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1. KEY STUDY CONTACTS

Prof Michele Hu, Nuffield Department of Clinical Neurosciences
Department of Neurology, West Wing, Level 3

Chief Investigator John Radcliffe Hospital, Headley Way, Oxford, OX1 3PT

Tel: +44 (0) 1865234337

Email: michele.hu@ndcn.ox.ac.uk

TAS® Ltd

30 Upper High Street
Thame

Oxfordshire

OX9 3EZ

Email: info@tdeltas.com

Sponsor

Department of Physiology, Anatomy, and Genetics (DPAG)
Study Units Sherrington Building, Parks Road, Oxford OX1 3PT.
Tel: +44 (0) 1865 272500.

There are no Steering or Data Safety Monitoring Committees for this

Committees
study.
2. SYNOPSIS
Study Title A ketone drink (AG®) to improve exercise performance in Parkinson’s
disease
Study Design Single-blinded, randomized-crossover, placebo-controlled
Study Participants Patients with Parkinson’s disease, Hoehn and Yahr stages 1 — 2
Planned Sample Size 15
Intervention Duration Two 1-2-hour visits separated by one week
Objective Outcome Measures
Primary To test the hypothesis that | Time to exhaustion (T,)
ketone bodies improve Maximum heart rate (HRax)
exercise performance in Maximum oxygen consumption (VO2,.,)
patients with Parkinson’s Respiratory exchange ratio (RER)
disease Blood glucose, lactate, free fatty acid (FFA),
D-beta-hydroxybutyrate (BHB)
Secondary There are no secondary N/A
objectives

Investigational Product | Ketone ester drink (AG®)

Dose, Administration Single dose of a 25g AG® drink given orally




. ABBREVIATIONS
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AE Adverse event

AR Adverse reaction

Cl Chief Investigator

CPET Cardiopulmonary Exercise Test

GP General Practitioner

HRA Health Research Authority

ICH International Conference on Harmonization
MHRA Medicines and Healthcare Products Regulatory Agency
NHS National Health Service

Pl Principal Investigator

R&D NHS Trust R&D Department

REC Research Ethics Committee

SAE Serious Adverse Event

SAR Serious Adverse Reaction
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4. BACKGROUND AND RATIONALE

Parkinson’s disease is the world’s most common neurodegenerative disease that affects motor function.
These motor symptoms are progressive and inevitably impact all patients. Evidence in humans has
demonstrated that exercise can alleviate the motor symptoms associated with Parkinson’s disease’™ and
data from animal models suggest that exercise can protect against the neurodegeneration of substantia
nigra dopaminergic neurons.* However, the effectiveness of exercise in protecting against the symptoms
and progression of Parkinson’s disease is confounded by the fact that Parkinson’s disease itself limits
patients’ physical capabilities. Therefore, any intervention that could acutely boost patients’ physical
capabilities could, in theory, help to establish a positive feedback loop whereby increased exercise capacity
leads to motor symptom improvements and so on.

The Clarke group at the University of Oxford has invented a ketone body dietary supplement (AG®) that can
acutely boost physical capability. In a 2016 paper published in the journal Cell, the Clarke group provided
strong evidence that AG® alters energy metabolism and increases exercise performance in human
athletes.® This study will investigate whether the results in athletes translate into individuals with
Parkinson’s disease and whether AG® may be used to increase exercise capacity in Parkinson’s patients.

5. OBJECTIVES AND OUTCOME MEASURES

Objectives Outcome Measures Timepoint(s)

Time to exhaustion (T,)
Maximum heart rate (HR.x)
Maximum oxygen
consumption (VO2,4)
Respiratory exchange ratio
(RER)

During exercise
Primary Objective

To test the hypothesis that ketone bodies
improve exercise performance in patients
with Parkinson’s disease

Before taking the study
Blood glucose, lactate, free drink, 30 minutes after
fatty acid (FFA), D-beta- taking the study
hydroxybutyrate (BHB) drink/before exercise,
immediately after exercise

Secondary Objectives

— N/A N/A
There are no secondary objectives / /

6. STUDY DESIGN

This single-blinded, randomized-crossover, placebo-controlled experimental study will be performed in 15
patients with Parkinson’s disease Hoehn and Yahr stages 1-2, aged 40 — 80 (inclusive). Participants will
come into the lab after an overnight fast and be asked consume a drink containing 25g AG and 45g
dextrose, or a isocaloric taste-matched control (30g dextrose, 30g fructose, 15g maltodextrin, 1.5mL
Symrise bitter flavor; product code: SY648352), 30 minutes prior to performing an exercise ramp test on a
fixed-Watt cycle ergometer. The ramp test will start at 100 Watts for 5 minutes and increment up by 25
Watts every 3 minutes until the participant stops pedaling.

Time to exhaustion (T.), maximum heart rate (HR.,), maximum oxygen consumption (VO2,,.,), respiratory
exchange ratio (RER), will be measured during the exercise test. Blood samples will be collected through a
venous cannula before participants take the study drink, 30 minutes after they take the study drink/before
exercise, and immediately after they stop exercising for measuring: glucose, lactate, FFA, and BHB.
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Study Flowchart:

Isocaloric Control:
30g Dextrose + 30g Fructose +

Ketone Drink:

25g AG® + 45g Dext .
& g Dextrose 15g Maltodextrin
Enrolment
1 week
Time A A
CPET A A
Bloods A A
175 watts
150 Watts .
125 Watts
100 Watts
Exhaustion
Bloods: w v A 4
-30 min 0 min 5 min 8 min 11 min

7. PARTICIPANT IDENTIFICATION

The population will consist of 15 paitents with Parkinson’s disease, Hoehn and Yahr stages 1 — 2, aged 40 —
80 (inclusive).

7.1 Inclusion Criteria

¢ Diagnosis of Parkinson’s disease

® Hoehn and Yahr stages 1 —2

* Aged 40 - 80 (inclusive)

¢ Fluent in English

¢ Capable of giving informed consent

7.2 Exclusion Criteria

e Communication impairments

¢ History of cardiovascular disease

¢ Any other significant disease or disorder which, in the opinion of the investigator, may either put the
participants at risk because of participation in the study, or may influence the result of the experiment, or
the participant’s ability to participate in the study.
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8. STUDY PROCEDURES

8.1 Recruitment

A study invitation pack will be sent to potential participants. This will include a letter of invitation, a
Participant Information Sheet, a reply-paid envelope and a reply slip to indicate whether the participant is
willing to attend an initial recruitment visit or would like to speak to one of the research team for further
information.

With appropriate approvals in place, potential participants will be recruited via advertising posters in the
University of Oxford and an advertisement on the Oxford Parkinson’s Disease Centre’s webpage.

The research team will schedule a follow-up call with potential participants one week after the invitation
pack has been issued to ensure the packs were received and to ascertain their interest in attending a
screening visit. Individuals responding positively to the invitation will then be pre-screened for the study by
the investigators according to the eligibility criteria.

8.2 Informed Consent
Sufficient time will be provided between the participant receiving the information pack and the visit.
Participants will be encouraged to discuss all queries with the research team.

The participant must personally sign and date the latest approved version of the Informed Consent Form
before any study-specific procedures are performed. Participant Information and Informed Consent Form
will be presented to the participants detailing no less than the exact nature of the study; what it will involve
for the participant; the implications and constraints of the protocol; the confidentiality of personal data;
the known side effects and any risks involved in taking part. It will be clearly stated that the participant is
free to withdraw from the study at any time for any reason without prejudice to future care, without
affecting their legal rights and with no obligation to give the reason.

The participant will be allowed as much time as wished to consider the information, and the opportunity to
guestion the Investigator, their GP or other independent parties to decide whether they will participate in
the study. Written Informed Consent will then be obtained using participant dated signature and dated
signature of the person who presented and obtained the Informed Consent. The person who obtained the
consent must be suitably qualified and experienced and have been authorized to do so by the
Chief/Principal Investigator. A copy of the signed Informed Consent will be given to the participant. The
original signed form will be retained at the study site.

8.3. Study Schedule

Number of visit Procedures
1 [1 Screening interview (check eligibility criteria).
[0 Informed consent.
[] Insertion of venous cannula.
283 [J Blood tests (-30 minutes, 0 minutes, end of exercise).
[1 Ketone or control drink (0 minutes).
[J Exercise ramp test with cardiopulmonary testing.
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8.4 Sample Handling

The samples taken for biochemical data will be analysed at the Department of Physiology, Anatomy and
Genetics of the University of Oxford. Samples will be identified using the study participant number and,
immediately after their analysis, all samples will be destroyed.

8.5 Discontinuation of Participants from Study

Each participant has the right to withdraw from the study at any time. Any participants who withdraws
from the study may be replaced if necessary. The reason (if provided) for withdrawal will be recorded. If
the participant is removed due to an adverse event, the Investigator will arrange for follow-up visits or
telephone calls until the adverse event has resolved.

8.6 Definition of End of Study
The end of the study is defined as the moment when the last participant completes the planned
procedures.

9. SAFETY AND REPORTING

9.1 Definitions
- Adverse Event (AE): Any untoward medical occurrence in a participant to whom an investigational product
has been administered, including incidents which are not necessarily caused by or related to that product.

-Adverse Reaction (AR): An untoward and unintended response in a participant to an investigational
product which is related to any dose administered to that participant. The phrase "response to an
investigational product” means that a causal relationship between a study medication and an AE is at least
a reasonable possibility, i.e. the relationship cannot be ruled out.

All cases judged by either the reporting medically qualified professional or the Sponsor as having a
reasonable suspected causal relationship to the study’s investigational product qualify as adverse reactions.

-Serious Adverse Event (SAE): Is any untoward medical occurrence that:

eresults in death.

eis life-threatening.

erequires inpatient hospitalization or prolongation of existing hospitalization.

eresults in persistent or significant disability/incapacity.

econsists of a congenital anomaly or birth defect.

Other ‘important medical events’ may also be considered serious if they jeopardize the participant or
require an intervention to prevent one of the above consequences.

NOTE: The term "life-threatening" in the definition of "serious" refers to an event in which the participant
was at risk of death at the time of the event; it does not refer to an event which hypothetically might have
caused death if it were more severe.

- Serious Adverse Reaction (SAR): An adverse event that is both serious and, in the opinion of the
reporting Investigator, believed with reasonable probability to be due to one of the study treatments,
based on the information provided.

- Suspected Unexpected Serious Adverse Reaction (SUSAR): A serious adverse reaction, the nature and
severity of which is not consistent with the information about the investigational product in question:

¢ in the case of a product with a marketing authorization, in the summary of product characteristics
(SmPC) for that product

¢ in the case of any other investigational product, in the investigator’s brochure (IB) relating to the
study in question.
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NB: to avoid confusion or misunderstanding of the difference between the terms “serious” and “severe”,
the following note of clarification is provided: “Severe” is often used to describe the intensity of a specific
event, which may be of relatively minor medical significance. “Seriousness” is the regulatory definition
supplied above.

9.2 Causality
The relationship of each adverse event to the study medication must be determined by a medically
qualified individual according to the following definitions:
- Related: The adverse event follows a reasonable temporal sequence from study investigational product
administration. It cannot reasonably be attributed to any other cause.
- Not Related: The adverse event is probably produced by the participant’s clinical state or by other
modes of therapy administered to the participant.

9.3 Procedures for Recording Adverse Events

All AEs occurring during the study that are observed by the Investigator or reported by the participant will
be recorded, whether attributed to the study’s investigational product or not. The following information
will be recorded: description, date of onset and end date, severity, assessment of relatedness to study
medication, other suspect drug or device and action is taken. Follow-up information should be provided as
necessary. The severity of events will be assessed on the following scale: 1 = mild, 2 = moderate, 3 =
severe.

AEs considered related to the study’s investigational product as judged by a medically qualified investigator
or the Sponsor will be followed either until resolution, or the event is considered stable. It will be left to the
Investigator’s clinical judgment to decide whether an AE is of sufficient severity to require the participant’s
removal from treatment or not.

A participant may also voluntarily withdraw from treatment due to what he or she perceives as an
intolerable AE. If either of these occurs, the participant must undergo an end of study assessment and be
given appropriate care under medical supervision until symptoms cease, or the condition becomes stable.

9.4 Reporting Procedures for Serious Adverse Events
All SAEs will be reported to the Sponsor or delegate within 24 hours of the research team becoming aware
of the event being defined as serious.

9.5 Expectedness
Expectedness will be determined according to the Investigators’ Brochure.

9.6 SUSAR Reporting

All SUSARs will be reported to the relevant Competent Authority and to the REC and other parties as
applicable. For fatal and life-threatening SUSARS, this will be done no later than seven calendar days after
the Sponsor or delegate is first aware of the reaction. Any additional relevant information will be reported
within eight calendar days of the initial report.
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10. STATISTICS

10.1 Description of Statistical Methods
All quantitative data will be compared using a t-paired test. All analysis and calculations will be done using
SPSS software.

10.2 Sample size
15 patients with Parkinson’s disease will be recruited.

10.3 The Level of Statistical Significance
All statistical significance will be assessed using a p-value of 0.05 or 95% confidence interval.

10.4 Procedure for Accounting for Missing, Unused, and Spurious Data
Data from withdrawing or non-compliant participants will be excluded.

11. DATA MANAGEMENT

11.1 Source Data
Source documents are where data are first recorded, and from which participants data are obtained. These
include, but are not limited to, blood sample results and cardiopulmonary test reports.

All documents will be stored safely in confidential conditions. On all study-specific documents, other than
the signed consent and the screening/enrolment log, the participant will be referred to by the study
participant number/code, not by name.

11.2 Access to Data
Direct access will be granted to authorized representatives from the Sponsor, host institution and the
regulatory authorities to permit study-related monitoring, audits and inspections.

11.3 Data Recording and Record Keeping
The participants will be identified by a unique study specific number. The name and any other identifying
detail will NOT be included in any study data electronic file.

12. QUALITY ASSURANCE PROCEDURES

The study will be conducted by the currently approved protocol, GCP, relevant regulations and standard
operating procedures.

13. ETHICAL AND REGULATORY CONSIDERATIONS

13.1 Declaration of Helsinki
The Investigator will ensure that this study is conducted by the principles of the Declaration of Helsinki.

13.2 Guidelines for Good Clinical Practice
The Investigator will ensure that this study is conducted by relevant regulations and with GCP.

13.3 Approvals

The protocol, informed consent form, participant information sheet and any proposed advertising material
will be submitted to an appropriate Research Ethics Committee (REC). The Investigator will submit and,
where necessary, obtain approval from the above parties for all substantial amendments to the original
approved documents.
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13.4 Participant Confidentiality

The study staff will ensure that the participants’ anonymity is maintained. The participants will be
identified only by a participant ID number on all study documents and any electronic database, except for
the enrolment log. All documents will be stored securely and only accessible by study staff and authorized
personnel. The study will comply with the Data Protection Act, which requires data to be anonymised as
soon as it is practical.

13.5 Expenses and Benefits

Reimbursement will be £50.00 GBP conditional on completing all the measurements and procedures.
Reasonable travel expenses for any visits additional to standard care will be reimbursed on production of
receipts, or a mileage allowance provided as appropriate.

14. ARCHIVING

Archiving of study documentation will be the responsibility of the Chief Investigator. Documentation will be
stored for a minimum of 5 years in secure purpose-designed archive facilities.

15. FINANCE AND INSURANCE
15.1 Funding
TAS® Ltd will provide funding for the study.

15.2 Insurance
Insurance for the study (including participant liability cover) will be provided by TAS® Ltd.

16. PUBLICATION POLICY

No intellectual property will be produced in this study. Data will be available for all investigators for
educational purposes and all investigators will be acknowledged in the publication. The Chief Investigator
will provide a summary of the study within one year of the end of the trial to the REC and the sponsor.
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Amendment
No.

Protocol
Version
No.

Date Issued

Author(s) of
changes

Details of Changes made

Protocol amendments must be submitted to the Sponsor for approval before submission to the REC.



