
8 Indikationsfeldern

Hamophilie: riesiger
Wachstumsmarkt
auch BeneluxA-Bericht

Valoctocogene roxaparvovec (BMN-270, Roctavian, Valrox®) (Biomarin)

Development/Regulatory Status:

The application for valoctocogene roxaparvovec, for centralised
marketing authorization is currently reviewed under EMA s accel-
erated assessment program. It was rejected by FDA in 8/2020. The
FDA has given regenerative medicine advanced therapy (RMAT)
designation after re-application in 2021. In August 2021, the FDA
decided to delay its decision on the approval until two-year data
from the company’s Phase 3 GENEr8-1 clinical trial (NCT03370913)
were available. A similar decision was taken by the European Medi-
cines Agency (EMA), which asked for one more year of data. Bi-
oMarin plans to resubmit to FDA in June 2022, followed by an ex-
pected six-month review.

Valoctocogene roxaparvovec was granted US Orphan Drug Designa-
tion (February 2016) and US Breakthrough Therapy (October 2017)
status by the US Food and Drug Administration (FDA), EU Orphan
Drug Designation (March 2016) and EU PRIME (PRlority MEdi-
cines) Designation (February 2017) by the EMA. It is indicated for
the treatment of adults with severe haemophilia A (congenital factor
VIII deficiency) without detectable antibodies to adeno-associated
virus (AAV) serotype 5 (AAVY).

This submission is based on an interim analysis of study partici-
pants treated in an ongoing phase 3 study with result from the up-
dated three-year Phase 1/2 data.

In addition, the FDA has accepted the premarket approval (PMA)
application for an AAVS total antibody assay intended as a compan-
ion diagnostic test for valoctocogene roxaparvovec.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
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Table 3-1: Haemophilia therapies under development - overview

Indication Product Sponsor Development/ regulatory status Phase; Study-ID: primary completion date, location(s)
Haemophilia A Valoctocogene roxaparvovec BioMarin NEW NEW Results
(BMN-270, Valrox, Roctavian) FDA: ODD (2016), BTT (2017), FDA: rejected (8/2020), | Phase 3:NCT03392974 (Active, not recruiting, 05/2019, US)
FDA: RMAT (2021) FDA/EMA: Delayed decision until
results of NCT03370913 (2022) Phase 3: NCT03370913 (Active, not recruiting, 11/2020,
. US/Australia/Brazil/EU/Israel/Korea/South Africa/Taiwan/UK)
EMA: Withdrawn MAA,
0DD (2016), PRIME (2017) , g -
BioMarin plans to resubmit to FDA in June 2022, fol- Eg?:i:{r%\ﬁ%we’ not recruiting, 01/2023,
lowed by an expected six-month review [8]
Haemophilia B NEW Phase 3: NCT03569891 (Active, not recruiting, 09/2021,
Etranacogene dezaparvovec FDA: ODD, FTD (2019) US/EU/UK)
(AMT-06,1 AAV5-hFIXco-Padua, UniQure/CSL EMA: ODD, PRIME (2017)
CSL222, EtranaDez) EMA: Accelerated CHMP Assessment (12/2021)
FDA/ EMA approval expected in 2022 [9]
Haemophilia A/B NEW completed studies:
Phase 3: NCT03417102 (Completed 06/2021,
US/Australia/Canada/China/EU/India/Japan/Korea/Malaysia/Sout
h Africa/ Taiwan/Turkey/Ukraine/UK )
Phase 3: NCT03417245 (Completed 07/2021,
US/EU/India/Israel/Japan/Malaysia/South Afri-
NEW: Postponed ca/Taiwan/Turkey/Ukraine/UK)
Fitusiran sanofi FDA: ODD (2013) Phase 3: NCT03549871 (Active, not recruiting, 03/2022,

EMA: ODD (2014)
FDA/ EMA filing for approval postponed to 2024 [10]

US/Australia/Canada/China/EU/Japan/Korea/Malaysia/Turkey/Uk
raine/UK)

Phase 2/3: NCT03974113 (Recruiting, 08/2023,
US/Canada/EU/India/Turkey)

Phase 3: NCT03754790 (Recruiting, 10/2026,
US/Australia/Canada/China/EU/India/Israel/Japan/Korea/Malaysi
a/South Africa/Taiwan/Turkey/Ukraine/UK)
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EMA: ODD (2018)

Indication Product Sponsor Development/ regulatory status Phase; Study-ID: primary completion date, location(s)
Haemophilia A Giroctocogene fitelparvovec Pfizer NEW NEW Study
(PF-07055480) FDA: ODD, BTT (2016) Phase 3:NCT04370054 (Active, not recruiting, 09/2023,
Haemophilia B Fidanacogene elaparvovec EMA: ODD, PRIME (2017) US/Australia/Brazil/Canada/EU/Japan/Korea/Saudi Ara-
(57501, 06830425 ENAQOZOZ0 ST of et et | b TahanTurkey
P g g ' Phase 3: NCT03861273 (Active, not recruiting, 11/2022,
US/Australia/Brazil/Canada/EU/Japan/Korea/Saudi Ara-
bia/Taiwan/Turkey/UK)
Phase 3: NCT03587116 (Recruiting, 05/2023,
US/Australia/Brazil/Canada/EU/Japan/Korea/Saudi Ara-
bia/Taiwan/Turkey/UK)
SPK-9001: No Phase 3 studies
Haemophilia B FLT180a Freeline FDA: not available No Phase 3 studies

03/22: expected to begin the start-up activities for the Phase Il
trial in the first half of 2023.[13]

Abbreviations: BTT = Breakthrough Therapy, EMA=European Medicines Agency, EPCD=Estimated Primary Completion Date, FDA= US Food and Drug Administration,
FTD= Fast Track Designation; ODD = Orphan Drug Designation, PRIME = PRlority Medicines, RMAT = regenerative medicine advanced therapy
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Technology:

®  Valoctocogene roxapavovec (BMN-270) is a recombinant codon-
optimised AAVS vector that encodes a B-domain-deleted human fac-
tor VIII (AAVS-hFVIII-SQ), which is a clotting factor that is an es-
sential part of the coagulation cascade and therefore blood clotting —
with a hybrid liver-specific transcription promoter. Thus, it restores
factor VIII plasma concentrations to levels which are adequate for
normal clotting in haemophilia A. If licensed, valoctocogene
roxaparvovec would be the first gene therapy for severe haemophilia
A. Valoctocogene roxaparvovec administered as a single treatment
would be sufficient to maintain normal levels of factor VIII in adult
males with severe haemophilia A, and might reduce the need for
regular factor VIII prophylaxis (preventative treatment).

Approval Status:
m  Not yet approved by EMA/FDA
Clinical investigations:
NCT03392974 (BMN270-302, Phase 3, US, 1 Pt., 03/2018 - 05/2019)
B Open-label, single-arm study to evaluate the efficacy and safety of
BMN 270, an adeno-associated virus vector-mediated gene transfer
of human factor VIII at a dose of 4e13vg/kg in hemophilia a patients

with residual VIII levels <11U/dL receiving prophylactic fVIII infu-
sions)

m  Status: Active, not recruiting (Last Update: 10/2021)

NCT03370913 (BMN270-301, Phase 3,
US/Australia/Brazil/EU/Israel/Korea/South Africa/Taiwan/UK, 137 Pts.,
12/2017-11/2020)

B Open-label, single-arm study to evaluate the efficacy and safety of
BMN 270, an adeno-associated virus vector-mediated gene transfer
of human factor VIII in hemophilia a patients with residual f VIII
levels = 1IU/dL receiving prophylactic fVIII infusions

m  Status: Active, not recruiting (Last Update: 10/2021

NCT04323098 (GENEr8-3, Phase 3, US/Australia/Brazil/Taiwan, 20 Pts.,
12/2017-01/2023)

B Open-label, single arm study to evaluate the efficacy and safety of
BMN 270, an adeno-associated virus vector-mediated gene transfer
of human factor VIII, with prophylactic corticosteroids in hemophil-
ia a patients

B Status: Active, not recruiting (Last Update: 02/2022)
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3.1.2  Etranacogene dezaparvovec (AMT-061, AAV5-hFIXco-Padua, CSL222,

Etranadez®) (UniQure/CSL)

Development/Regulatory Status:
m  Etranacogene dezaparvovec is a therapy in development.

®  Etranacogene dezaparvovec received Orphan Drug (2019) and Fast
Track Designations (2019) from the FDA. Etranacogene dezapar-
vovec has been Orphan Drug Designation (2017) and access to
PRIME regulatory initiative by the EMA (2017).

B A phase 2b study was conducted to confirm that a single dose of 2 X
1013 genome copies per kilogram of etranacogene dezaparvovec will
result in factor IX activity =5% six weeks after dosing. Etranaco-
gene dezaparvovec was administered as a single IV infusion to three
adults with severe to moderately severe haemophilia B.

B In the phase 3 trial (HOPE-B trial, active, not recruiting) 56 severe
or moderately severe haemophilia B patients are included.

B The European Medicines Agency (EMA) has approved an accelerat-
ed assessment request for etranacogene dezaparvovec. The decision
means that, once an application is submitted seeking approval for
marketing authorization of etranacogene dezaparvovec, it will be re-
viewed more quickly than normal.[14]

B Marketing applications for etranacogene dezaparvovec for the
treatment of patients with Hemophilia B will be submitted in both
the U.S. and EU in the 1st half of 2022.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

m  Etranacogene dezaparvovec (AMT-061) is a recombinant AAVS vec-
tor including a gene cassette containing the factor IX (FIX) Padua
variant under the control of a liver-specific promoter.

Approval Status:
®  Not yet approved by EMA/FDA, approval expected in 2022.

Clinical investigations:

NCT03569891 (HOPE-B, Phase 3, US/EU/UK, 56 Pts., 06/2018-09/2021)
®  Open-label, randomized parallel study to evaluate the efficacy and
safety of Fitusiran in patients with hemophilia A or B, with inhibito-
ry antibodies to factor VIII or IX

m  Status: Active, not recruiting (Last Update: 03/2022)
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3.1.3  Fitusiran (Sanofi)

Development/Regulatory Status:

®  Fitusiran, a novel RNA interference (RNAi) therapy in develop-
ment.

®  Fitusiran holds Orphan Drug Designation by the US FDA (2013)
and by EMA (2014) for haemophilia.

B Sanofi announces positive long-term efficacy and safety data for
fitusiran from an interim analysis of phase 2 (open-label) extension
study in people with haemophilia A and B, with or without inhibi-
tors. This data evaluated 34 enrolled patients who received monthly
fixed 50 mg or 80 mg doses of fitusiran and were followed for a peri-
od up to 4.7 years, with a median exposure of 2.6 years.

®  In 2017, the developer Alnylam halted fitusiran trials after a patient
with haemophilia died, suffering fatal blood clots before resuming
the trials. After a clinical hold by the FDA the trial was restarted.

FDA/ EMA filing for approval postponed to 2024 [10]

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

®  Fitusiran is a synthetic double-stranded siRNA oligonucleotide di-
rected against antithrombin mRNA and covalently linked to a ligand
containing three N-acetylgalactosamine residues for the treatment of
haemophilia. Fitusiran is a once-monthly subcutaneously adminis-
tered investigational RNAIi therapeutic targeting antithrombin (AT)
to enhance thrombin generation (T'G) and rebalance hemostasis in
patients with haemophilia A (HA) or haemophilia B (HB) with or
without inhibitors.

Approval Status:
®  Not yet approved by EMA/FDA

Clinical investigations:

NCT03417102 (ATLAS-INH, Phase 3,
US/Australia/Canada/China/EU/India/Japan/Korea/Malaysia/South Afri-
ca/ Tai-wan/Turkey/Ukraine/UK, 60 Pts., 02/2018-11/2020)

B Open-label, randomized parallel study to evaluate the efficacy and
safety of Fitusiran in patients with hemophilia a or b, with inhibito-
ry antibodies to factor VIII or IX

m  Status: Completed 06/2021 (Last Update: 12/2021)

NCT03417245 (ALN-AT3SC, Completed 07/2021, Phase 3,
US/EU/India/Israel/Japan/Malaysia/South Afri-
ca/Taiwan/Turkey/Ukraine/UK, 120 Pts., 03/2018 — 01/2021)

B Open-label, randomized parallel study to evaluate the efficacy and
safety of Fitusiran in patients with hemophilia a or b, with inhibito-
ry antibodies to factor VIII or IX

m  Status: Completed 07/2021 (Last Update: 02/2022)

NCT03549871 (ATLAS-PPX, Phase 3,
US/Australia/Canada/China/EU/Israel/Japan/Korea/Malaysia/Turkey/Ukr
aine/UK, 80 Pts., 07/2018 - 03/2022)

®  Open-label, single arm, multinational, switching study to describe
the efficacy and safety of Fitusiran prophylaxis in patients with he-
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mophilia a and b previously receiving factor or bypassing agent
prophylaxis
B Status: Active, not recruiting (Last Update: 03/2022)
NCT03974113 (ATLAS-PEDS, Phase 2/3, US/Canada/EU/India/Turkey, 25
Pts., 01/2020 - 08/2023)
B Open-label, single arm, multinational study of Fitusiran prophylaxis
in male pediatric subjects aged 1 to less than 12 years with hemo-
philia A or B

®  Status: Recruiting (Last Update: 09/2021)

NCT03754790 (ATLAS-OLE, Phase 3,
US/Australia/Canada/China/EU/India/Israel/Japan/Korea/Malaysia/South
Africa/Taiwan/Turkey/Ukraine/UK, 244 Pts., 01/2019 - 08/2026)

®  Open-label, single arm, multinational, long-term safety and efficacy
study of Fitusiran in patients with hemophilia A or B, with or with-
out inhibitory antibodies to factor VIII or IX

®  Status: Recruiting (Last Update: 12/2021)

3.14  Giroctocogene fitelparvovec (PF-07055480) and
fidanacogene elaparvovec (PF-06838435) (Pfizer)

Development/Regulatory Status:

B Giroctocogene fitelparvovec and fidanacogene elaparvovec are ther-
apies in development. Giroctocogene fitelparvovec is being devel-
oped as part of a collaboration agreement for the global development
and commercialization of gene therapies for Hemophilia A between
Sangamo and Pfizer. In late 2019, Sangamo transferred the manufac-
turing technology and the Investigational New Drug (IND) applica-
tion to Pfizer. The US FDA granted Orphan Drug, Fast Track, and
regenerative medicine advanced therapy (RMAT) designations to gi-
roctocogene fitelparvovec, which also received Orphan Medicinal
Product Designation from the European Medicines Agency [15].

B Giroctocogene fitelparvovec as well as fidanacogene elaparvovec
were granted Orphan Drug Designation (Nov 2016), US Break-
through Therapy (Jul 2016) status by the FDA and Orphan Drug
Designation and PRIME Designation (Mar 2017) by the EMA.

®  The phase 1/2 Alta study is an open-label, dose-ranging, multicenter
clinical trial designed to assess the safety and tolerability of girocto-
cogene fitelparvovec in patients with severe haemophilia A. The
mean age of the eleven patients assessed across four dose cohorts is
30 years (range 18-47 years). Pfizer announced Updated phase 1/2
results showing sustained Factor VIII Activity Levels and no bleed-
ing events or factor usage in 3el3 vg/kg Cohort following girocto-
cogene fitelparvovec (SB-525) Gene Therapy in June 2020. Pfizer is
now enrolling patients in the phase 3 study. Although the clinical
hold has now been lifted, the company said it will pause the trial un-
til “all necessary conditions are met,” which include the FDA ap-
proving updated study protocols.[16]

®  Data from 15 patients participating in the phase 1/2 study designed
to treat severe or moderately severe haemophilia B (FIX levels under
2% of normal concentrations) were the basis for the phase 3 open-
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label, multi-centre, lead-in study to evaluate the efficacy and safety
of current factor IX prophylaxis replacement therapy.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

®  Giroctocogene fitelparvovec comprises an AAV serotype 6 vector
(AAV6) encoding the complementary deoxyribonucleic acid for B
domain deleted human FVIII. The giroctocogene fitelparvovec ex-
pression cassette was designed for optimal liver-specific expression
of FVIII protein and supports the production of high yields of the
vector.

®  Fidanacogene elaparvovec comprises an AAV serotype 2 (AAV2) ex-
pressing the Padua variant (R338L) of human coagulation factor IX
(F9, Factor IX, FIX), under the control of the liver-specific apolipo-
protein E (Apo E). Is a novel, investigational vector that contains a
bio-engineered AAV capsid (protein shell) and a high-activity hu-
man coagulation factor IX gene.

B Both are single infusions of a gene therapy that uses an adeno-
associated viral vector to deliver a codon-optimised, high-activity
gene for human Factor IX or VIII to liver cells.

Approval Status:
®  Not yet approved by EMA/FDA

Clinical investigations:

NCT04370054 (AFFINE, Phase 3,
US/Australia/Brazil/Canada/EU/Japan/Korea/Saudi Ara-
bia/Taiwan/Turkey/UK, 63 Pts., 08/2020-09/2023)

B Open-label, single-arm study to evaluate the efficacy and safety of
PF-07055480 (recombinant AAV2/6 human factor VIII gene thera-
py) in adult male participants with moderately severe to severe he-
mophilia A (FVIII:C<1%)

m  Status: Active, not recruiting (Last Update: 01/2022)

NCT03861273 (BENEGENE-2, Phase 3,

US/Australia/Brazil/Canada/EU/Japan/Korea/Saudi Ara-
bia/Taiwan/Turkey/UK, 43 Pts., 08/2020-11/2022)

B Non-randomized, open-label, single-arm study to evaluate the effi-
cacy and safety of of fix gene transfer with PF-06838435 (RAAV-
SPARKI100-HFIX-PADUA) in adult male participants with moder-
ately severe to severe hemophilia B (FIX:C <=2%)

m  Status: Active, not recruiting (Last Update: 03/2022)

NCT03587116 (Phase 3, Recruiting,
US/Australia/Brazil/Canada/EU/Japan/Korea/Saudi Arabia/
Taiwan/Turkey/UK, 250 Pts., 07/2018-05/2023)

®  Open-label, single-arm non-investigational product, multi-center,
lead-in study to evaluate at least 6 months of prospective efficacy
and selected safety data of current factor IX (FIX) or factor VIII
(FVIID) prophylaxis replacement therapy in the usual care setting of
moderately severe to severe adult hemophilia b subjects (FIX:
c<2%) who are negative for neutralizing antibodies to adeno-
associated virus vector-spark100 (benegene-1) and moderately severe
to severe hemophilia a adult subjects (FVIII: c<1%) who are nega-
tive for neutralizing antibodies to adeno-associated virus vector SB-
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525 CAPSID (AAV6), prior to the respective therapeutic phase 3
gene therapy studies

m  Status: Recruiting (Last Update: 03/2022)

3.15  FLT180a (Freeline)

Development/Regulatory Status:

m  FLTI180a is a therapy in development derzeit in Entwicklung
m  FLT180a was granted Orphan Drug Designation by the EMA (Oct -
2018). FDA-Status is not available. Haemophilia B

B [t is currently investigated in patients with severe haemophilia B, in
a phase 1/2 clinical trial. The results support the start of a pivotal
phase 3 trial of FLT180a.

B 03/22: expected to begin the start-up activities for the Phase III trial in
the first half of next year [13].

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

® FLTI180a a next-generation, AAV gene therapy consists of a single- AAVS3 Vektor
stranded, replication incompetent adenovirus vector, in which a co-
don optimised variant FIX transgene is encapsidated in a novel syn-
thetic capsid (AAVS3). It is investigated as a single-dose infusion.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations: Phase 3 Studien ab
®  No Phase 3 studies 2023
B Phase 3 study planned for first half of 2023 [17]
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3.2 Metabolic disorders

Table 3-2: Metabolic disorders therapies under development

Indication Product Sponsor Development/Regulatory status Phase; Study-ID: primary completion date, location(s)
(hATTR) Amyloidosis Vutrisiran (ALN- Alnylam FDA: ODD (2018) Phase 3: NCT03759379 (HELIOS-A, Active, not recruiting, 11/2020,
TTRSC02) FDA: FTD (2020) US/Australia/Canada/Argentina/Brazil/Bulgaria/EU/Japan/Korea/Malay
EMA: ODD (2018) sia/Mexico/Taiwan/UK)
R e . Phase 3: NCT04153149 (HELIOS-B, 06/2024, Active, not recruiting,
04/2022: AI_n)él?m Announces 3-I\fl_ont_h E);tensmn of | us/Australia/Canada/Argentina/Brazil/Bulgaria/Colombia//EU/Israel/Ja
\Ijﬁ\t/:?s\i,\;apneaog-zg]r New Drug Application for pan/Korea/Lebanon/Malaysia/Mexico/Moldova/Peru/Thailand/UK)
ADA Simoladagene auto- Orchard FDA: PDD, BTT (2017) Terminated Study
Immunodeficiency temcel EMA: ODD (2019) Phase 2/3: NCT04140539 (Terminated, Phase 2/3, US)
(OTL-101) 06/21: Despite positive outcome data, Orchard have | 11/2021: Orchard Therapeutics terminates a phase Il/1il trial for Adeno-
officially abandoned development of OTL-101 [21] sine deaminase deficiency in USA, due to business reasons [22]
Mucopolysaccharidosis FDA: Discussion about updated evidence Phase 2/3: NCT03612869 (Active, not recruiting, 08/2021, US/EU/UK)
Type 3A Olenasufligene Q4/2022 (23]
relduparvovec Lysogene FDA: FTD (2020) 05/2022: Efficacy data from a phase Ill AAVance trial in Mucopolysac-
(SAF-302) FDA: PDD (2020) charidosis Il presented at the 25th Annual Meeting of the American
EMA: ODD (2014) [24] Society for Gene & Cell Ther-apy (ASGCT-2022) [25]
Mucopolysaccharidosis rAAV9.CMV.hNAGLU Abeona FDA: ODD, PDD (2019) No Phase 3 studies
Type 3B (ABO-101) EMA: ODD, PRIME (2019)
Mucopolysaccharidosis SCAAV9.Ula.hSGSH ABO-101: Discontinued (2022) [26]
3A (Rebisufligene ABO-102: Abeona announces it will pursue a strate-
etisparvovec, ABO- gic partner to take over development activities for
102) ABO-102 for MPS I11A [27]
Alpha 1-Antitrypsin ARO-AAT Arrowhead FDA: ODD, FTD (2019) No Phase 3 studies
Deficiency EMA: ODD (2018) Phase 2: NCT03946449
Phase 2: NCT03945292
Glycogen Storage Dis- Pariglasgene Ultragenyx . Phase 3: NCT05139316 (Active, not recruiting, 04/2023,
ease Type IA brecaparvovec Pharmaceutical FDA',FTD (2018), ODD, RMAT US/Canada/EU/BraziI/Jai)an/Korea) ’
EMA: ODD (2016) [28]
(DTX401) Inc
\é\ﬁljrquoett Aldrich Syn Sggly_slz(;:;)(GSK ?r:gl;:‘l;c; Ltics FDA: Application expected in 2022 [29, 30] Phase 3: NCT03837483 (Recruiting, 07/2023, US/Italy)

Abbreviations: AA= Accelerated Assessment, ADA= adenosine deaminase, BTT= Breakthrough Therapy, EMA=European Medicines Agency, EPCD=Estimated Primary Comple-
tion Date, FDA= US Food and Drug Administration, FTD = Fast Track Designation, hATTR= Hereditary Transthyretin Amyloidosis, ODD= Orphan Drug Designation, PDD =
Paediatric Disease Designation, PRIME = PRIority Medicines
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3.21  Vutrisiran (ALN-TTRSCO02) (Alnylam)

Development/Regulatory Status:

®  Vutrisiran (ALN-TTRSCO02) is an investigational RNAi therapeutic
for the treatment of hereditary transthyretin-mediated (hATTR)
amyloidosis in adult patients with polyneuropathy. Alnylam filed
Vutrisiran for authorization by EMA in 09/2021 [31].

B Vutrisiran has been granted Orphan Drug designation in the United
States (U.S.) (Jun 2018) and the European Union (EU) (May 2018).
Vutrisiran has also been granted Fast Track designation in the Unit-
ed States (U.S.) (Apr 2020). Alnylam submitted Marketing Authori-
zation Application (MAA) to the European Medicines Agency
(EMA) for vutrisiran for the treatment of hereditary transthyretin-
mediated (hATTR) amyloidosis in adult patients with polyneuropa-
thy in September 2021. Vutrisiran is considered by analysts to have
blockbuster potential.

®  The safety and efficacy of vutrisiran are being evaluated in the HE-
LIOS Phase 3 clinical trial. HELIOS-A is a randomized, open-label,
global multi-centre Phase 3 study of 160 patients with Hereditary
Transthyretin Amyloidosis (hATTR) with polyneuropathy. Results
are expected in late 2020. Alnylam also plans to initiate HELIOS-B,
a phase 3 trial evaluating vutrisiran in patients with ATTR amyloi-
dosis with cardiomyopathy.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

®  Vutrisiran (ALN-TTRSCO02) is an investigational RNAi therapeutic
being evaluated for the treatment of ATTR amyloidosis, which en-
compasses both hereditary (hATTR) and wild-type (wt) amyloidosis.
Vutrisiran works by inhibiting the production of disease-causing
TTR proteins, leading to a reduction in the levels of TTR in a pa-
tient’s bloodstream. Vutrisiran is subcutaneously administered.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:

NCT03759379 (HELIOS-A, Phase 3,
US/Australia/Canada/Argentina/Brazil/Bulgaria/EU/Japan/Korea/Malaysi
a/Mexico/Taiwan/UK, 164 Pts., 02/2019-11,/2020)

B Global, randomized, two-arm, open-label study to evaluate the effi-
cacy and safety of ALN-TTRSCO02 in patients with hereditary trans-
thyretin amyloidosis

m  Status: Active, not recruiting (Last Update: 04/2022)

NCT04153149 (HELIOS-B, Phase 3,
US/Australia/Canada/Argentina/Brazil/Bulgaria/Colombia//EU/Israel/Jap
an/Korea/Lebanon/Malaysia/Mexico/Moldova/Peru/Thailand/UK, 655
Pts., 11/2019 - 06/2024)

B Randomized, double-blind, placebo-controlled, multicenter study to
evaluate the efficacy and safety of Vutrisiran in patients with trans-
thyretin amyloidosis with cardiomyopathy (attr amyloidosis with
cardiomyopathy)

m  Status: Active, not recruiting (Last Update: 04/2022)
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Simoladagene autotemcel (OTL-101) (Orchard)

Development/Regulatory Status:

Simoladagene autotemcel was a therapy under development; Or-
chard abandoned development in 2021 [32].

Simoladagene autotemcel was granted rare Paediatric Disease Des-
ignation by the FDA (Jul 2017) and also has Breakthrough Therapy
status as well as an Orphan Drug Designation from EMA (Feb
2019).

A phase 2 prospective, non-randomised, single-cohort, longitudinal
clinical study designed to assess the efficacy and safety of OTL-101
cryopreserved formulation administered in adenosine deaminase-
severe combined immunodeficiency (ADA-SCID) subjects is ongo-
ing and basis for the phase 3 investigation. In clinical trials compar-
ing the use of simoladagene to allogeneic hematopoietic stem cell
transplantation (HSCT) in ADA-SCID patients [33].

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

Simoladagene autotemcel (OTL-101) is an autologous stem cells ex-
vivo lentiviral adenosine deaminase gene therapy in which cryo-
preserved EFS-ADA LV CD34+ hematopoietic stem/progenitor
cells (HSPCs) are introduced into a functional copy of the human
ADA gene.

Approval Status:

Not approved by EMA/FDA

Clinical investigations:

NCT04140539 (Terminated, Recruitment on hold for business reasons,
Phase 2/3, US, 3 Pts., 10/2019 — 08/2021)

Single arm, open label clinical study to enable process validation of
commercial grade ex vivo hematopoietic stem cell gene therapy
(OTL-101) in subjects with severe combined immunodeficiency due
to adenosine deaminase deficiency (ADA-SCID)

Status: Terminated (Recruitment on hold for business reasons) (Last
Update: 11/2021)
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3.2.3

Olenasufligene relduparvovec (LYS-SAF-302) (Lysogene)

Development/Regulatory Status:

Olenasufligene relduparvovec is a therapy under development.

Olenasufligene relduparvovec receives Fast Track Designation for
Mucopolysaccharidosis III [Intracerebral,Injection] (in adolescents,
in children, in the elderly, in adults) in USA in February 2020, but
in June 2020 FDA puts hold on a phase 2/3 clinical trial in Muco-
polysaccharidosis III (NCT03612869; EudraCT2018-000195-15).
EMA granted Orphan Drug Designation (Dec 2014). Since January
2021 LYS-SAF-302 also holds rare paediatric disease designation in
the US. Registrational trial is fully recruited with top-line data ex-
pected in H2/22. Lysogene has reported positive LYS-SAF302 bi-
omarkers demonstrating biological activity [34].

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

Olenasufligene relduparvovec is an AAV-mediated gene therapy, the
goal of which is to replace the faulty SGSH gene with a healthy copy
of the gene. It employs the AAVrh10 virus, chosen for its ability to
target the central nervous system.

Approval Status:

Not approved by EMA/FDA

Clinical investigations:
NCT03612869 (AAVance, Phase 2/3, US/EU/UK, 20 Pts., 12/2018-
03/2022)

3.24

Open-label, single-arm, multi-center study of intracerebral admin-
istration of adeno-associated viral (AAV) serotype rh.10 carrying
human N-sulfoglucosamine Sulfohydrolase (SGSH) cDNA for
treatment of mucopolysaccharidosis type IIIA

Status: Active, not recruiting, (Last Update: 08/2021)

RAAVO (ABO-101) and SCAAV9 (ABO-102) (Abeona)

Development/Regulatory Status:

rAAV9 (ABO-101) was discontinued in March 2022. Abeona an-
nounces it will focus its R&D resources primarily on VIITAL data
readout while actively pursuing potential commercialization partner
for EB-101, and maintain focus on preclinical eye gene therapy pro-
grams. In addition, it will pursue a strategic partner to take over de-
velopment activities for ABO-102 for MPS IIIA, while discontinuing
development of ABO-101 for MPS IIIB.

rAAV9 (ABO-101) and scAAV9 (ABO-102) received Orphan Drug
Designation by FDA and EMA as well as Fast Track Designation
and Rare Paediatric Disease Designation by the FDA (Apr 2019)
and PRIME status by EMA (Dec 2019) [35, 36].

Efficacy data from the phase 1/2 Transpher A trial in Mucopolysac-
charidosis 3 was released in May 2020.
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Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

B The therapy is designed to address the underlying enzyme deficien-
cy responsible for the abnormal accumulation of glycosaminoglycans
in the brain and throughout the body that results in progressive cell
damage and neurodevelopmental and physical decline.

ABO-101: AAV serotype (AAV9) carrying the human NAG-
LU gene under the control of a CMV enhancer/promoter
(rAAV9.CMV.hNAGLU) will be delivered one-time through
a venous catheter inserted into a peripheral limb vein.

ABO-102: AAV9 carrying the human SGSH gene under the
control of a Ula promoter (scAAV9.Ula.hSGSH) will be de-
livered one time through a venous catheter inserted into a
peripheral limb vein.
Approval Status:
®  Not approved by EMA/FDA
Clinical investigations:
®  No Phase 3 studies

Phase 1/2 Study terminated NCT04088734: 1.3.2022 Abeona Therapeutics
terminates the phase I/II ABT-003 trial in Mucopolysaccharidosis III (In
children, In adolescents) in Australia, Spain and USA (IV), due to lack of ef-
ficacy seen in patients (NCT04088734)

325  ARO-AAT (Arrowhead)

Development/Regulatory Status:
m  ARO-AAT is a therapy under development.

®  ARO-AAT holds Orphan Drug Designation by EMA (2018) and the
FDA; the FDA granted a Fast Track Designation (2019).

m A Pilot open label, multi-dose, phase 2 study to assess changes in a
novel histological activity scale in response to ARO-AAT in patients
with Alpha-1 antitrypsin deficiency associated liver disease (AATD)
is ongoing; another phase 2/3 study is initiated.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4]
Technology:

m  ARO-AAT is being developed to treat the liver disease associated
with alpha-1 antitrypsin deficiency (AATD): ARO-AAT is a second-
generation, subcutaneously administered RNAI therapeutic that in-
hibits alpha 1-antitrypsin.

Approval Status:

®  Not approved by EMA/FDA
Clinical investigations:

®  No Phase 3 studies
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3.2.6

DTX401 (Pariglasgene brecaparvovec) (Ultragenyx)

Development/Regulatory Status:

DTX401 is a gene therapy in development. DTX401 has orphan
drug designation in the US and EU (2016) and holds Regenerative
Medicine Advanced Therapy (RMAT) and Fast Track designation
(FTD) in the US since 2018.

Condition:

Glycogen storage disease type I (GSD I) is an inherited disease that
results in the liver being unable to properly break down stored gly-
cogen. This impairment disrupts the liver's ability to break down
stored glycogen that is necessary to maintain adequate blood sugar
levels.

Technology:

DTX401 is an adeno-associated virus serotype 8 (AAVS) vectored
gene therapy designed to deliver stable expression and activity of
glucose-6-phosphatase-a  using a single intravenous infusion.
DTX401 consists of a virus that has been modified to contain a gene
that produces normal glucose 6-phosphatase. When given to pa-
tients, the virus is expected to carry this gene into liver cells. This
would enable these cells to produce glucose 6-phosphatase so that
glycogen can be broken down to glucose. This is expected to reduce
symptoms of the condition. The virus used (adeno-associated virus)
does not cause disease in humans [37].

Approval Status:

Not approved by EMA/FDA

Clinical investigations:
NCT05139316 (Phase 3, US/Canada/EU/Brazil/Japan/Korea, 50 Pts.,
11/2021-04/2023)

3.27

Randomized, multi-center, double-blind, placebo-controlled study to
determine the efficacy and confirm the safety of DTX401 in patients
8 years and older with Glycogen Storage Disease Type IA (GSDIA).
Participants will be randomized 1:1 to DTX401 or placebo group,
and followed closely for 48 weeks. At week 48 eligible participants
will cross over and receive DTX401 if they had previously received
placebo or placebo if they had previously received DTX401, and will
be followed closely for an additional 48 weeks. After completion of
week 96 or early withdrawal, participants will be offered enrollment
into a Disease Monitoring Program (DMP) where they will be fol-
lowed for at least 10 years post DTX401 infusion

Status: Active, not recruiting (Last Update: 03/2022)

OTL-103 (Orchard)

Development/Regulatory Status:

OTL-103 is currently in clinical development for the treatment of
Wiskott-Aldrich Syndrome (WAS). In 2012, OTL-103 was granted
orphan designation in the EU for the treatment of Wiskott-Aldrich
syndrome. Orchard is preparing for a Marketing Authorization Ap-
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plication (MAA) submission for OTL-103 in Europe in mid-2022. In
the U.S., Orchard is planning to interact with FDA in early 2022 to
discuss elements of a potential BLA filing package, including devel-
opment work on a functional potency assay and the clinical dataset
[38].

Wiskott-Aldrich Condition:

Syndrome (WAS) -

WAS is a rare disease with immunological deficiency and reduced
ability to form blood clots. This syndrome is caused by an abnormal-
ity in the gene found on the X chromosome that codes for WAS pro-
tein (WASP). This WAS gene defect and the severity of the condi-
tion varies widely between individuals. Severe cases may be present
soon after birth or develop in the first year of life. WAS affects the
functions of white blood cells and platelets, making people affected
susceptible to serious infections and bleeding events. WAS occur
almost exclusively in males. It is life-threatening and long-term de-
bilitating disease due to recurrent infections that can lead to sepsis,
bleeding episodes and cancer. Stem cell transplantation is the only
treatment currently available to stabilize WAS [39].

Technology:

CD34+ Zelltherapie u

OTL-103 is administered intravenously. It is made up of immature
bone marrow cells (called CD34+ cells) taken from the patient. It
works by correcting cells using a modified virus that contains the
correct gene for the WAS protein. When these corrected cells are
transplanted back into the patient, they populate the bone marrow
and produce healthy platelets and immune cells that produce the
WAS protein, thereby relieving the symptoms of the disease. If li-
censed, OTL-103 will provide a treatment option for patients with
WAS [39].

Approval Status:

Not approved by EMA/FDA

1 Phase 3 Studie Clinical investigations:
NCT03837483 (Phase 3, US/Italy, 10 Pts., 01/2019-07/2023)

Multi-center, open-label, single arm study to evaluate the cryo-
preserved formulation of OTL-103 Gene Therapy. OTL-103 consists
of autologous CD34+ hematopoietic stem cells in which the gene
encoding for the Wiskott-Aldrich Syndrome is introduced by means
of a third generation lentiviral vector.

Status: Recruiting (Last Update: 02/2022)
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3.3 Ophthalmologic disorders

Table 3-3: Ophthalmologic disorders therapies under development

Indication Product Sponsor Development/Regulatory status Phase; Study-ID: primary completion date, location(s)
Choroideremia Timrepigene emparvovec Biogen FDA: RMAT, FTD, BTT (2018) STUDY Completed
(AAV2-REP1, BIIB111) EMA: ODD (2015) Phase 3: NCT03496012 (Completed 12/2020, US/Canada/EU/UK)
07/2021: Development discontinued [40] Phase 3;:NCT03584165 (Enrolling by invitation, 03/2027,
US/Canada/EU/UK)
Leber NRO82 (rAAV2-ND4) Neurophth FDA: ODD (2020) [41] Phase 2/3: NCT03153293 (Active, not recruiting, 01/2020, China)
Hereditary Therapeutics EMA: ODD (2022) [42]
Optic Neuropathy
Leber Lenadogene nolparvovec GenSight FDA: ODD (2013) Phase 3: NCT03293524 (Active, not recruiting, 06/2023,
Hereditary (GS010, LUMEVOQ®) Biologics EMA: ODD (2011) US/EU/Taiwan/UK)
Optic Neuropathy FDA recommends additional trial (2022) [43] Phase 3: NCT03406104 (Active, not recruiting, 07/2022,
EMA: Delay in MAA application (2022) [44] US/EU/Taiwan/UK)
Committee for Medicinal Products for Human Use (CHMP)
opinion expected by Q3 2023 [45]
Age-related RGX-314 Regenxbio Inc. FDA: Submission expected in 2024 [46] Phase 2/3: NCT04704921 (ATMOSPHERE, Recruiting, 03/2023,
macular EMA: na. us)
degeneration
X-Linked AAV5-RPGR (MGT009, bo- MeiraGTx UK Il FDA: ODD, FTD Phase 3: NCT04794101 (Recruiting, 07/2023, US)
Retinitis taretigene sparoparvovec) | Ltd/Janssen EMA: ODD, ATMP, PRIME Phase 3: NCT04671433 (Recruiting, 07/2022, US)
Pigmentosa [47
X-Linked AAV8-RPGR (BIIB112) Biogen FDA: ODD, FTD (2019) NEW STUDY:
Retinitis EMA: ODD (2018), ATMP, PRIME (2020) Phase 3: NCT03584165 (SOLSTICE, Enrolling by invitation,
Pigmentosa 03/2027, US/Canada/EU/UK)
X-Linked AGTC-501 (laruparetigene | Applied Genetic FDA: ODD (2017) Phase 3: NCT04850118 (Not yet recruiting, 01/2024)
Retinitis zosaparvovec , rAAV2tYF- Technologies Corp | EMA: ODD (2016)
Pigmentosa GRK1-hRPGRc0) [48, 49]
Achromatopsia Entacingene turiparvovec MeiraGTx FDA: ODD (2016), FTD (2018) No Phase 3 studies
(AAV - CNGB3) EMA: ODD (2015), PRIME (2018)
Not listed in Janssen planned filings, so do not expect data
to be available for filing before 2024 [50]
Achromatopsia AGTC-402 (ACHM CNGA3, | Applied Genetic FDA: ODD (2018) No Phase 3 studies
rAAV2tYF-PR.1-hCNGA3) Tech EMA: ODD (2018)

Abbreviations: ATMP = Advanced Therapy Medicinal Product, BTT= Breakthrough Therapy, EMA=European Medicines Agency, EPCD=Estimated Primary Completion Date, FDA=
US Food and Drug Administration, FTD = Fast Track Designation, ODD= Orphan Drug Designation, PRIME = PRIority Medicines, RMAT = Regenerative Medicine Advanced Therapy
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3.3.1 Timrepigene emparvovec (AAV2-REP1) (Biogen)

Development/Regulatory Status:

®  Timrepigene emparvovec is a first-in-class AAV2 gene therapy for
the treatment of choroideremia. It seems likely to be discontinued in
June 2021 [51]. Biogen has announced that a late-stage trial did not
meet its primary and key secondary endpoints in patients with the
rare inherited eye disease choroideremia [52, 53].

B Timrepigene emparvovec has received Regenerative Medicine Ad-
vanced Therapy (RMAT) Designation from the FDA (Jun 2018), in-
cluding Fast Track and Breakthrough Therapy Designation and Or-
phan Drug Designations by the EMA (Jan 2015).

®  Phase 1/2 study published and phase 3 ongoing: enrolment in the
STAR trial (180 patients) for Choroideraemia in USA, Canada, Fin-
land, Germany, Netherlands, United Kingdom and Denmark.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

B Timrepigene emparvovec is an AAV2 vector administered by sub-
retinal injection, which aims to provide a functioning CHM gene
and expression of the REP-1 protein to restore membrane trafficking
and thereby slow, stop or potentially reverse a decline in vision. The
procedure involves an injection of AAV under the retina with a very
narrow needle under local anaesthetic by a retinal surgeon.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:

NCT03496012 (Phase 3 Completed 12/2020, US/Canada/EU/UK, 170 Pts.,
12/2017-12/2020) )
B Randomised, multi-center, open label, outcomes-assessor masked,
prospective, parallel controlled group, phase 3 clinical trial of retinal

gene therapy for choroideremia using an adeno-associated viral vec-
tor (AAV2) encoding rab escort protein 1 (REP1).

m Status: Completed (12/2020, Last Update: 12/2021)

NCT03584165 (SOLSTICE, Phase 3, US/Canada/EU/UK, 440 Pts., 06/2018-
03/2027)

B Non-randomized, multi-center outcomes-assessor masked, long-term
follow-up study to evaluate the safety and efficacy of retinal gene
therapy in subjects with choroideremia previously treated with
adeno-associated viral vector encoding rab escort protein-1 (AAV2-
REP1) and in subjects with x-linked retinitis pigmentosa previously
treated with adeno-associated viral vector encoding RPGR (AAVS-
RPGR) in an antecedent study.

m  Status: Enrolling by invitation (Last Update: 04/2022)
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3.33 NR082 (NFS-01, RAAV2-ND4) (Neurophth

therapeutics)

Development/Regulatory Status:

®  NRO82 is an ophthalmic gene therapy in development for the treat-
ment of Leber's Hereditary Optic Neuropathy (LHON) associated
with ND4 mutation. NR082 received orphan drug designation
(ODD) from the FDA (2020) and EMA (2022) [54].

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

B LHON disease is caused by mutations in mitochondrial DNA 11778,
14484 or 3460. ND4 gene of 11778 G>A mutation is the main patho-
logical factor, which exists in 55-70% of European and American pa-
tients and 90% of Chinese patients. NR082 (NFS-01 project) is an
candidate drug for ophthalmic AAV-based gene therapy. It uses
AAV2 vector to express human ND4 gene in the retinal ganglion
cells to repair optic neuropathy caused by 11778 G>A mutation.

Approval Status:
B Not approved by EMA/FDA
Clinical investigations:
NCT03153293 (Phase 2/3, China, 159 Pts., 12/2017-01/2020)

B A single-arm, open label study of a single intravitreal injection of
rAAV2-ND4 for the treatment of leber's hereditary optic neuropathy

®  Status: Active, not recruiting (Last Update: 09/2020)

3.34  Lenadogene nolparvovec (LUMEVOQ®, GS010)

(GenSight Biologics)

Development/Regulatory Status:

®  Lenadogene nolparvovec is a drug under development. Market
launch in the US was planned for 2021. The FDA provided feedback
in January 2022 recommending that the company conduct an addi-
tional placebo-controlled trial to bolster the demonstration of Lu-
mevoq efficacy in view of the unexpected bilateral effect observed in
unilaterally treated patients in the RESCUE, REVERSE and RE-
FLECT trials. GenSight says it is engaging with the FDA on the de-
sign of such a trial and aims to initiate it as soon as possible in 2022
[43]. EMA licence application also was delayed due to manufactor-
ing issues [44]. In April 2022 the Committee for Advanced Thera-
pies (CAT) of the European Medicines Agency (EMA) has granted
the company a six-month extension for submitting its responses to
the Day 120 questions in the regulatory review of LUMEVOQ®,
GenSight’s gene therapy for the treatment of Leber Hereditary Optic
Neuropathy (LHON) [45].
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Lenadogene nolparvovec was designated Orphan Drug Status for
Leber’s hereditary optics neuropathy in the EU in 2011 and in the
USA in 2013.

It is currently in phase 3 clinical trial development.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

Lenadogene nolparvovec is a recombinant AAV vector serotype. It
delivers the nicotinamide adenine dinucleotide dehydrogenase sub-
unit (ND4) gene directly to the mitochondrial membrane of the ret-
inal ganglion cells. Lenadogene nolparvovec shows allotropic ex-
pression and proteins involved in the respiratory chain can be di-
rectly integrated into the mitochondrial membrane during the trans-
lation process, thus checking the progression of the disease.

Approval Status:

Not approved by EMA/FDA

Clinical investigations:

NCT03293524 (GS-LHON-CLIN-05, Phase 3, US/EU/Taiwan/UK, 90
Pts., 03/2018-06/2023)

Global, multi-center randomized, double-masked for the primary
analysis, placebo-controlled, clinical study. As LHON is a neuro-
degenerative disease, the goal is to administer GS010 as soon as pos-
sible upon confirmation of the LHON diagnosis and the causative
mutation.

Status: Active, not recruiting (Last Update: 02/2021)

NCT03406104 (RESCUE/REVERSE, Phase 3, US/EU/Taiwan/UK, 61
Pts., 01/2018-07/2022)
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Long-term, randomized, open-label, sham-controlled, double-
masked follow-up of ND4 LHON subjects treated with GS010 ocular
gene therapy in the RESCUE or REVERSE phase III clinical trials.

Status: Active, not recruiting (Last Update: 02/2021)

RGX-314

Development/Regulatory Status:

RGX-314 is being developed as a potential one-time treatment for
wet AMD, diabetic retinopathy and other additional chronic retinal
conditions treated with anti-VEGF. Biological license application
(BLA) is expected to be submitted to FDA in 2024 based on tow piv-
otal trials, ASCENT and the ongoing ATMOSPHERE trial.

Condition: wet age-related macular degeneration, diabetic retinopathy

Technology:

AAVS vector carries gene encoding for monoclonal antibody frag-
ment, ranibizumab, which binds to & neutralises activity of vascular
endothelial growth factor (VEGF), modifying the pathway new leaky
blood vessel formation and retinal fluid accumulation [55].
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Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:
NCT04704921 (ATMOSPHERE, Phase 2/3, US, 300 Pts., 12/2020-
03/2023)

B Randomized, quadruple masked, controlled clinical study to evalu-
ate the efficacy and safety of RGX-314 gene therapy in participants
with nAMD

®  Status: Recruiting (Last Update: 09/2021)

3.36  AAV5-RPGR (MGT009, botaretigene sparoparvovec)
(Janssen/MEIRAGT)

Development/Regulatory Status:

B AAVS3-RPGR is an investigational gene therapy product for RPGR-
Associated X-Linked Retinitis Pigmentosa developed by Janssen
(Johnson & Johnson) & MEIRAGTx. AAV5-RPGR received Fast
Track and Orphan designation from the FDA. EMA granted PRIME
(PRIority MEdicines) and Advanced Therapy Medicinal Product
(ATMP) and Orphan designations to AAV-RPGR.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

®  AAV-RPGR is designed to deliver functional copies of the RPGR

gene to the subretinal space in order to improve and preserve visual
function [56].

Approval Status:
m  Not approved by EMA/FDA

Clinical investigations:
NCT04794101 (Phase 3, US, 66 Pts., 03/2021-07/2023)
m  Follow-up, randomized, outcome-assessor masked, controlled study
of AAV5-RPGR for the treatment of X-linked retinitis pigmentosa
associated with variants in the RPGR gene

®  Status: Recruiting (Last Update: 09/2021)
NCT04671433 (Phase 3, US, 66 Pts., 03/2021-07/2023)

B Randomized, outcome-assessor masked, controlled study of AAVS-
RPGR for the treatment of X-linked retinitis pigmentosa associated
with variants in the RPGR gene

m  Status: Recruiting (Last Update: 04/2022)
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AAV8-RPGR (BIIB-112, Biogen)

Development/Regulatory Status:

10/2021: Biogen has suspended further development of BIIB-112 as
part of its strategic review process and it is no longer listed in its
pipe-line; consider development (at least for now) is discontinued
[57]. The experimental treatment, BIIB112, did not show significant
improvement in a mid-to-late stage study in retinal sensitivity in pa-
tients with X-linked retinitis pigmentosa [58].

AAV-RPGR has received Fast Track (Apr 2018) and Orphan Drug
Designations from the FDA (Apr 2019) and PRIME, ATMP (Feb
2020) and Orphan Medicinal Product Designations from the EMA
(Feb 2018).

Phase 1/2 data from the dose-escalation portion of the XIRIUS trial
for NSR-RPGR demonstrated an increase in central retinal sensitivi-
ty. The phase 2/3 dose-expansion portion of the XIRIUS trial is cur-
rently ongoing.

Proposed Indication and Patients in Austria: see AIHTA Report 2020 [4].
Technology:

AAV-RPGR is comprised of an AAV vector administered by sub-
retinal injection which provides a functioning RPGR gene and thus
an expression of the RPGR protein, which is critical for protein
transport in photoreceptors. The restoration of photoreceptor func-
tion is intended to slow, stop or potentially reverse the decline in vi-
sion.

Approval Status:

Not approved by EMA/FDA

Clinical investigations:
NCT03584165 (Phase 3, US/Canada/EU/UK, 440 Pts., 06/2018-03/2027)
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Non-randomized, multi-center outcomes-assessor masked, long-term
follow-up study to evaluate the safety and efficacy of retinal gene
therapy in subjects with choroideremia previously treated with
adeno-associated viral vector encoding rab escort protein-1 (AAV2-
REP1) and in subjects with x-linked retinitis pigmentosa previously
treated with adeno-associated viral vector encoding RPGR (AAVS-
RPGR) in an antecedent study.

Status: Enrolling by invitation (Last Update: 04/2022)

AGTC-501 (laruparetigene zosaparvovec, rAAV2tYF --
hRPGRco)

Development/Regulatory Status:

AGTC-501 is a recombinant AAV vector-based gene therapy for the
treatment of X-linked retinitis pigmentosa in development. AGTC
was granted FDA orphan drug designation in 2017, as well as Euro-
pean orphan medicinal product designation in 2016, for its gene
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therapy product candidate to treat XLRP caused by mutations in the
RPGR gene [59].

Proposed Indication, condition and patients in Austria: see AIHTA Report

2020 [4].

Technology:

®  AGTC-501 (laruparetigene zosaparvovec) uses an engineered AAV

vector to insert a stabilized and functional copy of the Retinitis
Pigmentosa GTSase Regulator (RPGR) gene into a patient’s photo-
receptor cells. AGTC-501 is comprised of that stabilized RPGR gene
and a promoter that was specifically selected due to its ability to
drive efficient gene expression in rods and cones, maintain photore-
ceptor function and delay disease progression in large animal, natu-
rally occurring preclinical models of XLRP [48, 60].

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:
NCT04850118 (Phase 3, 63 Pts., 08/2021-01/2024)

B  Randomized, controlled, masked, multi-center study to evaluate the
efficacy, safety and tolerability of two doses of AGTC-501, a recom-
binant adeno-associated virus vector expressing RPGR (rAAV2tYF-
GRKI1-RPGR), compared to an untreated control group in male sub-
jects with X-linked retinitis pigmentosa confirmed by a pathogenic
variant in the RPGR gene.

m  Status: Not yet recruiting (Last Update: 05/2021)

3.3.10 AAV-CNGB3 (entacingene turiparvovec) (MEIRAGT)

Development/Regulatory Status:
B AAV-CNGB3 is currently under development.

B AAV - CNGB3 was granted Orphan Drug status by FDA and EMA
and received Fast Track Status by FDA and PRIME status by EMA
(2018).

®  Data for filing not expected before 2024 [61].
Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

B AAV - CNGB3 is an AAV gene therapy, designed to rescue retinal
cone cell function and increase survival by delivering a codon-
optimised CNGB 3 ¢cDNA under the control of the cone arrestin
(CAR) promoter to photoreceptor cells.

Approval Status:

®  Not approved by EMA/FDA

Clinical investigations:
B No Phase 3 studies
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3311 AGTC-402 (ACHM CNGA3, rAAV2tYF - PR.1-hCNGA3
(applied genetic technologies)

Development/Regulatory Status:
®m  ACHM CNGA3 is a drug under development.

®m  ACHM CNGA3 was granted Orphan Drug Designation in the U.S.
(Aug 2018) and EU (Jun 2018) [62].

®  ACHM CNGAS3 is being developed in phase 1/2 clinical trials at the
moment. [63]
Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

m  ACHM CNGA3 is an AAV gene therapy meaning that the virus in-
fects patient cells to deliver a healthy copy of a gene so that it will be
properly expressed, thereby curing the disease.[63]

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:
B No Phase 3 studies

34 Musculoskeletal disorders

Table 3-4: Muscular dystrophy therapies under development

L Development/ Phase; Study-ID: primary
i i e el SJEEiE? Regulatory status completion date, location(s)
Duchenne FDA: ODD, FTD (2020) New study:
Muscular EMA: ODD (2020) Phase 3: NCT05096221
Dystrophy (DMD) SRP-9001 (Recruiting, 10/2023, US/Spain)
(Delandistrogene 12:2019: Roche to pay Sarepta
Sarepta $1B upfront for DMD gene
MOXEparvovec, therapy rights [64].
AAVrh74.MHCK?7)
04/2022: Roche now plans to
file in EU & US in 2024 [65]
Duchenne PF-06939926 Pfizer FDA: ODD (2017), FTD Phase 3: NCT04281485
Muscular (Fordadistrogene EMA: ODD (2016) (Active, not recruiting, 09/2023,
Dystrophy (DMD) | movaparvovec) [66] Canada/EU/Israel/Japan/Korea/
Russia/Switzerland/
Taiwan/UK)

Abbreviations: EMA=European Medicines Agency, EPCD=Estimated Primary Completion Date, FDA= US
Food and Drug Administration, FTD = Fast Track Designation, ODD= Orphan Drug Designation
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3.4.1  SRP-9001 (Delandistrogene moxeparvovec,

AAVrh74.MHCK7) (Sarepta)

Development/Regulatory Status:

m  SRP-9001 is a treatment against Duchenne muscular dystrophy
(DMD) under development.

®  SRP-9001 was granted Orphan Drug Designation by EMA and FDA
(2020) and Fast Track Designation by FDA (2020).

B In the open-label phase 1/2a trial, known as Study 101, four ambula-
tory participants between the ages of four and seven were treated
with an infusion of SRP-9001. A phase 3 study is running since Oc-
tober 2021.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4]
Technology:

m  SRP-9001 is an investigational gene transfer therapy intended to de-
liver its micro-dystrophin-encoding gene to muscle tissue for the
targeted production of micro-dystrophin protein. It is a recombinant
AVV carrying a truncated "micro" dystrophin transgene under con-
trol of a muscle-specific MCK promoter.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:

NCT05096221 (EMBARK, Phase 3, US/Spain, 120 Pts., 10/2021-10/2023)
B Multinational, randomized, double-blind, placebo-controlled sys-
temic gene delivery study to evaluate the safety and efficacy of SRP-

9001 in patients with Duchenne Muscular Dystrophy (EMBARK)

m  Status: Recruiting (Last Update: 04/2022)

3.4.2  PF-06939926 (Fordadistrogene movaparvovec) (Pfizer)

Development/Regulatory Status:
B PF-06939926 is a treatment against DMD under development.

m  PF-06939926 was granted Orphan Drug Designation by EMA (2016)
and by FDA (2017). PF-06939926 received FDA’s Fast Track desig-
nation in 2020[66].

m  Updated efficacy and adverse events data from a phase 1b trial in
treat DMD was released: a global phase 3 started in May 2020. [67]
Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

m  PF-06939926 is an investigational, recombinant AAV9 capsid carry-
ing a shortened version of the human dystrophin gene (mini-
dystrophin) under the control of a human muscle specific promotor.
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Results

The AAV9 capsid was chosen as the delivery vector because of its po-
tential to target muscle tissue. [67]

B Multicenter, randomized, double-blind, placebo controlled study to

3.5

Vascular disorders

Table 3-5: Cardiovascular disease therapies under development

evaluate the safety and efficacy of PF 06939926 for the treatment of
duchenne muscular dystrophy

Status: Active, not recruiting (Last Update: 03/2022)

Development/

Phase; Study-ID: primary

abetes Mellitus
(DM) (Type 1+2)

Rexmyelocel T

(69]

ez BV SRRl Regulatory status | completion date, location(s)
Acute Myocardial Engensis Helixmith FDA: RMAT (2018) Phase 3: NCT04469270 (Recruiting,
Infarction (AMI) (Dona- EMA: - 12/2022, US)

Painful diabetic perminogene

peripheral seltoplasmid, Phase 3: NCT04873232 (Recruiting,
neuropathies VM202RY) 03/2022, US)

(PDPN)

Atherosclerotic AMG 890 Amgen FDA: FTD (2020) | NoPhase 3 studies

Cardiovascular (Olpasiran) [68]

Disease EMA: -

Critical Limb Is- Ixaca (formerly FDA: - NEW study (but terminated)
chemia (CLI) in Di- | REX-001, Rexgenero) EMA: ATMP (2015)

Phase 3: NCT03174522 (Recruiting,
04/2022, EU/UK)

Phase 3: NCT03111238 (Terminat-
ed, 03/2021, EV)

Arterial Occlusive
Disease Ischemia
Ulcers Peripheral
Vascular Disease

NLOO3

Viromed/ Beijing
Northland
Biotech. Co,, Ltd.

FDA: -
EMA: -

Phase 3: NCT04275323 (NL003-CLI-
I1l-1, Recruiting, 10/2023, China)

Phase 3: NCT04274049 (NLOO3-CLI-
I1l-2, Recruiting, 10/2023, China)

Abbreviations:

AMI=

Acute Myocardial Infarction, ATMP=

Advanced Therapy Medicinal Product,

EMA=European Medicines Agency, EPCD=Estimated Primary Completion Date, FDA= US Food and Drug
Administration, FH=familial hypercholesterolemia, PDPN= Painful Diabetic Peripheral Neuropathy, RMAT
= Regenerative Medicine Advanced Therapy
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Donaperminogene seltoplasmid (Engensis, VM202RY)
(Helixmith)

Development/Regulatory Status:

Donaperminogene seltoplasmid for painful diabetic peripheral neu-
ropathies (PDPN) and acute myocardial infarction (AMI) is under
development.

Donaperminogene seltoplasmid was granted Regenerative Medicine
Advanced Therapy (RMAT) Designation in the U.S. (May 2018), but
not by the EMA.

Currently under development in a phase 3 extension study (DPN 3-
1b) for painful diabetic peripheral neuropathies (PDPN). Though
the trial is completed, no publications are available. Currently two
phase 3 trials are running.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4]

Technology:

Donaperminogene seltoplasmid (VM202) is a first-in-class non-viral
plasmid DNA gene therapy which aims to restore blood flow to af-
fected areas through regenerative angiogenesis. It aids the formation
of new microvasculature and re-myelination and regeneration of
damaged nerves. Donaperminogene seltoplasmid is a DNA-based
drug, consisting of a plasmid DNA vector encoding modified
hepatocyte growth factor (HGF) that is designed to produce two
isoforms of HGF, HGF728 and HGF723. When VM202 is delivered
to the affected area by a single intramuscular injection, the drug en-
ters a small portion of the surrounding muscle cells.

Approval Status:

Not approved by EMA/FDA

Clinical investigations:
NCT04469270 (REGAIN-1A, Phase 3, US, 152 Pts., 10/2020-12/2022)

Adaptive, double-blind, randomized, placebo-controlled, multicen-
ter study to assess the safety and efficacy of Engensis in participants
with painful diabetic peripheral neuropathy.

Status: Recruiting (Last Update: 11/2021)

NCT04873232 (Phase 3, US, 250 Pts., 05/2021-03/2022)

A 6-Month extension study following protocol VMDN-003-2 - an
adaptive, phase 3, double-blind, randomized, placebo-controlled,
multicenter study to assess Engensis in participants with painful di-
abetic peripheral neuropathy.

Status: Recruiting (Last Update: 02/2022)
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353 AMG-890 (olparisan) (Amgen)

Development/Regulatory Status:

B AMG-890 is a drug for patients with atherosclerotic cardiovascular
disease and elevated Lipoprotein under early development. Fast
Track designation (FTD) was granted by FDA in 2020 [68].

B A phase 2 trial starts in August 2020
Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:
B AMG 890 is a small interfering RNA (siRNA) that lowers lipopro-
tein(a), also known as Lp(a).
Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:

®  No phase 3 studies.

3.54  Rexmyelocel T (REX-001) (ixaca, formerly Rexgenero)

Development/Regulatory Status:
m  Rexmyelocel T is a treatment under development.

®  Rexmyelocel T is classified as a tissue-engineered product (ATMP)
by the EMA (2015).

m  Rexmyelocel T, is currently in phase 3 clinical trials as a treatment
for Critical limb ischaemia (CLI) in patients with diabetes mellitus
(DM) and ischemic ulcers (CLI Rutherford category 5) who are un-
suitable for endovascular or surgical vascularisation as well as
treatment for ischemic rest pain in patients with CLI Rutherford
category 4. One phase 3 trial was terminated due to inactivity [70].

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

m  Rexmyelocel T (REX 001), an autologous bone marrow-derived stem
cell therapy, for the treatment of peripheral ischaemia: REX-001 is a
novel cell therapy that consists of autologous bone marrow-derived
mononuclear cells (BM-MNCs) which, following administration to
CLI patients, migrate to the ischaemic tissue.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:
NCT03174522 (Phase 3, EU/UK, 78 Pts., 04/2017-04/2022)

B Randomized, pivotal, placebo-controlled, double-blind, parallel-
group, adaptive trial assessing the efficacy and safety of intra-
arterial administration of REX-001 to treat ischemic ulcers in sub-
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jects with critical limb ischemia (CLI) Rutherford Category 5 and
diabetes mellitus (DM).

Status: Recruiting (Last Update: 05/2021)

NCT03111238 (Terminated, Phase 3, EU, 3 Pts. 04/2017-03/2021,)

3.6

Randomized, pivotal, placebo-controlled, double-blind, parallel-
group, adaptive trial asssessing efficacy and safety of intra-arterial
administration of REX-001 to treat ischemic rest pain in subjects
with critical limb ischemia (CLI) Rutherford Category 4 and diabe-
tes mellitus (DM).

Status: Terminated (Last Update: 05/2021)

Nephrological disorders

Table 3-6: Kidney disorder therapies under development

. Development/ Phase; Study-ID: primary completion date,
Indication Product Sponsor regulatory status location(s)
aHUs, Cemdisiran | Alnylam EMA: ODD (2021) No Phase 3 studies (only as combination therapy);
IgA Nephropathy, (ALN-CC5) [71] as combination therapy: Phase 3 NCT05131204,
glomerulonephritis FDA: - NCT05133531

Abbreviations: BTD= Breakthrough Therapy, EMA=European Medicines Agency, EPCD=Estimated Primary
Completion Date, FDA=US Food and Drug Administration, PRIME= PRlority Medicines

3.6.1

Cemdisiran (ALN-CC5) (Alnylam)

Development/Regulatory Status:

Cemdisiran is a drug under development for atypical hemolytic
uremic syndrome (aHUS) and glomerulonephritis.

A Phase 2 clinical trial in Paroxysmal nocturnal haemoglobinuria
has started in 2020, then suspended. A Phase 3 Combination of
Pozelimab and Cemdisiran Versus Continued Eculizumab or
Ravulizumab is recruiting.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

Cemdisiran has been designed to reduce the level of C5 mRNA in
the liver. Cemdisiran (ALN-CC5) is a subcutaneously administered,
RNAI (interference) therapeutic targeting the CS5 component of the
complement pathway in development for the treatment of comple-
ment-mediated diseases. Cemdisiran utilizes the Enhanced Stabili-
zation Chemistry (ESC)-GalNAc delivery platform developed by Al-
nylam to enables subcutaneous dosing with increased potency and
durability.
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Results

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:
NCT05131204 (ACCESS-2, Phase 3, US, 140 Pts., 03/2022 - 06/2025)

B Randomized, open-label, eculizumab and ravulizumab controlled
study to evaluate the efficacy and safety of pozelimab and
cemdisiran combination therapy in patients with paroxysmal noc-
turnal hemoglobinuria who are currently treated with eculizumab or
ravulizumab

m  Status: Recruiting (Last Update: 02/2022)

NCT05133531 (ACCESS-1, Phase 3, US, 124 Pts., 07/2022 — 05/2026)

B Randomized, open-label, ravulizumab-controlled study to evaluate
the efficacy and safety of pozelimab and cemdisiran combination
therapy in patients with paroxysmal nocturnal hemoglobinuria who
are complement inhibitor treatment-naive or have not recently re-

3.7

ceived complement inhibitor therapy
Status: Recruiting (Last Update: 05/2022)

Dermatologic disorders

Table 3-7: Dermatologic disorder therapies under development

Indication Product Sponsor Development/ Phase; Study-ID: primary
regulatory status completion date, location(s)
Epidermolysis | Beremagene ge- Krystal Biotech FDA: PDD (2016), ODD Phase 3: NCT04491604
bullosa perpavec (B-VEC, (2017), FTD (2018), RMAT (Active, not recruiting, 09/2021,
Vyjuvek®, Bercola- (2019), us)
gene telserpavec) EMA: ODD (2018), PRIME Phase 3: NCT04917874
(2019) (Recruiting, 12/2022, US)
EMA/FDA: Application for
market approval expected
in 2022 [72]
Epidermolysis FDA: ODD (2017), PDD Phase 3: NCT04227106
bullosa EB-101 Abeona (2020), RMAT (2020), FTD (Recruiting, 03/2022, US)
(2021)
EMA: ODD (2017)
[73]
FCX-007 Fibrocell FDA: ODD, PDD (2015), FTD | Phase 3: NCT04213261
Epidermoly- (2017), RMAT (2019) (Recruiting, 04/2023, US)
sis EMA: -
bullosa
Burns denovoSkin™ University of FDA: ODD Phase 2/3: NCT03229564
(EHSG-KF Zurich/ Cutiss EMA: ODD (Recruiting, 12/2022, Ita-
STSG) AG EMA: Application for market | ly/Netherlands/CH)
approval in 2022 [74, 75]
Phase 2/3: NCT03227146
(Recruiting, 01/2022, Italy
/Netherlands/CH)
Abbreviations: EMA=European Medicines Agency, FDA=US Food and Drug Administration,

EPCD=Estimated Primary Completion Date, FTD=

Fast Track Designation, ODD= Orphan Drug

Designation, PDD = Paediatric Disease Designation, RMAT =Regenerative Medicine Advanced Therapy
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3.71

Beremagene geperpavec (B-VEC, Vyjuvek®, (Krystal
Biotech)

Development/Regulatory Status:

Beremagene geperpavec is a gene therapy delivers currently in de-
velopment for the treatment of Dystrophic Epidermolysis Bullosa
DEB)

Currently there are two Phase 3 studies running in the US with re-
sults expected in 2022.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

Beremagene geperpavec gene therapy delivers the functional
COL7A1 gene directly to dividing and non-dividing skin cells.

Beremagene geperpavec, made into a topical gel formulation to be
applied to the skin, transduces keratinocytes and fibroblasts. After
entering the cell nucleus, the vector genome is episomally deposited.
Next, COL7ALl transcripts are generated, allowing the cells to pro-
duce and secrete the functional protein COL7. The latter assembles
into anchoring fibrils that hold the epidermis and dermis together.

Beremagene geperpavec is built on the proprietary Skin TARgeted
Delivery (STAR-D) gene therapy platform, which carries out viral
vector transfer of copies of working genes based on herpes simplex
virus type 1 (HSV-1) for the treatment of dermatological diseases.
The HSV-1 used has no replication capability, is not capable of be-
ing inserted into the human genome, and allows multiple admin-
istrations into the body [76].

Approval Status:

Not approved by EMA/FDA

Clinical investigations:
NCT04491604 (Phase 3, US, 31 Pts., 08/2020-09/2021)

Randomiezd, double blinded, placebo-controlled, efficacy and safety
study of Beremagene Geperpavec (B-VEC, Previously "KB103") for
the treatment of Dystrophic Epidermolysis Bullosa (DEB)

Status: Active, not recruiting (Last Update: 09/2021)

NCT04917874 (Phase 3, US, 30 Pts., 05/2021-12/2022)

Open-label, long-term single-arm, extension study of Beremagene
Geperpavec (B-VEC), for participants aged 6 months and older, who
have been diagnosed with Dystrophic Epidermolysis Bullosa (DEB).

Status: Recruiting (Last Update: 06/2021)
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3.7.3 EB-101(Abeona)

Development/Regulatory Status:
m  EB-101 is a treatment under development for recessive dystrophic
Epidermolysis bullosa (RDEB).

m  EB-101 was granted Orphan Drug Designation by FDA (May 2017)
and by EMA (Feb 2017). FDA also granted Paediatric Disease Des-
ignation (PDD) and Regenerative Medicine Advanced Therapy
(RMAT) in 2020 and Fast Track Designation (FTD) in 2021.

m  Updated efficacy data from a phase 1/2a trial in Epidermolysis bull-
osa was released in July 2020. The phase 3 (VIITAL) trial in RDEB
(adolescents, adults, children, elderly) started in January 2020.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

m  EB-101 is an autologous gene-corrected cell therapy for RDEB. EB-
101 has been designed to deliver the corrected version of this gene to
patients’ skin cells cultured in a lab dish. These cells are then trans-
planted back to the patients so that their skin regains the ability to

generate COL7. EB-101 Cell Therapy aims at continuous production
of COL7 in skin cells.

Approval Status:
®  Not approved by EMA/FDA
Clinical investigations:

NCT04227106 (VIITAL, Phase 3, US, 15 Pts., 01/2020-03/2022)

®  Open-label, single-arm study of EB-101 for the treatment of reces-
sive dystrophic epidermolysis bullosa (RDEB).

m  Status: Recruiting (Last Update: 04/2022)

3.74  FCX-007 (Fibrocell)

Development/Regulatory Status:

m  FCX-007 is a treatment under development for Recessive Dys-
trophic Epidermolysis Bullosa

m  FCX-007 was granted Orphan Drug Designation, Fast Track and
Paediatric Disease Designation by FDA (2017).

m  Efficacy data from a phase 1/2 trial in RDEB was released in Janu-
ary 2020. A Phase 3 study of FCX-007 for the treatment of persistent
non-healing wounds in approximately 20 RDEB subjects started.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].

Technology:

m  FCX 007 is an autologous dermal fibroblast genetically modified to
express functional type VII collagen (COL7). For FCX-007 skin cells
(fibroblasts) are collected from a patient, then modifies them. The
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alteration involves using a healthy gene to supersede the defective
one that produces faulty COL7 protein.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations: 1 Phase 3 Studie
NCT04213261 (Phase 3, US, 24 Pts., 06/2020-04,/2023)
B A pivotal, randomized, intra-patient, controlled, open-label, multi-
center study of FCX-007 for recessive dystrophic epidermolysis
bullosa.

®  Status: Recruiting (Last Update: 12/2021)

3.75  Denovoskin™ (Cutiss)

Development/Regulatory Status:

B DenovoSkin™ holds Orphan Drug Designation (ODD) by FDA and In Entwicklung
EMA. OoDD
Technology:
Transplantat

- s . P T™ : mn 1 -
To bio-engineer denovoSkin™, a small biopsy of healthy skin is har menschlicher Haut

vested from the patient. The biopsy is processed to isolate epidermal
and dermal cells. The cells are expanded in vitro, and thereafter
used in combination with a hydrogel to create a dermo-epidermal
skin graft. denovoSkin™ is now ready to be transplanted on the pa-
tient’s wounds. The safety trials for denovoSkin™ have been com-
pleted. The efficacy trials are currently being conducted at various
hospitals in Switzerland and the EU and are supported by Wyss Zur-
ich [77].

Approval Status:
®  Not approved by EMA/FDA

m  Positive Opinion from the Paediatric Committee of the European
Medicines Agency (EMA) (2020) [75]

Clinical investigations:
NCT03229564 (Phase 2/3, Italy/Netherlands/CH, 12 Pts., 10/2017-12/2022) 2 Phase 2/3 Studien
B A single-arm, open-label, prospective, intra-patient randomised
controlled, multicentre study to evaluate the safety and efficacy of an
autologous bio-engineered dermo-epidermal skin substitute (EHSG-
KF) for the treatment of partial deep dermal and full thickness
burns in children in comparison to autologous split-thickness skin
grafts (STSG).

m  Status: Recruiting (Last Update 09/2021)
NCT03227146 (Phase 2/3, Italy/Netherlands/CH, 12 Pts., 10/2017-01/2022)

B A single arm, open-label, prospective, intra-patient randomised con-
trolled, multicentre study to evaluate the safety and efficacy of an
autologous bio-engineered dermo-epidermal skin substitute (EHSG-
KF) for the treatment of partial deep dermal and full thickness
burns in adults and adolescents in comparison to autologous split-
thickness skin grafts (STSG).
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m  Status: Recruiting (Last Update: 09/2021)

3.8 Neurologic disorders

Table 3-8: Neurologic disorder therapies under development

Indication | Product Sponsor Regulatory/ Phase; Study-ID: primary
development status completion date, location(s)
) Phase 3: NCT03761849 (Active, not
Huntington EII\D/IAACC))DDDD((ZZOOll?) PRIME recruiting, 03/2022,
Disease (2015) ' US/Australia/Argentina/Canada/EU/C
. hile/Japan/ New Zeland/Russia/
Tominersen Roche Switzerland/UK)
(RG-6042) 01/2022: Roche is design-
ing anew Phase 2trial of | by o0 5\ 703842069 (Active,
Tominersen in Huntington o
Disease [78]. not recrwtmg, 03/2022,
US/Australia/Canada/EU/UK)
Voyager FDA: - No Phase 3 studies
Parkinson's | VY-AADC02 | Therapeutics/ EMA: -
Disease Neurocrine Biosci-
ences 02/2021: VY-AADC Parkin-
son Disease Gene Therapy
Program Terminated [79]
A Trau- No Ph i
rrclsiiec S;‘ilrjwl NeuroSave | po o FDA: - oPhase3studes
; (FAB117-HC) EMA: -
Cord Injury
Abbreviations: EMA=European Medicines Agency, FDA=US Food and Drug Administration,

EPCD=Estimated Primary Completion Date, ODD= Orphan Drug Designation, PRIME = PRIority Medicines

Entwicklung
abgebrochen

PRIME seit 2018

Chorea Huntington

381

Development/Regulatory Status:

Tominersen (RG-6042) (Roche)

B  Tominersen is a treatment under development for Huntington dis-

ease (HD).

B Tominersen was granted Orphan Drug Designation by the FDA
(2016) and by EMA as well as PRIME status by EMA (2018).

B An exploratory phase 1/2a trial was released and a phase 3 trial is
ongoing. The trial is fully enrolled, with data expected in 2022.

B In March 2021 Roche announces that it will discontinue the study.
This decision was based on results of a pre-planned review of the da-
ta conducted by an unblinded Independent Data Monitoring Com-
mittee [80]. In 01/2022 a new Phase 2 study is planned.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
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Technology:

B RG6042 is a second-generation modified antisense oligonucleotide
(ASO) designed to reduce the production and levels of mHTT pro-
tein by targeting human HTT mRNA. Mutant huntingtin protein
(mHTT), which is believed to be the underlying cause of HD.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:

NCT03761849 (Phase 3, US/Australia/Argentina/Canada/EU/Chile/Japan/
New Zealand/Russia/Switzerland/UK, 791 Pts., 01/2019 - 03/2022)

B Randomized, multicenter, double-blind, placebo-controlled clinical
study to evaluate the efficacy and safety of intrathecally adminis-
tered RO7234292 (RG6042) in patients with manifest Huntington's
Disease.

m  Status: Active, not recruiting (Last Update: 03/2022)

NCT03842969 (Phase 3, US/Australia/Canada/EU/UK, 236 Pts., 04/2019 -
03/2022)

B Randomized, open-label extension study to evaluate the long-term
safety and tolerability of intrathecally administered RO7234292
(RG6042) in patients with Huntington's Disease.

m  Status: Active, not recruiting (Last Update: 03/2022)

3.82  VY-AADCO2 (Neurocrine Biosciences)

Development/Regulatory Status:

®  VY-AADCO?2 is a treatment under development for Parkinson's dis-
ease. Neurocrine Biosciences provided notice of ter aination of the
Parkinson’s disease investigation in August 2021[81].
FDA/EMA status is not available.

B Neurocrine has placed a clinical hold on the RESTORE-1 clinical
trial of NBIb-1817 (VY-AADC) due to abnormalities observed in tri-
al participants.

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

m  VY-AADC uses the AAV2 capsid as a vector encoding AADC; ex-
pression is driven by a cytomegalovirus promoter. VY-AADC at-
tempts to supply transgenic L-amino acid decarboxylase (AADC),
the enzyme that converts levodopa to dopamine, directly into the pu-
tamen area of the brain. The treatment rationale is that local expres-
sion of transgenic AADC will boost dopamine levels in the putamen,
reducing motor "off" time and prolonging "on" time for the patient.

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:
B No Phase 3 studies.
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3.83  Neurosave (FAB117-HC) (Ferrer)

Development/Regulatory Status:

m  FABI117-HC (NeuroSave) is a drug under development for acute
traumatic spinal cord injury (SCI).

® A Phasel/2 (NCT02917291) trial is ongoing. The status is recruiting
09/21).

Proposed Indication, condition and patients in Austria: see AIHTA Report
2020 [4].
Technology:

m  FABI117-HC is allogeneic cell therapy for the acute treatment of
traumatic spinal cord injuries, whose active substance is HCO016, al-
logeneic adipose-derived adult mesenchymal stem cells expanded
and pulsed with H202 [82]. HC016 cells modulate the inflammatory
process by releasing specific enzymes and growth factors. FAB-117
reduces neuronal death in the first few days after injury and so aims
to improve the patient’s long-term condition, significantly reducing

levels of dependence. AP-117 may also be useful in traumatic brain
injury and other non-cancer spinal cord conditions [83].

Approval Status:
®  Not approved by EMA/FDA

Clinical investigations:

B No Phase 3 studies
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4 Discussion

41  Summary of findings

On 30 December 2008, the Regulation (EC) No. 1394/2007 amending Di-
rective 2001/83/EC on Advanced Therapy Medicinal Products entered into
force and the first EU wide regulatory framework for ATMPs was estab-
lished [1]. This framework changed the code of regulatory practices, as a
central marketing authorisation issued by the EMA was required from now
on.

Ten years later, in August 2018 eight ATMPs, and two years later in August
2020 eleven ATMPs were approved and three were under evaluation by the
EMA. In 2022 17 ATMPs (excluding CAR-T cell therapies and other thera-
pies for oncological indications) have been approved. This Update of the
2020 report identified further 34 ATMPs of which five are expected to be
approved in 2022 and 2023.

Additional, our search identified 25 further ATMPs and gene therapies
(CAR-T cell therapies and oncological indications excluded) in late-stage
development (phase 2 or 3 trials), which will reach the market in the years to
come.

The main indication areas are (see Figure 4-1):
Haemophilia (5 ATMPs in development or before approval)

Muscular dystrophy (2 ATMPs)

Ophtalmogical Indications (Retinits Pigmentosa -3 ATMPs- and
Leber Hereditary Optic Neuopathy- 2 ATMPs)

®  Epidermolysis bullosa (3 ATMPs)

2008 ATMP
Verordnung

2018: 8 ATMPs

2020: 11 ATMPs

2022: 17 ATMPs
(ohne CAR-T
Zelltehrapien)

insg. 35 Therapien
identifiziert

in 8 Indikationsfeldern

derzeit 5 ATMPs nahe
einer Zulassung

Figure 4-1: Most common targets in non-oncology indications [2]
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Discussion

On the other hand in some areas of public health needs there is little devel-
opment and the effort seems to be discontinued in three indications

B Choroideremia Timrepigene emparvovec (AAV2-REP1, BIIB111)
®  Chorea Huntington (TOMINERSEN (RG-6042)
B Parkinson s disease (VY-AADCO02).

4.2 Real World evidence

There are numerous challenges in the development and the evaluation of
these therapies. They have received advance praise and are often referred to
as “curative” or “disruptive” technologies, though hardly any longterm data
are available for the few therapies already approved. The challenge now is
that the potential promise of gene therapies have to live up with the expecta-
tions and it is the role of HTA to observe closely the true effectiveness of the
respective therapies. The establishement of data collections for monitoring
the long term effects of those therapies in the real world setting has become
a prominent topic [84].

4.3 Limitations

There are limitations to the applied searches: Firstly, search and extractions
were based on the search terms ATMP and gene therapies. The searches
were conducted in one database (clinicaltrials.gov) controlled for duplica-
tions by a search in another trials registry (EudraCT). We might have
missed studies registered in the International Clinical Trials Registry Plat-
form (ICTRP). Since all therapies approved in Europe must be registered in
EudraCT the missed studies will be a minority.

Secondly, as our search covered ATMPs and gene therapies, all trials inves-
tigating technologies not registered as ATMP or gene therapies, but target-
ing the functioning of genes, such as enzymes and proteins, might be
missed.

44 Outlook

This exercise was carried out in collaboration with “Tirol Kliniken GmbH”
to scan the Horizon for new and eventually cost-intensive CAR-T [85] and
ATMPs/gene therapies. This small scale HSS only represents a “snapshot in
time” of new and emerging technologies and is not and cannot be as reliable
as international initiatives and their systematic and permanent activities:
Horizon Scanning is time-consuming and inefficient as a one-time activity!

By mid 2022 Austria will join the International Horizon Scanning Initiative
(IHSI) representing a huge step forward in the effort of early identification
of new therapies that might have health and budget impact in the future.
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Table 4-1: Most advanced ATMP therapies close to aproval

Indication Product Sponsor Development/ regulatory status Phase; Study-ID: primary completion date, location(s)
Haemophilia A BioMarin FDA: ODD (2016), BTT (2017), FDA: rejected (8/2020), FDA: Phase 3: NCT03392974 (Active, not recruiting, 05/2019, US)
RMAT (2021) FDA/EMA: Delayed decision until results of
NCT03370913 (2022
m\,&n M A)A Phase 3: NCT03370913 (Active, not recruiting, 11/2020,
Valoctocogene roxaparvovec oDD. (2016), PRIME (20'17) US/Australia/Brazil/EU/Israel/Korea/South Africa/Taiwan/UK)
(BMN-270, Valrox, Roctavian) BioMarin plans to resubmit to FDA in June, followed by an
expected six-month review [8] Phase 3: NCT04323098 (Active, not recruiting, 01/2023,
US/Australia/Brazil/Taiwan)
HaemophiliaB Etranacogene dezaparvovec FDA: ODD, FTD (2019) Bga}lEE/:%L:JECTOSSGQSM (Active, not recruiting, 09/2021,
(AMT-06, AAV5-hFIXco-Padua, Unioure/CsL EMA: ODD, PRIME (2017) )
CSL222, EtranaDez , previous- EMA: Accelerated CHMP Assessment (12/2021)
ly known as AMT-061) FDA/ EMA approval expected in 2022 [9]
(hATTR) Amyloidosis | Vutrisiran (ALN-TTRSC02) Alnylam FDA: ODD (2018) Phase 3: NCT03759379 (HELIOS-A, Active, not recruiting,
FDA:FTD (2020) LlJé/IZAOZ('} lia/Canada/Argentina/Brazil/Bulgaria/EU/Japan/K
) ustralia/Canada/Argentina/Brazil/Bulgari lapan/Kor
EMA:ODD (2018). ea/Malaysia/Mexico/Taiwan/UK)
EMA: MAA submitted (2021) Phase 3: NCT04153149 (HELIOS-B, 06/2024, Active, not re-
[20] cruiting,
US/Australia/Canada/Argentina/Brazil/Bulgaria/Colombia//EU
/Israel/Japan/Korea/Lebanon/Malaysia/Mexico/Moldova/Peru
/Thailand/UK)
Wiskott-Aldrich Syn- Orchard I . Phase 3: NCT03837483 (Recruiting, 07/2023, US/Italy)
drome OTL-103 (GSK-2696275) Therapeutics FDA: Application expected in 2022 [30]
Leber Lenadogene nolparvovec GenSight FDA recommends additional trial (2022) [43] Phase 3: NCT03293524 (Active, not recruiting, 06/2023,
Hereditary (GS010, LUMEVOQ®) Biologics FDA: ODD (2013) US/EU/Taiwan/UK)
Optic Neuropathy EMA: ODD (2011) Phase 3: NCT03406104 (Active, not recruiting, 07/2022,
US/EU/Taiwan/UK
EMA: Delay in MAA application (2022) [44] aiwan/UK)
Epidermolysis Beremagene geperpavec (B- Krystal Bio- FDA: PDD (2016), ODD (2017), FTD (2018), RMAT (2019), Phase 3: NCT04491604 (Active, not recruiting, 09/2021, US)
bullosa VEC, Vyjuveke, Bercolagene tech

telserpavec)

EMA: ODD (2018), PRIME (2019)
EMA/FDA: Application for market approval expected in 2022

Phase 3: NCT04917874 (Recruiting, 12/2022, US)
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Appendix

6 Appendix

Table A-6-1: Ongoing trials of ATMPs and Gene Therapies — sorted by indication (https.//clinicaltrials.gov/)

Tl . . . Lead N of Completion | Approval
Rank Trial-ID Title Status Conditions Interventions Sponsor Phase Patients Start date date Status
Haemophilia
Study to Evaluate the Efficacy and Safety Not vet
NCT04323098 | of Valoctocogene Roxaparvovec, With yet 20 November 10,2020 | January 2027
. Al o recruiting
Prophylactic Steroids in Haemophilia A
Single-Arm Study To Evaluate The Effica- FDA/EMA: Re-
1 NCT03392974 | Y and_Safety of Va_I(_Jctocog_ene Roxapar- Act_lv_e, not re- Haemophilia A Valoctocogene | BioMarin Phase 3 1 March 14, 2018 May 2023 submission in
~— | vovecin Haemophilia A Patients at a cruiting roxaparvovec
2022 expected
Dose of 4E13 vg/kg
Single-Arm Study To Evaluate The Effica- .
NCT03370913 | ¢y and Safety of Valoctocogene Roxapar- ﬁg:[rl\r/:érui tin 137 December 19, 2017 glggjmber
vovec in Haemophilia A Patients 9
A Study of Fitusiran (ALN-AT3SC) in Se-
NCT03417102 | vere Haemophilia A and B Patients With | Completed Phase 3 60 February 14,2018 June 23,2021
Inhibitors
A Study of Fitusiran (ALN-AT3SC) in Se-
NCT03417245 | vere Haemophilia A and B Patients With- | Completed Phase 3 120 March 1,2018 July 14, 2021
out Inhibitors
Aand  patiens Previous Recening Marchzs, | FOA/EMARI-
NCT03549871 . 4 ili T ' ' i
2 ~ | Factor or Bypassing Agent Prophylaxis Completed Haemophilia A, | i civan Sanofi Phase 3 8 July 25,2018 2022 ing for
ATLAS-PPX Haemophilia B approval post-
(ATLAS-PPX) — — poned to 2024
Fitusiran Prophylaxis in Male Pediatric December
NCT03974113 | Subjects Aged 1 to Less Than 12 Years Recruiting Phase 2/3 | 25 January 28, 2020 2026
With Hemophilia A or B (ATLAS-PEDS)
Long-term Safety and Efficacy Study of
Fitusiran in Patients With Hemophilia A o October 19,
NCTO3T470 | ' With or Without Inhibitory Antibog- | RecTUting Phase3 | 244 January 9, 2019 2026
ies to Factor VIIl or IX (ATLAS-OLE)
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https://clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/study/NCT04323098
https://clinicaltrials.gov/ct2/show/results/NCT03392974
https://clinicaltrials.gov/ct2/show/study/NCT03370913
https://clinicaltrials.gov/ct2/show/study/NCT03417102
https://clinicaltrials.gov/ct2/show/study/NCT03417245
https://clinicaltrials.gov/ct2/show/study/NCT03549871
https://clinicaltrials.gov/ct2/show/study/NCT03974113
https://clinicaltrials.gov/ct2/show/study/NCT03754790

ATMPs and Gene Therapies in Development

Tl . . . Lead N of Completion | Approval
Rank Trial-ID Title Status Conditions Interventions Sponsor Phase Patients Start date date Status
FDA/EMA ap-
HOPE-B: Trial of AMT-061 in Severe or Active, not re (Eiter?:sgro 83\?;0 UniQure/C proval * P
NCT03569891 ili - A ) ili ) .
3 NCT05569691 ![\i/I:ndt(;rately Severe Haemophilia B Pa cruiting HaemophiliaB (AMT-06, AAV5- | SL Phase 3 56 June 27,2018 March 2025 expected in
hFIXco-Padua) 2022
A Study to Evaluate the Efficacy and Safe-
ty of Factor IX Gene Therapy With PF- . i
NCT03861273 | 06838435 in Adult Males With Moderate- | ~.Ctlve: MOt Phase3 | 43 July 29, 2019 Mot
- cruiting 2029
ly Severe to Severe Hemophilia B (BE-
NEGENE-2)
Six Month lead-in Study to Evaluate Pro-
spective Efficacy and Safety Data of Cur-
rent FIX Prophylaxis Replacement Thera- Giroctocogene
4 NCTO03587116 | py in Adult Hemophilia B Subjects Recruiting Haemophilia A | fitelparvovec Pfizer Phase 3 250 July 26,2018 May 14, 2023
(FIX:C<2%) or Current FVIIl Prophylaxis (PF-07055480)
Replacement Therapy in Adult Hemophil-
ia A Subjects (FVIII:C<1%)
Phase 3, Open-Label, Single-Arm Study to
Evaluate the Efficacy and Safety of PF-
07055480 (Recombinant AAV2/6 Human | Active, not re- September 16
NCT04370054 . A '
Factor VIl Gene Therapy) in Adult Male cruiting Phase 3 63 August 18, 2020 2027
Participants With Moderately Severe to
Severe Hemophilia A(FVII1:C<1%)
Metabolic Disorders
HELIOS-A: A Study of Vutrisiran (ALN- EMA: MAA
TTRSCO2) in Patients With Hereditary Active, not re- submitted
NCT03759379
~ | Transthyretin Amyloidosis (hATTR Amy- | cruiting . Phase 3 164 February 14, 2019 October 2026
5 loidosis) (hATTR) Amy- | Vutrisiran (ALN- Alnylam
HELIOS-B: A Study to Evaluate Vutrisiran | ctive. not re- loidosis TTRSC02)
NCT04153149 | in Patients With Transthyretin Amyloido- L Phase 3 655 November 26,2019 | June 2025
L ; cruiting
sis With Cardiomyopathy
s ] Simoladagene Abandoned
A Clinical Study to Enable Process Valida- . ADA Immuno- August 30,
NCT04140539
6 RLAUALEU999 | ion of Commercial Grade OTL-101 Terminated deficiency ?g;i'fignlgel Orchard | Phase2/3 |3 October 15, 2019 2021 development
Study of AAVrh10-h.SGSH Gene Therapy Active. ot re- Mucopolysac- | Olenasufligene
7 NCT03612869 | in Patients With Mucopolysaccharidosis cruitin charidosis Type | relduparvovec Lysogene | Phase 2/3 |20 December 17,2018 | March 2022
Type IIA (MPS llIA) (AAVance) 9 3A (SAF-302)
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Appendix

Tl . -, . Lead N of Completion | Approval
Rank Trial-ID Title Status Conditions Interventions Sponsor Phase Patients Start date date Status
A Study of Adeno-Associated Virus Sero- Glycogen Stor- | Pariglasgene gétr:?/;(
8 NCT05139316 %2286’\;'&25';‘;;;‘;”@ L?trl‘es;‘i; %ifr']“ély_ ﬁrcutl';f]g MOUTE |age  Disease | brecaparvovec | Pharma- | Phase3 | 50 November8,2021 | April 2024
cogen Storage Disease Type la (GSDla) TypelA (DTX401) fr?:tlcal
A Clinical Study to Evaluate the Use of a ) . Orchard FDA submis-
9 NCT03837483 | Cryopreserved Formulation of OTL-103 in | Recruiting Wiskott-Aldrich | OTL-103 (GSK- | jorane. | phase 3 10 January 21,2019 January 2024 | sion expected
P synd 2606275 P
Subjects With Wiskott-Aldrich Syndrome yndrome ) tics in 2022
Ophthalmologic disorders
Efficacy and Safety of BIIB111 for the December 1
NCT03496012 X : '
Treatment of Choroideremia (STAR) Completed Ti . Phase 3 170 December 11, 2017 2020
imrepigene
Long-term Safety and Efficacy Follow-up - . | emparvovec .
10 of BIIB111 for the Treatment of Cho- Enrollina b Choroideremia (AAV2-REP1, Biogen March 23
NCT03584165 | roideremia and BIIB112 for the Treatment invitatiogn y BIIB111) Phase 3 440 June 4, 2018 2027 '
of X-Linked Retinitis Pigmentosa (SOL-
STICE)
. . I Leber  Here- Neu-
ASingle Intravitreal Injection of rAAV2- . ;
11 NCT03153293 | ND4 for the Treatment of Leber's Heredi- Active, not re- dlta_r y NROSZ (TAAV2- | rophth Phase 2/3 | 159 December 27, 2017 January 15,
tary Optic Neuropathy cruiting Optic  Neuro- | ND4) Therapeut 2025
pathy ics
Efficacy & Safety Study of Bilateral IVT In-
NCT03293524 | iection of GSOl_O in LHON Subjects Due to Act]\{e, not re- i
RSS2SR e ND4 Mutation for up to 1 Year (RE- cruiting Ic_i?tber Here Ler|1adogene Sonsicht Phase 3 90 March 12, 2018 June 30, 2024
12 FLECT) ary nolparvovec ensig
Optic  Neuro- | (GS010, LU- Biologics
RESCUE and REVERSE Long-term Follow- | Active, not re- ath MEVOQ®
NCT03406104 " pathy Q8)
RS0 | b (RESCUE/REVERSE) cruiting Phase 3 61 January 9, 2018 August 2022
Pivotal 1 Study of RGX-314 Gene Therapy Age-related Regenxbio FDA submis-
13 NCT04704921 | in Participants With nAMD (ATMOS- Recruiting macular  de- | RGX-314 ng Phase 2/3 | 300 December 29,2020 | March 2024 sion expected
PHERE) generation ' in 2022
Follow-up Gene Therapy Trial for the X-Linked Reti- | AAV5-RPGR MeiraGTx
Treatment of X-linked Retinitis Pigmen- o nitis (MGTO009, bota-
NCT04794101 ; . h . !
NCTORALOL T osa Associated With Variants in the RPGR Recruiting Pigmentosa retigene Sparo- /lanssen | Phase 3 66 March 16, 2021 July 5, 2027
14 Gene parvovec)
Gene Therapy Trial for the Treatment of X-Linked Reti- | AAV5-RPGR MeiraGTx
NCT04671433 | X-linked Retinitis Pigmentosa Associated | Recruiting nitis (MGT009, bota- | /janssen Phase 3 66 March 16, 2021 July 5,2022
With Variants in the RPGR Gene Pigmentosa retigene sparo-
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https://clinicaltrials.gov/ct2/show/NCT05139316
https://clinicaltrials.gov/ct2/show/NCT03837483
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. . -, . Lead N of Completion | Approval
Rank Trial-ID Title Status Conditions Interventions Sponsor Phase Patients Start date date Status
parvovec)
Long-term Safety and Efficacy Follow-up
of BIIB111 for the Treatment of Cho- Enrollina b X-Linked Reti- March 23
15 NCT03584165 | roideremia and BIIB112 for the Treatment | =10 "9 Oy nitis AAV8-RPGR Biogen Phase 3 440 June 4, 2018 '
: DB invitation X 2027
of X-Linked Retinitis Pigmentosa (SOL- Pigmentosa
STICE)
A Clinical Trial Evaluating the Safety and AGTC-501 Aoolied
Efficacy of a Single Subretinal Injection of Not vet recruit- X-Linked Reti- | (laruparetigene Ggﬁetic
16 NCT04850118 | AGTC-501 in Participants With X-linked in y nitis Z0S8pAVOVEC, | o o Phase 3 63 August 2021 March 2029
Retinitis Pigmentosa Caused by RPGR g Pigmentosa AAV2tYF-GRKL- | jiac o
Mutations hRPGRco) giestorp
co
Musculoskeletal disorders
- FDA/EMA
A Gene Transfer Therapy Study to Evalu- Duchenne gggl(Delan distro submission
NCT05096221 | &te t.hle Safety gnd Efficacy of SRP-9001 in - Muscular } November 30, ted i
17 Participants With Duchenne Muscular Recruiting Dystrophy sgcgcm::epar Sarepta Phase 3 120 October 27,2021 2024 %ggc edin
Dystrophy (DMD) (EMBARK A
ystrophy (BMD) { ) (DMD) Vrh74.MHCK?)
A Phase 3 Study to Evaluate the Safety Duchenne PF-06939926
NCT042814 and Efficacy of PF-06939926 for the Active, notre- | Muscular . ) September 28,
18 NCT04281485 Treatment of Duchenne Muscular Dys- cruiting Dystrophy EEoLdadlrs\frc\Jlgene Phizer Phase 3 %9 November 5, 2020 2028
trophy (DMD) ovaparvovec)
Vascular disorders
Study to Assess Safety and Efficacy of Acute Myocar- December 31
NCT04469270 | Engensis in Painful Diabetic Peripheral Recruiting dial Infarction £ is (D Phase 3 152 October 9, 2020 2022 :
Neuropathy (REGAIN-LA) (AMI) ngensis (Dona-
19 A 6-Month Extension Study of VMDN- Painful diabetic Seltoplas?nid Helixmith
003-2 to Assess Engensis in Participants . peripheral '
NCT04873232
~ | With Painful Diabetic Peripheral Neurop- Recruiting neuropathies VM202RY) Phase 3 250 May 17, 2021 March 2022
athy (REGAIN-1B) (PDPN)
The Efficacy and Safety of REX-001 to Critical Limb |
NCTO03174522 | Treat Ischemic Ulcers in Subjects With CLI | Recruiting hl Ica ICLI o Ixaca Phase 3 78 April 25,2017 July 31,2023
20 Rutherford Category 5 and DM cD_etr)n |ta( M )I'IT‘ REX-001, (formerly
The Efficacy and Safety of REX-001 to tuls (Sl\i)s (Te g Rexmyelocel T Rexgenero March 31
NCTO03111238 | Treat Ischemic Rest Pain in Subjects With | Terminated 1+2) yp ) Phase 3 3 April 5,2017 2021

CLI Rutherford Category 4 and DM
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https://clinicaltrials.gov/ct2/show/study/NCT03584165
https://clinicaltrials.gov/ct2/show/study/NCT04850118
https://clinicaltrials.gov/ct2/show/study/NCT05096221
https://clinicaltrials.gov/ct2/show/study/NCT04281485
https://clinicaltrials.gov/ct2/show/study/NCT04469270
https://clinicaltrials.gov/ct2/show/NCT04873232
https://clinicaltrials.gov/ct2/show/study/NCT03174522
https://clinicaltrials.gov/ct2/show/study/NCT03111238

Appendix

Rank Trial-1D Title Status Conditions Interventions ;;%isor Phase ,F\>Ia(iifen ts Start date ggg L é&?&gval
Safety and Efficacy Study Using Gene Arterial Occlu- )
NCT04275323 | Therapy for Critical Limb Ischemia Recruiting sive Disease Viromed/ | phase3 | 300 August 2, 2019 ggzcgmber 3L,
21 (NLOOS-CLHI) Ischemia NL003 Nonthiend
Ulcgrs Biotech.
Safety and Efficacy Study Using Gene Peripheral Vas- Co, Ltd
y Icacy >tudy Usl cular Disease T
NCT04274049 | Therapy for Critical Limb Ischemia Recruiting Phase 3 240 August 18,2019 ggggmber 3L,
(NLOO3-CLI-IlI-2)
Dermatologic disorders
A Phase Ill Double Blinded, Placebo-
Controlled, Efficacy and Safety Study of Active. not re-
NCT04491604 | Beremagene Geperpavec (B-VEC, Previ- cruitin B Phase 3 31 August 17, 2020 October 2021
29 ously "KB103") for the Treatment of Dys- 9 Epidermolysis Geremagene B Krystal Bi-
trophic Epidermolysis Bullosa (DEB) bullosa Vgg)erpavec (B- otech, Inc.
A Long-term Treatment With B-VEC for i December 31
NCT04917874 '
| Dystrophic Epidermolysis Bullosa Recruiting Phase 3 30 May 25, 2021 2022
Phase 3, Open-label Clinical Trial of EB- . .
23 NCT04227106 | 101 for the Treatment of Recessive Dys- | Recruiting tE)p:?ermonsw EB-101 Abeona Phase 3 15 January 10, 2020 gggtzember
trophic Epidermolysis Bullosa (RDEB) uliosa
A Study of FCX-007 for Recessive Dys- Epidermolvsis
24 NCT04213261 | trophic Epidermolysis Bullosa (DEFI- Recruiting bﬂllosa y FCX-007 Fibrocell | Phase 3 24 June 9, 2020 July 2037
RDEB)
Study With an Autologous Dermo- December
NCT03229564 | epidermal Skin Substitute for the Treat- | Recruiting d Skin™ Phase 2/3 | 12 October 25, 2017 2025
ment of Burns in Children enovoSKin .
25 - Burns (EHSG-KF Cutiss AG
Study With an Autologous Dermo- $TSG)
NCT03227146 | epidermal Skin Substitute for the Treat- | Recruiting Phase 2/3 | 12 October 25, 2017 January 2025
ment of Burns in Adults
Neurologic disorders
A Study to Evaluate the Efficacy and Safe-
ty of Intrathecally Administered Active, notre- | Huntington Tominersen (RG- March 17,
NCT0376184
26 NCTOS761849 | 27934292 (RG6042) i Participants With | cruiting Disease 6042) Roche | Phase3 791 January 23,2019 | 509,

Manifest Huntington's Disease
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https://clinicaltrials.gov/ct2/show/study/NCT04275323
https://clinicaltrials.gov/ct2/show/study/NCT04274049
https://clinicaltrials.gov/ct2/show/NCT04491604
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Rank

Trial-ID

Title

Status

Conditions

Interventions

Lead
Sponsor

Phase

N of
Patients

Start date

Completion
date

Approval
Status

NCT03842969

An Open-Label Extension Study to Evalu-
ate Long-Term Safety and Tolerability of
RO7234292 (RG6042) in Huntington's
Disease Participants Who Participated in
Prior Roche And Genentech Sponsored
Studies

Active, not re-
cruiting

236

April 23,2019

March 25,
2022

Hematology

27

NCT05133531

Ravulizumab-Controlled Study to Evalu-
ate the Efficacy and Safety of Pozelimab
and Cemdisiran Combination Therapy in
Adult Patients With Paroxysmal Noctur-
nal Hemoglobinuria Who Are Comple-
ment Inhibitor Treatment-Naive or Have
Not Recently Received Complement In-
hibitor Therapy (ACCESS-1)

Recruiting

NCT05131204

Efficacy and Safety of the Combination of
Pozelimab and Cemdisiran Versus Con-
tinued Eculizumab or Ravulizumab
Treatment in Adult Patients With Parox-
ysmal Nocturnal Hemoglobinuria (AC-
CESS 2)

Recruiting

Paroxysmal
Nocturnal He-
moglobinuria

Ravulizumab/
Pozelimab/
Cemdisiran

Regene-

ron Phar-
maceuti-
cals

Phase 3

124

July 31,2022

July 16, 2027

Phase 3

140

March 31, 2022

September 18,
2026

64
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