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Glossary

2D two-dimensional

3D three-dimensional

5XSST 5 times sit-to-stand test

6MWT 6-minute walk test

6MWD 6-minute walk distance

AC advisory committee

AE adverse event

AWC adequate and well-controlled

BTHS Barth syndrome

BTHS-SA Barth Syndrome Symptom Assessment
BSA body surface area

BSF Barth Syndrome Foundation

CE confirmatory evidence

Cl confidence interval

CL cardiolipin

CLsy tetralinoleoyl cardiolipin

CaGl Caregiver Global Impression

CaGl Clinician Global Impression

DCM dilated cardiomyopathy

DCN Division of Cardiology and Nephrology
DGIEP Division of Gastroenterology and Inborn Errors Products
DNP Division of Neurology Products

DRDMG Division of Rare Diseases and Medical Genetics
EQ-5D EuroQol-5 Dimension

HCM hypertrophic cardiomyopathy

HHD handheld dynamometry

LCL lymphoblastoid cells

iLVSVv indexed left ventricular stroke volume

Lv left ventricle

LVEDV left ventricular end diastolic volume

LVEF left ventricular ejection fraction

LVIDd left ventricular internal diameter in diastole
LVESV left ventricular end systolic volume

LVSV left ventricular stroke volume

MCID minimally clinically important difference
MDRI Multidomain Responder Index

MLCL monolysocardiolipin

NDA new drug application

NH natural history

OLE open-label extension

PCPC patient and caregiver perception of change
PGI Patient Global Impression

PMM primary mitochondrial myopathies
PROMIS Patient Reported Outcome Measurement Information System
SAE serious adverse event

SAP statistical analysis plan



SEE substantial evidence of effectiveness

TEAE treatment-emergent adverse event
TRT set treated set

UNTRT set untreated set

VAD ventricular assist device



1 Executive Summary/ Draft Points for Consideration by the Advisory
Committee

1.1 Purpose/Objective of the AC Meeting

The purpose of this Advisory Committee (AC) meeting is to discuss whether the submitted data provide
substantial evidence of effectiveness (SEE) of elamipretide subcutaneous (SC) injection for the
treatment of patients with Barth syndrome (BTHS).

1.2 Context for Issues to Be Discussed at the AC

BTHS is a rare, serious, and life-threatening X-linked, recessive, mitochondrial disease that
predominantly affects males. It is caused by defects in the TAFAZZIN gene, which result in cardiolipin
abnormalities that lead to mitochondrial dysfunction. The prevalence of BTHS is estimated to be 1 case
per million male population with approximately 130 affected individuals living in the United States and
250 affected individuals living worldwide. Diagnosis of BTHS is established by genetic testing or elevation
of the ratio of monolysocardiolipin (MLCL) to tetralinoleoyl cardiolipin (CL4), referred to as the MLCL:CL,
ratio.

BTHS is an infantile-onset cardioskeletal disease characterized by cardiomyopathy, hypotonia, growth
delay, neutropenia and 3-methylglutaconic aciduria. Patients with BTHS generally do not survive past
their 40s. Mortality is highest in the first 4 years of life and cardiomyopathy is the leading cause of
death.

There is considerable variability in the age of onset, the expression of symptoms, and the progression of
the disease. Infancy and early childhood are particularly high-risk periods for cardiac transplantation and
death, but those who survive experience improvements and stabilization of their cardiac function in the
middle childhood years. However, as patients age, they may experience deterioration in their cardiac
function, necessitating advanced cardiac therapies such as heart transplantation.

The predominant disease manifestation in adolescents and adults is fatigue, poor stamina, and exercise
intolerance. The quality of life and daily functioning of patients are significantly affected throughout
their lives.

BTHS has significant unmet medical need as there is no approved therapy for the treatment of BTHS.
Standard of care in BTHS involves supportive care, management of heart failure and growth delay,
prevention and treatment of neutropenia and infections, and physical therapy.

Elamipretide is a new molecular entity purported to improve the cardiolipin deficit and associated
electron transport chain deficiencies that occur in patients with BTHS.

1.3 Brief Description of Issues for Discussion at the AC

The statutory standard for approval is that drugs be shown to be effective as well as safe. A drug’s
effectiveness must be established by substantial evidence, as defined in the FDA guidance for industry,
Demonstrating Substantial Evidence of Effectiveness for Human Drug and Biological Products (December
2019). FDA has typically interpreted substantial evidence as generally requiring at least two adequate



and well-controlled (AWC) clinical investigations,® each convincing on its own, to establish effectiveness.
However, FDA may consider data from one AWC clinical investigation together with confirmatory
evidence (CE) to constitute substantial evidence if FDA has determined that such data are sufficient to
establish effectiveness. This approach is often used in development programs when it is not feasible or
practical to conduct more than a single AWC trial, such as with rare diseases where the number of
patients is limited. In all cases, to establish a drug’s effectiveness, it is essential to distinguish the effect
of the drug “from other influences, such as spontaneous change in the course of the disease, placebo
effect, or biased observation.” For more information on establishing effectiveness see the draft
guidance for industry on this topic (December 2019) and the guidance for industry, Demonstrating
Substantial Evidence of Effectiveness With One Adequate and Well-Controlled Clinical Investigation and
Confirmatory Evidence (September 2023).

The elamipretide marketing application contains the following data relevant to the efficacy assessment:

1. SPIBA-201, Part 1 (TAZPOWER), a randomized, double-blind, placebo-controlled crossover trial that
failed on its primary endpoints of change from baseline to Week 12 in 6-minute walk distance
(6MWD; p=0.97) and total fatigue score (p=0.89).

2. SPIBA-201, Part 2 (TAZPOWER Extension), an open-label, single-arm, uncontrolled, extension of
SPIBA-201, Part 1.

3. SPIBA-001 (NH Control Study), an externally controlled study, titled A Long-Term Study to Evaluate
the Efficacy of Subcutaneous Injections of Elamipretide (MTP-131) Compared to a Retrospective
Natural History Control in patients with Barth Syndrome. The primary objective of SPIBA-001 was to
compare the change in 6MWD observed in the open-label, SPIBA-201, Part 2 versus a retrospective
natural history (NH) cohort.

The Applicant claims that SPIBA-001 is an AWC clinical investigation that together with the following CE
establishes the effectiveness of elamipretide in patients with BTHS:

e Long-term trends in the exploratory endpoint of 6MWD and other exploratory endpoints in
uncontrolled, SPIBA-201, Part 2.

e Changes in left ventricular stroke volume (LVSV) measured by echocardiography in SPIBA-001, and
the relationship of LVSV to 6MWD and muscle strength.

e Case study reports of three infants treated with elamipretide in the expanded access program.
e Patient and Caregiver Perception of Change (PCPC) video assessments.

e Mechanistic and nonclinical data indicating that elamipretide “acts upon and compensates for
deficits in cardiolipin, which is deficient in Barth syndrome.”

FDA recognizes the devastating impact of BTHS on patients suffering with this disease and the significant
unmet medical need. However, for the reasons discussed in this briefing document, FDA does not

L AWC clinical investigations provide the primary basis for determining whether there is substantial evidence to
support the claims of effectiveness. FDA's regulation at 174 21 CFR 314.126(b) describes characteristics of an
adequate and well-controlled clinical investigation, including choice of control, method of patient assignment to
treatment, adequate measures to minimize bias, well-defined and reliable assessment of individuals’ response,
and adequate analysis of the clinical investigation’s results to assess the effects of the drug.
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believe that the available evidence establishes the effectiveness of elamipretide for the treatment of
BTHS and is seeking the Advisory Committee’s input on that evidence.

1.4 Draft Points for Consideration

1. Discuss whether SPIBA-201, Part 1, SPIBA-201, Part 2 or SPIBA-001 demonstrate that elamipretide is
effective for the treatment of BTHS.

2. Discuss whether any of the proposed sources of confirmatory evidence of effectiveness support the
effectiveness of elamipretide.

3. If the available evidence does not establish the effectiveness of elamipretide for the treatment of
patients with BTHS, provide recommendations for additional data that may support a conclusion
that elamipretide is effective.

2 Introduction and Background

2.1 Background of the Condition/Standard of Clinical Care

BTHS is a rare and serious disease, with no approved treatment. It is an X-linked, recessive, inborn error
of metabolism caused by mutations in the TAFAZZIN gene (Clarke et al. 2013). TAFAZZIN encodes a
mitochondrial phospholipid transacylase, termed tafazzin. Defective tafazzin activity leads to low CLa,
the main cardiolipin (CL) phospholipid in the inner mitochondrial membrane in heart and skeletal
muscle. This block in production of CLsleads to an increase in the CL4 precursor, MLCL, and therefore, an
increased MLCL/CL4 ratio (Pang et al. 2022).

The increase in MLCL and decline in CL4 perturbs the function of the inner mitochondrial membrane,
compromising the electron transport chain and aerobic respiration (lkon and Ryan 2017). The reduced
ATP production efficiency in BTHS is exacerbated under conditions of increased energy demand. The
prolonged deficiency in ATP production capacity is thought to underlie the cell and tissue pathology in
BTHS.

Approximately 230 to 250 males worldwide are estimated to suffer from BTHS (Ferreira et al. 1993).
BTHS is a progressive, debilitating disease that reduces life expectancy. The clinical manifestations
include cardiomyopathy with a variable phenotype and course, skeletal myopathy, prepubertal growth
delay, neutropenia, and lactic acidosis. Diagnosis of BTHS is established via detection of the TAZ
pathogenic variant on molecular genetic testing or elevation of the MLCL:CL, ratio.

Cardiomyopathy is the leading cause of death in patients with BTHS, which is described as having an
undulating course, whereby left ventricular tissue can remodel, with its appearance transitioning
between dilated, hypertrophic, or noncompacted left ventricle (LV). Infancy and early childhood are
particularly high-risk periods for cardiac transplant and death, but those who survive experience
improvements and stabilization of their cardiac function in the middle childhood years. As patients with
BTHS age, their LV size may remain above the upper limit of normal, LV function may be low normal or
mildly depressed, and some patients experience deterioration in cardiac function, necessitating
advanced cardiac therapies such as heart transplantation.

The predominant disease manifestations in adolescents and adults are fatigue, poor stamina, and
exercise intolerance. The quality of life and daily functioning of patients are significantly affected
throughout their lives (Clarke et al. 2013).

10



Currently, there is no approved therapy for BTHS. The standard of care in BTHS includes supportive care,
management of heart failure, prevention and treatment of neutropenia and infections, and physical
therapy. Therefore, BTHS represents a significant unmet medical need.

During an externally led Patient-Focused Drug Development meeting on July 18, 2018, hosted by the
Barth Syndrome Foundation (BSF), members of the BTHS community (both patients and caregivers)
shared their perspectives on the symptoms and daily impact of BTHS, as well as current experiences
with treatment and expectations for potential future treatments. According to the Voice of the Patient
Report (Barth Syndrome Foundation 2019), weakness, intolerance of almost any physical activity, and
profound fatigue were among the top concerns noted. These symptoms caused patients to develop
depression. Patients have a large burden of medical and nonmedical care required to manage the
various symptoms of BTHS with respect to financial costs, time, and their already-limited energy. The
available supportive therapies such as heart failure management, granulocyte colony stimulating factor,
feeding tubes, and total parenteral nutrition have side effects and complications. Most subjects at the
meeting reported that “as long as it did not cause life-threatening side effects, they would try almost any
treatment—no matter how inconvenient the route of administration that would effectively target the
underlying cause of the disease and provide them with gains in function and energy to live fuller lives.”

2.2 Elamipretide

Purported Mechanism

The Applicant claims that elamipretide is a first-in-class mitochondrial protective agent that distributes
to and improves the function of CL-deficient mitochondria in patients with BTHS.

Pharmacokinetics

Elamipretide, administered via SC injection is rapidly absorbed, with Trmax generally occurring between
0.5-to-1-hour post dose. Absolute bioavailability is about 92%. Elamipretide is distributed throughout
total body water with an approximate volume of distribution of 0.5 L/kg. There is low binding to plasma
proteins (approximately 39%).

Elamipretide is metabolized via sequential C-terminal degradation to the major metabolites M1
(tripeptide) and M, (dipeptide). M; and M, metabolites were demonstrated to be inactive in in vitro
nonclinical studies. There is no hepatic metabolism of elamipretide in vitro; therefore, hepatic
impairment is not expected to alter the pharmacokinetic (PK) profile of elamipretide. The plasma
elimination half-life (tx) of elamipretide is approximately 3 to 4 hours. Elamipretide and its metabolites
are excreted entirely by the kidney, with ~100% recovery of a single intravenous dose in the urine within
48 hours. With a relatively short ty, there is virtually no accumulation of elamipretide at steady state
with a daily dosing frequency.

The PK profile of elamipretide is comparable when administered via SC injection as either hydrochloride
[to be marketed (TBM) formulation] or acetate salt formulations [Clinical trials formulation], as well as
when administered in the abdomen or the thigh.

Dose Selection Rationale

The 40 mg SC dose of elamipretide was administered in the phase 2/3 trials for BTHS. The Applicant
based their dose selection of 40 mg SC on study SPIMM-201 and SPIMM-202 in subjects with primary
mitochondrial myopathy, which assessed 6MWT at a dose of 0.5 mg/kg IV, which provides elamipretide
exposure similar to a 40 mg SC dose. However, although study SPIMM-201 showed a positive change in
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6MWD, the 6MWT findings in SPIMM-202 were not statistically significant for elamipretide compared to
placebo and a larger phase 3 trial in primary mitochondrial myopathy with the 40 mg daily SQ dose was
negative.

Elamipretide In Conditions Other Than BTHS

There are numerous published trials of elamipretide in many different conditions other than BTHS, such
as primary mitochondrial myopathy, primary mitochondrial disease from nuclear DNA mutations, heart
failure with reduced or preserved ejection fraction, age-related macular degeneration, age-related
skeletal muscle mitochondrial dysfunction, atherosclerotic renal artery stenosis, and Leber hereditary
optic neuropathy. While some small, early-stage trials reported a beneficial effect of elamipretide, the
benefit was not seen in subsequent trials. For example, one small (N=36) Phase 1/2 trial in primary
mitochondrial myopathy (SPIMM-201) reported a significant increase from baseline to Day 5 in 6MWD
in subjects treated with elamipretide compared to placebo. However, the larger phase 3 trial (N=218) in
primary mitochondrial myopathy (SPIMM-301) reported no change from baseline in 6MWD at Week 24
with elamipretide compared to placebo. Another small trial (N=36) compared echocardiographic
parameters in subjects with cardiomyopathy (SPIHF-101) who received a single 4-hour infusion of
elamipretide or placebo. This trial reported a significant decrease in LVEDV (-18 mL; P=0.009) and LVESV
(=14 mL; P=0.005) at the end of the infusion in the highest dose cohort. However, the subsequent phase
2 trial in heart failure (SPIHF-201) reported no changes in LVESV after 4 weeks of treatment with
elamipretide compared to placebo.

Hence, in early phase trials conducted to evaluate elamipretide in various conditions associated with
underlying mitochondrial dysfunction, variable pharmacodynamic effects were observed, but the larger
phase 2 or 3 trials did not demonstrate a treatment effect on clinical outcomes. For further details see
Table 21, Section 5.1.

2.3 Regulatory History
This section summarizes the key interactions between the Applicant and FDA before the Applicant’s
marketing application for BTHS was accepted for review.

2.3.1 Development of Elamipretide for BTHS

Division of Neurology Products (DNP)

In 2014, Stealth Biotherapeutics (Applicant) submitted an Investigational New Drug Application (IND) to
the Division of Neurology Products (DNP) to study elamipretide for the treatment of mitochondrial
myopathy.

In December 2016, the Applicant submitted a protocol to the IND for SPIBA-201, titled A Phase 2
Randomized, Double-Blind, Placebo-Controlled Crossover Trial to Evaluate the Safety, Tolerability, and
Efficacy of Subcutaneous Injections of Elamipretide (MTP-131) in Patients with Genetically Confirmed
Barth Syndrome. In October 2017, the Applicant submitted a protocol amendment adding SPIBA-201,
Part 2, a 168-week, single-arm, open-label extension (OLE) to assess long-term safety and tolerability of
elamipretide in BTHS. The secondary objectives for SPIBA-201, Part 2 included longitudinal trends in
6MWD and several other pharmacodynamic assessments for up to 168 weeks.

In March 2018, the Applicant submitted a protocol amendment for SPIBA-201 that revised the primary
endpoint of SPIBA-201, Part 1 from 6MWD to a primary endpoint family of 6MWD and total fatigue on
the BarTH Syndrome Symptom Assessment (BTHA-SA).
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In January 2019, the Applicant requested a meeting with DNP, stating that there was adequate evidence
of the safety and effectiveness of elamipretide for the treatment of BTHS, and their intent to submit a
marketing application. DNP met with the Applicant and stated that:

e Results of the primary and secondary endpoints in the randomized, double-blind, placebo-controlled
Part 1 of SPIBA-201 were negative and that there was a placebo-response, with majority of the
patients showing improvement on both elamipretide and placebo.

e Data from Part 2 of SPIBA-201 are not interpretable in the absence of a control arm because of
expectation and observer bias in open-label assessments.

e Positive results from additional adequate and well-controlled study(ies) are necessary to establish
the benefit of elamipretide in BTHS. DNP encouraged the Applicant to collect natural history data to
better understand the disease and to inform the design of such a study(ies). DNP stated that
because elamipretide may have a symptomatic effect on fatigue and some subjects were still on
elamipretide therapy, the Applicant could consider an appropriately designed randomized,
withdrawal trial as a potential approach to demonstrate efficacy.

After hearing this feedback, the Applicant proposed to establish a natural history control as a
comparison for the elamipretide-treated subjects in SPIBA-201, Part 2. DNP expressed concerns with the
proposed use of an external control and noted that a randomized withdrawal trial could be feasible and
would be the most efficient approach to establish the efficacy of elamipretide in BTHS.

Division of Gastroenterology and Inborn Errors Products (DGIEP)
In June 2019, the Applicant’s IND was transferred to the Division of Gastroenterology and Inborn Errors
Products (DGIEP), which at that time oversaw most treatments for rare inborn errors of metabolism.

In August 2019, the Applicant proposed that Study SPIBA-001 would compare the 6MWD from the
elamipretide-treated subjects in SPIBA-201, Part 2 to that of a natural history control. DGIEP did not
agree that this externally controlled study would be adequate to establish the benefit of elamipretide in
BTHS. DGIEP stated that the 6MWT is effort-dependent, has high intrasubject variability, and is difficult
to interpret based on comparisons with an external, historical control group, especially given the
negative results obtained in Part 1 of Study SPIBA-201.

In early 2020, due to FDA’s reorganization, the IND was transferred to the newly formed Division of Rare
Diseases and Medical Genetics (DRDMG).

Division of Rare Diseases and Medical Genetics (DRDMG)

In March 2020, the Applicant met with DRDMG to discuss the topline results from SPIBA-001 as well as
the 2D and 3D echocardiographic secondary endpoints in SPIBA-201, which the Applicant proposed as
surrogate endpoints for exercise capacity.

FDA stated that it did not agree that the echocardiographic (echo) changes established the benefit of
elamipretide in patients with BTHS. For example, the stroke volume assessments did not show a
difference (overlapping 95% confidence intervals) at Week 72 compared to the start of the OLE and
there was no clear correlation between changes in exercise capacity/fatigue and changes in the echo
parameters. FDA also stated that the natural history of changes in cardiac echo parameters and cardiac
symptoms in BTHS patients >12 years old (like the trial population) is unknown. Therefore, the small
changes noted in various echo parameters are not interpretable and cannot be tied to a cardiac benefit,
especially since all the enrolled subjects were and remained asymptomatic (from a cardiac standpoint)
in the trial.
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FDA also did not agree that the described longitudinal natural history control in SPIBA-001 clearly
establishes the natural trajectory of the efficacy endpoints assessed in SPIBA-001 given the disease
heterogeneity in symptom onset, severity, and progression (both intra- and inter-subject). FDA
expressed concerns with using the natural history data to interpret small changes in the functional and
biomarker endpoints evaluated in SPIBA-001.

In addition, FDA reiterated that the uncontrolled data presented in this and in past meetings are not
interpretable for the reasons previously discussed and, thus, are only hypothesis-generating. FDA
emphasized that the data package as currently described is not sufficient to support an NDA and advised
the Applicant to consider potentially feasible trial designs to generate new efficacy data to support a
future NDA.

On May 4, 2020, the Applicant requested another meeting with DRDMG, which was granted as a Type C
(Written Response) meeting. The Applicant asked about the possibility of accelerated approval® using
left ventricle stroke volume (LVSV) as a surrogate endpoint that is reasonably likely to predict clinical
benefit. DRDMG in consultation with the Division of Cardiology and Nephrology (DCN) did not agree
with use of LVSV as a reasonably likely surrogate endpoint because cardiac hemodynamics and the
cardiac effects on functional capacity are based on a complex set of physiological and neurohormonal
factors and not LVSV alone. FDA stated that there are no data showing that cardiac hemodynamics and
the effects of cardiomyopathy on functional capacity in patients with BTHS are different from those in
more common cardiac diseases, or that LVSV alone may drive the cardiac symptoms or cardiac disease
progression. FDA also stated that the Applicant’s proposed postmarketing observational registry is not
adequate and well-controlled and would not be able to confirm clinical benefit. FDA again advised the
Applicant to consider feasible designs for a new trial (e.g., randomized withdrawal trial or randomized,
placebo-controlled trial) to generate persuasive efficacy data to support a future NDA. FDA also
indicated that a well conducted, and well-designed preapproval trial is feasible and ethical in this disease
given that the efficacy of elamipretide has not been established. FDA also suggested endpoints that are
clinically relevant and meaningful but also that would be assessable and expected to change within a
reasonable trial duration (e.g., neutropenia or need for granulocyte colony stimulating factor [G-CSF],
growth changes/trajectory, fatigue assessed with commonly used/validated scales in other diseases).

Division of Cardiology and Nephrology DCN

In November 2020, the Applicant met with DCN to discuss a proposed indication for elamipretide for the
treatment of cardiomyopathy in patients with BTHS. The Applicant again sought advice on use of LVSV
as a reasonably likely surrogate endpoint to support accelerated approval and advice on the design of a
confirmatory postmarketing study.

DCN did not agree with using LVSV as a reasonably likely surrogate endpoint for the previously stated
reasons and recommended a new preapproval phase 3 randomized, controlled trial. DCN also remained
concerned regarding the interpretation of the discordant results between the randomized and blinded
SPIBA-201, Part 1 and the open-label data from SPIBA-001. The Applicant stated that they are reluctant

2 For accelerated approval, the Applicant would have to show that a drug has a compelling effect on a surrogate
endpoint (e.g., laboratory measurement, radiographic image) that is reasonably likely to predict clinical benefit
(i.e., how a patient feels, functions, or survives). Accelerated approval can only be considered for drugs that treat a
serious or life-threatening condition and fulfill an unmet medical need. As a condition of accelerated approval, the
company must conduct a postapproval study to verify and describe the anticipated clinical benefit.
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to conduct a randomized withdrawal study as there is uncertainty regarding the duration of the
withdrawal period because it is unclear when symptoms would recur.

In May 2021, the IND was transferred from DRDMG to DCN, and FDA had multiple subsequent
discussions and written correspondences with the Applicant related to the development of elamipretide
for the treatment of cardiomyopathy in BTHS. In these written correspondences and meetings, FDA
conveyed that it did not agree that the data from SPIBA-201 and SPIBA-001 could establish the
effectiveness of elamipretide. FDA concluded and relayed to the Applicant that an NDA submission
based on the existing data is unlikely to be fileable and recommended a new phase 3 trial.

2.3.2 Original NDA 215244 Submission

In August 2021, despite the FDA’s advice, the Applicant submitted an NDA seeking approval of
elamipretide for the treatment of patients with BTHS. After a preliminary review of the NDA, DCN issued
a Refusal-to-File letter per 21 CFR 314.101(d)(3): The NDA or ANDA is incomplete because it does not on
its face contain information required under section 505(b) or section 505(j) of the Federal Food, Drug,
and Cosmetic Act and §314.50 or §314.94. Specifically, the letter stated that the application does not
contain a single AWC trial that could establish evidence of effectiveness.

In November 2021, the Applicant met with FDA to discuss the rationale for the Refusal-to-File decision
as well as a potential path forward for this program. DCN cited the following reasons for its action:

e The randomized, double-blind Part 1 of SPIBA-201 (N=12) failed to demonstrate improvement with
elamipretide compared to placebo on either of its two primary efficacy endpoints.

e |nthe randomized, double-blind Part 1 of SPIBA-201, there was a similar increase from baseline on
the 6BMWT in subjects receiving either elamipretide or placebo. This demonstrates that changes
occurred in the placebo group even over a short follow-up, possibly because of effort bias (subjects
knew they could be on study drug).

e Improvements in the mean change from baseline in functional testing (e.g., 6MWD) during the
longer-term, single-arm OLE (SPIBA-201, Part 2) were uninterpretable because of possible effort bias
and growth effects. With regard to SPIBA-001, elamipretide-treated subjects knew they were on
elamipretide and, therefore, might believe that they would improve, whereas the retrospective
external control constructed from SPIBA-001 had no such expectation or motivation. This problem
affecting effort-dependent endpoints cannot be addressed by matching the baseline characteristics
of subjects on and not on the drug.

e Cardiac hemodynamic parameters are subject to growth effects, progressive cardiac dilation as part
of the disease process, loading conditions, and the degree of associated mitral regurgitation, making
them difficult to interpret outside of a properly controlled study. The hemodynamic parameters
used in SPIBA-201 also have no known relationship to clinical outcomes in this population or in the
different phenotypes of cardiomyopathy, rendering them inappropriate to serve as even reasonably
likely surrogate endpoints for accelerated approval.

After several additional correspondences/meetings, and FDA continuing to recommend a new phase 3
trial, the Applicant informed FDA of their intent to resubmit the NDA without conducting a new trial.
FDA noted that it cannot prevent an Applicant from submitting or resubmitting an NDA and that the
Applicant should fully address our prior concerns in the resubmission.
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2.3.3 NDA 215244 Resubmission — Current Review Cycle

The Applicant resubmitted their NDA on January 29, 2024. FDA decided to accept the elamipretide NDA
so that it could undergo a more detailed review and be brought to an advisory committee for external
input. The Application was filed on March 29, 2024.

3 Mechanism of Action

3.1 Applicant’s Position
The Applicant’s draft product labeling proposes the following mechanism of action for elamipretide for
the treatment of BTHS:

“[Elamipretide] is an aromatic-cationic tetrapeptide that readily penetrates cell membranes and
transiently localizes to the inner membrane of mitochondria” (Section 11 of the draft product labeling),
and “[Elamipretide] is a first-in-class mitochondria-protective agent and cardiolipin-targeting peptide
that ameliorates [cardiolipin deficit and associated] electron transport chain deficiencies, thereby
improving cellular ATP levels in dysfunctional mitochondria, improving mitochondrial morphology, and
preventing pathological reactive oxygen species formation. These effects improve cellular bioenergetics
and reduce the extent of pathological apoptosis/necrosis” (Section 12.1 of the draft product labeling).

The Applicant hypothesizes that elamipretide distributes to and improves the function of CL-deficient
mitochondria in patients with BTHS. Nonclinical information submitted or referenced in the NDA that
addresses these topics, along with the FDA's interpretation of key supportive data, are summarized
below.

3.2 FDA Assessment

Access to the Purported Site of Action

Elamipretide readily enters and acts upon several cell types, including endothelial cells, renal and
intestinal epithelial cells, myotubes, cardiomyocytes, macrophages, and neurons (Szeto 2014). In vitro
studies with model lipid membranes showed that elamipretide binds to CLs and MLCL (Mitchell et al.
2020). In vitro studies also demonstrated both cellular and mitochondrial uptake of elamipretide (Zhao
et al. 2005). The duration of localization in cells and mitochondria in vivo is not known. While these data
do not definitively establish localization of elamipretide to the inner membrane of CL-deficient
mitochondria of patients with BTHS, its access to and transient enrichment at the intended site of action
appear to be plausible.

Evaluation in BTHS-Related Models

The Applicant evaluated elamipretide in various in vitro and in vivo models relevant to BTHS. The in vitro
models included lymphoblastoid cells (LCLs) isolated from subjects with BTHS, which retain an elevated
MLCL/CL ratio; and human embryonic kidney cells (HEK293) with knockdown of the expression of the
TAZ gene resulting in reduced cellular mitochondrial complex | content. An additional in vitro study used
induced pluripotent stem cell-derived cardiomyocytes from subjects with BTHS to investigate
mitochondrial function. The in vivo study used a transgenic mouse model with a knockdown of the TAZ
gene. In these TAZ-knockdown mice, the mitochondrial MLCL/CL ratio is robustly elevated and is
strongly associated with cardiomyopathy, a hallmark molecular alteration of BTHS. Previously, this same
in vivo model was used to demonstrate improvement of cardiac fractional shortening and ejection
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fraction and several measures of mitochondrial function within 8 to 16 weeks treatment with
bezafibrate, a peroxisome proliferator-activated receptor agonist (Huang et al. 2017).

Key findings from studies with elamipretide in these model systems are as follows.

e Elamipretide (100nM; 7-day incubation) had no effect on mitochondrial complex content (subunit
protein expression).

e In TAZ knockdown HEK293 cells (100nM; 12-day incubation), elamipretide did not improve
mitochondrial complex content (subunit protein expression) but improved gene expression of some
mitochondrial complex subunits. In the absence of improvements in subunit protein expression, the
functional effects of increased gene expression are unknown.

e Elamipretide reportedly improved oxygen consumption rate in induced pluripotent stem cell (iPSC)-
derived cardiomyocytes isolated from subjects with BTHS. The Applicant submitted these results in
the form of a graph, which had been presented at a conference in 2016. However, no peer-reviewed
publication describing these results could be located.

e Elamipretide did not persuasively improve cardiac fractional shortening (a measure of function) or
cardiac structure (ventricular fibrosis) in the TAZ-knockdown mouse model following treatment
(5 mg/kg/day) for 6 weeks. The Applicant submitted these data in the form of a graph and
representative image, which were presented at a conference in 2016. However, no peer-reviewed
publication describing these results could be located.

e |n addition to the studies described above, there are two reports that elamipretide treatment
(5 mg/kg/day) for 10 weeks qualitatively improved cardiac mitochondrial morphology and improved
state 3 and state 4 mitochondrial respiration but did not improve the maximum mitochondrial
respiratory rate in TAZ-knockdown mice (Russo et al. 2022; Russo et al. 2024). Cardiac function was
not assessed in these studies.

Elamipretide did not change the MLCL/CL ratio in the in vitro or in vivo studies described above.
Improvement of the MLCL/CL ratio is not part of elamipretide's mechanism of action and is discussed
further in Section 4.1.4.2.

Evaluation in Fibroblasts From Patients With Dilated Cardiomyopathy/Ataxia Syndrome (DCMA)
Elamipretide was not tested in fibroblasts isolated from subjects with BTHS but was evaluated in
fibroblasts isolated from subjects with DCMA. DCMA and BTHS are considered related as dilated
cardiomyopathy and 3-methylgutaconic aciduria are common to both diseases. DCMA is caused by
mutation in the DNAJC19 gene. The DNAJC19 protein localizes to the inner mitochondrial membrane. In
fibroblasts isolated from DCMA subjects, elamipretide improved the mitochondrial network and
decreased the generation of mitochondrial reactive oxygen species (Machiraju et al. 2019)).

Evaluation in Other Disease Models

Elamipretide was tested in multiple other animal models not specific to BTHS, including models of
ischemia-reperfusion injury, heart failure, skeletal muscle atrophy, hemorrhagic shock, and
lipopolysaccharide (LPS)-induced injury. The effects of elamipretide on mitochondrial morphology and
bioenergetics, and/or functional endpoints in these models, were evaluated. Key findings are
summarized below:

e In a dog model of chronic heart failure induced by intracoronary microembolization, treatment with
elamipretide (5 mg/kg/day; 3 months) improved parameters of mitochondrial bioenergetics
(mitochondrial respiration, membrane potential, mitochondrial permeability transition pore
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opening, ATP synthesis, and ATP/ADP ratio) and indicators of cardiac function (ejection fraction, and
fractional shortening) (Sabbah et al. 2016). TAZ-1 protein and total CL levels decreased in dogs with
heart failure when compared to normal dog heart tissues. Elamipretide (5 mg/kg/day; 3 months)
improved the TAZ-1 protein and total CL levels in this model (Sabbah et al. 2018).

e Inarat model of heart failure induced by left coronary artery ligation, elamipretide treatment
(3 mg/kg/day; 6 weeks) improved mitochondrial bioenergetics (complex | and IV activities).
Elamipretide reduced left ventricular volume, improved left ventricular fractional shortening,
increased left ventricular ejection fraction, and reduced apoptotic markers (e.g., terminal
deoxynucleotide transferase-mediated dUTP nick-end labeling) in the area proximal to the
myocardial infarction (Dai et al. 2014).

e Inanisolated rat heart ischemia-reperfusion model, elamipretide infusion (10uM; 2-hour infusion)
improved mitochondrial complex |, I, and IV activities in ventricular fibers, and improved the
organization of mitochondrial cristae (Allen et al. 2020).

e |n a skeletal muscle atrophy model in mice, elamipretide (1.5 mg/kg/day; 14 days) decreased
mitochondrial H,0, release, lipid peroxidation, and protease activation in skeletal muscle (soleus
and plantaris) (Min et al. 2011).

e |na pig model of hemorrhagic shock (HS), elamipretide (0.1 mg/kg, single intravenous infusion over
1 hour) decreased HS-induced necrosis in the liver and duodenum (Patel et al. 2023).

e In a mouse model of LPS-induced injury, elamipretide (5 mg/kg/day; 3 days) improved mitochondrial
membrane potential and ATP production and ameliorated LPS-induced increases in the levels of
reactive oxygen species (Zhao et al. 2019).

3.3 Conclusion

The nonclinical data reasonably demonstrated that elamipretide transiently localizes to and is enriched
in the inner mitochondrial membrane, the purported site of therapeutic action, and resulted in
gualitative improvements in cardiac mitochondrial morphology and mitochondrial bioenergetics.
However, the claim that elamipretide reduces pathological apoptosis/necrosis was not evaluated in cells
from BTHS subjects or in TAZ-deficient mice, the most relevant model of BTHS. Furthermore, no
convincing data were provided that demonstrate any improvement of cardiac structure and function in
TAZ-deficient mice over a treatment duration that did improve these measures in non-BTHS disease
models. Thus, while elamipretide improved mitochondrial bioenergetics in both BTHS and non-BTHS
models, reductions in apoptosis/necrosis and related sequelae were observed only in models that differ
in etiology from BTHS. Whether elamipretide might reduce apoptosis/necrosis and improve cardiac
structure and function in BTHS models remains uncertain.

4 Summary of Issues for the AC

4.1 Efficacy Issues
The Applicant claims that there is substantial evidence of the effectiveness of elamipretide for the
treatment of BTHS based on evidence from one AWC investigation plus confirmatory evidence.

The first key efficacy issue is whether the application includes evidence of effectiveness from at least
one AWC investigation. If there is evidence of effectiveness from at least one AWC investigation, the
second key efficacy issue is whether the proposed confirmatory evidence substantiates the evidence
from the AWC investigation to establish the effectiveness of elamipretide for BTHS.
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4.1.1 Sources of Data for Efficacy
Table 1 provides an overview of the two studies—SPIBA-201 (Part 1 and Part 2) and SPIBA-001—that
assessed the efficacy of elamipretide in subjects with BTHS.
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Table 1. Clinical Trials/Studies Submitted in Support of the Efficacy of Elamipretide

Number of Patients Number of

Trial Identifier Regimen (Number Primary and Key Planned; Actual Centers and
(NCT#) Trial Population Trial Design Treated), Duration Secondary Endpoints Randomized Countries
SPIBA-201, Part 1 Treatment-naive Phase 2 Drug: elamipretide Primary: distance walked  12;12 1lcenterinl
(TAZPOWER, subjects with Barth (meters) during the 6MWT country
NCT03098797) syndrome >12 Control type: placebo Dosage: 40 mg daily and total fatigue score on

years of age the BTHS-SA

Randomization: randomized Number treated: 12

Blinding: double-blind Duration (quantity and
units): 24 wk

Biomarkers: MLCL:L4-CL

ratio, FGF-21, GDF-15, total

and reduced glutathione,

urinary 3-MGC, 8-

isoprostane, and 8-hydroxy-

2-deoxyguanosine

Two 12-week treatment
periods separated by a 4-
week washout period.

Secondary: PGI of
Symptoms, CGI of
symptoms, PROMIS Short
Form Fatigue, SWAY
Application Balance
assessment score, HHD
5XSST
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Number of Patients Number of

Trial Identifier Regimen (Number Primary and Key Planned; Actual Centers and
(NCT#) Trial Population Trial Design Treated), Duration Secondary Endpoints Randomized Countries
SPIBA-201, Part 2 Subjects who OLE Drug: elamipretide Primary: long-term safety 10 1lcenterinl
(TAZPOWER completed Part 1 and tolerability of single country
Extension, and consented to  Control type: none Dosage: 40 mg daily daily doses of elamipretide
NCT03098797) participate in Part 2

Randomization: not Number treated: 10 Secondary: longitudinal

applicable trends of elamipretide

Duration (quantity and
Blinding: not applicable units): 192 weeks

Biomarkers: MLCL:L4-CL
ratio, FGF-21, GDF-15, total
and reduced glutathione,
urinary 3-MGC, 8-
isoprostane, and 8-hydroxy-
2-deoxyguanosine

Up to 192 weeks of open-
label treatment

administered for up to 192
weeks measured by 6MWT,
Total Fatigue on the BTHS-
SA, HHD, 5XSST,
echocardiogram, SWAY
Balance Assessment,
Patient Reported
Outcomes, CGI Scales, CaGl
scales, biomarkers
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Number of Patients Number of

Trial Identifier Regimen (Number Primary and Key Planned; Actual Centers and
(NCT#) Trial Population Trial Design Treated), Duration Secondary Endpoints Randomized Countries
SPIBA-001 (NH Treated subjects Phase 3 Drug: elamipretide Primary: change from Control 19 1 center and
Control Study) from SPIBA-201, baseline mean distance Treated 10 BSF

OLE period and Control type: external, Dosage: 40 mg daily walked on the 6MWT Conferences

untreated subjects untreated patients with Barth in 1 country

followed as a part  syndrome Number treated: 10 Secondary: change from

of the Barth baseline mean muscle

Syndrome Randomization: none Duration (quantity and  strength by HHD, 5XSST

Foundation (BSF) units): 192 weeks score, SWAY Balance

conferences oras  Blinding: none

patients at the

Kennedy Kreiger Biomarkers: MLCL:L4-CL

Barth Syndrome ratio, urinary 3-MGC

Clinic
Use of an external control
that was not initially planned
during the conduct of SPIBA-
201.

Assessment score, MDRI

Source: Clinical Reviewer

Abbreviations: 3-MGC, 3-methylglutaconic acid; 5XSST, five times sit-to-stand test; 6MWT, 6-minute walk test; BTHS-SA, BarTH Syndrome Symptom Assessment; CaGl, Caregiver Global Impression
Scales; CGl, Clinician Global Impression; d, day; DB, double-blind; EOT, end-of-treatment; FGF-21, fibroblast growth factor 21; GDF-15, growth differentiation factor 15; HHD, handheld dynamometry;
h, hour; L4-CL, tetralinoleoyl-cardiolipin; MDRI, multidomain responder index; MLCL, monolysocardiolipin; MC, multicenter; N, number of subjects; NCT, national clinical trial; NH, Natural History; OLE,
open-label extension; PGI, Patient Global Impression; PROMIS, Patient reported outcome measurement information system; R, randomized
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4.1.2 Clinical Trial Design and Results

4.1.2.1 SPIBA-201 (Per Version 4.0 dated March 15, 2018) (TAZPOWER)

SPIBA-201 is titled A Phase 2 Randomized, Double-Blind, Placebo-Controlled Crossover Trial to Evaluate
the Safety, Tolerability, and Efficacy of Subcutaneous Injections of Elamipretide (MTP-131) in Patients
With Genetically Confirmed Barth Syndrome followed by an Open-Label Treatment Extension.

Eligibility Criteria

SPIBA-201 was a single-center trial that enrolled ambulatory, male subjects 212 years old with
genetically confirmed BTHS on a stable medication regimen. Patients were to have impaired 6MWT as
judged by the investigator, but the eligibility criteria did not specify a cut-off for distance walked on
6MWT. At screening, subjects should have a body weight of >30 kg and estimated glomerular filtration
rate (eGFR) =290 mL/min/1.73 m? or body weight of >40 kg and eGFR 260 mL/min/1.73 m?,

Exclusion criteria included in-patient hospitalization within 30 days prior to the baseline visit, subjects
undergoing apparent pubertal growth spurt per investigator opinion, history of heart transplantation or
placement on heart transplantation waiting list within the past year, known occurrence of implantable
cardioverter defibrillator discharge within the prior 3 months, or expected to undergo implantable
cardioverter defibrillator implantation during trial conduct.

4.1.2.1.1 SPIBA-201, Part 1 (Part 1)

4.1.2.1.1.1 Trial Design
Part 1 was a 28-week, randomized, double-blind, placebo-controlled crossover study (Figure 1).

Figure 1. Schematics Describing SPIBA-201, Part 1

Follow-Up
Visit*

Elamipretide 40mg SC daily for 12 weeks Elamipretide 40mg SC daily for 12 weeks
Placebo SC daily for 12 weeks Placebo SC daily for 12 weeks
Pre-cose
Screening i Visiting Nurse Visits Week 12 Pre-dose Visiting Nurse Visits Week 12
(Baseline) Days 2-5 Days 2-5
Visit Vieit (Weeks 1, 4, and 8) Visit Visit (Weeks 1, 4, and 8) Site Visit
151
Screening Treatment Period 1 Washout Treatment Period 2 Follow-Up*

Source: SPIBA-201 CSR Section 9.1

Washout was 4 weeks in duration. On days 2 to 5 of each period, subjects could be evaluated at the trial center daily, and receive a daily
injection of elamipretide for safety oversight, at the discretion of the investigator.

Abbreviation: SC, subcutaneous

Part 1 included the following study periods:
e The Screening Period started with signing of the informed consent form, lasted 7 to 28 days, and
included a screening visit and the conduct of screening procedures.

e Treatment Period 1 began with the Treatment Period 1 baseline visit (predose) and concluded with
the Treatment Period 1 Week 12 visit. Subjects received either elamipretide or placebo.

e Washout Period began after the Treatment Period 1 Week 12 visit and lasted for 28 to 35 days.

e Treatment Period 2 began with the Treatment Period 2 predose visit and concluded with the
Treatment Period 2 Week 12 visit. Subjects who received elamipretide in Treatment Period 1
crossed over to placebo for Treatment Period 2, and those who received placebo in Treatment
Period 1 crossed over to elamipretide for Treatment Period 2.
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o Part 1 Follow-up Period started at the Treatment Period 2 Week 12 visit and lasted for 28 to 35 days.
During the Follow-up Period, the subject decided to continue into SPIBA-201, Part 2 or complete the
Part 1 end-of-trial visit.

The Schedule of Assessments is presented in Section 5.3.
Part 1 Study Objectives
The primary objectives were to evaluate the effect of elamipretide on the distance walked (meters)

during the 6MWT at the Week 12 visit and on the mean Total Fatigue score on the BarTH Syndrome
Symptom Assessment (BTHS-SA) for the 7-day period before the Week 12 visit.

The secondary objectives were to evaluate the effect of elamipretide on:

e Muscle strength, measured by handheld dynamometry (HHD).
e Five times sit-to-stand test (5XSST).

e Two-dimensional (2-D) and three-dimensional (3-D) echocardiographic measurements.
e Accelerometry counts.

e SWAY Application Balance Assessment.

e Patient reported outcomes.

e PROMIS Short-Form Fatigue.

e Fatigue During Activities on the BTHS-SA.

e Patient Global Impression (PGl) scales.

e EuroQol-5 Dimension (EQ-5D).

e Clinician Global Impression (CGI) scales.

e Caregiver Global Impression (CaGl) scales.

e Biomarkers, including THE MLCL:CL4 ratio, fibroblast growth factor-21 (FGF-21), growth
differentiation factor-15 (GDF-15), glutathione/reduced glutathione, and urinary 3-MGC.

BTHS-SA: The BTHS-SA is a patient-reported outcome (PRO) questionnaire that assesses symptoms of
tiredness, fatigue, and muscle weakness using eight (adult) or nine (adolescent) questions. Each
guestion has five response categories, scored 1 to 5, with lower scores being better. The Applicant
developed the Total Fatigue score, which comprises the responses to Q1 (tiredness at rest), Q2
(tiredness during activities), and Q4 (muscle weakness during activities) on the BTHS-SA.

In Part 1, the age appropriate BTHS-SA was planned to be completed daily by the subjects in a diary
starting at the Screening Visit and continued until the Part 1 Treatment Period 2 Week 12 Visit (for
subjects continuing into Part 2) or Part 1 End-of-Trial/Early Discontinuation Visit (for subjects not
continuing into Part 2). The calculated value of the endpoint was the average of the 7 days prior to the
office visit. If any of the three questions were not answered on any given day, then the Total Fatigue
score for that day was set to missing.

Statistical Considerations: A sample size of 12 subjects was expected to provide nearly 80% power to
detect a mean improvement of 50 m in the 6MWT or 1.3 points for the BTHS-SA Total Fatigue score. Per
protocol version 4.1, “subject numbers are restricted by feasibility considerations (availability of
subjects), but that recruitment could be greater if subjects are available (up to 16 subjects).”
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Two primary endpoints (6MWT and BTHS-SA-Total Fatigue) were included in the primary endpoint
family. Hochberg’s procedure was used to control the family-wise Type | error rate at 0.05 (two-sided). If
both primary endpoints showed improvement with elamipretide compared to placebo at the 0.05 (two-
sided) level of significance, then both were to be considered statistically significant. Otherwise, the
endpoint with the smaller p-value of the two was to be considered statistically significant if that
endpoint was statistically significant at the 0.025 (two-sided) level of significance. The primary efficacy
analyses included comparisons between the two treatment groups on the mean 6MWT distance walked
(meters) and the Total Fatigue score on the BTHS-SA at the end of treatment period (Week 12) in the
Intent-to-Treat Population. The estimated least square (LS) means and their standard errors as well as
the estimated treatment effect (differences between treatments) were to be summarized by treatment
group at the end of the treatment period.

No adjustments to alpha levels were planned for secondary efficacy measures. If both endpoints in the
primary endpoint family were significant at the 5% level, then some of the secondary endpoints were to
be tested with Type | error control, achieved by testing sequentially using a two-sided alpha level of
0.05. The endpoints and hierarchy of comparisons were as follows:

e PGl of Symptoms (Barth syndrome symptoms item Question 1 [Q1]).
e CGI of Symptoms (Barth syndrome symptoms item [Q1]).

e PROMIS Short-Form Fatigue.

e SWAY Application Balance assessment score.

e Muscle strength as measured by HHD.

e 5XSST.

All other secondary endpoints were considered to be exploratory.
No interim analysis was planned.

Patient Disposition

Part 1 was conducted between July 5, 2017, and October 17, 2018, at a single center in the United
States. A total of 16 subjects were screened and 12 were randomized. Four subjects failed screening
because they would not be able to return for the baseline visit within the screening window (n=1) or
they did not meet the inclusion or exclusion criteria [had a history of active substance abuse during the
year before the baseline visit or was thought, for any reason, likely not be to compliant in the opinion of
the Investigator (n=1); had a prior or current medical condition that, in the judgement of the
Investigator, would prevent the subject from safely participating in and/or completing all trial
requirements (n=1); had undergone an in-patient hospitalization within 30 days prior to the baseline
visit or was likely to need in-patient hospitalization or surgical procedure during the course of the trial,
and for 30 days prior to the baseline visit, had not been on stable medications, or was on medications
that may impact the safety or efficacy endpoints of the trial, in the opinion of the Investigator (n=1)].

All the 12 randomized subjects completed both treatment periods.

Baseline Demographics
The baseline characteristics of the subjects were mean age 19.5 years (range 12, 35 years), all males, 11
(92%) were white, mean weight 51 kg (range 31, 86 kg), and mean height 167 cm (range 150, 188 cm).
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4.1.2.1.1.2 Trial Results

Primary Endpoint - 6MWT

At baseline, the mean distance walked on 6MWT in the elamipretide, and placebo groups was 400.1 m
and 412.6 m, respectively. Per the primary planned analysis, after 12 weeks of treatment, the mean
distance walked on 6MWT in the elamipretide and placebo groups was 443.1 m (standard deviation [SD]
65.4) and 443.9 m (SD 77.1), respectively, with a least squares mean (LSM) difference of -0.8 (95%
confidence interval [Cl] -45.9, 44.3) and a p-value of 0.97.

Additional analysis: The mean increase from baseline in distance walked on 6MWT was 43 m in the
elamipretide group versus 31 m in the placebo group; the difference of 12 m was not statistically
significant (p-value of 0.50).

Based on these findings, an improvement in the 6MWT in subjects with BTHS was not established in
SPIBA-201, Part 1.

Figure 2 shows the mean distance walked according to treatment sequence. There were two treatment
sequences, AB and BA. In our review, we refer to Sequence AB as Sequence EP, where subjects received
elamipretide (E) in Period 1 followed by placebo (P) in Period 2. We refer to Sequence BA as Sequence
PE, where subjects received placebo in Period 1 followed by elamipretide in Period 2.

In Sequence EP, the increase in distance walked on 6MWT was 40.8 m (predose: 395.3 m; Week 12:
436.2 m) in the elamipretide group versus 3.0 m (predose: 429.5 m; Week 12: 432.5 m) in the placebo
group. Whereas in sequence PE, the increase in distance walked on the 6MWT was 59.6 m (predose:
395.7 m; Week 12: 455.3 m) in the placebo group versus 45.2 m (predose: 404.8 m; Week 12: 450.0 m)
in the elamipretide group.

Hence, a large placebo effect of ¥60 m was observed in Sequence PE, where placebo was given before
elamipretide.

The 6MWD in subjects in Sequence EP improved by only 3.0 m (predose: 429.5 m; Week 12: 432.5 m) in
Period 2. While there is a possibility of a carryover effect into Period 2 for these subjects who had
received elamipretide in Period 1, the lack of effectiveness of elamipretide in the overall trial for the
6MWD endpoint makes this unlikely. Another explanation might be that in Sequence EP, subjects
receiving placebo in Period 2 determined their treatment based on the absence or presence of injection
site reactions, affecting their performance on the 6MWT in Period 2. All the six subjects in Sequence EP
reported injection site erythema and induration while on elamipretide (four also reported injection site
pruritus) in Period 1, and only two subjects on placebo in Period 2 reported any of these events.
Therefore, it is possible that functional unblinding could have occurred, potentially impacting
performance on the 6MWT, which is an effort-dependent endpoint. However, this explanation is
uncertain as the increase in 6MWT with elamipretide was similar in Period 1 of Sequence EP and in
Period 2 of Sequence PE despite all the six subjects in Sequence PE reporting injection site reactions in
Period 2 while on elamipretide, only two of whom reported injection site reactions in Period 1 on
placebo. In any event, it is clear that subjects with BTHS can have a sizeable increase in 6MWT when
receiving placebo.
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Figure 2. Mean (tStandard Error) Distance Walked on 6-Minute Walk Test by Treatment Sequence, SPIBA-201,
Part1
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Sequence EP (blue line) — subjects received elamipretide in period 1 and placebo in period 2

Sequence PE (red line) — subjects received placebo in period 1 and elamipretide in period 2

Abbreviations: 6MWD, 6-minute walk distance; P, period

Primary Endpoint — Total Fatigue Score on the BTHS-SA

The Total Fatigue score on the BTHS-SA at the end of Part 1 was 6.3 in the elamipretide group and 6.2 in
the placebo group, with an LSM difference of 0.1 (95% CI -0.8, 0.9) and a p-value of 0.90.

Additional Analysis

The baseline Total Fatigue score was 7.7 in the elamipretide group and 7.4 in the placebo group. The
mean decrease from baseline in Total Fatigue score on BTHS-SA was -1.4 in the elamipretide group
compared to -1.2 in the placebo group, with a nonsignificant difference of -0.2 (p-value of 0.70).

Hence, SPIBA-201, Part 1 failed on the primary endpoint family of 6MWT and Total Fatigue score-BTHS-
SA, with no alpha remaining to test any secondary endpoints.

Secondary Endpoints

Numerically, the subjects in both the elamipretide and placebo groups improved on HHD, SWAY Balance
Score, PGl Symptoms scale, and the PROMIS Fatigue Short Form. Subjects in both groups worsened,
numerically, on the 5XSST. The subjects in the elamipretide group improved numerically on the CGl
Symptom Scale whereas those in the placebo group worsened. However, at Week 12 of SPIBA-201, Part
1, as shown in Table 2, there were no nominally significant differences between the elamipretide and
placebo groups in the adjusted LSMs for any of these secondary endpoints (p-values of 0.21 to 1.00).
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Table 2. Summary of Secondary Efficacy Endpoint Results in SPIBA-201, Part 1

LS Mean at | LS Mean Change From
Secondary Endpoint Treatment End of Part 1 Predose Baseline | p-Value
HHD (Newtons) Elamipretide 135.9 4.7 0.65
(Higher scores are better) Placebo 129.3 6.2
SWAY Balance Score Elamipretide 78.7 7.9 0.21
(Higher scores are better) Placebo 71.4 2.5
5XSST (seconds) Elamipretide 14.0 1.1 0.67
(Shorter times are better) Placebo 13.7 0.1
PGl Symptoms Scale Elamipretide 14 -0.3 0.43
(Lower scores are better) Placebo 1.6 -0.1
CGIl Symptoms Scale Elamipretide 1.6 -0.2 1.00
(Lower scores are better) Placebo 1.6 0.2
PROMIS Fatigue Short Form Elamipretide 53.8 -0.4 0.75
(Lower scores are better) Placebo 53.1 -1.6

Source: Applicant’s Results

Abbreviations: CGlI, clinician global impression;

5XSST, 5 times sit-to-stand-test; HHD, handheld dynamometry; LS, least squares; PGl, patient
global impression; PROMIS, patient reported outcome measurement information system

The results of the echocardiographic measurements are discussed in Section 4.2.1.

4.1.2.1.2 SPIBA-201, Part 2 (Part 2) (TAZPOWER Extension)

4.1.2.1.2.1 Trial Design

SPIBA-201, Part 2 was a single-arm, OLE of Part 1 to evaluate safety, tolerability, and longitudinal trends
in efficacy of elamipretide. Part 2 was initiated on January 25, 2018.

Part 2 Study Objectives
The primary objective of Part 2 was to assess the long-term safety and tolerability of elamipretide for up
to 192 weeks (from the predose visit in Part 1).

The secondary objectives were to evaluate longitudinal trends over a treatment period of up to 192
weeks in 6MWT, Total Fatigue score on BTHS-SA, HHD, 5XSST, 2D and 3D echocardiographic
measurements, SWAY Application Balance Assessment, PROs (CGI scales, Caregiver Global Impression
(CaGl) scales), and biomarkers. The results of these endpoints were planned to be descriptive.

The Treatment Period in Part 2 began after the Treatment Period 2 Week 12 visit of Part 1.

Ten of twelve subjects from Part 1 consented to participate in Part 2; the other two declined
participation in Part 2 due to adverse events (AEs).

Of the 10 subjects who enrolled in Part 2, 2 discontinued elamipretide at Weeks 24 and 72, respectively,
due to AEs. Eight subjects completed up to Week 168, and three up to Week 192.

The baseline demographics of the subjects in Part 2 were comparable to those in Part 1.

4.1.2.1.2.2 Trial Results

Primary Endpoint — Safety and Tolerability

There were no deaths in Part 2. Three subjects reported serious adverse events (SAEs) that were
considered unrelated to elamipretide. Two subjects discontinued participation due to treatment-
emergent adverse events (TEAEs) of moderate injection site urticaria, and urticaria and drug eruption.
These were considered to be related to elamipretide. The details of the safety assessment are described
in Section 4.2.
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Secondary Endpoints

At Weeks 168 (n=8) and 192 (n=3) of Part 2, there was a mean increase in distance walked on 6MWT
(Figure 3) and improvement (lower scores are better) in the Total Fatigue score on the BTHS-SA (Table 3)

when compared to the Part 1 predose baseline, with most of the changes occurring during the initial 12
weeks of Part 1.

Figure 3. Mean (SE) Distance Walked (Meters) on the 6MWT, SPIBA-201, Part 2
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Source: Reviewer’s Figure
Abbreviations: SE, standard error; 6MWD, 6-minute walk distance; 6MWT, 6-minute walk test

Figure 4 shows the trajectory of 6MWD by subject in SPIBA-201.
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Figure 4. By-Subject Data Listing of 6MWD for Subjects on Elamipretide by Visit in SPIBA-201, Parts 1 and 2
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Source: Reviewer’s results
Abbreviation: 6MWD, 6-minute walk distance

Figure 5. Mean (1SE) Total Fatigue Score Based on the BTHS-SA, SPIBA-201, Part 2
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Abbreviations: BTHS-SA, Barth Syndrome Symptom Assessment; n, number of subjects; SE, standard error; SMD, standardized mean difference

Table 3 shows change from baseline (predose in Part 1) to Weeks 12, 24, 36, 48, 72, and 168 in 6MWD,
Total Fatigue Score (BTHS-SA), HHD, 5XSST, and SWAY Application Balance Score, with several estimates
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reported by the Applicant as statistically significant. Data at Week 192 are not displayed in Table 3
because of a large drop-off in sample size (n=3 at Week 192).

Table 3. Changes in Functional Outcomes in SPIBA-201, Part 2, Compared to Part 1, Predose Baseline

Test

Predose in
Part 1
(n=10)

Change at
Week 12
(n=10)

Change at
Week 24
(n=9)

Change at
Week 36
(n=8)

Change at
Week 48
(n=8)

Change at
Week 72
(n=8)

Change at
Week 168
(n=8)

6MWD (m)

382.8

60.5*

91.2*

95.9*

97.4*

106.8*

96.1%

BTHS-SA

7.7

-1.6*

-0.8

-2.1*

-0.6

-1.7

-1.2

(Lower scores
are better)

HHD
(Newtons)
(Higher
scores are
better)

131.2 37.9* 54.1* 56.0* 54.7* 43.3* 60.3*

5XSST (s) 13.0 -1.8 -1.6 -1.8

(Shorter times
are better)

SWAY 20.2*
Application
Balance
Score
(Higher
scores are
better)

70.8 3.7 9.1* 6.2 11.7* 13.4*

Source: Reviewer

*According to the Applicant, these were statistically significant changes from baseline. We consider these changes exploratory and
uninterpretable (see text).

Abbreviations: BTHS-SA, total fatigue score from Barth Syndrome Symptom Assessment; 5XSST, 5 times sit-stand-test; HHD, handheld
dynamometry; m, meters; n, number of subjects; s, seconds; 6MWD, 6-minute walk distance

The Applicant has asserted that these changes from baseline at multiple timepoints (Table 3) in effort-
based assessments over time in an open-label, single-arm study reflect a durable treatment effect of
elamipretide in patients with BTHS. FDA disagrees with this assertion for the following reasons:

e The open-label, single-arm design, with all subjects aware that they were receiving elamipretide, can
introduce performance bias. The subjects knew that they were receiving active treatment and might
have expected that they would improve. This could impact their responses on the BTHS-SA and the
extent to which the subjects exert effort on the other endpoints.

e There is lack of a control arm to discern the changes seen with elamipretide from known (e.g.,
extent of effort, growth and muscle development related to puberty) and unknown confounders.

e Inthe randomized, double-blind part of SPIBA-201, the placebo-treated subjects had an overall
mean increase of 31 m from baseline in 6MWD at the end of the 12-week treatment period. For
those assigned to placebo in Treatment Period 1, the increase was 60 m at the end of the 12-week
treatment period. These data show that patients with BTHS can increase their 6MWD without active
treatment.

e An example of how the findings from the TRT set could lead to an erroneous conclusion of efficacy is
shown in Table 4. It appears that all nominal p-values for the LS mean change from baseline in
6MWT are significant and that patients can sustain their 6MWD over years. This appears to also be
true for the 6MWD of 443 m (nominal p=0.02 compared to baseline) at Week 12 of SPIBA-201, Part
2. However, at the end of the randomized, controlled trial (SPIBA-201, Part 1) a 6MWD of 443 m
with elamipretide was shown not to be significantly different compared to placebo (both groups
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walked ~443 m; p=0.97). Similarly, we cannot reliably conclude that the other time points reflect a

true treatment effect in the TRT set derived from an open-label, single arm study.

Table 4. Six-Minute Walk Test Results at Various Timepoints, SPIBA-201, Part 2!

Timepoint in SPIBA- LS Mean at Change From Baseline? a:l Nominal
201, Part 2 N Timepoint Timepoin p-Value
Week 12 10 443 60.5 0.02
Week 24 9 472 91.2 0.004
Week 36 8 478 95.9 0.02
Week 48 8 479 97 .4 0.01
Week 72 8 489 106.8 0.01
Week 168 8 478 96.1 0.003

Source: Reviewer

! Week 192 data not shown because only 3 patients had data at this timepoint.

2 Baseline is from predose in period 1 of SPIBA 201, Part 1.

Abbreviations: LS, least squares; N, number of subjects

The Applicant conducted post hoc analyses of 6MWT indexed to height in an attempt to account for the
effect of increase in height on 6MWT. The Applicant reported the following:

“Consistent with the primary efficacy results measuring distance walked on the 6MWT, the mean
distanced walked (meters) on the 6MWT indexed to concurrent height at Week 12, Week 24, Week 36,
Week 48, and Week 72 were 262.17, 279.31, 279.25, 278.79, and 282.72 meters, respectively, following
open-label treatment with elamipretide. The mean changes from Baseline of 33.11, 48.59, 50.52, 50.07,
and 53.99 meters, respectively, were statistically significant at Week 12 (p=0.03), Week 24 (p=0.007),
Week 36 (p=0.03), Week 48 (p=0.01), and Week 72 (p=0.01).”

However, this analysis does not address FDA’s fundamental concern about the potential for
performance bias to affect the results of an effort-based endpoint such as 6MWT based on knowledge
of treatment assignment.

Hence, FDA concludes that the changes in performance outcomes described in Table 3 cannot be
interpreted as a treatment effect of elamipretide in patients with BTHS.

The results of other exploratory efficacy endpoints such as echocardiographic measurements,
biomarkers and PROs are discussed under Section 4.2.

4.1.2.2 SPIBA-001 (NH Control Study)

SPIBA-001 is titled, A Long-term Study to Evaluate the Efficacy of Subcutaneous Injections of
Elamipretide (MTP-131) Compared to a Retrospective Natural History Control in Subjects with Barth
Syndrome.

In 2019, the FDA advised the Applicant that the efficacy data from SPIBA-201, Part 2 were
uninterpretable (see the Regulatory History and SPIBA-201, Part 2 sections above for details). The
Applicant subsequently proposed and conducted SPIBA-001, despite FDA's disagreement with its design.

4.1.2.2.1 Trial Design
SPIBA-001 was an open-label trial that compared elamipretide-treated subjects in SPIBA-201, Part 2, to a
retrospective external control group referred to by the Applicant as the NH cohort.

SPIBA-001 was conducted between May 2019 (about 17 months after initiation of SPIBA-201, Part 2)
and May 2020.
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Treated (TRT) Set

The TRT set comprised subjects from SPIBA-201, Part 2. In the context of SPIBA-001, the Applicant
counts weeks from the start of SPIBA-201, Part 1. For example, Weeks 64 and 76 in SPIBA-001 (the main
timepoints of interest to the Applicant) correspond to Weeks 36 and 48 of SPIBA-201, Part 2. As
described in Section 4.1.2.1.2.2, 10 of the 12 subjects from SPIBA-201, Part 1 consented to participate in
SPIBA-201, Part 2. Two of the ten subjects in SPIBA-201, Part 2 discontinued treatment by Weeks 24 and
72 of SPIBA-201, Part 2 (which corresponds to Weeks 52 and 100 of SPIBA-001).

Eight subjects had evaluable data; they comprised the TRT set for SPIBA-001.
NH External Control Cohort

This NH cohort comprised BTHS subjects whose data had been collected prior to SPIBA-001 by the
principal investigator (Pl) for the SPIBA trials, under independent clinical research activity. The BTHS
patients who attended the Interdisciplinary Clinic at Johns Hopkins’ Kennedy Kreiger Institute, and the
BTHS Foundation (BSF) International Scientific, Medical, and Family Conferences held in 2014, 2016, and
2018 comprised the NH cohort (N=79). The research data had been stored in an electronic data capture
system called REDCap and included measurements of 6MWD and muscle strength, and
echocardiographic data.

The inclusion criteria for the NH control were availability of baseline data on age, height, and 6MWT,
and at least one postbaseline measure of 6MWT. Key exclusion criteria included participation in another
interventional clinical trial or hospitalization within 30 days of the baseline visit, apparent pubertal
growth, uncontrolled hypertension, history of cardiac transplantation or current placement on the
waiting list for heart transplantation.

Based on these eligibility criteria, only 19 of the 79 subjects were included in the NH cohort for SPIBA-
001.

Timing of Assessments

Per the Applicant, “all clinical assessments in the NH study were captured using standard procedures per
protocol in a manner similar to the SPIBA-201 clinical trial; consequently, long-term interventional data
and long-term NH data were highly consistent with respect to assessment methodology and conduct.
The endpoints in this study included all common assessments and endpoints collected in both long-term
NH study and in the SPIBA-201 trial.”

The review team notes that the endpoint assessments in the TRT set were conducted in accordance with
the prospectively planned schedule of assessments of SPIBA-201 (Section 5.2). For example, 6MWT was
conducted at Weeks 12, 24, 36, 48, 72, 96, 120, 144, 168, and 192. The endpoint assessments in the NH
cohort were not conducted in accordance with a schedule of assessments, as was SPIBA-201, Part 2.
Hence, the timing and number of measurements of efficacy endpoints is different between the TRT set
and NH cohort.

Primary Objective

The primary objective of SPIBA-001 was to establish the efficacy of elamipretide as a treatment for
subjects with BTHS compared to an NH control, using the primary endpoint of distance walked during
the 6BMWT. Of note, while the SPIBA-001 study protocol specified a descriptive summary of 6MWT
across the scheduled measurements, the study report focused primarily on the change from baseline in
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6MWT at Weeks 64 and 76. The Applicant did not provide their rationale for their selection of these two
visits as the timepoints of interest.

Secondary Endpoints
The secondary efficacy endpoints were:

e HHD
e 5XSST
e SWAY Application Balance Assessment

e  Multidomain responder index (MDRI): A single composite score is calculated from the 6MWT and
the above three clinical endpoints. The MDRI uses a minimally clinically important difference (MCID)
responder definition, which defines a response based on a clinically meaningful change in the
individual domain. See Table 5 and Section 5.7 for further discussion.

Table 5. MDRI Domain Components and Responder Definitions

Domain Minimally Clinically Important Difference “Responder Definition”
6MWT =30 meters change from baseline or >10% relative change from baseline
Muscle strength by HHD =>10% relative change from baseline
SXSST .r>1b% relative change from baseline
SWAY Application >10% relative change from baseline

Each domain used a prespecified MCID (above) to identify responders.

A Response is defined as a result that is directionally correct (favorable) and greater in magnitude than the prespecified MCID for a MDRI
domain and is assigned a score of “+1.”

Worsening is assigned a score of “-1” and is defined as a result that is directionally incorrect (not favorable) and greater in magnitude than
defined by the prespecified MCID.

No Change is assigned a score of “0” and is defined as a result that is not greater in magnitude (regardless of directional change) than the
prespecified MCID.

A subject’s component scores are then summed to provide a total MDRI score, with a full range of -4 to 4.

Abbreviations: 5XSST, five times sit-to-stand test; HHD, handheld dynamometry; MCID, minimally clinically important difference; MDRI,
multidomain responder index; 6MWT, 6-minute walk test

Statistical Approach

Propensity score methods have been used in nonrandomized studies to balance arms in terms of
baseline characteristics and to account for measured confounding. The Applicant attempted to apply
propensity score methods to balance covariates (baseline age, height, and 6MWT) between the TRT set
and the NH cohort and minimize the impact of selection bias.

Analysis of all the functional efficacy endpoints was based on a propensity score-weighted (using
stabilized weights) linear regression model to compare treatment cohorts. Changes from baseline at
Weeks 64 and 76 in the primary and secondary endpoints were specified as dependent variables in the
model. Baseline for the NH cohort was defined at the subject level, as the point in time when the first
record was available at age 212 years for the subject in the NH control database. Baseline for the TRT set
was defined as predose on Day 1 in Period 1 of SPIBA-201, Part 1. If the predose value for the primary or
secondary endpoint was missing for the TRT set subject, then the value at the Screening Visit was used.
The linear regression model for the primary efficacy endpoint included treatment cohort and fixed
effects for covariates of age, age squared, height, and 6MWT distance measured at baseline.
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Data for the primary and secondary efficacy endpoints at the timepoints specified for the primary
endpoint analysis (Weeks 64 and 76) were not collected in the TRT set and were not available in the NH
cohort. The Applicant imputed the value of an endpoint at Weeks 64 and 76 using linear regression
models. Specifically, regression lines were fitted at the subject level, using all available endpoint data
points reported over time, starting with the baseline value. At least two data points were required to fit
the regression model for the data imputation.

The study design did not include multiplicity adjustments for the overall study-wise type | error across
various efficacy endpoints and the two timepoints of interest.

4.1.2.2.2 Trial Results

The Applicant’s final propensity score model included the baseline covariates age, age squared, height,
and distance walked during the 6MWT. Balance diagnostics were reported for the baseline covariates
after propensity score weighting (Table 6). After propensity score weighting, age was balanced between
the TRT set and the NH control (standardized mean difference [SMD] <0.1).

Table 6. Summary of Covariate Balance After Propensity Score Weighting, SPIBA-001

Original Weighted
Mean (SD) Mean (SD)
TRT Set NH Cohort TRT Set NH Cohort
Variable (N=8) (N=19) SMD (N=8) (N=19) | SMD
Age at baseline 18.3 (5.0) 21.0 (5.5) -0.5 20.5 (5.9) 20.3(5.4) | <0.1
Height at baseline 166.6 (12.4) 169.6 (14.3) -0.2 | 170.0 (12.0) | 168.2(14.3) | >0.1
6MWT at baseline 381.9 (64.2) 394.9 (75.2) -0.2 | 401.1(72.3) | 393.0(76.4) | >0.1

Source: Reviewer’s results

Abbreviations: N, number of subjects; NH, natural history; SD, standard deviation; 6MWT, 6-minute walk test; SMD, standardized mean
difference; TRT, treated

The efficacy findings based on propensity score-weighted (using stabilized weights) linear regression
models are summarized in Table 7. The results show an increase in the mean distance walked on 6MWT,
muscle strength by handheld dynamometer (HHD), and the MDRI from baseline, for the TRT set
compared to the NH cohort at Weeks 64 and 76.

Table 7. Efficacy Endpoint Results (Baseline and Change From Baseline Using Imputed Endpoint Values at
Week 64 and 76), SPIBA-001

Efficacy Assessment /Units

(LS Mean Change From Timepoint TRT Set NH Cohort Nominal p-
Baseline) (W = week) (n=8) (n=19) Value*
6MWT/Met Baseline 381.9 394.9 -
Improverfeiﬁ ) W64 82.2 0.9 <0.0001
W76 94.2 1.2 <0.0001
HDD/Newt Baseline 132.1 151.8 -
Improvsr\fnv onte ' W64 A4 1.1 0.0006
W76 48.2 2.0 0.0009
Baseli 12.9 11.2 -
5XSST/Seconds or = oo o5
Improvement=| = : :
W76 -2.6 0.0 0.043
SWAY Balance Score Baseline 70.9 68.7 -
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Efficacy Assessment /Units

(LS Mean Change From Timepoint TRT Set NH Cohort Nominal p-

Baseline) (W = week) (n=8) (n=19) Value*

Improvement=1 W64 7.6 1.4 0.094
W76 9.1 1.7 0.086
Baseline 2.8 04 -

Imoroverment= X W64 3.0 06 0.0001
W76 3.1 0.7 0.0001

Source: Reviewer’s results

*Not adjusted for multiplicity

Abbreviations: LS, least squares; 5XSST, 5 times sit-to-stand; 6MWT, 6-minute walk test; HDD, handheld dynamometer; MDRI, Multidomain
Responder Index, NH, natural history; W, week

The echocardiographic data are discussed in Section 4.1.4.1.

4.1.2.2.3
SPIBA-001 is an externally controlled study that the Applicant is proposing to use to demonstrate
efficacy of elamipretide in patients with BTHS, after SPIBA-201, Part 1 failed to demonstrate a treatment
effect of elamipretide on the primary endpoints of 6MWT and fatigue and after FDA informed the
Applicant that SPIBA-201, Part 2 was uninterpretable for efficacy. The key limitations of SPIBA-001 are as
follows:

FDA Assessment

e Limitations of the TRT set:

— The results from the TRT set were known before the design of SPIBA-001. The TRT set of SPIBA-
001 is the open-label, single-arm extension study of SPIBA-201 (Part 2). Use of these data as the
treatment arm in a new externally controlled study cannot resolve the previously discussed
fundamental issue of potential bias on the effort-dependent endpoints based on knowledge of
treatment assignment. The most appropriate approach to minimizing bias in this type of
situation is a randomized, blinded, controlled trial. See Section 4.1.2.1.1.2 for a detailed
discussion of the limitations of the TRT set.

e Limitations of the NH cohort:

— The NH cohort was constructed from a cohort of 79 subjects stored in REDCap. The Applicant
applied the eligibility criteria of availability of baseline data on age, height, and 6MWT, and at
least one postbaseline measure of 6BMWT to select subjects for the NH cohort. Only 19 of these
79 subjects (24%) met the inclusion criteria and were included in the NH cohort. As the eligibility
criteria used for NH cohort were different from the TRT set, and SPIBA-001 is not a randomized,
controlled trial, the possibility of selection bias cannot be excluded. For example, it is unclear
why only some subjects underwent repeated 6MWTs and others did not undergo even one
6MWT, and whether those who underwent 6MWTs are representative of those who did not. It
is plausible that subjects who were not doing well underwent close follow-up for 6MWT, and
therefore met the inclusion criteria for the NH cohort. In contrast, the TRT-set subjects were
likely doing well and decided to remain on treatment.

— Nonetheless, even if comparability between the TRT set and NH cohort could be assured, the
open-label, external control design still cannot overcome the fundamental issue of potential bias
on the effort-dependent endpoints based on knowledge of treatment assignment. The NH
cohort knew they were not receiving elamipretide and would not have an expectation that they
would improve.
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The results from the NH cohort were available to the study investigators and the Applicant prior
to the design of SPIBA-001. Potential influence of such prior knowledge on the design and
results of SPIBA-001 cannot be excluded.

Limitations of the propensity score method:

Propensity score methods cannot address the impact of potential selection bias caused by
restricting the analysis to only 19 of the 79 subjects eligible for the NH cohort. Propensity score
methods can help to balance covariates between the TRT set and the NH cohort, but the
concern of selection bias among the NH cohort remains unaddressed.

Propensity score methods cannot address the potential bias caused by subjects in the TRT set
knowing they were on elamipretide and, therefore, could expect to do well on effort-dependent
endpoints, whereas the retrospective external control constructed for study SPIBA-001 had no
such expectation or motivation. This problem cannot be addressed by weighting the
characteristics of subjects on drug and not on drug.

The draft FDA guidance for industry, Considerations for the Design and Conduct of Externally
Controlled Trials for Drug and Biological Products (February 2023) recommends prespecifying
study design and analysis to approximate a randomized experiment as closely as possible. The
covariates for the propensity score model should be prespecified in the SAP, without data-
driven variable selection, such as squared terms, unless prespecified. However, the date
(January 2, 2020) in the computer code used to estimate the propensity scores preceded the
finalized dates for the concept statistical analysis plan (SAP) (January 15, 2020) and the
supplemental SAP (May 8, 2020). Therefore, it is unclear whether the development of the final
propensity score model was guided by the model-building criteria in the SAP, or vice versa.

An important assumption for propensity score analysis is that there are no unmeasured
confounders (i.e., that all factors that might affect treatment assignment and the outcome of
interest have been observed and included in the propensity score model). For BTHS and SPIBA-
001, some unmeasured confounders might include heart function, motor development, and
pubertal status (timing of growth spurt). These clinical characteristics might affect whether a
patient meets the eligibility criteria in SPIBA-201 (to receive treatment) and can also be
associated with the efficacy endpoint. The Applicant’s propensity score model considered only
the baseline measures of age, height, and the 6MWT distance. In this case, with a limited
number of measured covariates, the statistical inference will most likely be subject to bias from
unmeasured confounding. The draft FDA guidance for industry, Considerations for the Design
and Conduct of Externally Controlled Trials for Drug and Biological Products (February 2023)
emphasizes the comparability between treatment and control arms across various domains,
including time periods, prognosis, intercurrent events, and handling of missing data, among
others. With the limited number of baseline covariates available for the NH cohort (only age,
height, and baseline measures of the efficacy endpoints), it is problematic to assert the
comparability of the two groups in SPIBA-001.

The sample size was not sufficient to use the propensity score method. Although the statistical
literature suggests having at least 6 to 10 treated subjects per covariate in the propensity score
model, the Applicant’s analysis used data from only 8 elamipretide-treated subjects (Cepeda et
al. 2003; Yang et al. 2019). The Applicant’s propensity score model, which included baseline
measures of age, age squared, height, and the 6MWT distance, could have increased bias in the
estimated propensity score, and contributed to the subsequent propensity score-adjusted
outcome model.
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Limitations of imputed data

— As described in Section 4.1.2.2.1, the efficacy data in REDCap for the NH cohort were not

collected at the timepoints used for the primary efficacy analysis (Weeks 64 and 76). Therefore,
the efficacy data for NH cohort used in the analyses were 100% imputed. The same issue was
noted for the TRT set. For each subject in the TRT set and NH cohort, a regression line was fit
using all available endpoint data points reported over time, starting with the baseline value. At
least two data points were required to fit the line for each subject. All the missing data at Weeks
64 and 76 in the TRT set and NH cohort were imputed using these estimated regression lines.
Linear regression imputation can be used to impute a small amount of missing data. However,
when all of the data at a specific timepoint are imputed, the reliability of predicted values is
guestionable. Consequently, analysis results and interpretation may vary greatly depending on
the assumptions made. In addition, in regression analysis, two studies (Harrell et al. 1984;
Peduzzi et al. 1996) indicate that there should be at least 10 observations per independent
variable for a reasonable imputation. When there is high variability, the number of necessary
data points increases to clearly match a model to a highly variable data pattern. In regulatory
submissions for confirmatory studies, we also typically recommend using multiple imputation to
avoid the well-documented pitfalls of single imputation when underestimating uncertainty
around the missing observation (Rubin and Schenker 1991).

The actual number of observed 6MWT values for each subject in the NH control ranged from
two to eight. Five of the nineteen subjects had only two measurements, and 9 of the 19 subjects
had only three measurements. The observed 6MWT values for each TRT subject ranged from 9
to 10 measurements. See Table 8.

Table 8. Number of Observed 6MWT Values

NH Cohort TRT Set

Number of Observations N=19 N=8

O©ooUhwN

10

OO -_2=2NOO;
A DDOOOOCO

Source: Reviewer
Abbreviations: NH, natural history; 6MWT, 6-minute walk test; TRT, treated

See Figure 6 and Figure 7 for profile plots of each subject’s observed 6MWT in the TRT set and NH
cohort, respectively. In addition, Figure 7 shows that a majority of the observed measurements in the
NH cohort were separated by weeks to years from Weeks 64 and 76. This raises additional concerns
about the reliability of a regression prediction model fit in the NH cohort.
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Figure 6. Observed 6MWT Values in the TRT Set
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Source: Reviewer’s Results.
Note: the deflection points are the observed 6MWD
Abbreviations: 6MWT, 6-minute walk test; TRT, treated

Figure 7. Observed 6MWT Values in the NH Cohort
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Source: Reviewer’s Results.
Note: all the deflection points are the actual observed 6MWD
Abbreviations: NH, natural history; 6BMWT, 6-minute walk test

The TRT set followed the SPIBA-201, Part 2 protocol for visits. However, most of the subjects in the NH
cohort had fewer visits, at irregular intervals. To illustrate this point, we picked one subject from each
cohort.
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Figure 8. Imputed 6MWT vs. Observed 6MWT in a Subject From the Natural History Cohort (Left) and a Subject
From the Treatment Set (Right)
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In the left panel in Figure 8, Subject ) from the NH cohort had his first postbaseline

measurement at Day 323 (YWeek 46), his next measurement at Day 729 (YWeek 104), and his final
measurement nearly a year later at Day 1051 (Y“Week 150). The intervals between his measurements are
approximately 1 year. In fact, 14 of the 19 subjects from the NH cohort had only two or three
measurements with intervals between the two measurements stretching beyond 2 or 3 years. In the
above figure we can compare the Applicant-imputed data for Subject ©© at Weeks 48, 52,
64, 76, and 100. The large variability in observations at different visits leads to an almost flat regression
line. Imputed values can differ dramatically from observed values around the timepoints of interest.

The TRT set has a similar imputation issue. However, due to a protocol-specified visit schedule, the
intervals between Week 64 (or 76) and the dates with observed 6MWT data are reasonably closer for all
subjects in the TRT set. Subjects initially had visits every 12 weeks and after 48 weeks, they had visits
every 24 weeks. For example, in the right panel, Subject L2 had measurements on his
scheduled visits. There were more observations taken over a shorter period of time with tighter visit
windows. Nonetheless, such imputation based on the line of best fit may also underestimate uncertainty

and potentially produce false-positive results (Rubin and Schenker 1991).

In essence, most of the observed walk distances are not close to their respective regression lines in both
cohorts, which indicates large variability. The long intervals between the small number of observed visits
in the NH cohort might have increased the variability, leading to poor fits of linear regression lines and
marked differences between the observed and imputed data at Weeks 64 and 76 in the NH cohort. The
high variability and sparsity of observations hamper assessment of the precision of imputed data in the
NH cohort, as most generally accepted assessments of good fit require more observations.
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During development, FDA raised concerns about the imputation and questioned the reliability of the
predicted values if the number of observations used in the regression model was insufficient. The
Applicant was advised to clarify how they would evaluate the variability in the estimation of the
endpoint data and how they would account for that variability in the final analysis. However, the
Applicant did not address those concerns in the NDA submission.

See Table 24 in the Appendix for the limitations of the NH cohort.

4.1.3 Conclusion on Efficacy

SPIBA-201, Part 1 was an AWC trial that failed on its primary objective to demonstrate an effect of
elamipretide on both the distance walked in the 6MWT and the Total Fatigue Score on the BTHS-SA.
Because of the major issues discussed above, neither SPIBA-201, Part 2, nor SPIBA-001 are AWC studies
that can establish the effectiveness of elamipretide on the assessed clinical outcomes in patients with
BTHS.

4.1.4 Proposed Confirmatory Evidence

The Applicant proposes to use echocardiographic data, cardiolipin findings, CARDIOMAN trial results,
three case reports, and patient-experience data as CE to establish the effectiveness of elamipretide in
patients with BTHS. To use CE, there must first be evidence of effectiveness from an AWC trial, which is
lacking in this case. Nonetheless, for completeness we assess the proposed CE in this section.

We also considered whether SPIBA-201 or SPIBA-001 provide compelling evidence of an effect of
elamipretide on echocardiographic parameters or cardiolipin findings (as these are not effort-dependent
endpoints such as the 6MWD) to support their use as a reasonably likely surrogate endpoint for
accelerated approval. However, based on the significant data limitations discussed in the sections
below, we conclude that these data are not adequate for this use.

4.1.4.1 Cardiomyopathy Assessment

4.1.4.1.1 SPIBA-201

Per the Applicant (SPIBA-201 Clinical Study Report Final dated November 6, 2020), “exploratory 2-D and
3-D echocardiograms were conducted at all visits during the same 2-hour time period for all subjects, to
control for variability in loading conditions. The 2-D and 3-D echocardiograph parameters were to be
summarized using descriptive statistics. To allow comparison around individuals with different body
sizes, selected measurements were to be reported indexed to baseline body surface area (BSA).”

The prespecified two-dimensional (2D) echocardiography parameters to be collected included measures
of left ventricular (LV) structure, systolic and diastolic function, left atrial volume, mitral and tricuspid
regurgitation, and structural abnormalities. The prespecified three-dimensional (3D) echocardiography
parameters included measures of LV volumes and LV systolic function (listed in Table 24, Section 5.3).

Per the schedule of assessments for SPIBA-201, the 2-D and 3-D echocardiographic measurements were
obtained at baseline (predose, Part 1), 12 weeks posttreatment in Part 1, EOT Part 1, and at Weeks 24,
36,48, 72,96, 120, 144, and 168 of Part 2.

Baseline Cardiac Characteristics

The SPIBA-201 eligibility criteria did not require the presence of cardiomyopathy and/or cardiac failure
at baseline. Baseline cardiac assessment included collection of history of cardiac disorders, concomitant
medication use, and echocardiogram per the study schedule of assessments. A review of the baseline
cardiac assessment of the subjects in SPIBA-201, Part 1 (Table 22, Section 5.2) showed that:
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Nine of twelve (75%) subjects had a history of cardiomyopathy and/or cardiac failure. The type of
cardiomyopathy is described for only one subject—Subject ®©® " had restrictive cardiomyopathy
with endocardial fibroelastosis. For the subjects with a reported history of cardiomyopathy/cardiac
failure, the age at start of cardiomyopathy/cardiac failure was approximately at birth for eight of the
nine (89%) subjects and at 4 years for the remaining subject (11%); approximately 12 to 35 years
prior to enrollment in SPIBA-201.

Baseline concomitant cardiac medication use was as follows:

— Five of nine subjects (56%) were on ACE-inhibitor therapy.

— Four of nine subjects (44%) were on beta-blocker therapy.

— Three of nine subjects (33%) were on digoxin.

— One of nine subjects (11%) was on an aldosterone antagonist.
— No subject was on a diuretic.

These data indicate that the use of baseline cardiac medications was low, and the type of cardiac
medications used were those that are generally indicated for the treatment of cardiomyopathy and/or
heart failure with reduced LVEF but may be used for indications other than heart failure.

The baseline (Visit 1, predose for Period 1) LVEF, and left ventricular septal thickness in diastole
(LVSd), by 2-D echocardiography, was within the normal range for all 12 randomized subjects. The
left ventricular end diastolic volume indexed to body surface area (LVEDVi) was lower than normal
in four of the seven subjects age <18 years and was normal in all adult subjects (n=5). The
determinants of LVEDVi include blood volume, venous return, intrathoracic pressure, and the
systolic and diastolic function of the heart. The clinical significance of the lower-than-normal LVEDVi
in some pediatric subjects at baseline is unclear. These subjects had normal LVEF and LVSd.

Hence, while 75% of the subjects enrolled in SPIBA-201, Part 1 had a past medical history of
cardiomyopathy, all the subjects had normal left ventricular function and septal wall thickness at the
Visit 1, pre dose echocardiographic assessment conducted per the study schedule. The mean
baseline LV global longitudinal strain was normal (~-20%), as was the mean mitral valve (MV) early
diastolic medial annular velocity e (10 cm/s) and mean MV early diastolic lateral annular € (20 cm/s)
indicating normal systolic and diastolic function. These data show that at randomization, the
subjects were in reasonably good cardiac health with no clear clinical or imaging findings indicative
of the presence of cardiomyopathy or heart failure.

Hence, any change from baseline in echocardiographic parameters that were normal at baseline is
challenging to interpret as a measure of treatment effect.

41.4.1.2 SPIBA-201, Part1
In SPIBA-201, Part 1, there were a total of 12 subjects, 8 were children aged 12 to 17 years (at baseline),
and 4 were adults aged 21 to 35 years (at baseline).

At the end of the randomized treatment period (12 weeks), there was no difference between
elamipretide and placebo in any of the 2D and 3D echocardiographic parameters (
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Table 9). Note that the reported echocardiographic parameters were within the normal ranges at
baseline and at end-of-treatment (See Section 5.4).
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Table 9. Echocardiogram Results at the End of the Treatment Period, SPIBA-201, Part 1

44

Elamipretide Placebo
(N=12) (N=12) LSM
Baseline Week 12 Baseline Week 12 | Difference | Nominal
Echocardiographic Parameter Mean (SD) Mean (SD) Mean (SD) Mean (SD) (95% CI) | p-Value
2D Echocardiographic measurements

LVEDV/baseline BSA (mL/m?) 444 (10.5) | 48.4 (12.5) 464 (9.4)| 49.6(12.3)| -1.1(-8.9, 0.75
LVESV/baseline BSA (mL/m?) 24.5 (11.1) 27.3 (8.4) 26.0 (7.8) 26.4 (7.6) 0.9 (gg) 0.53
LVEF (%) 63.9 (5.6) 62.0 (4.6) 62.7 (3.3) 64.1(4.5) | -21 (gg) 0.21
IVSd/baseline BSA (cm/m?) 0.5 (0.07) 0.5 (0.08) 0.6 (0.1) 0.6 (0.1) | -0.1 (g);) 0.11
IVSs/baseline BSA (cm/m?) 0.7 (0.1) 0.7 (0.1) 0.8 (0.2) 0.8(0.1) | -0.1 (82) 0.09
LVIDd/baseline BSA (cm/m?) 3.2(0.4) 3.2(04) 3.1(0.5) 3.1(0.5) 0.1 ((())?) 0.30
LVIDs/baseline BSA (cm/m?) 2.1 (0.3) 2.1 (0.3) 2.0 (0.3) 2.0 (0.3) 0.1 (81) 0.22
LVPWd/baseline BSA (cm/m?) 0.5 (0.1) 0.6 (0.1) 0.6 (0.1) 0.6 (0.1) 0.0 (8%) 0.19
LVPWs/baseline BSA (cm/m?) 0.9 (0.1) 0.9 (0.1) 0.9 (0.2) 1.0(0.1) | -0.1 ((())(2)) 0.24
LV fractional shortening (%) 35.6 (4.1) 34.5 (3.7) 33.6 (3.3) 34.9 (4.3) -04 (gg) 0.72
LV global longitudinal strain (%) -19.7 (1.9) -20.2 (1.4) -20.0 (2.0) -20.3 (1.9) 0.1 (%1) 0.81
LAV/baseline BSA (mL/m?) 27.6 (5.9) 28.3 (5.6) 27.7 (8.0) 27.4 (6.6) 0.9 (12‘:;) 0.54
LV mass/baseline BSA (g/m?) 84.3(17.9) | 83.5(18.0) 89.6 (12.7) 88.1(21.2) | 4.5 (-2‘11..23? 0.57
Peak E wave (m/s) 0.9 (0.2) 0.9 (0.1) 0.9(0.2) 0.9 (0.2) 0.0 (1?):) 0.55
Peak A wave (m/s) 0.6 (0.2) 0.5(0.1) 0.5(0.1) 0.5(0.2) 0.0 ((())11) 0.90
Peak E/peak A wave 1.7 (0.8) 1.9 (0.6) 2.0(0.7) 1.9 (0.7) 0.0 (823) 0.87
Medial MV annulus e’ (m/s) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.0 (0(()2)2); 0.19



Elamipretide Placebo

(N=12) (N=12) LSM

Baseline Week 12 Baseline Week 12 | Difference | Nominal

Echocardiographic Parameter Mean (SD) Mean (SD) Mean (SD) Mean (SD) (95% CI) | p-Value

Medial MV annulus a’ (m/s) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.1 (0.0) | 0.0 (-0.01, 1.00
0.01)

Lateral MV annulus e’ (m/s) 0.2 (0.0) 0.2 (0.0) 0.2(0.0) 0.2 (0.0) | 0.0(-0.01, 0.62
0.02)

Lateral MV annulus a’ (m/s) 0.1 (0.0) 0.1 (0.0) 0.1 (0.1) 0.1 (0.0) | 0.0(-0.03, 0.18
0.01)

Noncompaction ratio (Chin method) 0.3 (0.1) 0.3 (0.1) 0.3 (0.1) 0.4 (0.1) 0.0 (-0.1, 0.67
0.1)

Noncompaction ratio (Jenni method) 1.3 (0.4) 1.4 (0.5) 1.6 (0.6) 1.4 (0.5) 0.0 (-0.5, 0.95
0.4)

3D Echocardiographic measurements

LVEDV/baseline BSA (mL/m?) 46.6 (8.6) 44.2 (6.7) 45.6 (9.8) 46.5 (6.7) -2.3 (-8.1, 0.40
3.5)

LVESV/baseline BSA (mL/m?) 18.1 (3.9) 17.8 (2.3) 17.1 (4.0) 18.0 (2.7) -0.3 (-2.4, 0.78
1.9)

LVEF (%) 61.3 (4.9) 59.5 (3.9) 62.6 (3.6) 60.8 (3.1) -1.2 (-3.7, 0.30
1.3)

Source: SPIBA-201 Clinical Study Report Section 11.4.3

LSM Difference was elamipretide 40 mg minus placebo at the end of treatment period. P-value and 95% Cl of the difference was based on the mixed model which included treatment, period, and

sequence as fixed effects and subject as a random effect

2D echocardiograph also included parameters related to peak systolic strain and qualitative assessment of valve regurgitation for aortic, mitral, and tricuspid valves. No difference was found between

groups in these parameters at the end of the treatment period.

Abbreviations: BSA, body surface area; IVSd, Interventricular septal wall dimension-diastole; IVSs, interventricular septal wall dimension-systole; LAV, left atrium volume; LAX, longitudinal axis; LSM,
least squares mean; LV, left ventricular; LVEDV, left ventricular end-diastolic volume; LVIDd, left ventricular internal dimension-diastole; LVPWd, left ventricular posterior wall dimension-diastole;

LVPWs, left ventricular posterior wall dimension-systole; MV, mitral valve; N, number of subject; SD, standard deviation
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In summary, the echocardiographic data from SPIBA-201, Part 1 do not indicate a treatment effect of
elamipretide compared to placebo after 12 weeks of treatment.

4.1.4.1.3 SPIBA-201, Part 2

Descriptive statistics by visit were performed to evaluate the longitudinal trends of 2D and 3D
echocardiographic parameters for up to 192 weeks in SPIBA-201, Part 2. A total of 10 subjects continued
from Part 1 to the Part 2 of SPIBA-201; 7 were children aged 12 to 17 years (at baseline), and 3 were
adults aged 21 to 35 years (at baseline). Eight subjects completed the study visits at Week 168 and only
3 subjects were followed up to Week 192. The Applicant stated that subjects in SPIBA-201 had
significantly low LV volumes at baseline, in particular LVEDV, and subsequently focused on the results of
change in LVEDV and the post hoc analysis of LVSV obtained by 3D echocardiography. Their analyses of
3D LV volumes described below:

LVEDV

Per the Applicant (SPIBA-201 Clinical Study Report Final dated August 04, 2023), “at Week 12, Week 24,
Week 36, Week 48, and Week 72, Week 96, Week 168 and Week 192, following open-label treatment
with elamipretide, the mean LV end-diastolic volumes indexed to Baseline BSA were 53.30, 53.52, 57.85,
56.54, 58.07, 73.95, 68.76 mL/m?, respectively, with mean changes from Baseline of 5.23, 4.02, 8.33,
8.34,7.02, 6.41, 24.42 and 20.21 mL/m?, respectively. Statistically significant mean changes from
Baseline were noted at Week 48 (p=0.006) and Week 168 (p =0.003), no other statistically significant
changes from Baseline were noted at any other visits.”

LVEDV increases during childhood (as much as threefold), and the increase in LVEDV is reported to be
best correlated with the log of body weight (r =0.95) and log of body surface area (BSA) (r =0.96)
(Gutgesell et al. 1977). The normal range of LVEDVi by 3D echocardiography in adults is 54.7 to

82.7 mL/m? (Bernard et al. 2017). In children, LVEDV varies according to the BSA and nomogram of z-
scores is used for normal reference ranges (Cantinotti et al. 2019). The mean LVEDVi values of 57.87 and
73.95 mL/m?, at Weeks 48 and 168, respectively, reported by the Applicant as indicating a statistically
significant change from baseline, are of unclear clinical significance. LVEDVi was normal at baseline,
generally remained within the normal reference range, and is expected to increase over time in at least
half of the subjects who were in the pediatric age group at the time of enrollment; the increases are
associated with increases in weight and BSA.

LVSV (Post-hoc Analysis)

In SPIBA-201, Part 2, at Week 12, 24, 36, 48, 72, 96, 168, and 192, the mean 3-D LV stroke volume
indexed (LVSVi) to baseline BSA was 32.5, 32.2, 35.3, 35.3, 34.5, 35.7, 44.9, and 41.3 mL/m?,
respectively, with mean changes from baseline of 3.1, 1.9, 4.8, 4.8, 4.0, 3.3, 14.4, and 11.9 mL/m?,
respectively. The normal range of LVSVi by 3D echocardiography is 35.6 to 53 ml/m? in adults (Patel et
al. 2021). Per the FDA’s request, the Applicant also provided LVSV indexed to concurrent BSA to better
control for growth effects among adolescent subjects during the years of the longitudinal study

(Figure 16). At Week 168, the mean change from baseline in 3D LVSV indexed to concurrent BSA was 9.9
mL/m? with a nominal p value of 0.02.

LVSV is the volume of blood that the LV pumps out into the systemic circulation with every systolic
cardiac contraction. LVSV is calculated as the difference between LVEDV and LVESV. LVSV is a
hemodynamic parameter that is determined by LV contractility, preload, and afterload. Hence, both
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cardiac and extracardiac factors such as circulating blood volume, cardiac function and vascular tone can
influence LVSV (Bruss and Raja 2024). Generally, increases in LVEDV and LV contractility will increase
LVSV, whereas an increase in afterload will decrease LVSV. Furthermore, changes in LVSV are observed
with age in normal individuals. For example, during childhood and adolescence, LVSV generally
increases, but in adulthood, LVSV decreases with age (Cain et al. 2009; van der Ven et al. 2020).

Note that 3D LVEF did not change much during SPIBA-201, Part 2 (Figure 24). The mean LVEF (%) was
normal at Week 12, 24, 36, 48, 72,96, 168, and 192, and was reported to be 61.1, 60.1, 61.2, 61.0, 60.6,
61.4,61.3, and 60.4, respectively, with mean changes from baseline of -0.01, -1.04, -0.33, -0.51, -1.0, -
1.1, -0.3, and -0.3, respectively, none showing nominal statistical significance. Absent an increase in
LVEF, the increase in LVEDVi appears to be the predominant reason for the observed increase in LVSVi.

The FDA has previously communicated to the Applicant that it is challenging to interpret these
hemodynamic parameters outside of a properly controlled study in patients with BTHS because
cardiomyopathy in BTHS can have an undulating course with changes between hypertrophic and dilated
appearances of the LV. Depending on the underlying cardiac phenotype, an increase in LVSV may
represent an improvement or deterioration of cardiac function. For example, subject ®© (21 years
old) who had the largest increase in 3D LVSV volume indexed to concurrent BSA at Week 168 from
baseline (22.5 mL/m?, representing 80% increase from baseline) also showed increases in LV internal
dimension, interventricular septal wall dimension and left atrium volume, and a decline in LVEF (from ~
Week 36 to 168) during the OLE period (Figure 25). Adverse events of mildly abnormal LV strain and LV
dilatation were also reported for this subject at Week 72 in the OLE period. Together, all these findings
might reflect changes seen in early phases of development of dilated cardiomyopathy (DCM). Hence, it
is difficult to interpret the finding of increase in mean LVSVi in SPIBA-201, Part 2 as a favorable change.

Given little evidence of cardiomyopathy at baseline, the variable course of the disease between
subjects, the lack of a control arm, expected age-related increase in LVSV, and the lack of information
about the hemodynamic condition when LVSV was estimated, one cannot interpret the observed
increase in LVSVi as a treatment effect of elamipretide. See additional echocardiographic analyses in
SPIBA-201, Part 2 in Section 5.6.2.

Conclusion

Like LVEDVi and LVSVi, the Applicant reported results of multiple comparisons of change from baseline
for several echocardiographic parameters with several nominally significant results. Note that at
baseline, the reported echocardiographic parameters were normal, and subsequent changes in these
parameters, reported in SPIBA-201, Part 2 were small, and generally within the refence range of normal.
Furthermore, the sample size of subjects was small, variability related to the wide age range of enrolled
subjects and inter- and intra-observer variability is not addressed, and there is no control arm to allow
interpretation of change from baseline in any echocardiographic parameters over time.

Hence, echocardiographic data from SPIBA-201, Part 2 cannot be used as evidence of a treatment effect
of elamipretide.(additional echocardiographic analyses in SPIBA-201, Part 2 can be found in Section
5.6.2).

4.1.4.1.4 Post Hoc Echocardiographic Data Analysis

The Applicant conducted post hoc analyses to compare echocardiographic parameters of LVEDV, LVESV
and LVSV between subjects who received elamipretide in SPIBA-201 and BTHS subjects who had
echocardiographic data available from at two or more timepoints in REDCap (Echo NH cohort).

47



The limitations of the NH cohort in SPIBA-001 also apply to this retrospectively constructed Echo NH
cohort.

Additionally, the Echo NH cohort subjects (N=12, eight age <12 years) were different from the NH cohort
in SPIBA-001 used for analysis of 6BMWT (N=19, all 212 years). Only four BTHS subjects from REDCap had
both echocardiographic data and 6MWT data and were in both the SPIBA-001 NH cohort and the Echo
NH cohort. Hence, with these datasets, one cannot conduct reasonable analyses of the correlation
between the change in LVSV and distance walked on the 6MWT.

The limitations of echocardiographic data in the Echo NH cohort subjects are as follows:
e Timing of echocardiogram measurements:

— There are substantial differences in the frequency and timing of echocardiogram measurements
between the two groups.

— For the subjects in SPIBA-201, echocardiograms were performed at the scheduled visits per the
SPIBA-201 protocol, and the median number of measurements was 10 (range, 6 to 14).

— For subjects in Echo NH cohort, there was no prespecified schedule for echocardiograms, and
the reasons for performing periodic echocardiograms were not provided. Subjects in the Echo
NH cohort had considerably fewer echocardiogram measurements compared to SPIBA-201, with
a median number of 2 (range, 2 to 5), and no predefined baseline measurement (first available
echocardiographic measurement was used as baseline). Half of the Echo NH cohort subjects had
only two echocardiographic measurements.

Figure 9 shows the group differences in the timing of echocardiogram measurements. For the SPIBA-201
subjects, ~90% of post baseline data were collected before Day 700. In contrast, more than 80% of
postbaseline data were collected after Day 700 in the Echo NH cohort, which had a more variable and
longer follow-up period compared to the TRT set.

Figure 9. Cumulative Distribution of Timing of Echocardiogram Measurements Relative to Baseline, SPIBA-001
100

Treated !
. Untreated
o 15
3
c
)
2
& 50
(0]
2
kT
g 25
3
o
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Day

Source: adsvi xpt; Software: SAS

These observed differences make the timing of the available data unbalanced across groups and limit
the interpretability of the results. The Applicant did not address the imbalance between groups related
to time and frequency of repeated echocardiogram measures in their analyses.
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2D Versus 3D Echocardiographic Measurements:

As the Echo NH cohort was retrospectively constructed, the Applicant indicates that the available
echocardiogram data were limited, and therefore 3D and 2D echocardiogram results for the three
echocardiographic measurements, i.e., LVEDV, LVESV and LVSV were combined, such that about 60% of
the data were from 2D imaging. The Applicant was unable to provide baseline echocardiographic
measurements of LV structure and function for patients in the Echo NH cohort. Hence, the baseline
cardiac phenotype of these subjects could not be characterized. FDA notes that in clinical practice, it is
unusual for LV volume data to be collected without information on LV structure and function, and for 3D
volume data to be acquired without first acquiring 2D images, raising concerns about the reliability of

these data.

The analysis of LVSV using a mix of 2D and 3D data in the Echo NH cohort compared to only 3D data in
the TRT set is difficult to interpret because 2D and 3D measurements are expected to yield different
results, as in SPIBA-201. In SPIBA-201, 2D and 3D echocardiograms were obtained for all subjects at each
visit. Figure 10 shows the mean indexed LVSV by 2D and 3D echo at various timepoints and highlights
the differences in LV volumes by these two modalities. Three-dimensional echocardiography is more
accurate and reproducible than 2D echocardiography for measuring cardiac volume (Dorosz et al. 2012).

Figure 10. Mean LV Stroke Volume Indexed to Concurrent BSA Across Time, SPIBA-201
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Abbreviations: BSA, body surface area; LV, left ventricular; P2, period 2 in SPIBA-201, Part 1; W, week of treatment in SPIBA-201, Part 2

Baseline Cardiomyopathy
The baseline cardiac phenotype of the Echo NH cohort has not been described. For the TRT set from

SPIBA-201, the baseline mean LVEF was 62% and other baseline LV structure data (Table 10) indicate
that the patients in the TRT set did not have echocardiographic evidence of cardiomyopathy.
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Table 10. Summary of Selected 2D Echocardiogram Measurements at Baseline, SPIBA-201

2D Echocardiographic Parameters (N=12) Mean (SD) Median Range
LV ejection fraction (%) 62 (4) 62 (56, 68)
LV fraction shortening (%) 35 (4) 35 (27, 43)
Z-scores
LV Internal dimension- diastole z-score 0 (0.8) 03 (15,14
LV interventricular septal wall dimension- diastole z-score -0.8 (0.8) -0.7  (-1.9,0.5)
LV posterior wall dimension-diastole z-score 0.1 (0.9) 0.2 (15,14

Source: adeff3.xpt; Software: SAS

Abbreviations: LV, left ventricular; N, number of subjects in treatment arm; SD, standard deviation

A comparison of LVSV, LVEDV, and LVESV between the two groups without context, i.e., without
accounting for the baseline phenotypes, is uninterpretable. For example, in DCM, a decrease in the
LVEDV could be considered an improvement, whereas in hypertrophic cardiomyopathy (HCM) a
decrease in the LVEDV may be associated with worsening hypertrophy or diastolic dysfunction.

Age Differences Between the TRT Set and Echo NH Cohort

The mean age at baseline in the Echo NH cohort and TRT set was 12 and 20 years, respectively

(Figure 11). In the Echo NH cohort, 7/12 (58%) subjects were <10 years old; and 4/12 (33%) were 212
years and in their 20’s. In contrast, all the subjects in the TRT set were 212 years and 8/12 (67%) were
adolescents. The trajectory of change in LV volumes is different at different ages. Hence, the change in
LVSV over time between two groups with different ages at baseline is difficult to interpret.

Figure 11. Age Distribution by Treatment Arm for the Post Hoc Echocardiographic Analysis Set
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Source: adsvi xpt; Software: SAS
Abbreviations: N, number of subjects in treatment arm; Std Dev, standard deviation

LV Volumes in the TRT Set and Echo NH Cohort

Table 11 shows the baseline LV volumes indexed to body surface area for the two groups included in the
post hoc echocardiographic analysis. At baseline, the mean LVEDVi was within the normal range for both
groups (normal range of LVEDVi is 34 to 74 mL/m? in adults and 45 to 77 mL/m? in children aged

>2 years), indicating that the subjects in the Echo NH cohort may not have had echocardiographic
evidence of cardiomyopathy.
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Table 11. LV Volumes at Baseline, Post Hoc Echocardiographic Analysis

TRT Set Echo NH Cohort
N=12 N=12
LV Volumes/BSA Mean (SD) Median (Range) | Mean (SD) Median (Range)
LV end-diastolic volume/BSA (mL/m?) 46.1 (8.5) 47.5(33.0-60.9) | 54.4 (18.5) 51.3 (28.8-104.9)
LV end-systolic volume/BSA (mL/m?) 18.1 (3.2) 18.7 (12.8-23.8) 28.3 (16.1) 24.3 (9.6-70.5)
LV stroke volume/BSA (mL/m?) 28.0 (6.2) 28.3 (20.3-41.2) 26.1 (4.5) 25.7 (19.2-34.4)

Source: adsvi.xpt; software: SAS

Due to the limited data availability for the Echo NH Cohort, 3D echocardiogram results were used, unless they were unavailable, in which case a
2D echocardiogram result was used. For the TRT set, 3D echocardiogram results were used.

Abbreviations: BSA, body surface area; LV, left ventricular; N, number of subjects in treatment arm; SD, standard deviation

LVESV depends on LV contractility and afterload, information that is unavailable, and therefore,
difference in LVESVi at baseline between the two groups cannot be interpreted.

Figure 12 shows the LVSV by age at baseline and at last available measurement for the two groups. As
discussed under SPIBA-201, Part 2, various cardiac and extracardiac factors can impact LVSV. Hence,
change from baseline in LVSV cannot be interpreted in isolation i.e., without knowledge of the
underlying cardiac phenotype and other factors that may impact LVSV.
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Figure 12. LV Stroke Volume by Age and by Treatment, Post Hoc Echocardiographic Analysis
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Conclusions

Overall, FDA has significant concerns about the interpretability of the echocardiographic parameters
provided in SPIBA-201 and the post hoc echocardiographic analysis for the reasons described above and
summarized below:

e |tis challenging to interpret the echocardiographic changes in SPIBA-201, Part 2 and attribute the
observed changes to a treatment effect of elamipretide.

— Cardiomyopathy in patients with BTHS can have an undulating course. SPIBA-201, Part 2 did not
have a control, reported echocardiographic parameters that were normal at baseline, and
showed subsequent changes in these parameters that were small and remained within the
normal reference range.

— The changes in LV volumes observed in SPIBA-201, Part 2 are impacted by growth effects and
likely confounded by age. While LV volumes indexed to concurrent BSA and z-score could
control for potential growth effects to some extent, the impact of age cannot be ruled out. In
normal individuals, LV volumes peak during adolescence and young adulthood (similar age range
for SPIBA-201 subjects) and generally decline with age afterwards. Hence, the observed
changes in LV volumes in SPIBA-201, Part 2 could reflect the age-associated changes in these
hemodynamic parameters.

e Itis challenging to interpret the echocardiographic changes in the post hoc echocardiographic
analysis that compared the TRT set to the Echo NH cohort and attribute the observed changes to a
treatment effect of elamipretide.

— SPIBA-001 intended to address some of the aforementioned limitations in SPIBA-201, Part 2 by
including an external NH control. However, there are important differences between the two
groups in SPIBA-001, including differences in age, unknown cardiomyopathy phenotype at
baseline in the NH cohort, different timing of echocardiographic assessments, and different
echocardiographic methodologies (2D versus3D).

— The subjects who chose to participate in SPIBA-201 and continued in that study through 192
weeks may represent a cohort of patients be substantially different from those with BTHS in the
Echo NH cohort with regard to disease progression, cardiac function, and overall health status. It
is unclear why only 12 of /79 subjects in the NH cohort underwent more than one
echocardiograms. If clinical symptoms/signs led to repeated echocardiograms, it is possible that
the subjects in the Echo NH cohort were sicker than those in the TRT set.

Hence, the risk of selection bias in the of the Echo NH cohort and the extremely low comparability of
data between the TRT subjects in the SPIBA-201 and Echo NH cohorts render the comparative
echocardiographic results unreliable and uninterpretable.

The Applicant asserts that patients with BTHS with cardiomyopathy experience a decline only in LVSV
over time. To support this claim, the Applicant referred to a cardiac NH study in subjects with BTHS,
conducted by (Chowdhury et al. 2022). The authors collected data at seven points over 16 years in 44
subjects with BTHS, aged 6 months to 22 years at baseline. These were patients who attended the Barth
Syndrome Foundation International Scientific medical and family conferences between 2002 and 2018.
Of the 44 subjects who were eventually included in the study, 41 had DCM or normal LV size with
reduced LV function during the study or had a self-reported history of cardiomyopathy, and 1 patient
had HCM. At enrollment, most subjects were already on cardiac medications that are used in the
management of cardiomyopathy. There was a decline in LV size as demonstrated by reductions in LVEDV
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and LVIDd. The LVSV also decreased over time, but this did not correlate with changes in LVEF or
fractional shortening.

While the Applicant interpreted the results of this study as confirmation that, in “untreated” patients
with BTHS, the LV volumes and LVSV decrease with age, it is important to note that patients with DCM
who were receiving treatment for their cardiomyopathy are not necessarily “untreated.” Furthermore,
in patients with DCM, decreases in LVEDV and LVIDd are considered evidence of reverse remodeling,
which could occur during the natural course of BTHS or due to heart- failure therapies. The Applicant is
unable to provide information about the cardiomyopathy phenotype of the subjects in the Echo NH
cohort in SPIBA-001, and the baseline echocardiographic data suggest that the subjects in SPIBA-201,
Part 2, had no cardiomyopathy.

Hence, the published cardiac NH study does not support the Applicant’s claim that an LVSV decline is a
manifestation of BTHS.

In conclusion, given all the limitations of the echocardiographic data from the SPIBA studies discussed
above, the proposed echocardiographic data do not support the efficacy of elamipretide for the
treatment of patients with BTHS.

4.1.4.2  Cardiolipin Ratio

As discussed in Section 2.1, the pathogenic variant in the TAFAZZIN gene leads to low cardiolipin (CL)
levels and an increase in levels of its precursor, monolysocardiolipin (MLCL). Thus, the MLCL:CL ratio is
elevated in patients with BTHS. An elevated MLCL:CL ratio is considered a pathognomonic biochemical
finding in BTHS. According to Ferreira et al. (2014), an elevated MLCL:CL ratio is a supportive laboratory
finding for the diagnosis of BTHS. In the mammalian heart, the predominant form of CL is tetralinoleoyl-
CL (referred to as L4-CL, CLs and CL(18:2)4) and according to the Applicant, tetralinoleoyl-CL is a
subspecies of the 72:8 CL species.

In a 2016 publication, Thompson and colleagues described the MLCL:CL ratio findings for 34 patients
with BTHS who attended the Barth Syndrome International Conference in 2014 and were not receiving
any specific treatments for BTHS. The average MLCL:CL ratio, using MLCL (52:2) and CL (72:8), in these
patients was 23.5+13 (SD) (range, 2.67 to 54.05) with the ratio in normal controls being <0.23
(Thompson et al. 2016).

The role of the MLCL:CLratio as a marker of disease severity, progression, or improvement in patients
with BTHS is not well understood. However, in one case series from 2015, Bowron and colleagues
identified seven subjects who had pathogenic variants in the TAFAZZIN gene associated with BTHS. On
the MLCL:CL4 assay these investigators used, these subjects had CLs concentrations in the normal range,
MLCL: CL,4 ratios that were lower (0.14 [range 0.08 to 0.30]) than in previously identified BTHS subjects
(9.4 [range 1.8 to 33]), but higher than the nonaffected individuals (0.6x10 [range 1.0x10™ to 0.02]).
These seven subjects had an atypical BTHS phenotype; none had persistent neutropenia or exercise
intolerance. Two adults in the group were asymptomatic. The authors interpreted this as a possible
correlation between the MLCL:CL4 ratio and the severity of the BTHS phenotype.

Effect of Elamipretide on MLCL/CL Ratio in Animal Models

The MLCL/CL ratio in untreated LCLs isolated from BTHS subjects was evaluated and compared to the
ratio in cells incubated with elamipretide (100nM). The MLCL/CL ratio in untreated cells varied from 4.0
to 7.9, which was not different from elamipretide-treated cells (4.6 to 7.6) (Study #SP-JHU-20-01). A
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publication (Russo et al. 2022) described administration

of elamipretide (3 mg/kg/day; 10 weeks) to

TAZ-deficient mice. While elamipretide improved cardiac mitochondrial function in these mice, the
MLCL/CL ratio was unaltered. Elamipretide is a ‘CL-targeting agent’ that does not correct the underlying
genetic cause of BTHS (TAZ deficiency), and therefore, at a mechanistic level, is not expected to directly

change the MLCL/CL ratio in BTHS subjects.

Assays Used and Clinical Pharmacology Information

The Applicant calculated the MLCL:CL ratio utilizing two assays: the MLCL:CL(18:2),4 ratio and the
MLCL:CL (72:8) ratio. Because of the difficulty in quantifying peak levels of CL(18:2), in most samples for
patients with BTHS, calculating the MLCL:CL(18:2), ratio resulted in very high and variable ratios. With
MLCL:CL (72:8), which is more easily detected, the higher denominator values led to lower ratios with
potentially less variation than seen normally reported with the MLCL:CL(18:2), method. Thus, the
Applicant used two ratios for this trial, one using MLCL:CL(18:2), reported in the diagnostic tests, and
the other, an adapted version, using MLCL:CL(72:8) which is an experimental version.

SPIBA-201, Part 1

In SPIBA-201, Part 1, at Week 12, the Applicant assessed the difference in the MLCL:CL ratios between
the subjects who received elamipretide and those who received placebo. As shown in Table 12 and
Table 13, there was no statistically significant difference between the two groups.

Table 12. Summary of MLCL:CL (18:2), Ratios

Elamipretide 40 mg Placebo

Visit (N=12) (N=12)
Predose

Mean (SD) 19.8 (20.8) 19.0 (13.7)
End of treatment period

Mean (SD) 17.0 (8.6) 15.5 (11.6)

LS mean 17.0 15.5

LSM difference (95% ClI) 1.5 (-6.7,9.7)

p-Value 0.69
Change from predose to end of treatment period

Mean (SD) -2.8 (21.7) -3.4 (94)

LS mean (SE) -2.8 (4.7) -3.4 (4.7)

LSM difference (95% CI) 0.7 (-13.5, 14.8)

p-Value 0.92

Source: Reviewer
Abbreviations: Cl, confidence interval; CL, cardiolipin; LS, least squares; LSM,
subjects; SD, standard deviation; SE, standard error

Table 13. Summary of MLCL/CL4 (72:8) Ratios

least squares mean; MLCL, monolysocardiolipin; N, number of

Elamipretide 40 mg Placebo

Visit (N=12) (N=12)
Predose

Mean (SD) 6.2 (5.0) 6.9 (4.8)
End of treatment period

Mean (SD) 5.4 (3.0) 4.1(2.7)

LS mean 5.4 4.1

LSM difference (95% ClI) 1.3 (-1.1,3.7)

p-Value 0.25
Change from predose to end of treatment period

Mean (SD) -0.8 (5.7) -2.8 (3.8)

LS mean (SE) -0.8 (1.4) -2.8 (1.4)

LSM difference (95% ClI) 2.0(-2.2,6.1)
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Elamipretide 40 mg Placebo
Visit (N=12) (N=12)

p-Value 0.31

Source: Reviewer

Abbreviations: Cl, confidence interval; CL, cardiolipin; LS, least squares; LSM, least squares mean; MLCL, monolysocardiolipin; N, number of
subjects; SD, standard deviation; SE, standard error

The Applicant conducted subgroup analysis by median MLCL:CLratio, above or below 17.3 in SPIBA-201,
Part 1. This analysis showed that, overall, subjects with a screening MLCL:CL(18:2),4 ratio below 17.3 had
a larger improvement in the 6MWD at the end of the 12-week treatment period compared to subjects
with a screening MLCL:CL (18:2), ratio above 17.3.

As shown in Table 14, among subjects with a screening MLCL:CL(18:2), ratio below 17.3, those who were
treated with elamipretide had a numerically greater improvement from baseline in their 6MWD
compared to those treated with placebo. The difference in the mean 6MWD between elamipretide and
placebo, however, was not nominally statistically significant.

In the group of patients with a screening MLCL:CL(18:2), ratio above 17.3, the subjects who were
treated with placebo had a nominally statistically significantly greater increase from their baseline
6MWD compared to those who were treated with elamipretide.

Table 14. Summary of 6MWD by Screening MLCL:CL (18:2), Ratio Subgroup in Part 1

Visit MLCL:CL (18:2)4 Ratio <17.3 MLCL:CL (18:2)4 Ratio >17.3
Elamipretide Placebo Elamipretide Placebo
(N=6) (N=6) (N=6) (N=6)
Predose
Mean (SD) 390.8 (64.6) 409.7 (62.5) 409.3 (47.9) 415.5 (63.5)
End of Treatment Period
Mean (SD) 460.7 (68.2) 418.3 (70.7) 425.5 (63.4) 469.5 (80.1)
LS Mean 469.8 427 1 425 476.1
LS Mean Difference (95% CI) | 42.6 (-46.8, 132.1) -51.1 (-80.9, -21.3)
p-value 0.26 0.01

Source: Applicant, Table 13 in SPIBA-201 CSR

Abbreviations: CL, cardiolipin; LS, least squares; MLCL, monolysocardiolipin; N, number of subjects; SD, standard deviation; 6MWD, 6-minute
walk distance

In conclusion, in SPIBA-201, Part 1, the change from baseline in MLCL:CL was not significantly different
between subjects treated with elamipretide versus placebo. There is no convincing evidence in
published literature that MLCL:CL can be used to describe the severity or progression of BTHS. In the
context of an overall negative trial, lack of an understanding of relationship of MLCL:CL ratio with
disease progression, lack of support from mechanistic data that elamipretide may impact MLCL:CL, and
small sample size, the subgroup analysis by median MLCL:CL does not support a treatment effect of
elamipretide in patients with BTHS.

SPIBA-201, Part 2

In Part 2, the Applicant compared the mean MLCL:CL(18:2), ratio between the pre-dose baseline in Part
1to Weeks 12, 24, 26, 48, 72, 96, 120, 144, 168, and 192 in Part 2. The results through Week 168 (very
few patients [n=3] had data at Week 192) are shown in Table 15.
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Table 15. Mean MLCL:CL(18:2), Ratios in SPIBA-201, Part 2 Compared to the Predose Baseline in Part 1

Week Week

Week 12 | Week 24 | Week 36 | Week 48 | Week 72 | Week 96 144 168

Biomarker (n=10) (n=10) (n=9) (n=8) (n=8) (n=8) (n=8) (n=8)
MLCL:CL4 (18:2)4 -7.8* -7 -5.6 71" -16.7* -10.6 -7.2* -7.4*
MLCL:CL4 (72:8) -5.9" -6* -5.1* -5.5* -6.3" -8.5" -6.9" -7

Source: Reviewer

*According to the Applicant, these were statistically significant changes from baseline. We consider these findings exploratory and
uninterpretable.

Abbreviations: CL, cardiolipin; MLCL, monolysocardiolipin; n, number of subjects

The Applicant conducted post hoc analysis of change in the MLCL:CL ratio for each subject in SPIBA-201,
Part 2, using the experimental MLCL:CL(72:8) method (Figure 13). The MLCL:CL ratio ranged from 2 to 14
at baseline, which is on the lower end of the range of the ratio seen in patients with BTHS (0.25 to 680).
A decline in the MLCL:CL ratio was seen in seven of eight subjects, but the changes were small (e.g.,
largest decline of 10), and of unknown clinical relevance.

Based on the PK and the MLCL:CL data of seven subjects in SPIBA-201, Part 2, no clear relationship was
observed between the change from baseline in MLCL:CL(18:2)4 and increasing elamipretide PK exposure
(AUCo.12nr at steady state) (see Section 5.5). As with the other data presented in Part 2, the lack of a
control group limits our ability to assess whether the changes seen throughout Part 2 can be attributed
to elamipretide.

Figure 13. Change in MLCL:CL Ratio, Post Hoc Analysis Results, SPIBA-201, Part 2
MLCL:CL (72:8) Ratio

16

p=0.0045 at W168 OLE; p=0.01 at

e W72 OLE; p=0.02 at W36 OLE

12

BL W36 OLE W72 OLE W168 OLE
(b) (6) (b) (6) (b) (6) (b) (6) (b) (6) (b) (6) (b) (6) (b) (6)

Source: Sponsor material, Sponsor meeting dated 12/21/2023
Abbreviations: BL, baseline of SPIBA-201, Part 1; MLCL:CL, monolysocardiolipin: tetralinoleoyl cardiolipin; p, nominal p-value OLE, open-label
extension; W, week

SPIBA-001
Because the Applicant could not obtain reliable MLCL:CL ratio data from the REDCap database, the
Applicant did not compare MLCL:CL ratios between the TRT set and the NH cohort.

Post-hoc Cardiolipin Ratio Analysis
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The Applicant submitted results of a post-hoc analysis comparing the MLCL:CL ratios between the
patients from SPIBA-201, Part 2 for 168 weeks (3 years) and 15 patients from a natural history cohort
over 5.5 years. These natural history patients (the MLCL:CL NH cohort) were different from patients in
the NHC with 6BMWT data in SPIBA-001, and the Echo NH cohort whose echocardiogram data was used
for the post hoc echocardiographic data analysis. The patients in the MLCL:CL NH cohort were selected
based on the availability of more than 1 blood sample for testing. As shown in Table 16, the Applicant
interpreted their data as showing a significant decrease from baseline to end of treatment in the SPIBA-
201, Part 2 patients who were treated with elamipretide while the MLCL:CL NH cohort patients showed
no change.

Table 16. Post Hoc MLCL:CL Analysis Comparing SPIBA-201, Part 2 to a MLCL:CL NH Cohort

MLCL:CL NH Cohort SPIBA-201, Part 1
(N=15) (N=10)
% Change % Change
Age at Baseline From Age at Baseline From
Baseline MLCL:CL Baseline Baseline MLCL:CL Baseline
Mean 11.3 7.5 0 19 8.1 -82
SD 10.6 4.6 52 7.2 5.2 11
Median 7 6 -14 16.5 8.4 -83
Min, max 2,34 2,19 | -84%, 100% 12, 35 2.6,14 -94, -58
Length of 5.5 years 3.2 years
assessment (168 weeks)

Source: Applicant analysis (patient level data not submitted to FDA)

Abbreviations: CL, cardiolipin; max, maximum; min, minimum; MLCL, monolysocardiolipin, N, number of subjects; NH, natural history; SD,
standard deviation

However, the data that the Applicant provided is not sufficient to interpret these data. The only baseline
data provided about the MLCL:CL NH cohort is the patients’ mean age and the mean MLCL:CL ratio of
the first available sample, which is not a true baseline. The Applicant has not provided sufficient data
about the patients in the MLCL:CL NH cohort such as the status of their disease at the time the samples
were obtained, the timing of sample collection, and each patient’s MLCL:CL ratio values.

Conclusion

In conclusion, there were no significant changes in the MLCL:CL ratio in the randomized, double-blind,
placebo-controlled SPIBA-201 Part 1. The apparent small reductions in the exploratory analysis of
uncontrolled SPIBA-201 Part 2 are difficult to interpret and are of unknown clinical relevance. The post
hoc analysis performed has limited data that makes it difficult to interpret. Of note, in BTHS-related
animal models, no changes were observed in MLCL:CL ratio with exposure to elamipretide.

4.1.4.3 CARDIOMAN Data Analysis

The Applicant references data from the CARDIOMAN trial to further support the assertion that the
observed increase in LVSV and changes in cardiolipin ratio reflect a treatment effect of elamipretide in
patients with BTHS.

The CARDIOMAN trial is titled Treatment of Barth Syndrome by Cardiolipin Manipulation (CARDIOMAN)
With Bezafibrate. It was a randomized, placebo-controlled, double-blind, crossover, single-center trial
funded by the United Kingdom National Institute for Health Research (NIHR).

CARDIOMAN was conducted to investigate the efficacy of bezafibrate in subjects with BTHS. Treatment
was administered in two 15-week phases with a minimum washout period of 1 month, when no
treatment was administered, between the phases. The primary outcome was peak oxygen consumption
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(VO2 peak) on bicycle ergometry. Secondary outcomes included the MLCL/CL, ratio and CL profile in
blood cells, amino acid expression, phosphocreatine to adenosine triphosphate ratio in cardiac muscle
and skeletal muscle, oxidative function on phosphorus-31 magnetic resonance spectroscopy, quality of
life using the Pediatric Quality of Life Inventory questionnaire, absolute neutrophil count, cardiac
function and rhythm profiles at rest and during exercise, and mitochondrial organization and function
assessments. Outcomes were assessed at baseline and during the final week of each treatment phase.

A total of 12 subjects were scheduled to attend three visits at the research clinic in the United Kingdom
between March and April 2019. In total, 11 subjects were recruited, and the follow-up was completed in
January 2020.

Per the Applicant Meeting Request dated May 26, 2023, under IND 137429, CARDIOMAN did not meet
its primary endpoint, nor did it meet its secondary endpoints.

The Applicant obtained and analyzed the CARDIOMAN data to explore if there was any relationship
between change in cardiac function and cardiopulmonary exercise testing (CPET) parameters such as
achieved work rate, VO2 peak and respiratory exchange ratio.

The Applicant reported that their analysis of the CARDIOMAN data showed a correlation between the
percentage change from baseline in LVSV and achieved work rate (Pearson correlation coefficient

r =0.77, nominal p<0.05), and between the percentage change in LVEDV and achieved work rate
(Pearson correlation coefficient r =0.76; nominal p<0.05).

Table 17 shows results reported by the Applicant on correlation of LVEDV and LVESV, measured by
cardiac magnetic resonance imaging (c-MRI), and VO2 peak, work rate and respiratory exchange ratio
obtained by CPET in CARDIOMAN trial. It is not clear if these results are for change from baseline or
absolute values of LVEDV and LVESV.

These data were not provided for FDA analysis. Cardiopulmonary exercise testing was not performed in
SPIBA-201.

Table 17. CARDIOMAN Correlation % Change From BL for CPET, cMRI

Cardiac MRI Respiratory
Parameter Peak VO Achieved Work Exchange Ratio
(N=9) Statistics (mL/kg/min) Rate (Watts) (VCO2/VO,)
r 0.02 0.76 0.43
LV-EDV (95% CI) (-0.65, 0.67) (0.01, 0.96) (-0.33, 0.85)
p-value 0.96 0.05 0.26
r -0.39 0.61 0.21
LV-ESV (95% CI) (-0.84, 0.37) (-0.26, 0.93) (-0.53, 0.77)
p-value 0.31 0.15 0.60

Source: Table 14 from the Applicant’s “Overview of Efficacy”

Abbreviations: BL, baseline; Cl, confidence interval; cMRI, cardiac magnetic resonance imaging; CPET, cardiopulmonary exercise testing; LV-
EDV, left ventricular end-diastolic volume; LV-ESV, left ventricular end-systolic volume; N, number of subjects; r, Pearson correlation co-
efficient; VCO., carbon dioxide consumption; VO, oxygen consumption

The Applicant believes that these results from CARDIOMAN trial provide independent support that
increases in LVSV and LVEDV are reasonably likely to predict clinical benefit on achieved work rate
measured by CPET in BTHS.

The Applicant also evaluated association between LVSV, LVEDV and LVESV, and 6MWT and muscle
strength (Table 18. ) at multiple timepoints in SPIBA-201. These results show that the correlation
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between LVSV and LVEDV, and 6MWD and muscle strength was not statistically significant, but the
correlation appeared stronger for LVESV and muscle strength.

Table 18. Spearman Correlations Between Cardiac and Clinical Endpoints, SPIBA-201, Part 2

LV sV | LV EDV LV ESV
E— " R b o e m—— i —— i — -
. 1 . | : 5 g [ E q |
benefit | pip OLE | OLE OLE OLE OLI OLE OLE OLE OLE
W34 TE WT2LTE WIS TE W34'TE WTLTE W68 TE W3SLTE WI2TE WI168'TE
! ] 4 | W46 | WI00 | WI6 | W46 | WI00 | WIS | W46 | WI00 | WI96
e r. 021 | oes: | 033 | o021 0.64 0.40 0.57 0.90 0.52
|6MWT (meters) t
| p 0.61 | 0.18 | 0.42 0.61 009 0.32 0.14 0002 | 0.18
t . 4 + 4 +
| Muscle Strength n 0.38 048 | 057 | o0s2 0.62 0.67 0.90 086 | 067
{by HHD T || 1 : , . T .
5_-_.\:-\_\1#_:1"' - P 03 | 023 | 014 | D18 010 0.0 0.0 000 | 0 0
OLE -SPIBA-201 Pant )
TE - total exposure from SPIBA-201 Part | baselme through COLE timepotnis
ATy - Spearman’y correlation coefficient
P - p value

All LV volumes mdexed to bascline BSA
Source: Applicant material, Applicant Meeting Request dated May 26, 2023, Table 2
Abbreviations: HHD, handheld dynamometry; LV EDV, left ventricular end-diastolic volume; LV ESV, left ventricular end-systolic volume; LV SV,
left ventricular stroke volume; r, Pearson correlation co-efficient; 6MWT, 6-minute walk test; W, week

These data do not help understand the quantitative relationship between magnitude of change in LVSV
that may translate into an improvement in measures of functional capacity such as 6MWT on achieved
work rate on CPET.

We also note that BTHS affects both the cardiac and skeletal muscle such that underlying disease
progression may be associated with comparable changes in both cardiac and skeletal muscle function
and could contribute to the observed correlations. We cannot reasonably conclude that the increases in
LVSV, even if considered to be drug related, would correspondingly predict improvements in 6MWT or
muscle strength.

Furthermore, as discussed in Section 5.4, we are unable to conclude that there is a treatment effect of
elamipretide on LVSV in the SPIBA trials.

4.1.4.4 Case Reports

The Applicant presented three case reports describing outcomes in young children who had received
elamipretide in expanded access programs. According to the Applicant, these cases provide evidence for
efficacy, especially in acutely decompensated patients, which is common in young children. A summary
of these cases is presented below:

e An 11-month-old boy with developmental delay, failure to thrive, and hypoglycemia presented to a
hospital and had a cardiac arrest. He was found to have severe biventricular DCM, requiring
extracorporeal circulatory membrane oxygenation that was later replaced with a durable ventricular
assist device (VAD). He was diagnosed with BTHS and listed for a heart transplant. He received
elamipretide for 7 months before being discharged home. While the dates from the Applicant’s
description are not clear, the VAD was removed approximately 7 months later, and he was removed
from the transplant list.

e A male neonate, within hours of birth, had lactic acidosis and severe DCM with severe LV
dysfunction (LVEF of 20%, normal range is 55 to 70%). He was diagnosed with BTHS. He began
receiving elamipretide at 3 weeks of age in addition to milrinone, sacubitril/valsartan, and
carvedilol; these other medications are routinely used to treat heart failure. At discharge, he also
received filgrastim and spironolactone. As an outpatient, his LVEF was noted to improve to 45 to
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55%. At 4 months of age, the Applicant notes that he was meeting developmental milestones and
did not have any adverse reactions to elamipretide. At 5 months of age, the subject died. The cause
of death was undetermined, but there were other significant conditions in addition to BTHS such as
unsafe sleep environment, and Klebsiella pneumoniae bacteremia.

A male neonate with severe HCM, bilateral cataracts, and significant hypotonia was diagnosed with
Senger’s syndrome, which is hypothesized to be caused by disease-causing variants in the AGK gene
that, like BTHS, lead to depletion of mitochondrial cardiolipin. The neonate was started on beta
blocker therapy and at 3 months, he began to receive elamipretide. At 6 months of age, he
underwent a procedure for placement of a gastrostomy tube and had a cardiac decompensation
that led to death. Since the initiation of elamipretide therapy, the infant was subjectively noted to
improve. The Applicant notes that his LVIDd z-score increased from -2.7 to +0.7, his ventricular
septal thickness z-score decreased from 4.7 to 3.5, and his LV posterior wall thickness z-score
decreased from 5.8 to 4.7. According to the Applicant, these findings in a subject with HCM are
suggestive of improving cardiac status.

FDA Assessment

In each of these cases, the patient was exposed to elamipretide in addition to heart failure medications.
It is not possible to attribute improvements or clinical worsening solely to the exposure to elamipretide.

Patients with BTHS who present with severe symptoms of heart failure have been shown to improve on
heart failure medications without elamipretide (Yester and Feingold 2022).

In the first case of the 11-month-old male, the Applicant mentions that several experts agreed that
there were no other known cases in which an individual with BTHS survived VAD removal with their
native heart intact (i.e., not needing a heart transplant). This claim is not evidence that elamipretide
led to a cure in this subject. While currently available therapy for heart failure is supportive and not
curative, the FDA cannot discount the impact other therapies, including the use of mechanical
circulatory support, may have had on this subject’s outcome.

In the second case, the male neonate was also treated with an appropriate medication regimen for a
patient with heart failure. The improvement in his ejection fraction could be attributed to these
medications just as much as elamipretide. Additionally, his cardiac function at the time of his death
is unknown and while other significant concurrent conditions such as, unsafe sleep environment and
K. pneumoniae bacteremia, are listed, it is not possible to conclude with certainty that, in a subject
with a history of severe cardiac dysfunction, a sudden death was unrelated to his cardiac disease.

In the third case, while the Applicant suggests that the echocardiographic parameters improved, a
normal z-score is between -2 and 2. The parameters of interest were either not extremely abnormal
initially (LVIDd) or did not normalize (ventricular septal thickness and LV posterior wall thickness)
after treatment with elamipretide. Finally, exposure to anesthesia can be dangerous in patients with
HCM and lead to circulatory collapse. It is not possible to conclude that elamipretide was efficacious
or detrimental in this case.

Conclusion

While the Applicant concludes that elamipretide treatment led to the improvement in these subjects’
cardiac statuses, the FDA concludes that it is not possible to make any inferences about the efficacy of
elamipretide for these cases. These three case reports do not provide evidence supporting the efficacy

of elamipretide.
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4.1.4.5 Patient Experience Data

As presented in Section 4.1.2, the secondary outcomes in SPIBA-201 Parts 1 and 2 included clinical
outcome assessment (COA) tools. The Applicant used patient-reported outcome (PRO) assessments such
as the PROMIS Short Form Fatigue, Fatigue During Activities on the BTHS-SA, PGI, EQ-5D, CGl, and CaGl
scales. To incorporate the subjects’ and caregivers’ perspectives on the SPIBA-201 Part 1 trial experience
and burden of disease, the Applicant conducted Patient and Caregiver Perception of Change (PCPC)

interviews.

Clinical Outcome Assessments

As shown in Table 19, in SPIBA-201, Part 1, there were no statistically significant differences in the COA
measures between the subjects who received elamipretide and those who received placebo.

Table 19. Patient, Clinician and Caregiver Reported Outcomes From SPIBA-201, Part 1

Elamipretide 40 mg Placebo
Visit (N=12) (N=12)
Summary of Q1 From Patient Global Impression Symptom Scales
Predose
Mean (SD) 1.7 (0.65) 1.8 (0.83)
Week 12
Mean (SD) 1.4 (0.79) 1.6 (0.67)
LS mean 14 1.6
LSM difference (95% ClI) -0.2 (-0.6,0.3)
p-Value 0.43
Clinician Global Impression Scale of Symptom
Predose
Mean (SD) 1.8 (0.45) 1.4 (0.51)
End of treatment period
Mean (SD) 1.6 (0.51) 1.6 (0.51)
LS mean 1.6 1.6
LSM difference (95% CI) 0.0 (-0.5, 0.5)
p-Value 1.00
PROMIS Fatigue Short Form
Predose
Mean (SD) 57.8 (5.8) 55.7 (6.8)
End of treatment period
Mean (SD) 53.8 (11.16) 53.1 (7.29)
LS mean 53.8 53.1
LSM difference (95% ClI) 0.8(-3.2,4,7)
p-Value 0.70
EQ-5D
Predose
Mean (SD) 75.5(13.08) 73.5(13.81)
End of treatment period
Mean (SD) 80.2 (15.53) 77.2 (13.5)
LS mean 80.2 77.2
LSM difference (95% CI) 3.0(-5.2,11.2)
p-Value 0.46

62



Elamipretide 40 mg Placebo

Visit (N=12) (N=12)
Clinician Global Impression Scale of Symptom
Predose

Mean (SD) 1.8 (0.45) 1.4 (0.51)
End of treatment period

Mean (SD) 1.6 (0.51) 1.6 (0.51)

LS mean 1.6 1.6
LSM difference (95% CI) 0.0 (-0.5, 0.5)
p-Value 1.00

Source: Review team
Abbreviations: EQ-5D, EuroQol-5 Dimension; LSM, least squares mean; N, number of subjects; PROMIS, patient reported outcome
measurement information system; Q1, Question 1; SD, standard deviation

Patient and Caregiver Perception of Change (PCPC) Assessments

This was a qualitative study to explore the functioning experiences of subjects with BTHS and the
observations of their caregivers during Part 1 of SPIBA-201. Nine subjects and the caregivers of 10
subjects participated in the PCPC assessments. These assessments were conducted during Week 12 of
Part 2 in subjects who had consented to continue to Part 2. The subjects and caregivers reported
improvements in energy level, stamina, muscle strength, appetite, heat tolerance, and ability to heal
from wounds for the subjects.

FDA Assessment

During the development of elamipretide, the FDA conveyed that patient and caregiver experience data
can supplement, but not replace, quantitative data. SPIBA-201, Part 1 did not meet its primary outcomes
where the endpoints were 6MWT and improvement on the BTHS-SA Total Fatigue score, nor were there
statistically significant differences in any of the COA measures between the subjects who received
elamipretide and those who received placebo. In SPIBA-201, Part 2, the longer term PGl, CGI, and CaGl
assessments showed nominally significant improvements from baseline to Weeks 168 and 192, but the
concerns mentioned in previous sections also exist for these PRO results, including the lack of a control
in Part 2, the open-label nature of Part 2 (which could potentially lead to biased assessments evaluating
how patients feel), and prespecified testing for the Part 1 data exhausted all available study-wise type |
error.

As the FDA emphasized in 2019, with the PCPC, there were concerns about the risk of recall bias:
subjects and their caregivers were being asked, in Week 12 of Part 2, about their experiences of the
randomized control trial in Part 1. Additionally, there was a lack of standardization in the video
assessment methods.

Conclusion

There were no statistically significant differences between elamipretide and placebo for any of the COAs
assessed in SPIBA-201 Part 1. The COA results in the uncontrolled, open-label SPIBA-201 Part 2 and the
PCPC findings are uninterpretable. The COA and PCPC assessments cannot be used to support the
efficacy of elamipretide for the treatment of patients with BTHS.
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4.2 Safety Issues

Safety data in subjects with BTHS are limited. With supportive safety data from other subjects
populations, the key safety concerns with elamipretide include injection site reactions and drug
hypersensitivity reactions.

4.2.1 Sources of Data for Safety

The safety evaluation focused on the data collected in SPIBA-201. SPIBA-201 included the placebo-
controlled crossover design (Part 1) followed by up to 192 weeks of an open-label extension period (Part
2). The Applicant also provided supportive safety data from other clinical development programs of
elamipretide across various disease populations. Given the wide range of variability in study design and
patient populations,® the FDA safety review primarily utilized data from two larger, randomized,
placebo-controlled studies with longer exposure as the supportive safety data, SPIMM-301 and SPIAM-
202. Given the difference in subject populations, the two studies were analyzed separately. The trials
are summarized below.

SPIMM-301

SPIMM-301 was a phase 3, two-part trial in subjects with primary mitochondrial myopathies (PMM)
between the ages of 16 and 80 years. Part 1 was a randomized, double-blind, placebo-controlled trial in
subjects with PMM treated with 40 mg elamipretide SC injection or placebo once a day for 24 weeks
(N=218). Part 2 was a 144-week OLE period to evaluate long term safety.

SPIAM-202

SPIAM-202 was a phase 2, randomized, double-blind, placebo-controlled trial in subjects aged 255 years
with age-related macular degeneration with noncentral geographic atrophy in at least one eye (N=176).
Subjects were treated with 40 mg elamipretide SC injection or placebo once a day for 48 weeks.

4.2.2 Safety Summary

In Part 1 of the SPIBA-201 study, all 12 subjects on elamipretide compared to 10 subjects (83%) on
placebo reported at least one treatment-emergent adverse event (TEAE).* The most common TEAEs
were events related to injection site reactions (Table 20). There were no deaths, serious adverse events
(SAEs), or adverse events (AEs) leading to discontinuation of treatment. In Part 2 of the SPIBA-201 study,
a total of five SAEs were reported in three subjects. All SAEs resolved with no action taken with the
treatment. These SAEs were infection/inflammation-related and were deemed unlikely to be related to
elamipretide. Two subjects discontinued treatment permanently due to AEs after 12 weeks of treatment
in the OLE period. One subject experienced moderate injection site urticaria and the other subject
experienced mild bilateral abdominal skin erythema and moderate bilateral abdominal urticaria after
drug injection. Both events were resolved on the same day and were probably related to elamipretide.
Because of a contralateral rash reported in the second subject, which was thought to be a systemic
reaction, hypersensitivity is a potential risk in patients with BTHS.

3 Majority of the studies were short-term, uncontrolled phase 1 and 2 studies.
4 Treatment-emergent adverse events are defined as any adverse events occurring after the first treatment
administered or worsening of pre-existing adverse events until study discontinuation.
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Table 20. Subjects With Common Treatment-Emergent Adverse Events! by FDA Medical Query (Narrow), Safety

Population, SPIBA-201, Part 1

Combined

Treatment Period 1 Treatment Period 2 (Periods 1 and 2)
Elamipretide Placebo| Elamipretide Placebo] Elamipretide Placebo
N=6 N=6 N=6 N=6 N=12 N=12
FMQ/Preferred Term n (%) n (%) n (%) n (%) n (%) n (%)
Any AE 6(100) 6(100) 6 (100) 4 (66.7) 12 (100) 10 (83.3)
Local administration reaction 6(100) 5(83.3) 6 (100) 3 (50.0) 12 (100) 8 (66.7)
Injection site erythema 6(100) 2(33.3) 6 (100) 1 (16.7) 12 (100) 3(25.0)
Injection site induration 6 (100) 0 2(33.3) 2(33.3) 8 (66.7) 2(16.7)
Injection site pruritus 4(66.7) 1(16.7) 4(66.7) 1(16.7) 8 (66.7) 2(16.7)
Injection site pain 3(50.0) 4 (66.7) 6(100) 1 (16.7) 9 (75.0) 5(41.7)
Injection site bruising 2(33.3) 0 1(16.7) 0 3(25.0) 0
Injection site urticaria 2(33.3) 0 1(16.7) 0 3(25.0) 0
Injection site hemorrhage 0 0 0 1(16.7) 0 1(8.3)

Source: adae.xpt; software: R

Treatment-emergent adverse events defined as any AE that occurs after the treatment start date.
Duration: median treatment duration is 12.1 weeks per treatment period in Part 1.
Abbreviations: AE, adverse event; FMQ, FDA medical query; N, number of subjects in treatment arm; n, number of subjects with adverse event;

PT, preferred term; SOC, system organ class

In SPIBA-201, analysis of laboratory data did not reveal notable findings except for an elamipretide-

associated increase in eosinophils. In Part 1, 9 of 12 elamipretide-treated subjects had mild eosinophilia
(>0.65x103 cells/puL) compared to O subjects in the placebo arm; no TEAEs associated with elevated
eosinophils were reported. No elamipretide-treated subject had an elevated eosinophil level greater
than 1.5x10° cells/pL. Figure 14 shows the eosinophil level for the 12 subjects in SPIBA-201. There was a

noticeable increase in eosinophils with the peak at around 8 to 12 weeks after administration of

elamipretide. Eosinophil levels appeared to decline during the OLE phase after continuous treatment;
there was no eosinophil count exceeding the specified level of >0.65x103 cells/pL during the extension

period.

Figure 14. Time-Course of Eosinophils by Individual Subject, Safety Population, SPIBA-201
Elamipretide 40 mg/Placebo
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Source: adlb.xpt; Software: SAS 9.4

The left side included 6 subjects who started treatment with elamipretide in Treatment Period 1 (0-Week 12) and then received placebo in

Treatment Period 2 (Week 16-Week 28); the right side included another 6 subjects who received placebo in Treatment Period 1 and
elamipretide in Treatment Period 2. The open extension period started at Week 28 onwards.
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Supportive safety data from SPIMM-301 and SPAM-202 showed a similar safety profile with
elamipretide-associated risks (risk difference >5%) of injection site reactions and eosinophil count
increase. The risk of eosinophil count increase appeared to be transient and was not associated with
clinical manifestations of eosinophilia. No other major safety concerns were identified from these
supportive safety data.

In summary, based on the currently available data, the known safety risks with elamipretide can be
monitored clinically and managed.

5 Appendix

5.1 Trials of Elamipretide in Conditions Other Than Barth Syndrome

Table 21. Published Trials of Elamipretide in Diseases Other Than Barth Syndrome

Number of
Subjects
Randomized
to

Trial Identifier Primary Elamipretide
NCT# Trial Population Trial Design | Endpoint vs. Placebo | Results
SPIMM-201 36 subjects 216 and | Phase 1/2 Change in Elamipretide | The change in
NCT02367014 | <65 years with randomized, | 6MWD from | (different 6MWD was
(Karaa et al. confirmed double-blind, | baseline to | doses): 27 higher and
2018) mitochondrial placebo- Day 5 Placebo: 9 significantly
myopathy due to controlled, different
mitochondrial crossover between the
disease study subjects who
received the
highest dose
and placebo.
However, the
2 other PMM
trials failed
(see below).
SPIMM-301 Patients 216 and <80 | Phase 3, Change Elamipretide: | Least squares
NCT03323749 | years of age with randomized, | from 109 mean (SE)
(Kaara et al. PMM double-blind, | baseline in Placebo: 109 | difference in
2023) parallel- 6MWD at 6MWD was -
group, Week 24. 3.2 (95% CI -
placebo- Change 18.7 t0 12.3;
controlled from p=0.69)
trial baseline in meters, and on
PMMSA- the PMMSA-
TFS at TFS was -0.1
Week 24. (95% CI -0.1
to 0.3; p=0.37)
SPIMM-202 30 subjects 216 Randomized, | 6MWD at Elamipretide: | The change in
NCT02805790 | years with PMM double-blind, | the end of 15 6MWD was
(Karaa et al. previously treated in | placebo- Week 4 and | Placebo: 15 not statistically
2020) SPIMM-201 controlled end of significant.
crossover Week 12
trial
(treatment
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Number of
Subjects
Randomized
to

Trial Identifier Primary Elamipretide
NCT# Trial Population Trial Design | Endpoint vs. Placebo | Results
duration of
4 weeks)
SPIHF-101 36 subjects aged Phase 1, Incidence of | Elamipretide | Safe and well-
NCT02388464 | 245 and <80 years randomized, | adverse (3 dose tolerated.
(Daubert et al. | with ischemic or double-blind, | events levels): 24 Compared
2017) nonischemic placebo- (Secondary | Placebo: 12 | with placebo, a
cardiomyopathy of at | controlled, outcome: significant
least 6 months single left decrease in
duration from time of | ascending ventricular LVEDV
initial diagnosis. dose trial ejection (=18 mL;
(single fraction) P=0.009) and
4-hour LVESV
infusion) (-14 mL;
P=0.005) was
reported at the
end of the
infusion in the
highest dose
cohort.
However, the
subsequent
Phase 2 trial in
heart failure
failed (see
below).
SPIHF-201 71 subjects aged Phase 2, Change in Elamipretide | Did not
NCT02788747 | 240 and <80 years randomized | LVESV (low dose): improve
(Butler et al. with stable heart double-blind, | from 23 LVESV at 4
2020) failure with reduced placebo baseline to | Elamipretide | weeks.
ejection fraction controlled Week 4 (high dose):
24
Placebo: 24
SPIRI-201 300 subjects aged Phase 2a Infarct size | Elamipretide: | Treatment was
NCT01572909 | 218 and <85 years randomized, | as 58 not associated
(Gibson et al. presenting with first- | double-blind, | measured Placebo: 60 | with a
2015) time acute, anterior placebo- by the AUC decrease in
wall STEMI, controlled of serum infarct size as
scheduled to trial CK-MB at assessed by
undergo PCl and 24- and 72- AUCo.72 of CK-
stenting hours post- MB.
PCI
SPIRI-225 14 subjects aged Phase 2a, Change in Elamipretide: | At 3 months
NCT01755858 | 240 and <80 years randomized, | mean GFR | 6 post-PTRA,
(Saad et al. with atherosclerotic double-blind, | as Placebo: 8 the change in
2017) renal artery stenosis | placebo- measured mean GFR
who are undergoing | controlled by from baseline
percutaneous pilot trial iothalamate was reported
transluminal renal clearance at as significant
angioplasty baseline in subjects
and at 8 treated with
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Number of

Subjects
Randomized
to
Trial Identifier Primary Elamipretide
NCT# Trial Population Trial Design | Endpoint vs. Placebo | Results
weeks post- elamipretide.
PTRA This change
was not
compared to
subjects who
received
placebo.
SPILH-201 12 subjects aged Phase 2, Incidence Elamipretide | Did not meet
NCT02693119 | 218 and <50 years prospective, | and severity | to 1 eye: 8 primary
(Karanjia et al. | with Leber hereditary | randomized, | of ocular subjects endpoint of
2024) optic neuropathy double-blind, | treatment Vehicle best corrected
vehicle- emergent control: 4 visual acuity.
controlled adverse subjects
trial with a events;
duration of change in
52 weeks best
corrected
visual acuity
assessed
every
4 weeks for
52 weeks

Source: Review team

Abbreviations: AUC, area under the curve; CK-MB, creatine kinase-MB; GFR, glomerular filtration rate; LV, left ventricular; LVESV, left
ventricular end systolic volume; NCT, National Clinical Trial; PCl, percutaneous coronary intervention; PMM, primary mitochondrial myopathy;
PMMSA, primary mitochondrial myopathy symptom assessment; PTRA, percutaneous transluminal renal angioplasty; 6MWD, 6-minute walk
distance; 6BMWT, 6-minute walk test; STEMI, ST elevation myocardial infarct; TFS, Total Fatigue score

5.2 Schedule of Assessments
Table 22 and Table 23 show the Schedule of Assessments for SPIBA-201, Part 1 and Part 2, respectively.
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Table 22. Schedule of Assessments SPIBA-201, Part 1

Screening® Treatment Period
Dav 25 to Dav 1 Visit 1 Visic s
ay -25 1o Day - Pre-dose Days 2-5 Asit S : iod®
Treatment Period 1° (min. approx. 7 (Baseline) od Week 12 W “:1'0"“ _PH fod
days) e Visits Visit (Day 85 =7) (28 days +7)
Visit™ (Day 1)
Tisi _ . ) Visit 114
. Visit 6 Days 2.5 Visit10 Part 1 Follow-up Part | EOT/Early
Treatment Period 2 Pre-dose V Visitsd Week 12 Visit Period® DC
ay 1 Day 857 18 day: B
@ay D) @a ) (28 days +7) Visit® Day 113 +7)
Informed Consent X
Demographics X
£
Randomization X
Review of Inclusion/Exclusion
o X X
Criteria
Relevant Medical Hisrcvrj.'f X
Concomitant Med_lcanon-' ¥ X X X
Procedure Review
Review AEs X X X X X
Physical Exam® X X X X
Vital Signs” X X X X
12-Lead ECG’ X X X X
Blood Chemistry & He:ruztolt:'gyJ X X X X
Urmﬂl)’SlSJ X X X X
Blood SporJ X X X X
Plasma and Urine Biomarkers X X X X
Plasma and Urine Metabolomic X X x
Profile
2-D and 3-D Echocardiograms X X X X
&
AVIVO™ MPM System X X X
C-SSRS “Lifetime Recent™ X
C-5SRS “Since Last Visit” X X X
PROMIS Fatigue Short Form' X X X X
Screening® Treatment Period
Day -28 to Day -1 juil Visit 5
ay -=o to Lay - Pre-dose Days 2-5 AL : iod®
Treatment Period 1° (min. approx. 7 (Baseline) o d Week 12 W n:lmut P“ iod
days) e Visits Visit (Day 85=7) (28 days +7)
Visit™ (Day 1)
Tisi s . . Visit 114
. Visit 6_‘ . Davs 2-5 ) Visit ]_l]" . Part 1 Follow-up Part I—EOTI’Eal‘ly
Treatment Period 2 Pre-dose Visit Visitsd Week 12 Visit Period® Dic
av 1 Day 857 218 day: -
(Day 1) (Day ) (28 days +7) Visit® (Day 113 +7)
BTHS-SA™ X Daily- 34
PGI Scales X X X X
CGI Scales X X X X
CaGI Scales’ X X X X
EQ-5D° X X X X
MWT X X X X
SXSST X X X X
HHD' X X X X
SwAY” X X X X
Daily IMP Injection’ X Daily X
Abbreviations: 5XSST = 5 times sit-to-stand test: 6MWT = 6-minute walk test: AE = Adverse event: BMI = Body mass index: BP = Blood pressure;: BTHS-5A = BarTH
Syndrome Symptom Assessment; CaGI = Caregiver Global Impression scale; CGI = Clinician Global Impression scales; C-SSRS = Columbia-Suicide Severity Rating Scale;
DSQ = Daily Symptom Questionnaire; ECG = Electrocardiogram:; eCRF = Electronic case report form; EQ-5D-5L = EuroQoL-5 dimensions-5 levels; EQ-5D-Y = EuroQoL-5
dimensions-youth; EOT = End-of-trial: HHD = Handheld dynamometer; HR = Heart rate; ICF = Informed Consent Form: IMP = Investigational medicinal product:
MPM = Mobile patient management: PGI = Patient Global Impression scale; PI= Principal Investigator: PROMIS = Patient reported outcome measurement information system:
RR = Respiratory Rate.
#  ICF must have been signed prior to any trial related procedures performed. If applicable, informed consent in writing from parent(s) or legally-acceptable representative(s)
and, informed assent from subject (if age appropriate according to local requirements) was provided.
®  All trial center visits should have occurred at approximately (=2 hours) the same time and after at least 3 hours of fasting. Days and Weeks were relative to the Pre-dose Visit
of the respective Treatment Period.
¢ Screening assessments that were completed within 24 hours of the Baseline Visit. did not need to be recompleted. Pre-dose assessments must have been completed within
24 hours prior to receiving IMP.
d Subjects may have been evaluated at the trial center daily for up to the first 5 days of each Treatment Period. The decision to have a subject return for Days 2 through 5 Visits
for both Treatment Period 1 and Treatment Period 2 should have been made and documented prior to the Baseline Visit.
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®  The Washout Period only occurred after Treatment Period 1. The Part 1 Follow-Up Period and the Part 1 End-of-Trial Visit only occurred after Treatment Period 2 and if the
subject was not continuing into Part 2

£ QOnly completed at the Baseline Visit.

£ Height was measured during all physical examinations. and used in the trial to calculate BMI. Physical examination included: general appearance, skin. head. eyes, ears. nose,

throat, neck (including thyroid). lymph nodes, chest. heart, abdomen. extremities. and nervous system, and weight.

Vital signs included HR, RR, and BP after sitting for 5 minutes, and temperature.

' All scheduled ECGs must have been performed after the subject has rested quietly for at least 10 minutes in the supine position.

i See Artachment 4 of the protocol (Section 16.1.1) for laboratory tests. Additional blood samples, at the Treatment Period 1 Baseline Visit, Treatment Period 2 Week 12
Visit. and (if applicable) the Part 1 Early Discontinuation Visit. were collected and stored for assessing the immunogenicity potential of the IMP.

E Starting at the Screening Visit. subjects were provided with an AVIVO™ MPM System which was applied. as instructed in the product manual. at trial center visits by the

Investigator (or designee). The Investigator (or designee) educated the subject on appropriate application and use of the AVIVO™ MPM System. Subjects were instructed and

reminded to apply and wear a new AVIVO™ MPM System at approximately Week 11, immediately prior to the Treatment Period 1 Week 12 Visit and Treatment Period 2

Week 12 Visit. Subjects were instructed to wear each AVIVO™ MPM System for approximately 7 consecutive days after each application. Subjects refurned all AVIVOT™

MPM Systems by the completion of his participation in the trial

For subjects =18 years of age at the Screening Visit, the PROMIS Adult Fatigue Short Form should have been complefed. Subjects 12-17 years of age at the Screening Visit,

the PROMIS Pediatric Fatigue Short Form should have been completed for the duration of the trial.

= The age appropriate BTHS-SA should have been completed daily by the subject in a diary starting at the Screening Visit and continued until the Treatment Period 2 Week 12
Visit. For subjects =16 years of age at the Screening Visit, the BTHS-SA Adult should have been completed. Subjects 12-15 years of age at the Screening Visit, the BTHS-5A
Adolescent should have been completed for the duration of the trial.

% For subjects =16 years of age at the Screening Visit, the PGI Adult should have been completed. Subjects 12-15 years of age at the Screening Visit, the PGI Adolescent
should be completed for the duration of the trial

°  Ifapplicable. For subjects 216 years of age at the Screening Visit, the CaGI Adult should have been completed. Subjects 12-15 years of age at the Screening Visit. the CaGI
Adolescent should have been completed for the duration of the trial.

P For subjects =16 years of age at the Screening Visit, the EQ-5D-5L should have been completed. Subjects 12-15 years of age at the Screening Visit, the EQ-5D-Y should have
been completed for the duration of the trial.

9 The SMWT (see Attachment 14 of the protocol [Section 16.1.1]). the SXSST (see Attachment 15 of the protocol [Section 16.1.1]). and HHD should have been performed
after all other trial procedures (except for IMP administration). The 5XSST should be performed after the SMWT and after at least 5 minutes rest (should not be more than
30 minutes). HHD should have been performed after completion of the SXSST and at least 5 minutes rest (should not have been more than 30 minutes). The SWAY
Application Balance Assessments should have been performed after completion of the HHD and at least 5 minutes rest (should not have been more than 30 minutes). The
Investigator (or designee) conducting the SMWT, 5XSST, HHD, and SWAY Application Balance Assessments should not have been the same Investigator (or designee)
completing the safety assessments for a particular subject.

T At Treatment Period 1 and Treatment Period 2 Pre-dose Visits, all other trial procedures nmst have been completed prior to administering IMP. Subjects should have been
instructed to administer the IMP on the day of Treatment Period 1 Week 12 and Treatment Period 2 Week 12 Visit, prior to returning to the trial center. The location (injection
in the abdomen [rotating around the four abdomunal quadrants] or thigh. provided that it was at least 5 cm from the previous day’s location of administration]) and time of the
IMP admunistration (at approximately the same time each day [e.g., early morning, noon, early afternoon, or evening]) was recorded daily in a diary.

Source: Attachment 1 of the protocol (Section 16.1.1)

Source: Applicant Material
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Table 23. Schedule of Assessments, SPIBA-201, Part 2)

" iod? Part 2 Fellow-Up
Treatment Period Period
Part 2 Treatment Period Visit Visits 12-19 2
(begins on the day after the Treatment (“.:;%}“'.’km (Week 21, 36, 48, 72, 96, 120, P("“?:;_C;")‘ G ‘;‘0‘;"1‘;‘:';’:2)’ P e 1 il
Period 2 Week 12 Visit of Part 1) - 144, 168 Visits) ST IR AT e Ty v
or Early D/C Visit
Window =1 week =+ 2 weeks =2 weeks +7 days
C stant Meds /Procedure Review X X X X
Review AEs X X X X
Physical Emmb X X X
Vital Signs' X X X
12-Lesd ECG' x x x
Blood Chemistry & I oy X X X
Urinalysis™ X X X
Blood Spote X X X
Plasma and Usine Biomarkers X X X
Plasma and Urine Metabolomic Profilke X X X
2-D and 3-D Echocardiogram X X X
C-SSRS “Since Last Visit™ X X X
; ! X X X
PROMIS Fatigue Short Form - - -
BIHS-sA” X X X
PGI Scales” X X X
CGI Scakes X X X
CaGI Scales’ X X X
EQ-SDJ X X X
MWT X X X
sxssT" X X x
HED" X X x
swAY" X X X
5 . Part 2 Follow-Up
Treatment Period' Period
Part I Treatment Period Visit Yisits 12-19 Visir 2}
(begins o]; the dav after the Treatment Nisit 11B = Phone Call (or other method) (Week 192)
ay : e . y = N .
Period 2 Week 12 Visit of Part 1) (Week 12 Visit) (Weeks 60, 84, 108, 132, 156) | Part2 End—of-Tnal
or Early D/C Visit
Window =1 week =2 weeks + 7 days
PK Samples
Daily IMP Injection X X
Abbtenanous JXSST =5 times sit-to-stand test; 6MWT = o-munute walk test; AE = Adverse event; BMI = Body mass index; BP = Blood pressure; BTHS-SA = BarTH
A CaClI = Caregiver Global Impression scale; CGI = Chnician Global Impresswn scales; C-SSRS = Columbia-Suicide Severity Rating Scale:

DSQ = Daily Symptom Questionnaire; ECG = Elecmx‘afdmg!mn eCRF =Electronic case report form: EOT = End-of-tnal: HHD = Handheld dynamometer; HR = Heart rate;

ICF = Informed Consent Form: IMP =i g 1 product; MPM = Mbbile patient management; PGI = Patieat Global Impressioa ccale; PK = Pharmacokinetic;

PI = Principal Investigator; PROMIS = Paueul 1eporied outcome mras\nemenl mformation system: RR = Respiratory Rate.
All trial center visits occurred at approximately (=2 hours) the same time and afier at least 3 hours of fasting. Daysand Weeks were relative to the Pre-dose Visit of the
respective Treatment Period.

®  Height was oaly d during all phyzical and veed in the tral to calculate BMI. Physical
nose, throat, neck (including thyroid). lymph nodes, chest, heart, abdomen, extremities, and nervous system, and weight.

¢ Vital sigas included HR. RR. and BP after sitting for 5 minutes, and temperature.

¢ All scheduled ECGs nmst have been performed after the subject had rested quietly for at least 10 minutes in the supine pcsiﬁon

®  See Artacl 4 of the protecol for lab ¥ tests. Additional blood samples, st the Part 2 Early Di inuation Vizit (if ap

g the ity p 1 of the IMP.

Y For sﬂ)jects 18 years of age a1 the Screening Visit, the PROMIS Adult Fatisue Short Form should have beea completed. Subjects 12-17 vears of age at the Screening Visit,
the PROMIS Pediatric Faugue Short Form should have been completed for the duration of thetrial.

£ The age appropriate BTHS-SA skould have beea completed only at clinical site visits. For subjects 216 years of age at the Screening Visit, the BTHS-SA Adult should have
been completed. Subjects 12-15 years of age at the Screening Vist, the BTHS-SA Adolescent should have been completed for the dusation of the trial.

B For subjects 216 years of age at the Screenng Visit, the PGI Adult should have been completed. Subjects 12-15 years of age at the Screening Visit, the PGI Adolescent

~ should have been completed for the duraticn of the trial

! Ifapplicable. For cubjects =16 years of age at the Screening Visit, the CaGI Adult should have been completed. Subjects 12-15 years of age st the Screening Visit, the CaGI
Adclescent should have been completed for the duration of the trial

3 For subjects 216 years of age at the Screening Visit. the EQ-5D-3L should have been completed. Subjects 12-13 years ofage at the Screening Visit, the EQ-5D-Y should have
been completed for the duration of the tnal.

E  The 6MWT (Attach 14 of the protocol). the SXSST (Attacl 15 of the protocol), and HHD should have been performed after all other trial procedures (except for
IMP administration). The 5XSST should have been performed afier the 6MWT and after at Jeast 5 minutes rest (should not have been more than 30 minutes). HHD should not
have been performed after completion of the 5XSST and at keast 5 minutes rest (should not have been more than 30 minuies). The SWAY Application Balance assessaments

luded: general app skin. head, eyes, ears,

llected and stored for

ble), were

should have been performed after completion of the HHD and at least 5 munutes rest (should not have been more than 30 tes). The [ (or d conductms
the SMWT. SXSST. HHD. and SWAY Application Balance assessments shonld not have been the same Investigator (or designes) completing the safety assessments for a
particuler subject.

! PK Schedule: Pre-dose (-30min); 0.5h (= 5 min); 1h (= 10 min); 2k (= 15 min): 4h (= |5 min) All PK sampling should have been conducted at the defined time points ata
single clinical site visit. The clinical site visit at which the PK sampling occurred should have been the earliest clinical site visit possible in Part 2 (at or after the Week 12
Visit in Part 2). On the day of the Visst that the PK samples were collected, subjects should have been instructed to administer the IMP at the trial center. To reduce trial
procedure burden. PK samplinz may have been completed during a scheduled clinical site visit 1a Part 2 or oa an mdependent clinical site visit. Additionally. to reduce the
need for multiple venipunctures, in the opinion of the Investigator, a venous catheter may have been used for PX sample collection.

= Daily IMP injections began the day after the Part 1 Treatment Period 2 Week 12 Visit. On the day of the Visit that the PK samples were collected. subjects should have been
instructed to administer the IMP at the tnal center. Injecnons should have bene in the abdomen (rotating around the four abdominal quadrants) or thigh. prcvxded that it was at
least 5 cm from the previous day’s location of admiristration at i Iy the same time each day (e.g.. eady ing. noon. early afte: or g).

Source: Attachment 1 of the protocol (Section 16.1.1)

Source: Applicant Material, Table 3, Clinical Study Report, SPIBA-201.

appr
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5.3 Limitations of the Natural History Cohort in SPIBA-001

Table 24. Summary of the Applicant’s Rationale for the Adequacy of the Natural History Cohort in SPIBA-001 and

FDA Assessment

Applicant’s
Citation of FDA NH
Guidance (2019)

Applicant’s Rationale

FDA Assessment

The external control
group needs to be
very similar to the
treated group in all
respects, including
disease severity,
duration of illness,
prior treatments, and
any other aspects of
the disease that
could affect
outcomes and the
timing of outcomes.

The patients included in
the NH control cohort
(n=79, comprising >50%
of the U.S. Barth
syndrome patient
population) from which
the prognostically
matched NH controls
were derived were
patients healthy enough
to travel to biennial
patient advocacy
meetings and/or annual
outpatient routine follow-
up clinic visits. The
prognostic matching
criteria was designed to
further ensure similarity
between groups by
matching patients on the
basis of age, height, and
distance walked on
6MWT.

The NH control was constructed from a cohort of 79
patients stored in REDCap. The Applicant applied
the inclusion criteria of availability of baseline data
on age, height, and 6MWT, and at least one
postbaseline measure of 6MWT to select subjects
for the NH control. Only 19 of these 79 patients
(24%) met the inclusion criteria and were included in
the NH control. It is unclear whether these 19
patients are representative of patients with BTHS.

Propensity score methods cannot address the
impact of potential selection bias caused by
restricting the analysis to only 19 of 79 subjects
eligible for the NH control. Propensity score
methods can help to achieve covariate balance
between the TRT set and the NH control considered
for the analysis, but the concern of selection bias
among the NH control remains.

An important assumption for propensity score
analysis is that there are no unmeasured
confounders (i.e., that all factors that might affect
treatment assignment and the outcome of interest
have been observed and included in the propensity
score model). For BTHS and SPIBA-001,
unmeasured confounders might include heart
function, motor development, and pubertal status
(timing of growth spurt). These clinical
characteristics might affect whether the subject
meets the eligibility criteria in SPIBA-201 (to receive
treatment) and can also be associated with the
efficacy endpoint. The Applicant’s propensity score
model only considered the baseline measures of
age, height, and the 6MWT distance. In this case,
with a limited number of measured covariates, the
statistical inference will most likely be subject to bias
from unmeasured confounding. The draft guidance
for industry Considerations for the Design and
Conduct of Externally Controlled Trials for Drug and
Biological Products (February 2023) emphasizes
comparability between treatment and control arms
across various domains, including time periods,
prognosis, intercurrent events, and handling of
missing data, among others. With the limited
number of baseline covariates available for the NH
control (only age, height, and baseline measures of
the efficacy endpoints), it is questionable to assert
comparability of the two groups in SPIBA-001.
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Applicant’s
Citation of FDA NH
Guidance (2019)

Applicant’s Rationale

FDA Assessment

The availability of
patient-level data
can help provide
support for
comparison between
the control group
and the group
receiving the
investigational drug.

Patient-level data are
available for the NH
control cohort in
SPIBA-001.

Although the patient-level data are available, these
are all imputed data at Weeks 64 and 76 (using
linear regression).

As described in Section 4.1.2.2.1, the efficacy data
in REDCap for the NH control were not collected at
the timepoints chosen for the primary efficacy
analysis (Weeks 64 and 76). Therefore, the efficacy
data for the NH cohort used in the analyses were
100% imputed. The same issue was noted for the
TRT set. For each subject in both the TRT set and
NH cohort, a regression line was fit using all
available endpoint data points reported over time,
starting with the baseline value. At least two data
points were required to fit the line for each subject.
All the missing data at Weeks 64 and 76 in the TRT
set and NH cohort were imputed using these
estimated regression lines.

Linear regression imputation can be used to impute
a modest amount of missing data. However, when
all of the data at a specific timepoint are imputed,
the reliability of predicted values is questionable.

Use of valid
epidemiological
approaches can
reduce selection
bias (e.g.,
inclusion/exclusion
criteria, prespecified
statistical analysis
plan)

Inclusion/exclusion
criteria were broad and
inclusive and were
comparable for treated
and NH control cohorts,
except that for the NH
cohort, availability of
longitudinal data was
required. The statistical
analyses plans were
prespecified and two
statistical teams were
utilized such that the
team developing the
prognostic match criteria
remained blinded to
longitudinal NH data.

The results from the NH cohort were available to the
study investigators, and the Applicant could have
been unblinded to the NH cohort results prior to the
design of SPIBA-001.

The draft Externally Controlled Trial FDA guidance
recommends prespecifying study design and
analysis and blinding to approximate a randomized
experiment as closely as possible. The covariates
for the propensity score model should be
prespecified in the SAP, without data driven variable
selection, such as squared terms, unless
prespecified. However, the date (January 2, 2020)
in the computer code used to estimate the
propensity scores, preceded the finalized dates for
the Concept Statistical Analysis Plan (SAP)
(January 15, 2020) and the Supplemental SAP (May
8, 2020). Therefore, it is unclear whether the
development of the final propensity score model
was guided by the model building criteria defined in
the SAP, or vice versa.

Critical patient
disease
characteristics may
not have been
assessed or may
have been assessed
differently based on
historical
approaches,
resulting in a lack of

The NH cohort was
evaluated on the same
functional efficacy
endpoints (6MWT,
Muscle strength by
HHD, 5XSST and SWAY
balance) as the treated
cohort by the same team
of clinicians at Johns
Hopkins University using

This approach cannot minimize performance bias
caused by subjects in the TRT set knowing they
were on elamipretide and, therefore, could
anticipate doing well on effort-dependent
endpoints—whereas the retrospective external
control constructed for study SPIBA-001 had no
such expectation or motivation.
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Applicant’s
Citation of FDA NH

Guidance (2019) Applicant’s Rationale FDA Assessment
comparability (e.g., substantively identical
disease definitions, procedures during the
diagnostic same time period (NH
techniques, and data collected between
approaches to 2012 and 2019; SPIBA-
safety monitoring 201 conducted between
may have evolved). | 2016 and 2020) within

which disease

definitions, diagnostic

techniques and

approaches to safety

monitoring remained

unchanged.
Aspects of standard | The NH data collection Agree.

of care may have
changed.

(2012-2019) overlapped
with the conduct of
SPIBA-201 (2016-2020).
Standard of care
remained unchanged.

Data collection
intervals and quality
may lack
consistency and not
be comparable.

Comparability of data
collection quality was
ensured by use of the
same team of clinicians
with expertise in Barth
Syndrome at Johns
Hopkins University using
substantively identical
procedures on the same
assessments. Data
collection intervals will
typically vary from
interventional study
interval when using
external controls — real
world data are not
expected to have
endpoints that match a
trial, so using a linear
regression is reasonable
to impute a value to
match the trial
measurement. The
general approach to
missing data is
appropriate. Using linear
regression to impute
data for specific time
points between two
observed measurements
should be acceptable.

The Applicant does not
believe that the specified

The efficacy data in REDCap for the NH cohort
were not collected at the timepoints chosen for the
primary efficacy analysis (Weeks 64 and 76).
Therefore, the efficacy data for the NH cohort used
in the analyses were 100% imputed. The same
issue was noted for the TRT set. For each subject in
both the TRT set and the NH cohort, a regression
line was fit using all available endpoint data points
reported over time, starting with the baseline value.
At least two data points were required to fit the line
for each subject. All the missing data at Weeks 64
and 76 in the TRT set and NH cohort were imputed
using these estimated regression lines.

Linear regression imputation can be used to impute
a small amount of missing data. However, when all
of the data at a specific timepoint are imputed, the
reliability of predicted values is questionable.

In linear regression imputation, the observed
outcomes are used to create a line of best fit, and
then the predicted value based on this line at the
unobserved timepoint is substituted as the value
used in the analysis. When there is only a small
amount of missing data that needs to be imputed,
imputation can generally retain a great deal of
information and avoid significantly altering the
standard deviation or the shape of the distribution.
However, as the amount of imputed data increases,
so does the influence of imputation on the analysis
results and interpretation. When all of the data are
imputed, interpretation is completely dependent on
all underlying assumptions made for the imputation
and will vary greatly depending on the assumptions
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Applicant’s
Citation of FDA NH
Guidance (2019)

Applicant’s Rationale

FDA Assessment

approach to imputing
endpoints for specific
evaluation timepoints
(weeks) can be found to
have biased the findings
towards treatment.

made. In addition, in regression analysis, much of
the literature (Harrell et al. 1984; Peduzzi et al.
1996; Harrell 2015) indicate that there should be at
least ten observations per independent variable for
a reasonable imputation. When there is high
variability, the number of necessary data points
increases to clearly match a model to a highly
variable data pattern. In regulatory submissions for
confirmatory studies, we also typically recommend
using multiple imputation to avoid well-documented
pitfalls of single imputation when underestimating
uncertainty around the missing observation (Rubin
and Schenker 1991).

The actual number of observed 6MWT values for
each subject in the NH cohort ranged from 2 to 8.
Additionally, 5 of 19 subjects had only 2
measurements and 9 of 19 subjects had only 3
measurements. The actual observed 6MWT values
for each TRT subject ranged from 9 to 10
measurements.

See Figure 5 and Figure 6 for profile plots of each
subject’s actual observed 6MWT in the TRT set and
NH cohort, respectively. In addition, Figure 6 shows
that the majority of the observed measurements in
the NH cohort were collected weeks and even years
apart from Weeks 64 and 76. This raises additional
concerns about the reliability of a regression
prediction model fit in the NH cohort.

The TRT set followed the SPIBA-201 Part 2 protocol
for visits. However, most of the subjects in the NH
cohort had fewer visits at irregular intervals. The
TRT set has similar imputation issues. However,
due to a protocol specified visit schedule, the
intervals between Week 64 (or 76) and observed
dates are reasonably closer for all subjects in the
TRT set.

In essence, most of the observed walk distances
are not close to their respective regression lines in
both cohorts. The long intervals between the small
number of observed visits in the NH cohort can
increase the variability leading to a poor fit for linear
regression lines. This leads to wide differences
between the observed and imputed data at Weeks
64 and 76 in the NH cohort. The high variability and
sparsity of observations make it difficult to assess
the precision of imputed data in the NH cohort as
most generally accepted assessments of good fit
require more observations.

During development, FDA had previously raised
concerns about the imputation and questioned the
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Applicant’s
Citation of FDA NH
Guidance (2019)

Applicant’s Rationale

FDA Assessment

reliability of the predicted values if the number of
observations used in the regression model were
insufficient. The Applicant was advised to clarify
how they would evaluate the variability in the
estimation of the endpoint data and how they would
account for that variability in the final analysis.
However, the Applicant did not address those
concerns in the NDA submission.

Use of an external
control group is
especially
challenging if the
outcome
assessments used
in the external
control group are not
well defined and
reliable and,
therefore, not
suitable for
regulatory use.

The endpoints used
were well-established in
the disease natural
history.

While endpoints such as 6MWT are well-
established, the use of these effort-dependent
endpoints are susceptible to performance bias
based on knowledge of treatment assignment in
open-label studies, including externally controlled
studies, such as SPIBA-001.

An external control
is most interpretable
when a treatment
effect is large in
comparison to
potential biases and
the known variability
in progression.

The treatment effect
observed is objectively
large, with >90%
difference between
treated subjects and NH
controls on 6MWT and
muscle strength and
>80% differences on the
multidomain responder
index. When external
controls are used for
effort dependent
endpoints, a large effect
size and confirmatory
pharmacodynamic data
can be supportive (e.g.,
burosumab pediatric
approval).The large size
of the NH cohort (>50%
of the U.S. patient
population) supports that
the variability in
progression is well-
established.

With all the limitations discussed above, the results
are uninterpretable. Results from biased analyses
could be misconstrued as a true treatment effect.

Source:
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5.4 Cardiomyopathy Assessment in SPIBA trials

Table 25. Two- and Three-Dimensional Echocardiographic Measurements Collected in SPIBA-201

2-D echocardiography
e Left ventricular (LV) end-diastolic volume (mL)
e LV end-systolic volumes (mL)
e LV ejection fraction (%)
e LV dimensions
e LV (interventricular) septal wall dimension — diastole (LVSd [cm])
e LV (interventricular) septal wall dimension — systole (LVSs [cm])
e LVinternal dimension — diastole (LVIDd [cm])
e LVinternal dimension — systole (LVIDs [cm])
e LV posterior wall dimension — diastole (LVPWd [cm])
e LV posterior wall dimension — systole (LVPWs [cm])
e LV fractional shortening (%)
e LV global longitudinal strain (triplane [%])
e LV peak systolic strain
e Apical 4-chamber view (%)
e  Apical 2-chamber view (%)
e  Apical longitudinal axis (LAX) view (%)
e Left atrial volume (mL)
e LVmass(g)
e Diastology
e  Peak E-wave (m/s)
e  Peak A-wave (m/s)
e  Medial mitral valve (MV) annulus e (m/s)
e  Medial MV annulus a (m/s)
e Lateral MV annulus e (m/s)
e Lateral MV annulus a (m/s)
e  Measurement of noncompaction (Chin and Jenni methods)
e Chin: ratio (X/Y) at LV apex at end-diastole
e Jenniratio (NC/C) at LV apex at end-systole
e Aortic valve regurgitation (semiquantitative; trivial, mild, moderate, severe)
e  Mitral valve regurgitation (semiquantitative; trivial, mild, moderate, severe)
e  Tricuspid valve regurgitation (semiquantitative; trivial, mild, moderate, severe)

e  Structural abnormalities
3-D echocardiography:

e LV end-diastolic volume (mL)
e LV end-systolic volume (mL)

e LV ejection fraction (%)

Source: Reviewer
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Table 26. Baseline Cardiac Assessment in ITT Population of SPIBA-201

Subject
ID

(N 12)
(b) (6)

Start Date of Cardiac
Disorder / Reviewer
Estimated Age at Start

Age at of Cardiac Disorder / Present at Baseline Cardiac
Baseline End Date Where Baseline Concomitant Visit 1 Predose 2-D Echocardiogram,
(Years) Cardiac Disorder Available (2017-2018) | Medication Key Findings
17 Cardiomegaly and 7/2004, 4 years Yes ACEI, BB, Digoxin LVEF 60%, LVSd 0.91 cm, LVEDV
cardiomyopathy 91 mL, BSA 1.5 m?, LVEDVi 61 mL/m?
Normal LV function, wall thickness, size
35 Cardiomyopathy ®®  at birth Yes ACEI, BB, Digoxin LVEF 64%, IVSd 0.94, LVEDV 79 mL,
BSA 2.12 m?, LVEDVi 37 mL/m?
H/O ICD insertion 11/2003 No Normal LV function, wall thickness, size
16 None - - None LVEF 57%, IVSd 0.61, LVEDV 38 mL,
BSA 1.19 m?, LVEDVi 32 mL/m?
Normal LV function, wall thickness, size
17 None - - ARB LVEF 61%, IVSd 0.79, LVEDV 47 mL
BSA 1.93 m?, LVEDVi 24 mL/m?
Normal LV function, wall thickness, size
28 Cardiomyopathy ®© " Tt birth, No None LVEF 68%, IVSd 1.04, LVEDV 72 mL,
11/1995 BSA 1.82 m2, LVEDVi 61 mL/m?
Normal LV function, wall thickness, size
13 Cardiomyopathy ®®  at birth Yes ACEI, Digoxin LVEF 66%, IVSd 0.71, LVEDV 54 mL,
BSA1.15 m?, LVEDVi 40 mL/m?
Normal LV function, wall thickness, size
12 Cardiomyopathy , at birth Yes None LVEF 66%, IVSd 0.79, LVEDV 60 mL,
BSA 1.19 m2, LVEDVi 50 mL/m?
Normal LV function, wall thickness, size
31 Cardiac failure, , at birth Yes None LVEF 60%, IVSd 0.86, LVEDV 64 mL,
Restrictive BSA 1.81m?, LVEDVi 35 mL/m?
cardiomyopathy, Normal LV function, wall thickness, size
endomyocardial fibrosis
16 Cardiac failure at birth Yes ACEI, BB LVEF 61%, IVSd 0.68, LVEDV 68 mL,
BSA 1.37 m2, LVEDVi 50 mL/m?
Normal LV function, wall thickness, size
21 Cardiac failure, , at birth Yes ACEI, BB, LVEF 56%, IVSd 0.68, LVEDV 96 mL,
cardiomyopathy Aldosterone BSA 1.75 m?, LVEDVi 55 mL/m?
antagonist Normal LV function, wall thickness, size
14 Cardiomyopathy ®® 5t birth Yes None LVEF 67%, IVSd 0.73, LVEDV 56 mL,
Cardiac failure 05/2005, 2 years, No BSA 1.22 m?, LVEDVi 46 mL/m?
11/2013 Normal LV function, wall thickness, size
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Subject
ID

(N 12)
(b) (6)

Start Date of Cardiac
Disorder / Reviewer
Estimated Age at Start

Age at of Cardiac Disorder / Present at Baseline Cardiac

Baseline End Date Where Baseline Concomitant Visit 1 Predose 2-D Echocardiogram,

(Years) Cardiac Disorder Available (2017-2018) | Medication Key Findings

14 Cardiomyopathy ®©  at birth Yes None LVEF 63%, IVSd 0.60, LVEDV 49 mL,
Cardiac failure at birth, 2011 No BSA 1.23 m?2, LVEDVi 40 mL/m?

Normal LV function, wall thickness, size

Source: Abstracted from Applicant Listing 41.6, SPIBA-201-list-demographic-data and Listing 2.6.1 2-D echocardiographs; estimated age at start of cardiac disorder is per reviewer
*Reference range using 2 standard deviations by 2D-echocardiography in males: Adults (Lang et al. 2015), LVEF 52-72%; IVSd 0.6-1 cm; LVEDVi 34-74 mL/m2; Pediatric age group >2 years of age

(Graham et al. 1968), LVEF 53-73%, LVEDVi 45-77 mL/m2

Abbreviations: ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; BSA, body surface area; LVEF, left ventricular ejection fraction; LVSd, IVSd, interventricular septal thickness;
LVEDV, left ventricular end diastolic volume; LVEDVi, left ventricular end diastolic volume indexed; 2-D, two-dimensional
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5.5 Exposure-Response Data

Scatter plots of elamipretide AUCo.12n at steady state and the percentage change from baseline in
MLCL:CL(18:2)4 by each visit during SPIBA-201, Part 2 are presented in Figure 15. No clear exposure-
response relationship was observed in the observed pharmacokinetic exposure range with the

elamipretide 40 mg once-daily regimen. Conclusions are limited because of the small sample size and

the lack of appropriate control (i.e., subjects who were not exposed to elamipretide).

Figure 15. Relationship Between Percentage Change From Baseline in MLCL:CL(18:2), and AUC; by Visit Week

(SPIBA201 Part 2)
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Source: Reviewer’s analysis.

Each color represents a different subject in SPIBA-201 (n=7). AUCss for a given patient was estimated based on individual predicted PK
parameters by Population PK analysis.

Abbreviations: AUCss, area under the time concentration curve at steady state; MLCL:CL, monolysocardiolipin: tetralinoleoyl cardiolipin
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5.6 Additional Echocardiographic Data
5.6.1 SPIBA-201, Part1

Table 27. Normal Reference Ranges for Echocardiographic Parameters in Adults and Children

Normal Adult Reference Normal
Ranges Pediatric
Adult Mean * Adult 2SD Reference
Parameters SD* Range Ranges |
2D echocardiographic
measurements
LVEDV/baseline BSA (mL/m?) 54+10 34-74 NA*
LVESV/baseline BSA (mL/m?) 2115 11-31 NA*
LVEF (%) 6315 52-72 56-78%
LV fractional shortening (%) NA NA 37.6x4.1
LV global longitudinal strain (%) -16.8 (2) NA NA
LAV/baseline BSA (mL/m?) 24.5+6.4 16-34 NA*
LV mass/baseline BSA (g/m?) NA 50-102 81.8£58.9
Peak E wave (m/s) NA 0.5-1.1 90.8+£18.5
Peak A wave (m/s) NA 54.4+15
Peak E/peak A wave NA 0.6-2.5 1.791£0.61
Medial MV annulus e’ (m/s) NA 4.9-15.1 NA
Lateral MV annulus e’ (m/s) NA 6-20.5 NA
3D echocardiographic
measurements
LVEDV/baseline BSA (mL/m?) NA 53 (41-85) NA*
LVESV/baseline BSA (mL/m?) NA 24 (14-24) NA*
LVEF (%) NA 62 (54-70) NA*

Source: (Frommelt 2009; Lang et al. 2015; Miyoshi et al. 2020; Addetia et al. 2022)

* Adults 18 to <40 years old.

+ In pediatric age group, normal ranges for certain parameters depend on the patients’ age, height, and weight ( beyond the scope of

presentation in this table).

Abbreviation: BSA, body surface area; LVEDV, left ventricular end diastolic volume; NA, not available

5.6.2 SPIBA-201, Part 2

Descriptive statistics by visit were performed to evaluate the longitudinal trends of 2D and 3D
parameters for up to 192 weeks in SPIBA-201, Part 2. The Applicant noted a nominally significant
increase in LVEDV and LVESV from baseline at Week 168 (n=8) and stated that the observed
improvements in LV volumes are a deviation from the natural history.

Hence, the Applicant subsequently focused on the post hoc analysis of 3D LVSV. Using 3D
echocardiography, there was a nominally significant increase in LVSV, LVEDV and LVESV from baseline at
Week 168 (indexed to concurrent BSA); however, the increases in LV volumes were not consistently
observed at each visit during the open label study and were much smaller using 2D echocardiography
(Figure 16, Figure 17, Figure 18, Figure 19, Figure 20 and Figure 21). Other echocardiography parameters
also showed a trend of increase in SPIBA-201 including left atrium volume and LV mass (Figure 22 and
Figure 23). LV ejection fraction remained largely unchanged throughout the study (Figure 24). See
Section 5.4 for additional details regarding the limitations of the echocardiographic data and why these
data do not establish a treatment effect of elamipretide on Barth cardiomyopathy.
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Figure 16. Mean (1SE) 3D LVSV Indexed to Concurrent BSA, SPIBA-201, Part 2
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Abbreviations: BSA: body surface area; EOTP: end of treatment period; LVSV: left ventricular stroke volume; n: number of subjects; P2: Period 2
in SPIBA-201, Part 1; SE: standard error

Figure 17. Mean (1SE) 2D LVSV Indexed to Concurrent BSA, SPIBA-201, Part 2
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Abbreviations: BSA: body surface area; EOTP: end of treatment period; LVSV: left ventricular stroke volume; n: number of subjects; P2: Period 2
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Figure 18. Mean (1SE) 3D LVEDV Indexed to Concurrent BSA, SPIBA-201, Part 2
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Abbreviations: BSA: body surface area; EOTP: end of treatment period; LVEDV: left ventricular end diastolic volume; n: number of subjects; P2:
Period 2 in SPIBA-201, Part 1; SE: standard error

Figure 19. Mean (+SE) 2D LVEDV Indexed to Concurrent BSA, SPIBA-201, Part 2
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Figure 20. Mean (1SE) 3D LVESV Indexed to Concurrent BSA, SPIBA-201, Part 2
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Figure 21. Mean (+SE) 2D LVESV Indexed to Concurrent BSA, SPIBA-201, Part 2
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Figure 22. Mean (1SE) 2D LAYV Indexed to Concurrent BSA, SPIBA-201, Part 2
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Figure 23. Mean (+SE) 2D LV Mass Indexed to Concurrent BSA, SPIBA-201, Part 2
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Figure 24. Mean (1SE) 3D LVEF, SPIBA-201, Part 2
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(b) (6)
Figure 25 Mean Changes of the Selected Echocardiographic Parameters for Subject in SPIBA-201
Subject (b) (6)
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Post Hoc Echocardiographic Analysis

The Applicant conducted post hoc analyses to compare LVEDV, LVESV and LVSV between subjects who
received elamipretide in SPIBA-201 and the Echo NH cohort. The results of LVSV showed nominally
significant findings based on the two analytical approaches described below. See Section 5.4 for
additional details regarding the limitations of the echocardiographic data and why these data do not
establish a treatment effect of elamipretide on Barth cardiomyopathy.

Slope Model Analysis of LVSV

The slope for change from baseline for LVSV over time indexed to baseline BSA indicated a mean
positive slope for the TRT set of 3.4 mL/m? per year with continued elamipretide treatment for subjects
in the TRT set (measured from baseline up to Week 72 of SPIBA-201, Part 2 OLE) compared to -

0.3 mL/m? per year for subjects in the Echo NH cohort (measured using available data). A t-test showed
a nominally significant treatment difference in the change of LVSV from baseline over time between the
two treatment cohorts (see Table 28).

Table 28. Slope Model Analysis of LV Stroke Volume (mL)/Baseline BSA From 3-D/2-D Echocardiograms

TRT Set Echo NH Cohort

(N=12) (N=70)

Slope for change from baseline, n 12 12

Mean (SD) 3.4 (5.26) -0.3 (2.66)

Minimum, maximum -1.7,18.3 -4.9,3.7
T-test p-value 0.04

Source: Reviewer

Abbreviations: BSA, body surface area; LV, left ventricular; N, number of subjects; NH, natural history; SD, standard deviation; TRT, treated
Mixed Model Repeated Measures Analysis of LVSV

At baseline, mean LVSV indexed by BSA was comparable between the TRT set and the Echo NH cohort
(28.0 and 26.1 mL/m?, respectively). Postbaseline changes in LVSV were collected over a period of 314
days for the TRT set and 854 days for the Echo NH cohort. The LS mean change in LV stroke volume for
the TRT set and the Echo NH cohort was 1.9 and -4.8 mL/m?, respectively, with an LS mean difference
between treatment groups of 6.7 (95% Cl 2.8, 10.7). See Table 29.

Table 29. Mixed Model Repeated Measures for LV Stroke Volume (mL)/Baseline BSA From 3-D/2-D
Echocardiograms

TRT Set Echo NH Cohort
(N=12) (N=70)
Baseline, n 12 12
Mean (SD) 28.0 (6.24) 26.1 (4.46)
Mean postbaseline, n 12 12
Mean (SD) 29.5 (4.20) 24.7 (6.17)
Time from baseline
Mean (SD) 313.8 (99.56) 853.8 (295.53)
Minimum, maximum 155.3,414.9 547.0, 1576.0
LS Mean change from baseline 1.9 -4.8
LS Mean difference (95% CI) 6.7 (2.8, 10.7)
p-value 0.004

Source: Reviewer
Abbreviations: BSA, body surface area; LV, left ventricular; N, number of subjects; NH, natural history; SD, standard deviation; TRT, treated
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5.7 Secondary Endpoints
As discussed in Section 4.1.2, the secondary endpoints for SPIBA-201 and SPIBA-001 included the
following:

1.

Knee extensor muscle strength assessed by Handheld dynamometry (HHD): In this assessment, the
subject is positioned in a sitting position with hips and knee flexed to 90 degrees with feet
unsupported. The examiner holds the dynamometer on the anterior surface of the lower leg, just
proximal to the ankle. The examiner asks the subject to straighten the knee and then push. The
examiner will resist or match the maximum isometric contraction for 5 seconds. Two attempts of
strength measurements for each muscle group were averaged at each time point for each subject
for analysis.

Five times sit-to-stand test (5XSST): The subject must stand up from a standard height chair with a
straight back as quickly as possible five times while keeping their arms crossed against their chest.
Time is recorded with a stopwatch in seconds.

Two- and three-dimensional echocardiographic measurements (discussed in Section 4.1.4.1.)
Accelerometry counts: For this assessment, the Applicant used the AVIVO™ Mobile Patient
Management System, which continuously measures, records, and periodically transmits
physiological data including activity (accelerometry). The parameters recorded were daily activity
duration, mean daily activity intensity, maximum daily activity intensity, and daily posture. Scores
were calculated as the average of the daily scores over the 7 days prior to each visit.

SWAY Application Balance Assessment: This assessment is a balance testing system that uses tri-
axial accelerometers of mobile devices to assess postural movement. In SPIBA-201, balance was
assessed using five stances: bipedal (stand with feet together), tandem stance (right foot forward),
tandem stance (left foot forward), single leg stance (right), single leg stance (left). Bipedal and
tandem stances were performed with eyes closed, while the single leg stances were performed with
eyes open. The balance score is the average of the deflections reported during each of the five
stances and ranges from 0 to 100, with higher scores indicating better balance. While the SWAY
Balance System is an FDA-cleared balance testing system, it is a new tool. The FDA does not have
regulatory experience with this tool.

Multidomain responder index (MDRI) (Table 5): This index comprises the 6MWT, HHD, 5XSST, and
SWAY Application Balance Assessment in order to calculate a single composite score. The MDRI uses
a minimally clinically important difference (MCID) Responder Definition, which defines a response
based on a clinically meaningful change in the individual domain. MDRI was only used in SPIBA-001.
The Applicant defined the MCID for:

a. 6MWT as a >30 m change from baseline or >10% relative change from baseline,
b. HHD as >10% relative change from baseline,

c. SWAY as >10% relative change from baseline, and

d. 5XSST as >10% relative change from baseline.

For three (HHD, 5XSST, and SWAY Application Balance Assessment) of the four components of the
MDRI, the Applicant has not substantiated their claim that a >10% change from baseline results in a
clinically important difference for patients with BTHS.

PRO, CGI Scales, CaGl Scales (discussed in Section 4.1.4.5)

Biomarkers such as MLCL:CL,4 ratio (discussed in Section 4.1.4.2), plasma and blood biomarkers
(growth differentiation factor 15 (GDF-15), fibroblast growth factor 21 (FGF-21), total and reduced
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glutathione), urine biomarkers (8-isoprostane, 8-hydroxy-2-deoxyguanosine, 3-methylglutaconic
acid) and plasma and urine metabolomics GDF-15, FGF-21, total and reduced glutathione, 8-
isoprostane, 8-hydroxy-2-deoxyguanosine, 3-methylglutaconic acid. The levels of these biomarkers
have been shown to be different from normal in patients with mitochondrial diseases or in patients
with BTHS. However, they are not validated surrogate endpoints (Patil et al. 2020; Lehtonen et al.
2021; Liu et al. 2023).

5.8 Expanded-Access Programs
Elamipretide has been used in several expanded-access programs, both intermediate-sized and single
patient INDs, as described in Table 30. We have not received updates describing the patients’ progress
in the majority of the programs. However, for the three programs with updates provided in 2024, the
patients have remained on elamipretide and have either recovered cardiac function (IND 7) or improved
cardiac function but remain listed for a heart transplant (IND 9) or remain hospitalized with cardiac
decompensation related to extubation and respiratory failure (IND 11).

Table 30. Expanded-Access Programs for Elamipretide

Expanded-
Access Date of
IND Program Last
Number Subtype Update Indication Brief Details
IND 1 Intermediate- 07/06/2023 Mitochondrial  Since 07/2020, the Applicant has
size access cytopathy enrolled 60 subjects with PMM with
program disorder cardiomyopathy, renal impairment,
neuropathic or ophthalmic
manifestations.
IND 2 Single patient 04/15/2021 Mitochondrial ~ After 14 months of treatment with
IND myopathy elamipretide, the subject decided to
participate in another clinical trial for
the treatment of PMM and
discontinued elamipretide.
IND 3 Single-patient 11/14/2020 Mitochondrial  29YO female who presented with an
IND myopathy and  acute metabolic decompensation
HCM in and proceeded to ECMO.
cardiogenic
shock
IND 4 Single-patient 05/31/2021  Friedrich Patient developed diabetic
IND Ataxia, HCM, ketoacidosis and then presented with
type 1 DM cardiogenic shock.
IND 5 Single-patient 03/24/2022 COXPD17 7MO male who was admitted with
IND deficiency with acute respiratory failure in the setting
HCM of a viral iliness. His clinical team
requested elamipretide because it
potentially increases mitochondrial
respiration and reverses damaging
oxidative stress.
IND 6 Single-patient 05/11/2022 MELAS with 44YO female who presented with
IND cardiomyopath worsening heart failure and acute on
y chronic metabolic decompensation.
IND 7* Single-patient 01/22/2024 BTHS with 12MO male who required ECMO
IND DCM after presenting with severe

biventricular failure. After 1 year of
treatment with elamipretide, he
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Expanded-
Access Date of
IND Program Last
Number Subtype Update Indication Brief Details

continues to receive it and has been
removed from the heart transplant
waitlist. His heart function is now
normal.

IND 8 Single-patient 12/13/2023 BTHS 1 DO male with fetal hydrops and
IND DCM noted in utero. He was
delivered emergently with
noncompaction cardiomyopathy
noted postnatally. He had cardiac
dysfunction requiring mechanical
ventilation and inotropic support.

IND 9* Single-patient 08/30/2024 BTHS Neonate prenatally diagnosed with
IND BTHS. He had fetal cardiomyopathy

with biventricular noncompaction. At
birth, he had cardiac dysfunction
requiring mechanical ventilation and
inotropic support. According to the
most recent update, his cardiac
function is only mildly depressed with
LVNCC. He remains listed for a
heart transplant, although not as
urgently. He is developmentally
delayed but progressing.

IND 10 Single-patient 03/04/2024 BTHS 3WO male with severe cardiac
IND dysfunction at birth requiring
mechanical ventilation and inotropes.

IND 11* Single-patient 03/08/2024 BTHS Neonate who was born with severely
IND depressed left ventricular function
and required ECMO. He is currently
on elamipretide with intermittent
pauses during decompensations
related to respiratory viral infections.

Source: Reviewer

* Information from the 2024 clinical update included

Abbreviations: BTHS, Barth Syndrome; COXPD17, Combined Oxidative Phosphorylation Deficiency 17; DCM, dilated cardiomyopathy; DM,
diabetes mellitus; DO, day old; ECMO, extracorporeal membrane oxygenation; HCM, hypertrophic cardiomyopathy; IND, investigational new
drug; LVNCC, left ventricular noncompaction cardiomyopathy; MELAS, mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes;
MO, month old; PMM primary mitochondrial myopathy; WO, week old; YO, year old

5.9 References
Literature

Addetia, K, T Miyoshi, V Amuthan, R Citro, M Daimon, P Gutierrez Fajardo, RR Kasliwal, JN Kirkpatrick,
MJ Monaghan, D Muraru, KO Ogunyankin, SW Park, RE Ronderos, A Sadeghpour, GM Scalia, M Takeuchi,
W Tsang, ES Tucay, AC Tude Rodrigues, Y Zhang, N Hitschrich, M Blankenhagen, M Degel, M
Schreckenberg, V Mor-Avi, FM Asch, RM Lang, and W Investigators, 2022, Normal Values of Left
Ventricular Size and Function on Three-Dimensional Echocardiography: Results of the World Alliance
Societies of Echocardiography Study, Journal of the American Society of Echocardiography : official
publication of the American Society of Echocardiography, 35(5):449-459.

91



Allen, ME, ER Pennington, JB Perry, S Dadoo, M Makrecka-Kuka, M Dambrova, F Moukdar, HD Patel, X
Han, GK Kidd, EK Benson, TB Raisch, S Poelzing, DA Brown, and SR Shaikh, 2020, The cardiolipin-binding
peptide elamipretide mitigates fragmentation of cristae networks following cardiac ischemia reperfusion
in rats, Commun Biol, 3(1):389.

Barth Syndrome Foundation, 2019, Voices of the Patient Report, accessed,
https://www.barthsyndrome.org/advocacy/pfdd/voiceofthepatient.html.

Bernard, A, K Addetia, R Dulgheru, L Caballero, T Sugimoto, N Akhaladze, GD Athanassopoulos, D
Barone, M Baroni, N Cardim, A Hagendorff, K Hristova, F llardi, T Lopez, G de la Morena, BA Popescu, M
Penicka, T Ozyigit, J David Rodrigo Carbonero, N van de Veire, R Stephan Von Bardeleben, D Vinereanu, J
Luis Zamorano, C Martinez, J Magne, B Cosyns, E Donal, G Habib, LP Badano, RM Lang, and P Lancellotti,
2017, 3D echocardiographic reference ranges for normal left ventricular volumes and strain: results
from the EACVI NORRE study, Eur Heart J Cardiovasc Imaging, 18(4):475-483.

Bruss, ZS and A Raja, 2024, Physiology, Stroke Volume. [Updated 2022 Sep 12]. StatPearls [Internet],
Treasure Island, FL: StatPearls Publishing.

Cain, PA, R Ahl, E Hedstrom, M Ugander, A Allansdotter-Johnsson, P Friberg, and H Arheden, 2009, Age
and gender specific normal values of left ventricular mass, volume and function for gradient echo
magnetic resonance imaging: a cross sectional study, BMC Med Imaging, 9:2.

Cantinotti, M, M Scalese, R Giordano, E Franchi, P Marchese, N Assanta, S Molinaro, M Paterni, G lervasi,
M Koestenberger, and S Kutty, 2019, Three-Dimensional Echocardiography Derived Nomograms for Left
Ventricular Volumes in Healthy Caucasian Italian Children, Journal of the American Society of
Echocardiography, 32(6):794-797.e791.

Cepeda, MS, R Boston, JT Farrar, and BL Strom, 2003, Comparison of logistic regression versus
propensity score when the number of events is low and there are multiple confounders, Am J Epidemiol,
158(3):280-287.

Chowdhury, S, L Jackson, BJ Byrne, RM Bryant, WT Cade, TL Churchill, ) Buchanan, and C Taylor, 2022,
Longitudinal Observational Study of Cardiac Outcome Risk Factor Prediction in Children, Adolescents,
and Adults with Barth Syndrome, Pediatr Cardiol, 43(6):1251-1263.

Clarke, SL, A Bowron, IL Gonzalez, SJ Groves, R Newbury-Ecob, N Clayton, RP Martin, B Tsai-Goodman, V
Garratt, M Ashworth, VM Bowen, KR McCurdy, MK Damin, CT Spencer, MJ Toth, Rl Kelley, and CG
Steward, 2013, Barth syndrome, Orphanet J Rare Dis, 8:23.

Dai, W, J Shi, RC Gupta, HN Sabbah, SL Hale, and RA Kloner, 2014, Bendavia, a mitochondria-targeting
peptide, improves postinfarction cardiac function, prevents adverse left ventricular remodeling, and
restores mitochondria-related gene expression in rats, J Cardiovasc Pharmacol, 64(6):543-553.

Dorosz, JL, DC Lezotte, DA Weitzenkamp, LA Allen, and EE Salcedo, 2012, Performance of 3-dimensional
echocardiography in measuring left ventricular volumes and ejection fraction: a systematic review and
meta-analysis, ] Am Coll Cardiol, 59(20):1799-1808.

Ferreira, C, G Pierre, R Thompson, and H Vernon, 1993, Barth Syndrome, GeneReviews(®), Adam, M. P.,
J. Feldman, G. M. Mirzaa et al., Seattle (WA): University of Washington, Seattle

92


https://www.barthsyndrome.org/advocacy/pfdd/voiceofthepatient.html

Copyright © 1993-2024, University of Washington, Seattle. GeneReviews is a registered trademark of
the University of Washington, Seattle. All rights reserved.

Ferreira, C, G Pierre, R Thompson, and H Vernon, 2014, Barth Syndrome, GeneReviews® [Internet],
Seattle, WA: University of Washington, Seattle.

Frommelt, P, 2009, Diastolic Ventricular Function Assessment, Echocardiography in Pediatric and
Congenital Heart Disease, Lai, W. W., M. S. Cohen, T. Geva and L. Mertens, West Sussex, UK: Wiley-
Blackwell.

Graham, TP, Jr.,, MM Jarmakani, RV Canent, Jr., MP Capp, and MS Spach, 1968, Characterization of left
heart volumes and mass in normal childrenand in infants with intrinsic myocardial disease, Circulation,
38(5):826-837.

Gutgesell, HP, M Paquet, DF Duff, and DG McNamara, 1977, Evaluation of left ventricular size and
function by echocardiography. Results in normal children, Circulation, 56(3):457-462.

Harrell, FE, 2015, Regression Modeling Strategies: With Applications to Linear Models, Logistic and
Ordinal Regression, and Survival Analysis: Springer International Publishing.

Harrell, FE, Jr., KL Lee, RM Califf, DB Pryor, and RA Rosati, 1984, Regression modelling strategies for
improved prognostic prediction, Stat Med, 3(2):143-152.

Huang, Y, C Powers, V Moore, C Schafer, M Ren, CK Phoon, JF James, AV Glukhov, S Javadov, FM Vaz, JL
Jefferies, AW Strauss, and Z Khuchua, 2017, The PPAR pan-agonist bezafibrate ameliorates
cardiomyopathy in a mouse model of Barth syndrome, Orphanet J Rare Dis, 12(1):49.

Ikon, N and RO Ryan, 2017, Barth Syndrome: Connecting Cardiolipin to Cardiomyopathy, Lipids,
52(2):99-108.

Lang, RM, LP Badano, V Mor-Avi, J Afilalo, A Armstrong, L Ernande, FA Flachskampf, E Foster, SA
Goldstein, T Kuznetsova, P Lancellotti, D Muraru, MH Picard, ER Rietzschel, L Rudski, KT Spencer, W
Tsang, and JU Voigt, 2015, Recommendations for cardiac chamber quantification by echocardiography in
adults: an update from the American Society of Echocardiography and the European Association of
Cardiovascular Imaging, ] Am Soc Echocardiogr, 28(1):1-39.e14.

Lehtonen, JM, M Auranen, N Darin, K Sofou, L Bindoff, O Hikmat, J Uusimaa, P Vieira, M Tulinius, T
Lonngvist, IF de Coo, A Suomalainen, and P Isohanni, 2021, Diagnostic value of serum biomarkers FGF21
and GDF15 compared to muscle sample in mitochondrial disease, J Inherit Metab Dis, 44(2):469-480.

Liu, O, BK Chinni, C Manlhiot, and HJ Vernon, 2023, FGF21 and GDF15 are elevated in Barth Syndrome
and are correlated to important clinical measures, Mol Genet Metab, 140(3):107676.

Machiraju, P, X Wang, R Sabouny, J Huang, T Zhao, F Igbal, M King, D Prasher, A Lodha, N Jimenez-Tellez,
A Ravandi, B Argiropoulos, D Sinasac, A Khan, TE Shutt, and SC Greenway, 2019, SS-31 Peptide Reverses
the Mitochondrial Fragmentation Present in Fibroblasts From Patients With DCMA, a Mitochondrial
Cardiomyopathy, Frontiers in Cardiovascular Medicine, 6.

93



Min, K, A Smuder, OS Kwon, AN Kavazis, HH Szeto, and SK Powers, 2011, Mitochondrial-targeted
antioxidants protect skeletal muscle against immobilization-induced muscle atrophy, J Appl Physiol
(1985), 111(5):1459-1466.

Mitchell, W, EA Ng, JD Tamucci, KJ Boyd, M Sathappa, A Coscia, M Pan, X Han, NA Eddy, ER May, HH
Szeto, and NN Alder, 2020, The mitochondria-targeted peptide SS-31 binds lipid bilayers and modulates
surface electrostatics as a key component of its mechanism of action, J Biol Chem, 295(21):7452-7469.

Miyoshi, T, K Addetia, R Citro, M Daimon, S Desale, PG Fajardo, RR Kasliwal, JN Kirkpatrick, MJ
Monaghan, D Muraru, KO Ogunyankin, SW Park, RE Ronderos, A Sadeghpour, GM Scalia, M Takeuchi, W
Tsang, ES Tucay, AC Tude Rodrigues, A Vivekanandan, Y Zhang, A Blitz, RM Lang, and FM Asch, 2020, Left
Ventricular Diastolic Function in Healthy Adult Individuals: Results of the World Alliance Societies of
Echocardiography Normal Values Study, J Am Soc Echocardiogr, 33(10):1223-1233.

Pang, J, Y Bao, K Mitchell-Silbaugh, J Veevers, and X Fang, 2022, Barth Syndrome Cardiomyopathy: An
Update, Genes (Basel), 13(4).

Patel, HN, T Miyoshi, K Addetia, MP Henry, R Citro, M Daimon, P Gutierrez Fajardo, RR Kasliwal, JN
Kirkpatrick, MJ Monaghan, D Muraru, KO Ogunyankin, SW Park, RE Ronderos, A Sadeghpour, GM Scalia,
M Takeuchi, W Tsang, ES Tucay, AC Tude Rodrigues, A Vivekanandan, Y Zhang, M Schreckenberg, M
Blankenhagen, M Degel, A Rossmanith, V Mor-Avi, FM Asch, and RM Lang, 2021, Normal Values of
Cardiac Output and Stroke Volume According to Measurement Technique, Age, Sex, and Ethnicity:
Results of the World Alliance of Societies of Echocardiography Study, ] Am Soc Echocardiogr,
34(10):1077-1085.e1071.

Patel, N, MA Johnson, N Vapniarsky, MW Van Brocklin, TK Williams, ST Youngquist, R Ford, N Ewer, LP
Neff, and GL Hoareau, 2023, Elamipretide mitigates ischemia-reperfusion injury in a swine model of
hemorrhagic shock, Sci Rep, 13(1):4496.

Patil, VA, Y Li, J Ji, and ML Greenberg, 2020, Loss of the mitochondrial lipid cardiolipin leads to decreased
glutathione synthesis, Biochim Biophys Acta Mol Cell Biol Lipids, 1865(2):158542.

Peduzzi, P, J Concato, E Kemper, TR Holford, and AR Feinstein, 1996, A simulation study of the number
of events per variable in logistic regression analysis, J Clin Epidemiol, 49(12):1373-1379.

Rubin, DB and N Schenker, 1991, Multiple imputation in health-care databases: an overview and some
applications, Stat Med, 10(4):585-598.

Russo, S, D De Rasmo, R Rossi, A Signorile, and S Lobasso, 2024, SS-31 treatment ameliorates cardiac
mitochondrial morphology and defective mitophagy in a murine model of Barth syndrome, Sci Rep,
14(1):13655.

Russo, S, D De Rasmo, A Signorile, A Corcelli, and S Lobasso, 2022, Beneficial effects of SS-31 peptide on
cardiac mitochondrial dysfunction in tafazzin knockdown mice, Sci Rep, 12(1):19847.

Sabbah, HN, RC Gupta, S Kohli, M Wang, S Hachem, and K Zhang, 2016, Chronic Therapy With
Elamipretide (MTP-131), a Novel Mitochondria-Targeting Peptide, Improves Left Ventricular and
Mitochondrial Function in Dogs With Advanced Heart Failure, Circ Heart Fail, 9(2):e002206.

94



Sabbah, HN, RC Gupta, V Singh-Gupta, K Zhang, and DE Lanfear, 2018, Abnormalities of Mitochondrial
Dynamics in the Failing Heart: Normalization Following Long-Term Therapy with Elamipretide,
Cardiovasc Drugs Ther, 32(4):319-328.

Szeto, HH, 2014, First-in-class cardiolipin-protective compound as a therapeutic agent to restore
mitochondrial bioenergetics, Br J Pharmacol, 171(8):2029-2050.

Thompson, WR, B DeCroes, R McClellan, J Rubens, FM Vaz, K Kristaponis, D Avramopoulos, and HJ
Vernon, 2016, New targets for monitoring and therapy in Barth syndrome, Genet Med, 18(10):1001-
1010.

van der Ven, JPG, Z Sadighy, ER Valsangiacomo Buechel, S Sarikouch, D Robbers-Visser, CJ Kellenberger,
T Kaiser, P Beerbaum, E Boersma, and WA Helbing, 2020, Multicentre reference values for cardiac
magnetic resonance imaging derived ventricular size and function for children aged 0-18 years, Eur
Heart J Cardiovasc Imaging, 21(1):102-113.

Yang, JY, M Webster-Clark, JL Lund, RS Sandler, ES Dellon, and T Stiirmer, 2019, Propensity score
methods to control for confounding in observational cohort studies: a statistical primer and application
to endoscopy research, Gastrointest Endosc, 90(3):360-369.

Yester, J and B Feingold, 2022, Extended recovery of cardiac function after severe infantile
cardiomyopathy presentation of Barth syndrome, JIMD Rep, 63(2):114-122.

Zhao, K, G Luo, S Giannelli, and HH Szeto, 2005, Mitochondria-targeted peptide prevents mitochondrial
depolarization and apoptosis induced by tert-butyl hydroperoxide in neuronal cell lines, Biochem
Pharmacol, 70(12):1796-1806.

Zhao, W, Z Xu, J Cao, Q Fu, Y Wu, X Zhang, Y Long, X Zhang, Y Yang, Y Li, and W Mi, 2019, Elamipretide
(5S-31) improves mitochondrial dysfunction, synaptic and memory impairment induced by
lipopolysaccharide in mice, J Neuroinflammation, 16(1):230.

Guidances

Draft guidance for industry Demonstrating Substantial Evidence of Effectiveness for Human Drug and
Biological Products (December 2019)

Draft guidance for industry Considerations for the Design and Conduct of Externally Controlled Trials for
Drug and Biological Products (February 2023)

Draft guidance for industry Demonstrating Substantial Evidence of Effectiveness With One Adequate and
Well-Controlled Clinical Investigation and Confirmatory Evidence (September 2023)

95





