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STUDY SUMMARY

Title

AAV8-mediated Low Density Lipoprotein Receptor Gene Replacement in
Subjects with Homozygous Familial Hypercholesterolemia

Short Title

AAV8.TBG.hLDLR for FH

Protocol Number

FHGTO002

Phase

Phase I/11a

Study Design

This is a 104-week Phase I/Ila, multicenter, open-label, single arm, dose
escalation study of AAV8.TBG.hLDLR in adults with a clinical
presentation consistent with Homozygous Familial Hypercholesterolemia
(HoFH) and carrying 2 mutations in the gene encoding for the LDL
receptor (LDLR). Safety will be the primary focus, with a secondary focus
on clinical response to AAV8.TBG.hLDLR. The primary safety endpoint
is at Week 24. Approximately 12 subjects will be enrolled into one of 3
dose cohorts, 2.5x1012 GC/kg (Dose 1),7.5%x1012 GC/kg (Dose 2), or
2.5x1013 GC/kg (Dose 3), and will receive a single dose of
AAVS8.TBG.hLDLR administered by IV infusion into a peripheral vein (or
into an existing arteriovenous (AV) fistula). Following completion of the
primary study period at Week 24, subjects will continue to be assessed (for
safety and efficacy) for up to 104 weeks following treatment with
AAVE.TBG.hLDLR. At the end of the study, all subjects will be invited to
participate in a long-term follow-up study.

In this trial, two groups will assess data accumulated from the trial, an
external Data Safety Monitoring Board (DSMB) and the Sponsor’s
Internal Safety Committee (ISC). The primary role of the independent
DSMB is to assess safety at periodic intervals and to provide
recommendations on safety and dose escalation. The primary role of the
ISC is to monitor safety on an ongoing basis.

The initial Dose 1 cohort of AAV8.TBG.hLDLR will receive 2.5x10"2
GC/kg. Dosing of subjects will be staggered by at least 4 weeks A formal
review of all safety data will be performed by the DSMB after the 3™ subject
is dosed and completes the 4 weeks post-dosing visit, primarily to determine
if dose escalation can occur. However, the DSMB could recommend to
expand the cohort, lower the dose, or stop the trial.

If the recommendation is to dose escalate, the Dose 2 cohort will be
initiated at a dose of 7.5%10'> GC/kg (Dose 2). Dosing of subjects will be
staggered by at least 4 weeks. A formal review of all safety data will be
performed by the DSMB after the 3rd subject is dosed and completes the 4
weeks post-dosing visit, primarily to determine if dose escalation can
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occur. However, the DSMB could recommend to expand the cohort, lower
the dose, or stop the trial. If expansion of Dose 2 cohort is recommended,
up to 3 additional subjects will be enrolled and will receive prophylactic
corticosteroids. Subject dosing will be staggered by at least 8 weeks. After
enrollment of up to 3 subjects in the expanded Dose 2 cohort (or fewer
subjects, upon agreement by the DSMB), a review of all the safety data
will performed by the DSMB to determine if dose escalation can occur.
After completion of the Dose 2 cohort, the DSMB will need to recommend
dose escalation in order for the Dose 3 cohort to be mitiated.

After initiation of the Dose 3 cohort (2.5x10" GC/kg), the following will
occur:

e Dosing of subjects will be staggered by at least 6 weeks. Up to
3 subjects will be enrolled into the cohort.

At any time, if there are safety concerns, the ISC may share safety
concerns with the DSMB. The DSMB may recommend to stop the trial,
dose additional subject(s) at the current dose, or proceed at a lower dose.

If at any time during dosing an event meets the criteria of a Stopping Rule,
dosing of any new subjects will be suspended until a complete review of
all safety data by the external DSMB and the ISC has been performed.

At any given DSMB meeting, whether called for by a Safety Review
Trigger (SRT) or at the planned DSMB meeting at the conclusion of a
dose cohort, the DSMB may recommend stopping the trial, dosing
additional subjects at the current dose, proceeding to the next dose cohort,
or proceeding at a lower dose. After the final subject has been dosed, a
review of all safety data by the DSMB will be performed.

A summary of safety review triggers and expected actions is provided in

Table 1.
Table 1: Safety Review Trigger Event and Actions
Safety Review Trigger Event Safety Review Action

An external DSMB will review all
available safety data and provide a
recommendation on whether to enroll
additional subjects.

A Stopping Rule is met

Any Grade 4 or 5 AE The chairs of the ISC and the external
regardless of relationship to DSMB will review and decide whether to
treatment allow enrollment to continue or convene a
full DSMB review of all available safety
Any Grade 3 AE data which will then provide a
considered treatment-related (by the recommendation on whether to enroll
Investigator) additional subjects.
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Any Grade 3 AE

considered unrelated to treatment (by An ISC will review all available safety
the Investigator) data. If safety concerns arise while a

- cohort is being enrolled, the committee
Any report by the Investigator of may ask the DSMB to review and make a
technical issues with the product recommendation on whether to keep

administration that may warrant enrolling subjects in that cohort.
modifications to the procedure

All subjects, including those that were deemed eligible based on their
participation in a companion screening protocol, will be invited to undergo
a screening visit (Visit 1) to confirm eligibility for this clinical trial.
Subjects that agree to participate will be withdrawn from selected lipid-
lowering drugs for at least 4 weeks prior to vector administration. An
additional Visit 1a may be scheduled as a blood draw either at the study
site or by a home healthcare nurse to perform a lipid panel up to 2 weeks
prior to the dosing visit (Visit 3).

All subjects will be admitted at the research inpatient unit the day of or the
day before vector administration and eligibility and willingness to
participate in the trial will be appropriately re-confirmed. Following
AAVS8.TBG.hLDLR administration, safety assessments and laboratory
draws will occur for 24 hours post dosing, after which the subject will be
discharged from the research unit. Subject will return to the Research Unit
for a safety visit 48 hours post-dosing. Blood will be drawn weekly for
safety testing from Week 2 to Week 12. Based on the experience
accumulated with subjects dosed under earlier versions of this protocol,
prophylactic corticosteroids will be administered to any future dosed
subjects starting 1 day prior to dosing through the end of Week 13.

After week 14, subjects will undergo study site visits at Weeks 18, 24, 36,
and 52 for the active study and at Weeks 78 and 104 during the follow up
period. Additional laboratory assessments will occur at least biweekly
between Week 14 and Week 24. Both liver function tests (LFTs) and
LDL-C collected locally either at local lab or by health care nurse will be
recorded in the Clinical Database. Long-term follow-up will be conducted
via a separate protocol. All visits and follow-up will be indexed to the date
of the vector infusion.

The study duration is 104 weeks, made up of an active study period
through Week 52 and a follow-up period after Week 52 visit through

Study Duration Week 104 after which the subject will be invited to enter a long-term
follow up study, as a separate study.
Version 10 — 14 December 2018 Page 13 of 85
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Study Center(s) Approximately 13 sites in the US, Canada and Europe

The primary objective will be to determine the safety of
AAV8. TBG.hLDLR administration in this patient population. The key

Objectives secondary objective is to assess the efficacy of LDL-C reduction achieved
with AAV8.TBG.hLDLR administration.

Number of . .

Subjects Approximatelyl2 subjects.

The subject population will be male and female subjects with the
following characteristics:

1. Age: 18 years or older;
Diagnosis and

: ) Carry 2 molecularly defined LDLR mutations and clinical presentation
Main Inclusion

L consistent with HoFH;

Criteria
No cardiovascular event or cardiovascular intervention within 12 weeks of
enrollment;
A baseline serum AAVS neutralizing antibody titer < 1:10.

Study Product,

Dose, Route,

Regimen 1 1 I

I

Reference None

Therapy
All data will be presented in subject data listings. Categorical variables
will be summarized using frequencies and percentages, and continuous
variables will be summarized using descriptive statistics (n, mean,

Statistical standard deviation, median, minimum, and maximum). Graphical displays

Methodology will be presented as appropriate.
Safety and pharmacodynamic (PD) endpoints will be reported by dose
group and may also be reported for all dose groups combined.
No formal calculation was performed to determine sample size.
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1. INTRODUCTION

This document is a protocol for a human research study. This study is to be conducted according
to US and international standards of Good Clinical Practice (FDA Title 21 part 312 and
International Conference on Harmonization guidelines), applicable government regulations and
Institutional research policies and procedures.

In November 2018, the University of Pennsylvania notified all Regulatory Authorities that
sponsorship of this study had been transferred to REGENXBIO Inc. This transfer was completed
on November 12 2018, with updates of study documentation, including this protocol, reflecting
REGENXBIO as the study sponsor.

1.1. Background

1.1.1. Genetics of Homozygous Familial Hypercholesterolemia

Familial hypercholesterolemia (FH) is a life-threatening disorder caused by mutations in genes
that affect LDL receptor (LDLR) function (Goldstein et al. 2001). It is estimated that >90% of
patients with molecularly confirmed FH carry mutations in the gene encoding for the LDLR
(LDLR, MIM 606945). The remainder of the patients carry mutations on three additional genes:
APOB (MIM 107730) encoding apolipoprotein (apo) B, PCSK9 (MIM 607786) encoding
proprotein convertase subtilisin/kexin type 9 (PCSK9), and LDLRAP1 (MIM 695747) encoding
LDLR adapter protein 1. The latter is the only gene mutation that is associated with a recessive
trait. Homozygosis is usually conferred by the presence of mutations in the 2 alleles of the same
gene; however, cases have been reported of patients with double heterozygosis (two heterozygous
mutations, one each in two different genes). Based on prevalence rates of between 1 in 500 and 1
in 200 for heterozygous FH (Nordestgaard et al. 2013, Sjouke et al. 2014), it is estimated that
between 7,000 and 43,000 people worldwide have homozygous FH (HoFH).

Characterization of mutant LDLR alleles has revealed a variety of mutations including deletions,
insertions, missense mutations, and nonsense mutations (Goldstein et al. 2001). More than 1700
LDLR mutations have been reported. This genotypic heterogeneity leads to variable consequences
in the biochemical function of the receptor which are classified in four general groups. Class 1
mutations are associated with no detectable protein and are often caused by gene deletions. Class
2 mutations lead to abnormalities in intracellular processing of the protein. Class 3 mutations
specifically affect binding of the ligand LDL, and Class 4 mutations encode receptor proteins that
do not cluster in coated pits. Based on residual LDLR activity assessed using patients’ cultured
fibroblasts, mutations are also classified as receptor negative (<2% residual activity of the LDLR)
or receptor-defective (2 to 25% residual activity). Patients that are receptor-defective have, on
average, lower LDL-C levels and a less malignant cardiovascular course compared to those that
are receptor negative. This was evident among a cohort of patients that was followed over several
years at the University of Pennsylvania (Kolansky et al. 2008), in which receptor-defective
patients had lower cholesterol levels, a delayed appearance of xanthomas and clinically evident
cardiovascular disease, and a better response to standard lipid-lowering therapy.

As a consequence of impaired LDL receptor function, untreated total plasma cholesterol levels in
patients with HoFH are typically greater than 500 mg/dl, resulting in premature and aggressive
atherosclerosis often leading to cardiovascular disease (CVD) before age 20 and death before age
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30 (Cuchel et al. 2014, Goldstein et al. 2001). Early initiation of aggressive treatment for these
patients is therefore essential (Kolansky et al. 2008). Unfortunately, the available options are
severely limited. Statins are considered the first line for pharmacological treatment. Even at
maximal doses, only a 10 to 25% reduction in LDL-C plasma levels is observed in most patients
(Marais et al. 2008, Raal et al. 2000). The addition of the cholesterol absorption inhibitor,
ezetimibe, to statin therapy may result in a further 10 to 20% reduction in LDL-C levels (Gagne
et al. 2002). Use of other cholesterol lowering medications, including bile acid sequestrants,
niacin, fibrates, and probucol have been used successfully in the pre-statin era and can be
considered to achieve further LDL-C reduction in HoFH; however, their use is limited by
tolerability and drug availability. This approach has been shown to reduce CVD and all-cause
mortality (Raal et al. 2011). Despite the implementation of an aggressive multi-drug therapy
approach, the LDL-C levels of HoFH patients remain elevated and their mean life expectancy
remains approximately 32 years (Raal et al. 2011). Several non-pharmacological options have
also been tested over the years. Surgical interventions, such as portacaval shunting (Bilheimer
1989, Forman et al. 1982) and ileal bypass (Deckelbaum et al. 1977), have resulted only in partial
and transient LDL-C lowering and are now considered nonviable approaches. Orthotopic liver
transplantation has been demonstrated to substantially reduce LDL-C levels in HoFH patients
(Ibrahim et al. 2012, Kucukkartallar et al. 2011), but disadvantages and risks limit the use of this
approach, including the high risk of post-transplantation surgical complications and mortality, the
scarcity of donors, and the need for life-long treatment with immunosuppressive therapy
(Malatack 2011, Starzl et al. 1984). The current standard of care in HoFH includes lipoprotein
apheresis, a physical method of purging the plasma of LDL-C which can transiently reduce LDL-
C by more than 50% (Thompson 2003, Vella et al. 2001). Rapid re-accumulation of LDL-C in
plasma after treatment sessions (Eder and Rader. 1996) necessitates weekly or biweekly
apheresis. Although this procedure may delay the onset of atherosclerosis (Thompson et al. 1995,
Vella et al. 2001), it is laborious, expensive, and not readily available. Furthermore, although it is
a procedure that is generally well tolerated, the fact that it requires frequent repetition and
intravenous access can be challenging for many HoFH patients.

Recently, three new drugs have been approved by the FDA as add-on therapy specifically for
HoFH. Two of them, lomitapide and mipomersen, inhibit the assembly and secretion of
apoB-containing lipoproteins, although they do so via different molecular mechanisms (Cuchel et
al. 2007, Raal et al. 2010). This approach results in a significant reduction of LDL-C that reaches
an average of ~50% with lomitapide (Cuchel et al. 2013) and ~25% with mipomersen (Raal et al.
2010). However, their use is associated with an array of adverse events that may affect tolerance
and long-term adherence and include liver fat accumulation, the long term consequences of which
have not yet been fully clarified.

The third is part of a novel class of lipid-lowering drugs, monoclonal antibodies against PCSK9
that have been shown to be effective in lowering LDL-C levels with an apparently favorable
safety profile in patients with heterozygous FH (Raal et al. 2012, Raal et al. 2015, Stein et al.
2012). Treatment of HoFH with the PCSK?9 inhibitor evolocumab 420 mg every 4 weeks for 12
weeks has been shown to provide about a 30% reduction in LDL-C as compared with placebo
(Raal et al. 2015). Efficacy of PCSK9 inhibitors is, however, dependent on the residual LDLR
activity, with no effect in patients with no residual LDLR activity (Raal et al. 2015, Stein et al.
2013). Although the addition of PCSK9 inhibitors may become standard of care for FH and may
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provide an additional further reduction to lower cholesterol in a subset of HoFH patients, it will
not dramatically impact the clinical management of this condition. Therefore, there is a
tremendous unmet medical need for new medical therapies for this life-threatening orphan
disease.

1.1.2. Liver Directed Gene Therapy for HoFH

The correction of the hypercholesterolemia observed in patients with HoFH who underwent liver
transplant (Ibrahim et al. 2012, Kucukkartallar et al. 2011) underscores the importance of the
liver in regulating levels of circulating lipid and lipoproteins. Thus, a gene therapy approach that
focuses on delivering the correct transgene to the liver may represent a viable approach. A
considerable number of proof-of principle studies using gene transfer of the LDLR have been
performed in animal models of HoFH. The administration of a first-generation adenovirus
encoding the human LDLR transiently reduced LDL cholesterol levels in chow-fed LDLR
deficient mice (Ishibashi et al. 1993). Injection of a recombinant first-generation adenovirus
encoding the LDLR into Watanabe heritable hyperlipidemic (WHHL) rabbits, an animal model
homozygous for a natural mutation in the LDLR, transiently reduced LDL cholesterol levels
(Kozarsky et al. 1994). A helper-dependent adenovirus expressing LDLR was shown to provide
long-term reduction in cholesterol in LDLR KO mice (Nomura et al. 2004). An AAV8-based
vector encoding LDLR also provided sustained correction of hypercholesterolemia (Lebherz et al.
2004). A pilot human study was previously conducted at the University of Pennsylvania to
evaluate the effect of ex vivo gene therapy in patients with HoFH (Grossman et al. 1995). In that
study, five patients underwent hepatic resection, and isolated hepatocytes were infected ex vivo
with a recombinant retrovirus encoding the human LDLR gene. The genetically modified
autologous hepatocytes were re-infused into the patients via a portal catheter placed at the first
procedure. Three of the five patients had a transient 6 to 25% reduction in their LDL cholesterol
levels. Liver biopsies performed 4 months after treatment revealed LDLR transgene expression
by in situ hybridization in all five patients. Based on preclinical studies conducted more recently
using an AAV8-based vector, an investigational agent has been developed to be tested in a Phase
I/ITa study in patients with HoFH.

1.2. Investigational Agent

The investigational agent is an AAVS vector expressing the transgene human low-density
lipoprotein receptor, (hLDLR) under control of a liver-specific promoter (thyroxine-binding
globulin, TBG) and is referred to in this document as AAVS. TBG.hLDLR. i}
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1.3. Preclinical Data
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1.4. Rationale for Dose Choice and Escalation

This is a Phase I/Ila dose escalation study of AAVS8.TBG.hLDLR in patients with HoFH. The
study will characterize the safety and tolerability of this vector and identify doses for further
clinical investigation. The rationale for implementing a Phase I/Ila dose-escalating clinical study
is based on a robust biological rationale established through proof-of-concept animal studies and
non-clinical pharmacology/toxicology data. As this is a first-in-human study using
AAV8.TBG.hLDLR, a staggered dose escalation is utilized to evaluate safety prior to treating a
subsequent subject.
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As further discussed in Section 1.5, the doses proposed for this study are within the range of the
intravenous doses in other ongoing AAV8-based gene therapy trials (Table 2). These include
X-linked myotubular myopathy (up to 5x10'* GC/kg), Crigler-Najjar Syndrome (up to 1.5x10%
GC/kg) and late onset OTC deficiency (up to 1x10" GC/kg).

Based on these data, this trial includes up to three single-dose cohorts, 2.5x10'? GC/kg, 7.5x10"'?
GC/kg, and 2.5x10"® GC/kg. These doses represent half-log, stepwise increases that could inform
a dose-response and that represent a dose range that i1s supported by the non-clinical testing. The
introduction of prophylactic corticosteroids in the clinical protocol is anticipated to improve the
safety of product administration by attenuating or preventing immune mediated hepatocyte

mjury.
1.5. Clinical Data to Date

Information obtained from recent ongoing gene therapy trials of systemically administered AAVS8
has also informed the design and safety monitoring plan of this trial. Importantly, monitoring for
increases in transaminases as a marker of potential liver injury has been incorporated into this
trial as an adverse event of special interest.

Accumulating data from clinical experience with AAVSE supports the safety of this vector across
gene therapy trials. A list of some recent and ongoing AAVS8 based gene therapy trials is
presented in Table 2.

Table 2: A AVS8-based gene therapies listed on ClinicalTrials.gov
ClinicalTrials.gov e
Indication Sponsor
Identifier
NCT00979238 Hemophilia B St. Jude Children's Research Hospital
NCTO01620801 Hemophilia B Spark Therapeutics
NCT01687608 Hemophilia B Shire
NCT01899092 Chronic Hepatitis C Benitec Biopharma
NCT02317887 X-linked Retinoschisis NIH / National Eye Institute (NEI)
Homozygous familial
NCT02651675* ; REGENXBIO
hypercholesterolemia
NCT02991144 Late onset OTC deficiency Ultragenyx Pharmaceutical Inc
NCTO03001830 Hemophilia A University College London (UCL)
NCT03066258 Age-related Macular Degeneration REGENXBIO
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ClinicalTrials.gov L.
K Indication Sponsor
Identifier
NCT03173521 Mucopolysaccharidosis Type VI Fondazione Telethon
NCT03199469 X-linked myotubular myopathy Audentes Therapeutics
NCT03223194 Crigler-Najjar Syndrome Audentes Therapeutics
NCTO03370172 Hemophilia A Shire
NIH/ National Institute of Allergy and
NCT03374202 HIV-1 : . =
Infectious Diseases (NIAID)
NCTO03374657 Retinitis Pigmentosa Novartis Pharmaceuticals
Glycogen Storage Disease Type Ia
NCT03517085 g (GiDI ) iy Ultragenyx Pharmaceutical Inc
a

*Current protocol

In a publication on the long-term safety and efficacy of factor IX gene therapy in hemophilia B
using an AAVS vector (Nathwani et al. 2014; NCT00979238), the majority of reported adverse
events were mild in severity. The most common study related adverse reaction reported was an
asymptomatic elevation in the alanine aminotransferase (ALT) level, which occurred
approximately 7 to 10 weeks after vector infusion in 4 of 6 patients receiving 2x10'? vector
genomes (vg)/kg. Only 2 of these 4 patients had elevation greater than the upper limit of normal
range for ALT (45 IU/L); including an increase from 32 to 64 IU/L in one patient and from 13 to
202 IU/L in the second. All 4 patients received a tapering dose of prednisolone, which resulted in
resolution of the elevated ALT over a range of 2 to 35 days. Of note, an asymptomatic increase in
the serum ALT level was associated with a decline in factor IX levels in 3 out of 4 patients,
suggesting a loss of transduced hepatocytes in these patients. No patient had a recurrent episode
of an elevated ALT level and there have been no new late adverse events observed by the study
investigators. With respect to efficacy for this trial, a single IV infusion of the vector resulted in
an mcrease in plasma factor IX activity that ranged from less than 1% of normal at baseline to
steady-state levels of 1% to 6% of normal in 10 patients. AAV8 mediated factor IX expression
has remained relatively stable over a period of up to 4 years (Nathwani et al. 2014).

A recently published trial of an AAVS5 based gene therapy for hemophilia A (Rangarajan et al.
2017) utilized a dose escalation scheme whereby escalation to subsequent dose cohorts (three
cohorts in total) occurred after a single patient had received what was considered a safe dose
along with having a factor VIII activity level less than 5 TU/dL at study week 3 post gene transfer.
This allowed the third subject enrolled, as well as six additional subjects, to receive the highest
dose (6x10" vg/kg), resulting in sustained therapeutic factor VIII levels at least 1 year after gene
transfer. This approach illustrates the use of individual safety and efficacy data to support the
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benefit:risk of dose escalation while minimizing the number of subjects exposed to
subtherapeutic doses.

Data has also been reported from a Phase I/II clinical trial assessing the safety and optimal dosing
level of an investigational factor IX rAAVS8-based gene therapy treatment for hemophilia B
(NCTO01687608) (Shire). Based on public information released by the sponsor, a total of seven
patients in three sequentially-ascending dosing cohorts [2x10'! vg/kg (n=2), 1x10'? vg/kg (n=3)
and 3x10'?2 vg/kg (n=2)] have been treated in the trial with evidence of a dose-related response.
Two patients in the high dose cohort are reported by the sponsor to have experienced an immune
response which led to decreased factor IX expression, with one patient resuming regular factor IX
infusions (due to inadequate production of transgene product).

Additional subjects have been dosed with AAVS based gene therapy trials for hemophilia B
(NCT01620801), chronic HCV infection (NCT01899092), late onset OTC (NCT02991144) and
age-related macular degeneration (NCT03066258). Accumulating data from ongoing trials
continue to support a favorable benefit:risk for AAV based gene therapy for these conditions.

Notably, the doses proposed for this study are within the range of the intravenous doses being
investigated in other ongoing AAV8-based gene therapy trials shown in Table 2. These include
X-linked myotubular myopathy (up to 5x10'* GC/kg), Crigler-Najjar Syndrome (up to 1.5x10"3
GC/kg) and late onset OTC deficiency (up to 1x10'* GC/kg). Data on the first 3 subjects enrolled
into the myotubular myopathy gene therapy trial, all treated at an IV dose of 1x10'* GC/kg, has
been made publicly available (Audentes. 2018). Although data is limited for this trial, reported
possibly/probably treatment-related AEs include asymptomatic elevations in liver enzymes (n=1),
elevated troponin (n=1) and exacerbation of pre-existing elevated bilirubin (n=1); all of these
responded to treatment, including to corticosteroids. For the first 6 subjects enrolled into the OTC
deficiency trial (2x10'2 GC/kg (n=3) and 6x10'> GC/kg (n=3)), the only treatment-related adverse
events reported in Cohort 1 were mild, clinically asymptomatic elevations in alanine
aminotransferase (ALT) in two subjects (Ultragenyx 2018). The only treatment-related adverse
events in Cohort 2 were the mild, clinically asymptomatic elevations in ALT in the first patient in
Cohort 2.

As in this study, these trials also employ a dose escalation design (including half-log increases) in
which the safety of each cohort is carefully reviewed before escalating to the next higher dose
cohort. As in other trials, asymptomatic increases in transaminases have been observed in this
trial in the first 3 subjects in Cohort 2 (7.5%10'2 GC/kg) approximately 4-6 weeks post dosing.
These transaminase elevations have responded to oral prednisone and resulted in normalization of
transaminase levels. It is anticipated that the prophylactic administration of corticosteroids during
the first 13 weeks of the trial may attenuate or possibly eliminate transaminase increases post
dosing.

To summarize, the AAVS vector containing an identical capsid as that used in the
AAV8.TBG.hLDLR program are being or have been investigated as a gene therapy vector in
clinical trials across a range of conditions and organ systems. Accumulating data has shown that
recombinant, replication deficient AAVS8 as a gene therapy vector is safe for investigational use
in patients, as well as results in promising preliminary evidence of clinical benefit. A T-cell
response to the capsid or the transgene product with subsequent hepatocyte injury may explain
the asymptomatic elevations in transaminases, although the relationship between this and loss of
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transgene product expression remains unclear. It is possible that immunosuppression with
corticosteroids may mitigate this effect (Gernoux et al. 2017).
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2.2.

STUDY OBJECTIVES AND ENDPOINTS

Primary Objectives

To determine the safety of AAVS8.TBG.hLDLR administration in patients with
homozygous familial hypercholesterolemia (HoFH) as assessed by the number of
reported adverse events, changes noted on physical examinations, and clinical
laboratory parameters assessed up to 24 weeks post vector administration.

Secondary Objectives

To assess the LDL-C reduction achieved with AAV8. TBG.hLDLR administration as
defined by percent change in LDL-C at 12 weeks (Cohort 1 only) or 18 weeks after
vector administration (or 4 weeks after steroid termination or prior to changing lipid
lowering therapies) compared to baseline.

To assess changes in other lipid parameters at 12 weeks (Cohort 1 only) or 18 weeks
after vector administration (or 4 weeks after steroid termination or prior to changing
lipid lowering therapies) compared to baseline values, specifically percent change in
total cholesterol (TC), non-high density lipoprotein cholesterol (non-HDL-C), HDL-C,
fasting triglycerides (TG), very low density lipoprotein cholesterol (VLDL-C),
lipoprotein(a) (Lp(a)), apolipoprotein B (apoB), and apolipoprotein A-I (apoA-I).

To determine the safety of AAVS.TBG.hLDLR administration as assessed by the
number of reported adverse events, changes noted on physical examinations and clinical
laboratory parameters assessed at multiple time points up to 104 weeks post vector
administration.

To assess vector shedding in plasma and urine.
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24. Safety Endpoints

Safety assessment is the primary objective of this Phase I/Ila study. Safety assessments will be
performed before and at multiple time points after vector administration up to the 104 week post
dosing visit, as detailed in Table 16.1 (see Section 16.1). The primary study period will be at
Week 24. Safety assessment will include reported adverse events, changes noted on physical
examinations, and laboratory parameters.

Laboratory Assessments

Biochemical Profile: sodium, potassium, chloride, carbon dioxide, glucose, blood urea nitrogen,
lactate dehydrogenase (LDH), creatinine, creatine phosphokinase, calcium, total protein, albumin,
AST, ALT, alkaline phosphatase, total bilirubin. Gamma glutamyl transferase (GGT) will be
measured at screening and only as clinically indicated through the study.

Complete Blood Count (CBC): white blood cell (WBC) count, hemoglobin, hematocrit, platelet
count, red cell distribution width, mean corpuscular volume, mean corpuscular hemoglobin, and
mean corpuscular hemoglobin concentration.

HbAlc

Coagulation: prothrombin time (PT), international normalized ratio (INR), partial thromboplastin
time (PTT) at screening and baseline, and as needed through the study.

Urinalysis: urinary color, turbidity, pH, glucose, bilirubin, ketones, RBCs, protein, WBCs

e Vector concentration: AAV8 concentration in plasma and urine, measured as vector
genomes by PCR.

Adverse Events of Special Interest

Based on the pre-specified laboratory and clinical assessments described above, the number of
subjects who have the following will be presented:

e Liver injury

— Common Terminology Criteria for Adverse Events (CTCAE) v4.0 Grade 2 or
higher lab result for bilirubin (>1.5 x ULN) or liver enzymes (AST >3 x ULN,
ALT > 3 x ULN, AlkPhos > 2.5 x ULN)).

e Hepatotoxicity (i.e., meet criteria for “Hy’s law”)

— ALT or AST >3 x ULN and total bilirubin > 2 x ULN and no other reason can be
found to explain the changes observed. This event would meet the study Stopping
Rules (Section 9.3).

Additionally, ALT or AST elevations that may trigger initiation or adjustment of corticosteroid
therapy will be flagged and reported.

2.5. Efficacy Endpoints

The secondary endpoints are based on a detailed assessment of the percent change in lipid
parameters at 12 weeks (Cohort 1 only) or 18 weeks after vector administration (or 4 weeks after
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steroid termination or prior to changing lipid lowering therapies), following administration of
AAV8.TBG.hLDLR compared to baseline. This will include:

e Percent changes in LDL-C

e Percent changes in Total Cholesterol, VLDL-C, HDL-C, non-HDL-C, TG, apoA-I,
apoB, and Lp(a)

Efficacy will primarily be defined using LDL-C measured by beta quantification

The baseline LDL-C value
will be determined using qualified LDL-C drawn prior to administration of AAV8. TBG.hLDLR.
Qualified LDL-C draws will be those taken after sufficient washout of selected lipid lowering
medications has occurred and pre-apheresis in subjects receiving apheresis (i.e., the day of
apheresis). Baseline LDL-C value will be calculated as the average of up to 2 of the most recent
qualified fasting LDL-C levels obtained during stable lipid lowering treatment before
administration of AAV8.TBG.hLDLR. The 2 most recent LDL-C values should be no more than
approximately 4 weeks apart. Baseline LDL-C values based on both beta-quantification and
direct methods will be based on the same visit dates. Similar methods to define the baseline value
will be applied to other lipid parameters. Lipid lowering treatment must be stable as per
inclusion/exclusion criteria by the time of the first laboratory assessment.
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3. STUDY DESIGN

3.1. General Design

This is a 104-week Phase I/Ila, multicenter, open-label, single arm, dose escalation study of
AAV8. TBG.hLDLR in adults with a clinical presentation consistent with HoFH and carrying 2
mutations in the LDLR gene. Safety will be the primary focus, with a secondary focus on clinical
response to AAV8. TBG.hLDLR. The primary safety endpoint is at Week 24. Approximately 12
subjects will be enrolled into one of 3 possible dose cohorts, 2.5x10'2 GC/kg (Dose 1), 7.5x10!2
GC/kg (Dose 2), or 2.5x10'* GC/kg (Dose 3), and will receive a single dose of

AAV8. TBG.hLDLR administered by IV infusion into a peripheral vein (or into an existing AV
fistula). Following completion of the primary study period at Week 24, subjects will continue to
be assessed (for safety and efficacy) for up to 104 weeks following treatment with

AAV8. TBG.hLDLR. At the end of the study, all subjects will be invited to participate in a long-
term follow-up study.
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In this trial, two groups will assess data accumulated from the trial, an external DSMB and the
Sponsor’s ISC. The primary role of the independent DSMB is to assess safety at periodic
intervals and to provide recommendations on safety and dose escalation. The primary role of the
ISC is to monitor safety on an ongoing basis.

The initial Dose 1 cohort of AAVS8. TBG.hLDLR will receive 2.5x10'? GC/kg. Dosing of subjects
will be staggered by at least 4 weeks. A formal review of all safety data will be performed by the
DSMB after the 3™ subject is dosed and completes the 4 weeks post-dosing visit, primarily to
determine if dose escalation can occur, however the DSMB may recommend to expand the cohort,
lower the dose, or stop the trial.

If the recommendation is to dose escalate, the Dose 2 cohort will be initiated at a dose of 7.5x10'2
GC/kg (Dose 2). Dosing of subjects will be staggered by at least 4 weeks. A formal review of all
safety data will be performed by the DSMB after the 3rd subject is dosed and completes the 4
weeks post-dosing visit, primarily to determine if dose escalation can occur. However, the DSMB
could recommend to expand the cohort, lower the dose, or stop the trial. If expansion of the Dose
2 cohort is recommended, up to 3 additional subjects will be enrolled and receive prophylactic
corticosteroids as described in this protocol (Section 6.5). Subject dosing will be staggered by at
least 6 weeks. After enrollment of the 3rd subject in the expanded Dose 2 cohort (or fewer
subjects, upon agreement by the DSMB), a review of all safety data will be performed by the
DSMB to determine if dose escalation can occur. After completion of the Dose 2 cohort, the
DSMB will need to recommend dose escalation in order for the Dose 3 cohort to be initiated.

After initiation of the Dose 3 cohort (2.5x10"* GC/kg), dosing of subjects will be staggered by at
least 6 weeks. Up to 3 subjects will be enrolled into the cohort.

At any time, if there are safety concerns, the ISC may share safety concerns with the DSMB. The
DSMB may recommend to stop the trial, dose additional subject(s) at the current dose, or proceed
at a lower dose.

If at any time during dosing an event meets the criteria of a Stopping Rule (Section 9.3), dosing
of any new subjects will be suspended until a complete review of all safety data by the external
DSMB and the ISC has been performed.

At any given DSMB meeting, whether called for by a Safety Review Trigger (SRT) or at the
planned DSMB meeting at the conclusion of a dose cohort, the DSMB may recommend stopping
the trial, dosing additional subjects at the current dose, proceeding to the next dose cohort, or
proceeding at a lower dose. After the final subject has been dosed, a review of all safety data by
the DSMB will be performed.

A summary of safety review triggers and expected actions is provided in Table 3.
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Table 3: Safety Review Trigger Event and Actions

Safety Review Trigger Event Safety Review Action

A Stopping Rule is met

An external DSMB will review all available safety data
and provide a recommendation on whether to enroll
additional subjects.

Any Grade 4 or 5 AE
regardless of relationship to treatment

Any Grade 3 AE
considered treatment-related (by the Investigator)

The chairs of the ISC and the external DSMB will review
and decide whether to allow enrollment to continue or
convene a full DSMB review of all available safety data
which will then provide a recommendation on whether
to enroll additional subjects.

Any Grade 3 AE
considered unrelated to treatment (by the
Investigator)

An ISC will review all available safety data. If safety
concerns arise while a cohort is being enrolled, the

committee may ask the DSMB to review and make a
recommendation on whether to keep enrolling subjects
in that cohort.

Any report by the Investigator of technical issues
with the product administration that may warrant
modifications to the procedure

All subjects, including those that were deemed eligible based on their participation in a
companion screening protocol, will be invited to undergo a sereening visit (Visit 1) to confirm
eligibility for this clinical trial. Subjects that agree to participate will be withdrawn from selected
lipid-lowering drugs for at least 4 weeks prior to vector administration. An additional Visit 1a
may be scheduled as a blood draw either at the study site or by a home healthcare nurse to
perform a lipid panel up to 2 weeks prior to the dosing visit (Visit 3).

All subjects will be admitted at the research inpatient unit the day of or the day before vector
administration and eligibility and willingness to participate in the trial will be appropriately
re-confirmed. Following AAV8. TBG.hLDLR administration, safety assessments and laboratory
draws will occur for 24 hours post dosing as per Table 16.1 (see Section 16.1), after which the
subject will be discharged from the research unit. The subjects will be asked to come to the
research until for a blood draw 48 hours post administration. Blood will be drawn weekly for
safety testing from Week 2 to Week 14. Based on the experience accumulated with subjects
dosed under earlier versions, prophylactic corticosteroids will be administered to subjects from 1
day prior to dosing through the end of Week 13.

After week 14, subjects will undergo study site visits at Weeks 18, 24, 36, 52, 78 and 104.
Additional laboratory assessments will occur at least biweekly between Week 12 and Week 24,
and a single laboratory draw at Week 30. Subjects will be also asked to allow the collection of
any LFTs or LDL-C collected locally after Week 13 for other reasons than the participation in
this clinical trial, and the data recorded in the clinical database. Long-term follow-up will be
conducted via a separate protocol. All visits and follow-up will be indexed to the date of the
vector infusion.
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4.
4.1.

SUBJECT SELECTION AND WITHDRAWAL

Inclusion Criteria

In order to be eligible to participate in this study, a subject must meet all of the following criteria:

1.
2.

Male or female > 18 years of age.

Untreated and/or treated LDL-C levels and clinical presentation consistent with the
diagnosis of homozygous FH

3. Molecularly defined LDLR mutations at both LDLR alleles.

4.2.

Concurrent allowed lipid lowering medication must be stable for > 4 weeks before the
baseline visit and must remain stable until 18 weeks after vector administration (or 4 weeks
post steroid termination). These include but are not limited to: statins, ezetimibe, bile acid
sequestrants, PCSK9 inhibitors, and LDL and/or plasma apheresis. Subjects on other
lipid-lowering medications are eligible for the study but must wash out of these medications
for the pre-specified time period.

. Females of childbearing potential must have a negative pregnancy test at screening and

baseline visits and be willing to have additional pregnancy tests during the study.

Sexually active subjects (both female and male) must be willing to use a medically accepted
method of contraception from screening visit until 6 months after vector administration

A baseline serum AAVS8 NAD titer < 1:10.

Subjects must be able to comprehend and be willing to provide a signed institutional review
board/ethics committee (IRB/EC) approved Informed Consent Form (ICF).

Subjects must be willing to comply with all study-related procedures and be available for
the duration of the study.

Exclusion Criteria

Subjects who meet any of the following exclusion criteria will not be eligible to participate in the

study:
1.

Unwilling to wash out of the following lipid lowering therapies for the pre-specified time
period:

a. niacin > 250 mg/day: within 6 weeks of baseline
b. fibrates: within 4 weeks of baseline

lomitapide: within 8 weeks of baseline

d. mipomersen: within 24 weeks of baseline

e

2. Heart failure defined by the NYHA classification as functional Class III with history of
hospitalization(s) within 12 weeks of the baseline visit or functional Class IV.

3. History within 12 weeks of the baseline visit of a myocardial infarction (MI), unstable
angina leading to hospitalization, coronary artery bypass graft surgery (CABG),
percutaneous coronary intervention (PCI), uncontrolled cardiac arrhythmia, carotid surgery
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10.
11.
12.
13.

14.
15.
16.
17.

18.
19.

or stenting, stroke, transient ischemic attack, carotid revascularization, endovascular
procedure or surgical intervention.

Uncontrolled hypertension defined as: systolic blood pressure > 180 mmHg, diastolic blood
pressure > 95 mmHg.

Uncontrolled diabetes defined as HbAlc > 8.5% or an average fasting glucose > 160 mg/dl.
Known hypersensitivity to prednisone

History of cirrhosis or chronic liver disease based on documented histological evaluation
or non-invasive imaging or testing.

Documented diagnosis of any of the following liver diseases:

Nonalcoholic steatohepatitis (biopsy-proven)
Alcoholic liver disease

Autoimmune hepatitis

Liver cancer

Primary biliary cirrhosis

Primary sclerosing cholangitis

Wilson’s disease

Hemochromatosis

o anti-trypsin deficiency

S ER MO Ao o

Abnormal liver function tests (LFTs) at screening (AST or ALT > 2 x upper limit of normal
(ULN) and/or Total Bilirubin of > 1.5 x ULN unless patient has unconjugated
hyperbilirubinemia due to Gilbert’s syndrome).

Hepatitis B as defined by positive for HepB SAg, or Hep B Core Ab, and/or viral DNA
Chronic active Hepatitis C as defined by positive for HCV Ab and viral RNA.
History of chronic alcohol abuse within 52 weeks of the screening visit.

Certain prohibited medications known to be potentially hepatotoxic, especially those that
can induce microvesicular or macrovesicular steatosis. These include but are not limited to:
Accutane (isotretinoin), amiodarone, HAART medications, heavy acetaminophen use
(2 g/day more than 3 times a week), isoniazid, methotrexate, tetracyclines, tamoxifen, or
valproate.

Active tuberculosis, systemic fungal disease, or other chronic infection.
History of immunodeficiency diseases, including a positive HIV test result.
Chronic renal insufficiency defined as estimated GFR < 30 mL/min/1.73m?.

History of cancer within the past 5 years, except for adequately treated basal cell skin
cancer, squamous cell skin cancer, or in situ cervical cancer.

Previous organ transplantation.

Administration of an investigational drug within 12 weeks or 5 half-lives of the drug
(whichever is longer) prior to the screening visit and until 52 weeks after receiving
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AAVS8.TBG.hLDLR. Subjects are not prohibited from receiving investigational drugs after
52 weeks.

20. Any major surgical procedure occurring less than 3 months prior to the screening visit, or
any planned future surgical procedure within 3 months of baseline.

21. Serious or unstable medical or psychological conditions that, in the opinion of the
investigator, would compromise the subject’s safety or successful participation in the study.

22. Any other medical condition or finding that would make it not in the subject’s best interest
to participate in the study

23. Study staff member or any direct family member.

4.3. Subject Recruitment and Screening

Subjects will be recruited from study sites. Patients may be contacted through a companion
screening protocol entitled “Screening Protocol for a Gene Therapy Trial in Subjects with
Homozygous Familial Hypercholesterolemia.” Methods to identify patients used in this and in the
companion screening protocol include IRB/EC approved recruitment letters, referrals, and non-
profit research foundations. Institutionally approved consent forms will be provided to patients.
Consent of subjects that are not fluent in English will be obtained using appropriately translated
informed consent forms (ICFs) and appropriate interpreters. Those who express an interest during
the screening process will have the opportunity to discuss the study in detail again and confirm
their consent to participate before vector administration.

4.3.1. Screening Protocol

Subjects with a diagnosis of HoFH that may have participated in a separate companion Screening
Protocol will be contacted to participate in this clinical trial. Screening Protocol procedures
include genetic analysis to confirm the presence of two mutations in the LDLR gene, lipid profile,
NAD titer, and the collection of a detailed medical history as well as a detailed description of the
procedures and risks of participating in the gene therapy trial. Subjects who preliminarily
qualified based on the results from the Screening Protocol and that expressed interest in
participating in the gene therapy trial will be invited to participate in this gene therapy clinical
trial. Participation in the companion Screening Protocol is not obligatory. Eligibility for this
clinical trial will be determined based on data collected during the screening visit (Visit 1) of the
protocol described herein.

4.4. Informed Consent

Written informed consent will be obtained from each potential study subject prior to the conduct
of any study procedures. Both the protocol and consent forms will be discussed with the potential
study subject during documented informed consent sessions. Copies of the consent forms will be
provided in advance for the patient's perusal. The subject will have ample time to ask questions
and to discuss the study with their family and personal care physicians before and after the
screening visit.

During the informed consent sessions, particular emphasis will be given to the following:
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e The experimental nature of the study and the relative lack of experience with AAVS
vectors in humans.

e The potential for no benefit.

e The need to discontinue other selected lipid lowering medications for at least 4 weeks
to establish baseline plasma cholesterol levels, and for 18 weeks (or 4 weeks post steroid
termination if steroids have not been discontinued by at least 4 weeks at the Week 18
visit or prior to changing lipid lowering therapies) after vector infusion to assess
efficacy. Lipoprotein and/or plasma apheresis will be allowed to continue as per
standard of care if available and necessary for safety of the patient as determined by the
caring physician.

e The observation of asymptomatic and transient increase transaminases in subjects
enrolled in the previous cohort, risk of liver injury and treatment with corticosteroids.

e The toxicity and efficacy of AAV8 vectors in preclinical animal studies.

e The outcome of the previous studies that used AAV-based vector, including
complications.

e The theoretical potential for germline transmission and malignancy.

e The potential for development of anti-human NAbs (e.g., inhibitors to LDLR).

e The nature and duration of follow-up including the need for long-term follow-up.

e The alternatives to gene transfer.

e That the subject is free to refuse to enter the study or to withdraw from it at any time.

e That the subject will be provided any new information during the course of the study
that might affect their continued participation in the study.

Subjects who live within driving distance of the study site will be consented during an in-person
visit. Subjects who live a long distance from the study site may be consented remotely at the
discretion of the investigator. In this case, subjects will be provided with two copies of the
consent form so that they have one copy to keep and one copy to mail back to the study site. They
will be asked to set up a remote appointment (via phone or video-conference) with the research
team after receiving and reading the consent form. During the in-person or remote consent
session, the potential study participant and the research team will have an opportunity to review
the study in detail. The subject will also have the opportunity to have all questions answered.
These conversations will be documented in the subject’s file.

A representative(s) of the potential subject’s choosing will be encouraged to attend the consenting
session with the subject. At the end of the consent session, subjects will be asked to sign the
consent form. Subjects consented remotely will be asked to return the sign