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Note to File (NTF)

Project No.: BMN 270; Study 270-301

To align the 270-301 Protocol (version 7.0, 15 July 2021; US-specific) and the 2-

Project Name (If Applicable): year analysis SAP (version 2.0, 13 December 2021) with the 2-year 270-301 CSR

Location: NA

NTF to bridge the 270-301 protocol (version 7.0, 15 July 2021; US-specific) and
the 2-year analysis SAP (version 2.0, 13 December 2021) with the 2-year 270-301

Subject: CSR for primary and secondary endpoints and other changes made to the 2-year
analyses.
Date 02 March 2023

Overserved Discrepancy — Primary and secondary endpoints and statistical analysis methods used in the 2-year
270-301 CSR were modified from those specified in the effective versions of the 270-301 protocol (version 7.0, 15
July 2021; US-specific) and the 2-year analysis SAP (version 2.0, 13 December 2021).

Background — The 2-year analysis of Study 270-301 was performed in January 2022 based on pre-specified analysis
methods in the 2-year analysis SAP. Type B Pre-BLA feedback was received from FDA on 16 May 2022. FDA
requested changes to the analysis methods, including primary and secondary endpoints. The results reported in 2-
year 270-301 CSR reflect the modified analysis methods per FDA feedback and this CSR was submitted to the FDA
on 29 September 2022, in the BLA re-submission. Changes from the planned analysis methods were documented
in Section 9.8.2 of the CSR (Changes to Planned Analyses).

Solution — This NTF serves as a bridging document between the analysis methods in the 270-301 protocol (version
7.0, 15 July 2021; US-specific), the 2-year analysis SAP (version 2.0, 13 December 2021) and the 2-year 270-301
CSR.

The table below outlines all the changes made to the 2-year analysis methods, including primary and secondary
endpoints

Changes to planned 2-yr Analyses for 270-301 based on FDA feedback

270-301 Protocol (version | 2-year Analysis SAP 270-301 2-Year CSR (in
7.0, 15 July 2021; US- (version 2.0, 13 December | response to FDA Feedback)
specific) 2021)
Primary and Primary Primary Primary
secondary e ABR (treated e ABR (treated bleeds) * ABR(allbleeds)
efﬁcagy bleeds) S d Secondary
endpoints Secondary ccondary e ABR (treated bleeds)

e  FVIII activity

e  FVIII activity e  FVIII activity

e  FVIII utilization * FVIlLutilization e  FVIII utilization
* ABR (all bleeds) e Haemo-QoL-A Total
(If discrepancies exist in e  Haemo-QoL-A score
statistical methods between Total score H L-A
the SAP and the study e Haemo-QoL-A ° }?emo'lQO S
protocol, the SAP will aemo-Lo%- Physical Functioning
X Physical domain score
prevail) L
Functioning

e Haemo-QoL-A
Consequences of
e Haemo-QoL-A bleeding domain score

domain score
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Consequences of
bleeding domain
score

e Haemo-QoL-A

Role functioning
domain score

e Haemo-QoL-A Role
functioning domain
score

Hypothesis Hierarchical testing will be | Hierarchical testing will be At the time of receipt of FDA
testing performed in the order of performed in the order of WRO feedback, the outcomes
endpoints as shown above, endpoints as shown above, of the SAP-specified hypothesis
each at the alpha level of each at the alpha level of testing were known to the
0.0498. 0.05. Sponsor
- all statistically significant at
(If discrepancies exist in the alpha level of 0.05. By
statistical methods between cons@er ing ABR (all bleeds) as
the SAP and the study the primary efficacy epdpgmt,
protocol, the SAP will the revised analyses will s1mp1y
prevail) present the study rgsu}ts with p-
values to show statistical
significance on each endpoint.
Ranking of Secondary efficacy Secondary efficacy Secondary efficacy endpoints
secondary endpoints are ranked in endpoints are ranked in are not ranked, and their results
efficacy hypothesis testing order as hypothesis testing order as will be presented one by one.
endpoints shown above. shown above.
(If discrepancies exist in
statistical methods between
the SAP and the study
protocol, the SAP will
prevail)
Sensitivity -- Not planned The following sensitivity
analysis: analyses will be performed by
impact of counting exogenous FVIII
exogenous product use in EEP as bleeding
FVIII product events:
use in the e  #1: count each one-
efﬁcacy time FVIII prophylaxis
eva'l uation use in EEP as one
period (EEP) bleed
on ABR
e  #2:count each one-
time or routine FVIII
prophylaxis use in
EEP as one bleed
#3: count each one-time or
routine FVIII prophylaxis use
and each surgery/procedure that
had FVIII use in EEP as one
bleed
Additional -- Not planned The following sensitivity
sensitivity analyses will be performed in
analysis: subjects who have been off IS
impact of IS on for at least 12 months
ABR and .
FVIII activity e Repeat the primary

analysis of ABR (ABR
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change from baseline)
in this subgroup
Repeat the primary analysis of

consecutive weeks preceded
by at least 2 decreases in IS
dose, whichever occurs
earlier

FVIII activity (FVIII activity
change from baseline at Week
104) in this subgroup
Washout No washout period 3 days Based on the half-life of the
period between original FVIII prophylaxis
the last dose of product:
o . e 3 days for standard
prophylaic half-life or plasma-
following gene derived products
therapy and the
start of EEP e 5 days for extended
half-life
Definition of - All AEs/SAESs during or All AEs/SAEs following IS use
AFEs/SAEs within 2 weeks’ post-ISuse | up to each subject’s last visit for
related to IS the analysis
IS (CS or AIS) | -- Systemic IS (CS or AIS) Systemic IS (CS or AIS)
therapy to be indicated for ALT elevation | indicated for any purpose of any
included in the of any duration, or indicated | duration
analysis for other purposes with a
duration of at least 4 weeks
Definition of - The start of an IS use The time period between the
an IS course through the end of taper or first day of starting an IS
(cycle) increase in IS dose for = 2 therapy to the last day of IS use.

Any increase in the dose of IS
will be considered as a new
cycle of IS therapy with the
first day of increase of IS dose
constituting as the start day of a
new cycle.

Comment(s)/ Recommendation(s):

This NTF serves as a bridging document between the analysis methods in the 270-301 protocol (version 7.0, 15 July
2021; US-specific), the 2-year analysis SAP (version 2.0, 13 December 2021) and the 2-year 270-301 CSR.
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CLINICAL STUDY PROTOCOL

Study Title:

Protocol Number:

Active Investigational Product:

IND/European Union Drug
Regulating Authorities Clinical
Trials (EudraCT) Number:

Indication:

Sponsor:

Development Phase:

Sponsor's Responsible Medical
Monitor:

A Phase 3 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 FVIII Levels < 1 TU/dL Receiving
Prophylactic FVIII Infusions

270-301
AAVS5-hFVIII-SQ

2017-003215-19
IND #: 017659

Hemophilia A

BioMarin Pharmaceutical Inc.
105 Digital Drive

Novato, CA 94949

Phase 3

Pl MD, MPhil
PI

BioMarin Pharmaceutical Inc.

105 Digital Drive
Novato, CA 94949

Duration of Subject Approximately 264 weeks
Participation:
Dose: 6E13 vg/kg
Study Population: Males aged 18 or older
Date of Original Protocol: 14 August 2017
Property of BioMarin
CONFIDENTIAL

May not be divulged. published. or otherwise disclosed to others without prior written approval from BioMarin.

This study will be conducted according to the principles of Good Clinical Practice as described in the U.S. Code
of Federal Regulations and the International Conference on Harmonisation Guidelines. including the archiving

of essential documents
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TITLE OF STUDY:

A Phase 3 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 FVIII Levels < 1 IU/dL Receiving Prophylactic FVIII Infusions

PROTOCOL NUMBER:
270-301

STUDY SITES:
Approximately 30 sites worldwide.

PHASE OF DEVELOPMENT:
Phase 3

STUDY RATIONALE:

Hemophilia A (HA) is an X-linked recessive bleeding disorder that affects approximately 1 in
5,000 males. It is caused by deficiency in the activity of coagulation factor VIII (FVIII), an
essential cofactor in the intrinsic coagulation pathway. This disorder can be either inherited, due to
a genetic aberrancy, or an acquired immunologic process, leading to insufficient quantities of
FVIII or a dysfunctional FVIIL, but all are characterized by a defective coagulation process. The
clinical phenotype of HA patients generally correlates tightly with the level of residual expression.
Severe HA is classified as FVIII activity less than 1% of wild-type (< 1 IU/dL), moderate disease
comprises 1-5% of wild-type activity and the mild form is 5-40% activity. The clinical
manifestations of severe HA are frequent spontaneous bleeding episodes, predominantly in joints
and soft tissues, with a substantially increased risk of death from hemorrhage when the brain is
involved. Subjects with moderate disease can exhibit manifestations similar to those seen in
patients with severe HA, resulting in a comparable bleeding phenotype.

Treatment of severe HA presently consists of intravenous injection of plasma-derived or
recombinant human FVIII protein (thFVIII) concentrates, both as prophylaxis 2-3 times per week,
and at the time of a bleed, to prevent or control bleeding episodes, respectively. The half-life for
FVII (12 to 18 hours for most approved products) necessitates frequent infusions, and although a
major advance in the treatment of HA, it remains common for severe HA patients to continue to
have multiple bleeding events on prophylactic therapy (median ABR of 1-4 with prophylaxis
treatment in a recently published retrospective observational study (Berntorp, 2016,

Haemophilia) and between 1-2 in 6 prospective FVIII interventional studies) and on-demand-only
therapy (median ABR of 4.5-18 in a recently published retrospective study (Berntorp, 2016,

Proprietary and Confidential 14 August 2017
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Haemophilia) and between 20-60 in 6 prospective FVIII interventional studies). The consequence
of multiple bleeding events is the development of debilitating multiple-joint arthropathy and
substantially increased risk of death. Chemical modification (eg, direct conjugation of polyethylene
glycol (PEG) polymers) and bioengineering of FVIII (eg, FVIII-Fc fusion proteins) improve half-
life by approximately 50%, and thus, show promise in reduced dosing and maintaining activity
levels above a 1% trough for a greater proportion of the dosing interval. However, patients with
severe HA who are treated with extended half-life FVIII remain dependent on multiple infusions to
maintain critical levels of FVIII activity. There is therefore a strong unmet need for a fully
preventive treatment of HA to give patients a FVIII level compatible with a normal and
hemorrhage-free life.

Gene therapy offers the potential of disease-modifying therapy by continuous endogenous
production of active FVIII following a single intravenous infusion of a vector encoding the
appropriate gene sequence for long-term episomal expression. Hemophilia A is well-suited for a
gene replacement approach because clinical manifestations are attributable to the lack of a single
gene product (FVII) that circulates in minute amounts (200 ng/ml) in the plasma. Tightly
regulated control of gene expression is not essential, and even modest increases in the level of
FVIII (any increase of the plasma level by 2 ng/ml induces an increase in activity of 1%) can
ameliorate the severe form of hemophilia A. Thus, relatively small changes in endogenous FVIII
activity can result in clinically relevant improvements in disease phenotype. Finally, the circulating
FVIII response to gene transduction can be assessed using validated quantitative rather than
qualitative endpoints that are easily assayed using established laboratory techniques.

Several different gene transfer strategies for FVIII replacement have been evaluated, but
adeno-associated viral (AAV) vectors show the greatest promise. They have an excellent and
well-defined safety profile, and can direct long-term transgene expression with tropism and
promoter specificity for specific tissues, such as the liver (for serotypes 2, 5 and 8 among others).
Indeed, an ongoing gene therapy clinical trial for a related disorder, hemophilia B, has established
that stable (median follow-up of 3.2 years) expression of human factor IX (hFIX) at levels that are
sufficient for conversion of their bleeding phenotype from severe to moderate or mild is achievable
following a single peripheral vein infusion of AAV8-hFIX vector. Several participants in this trial
have been able to discontinue factor prophylaxis without suffering spontaneous hemorrhages, even
when they undertook activities that previously resulted in bleeding. Thus, gene therapy treatment
has resulted in a substantial improvement in their quality of life (Nathwani, 2014, N Engl J Med).

BMN 270 is an AAV5-based gene therapy vector that expresses the SQ form of hFVIII under the
control of a hybrid human liver-specific promoter (Figure 1).

Proprietary and Confidential 14 August 2017
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Figure 1. hFVIII-SQ Vector Genome Schematic
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BMN 270 will be delivered by a single intravenous dose and is designed to achieve stable,
potentially life-long expression of active hFVIII in the plasma, synthesized from vector-transduced
liver tissue.

BMN 270 is currently being evaluated in clinical study 270-201, an ongoing first-in-human, phase
1/2 dose escalation study in subjects with severe HA designed to assess the safety and efficacy of
BMN 270 at various dose levels (6E12 vg/kg, 2E13 vg/kg, 4E13 vg/kg, 6E13 vg/kg). Specifically,
270-201 explores the relationship of vector dose to the augmentation of residual FVIII activity and
whether these levels are sufficient to alter the clinical phenotype. Preliminary results from 270-201
have demonstrated that following gene transfer, FVIII activity above 5% (5 IU/dL) and, in many
cases, within the normal range for FVIII, is achievable at doses of 4-6E13 vg/kg with an acceptable
safety profile (Pasi, 2016, Haemophilia).

The current study is a Phase 3, single-arm, open-label study designed to assess whether, in an
expanded sample, BMN 270 can safely alter the clinical phenotype of hemophilia A patients with
residual FVIII activity < 1 IU/dL, with an altered phenotype defined as achieving FVIII activity of
> 5% (5 IU/ dL).

OBJECTIVES:
The primary efficacy objectives of the study are to:
e Assess the efficacy of BMN 270 defined as median FVIII activity during Weeks 48-52
following intravenous infusion of BMN 270
The secondary efficacy objectives of the study are to:

e Assess the impact of BMN 270 on usage of exogenous FVIII replacement therapy from
Week 5 to Week 52

Proprietary and Confidential 14 August 2017
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e Assess the impact of BMN 270 on the number of bleeding episodes requiring exogenous
FVIII replacement therapy from Week 5 to Week 52

The tertiary efficacy objectives of the study are to:

e Assess the impact of BMN 270 on patient-reported outcomes (PROs) at Week 52 of the
study compared to baseline

The safety objectives of the study are to:
o Evaluate the safety of BMN 270 during the first 52 weeks following intravenous infusion
o Assess the long-term safety of BMN 270

STUDY DESIGN AND PLAN:

This is a Phase 3, single-arm, open-label study in hemophilia A patients with residual FVIII levels
<1 IU/dL treated continuously with prophylactic exogenous FVIII for the year prior to enrollment.
Subjects will be enrolled at approximately 30 sites worldwide. Subjects must have high-quality,
well-documented historical data available concerning previous bleeding episodes and exogenous
FVIII usage over the previous 12 months in order to be eligible to enroll in the study.
Approximately 40 subjects will receive a 6E13 vg/kg dose of BMN 270 as an intravenous infusion.
The Data Monitoring Committee (DMC) will review available safety and efficacy (eg, FVIII
activity) data during the study on an ongoing basis and may determine, based on emerging data
and the risk/benefit profile, that further enrollment at 6E13 vg/kg should be discontinued in favor
of a different dose of BMN 270. If the DMC recommends a dosing modification, then additional
subjects may be enrolled, up to a total of approximately 40 subjects, at the new BMN 270 dose
level (regardless of the number of subjects previously enrolled at 6E13 vg/kg).

An interim analysis will be performed after all subjects have been followed for 26 weeks post-
BMN 270 infusion.

The final analysis for the study will be performed after all subjects have been followed for

52 weeks post-BMN 270 infusion. After the final analysis, safety and efficacy will then continue
to be assessed long-term in all subjects for a total of approximately 5 years.

To avoid breakthrough bleeding, subjects will only discontinue exogenous prophylactic FVIII
replacement therapy after FVIII activity has reached at least 5 IU/dL or 4 weeks following infusion
of BMN 270, whichever is earlier. Four weeks represents the time by which endogenous
production of FVIII following gene transfer is expected to be efficacious.

Throughout the study, subjects with FVIII activity below 5 IU/dL may be monitored more
frequently at the discretion of the Medical Monitor and the Investigator.

Proprietary and Confidential 14 August 2017
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There will be an ongoing review of individual subject safety and efficacy data by the Medical
Monitor and the DMC. FVIII activity by a validated assay will be used to evaluate efficacy over
the course of the study. Therapeutic oral corticosteroids may be initiated when a subject’s ALT
values are elevated or based on review of FVIII activity and liver enzyme data, and subsequent
dosage adjustments made, after consultation between the Investigator and the Medical Monitor.
Any safety signal may trigger a review of the data and possible additional immunogenicity studies
or other diagnostics deemed necessary that include an assessment of cellular immune responses
using collected peripheral blood mononuclear cells (PBMCs).

NUMBER OF SUBJECTS PLANNED:
Approximately 40 subjects may enroll into the study.

DIAGNOSIS AND ALL CRITERIA FOR INCLUSION AND EXCLUSION:
Participants are eligible to be included in the study only if all of the following criteria apply:

1.

Males > 18 years of age with hemophilia A and residual FVIII levels < 1 IU/dL as
evidenced by medical history, at the time of signing the informed consent.

Must have been on prophylactic FVIII replacement therapy for at least 12 months prior to
study entry. High-quality, well-documented historical data concerning bleeding episodes
and FVIII usage over the previous 12 months must be available.

Treated/exposed to FVIII concentrates or cryoprecipitate for a minimum of 150 exposure
days (EDs).

Willing and able to provide written, signed informed consent after the nature of the study
has been explained and prior to any study-related procedures.

No history of FVIII inhibitor, and results from a Bethesda assay with Nijmegen
modification of less than 0.6 Bethesda Units (BU) on 2 consecutive occasions (the most
recent one of which should be tested at the central laboratory) at least one week apart
within the past 12 months

Sexually active participants must agree to use an acceptable method of double barrier
contraception for at least 6 months post-infusion, which may include hormonal
contraception for a female partner. After 6 months, subjects may stop contraception use
only if they have had 3 consecutive semen samples with no detectable viral vector DNA.

Willing to abstain from alcohol consumption for at least the first 52 weeks following
BMN 270 infusion.

Proprietary and Confidential 14 August 2017
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8. HIV positive patients may be enrolled, only if the patient has a CD4 count > 200/mm° and
an undetectable viral load.

Participants are excluded from the study if any of the following criteria apply:

1. Detectable pre-existing antibodies to the AAVS5 capsid.

2. Any evidence of active infection or any immunosuppressive disorder, except for HIV infection
as described in the inclusion criterion above.

3. Significant liver dysfunction with any of the following abnormal laboratory results:
e ALT (alanine transaminase) or AST >2X ULN;
e Total bilirubin >2X ULN;
e Alkaline phosphatase >2X ULN; or
¢ INR (international normalized ratio) > 1.4.

Subjects whose liver laboratory assessments fall outside of these ranges may undergo repeat
testing and, if eligibility criteria are met on retest, may be enrolled after confirmation by the
Medical Monitor. In addition, subjects with abnormal laboratory results related to confirmed
benign liver conditions (eg, Gilbert’s syndrome) are considered eligible for the study
notwithstanding their abnormal laboratory results and may be enrolled after discussion with
the Medical Monitor.

4. Prior liver biopsy showing significant fibrosis of 3 or 4 as rated on a scale of 0-4 on the
Batts-Ludwig (Batts 1995) or METAVIR (Bedossa 1996) scoring systems, or an equivalent
grade of fibrosis if an alternative scale is used.

Evidence of any bleeding disorder not related to hemophilia A.
Platelet count of < 100 x 10°/L.
Creatinine > 1.5 mg/dL.

Liver cirrhosis of any etiology as assessed by liver ultrasound.

Y ® N

Chronic or active hepatitis B as evidenced by positive serology testing and confirmatory HBV
DNA testing. Refer to the Centers for Disease Control (CDC) table for the interpretation of
serological test results in the Laboratory Manual.

10. Active Hepatitis C as evidenced by detectable HCV RNA or currently on antiviral therapy.

Proprietary and Confidential 14 August 2017
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11. Active malignancy, except non-melanoma skin cancer.
12. History of hepatic malignancy.

13. History of arterial or venous thromboembolic events (eg, deep vein thrombosis, non-
hemorrhagic stroke, pulmonary embolism, myocardial infarction, arterial embolus), with the
exception of catheter-associated thrombosis for which anti-thrombotic treatment is not
currently ongoing.

14. Known inherited or acquired thrombophilia, including conditions associated with increased
thromboembolic risk, such as atrial fibrillation.

15. Treatment with any Investigational Product within 30 days prior to the screening period. For
subjects who have received a prior investigational product, all ongoing adverse events (AEs)
experienced while receiving that investigational product must have resolved prior to screening
for this study.

16. Any condition that, in the opinion of the Investigator or Sponsor would prevent the patient
from fully complying with the requirements of the study (including possible corticosteroid
treatment outlined in the protocol) and/or would impact or interfere with evaluation and
interpretation of subject safety or efficacy result.

17. Prior treatment with any vector or gene transfer agent.
18. Major surgery planned in the 52-week period following the infusion with BMN 270.
Use of systemic immunosuppressive agents, not including corticosteroids, or live vaccines within

30 days before the BMN 270 infusion.

Concurrent enrollment in another clinical study, unless it is an observational (non-
interventional) clinical study that does not interfere with the requirements of the current
protocol or have the potential to impact the evaluation of efficacy and safety of BMN 270
and with prior consultation with the Medical Monitor.

Known allergy or hypersensitivity to BMN 270 investigational product formulation.

Unwilling to receive blood or blood products for treatment of an adverse event and/or a
bleeding episode.

Proprietary and Confidential 14 August 2017
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INVESTIGATIONAL PRODUCT(S), DOSE, ROUTE AND REGIMEN:

Each subject will receive a single intravenous infusion of BMN 270 at 6E13 vg/kg. The volume of
infusion will depend on the subject’s weight.

REFERENCE THERAPY(IES), DOSE, ROUTE AND REGIMEN:
No reference therapy will be evaluated in this study.

DURATION OF TREATMENT:
BMN 270 is given as a single dose by intravenous infusion.

CRITERIA FOR EVALUATION:

Efficacy:
Primary efficacy endpoints:

e Change of the median hFVIII activity during Weeks 48-52 post-BMN 270 infusion from
baseline using a validated assay. Values for hFVIII activity will be excluded if obtained
within 72 hours since the last infusion of exogenous FVIII protein concentrates (or 5x the
known half-life of the FVIII concentrates administered).

Secondary efficacy endpoints:

e Change in the annualized utilization (IU/kg) of exogenous FVIII replacement therapy
during Week 5 to Week 52 post-BMN 270 infusion from the baseline utilization
of exogenous FVIII replacement therapy calculated using subjects’ historical medical
records during the year prior to enrollment.

e Change in the annualized number of bleeding episodes requiring exogenous FVIII
replacement treatment during Week 5 to Week 52 of the study post-BMN 270 infusion
from the baseline ABR calculated using subjects’ historical medical records during the
year prior to enrollment.

Tertiary efficacy endpoints:

e Change from baseline in the total score of HAEMO-QoL-A at Week 52 of the study
post-BMN 270 infusion.

e Change from baseline in the EQ-5D-5L score at Week 52 of the study post-BMN 270
infusion.

e Change from baseline in the Haemophilia Activities List (HAL) score at Week 52 of the
study post-BMN 270 infusion.

e Change from baseline in the Work Productivity and Activity Impairment plus Classroom

Impairment Questions: Hemophilia Specific (WPAI+CIQ:HS) score at Week 52 of the
study post-BMN 270 infusion.

Proprietary and Confidential 14 August 2017
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Safety:

The following safety outcome measurements will be assessed:

e Incidence of adverse events (AEs) and serious AEs (SAEs)

e Change in clinical laboratory tests (serum chemistry and hematology)

e Change in vital signs

e Change in physical examination

e Vector shedding (blood, urine, semen, feces, saliva)
e Liver function tests (LFTs, including ALT, AST, GGT, LDH, bilirubin, alkaline

phosphatase)

e Immune response to FVIII transgene product and AAVS capsid proteins

Each subject will have comprehensive surveillance monitoring of LFTs (once per week for
Weeks 1-36, and then once every 2 weeks from Weeks 37-52) during Year 1. LFTs will be
monitored every three months for up to 5 years post-dose in the safety extension; the frequency
and duration of LFT testing may be changed based on discussion between the Medical Monitor
and the Investigator, review of subject data, and/or by independent DMC feedback.

There will be a detailed assessment of cellular and humoral responses to AAVS capsid and FVIII

protein.
Pharmacodynamics:

The FVIII protein concentration and activity level as measured by a validated immunoassay and a
validated FVIII activity assay, respectively, will be used for plasma profiles; FVIII protein and
activity will be used to determine PD parameters.
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STATISTICAL METHODS:
Sample Size

Forty (40) subjects may be dosed in the study. Assuming a rate of subject discontinuation of up to
15%, a sample size of 40 will provide at least 90% power to demonstrate that the change in median
hFVIII activity at Weeks 48-52 from baseline is statistically significant, assuming an effect size of
0.6, using a one-sample t-test with an 2-sided significance level of 0.049. The sample size of 40
will also have at least 90% power for hypothesis testing of each of the secondary endpoints.

Analysis Population

The efficacy analysis set will be comprised of all subjects who have received BMN 270 infusion.
The safety population will consist of all subjects who receive BMN 270 infusion during the study.

Analysis

For the primary efficacy endpoint at Week 52 (ie, the change in the median hFVIII activity during
Weeks 48-52 post-BMN 270 infusion from baseline), a one-sample t-test will be used to test the
null hypothesis that the change is 0 or less against the alternative hypothesis that the change is
greater than 0.

For the first secondary efficacy endpoint at Week 52 (ie, the change in the annualized utilization
(IU/kg) of exogenous FVIII replacement therapy during Weeks 5-52 post-BMN 270 infusion from
baseline), a one-sample t-test will be performed to test the null hypothesis that the change is 0 or
greater against the alternative hypothesis that the change is less than 0.

For the second secondary efficacy endpoint at Week 52 (ie, the change in the annualized number of
bleeding episodes requiring exogenous FVIII replacement treatment during Weeks 5-52

post-BMN 270 infusion from baseline), a one-sample t-test will be performed to test for non-
inferiority of BMN 270 against FVIII prophylaxis using a margin of 3.5. If non-inferiority is
demonstrated, the test for superiority of BMN 270 against FVIII prophylaxis will be performed.

The primary endpoint and secondary endpoints will be tested sequentially according to the order
described above.

An interim analysis is planned when all 40 treated subjects have completed the Week 26 visit. The
primary efficacy endpoint for the interim analysis is change in the median hFVIII activity during
Weeks 22-26 post-BMN 270 infusion from baseline. The secondary efficacy endpoints for the
interim analysis will be defined as follows:

e Change in the annualized utilization (IU/kg) of exogenous FVIII replacement therapy
during Weeks 5-26 post-BMN 270 infusion from baseline.
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e Change in the annualized number of bleeding episodes requiring exogenous FVIII
replacement treatment during Weeks 5-26 post-BMN 270 infusion from baseline (tested
first for non-inferiority using a margin of 3.5 and then for superiority).

The primary and secondary efficacy hypotheses at the interim analysis will be tested sequentially
according to the order described above.

The Bonferroni procedure will be used to adjust for multiplicity using alpha=0.001 at the interim
analysis and alpha=0.049 at the final analysis.

However, regardless of the interim analysis results, the study will continue, and the final analysis
will be performed at Week 52.

The tertiary endpoints will be analyzed at the interim (Week 26) and final (Week 52) analyses,
irrespective of the aforementioned hierarchical testing.

Analysis of safety endpoints will be primarily descriptive. The incidence of AEs will be
summarized by system organ class, preferred term, relationship to study drug, seriousness, and
severity. Clinical laboratory test values, vital signs, vector shedding and immune response
parameters will be summarized descriptively by visit.
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4 LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS

Abbreviations
AAV adeno-associated virus
ABR annualized bleeding rate
ADL activities of daily living
ADR adverse drug reaction
AE adverse event
ALT alanine aminotransferase
APTT activated partial thromboplastin time
ART anti-retroviral therapy
BPV BioMarin Pharmacovigilance
BU Bethesda Unit
CFR Code of Federal Regulations
CRA clinical research associate
CRF case report form
CSR clinical study report
CTCAE Common Terminology Criteria for Adverse Events
DMC Data Monitoring Committee
eCRF electronic case report form
ED exposure days
EOSI events of special interest
ETV early termination visit
EudraCT European Union Drug Regulating Authorities Clinical Trials
FAS Full Analysis Set
FDA Food and Drug Administration
FIH first-in-human
FVIII coagulation factor VIII
GCP Good Clinical Practice
HA Hemophilia A
HAL Haemophilia Activities List
hFIX human coagulation factor IX
hFVIII human coagulation factor VIII
HIPAA Health Insurance Portability and Accountability Act
IB investigator brochure
ICF informed consent form
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ICH

ICH E6 [R2]
IEC

IND

INR

IP

IRB

v

LFT
MedDRA
NOAEL
PBMC
PD

PEG

PK

PRO
rhFVIII
REB
SAE
SAP
SDV
TGA
ULN

vg
VWEF:Ag
WPAI+CIQ:HS

International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use

ICH Harmonised Tripartite Guideline: Guideline for Good Clinical Practice E6
independent ethics committee
Investigational New Drug (application)
international normalized ratio
investigational product

institutional review board

intravenous

liver function test

Medical Dictionary for Regulatory Activities
no-observed-adverse-effect level
peripheral blood mononuclear cells
pharmacodynamics

polyethylene glycol

Pharmacokinetics

patient-reported outcome

recombinant human FVIII protein
research ethics board

serious adverse event

statistical analysis plan

source data verification

thrombin generation assay

upper limit of normal

vector genomes

von Willebrand factor Antigen

Work Productivity and Activity Impairment plus Classroom Impairment
Questions: Hemophilia Specific

Proprietary and Confidential 14 August 2017




protocol.pdf - Page 20

B:OMARIN 270301 Page 20

Definition of Terms:
Investigational Product (IP):

“A pharmaceutical form of an active ingredient or placebo being tested or used as a reference
in a clinical trial, including a product with a marketing authorization when used or assembled
(formulated or packaged) in a way different from the approved form, or when used for an
unapproved indication, or when used to gain further information about an approved use”
(from International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use ICH Harmonised Tripartite Guideline:
Guideline for Good Clinical Practice E6 [ICH E6 (R2)]).

The terms “IP” and “study drug” may be used interchangeably in the protocol.
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5 ETHICS

BioMarin Pharmaceutical Inc. (hereafter referred to as BioMarin or the Sponsor) conducts its
studies according to the highest ethical and scientific standards. The following sections
articulate standards to which Investigators will be held accountable, as well as matters of
compliance to document adherence to such standards.

5.1 Institutional Review Board or Independent Ethics Committee

Investigators are expected to interact with Ethics Committees (ECs) promptly, as required,
during the course of the study. This includes, but is not limited to, providing appropriate
documentation to support study initiation and maintaining appropriate flow of safety and
other information during the course of the study and for study close-out activities. BioMarin
(or designee) will assist Investigators with access to timely and accurate information and
with assurance of prompt resolution of any queries.

Prior to initiating the study, the Investigator will obtain written confirmation that the
institutional review board (IRB) or independent ethics committee (IEC) [for Canadian
protocols, Research Ethics Board (REB)] is properly constituted and compliant with
International Conference on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) and Good Clinical Practice (GCP) requirements,
applicable laws and local regulations. A copy of the confirmation from the IRB/IEC/REB
will be provided to BioMarin or its designee. The Investigator will provide the IRB/IEC/REB
with all appropriate material, including the protocol, Investigator’s Brochure (IB), the
Informed Consent Form (ICF) including compensation procedures, and any other written
information provided to the subjects, including all ICFs translated for patients who do not
speak the local language at the clinical site. The study will not be initiated and Investigational
Product (IP) supplies will not be shipped to the site until appropriate documents from the
IRB/IEC/REB confirming unconditional approval of the protocol, the ICF and all subject
recruitment materials are obtained in writing by the Investigator and copies are received at
BioMarin or its designee. The approval document should refer to the study by protocol title
and BioMarin protocol number (if possible), identify the documents reviewed, and include
the date of the review and approval. BioMarin will ensure that the appropriate reports on the
progress of the study are made to the IRB/IEC/REB and BioMarin by the Investigator in
accordance with applicable guidance documents and governmental regulations.

5.2 Ethical Conduct of Study

It is expected that Investigators understand and comply with the protocol. This includes, but
is not limited to: establishing and meeting enrollment commitments, including providing
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eligible subjects for study enrollment; adhering to adverse event reporting, diagnostic, or
other procedures as specified in the protocol; and assuring appropriate compliance with study
treatment administration and accountability.

This study will be conducted in accordance with the following:

e European Clinical Trial Directive 2001/20/EC and Good Clinical Practice Directive
2005/28/EC, for studies conducted within any European country

e US Code of Federal Regulations (CFR) sections that address clinical research studies,
and/or other national and local regulations, as applicable

¢ ICH Harmonised Tripartite Guideline: Guideline for Good Clinical Practice E6
(ICH E6) or E6(R2) (ICH E6R?2) if adopted

Specifically, this study is based on adequately performed laboratory and animal
experimentation and human Phase 1 study testing. The study will be conducted under a
protocol reviewed and approved by an IRB/IEC/REB and will be conducted by scientifically
and medically qualified persons. The potential benefits of the study are in proportion to the
potential risks. The rights and welfare of the subjects will be respected and the Investigators
conducting the study do not find the hazards to outweigh the potential benefits. Each subject
will provide written, informed consent before any study-related tests or evaluations are
performed.

53 Subject Information and Informed Consent

A properly written and executed informed consent form (ICF), in compliance with ICH E6
(Section 4.8), United States Code of Federal Regulations (CFR) 21 CFR §50, European
Clinical Trial Directive 2001/20/EC and Good Clinical Practice Directive 2005/28/EC, and
other applicable local regulations, will be obtained for each subject prior to entering the
subject into the study. The Investigator will prepare the ICF and provide the documents to
BioMarin for approval prior to submission to the IRB/IEC/REB. BioMarin and the
IRB/IEC/REB must approve the documents before they are implemented. A copy of the
approved ICF, and if applicable, a copy of the approved subject information sheet and all
ICFs translated to a language other than the native language of the clinical site must also be
received by BioMarin or designee prior to any study-specific procedures being performed.

The Investigator will provide copies of the signed ICF to each subject and will maintain the
original in the record file of the subject.
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6 INVESTIGATORS AND STUDY ADMINISTRATIVE STRUCTURE

During administration of informed consent, expectations regarding participation in the study
should be made clear to subjects. Patients who are not willing and/or are not able to comply
with all aspects of the study should not be encouraged to participate.

Prior to beginning the study, the Investigator at each site must provide to BioMarin or
designee a fully executed and signed Statement of Investigator (SOI) form. A US Food and
Drug Administration (FDA) Form FDA 1572 serves as an acceptable SOI form. If Form
FDA 1572 may not be used in a particular region, the Investigator must provide a fully
executed SOI on the form provided by the Sponsor. All Investigators and Sub-Investigators
must be listed on Form FDA 1572 or its equivalent SOI. Financial Disclosure Forms must
also be completed for all Investigators and Sub-Investigators listed on the Form FDA 1572 or
SOI who will be directly involved in the treatment or evaluation of subjects in this study.

The study will be administered by and monitored by employees or representatives of
BioMarin. Clinical research associates (CRAs) or trained designees will monitor each site on
a periodic basis and perform verification of source documentation for each subject as well as
other required review processes. BioMarin’s Regulatory Affairs Department (or designee)
will be responsible for the timely reporting of serious adverse events (SAEs) to appropriate
regulatory authorities as required.

In multicenter studies, a Coordinating Investigator will be identified who will be responsible
for study overview. The Coordinating Investigator will read the clinical study report (CSR)
and confirm that it accurately describes the conduct and results of the study, to the best of his
or her knowledge. The Coordinating Investigator will be chosen on the basis of active
participation in the study, ability to interpret data, and willingness to review and sign the
report in a specified timeframe. The identity of the Coordinating Investigator and a list of all
Investigators participating in the study will be provided in the CSR.

Clinical Laboratory assessments will be performed at a nominated central laboratory.
Bioanalytical samples will be sent to the appropriate specialty laboratories for testing. Refer
to laboratory manual for more details.
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7 INTRODUCTION

Hemophilia A (HA) is an X-linked recessive bleeding disorder that affects approximately

1 in 5,000 males (Nathwani, 1992, Baillieres Clin.Haematol.). It is caused by mutations in
the factor VIII (FVIII) gene that codes for FVIII protein, an essential cofactor in the
coagulation pathway. Clinical manifestations of severe FVIII deficiency are frequent
unprovoked bleeding episodes in joints and soft tissues causing permanent disability and
occasionally death mostly after brain hemorrhage. Treatment in Western countries (Berntorp,
2012, Haemophilia.) consists of intravenous injection of plasma-derived or recombinant
FVIII protein concentrates at the time of a bleed to control it or prophylactically to prevent
bleeding episodes. The short half-life for FVIII (~8-12 hours) necessitates frequent infusions
and makes this treatment prohibitively expensive for the majority of the world’s hemophilia
A patients. These individuals develop debilitating arthropathy and have a substantially
increased risk of death from hemorrhage in life (Stonebraker, 2010, Haemophilia.). Chemical
modification or bioengineering of FVIII may improve half-life to 18-19 hours (Kaufman,
2013, Blood). However, these extended half-life FVIII variants do not eliminate the need for
lifelong FVIII protein administration (Hay, 2012, Blood).

Gene therapy offers the potential of disease-modifying therapy by continuous endogenous
production of human FVIII (hFVIII) following a single administration of vector. Hemophilia
A is well-suited for this approach because its clinical manifestations are attributable to the
lack of a single gene product (FVIII) that circulates in low amounts (100-200 ng/ml) in the
plasma. Tightly regulated control of gene expression is not essential, and a modest increase
in the level of FVIII (a plasma level of 2 ng/ml protein leads to a 1% expression) can
ameliorate the severe phenotype (Srivastava, 2013, Haemophilia.); thus, the therapeutic goal
for gene therapy is a modest increase in hFVIIIL. Finally, the consequences of gene transfer
can be assessed using simple quantitative rather than qualitative endpoints that can be easily
assayed in most clinical laboratories.

BMN 270 contains the cDNA for the B-domain-deleted SQ FVIII with a liver-specific HLP
transcription promoter. The expression cassette is inserted between AAV2 ITRs, and this
genome is packaged in the AAVS capsid. A comprehensive review of BMN 270 is contained
in the IB supplied by BioMarin. Investigators are to review this document prior to initiating
this study.

7.1 Nonclinical Studies

The nonclinical program supports a single IV infusion of BMN 270, the planned clinical
route of administration, for the treatment of hemophilia A in male patients. This nonclinical

Proprietary and Confidential 14 August 2017



protocol.pdf - Page 25

B:OMARIN 270301 Page 25

program took into account the guidelines and reflection papers for gene therapy medicinal

products under EMA Advanced Therapies as well as FDA guidance. The primary
pharmacodynamics (PD), pharmacokinetics (PK), and toxicity of [V BMN 270 were
characterized in a series of single dose studies in species that were vector permissive and
responsive to the transgene including normal CD-1 mice, a B- and T-cell deficient mouse
model of hemophilia A (B6;129S-F8™K%/J x B6.129S6-Rag2™™ N12; FVIII KO x Rag2),
and normal cynomolgus and rhesus monkeys. Some PD studies evaluated additional PK,
immunogenicity and toxicity endpoints.

Results of the nonclinical program to date are detailed in the IB supplied by BioMarin.
Investigators are to review this document prior to initiating this study.

7.2 Previous Clinical Studies

Study BMN 270-201 is an ongoing Phase 1/2, dose-escalation study to assess the safety,
tolerability, and efficacy of BMN 270 in patients with severe hemophilia A (FVIII

<1 IU/dL). Subjects received a single BMN 270 infusion and are to be followed for safety
and efficacy for up to 5 years. A total of 15 subjects have been enrolled at one of 4 dose
levels (6E12, 2E13, 4E13, and 6E13 vg/kg).

A comprehensive review of safety, efficacy, and immunogenicity results from 270-201 as of
the latest data cut is contained in the IB supplied by BioMarin. Investigators are to review
this document prior to initiating this study.

7.3 Study Rationale

Hemophilia A (HA) is an X-linked recessive bleeding disorder that affects approximately 1
in 5,000 males. It is caused by deficiency in the activity of coagulation factor VIII (FVIII),
an essential cofactor in the intrinsic coagulation pathway. This disorder can be either
inherited, due to a genetic aberrancy or an acquired immunologic process, leading to
insufficient quantities of FVIII or a dysfunctional FVIII, but all are characterized by a
defective coagulation process. The clinical phenotype of HA patients generally correlates
tightly with the level of residual expression. Severe HA is classified as FVIII activity less
than 1% of wild type (< 1 IU/dL), moderate disease comprises 1-5% of wild-type activity and
the mild form is 5-40% activity. The clinical manifestations of severe HA are frequent
spontaneous bleeding episodes, predominantly in joints and soft tissues, with a substantially
increased risk of death from hemorrhage when the brain is involved. Subjects with moderate
disease can exhibit manifestations similar to those seen in patients with severe HA, resulting
in a comparable bleeding phenotype.
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Treatment of severe HA presently consists of intravenous injection of plasma derived or
recombinant human FVIII protein (rhFVIII) concentrates both as prophylaxis 2-3 times per
week, and at the time of a bleed, to prevent or control bleeding episodes, respectively. The
half-life for FVIII (12 to 18 hours for most approved products) necessitates frequent
infusions, and although a major advance in the treatment of HA, it remains common for
severe HA patients to continue to have multiple bleeding events on prophylactic therapy
(median ABR of 1-4 with prophylaxis treatment in a recently published retrospective
observational study (Berntorp, 2016, Haemophilia) and between 1-2 in 6 prospective FVIII
interventional studies) and on-demand-only therapy (median ABR of 4.5-18 in a recently
published retrospective study (Berntorp, 2016, Haemophilia) and between 20-60 in

6 prospective FVIII interventional studies). The consequence of multiple bleeding events is
the development of debilitating multiple-joint arthropathy and substantially increased risk of
death. Chemical modification (eg, direct conjugation of polyethylene glycol (PEG) polymers)
and bioengineering of FVIII (eg, FVIII-Fc fusion proteins) improve half-life by
approximately 50%, and thus, show promise in reduced dosing and maintaining activity
levels above 1% trough for a greater proportion of the dosing interval. However, these
extended half-life FVIII variants remain dependent on multiple infusions to maintain critical
levels of FVIII activity in severe HA patients. There is therefore a strong unmet need for a
fully preventive treatment of HA to give patients a FVIII level compatible with a normal and
hemorrhage-free life.

Gene therapy offers the potential of disease-modifying therapy by continuous endogenous
production of active FVIII following a single intravenous infusion of a vector encoding the
appropriate gene sequence for long-term episomal expression. Hemophilia A is well-suited
for a gene replacement approach because clinical manifestations are attributable to the lack
of a single gene product (FVIII) that circulates in minute amounts (200 ng/ml) in the plasma.
Tightly regulated control of gene expression is not essential, and even modest increases in
the level of FVIII (any increase of the plasma level by 2 ng/ml induces an increase in activity
of 1%) can ameliorate the severe form of the disease. Thus, relatively small changes in
endogenous FVIII activity can result in clinically relevant improvements in disease
phenotype. Finally, the circulating FVIII response to gene transduction can be assessed using
validated quantitative rather than qualitative endpoints that are easily assayed using
established laboratory techniques.

Several different gene transfer strategies for FVIII replacement have been evaluated, but
adeno-associated viral (AAV) vectors show the greatest promise. They have an excellent and
well-defined safety profile, and can direct long term transgene expression with tropism and
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promoter specificity for specific tissues such as the liver (for serotypes 2, 5 and 8 among
others). Indeed, an on-going gene therapy clinical trial for a related disorder, hemophilia B,
has established that stable (median follow-up of 3.2 years) expression of human factor IX
(hFIX) at levels that are sufficient for conversion of their bleeding phenotype from severe to
moderate or mild is achievable following a single peripheral vein infusion of AAV8-hFIX
vector. Several participants in this trial have been able to discontinue factor prophylaxis
without suffering spontaneous hemorrhages, even when they undertook activities that
previously resulted in bleeding. Thus, gene therapy treatment has resulted in a substantial
improvement in their quality of life (Nathwani, 2014, N Engl J Med).

BMN 270 is an AAV5-based gene therapy vector that expresses the SQ form of hFVIII under
the control of a hybrid human liver-specific promoter (Figure 7.3.1).

Figure 7.3.1: hFVIII-SQ Vector Genome Schematic
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Legend —Note that schematic is not to scale; nt = nucleotides

BMN 270 will be delivered by a single intravenous dose and is designed to achieve stable,
potentially life-long expression of active hFVIII in the plasma, synthesized from vector-
transduced liver tissue.

BMN 270 is currently being evaluated in clinical study 270-201, an ongoing first-in-human,
phase 1/2 dose escalation study in subjects with severe HA designed to assess the safety and
efficacy of BMN 270 at various dose levels (6E12 vg/kg, 2E13 vg/kg, 4E13 vg/kg,

6E13 vg/kg). Specifically, 270-201 explores the relationship of vector dose to the
augmentation of residual FVIII activity and whether these levels are sufficient to alter the
clinical phenotype. Preliminary results from 270-201 have demonstrated that following gene
transfer, FVIII activity above 5% (5 IU/dL) and, in many cases, within the normal range for
FVIII, is achievable at doses of 4-6E13 vg/kg with an acceptable safety profile (Pasi, 2016,
Haemophilia).

The current study is a Phase 3, single-arm, open-label study designed to assess whether, in an
expanded sample, BMN 270 can safely alter the clinical phenotype of hemophilia A patients
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with residual FVIII activity < 1 IU/dL, with an altered phenotype defined as reaching FVIII
activity of > 5% (5 TU/ dL).

7.4 Summary of Overall Risks and Benefits

The majority of subjects in the ongoing 270-201 clinical study who have received 4E13 or
6E13 vg/kg doses of BMN 270 have had Grade 1 asymptomatic elevations in ALT. For most
subjects, the elevations have reached only slightly above the ULN. Based on the
effectiveness of transient oral corticosteroid use to suppress a presumed Class 1 (cytotoxic
T-cell) response to hepatocytes transduced in prior studies with hepatic transduction with
AAYV vectors (Mingozzi, 2013), subjects were treated with 7-32 weeks of oral corticosteroids
preventatively or in response to the elevations in ALT to ensure preservation of the
transduced hepatocytes. Using this approach, no sustained loss of FVIII activity has been
observed in subjects with ALT elevations, consistent with maintaining a high level of
hepatocyte function. Moreover, the rise in ALT levels were not accompanied by significant
or lasting aberrations in other liver function tests such as AST, bilirubin or albumin,
indicating that extent of toxicity is limited. Overall, the literature suggests that transient
elevations in liver enzymes are expected following AAV-based gene therapy for the
treatment for hemophilia B without any long-term concerns of hepatic injury (Manno, 2006,
Nature Med); (Nathwani, 2011, N Engl J Med); (George, 2016, Haemophilia); (Miesbach,
2016, Haemophilia).

At the highest dose tested in 270-201 (6E13 vg/kg), the majority of subjects achieved FVIII
levels above 50 IU/dL at 52 weeks post-infusion. Subjects in that cohort also reported
markedly decreased bleeding compared with pre-study rates and the ability to discontinue
prophylactic FVIII infusions. Subjects at all dose levels continue to be followed.

The current data available for BMN 270 does not yet permit adequate assessment of the
benefit:risk profile of this investigational drug. Given the monitoring measures in place in the
clinical protocol(s) to minimize the risk to subjects participating in the existing studies, the
identified risks are justified by the anticipated benefits that may be afforded to subjects.

Each subject in 270-301 will have a comprehensive surveillance plan that monitors LFTs
during the study, and elevations in LFT will be addressed according to the guidelines set
forth in the protocol. Safety will be assessed by adverse event reporting and clinical
laboratory assessments.

For additional information on findings in 270-201, refer to the current version of the
Investigator’s Brochure.
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8 STUDY OBJECTIVES

The primary efficacy objectives of the study are to:

e Assess the efficacy of BMN 270 defined as median FVIII activity during
Weeks 48-52 following intravenous infusion of BMN 270

The secondary efficacy objectives of the study are to:

e Assess the impact of BMN 270 on usage of exogenous FVIII replacement therapy
from Week 5 to Week 52

e Assess the impact of BMN 270 on the number of bleeding episodes requiring
exogenous FVIII replacement therapy from Week 5 to Week 52

The tertiary efficacy objectives of the study are to:

e Assess the impact of BMN 270 on patient-reported outcomes (PROs) at Week 52 of
the study compared to baseline

The safety objectives of the study are to:

e Evaluate the safety of BMN 270 during the first 52 weeks following intravenous
infusion

e Assess the long-term safety of BMN 270
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9 INVESTIGATIONAL PLAN

9.1 Overall Study Design and Plan

This is a Phase 3, single-arm, open-label study in hemophilia A patients with residual FVIII
levels < 1 IU/dL treated continuously with prophylactic exogenous FVIII for the year prior to
enrollment. Subjects will be enrolled at approximately 30 sites worldwide. Subjects must
have high-quality, well-documented historical data available concerning previous bleeding
episodes and exogenous FVIII usage over the previous 12 months in order to be eligible to
enroll in the study.

Approximately 40 subjects will receive a 6E13 vg/kg dose of BMN 270 as an intravenous
infusion. The Data Monitoring Committee (DMC) will review available safety and efficacy
(eg, FVIII activity) data during the study on an ongoing basis and may determine, based on
emerging data and the risk/benefit profile, that further enrollment at 6E13 vg/kg should be
discontinued in favor of a different dose of BMN 270. If the DMC recommends a dosing
modification, then additional subjects may be enrolled, up to a total of approximately

40 subjects, at the new BMN 270 dose level (regardless of the number of subjects previously
enrolled at 6E13 vg/kg).

The final analysis for the study will be performed after all subjects have been followed for
52 weeks post-BMN 270 infusion. After the final analysis, safety and efficacy will then
continue to be assessed long-term in all subjects for a total of approximately 5 years.

To avoid breakthrough bleeding, subjects will only discontinue exogenous prophylactic
FVIII replacement therapy after FVIII activity has reached at least 5 IU/dL or 4 weeks
following infusion of BMN 270, whichever is earlier. Four weeks represents the time by
which endogenous production of FVIII following gene transfer is expected to be efficacious.

Throughout the study, subjects with FVIII activity below 5 IU/dL may be monitored more
frequently at the discretion of the Medical Monitor and the Investigator.

There will be an ongoing review of individual subject safety and efficacy data by the Medical
Monitor and the DMC. FVIII activity by a validated assay will be used to evaluate efficacy
over the course of the study. Therapeutic oral corticosteroids may be initiated when a
subject’s ALT values are elevated or based on review of FVIII activity and liver enzyme
data, and subsequent dosage adjustments made, after consultation between the Investigator
and the Medical Monitor. Management of ALT elevations is discussed in more detail in
Section 9.7.8.3.
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Any safety signal may trigger a review of the data and possible additional immunogenicity
studies or other diagnostics deemed necessary that include an assessment of cellular immune
responses using collected peripheral blood mononuclear cells (PBMCs).

Schedules of assessments for the Screening and Infusion period (Table 9.1.1), Post-Infusion
follow-up periods (Table 9.1.2, Table 9.1.3, Table 9.1.4), and during the use of oral
corticosteroids (Table 9.1.5) are presented below.

Proprietary and Confidential 14 August 2017



protocol.pdf - Page 32

o

OMARIN

270-301 Page 32
Table 9.1.1: Schedule of Events — Screening and Infusion
Prior to BMN 270 Infusion BMN 270
Smart Baseline Infusion
Screening” Rescreening' (Day -7 to Day - Visit
Assessment (Day -28 to Day -1) | (Day -28 to Day -1) 1H" (Day 1)¥
Informed consent X
Demographics (age, sex, race, ethnicity) X
Medical History X
Physical Examination® X X X
Height and Weight X
Vital Signs X X X X
Assessment of Adverse Events and Concomitant Medications X X X X
Documentation of bleeding episodes and FVIII usage for previous 12 X X X
months (by either subject or clinical information)
Distribution of subject diaries and training in their use' X
Electrocardiogram X
Liver Ultrasound X
hFVIII Assays® X Xi X
AAVS TAb Assays® X X X X
AAVS TI Assay™ X
Screen for Hepatitis B, Hepatitis C, HIV¢ X
Blood chemistry, hematology, and coagulation tests® X X X
Urine Tests® X X X
Liver Function Tests® X X X
PBMC collection (for baseline determination of AAVS and FVIII specific X
cellular immunity)
Von Willebrand Factor Antigen (VWF:Ag) X
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Prior to BMN 270 Infusion BMN 270
Smart Baseline Infusion
Screening” Rescreening' (Day -7 to Day - Visit
Assessment (Day -28 to Day -1) | (Day -28 to Day -1) 1H" (Day 1)¥
Direct Thrombin Activity Test X
TGA Assay X
PCR of vector DNA in blood, saliva, urine, semen, and stools X X
Biomarker testing’ X
Exploratory biomarker assessments® X
Haemo-QOL-A assessment X
EQ-5D-5L X
HAL X
WPAI+CIQ:HS X
BMN 270 Infusion X

* Screening assessments should be performed within 28 days of BMN 270 infusion (and must be performed within 42 days prior to BMN 270 infusion).
2 Complete physical examination should be done at Screening. Brief physical examination may be done at Baseline and at the BMN 270 Infusion Visit.

b Includes baseline FVIII activity (chromogenic FVIII assay and one-stage clot FVIII assay), coagulation exploratory assay, hFVIII inhibitor level (Bethesda
assay with Nijmegen modification), hFVIII total antibody titer, and hFVIII protein assay. Baseline activity should be assessed at trough (at least >72 hours
after last dose of replacement FVIII therapy, or 5x the known half-life of the FVIII replacement therapy administered).

¢ Sample collection on the day of the infusion visit must be performed before the BMN 270 infusion is given. Screening, Smart Re-screening, and Infusion Day
samples will be tested in an AAVS5 Tab pre-screening assay specifically developed for enrolment purposes. Baseline and all post-dose samples will be tested in
a different AAVS Tab post-dose immunogenicity monitoring assay

d Patients with documented negative results within the last 30 days do not need to be retested.
¢ Refer to Table 9.7.8.2.1 for laboratory assessments to be included, and to Table 9.7.8.3.1 for liver function tests.
f Includes HLA genotyping, FVIII genotyping, TNFa and IL10a single nucleotide polymorphisms.

¢ Blood samples will be collected from subjects to evaluate biochemical, molecular, cellular, and genetic/genomic aspects relevant to hemophilia A disease. The
exploratory genetic/genomic testing on these samples is optional.
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" Should the screening visit occur within 30 days of the drug infusion, physical examination, blood chemistry, LFTs, hematology, urine tests, and coagulation
tests do not need to be repeated at Baseline.

i Smart rescreening should only be performed if a patient has been determined to be eligible for the study and is unable to complete the Baseline assessments and
Infusion prior to the closing of the original Screening window. Subjects who undergo smart rescreening must complete the rescreening assessments and receive
the infusion within 90 days of signing the original consent. Subjects who do not complete dosing within 90 days will be required to re-consent and undergo all
screening procedures. Subjects may not undergo smart rescreening more than once.

i Only the hFVIII inhibitor level (Bethesda assay with Nijmegen modification) assay must be done at smart rescreening.

k Assessments on the day of infusion must be performed prior to the infusion. On the day of the BMN 270 Infusion, vital signs will be monitored prior to the
infusion, during the infusion every 15 minutes (+ 5 minutes), and following the infusion hourly (+ 5 minutes) for at least 8 hours during the subject’s stay in the
clinic.

! Diaries should be distributed to subjects who have consented to participate in the study and who have been determined to meet all study eligibility criteria.

™While the transduction inhibition assays will be run at Screening, they will not be used to determine inclusion/exclusion from the study.

Proprietary and Confidential 14 August 2017



protocol.pdf - Page 35

o

OMARIN 270-301 Page 35

Table 9.1.2: Schedule of Events — Post-Infusion Follow-Up (Week 1-16)

Follow-Up After BMN 270 Infusion — Weeks*

Week 1
Assessment D4 D8 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Study Day” 4 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113

>
>
>
>
>
>
>
>
>
>
>

Physical examination® X X X X X

Weight? X X X X

Assessment of Adverse X X X X X X X X X X X X X X X X
Events and Concomitant
Medications (including
review of subject diary for
bleeding and FVIII use)

Vital Signs X X X X X X X X X X X X X X X X

Blood chemistry, X X X X
hematology, and
coagulation tests®

Urine Tests®

Liver Function Tests® X X X X

FVIII assays® X X X

FVIII antibody titer

IRl Rl K
>~
>~
>~

IR IRl R
>~
o
>~

IR Rl Rl
>~
>~
>~

IRl Rl Rl

PCR of vector DNA in X X X X
blood, saliva, urine,
semen, and stools?

Exploratory biomarker X X X
assessments®

Haemo-QOL-A X X
assessment

EQ-5D-5L X X
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Follow-Up After BMN 270 Infusion — Weeks*

o

Week 1

Assessment D4 D8 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Study Day” 4 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113
HAL
WPAI+CIQ:HS X X
AAVS TAb Assay X X
AAVS TI Assay X X

Testing for reactivation of Xt
hepatitis B and hepatitis C

PBMC collection (for X X X X X X X X
determination of AAVS
and FVIII specific
immunity)

Von Willebrand Factor X
Antigen (VWF:Ag)

Direct Thrombin Activity X
test

>
>

" Visit windows are + 48 hours (and include the Day 4 visit).

2 Brief physical examination should be done at all weekly visits.

bRefer to Table 9.7.8.2.1 for laboratory assessments to be included, and to Table 9.7.8.3.1 for liver function tests. LFTs may be monitored more or less
frequently (and in particular when ALT values are >1.5x ULN) based on discussion between the Medical Monitor and the Investigator and review of subject
data. Subjects with ALT > 1.5x ULN during the study and either an alternative etiology considered or for further evaluation of the lab abnormality may
undergo additional evaluations (eg, imaging studies including MRI or ultrasound, additional blood tests, and/or liver biopsy) at the discretion of the
Investigator. Additional testing of FVIII and LFTs during any study week may be performed if: (1) the ALT has increased to above ULN; (2) Increases in ALT
values from prior assessment are accompanied by declines in FVIII activity level; or after a discussion between the Medical Monitor and the Investigator based
on a review of subject data. If FVIII levels and/or ALT values are stable over the course of several weeks, assessment of FVIII activity and liver enzymes may
be adjusted based on discussion between the Medical Monitor and the Investigator.
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¢Includes FVIII activity level (chromogenic FVIII assay and one-stage clot FVIII assay), Bethesda assay (with Nijmegen modification) for hFVIII inhibitor level,
coagulation exploratory assay, and hFVIII protein assay. If FVIII levels are elevated or stable over the course of several weeks, assessment of FVIII activity
may be adjusted based on discussion between the Medical Monitor and the Investigator. A D-dimer may be considered under circumstances in which FVIII
activity levels are above the normal physiological range and/or if there is a concern for a venous thromboembolism.

dCollection to occur until at least 3 consecutive negative results are obtained. Collection and testing of semen samples must continue at least through Week 12,
even if 3 consecutive negative results in that compartment have already been recorded.

¢ Blood samples will be collected from subjects to evaluate biochemical, molecular, cellular, and genetic/genomic aspects relevant to hemophilia A disease. The
exploratory genetic/genomic testing on these samples is optional.

f Testing for reactivation of hepatitis B and hepatitis C at Week 16 should be performed only in subjects with evidence of prior exposure and who have not
received therapeutic oral corticosteroids prior to Week 16; subjects who have received therapeutic oral corticosteroids will have hepatitis B and hepatitis C
testing at the time points indicated in Table 9.1.5.
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Table 9.1.3: Schedule of Events — Post-Infusion Follow-Up (Week 17-32)

Follow-Up After BMN 270 Infusion — Weeks*

Assessment 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Study Day” 120 127 134 141 148 155 162 169 176 183 190 197 204 211 218 225
Physical X X X X X
examination® X X X X X X X X X X X
Weight* X X X X
Assessment of X X X X X X X X X X X X X X X X
Adverse Events and
Concomitant
Medications
(including review of
subject diary for
bleeding and FVIII
use)

Vital Signs X X X X X X X X X X X X X X X X
Blood chemistry, X X X
hematology, and

coagulation tests®

Urine Tests® X

Liver Function X X X X X X X X X X X X X X X X
Tests®

FVIII assays® X X X X X X X X X X X X X X X X
FVIII antibody titer X X X X
PCR of vector DNA X X X X
in blood, saliva,

urine, semen, and

stools?

Proprietary and Confidential 14 August 2017




protocol.pdf - Page 39

B

il

OMARIN

270-301 Page 39
Follow-Up After BMN 270 Infusion — Weeks*

Assessment 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Study Day” 120 127 134 141 148 155 162 169 176 183 190 197 204 211 218 225
Exploratory X X X X
biomarker
assessments®
Haemo-QOL-A X
assessment
EQ-5D-5L X
HAL X
WPAI+CIQ:HS X
AAVS TAb Assay X X
AAVS TI Assay X X
PBMC collection X X X X X X X X
(for determination of
AAVS5 and FVIII
specific cellular
immunity)

Von Willebrand X
Factor Antigen
(VWF:Ag)
Direct Thrombin X
Activity Test
TGA Assay X X X X
" Visit windows are = 48 hours.
2 Brief physical examination should be done at all weekly visits except Week 26, where a complete physical examination should be performed. Weight should be

recorded at Week 20 and every 4 weeks.

bRefer to Table 9.7.8.2.1 for laboratory assessments to be included, and to Table 9.7.8.3.1 for liver function tests. LFTs may be monitored more or less

frequently (and in particular when ALT values are >1.5x ULN) based on discussion between the Medical Monitor and the Investigator and review of subject
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data. Subjects with ALT > 1.5x ULN during the study and either an alternative etiology considered or for further evaluation of the lab abnormality may
undergo additional evaluations (eg, imaging studies including MRI or ultrasound, additional blood tests, and/or liver biopsy) at the discretion of the
Investigator. Additional testing of FVIII and LFTs during any study week may be performed if: (1) the ALT has increased to above ULN; (2) Increases in ALT
values from prior assessment are accompanied by declines in FVIII activity level; or after a discussion between the Medical Monitor and the Investigator based
on a review of subject data. If FVIII levels and/or ALT values are stable over the course of several weeks, assessment of FVIII activity and liver enzymes may
be adjusted based on discussion between the Medical Monitor and the Investigator.
¢Includes FVIII activity level (chromogenic FVIII assay and one-stage clot FVIII assay), Bethesda assay (with Nijmegen modification) for hFVIII inhibitor level,
coagulation exploratory assay, and hFVIII protein . If FVIII levels are elevated or stable over the course of several weeks, assessment of FVIII activity may be
adjusted based on discussion between the Medical Monitor and the Investigator. A D-dimer may be considered under circumstances in which FVIII activity

levels are above the normal physiological range and/or if there is a concern for a venous thromboembolism.

4 Collection to occur until at least 3 consecutive negative results are obtained.

¢ Blood samples will be collected from subjects to evaluate biochemical, molecular, cellular, and genetic/genomic aspects relevant to hemophilia A disease. The

exploratory genetic/genomic testing on these samples is optional.
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Table 9.1.4: Schedule of Events — Post-Infusion Follow-Up (Week 33 — Year 5)

Year 1 — Weeks* Yze-asrs

Assessment 33 | 34 [ 35 ] 36 | 38 [ 40 | 42 [ 44 | 46 | 48 | 50 | 52 ETV
Study Day” 232 239 | 246 | 253 | 267 | 281 | 295 | 309 | 323 | 337 [ 351 | 365 QM
Physical examination® X X X X X X X X X X X X Xa X
Weight* X X X X X X X
Assessment of Adverse Events and Concomitant X X X X X X X X X X X X X X
Medications (including review of subject diary for
bleeding and FVIII use)
Vital Signs X X X X X X X X X X X X X X
Blood chemistry, hematology, and coagulation tests® X X X X X
Urine Tests® X X Xb X
Liver Function Tests® X X X X X X X X X X X X X X
FVIII assays® X X X X X X X X X X X X X X
AAVS5 TAD Assay X X X X
AAVS TI Assay X X X X
FVIII antibody titer X X X X X
Exploratory biomarker assessments® X X X X X X X
PBMC Collection (for determination of FVIII and Capsid X X X X X X
specific cellular immunity)
Von Willebrand Factor Antigen (VWF:Ag) X X X X
Direct Thrombin Activity Test X X X X
TGA Assay X X X X X X X
PCR of vector DNA in blood, saliva, urine, semen, and X X X X X x)¢ X
stools!
Haemo-QOL-A assessment X Xf X
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Year 1 — Weeks* Yze-asrs
Assessment 33 | 34 [ 35| 36 | 38 | 40 | 42 | 44 | 46 | 48 [ 50 | 52 ETV
Study Day’ 232 | 239 | 246 | 253 | 267 | 281 | 295 | 309 | 323 | 337 | 351 | 365 | €M
EQ-5D-5L X | xf X
HAL X | xf X
WPAI+CIQ:HS X | xf X

* Visit windows are + 48 hours through Week 36, then +£1 week until Week 52 and + 2 weeks for visits in Years 2-5.

2 Complete physical examination should be performed at Week 52 and every 52 weeks thereafter; brief physical exam may be performed at other study visits.
Weight should be recorded at Week 36 and every 4 weeks through Week 52, then every 6 months during Years 2-5.

bRefer to Table 9.7.8.2.1 for laboratory assessments to be included, and to Table 9.7.8.3.1 for liver function tests. LFTs may be monitored more or less
frequently (and in particular when ALT values are >1.5x ULN) based on discussion between the Medical Monitor and the Investigator and review of subject
data. Subjects with ALT > 1.5x ULN during the study and either an alternative etiology considered or for further evaluation of the lab abnormality may
undergo additional evaluations (eg, imaging studies including MRI or ultrasound, additional blood tests, and/or liver biopsy) at the discretion of the
Investigator. Additional testing of FVIII and LFTs during any study week may be performed if: (1) the ALT has increased to above ULN or increased by > 10
U/L from prior assessment; (2) Increases in ALT values from prior assessment are accompanied by declines in FVIII activity level; or after a discussion
between the Medical Monitor and the Investigator based on a review of subject data. If FVIII levels and/or ALT values are stable over the course of several
weeks, assessment of FVIII activity and liver enzymes may be adjusted based on discussion between the Medical Monitor and the Investigator. During Years
2-5 of the Post-Infusion Follow-Up period, urine tests and blood, chemistry, and coagulation tests should be performed every 6 months (starting with Week 78).

¢Includes FVIII activity level (chromogenic FVIII assay and one-stage clot FVIII assay), Bethesda assay (with Nijmegen modification) for hFVIII inhibitor level,
coagulation exploratory assay, and hFVIII protein assay. If FVIII levels are elevated or stable over the course of several weeks, assessment of FVIII activity
may be adjusted based on discussion between the Medical Monitor and the Investigator. A D-dimer may be considered under circumstances in which FVIII
activity levels are above the normal physiological range and/or if there is a concern for a venous thromboembolism.

dSample testing during Long-Term Follow-Up is not required if at least 3 consecutive samples are cleared during the Post-Infusion Follow-Up period. Subjects
who have not had 3 consecutive negative semen samples by Week 52 should continue to have PCR testing of semen every 4 weeks until 3 consecutive negative
samples are documented (or upon consultation between the Investigator and Medical Monitor).

¢ Blood samples will be collected from subjects to evaluate biochemical, molecular, cellular, and genetic/genomic aspects relevant to hemophilia A disease. The
exploratory genetic/genomic testing on these samples is optional.
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f PRO assessments during Years 2-5 of Long-Term Follow-up should be performed at every other visit (every 6 months) starting with the Week 78 visit (ie,

26 weeks after the Week 52 visit at the end of Year 1 of the Long-Term Follow-up period).
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Table 9.1.5: Schedule of Events — Therapeutic Corticosteroids for LFT Elevations or Decreased FVIII Activity

.

Steroid Treatment Period® Post-Steroid Period®
Week Week
Week1 | Week2 | Week3 | Week4 | Week5 | Week 6 | Week 7 8P Week1 | Week2 | Week3 | Week 4 13
Therapeutic
corticosteroids 60 mg 60 mg 40 mg 40 mg 40 mg 30 mg 20 mg 10 mg
(dose in mg/day)?
FVIII activity
testing X X X X

Liver function

testing X X X X

Hepatitis B

testing? X X X
: d

HCV Viral Load X X X

2 Therapeutic oral corticosteroids may be initiated according to the parameters set out in Section 9.4.8.2.

b Following initiation or completion of steroid regimen, if a recurrence of ALT values > 1.5x ULN is reported, steroid management decisions will based on discussions
between the Investigator and Medical Monitor. Modification of the steroid regimen may take into consideration possible confounders for the ALT elevation,
relationship between increases in ALT and FVIII activity, ALT/FVIII levels post steroid initiation, and adverse events related to steroid dosing. Guidance for tapering
oral corticosteroid dosing can be found in Section 9.4.8.2.

¢ After discontinuation of oral corticosteroids, weekly labs for ALT and FVIII levels will be measured once a week for 4 weeks to ensure stability in values. If these
assessments are already being done as part of normal study follow-up, they do not need to be duplicated.

4 Should only be performed in subjects with a history of hepatitis B or hepatitis C.
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9.2  Discussion of Study Design, Including Choice of Control Group

Study 270-301 is designed to be a Phase 3, single-arm, open-label study in hemophilia A
patients with residual FVIII levels < 1 IU/dL previously treated with prophylactic exogenous
FVIIL. Hemophilia A patients who provide written informed consent, meet the entry criteria
definition of residual FVIII activity, have well-documented historical data for the previous
12 months concerning exogenous FVIII usage and bleeding episodes, and do not have
antibodies to AAVS will be eligible to enroll in the study.

Approximately 40 subjects will be enrolled at the 6E13 vg/kg BMN 270 dose. Subjects will
be followed for 52 weeks post-BMN 270 infusion during which safety and efficacy
assessments will be taken. After the final analysis at 52 weeks post-infusion, safety and
efficacy will then continue to be assessed long-term for approximately a total of 5 years.
During enrollment, the DMC will review available safety and efficacy data on an ongoing
basis and may decide to recommend dosing subjects at a different dose level based on
emerging data from 270-301 and their overall benefit:risk assessment.

Study 270-301 is a self-controlled study. Parameters for each subject will be compared to a
pre-treatment assessment of safety (liver function) and efficacy (number of bleeds, use of
FVIII replacement therapy).

9.3 Selection of Study Population

Approximately 40 hemophilia A patients with residual FVIII levels < 1 IU/dL may enroll
into the study.

Additional criteria for participation in the study are provided in Section 9.3.1 and
Section 9.3.2.

9.3.1 Inclusion Criteria

Individuals eligible to participate in this study must meet all of the following inclusion
criteria:

1. Males > 18 years of age with hemophilia A and residual FVIII levels < 1 IU/dL as
evidenced by medical history, at the time of signing the informed consent.

2. Must have been on prophylactic FVIII replacement therapy for at least 12 months
prior to study entry. High-quality, well-documented historical data concerning
bleeding episodes and FVIII usage over the previous 12 months must be available.

3. Treated/exposed to FVIII concentrates or cryoprecipitate for a minimum of
150 exposure days (EDs).
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9.3.2

Willing and able to provide written, signed informe