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1. LIST OF ABBREVIATIONS

Term

Meaning

3D EPSI

Three-dimensional echo planar spectroscopic imaging

AE

Adverse event

AH110896

Pyruvic acid (2-oxopropanoic acid) (enriched with

13C either the C-1 position, C-2 position, or both C1 and C2 positions,

to NLT 99 %).

AHI111501

d:4,5-d'bis[1,3]dithiol-

MeQ OMe

MeO—\ OMe

MeO
T
Meéi:E><3 S OMe
MeO o

COCH OMe

A 4

AH111501 sod

isodium salt of AH111501, enables hyperpolarization of [1-

AHI111710 yruvic Acid
)J\H/OH
@)
AH111710 sodium salt Sodium pyruvate
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Term Meaning
AH112623 Parapyruvate,
2-hydroxy-2-methyl-4-oxo-pentanedioic acid
o o
HO OH
HO 0
AH112615 4,4-Bis-hydroxymethyl-2-methyl-oxazolidine-2-carboxylic acid
HO
AUC Area under the curve
BPH Benign prostatic hyperp
Bw Body wgight
CNS Central'nei 5 system
Cmax Maxim
CVS Cardiova
CRO Contract res
CT omputed to
Dissolution medium edium
DNP arization
Drug product ate (13C) Injection (clinical study
Drug product kit 01-001/GE-101-003, kit containing
Drug substance gredient, here [1-13C]pyruvic acid
ECG o gctrocardiog
EDTA i gnediaminetetraacetic acid
EPA Ele paramagnetic agent, see AH111501 sodium salt
FastCSl Fast chemieal shift imaging
FIDCSI ree induction decay chemical shift imaging
GLP ood laboratory practice
GMP ood manufacturing practice
HED uman equivalent dose; the doses (in mg/kg) used in preclinical studies
hERG Human Ether-a-go-go Related Gene; defined by ICH as the gene
HPLC High-performance liquid chromatography
ICH International Conference on Harmonization
id Injected dose
im Intramuscular
ip Intraperitoneal
Iv Intravenous
K (degrees) Kelvin
LAF Laminar air flow
LC-MS Liquid chromatography mass spectrometry
Mixture of pyruvic acid and Drug product kit component in clinical studies GE-101- 001/GE-101-
Mixture of [1-13C]pyruvic acid | Drug product kit component in clinical study GE-101-002
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Term Meaning
M Molar
MLA Mouse Lymphoma Assay
mM Millimolar
uM Micromolar
MR Magnetic resonance
MRI Magnetic resonance imaging
MS Mass spectrometry
Na2EDTA Disodium ethylenediaminetetraacetate
NaOH Sodium hydroxide

Naturally abundant pyruvic acid

Pyruvic acid, see AH111710

Naturally abundant

Sodium pyruvate, see AH111710

NLT Not less than
NMR Nuclear magnetic resonance
NMT Not more than

Nonclinical test item

Dissolved mixture of acid and AH sodium salt in

Osmotic control solution

Glucose or mannito clinical test item

osmolality matched

Parapyruvate See AH112623

Ph.Eur. European Pharmaco

PR-interval The ECG interval (in m m the beginning @f'the P wave to
Preclinical test item glinical test item

PSA

pv

Pyruvate Injection

[1-"C]Pyruvic acid

Pyruvic acid

C Pyruvic acid

"2C Pyruvic acid

ve whole-body autoradiography

SNR ignal-to-noise ratio

S9 combination of cytosolic and endoplasmic reticulum fractions
at possesses a number of drug metabolizing enzymes

T Tesla

T Time constant for hyperpolarization decay

Tinax Time of maximum concentration

TK Toxicokinetics

tk locus Thymidine kinase locus

TRAMP Transgenic adenocarcinoma of mouse prostate

TRIS Tris (hydroxymethyl) aminomethane, or trometamol

TRIS/EDTA vehicle control
solution

Control solution used in some of the nonclinical studies.
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Term Meaning
TRIS/EDTA dissolution Component of the drug product kit for nonclinical studies and clinical
medium studies GE-101-001/GE-101-003: solution used to dissolve the non-

hyperpolarized mixture of pyruvic acid and AH111501 sodium salt

TRIS/EDTA buffer solution Component of the drug product kit for clinical study GE- 101-002;
solution used to neutralize, buffer and dilute dissolved [1-
["*C]pyruvic acid during compounding of Hyperpolarized Pyruvate
("*C) Injection

UCSF University of California in San Francisc

USP United States Pharmacopoeia

Vehicle control solution TRIS/EDTA vehicle control soluti

Bold: preferred term
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2. SUMMARY

Hyperpolarized Pyruvate (13C) Injection, containing spin-polarized (“hyperpolarized”)
[13C]pyruvate, is being studied as a diagnostic agent in combination with Bc spectroscopic MR
imaging. The aim is to visualize [13C]pyruvate and its metabolites and thereby distinguish between
anatomical areas with normal vs. abnormal metabolism, which should be useful in diagnosing and
characterizing, for example, malignancy. Hyperpolarized Pyruvate (13C) Injection and
[*3C]pyruvate are general terms used throughout this brochure, that refer to all $3C labeling
patterns, such as [1-*C]pyruvate, [2-3C]pyruvate and [1,2-3C]pyruvate. From biological and
safety standpoints, pyruvate with each of the labeling patterns behaves ideatically in the human
body [Koletzko et al., 1997].

A nonclinical program has been performed in which the safety of vate and AH111501 (Electron
Paramagnetic Agent; EPA), the 2 novel drug product componen njection, has been
demonstrated. The program included expanded acute-dose i wley rats, from which the

No-Observed-Adverse-Effect-Levels (NOAELs) were estim yruvate and 17 mg/kg
bw for AH111501. In an expanded acute-dose study in vate was 446 mg/kg
bw and 8.5 mg/kg bw for AH111501. The cardiovascu e were studied in
both conscious and pentobarbital/fentanyl-anaesthetize . i idered the

most relevant model for extrapolating results to healthy hu rs and the anaesthetized dog as a
sensitive model for extrapolatmg results tQ i sed baroreflex function (as may be

lasting but statistically eductions in blood pressure and compensatory increases in heart rate).

GE Healthcare, the initial sponsor of this IND, has performed 2 Phase 1 clinical trials with Pyruvate
Injection (GE-101-001 and GE-101-003), in young and elderly healthy volunteers respectively, to assess
the safety and tolerability of Pyruvate Injection in humans. As no imaging was performed in these
studies, Pyruvate Injection made from pyruvate instead of [1—13C]pyruvate was used. These studies
showed that doses of Pyruvate Injection up to 0.43 ml/kg (i.e., up to 9.4 mg/kg bw of pyruvate and 2.0
ug/kg bw of EPA) were equally well tolerated by young and elderly healthy male and female volunteers.
However, in study GE-101-001, it was planned that doses up to 0.71 ml/kg of Pyruvate Injection would be
assessed. The study was temporarily stopped by the sponsor after completion of dosing for the 0.57
ml/kg dose group due to the occurrence of non-serious AEs in 2 subjects (‘unresponsiveness’ in 1 case
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and “flushing’ accompanied by changes in blood pressure and heart rate in the other case) that the
principal investigator considered to be concerning and related to the administration of Pyruvate
Injection. These events occurred in 2 of the 4 subjects in that dose group who received Pyruvate
Injection. The sponsor decided not to proceed with the planned dose escalation to 0.71 ml/kg.

Based on the safety profile of Pyruvate Injection established in the 2 Phase 1 studies referred to above, it
was justified to proceed with the next study: a phase 1/2a ascending-dose safety and tolerability and

exploratory imaging study utilizing Hyperpolarized Pyruvate (13C) Injection in patients with established
prostate cancer. This study was not performed under the GE IND 76, 651 (now the NCI IND) but under an

IND filed by UCSF. I

UCSF, collaborating with GE, has completed a phase 1 study on hyperpolarized [1-13C]pyruvate injection in
31 subjects with prostate cancer (NCT01229618). This was an ascending-dose study to assess the safety and
tolerability and imaging potential of hyperpolarized [1-13C] pyruvate Injection via 13C imaging (13C MRI)
and 13C MR spectroscopic imaging (13C MRSI). Three dose levels of hyperpolarized [1-13C]pyruvate (0.14
ml/kg, 0.28 ml/kg and 0.43 ml/kg) with a minimum of 6 patients at each dose level were administered via
single IV injection followed by MR imaging scans. The first 3 subjects underwent dynamic 13C MRI to define
the kinetics of delivery and metabolism of hyperpolarized [1-13C]pyruvate. The second 3 subjects underwent
13C MRSI to obtain 3-dimensional (3-D) spatial information about metabolism of hyperpolarized [1-
13C]pyruvate in regions of the prostate with and without cancer involvement.

Most groups in North America, Asia and Europe that are performing clinical trials with Hyperpolarized C-13
Pyruvate formulations are collaborating with each other through the UCSF’s Hyperpolarized MRI Technology
Resource Center (HMTRC) funded by the National Institute of Biomedical Imaging and Bioengineering. The
groups meet regularly on-line and at a yearly workshop and share presentations, publications and data
through the HMTRC website (https://radiology.ucsf.edu/research/labs/hyperpolarized-mri-tech).

These groups were polled in first quarter 2024 with a request to provide the number of patients and doses
they had studied to the end of 2023 and to note if any serious adverse events had been observed. The
summary is shown in Table 1. There have been 1,112 subjects studied as of 31 DEC 2023, and the total
number of studies, including repeat studies) for both patients and volunteers reached 1,656. On average,
three out of 10 studies involved volunteers.

Many of these studies represented multiple injections, as can be seen from Table 1, which has been
expanded to capture 2, 3 and 4 or more injections in the same subject, with a significant percentage (greater
than 40%) of repeated studies allowing test/retest and follow up of responses to therapy. This continues to
attest to the high safety profile of the formulation, composed of 250 mM pyruvate and no more than 3
microM EPA delivered at a rate of 0.43 mL/kg body weight. All sites reported that no serious adverse events
were observed. Note that these studies have not been performed under IND 76, 651. The reports are
anecdotal, and they have not been verified. Only self-reported mild side effects associated with the injection
and no moderate or severe adverse events even after multiple administrations to the same subject were
reported. These appear much milder than those preliminarily reported in the assessed safety and tolerability
study of Pyruvate injection in healthy male and female volunteers (protocol GE-101-001, Phase 1 placebo
controlled randomized ascending dose study), and which served as the basis for the dose selection.

The applications have remained focused on cancer patients, with prostate, brain and other solid tumors, but
cardiology with about 22% of all studies has gained high interest, both in evaluating the critical issue of
chemotherapeutic cardiac toxicity as well as in diabetes research.
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Sites continue to migrate to an improved Part B with the appropriate qualification runs and smoothly
transitioned in the clinic, allowing the combination of multiple probes imaging, such as C-13 Pyruvate in the
C-1 and C-2 positions. A major milestone was accomplished by the UCSF team in their co-injecting of
hyperpolarized C-13 Pyruvate and N-15 urea in prostate cancer patients:
https://clinicaltrials.gov/study/NCT06391034, ushering a new era of development. More probes are now in
development, such as (13C) alpha-ketoglutarate (aKG) for the imaging of IDH mutant in glioma:
https://clinicaltrials.gov/study/NCT05851378, 13C bicarbonate to measure tissue pH in prostate cancer:
https://clinicaltrials.gov/study/NCT05851365, and 13C fumarate for cell death imaging, with their quality
control facilitated by an MPQC (multi-probe quality control) unit that showed flexibility at an astonishing
speed with the partial release of a drug product in a matter of seconds. Published clinical studies are
summarized in section 6.4 Literature reported studies.

<
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Table 1: Summary of All Clinical C-13 Pyruvate Hyperpolarization Studies Performed Since Program
Initiation:

ALL RECEIVED DATA

C-13 Pyruvate As of 31 December 2023
Hyperpolarization

Patients with one or |Patients with two or |Patients with three or |Patients with four or
more injections more injections more injections more injections*
Volunteers 305 151 37 27
Patients 807 254 49 15

TOTAL 1112 405 86 42

The Patients breakdown is as follows:

Brain tumors (glioma, other) (192 68 1
Prostate related tumors 281 29 1
Other solid tumors (pancreas, (170 62 1
ovarian, cervical, thyroid,

breast,...)

Traumatic Brain injury 10 9 2

Cardiac related (diabetes, 135 78

cardiotoxicity, cardiac

function)
Other 19 0
TOTAL 807 15

ALL RECEIVED DATA

C-13 Pyruvate
Hyperpolarization

Patients/Volunteers [ Patients/Volunteers | Patients/Volunteers | Patients/Volunteers
with one or more with two or more with three or more with Four or more
injections injections injections injections

Aarhus 0 0

Cambridge 1 1

CGMH, & 0 0

Mary, 0 0 0

MD Ant 3 0 0

MSKCC 11 o o

Nottingham 1 0 0

Oxford 23 1 0

Singapore 0 0 0

Stanford 2 0 0

Sunnybrook 24 0 0

UC London 91 3 o o

UCSF 470 162 36 12

UT Southwestern™® 155 118 48 29

Zurich 14 7 0 0

TOTAL 1112 405 |86 a2

* An additional 21 studies have been completed at UT Southwestern with volunteers receiving five, six, seven, eight and
nine injections as follows:
5 injections 6 injections 7 injections 8 injections 9 injections
5 3 1 1 1

11|Page



Hyperpolarized Pyruvate (13C) Injection
Investigator's Brochure

As of the time of this report, there are 52 trials posted on https://clinicaltrials.gov/ Clinicaltrials.gov,(Table 2), 8 trails posted on clinicaltrialsregister.eu
clinicaltrialsregister.eu (Table 3) and 1 trial posted on WHO or ORCID (Table 4). None of these trj e sponsored under IND 76,651, but are sponsored by
the different institutions.

Table 2. Trials listed on Clinical Trials.gov

enbrooke's Hospital,

Molecular Imaging and Spectroscopy with ambridge, United

Stable Isotopes in Oncology and Neurology clinicaltrials.gov/ct2/show/NCT03526809

Unknown Ovarian Cancer

Investigation of Differential Biology of Recruiting Kidney Cancer icaltrials.gov/study/NCT06016075
Benign and Malignant Renal Masses Using
Advanced Magnetic Resonance Imaging
Techniques (IBM-Renal)

Hyperpolarized Carbon C 13 Pyruvate in
Diagnosing Glioma in Patients with Brain |[Recruiting Primary Brain Ne
Tumors

HP Pyruvate MRI in Cancers (HC-MRI)

https://clinicaltrials.gov/ct2/show/NCT03830151

Recruiting https://clinicaltrials.gov/study/NCT05697406

University of Maryland, https://clinicaltrials.gov/study/NCT04698564
altimore, United States
iversity of Maryland, https://clinicaltrials.gov/study/NCT04772456
Itimore, United States
Chang Gung Memorial https://clinicaltrials.gov/study/NCT04951921

Hospital, Taiwan

Utility of Hyperpolarized 13C-pyruvate
Metabolic Magnetic Resonance Imaging
Hyperpolarized 13C-pyruvate Metabolic
MRI With Infiltrating Gliomas
Hyperpolarized 13C Pyruvate MRI fo
Immune Evaluation in Cervical Cap
Patients at Baseline and CCRT The
Hyperpolarized 13C MRI for Cancer
Immunotherapy (DNPSPIO)

13C Pyruvate DNP MR Spectroscopy for
Lymphoma Treatment Response
Assessment

Recruiting

al, Ovarian|Chang Gung Memorial https://clinicaltrials.gov/study/NCT05805358
Hospital, Taiwan
Chang Gung Memorial https://clinicaltrials.gov/study/NCT05600361
Hospital, Taiwan
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Hyperpolarized Carbon C 13 Pyruvate
Magnetic Resonance

Prostate Adenocarcinoma PSA
Level Greater Than Ten Stage
1B Prostate Cancer AJCC

Monitoring Treatment Response in
Patients with Thyroid Cancer and Other
Malignancies of the Head and Neck
Undergoing Radiation Therapy and/or
Systemic Therapy

Study Using Hyperpolarized 13C-
Pyruvate Magnetic Resonance
Spectroscopic Imaging in Patients with
Pancreatic Cysts Undergoing Surgical
Resection

Hyperpolarized Carbon C 13 Pyruvate j
Diagnosing Glioma in Patients with E
Tumors

Spectroscopic Imaging in Predicting ACtN?’.nOt vBStage Il AICC v8Stage llIA https://clinicaltrials.gov/ct2/show/NCT03581500
Treatment Response in Patients with recruiting AJCC v8Stage [11B AJCC
Prostate Cancer v8Stage I1IC AJCC v8Stage IV
AJCC v8Stage IVA AJCC
v8Stage IVB AJCC v8
Development and Evaluation of a Active, not Prostate Adenocarcinoma inicaltrials.gov/study/NCT04286386
Quantitative HP MRI for Clinical Prostate |recruiting
Cancer Exam
An Investigational Scan (hpMRI) for Recruiting Thyroid Carci https://clinicaltrials.gov/study/NCT04589624

M D Anderson Cancer
Center, Houston, Texas,

https://clinicaltrials.gov/study/NCT05873699

Neoplasm

United States

M D Anderson Cancer
Center, Houston, Texas,

https://clinicaltrials.gov/study/NCT03830151

Characterization of Hyperpolarized
Pyruvate MRI Reproducibility

Memorial Sloan Kettering
Cancer Center, New York, |https://ClinicalTrials.gov/show/NCT02421380
New York, United States

Characterization of Hyperpolarized
Pyruvate MRI Reproducibility

ant Solid Tumors

Memorial Sloan Kettering
Cancer Center, New York, |https://clinicaltrials.gov/ct2/show/NCT02421380
New York, United States
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A Study of [13C]Pyruvate as an Imaging
Agent for Magnetic Resonance Imaging in
Healthy Volunteers

Enrolling by
Invitation

Healthy Volunteers

Hyperpolarized Carbon C 13 Pyruvate
Magnetic Resonance

Spectroscopic Imaging in Detecting Lactate
and Bicarbonate in Participants with
Central Nervous System Tumors

Copleted

Malignant Central Nervous

System Neoplasm, Metastatic
Malignant Neoplasm in the
Central Nervous System

https://clinicaltrials.gov/study/NCT05041166

https://clinicaltrials.gov/ct2/show/NCT03565367

Metabolic Imaging of the Heart Using

icalTrials.gov/show/NCT02648009

Pyruvate Imaging in Breast Cancer Patients
Receiving Neoadjuvant Chemotherapy

(Funding
Completed)

Role of Hyperpolarized 13C-Pyruvate MR
Spectroscopy in Patients with Intracranial
Metastasis Treated With (SRS)

Hyperpolarized (13C) Pyruvate Injection Recruiting Hypertension Hypertrophy
Multiparametric MRI for Prostate Cancer

Localization and Characterization Using  |Withdrawn Prostatic Neop
Hyperpolarized Pyruvate (13C) Injection

Study to Evaluate the Feasibility of 13-C  |Withdrawn

Brain Me

Breast Cancer

https://ClinicalTrials.gov/show/NCT02647983

https://ClinicalTrials.gov/show/NCT03121989

Sciences Centre, Toronto,
Ontario, Canada

https://ClinicalTrials.gov/show/NCT03324360

Hyperpolarized Carbon-13 Imaging of
Metastatic Prostate Cancer

Hyperpolarized 13C MR Imaging o
in Patients with Locally Advanced
Cancer (LACC) Cervical Cancer

Terminated

nnybrook Health
ences Centre, Toronto,
Ontario, Canada

https://ClinicalTrials.gov/show/NCT02844647

Sunnybrook Health
Sciences Centre, Toronto,
Ontario, Canada

https://ClinicalTrials.gov/show/NCT03129776

Hyperpolarized 13C-Pyruvate MRI Study

University College London,
London, United Kingdom

https://clinicaltrials.gov/ct2/show/NCT03687645

VALIDATE-PRO (VALIDATE-PRO)

Novel MRI Assessment of Prostate Cancer

University College London,
London, United Kingdom

https://clinicaltrials.gov/study/NCT05017181
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Simultaneous Hyperpolarized [1-
13C]Pyruvate and 18F-FDG PET/MRS in
Cancer Patients

Enrolling by  |Breast Cancer and

Invitation Neuroendocrine tumors Denmark hitps://clinicaltrials.gov/study/NCT05396118

Pilot Study of Safety and Toxicity of
Acquiring Hyperpolarized Carbon-13 Completed Pediatric Brain Tumors
Imaging in Children with Brain Tumors

ttps://ClinicalTrials.gov/show/NCT02947373

Hyperpolarized Pyruvate Injection in

Subjects with Prostate Cancer https://ClinicalTrials.gov/show/NCT01229618

Completed Prostate Cancer

Hyperpolarized C-13 Pyruvate as a
Biomarker in Patients with Advanced Solid [Terminated |Prostate Cancer
Tumor Malignancies

https://ClinicalTrials.gov/show/NCT02913131

A Pilot Study of (MR) Imaging with
Pyruvate (13C) to Detect High Grade Recruitin
Prostate Cancer

https://ClinicalTrials.gov/show/NCT02526368

Francisco, California,
United States
iversity of California,
Francisco, San
Francisco, California,
United States
University of California,
San Francisco, San
Francisco, California,
United States
University of California,
stoma Multiforme San Francisco, San
Francisco, California,
United States

Magnetic Resonance (MR) Imaging with
Hyperpolarized Pyruvate (HP) (13C) in
Castration-Resistant Prostate Cance

https://ClinicalTrials.gov/show/NCT02911467

MRI with C13 Pilot Study Prostate Ca https://ClinicalTrials.gov/show/NCT02450201

Hyperpolarized Carbon-13 (13C)
Pyruvate Imaging in Patients with
Glioblastoma

https://clinicaltrials.gov/ct2/show/NCT04019002
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University of Cali

Hyperpolarized Pyruvate (13C)
MR Imaging in Monitoring Patients with  |Recruiting Prostate Adenocarcinoma
Prostate Cancer on Active Surveillance

https://clinicaltrials.gov/ct2/show/NCT03933670

Hyperpolarized Imaging in Diagnosing

. . . ttps://clinicaltrials.gov/ct2/show/NCT03739411
Participants with Glioma

Recruiting Glioma

Hyperpolarized 13C Pyruvate as a
Biomarker in Advanced Solid Tumors

Advanced Solid Tumor

Recruiting icaltrials.gov/study/NCT05599048

Hyperpolarized 13C Pyruvate MRI for
Treatment Response Assessment in Terminated
Pancreatic Ductal Adenocarcinoma

Pancreatic Ductal

. https://clinicaltrials.gov/study/NCT04565327
Adenocarcinoma

Feasibility of Acquiring Hyperpolarized
Imaging in Patients with Primary CNS
Lymphoma

CNS Lymphoma https://clinicaltrials.gov/study/NCT04656431

Francisco, California,
United States

iversity of California,
Francisco, San
Francisco, California,
United States
University of California,
San Francisco, San
Francisco, California,
United States
University of California,
San Francisco, San
Francisco, California,
United States

Feasibility of Acquiring Hyperpolarized

o . . - https://clinicaltrials.gov/study/NCT06014905
Imaging in Patients with Meningioma

Meningioma

Serial MR Imaging and MR Spectroscopic
Imaging for the Characterization of Lower Low Grade Glioma)
Grade Glioma

https://clinicaltrials.gov/study/NCT04540107

Magnetic Resonance Imaging (MRI) With
Hyperpolarized Pyruvate (13C) as
Diagnostic Tool in Advanced Prostate
Cancer

Recru Prostate Cancer https://clinicaltrials.gov/study/NCT04346225
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Hyperpolarized 13C Pyruvate MRI Scan in

University of Cali
Kidney Neoplasm, Renal Cell

Predicting Tumor Aggressiveness in Recruiting https://clinicaltrials.gov/study/NCT04258462
. . Cancer
Patients With Renal Tumors
Effect of Fatty Liver on TCA Cycle Flux and .Enr'olll.ng by Fatty Liver ttps://clinicaltrials.gov/ct2/show/NCT03480594
the Pentose Phosphate Pathway invitation
Imaging of Traumatic Brain Injury Enrolling b
Metabolism Using Hyperpolarized Carbon- invitatiogn Y Mraumatic Brain Injury icaltrials.gov/ct2/show/NCT03502967
13 Pyruvate !
Using Hyperpolarized [1-13C]Pyruvate to |Enrolling by TR .
Detect Cardiotoxicity (HPCardiotox) invitation Breast Neoplas https://clinicaltrials.gov/ct2/show/NCT03685175

Metabolic Characteristics of Sarcoma In
Vivo Using HP 13-C Magnetic Resonance
Spectroscopic Imaging (MRSI)

arch Center,
Dallas, Texas, United States

oft Tissue

https://clinicaltrials.gov/ct2/show/NCT03759704

Metabolic Characteristics of Brain Tumors
Using Hyperpolarized Carbon-13 Magnetic
Resonance Spectroscopic Imaging (MRSI)

UTSW HP [13-C] Pyruvate Injecti

UT Southwestern Medical
enter, Dallas, Texas,
ited States

https://ClinicalTrials.gov/show/NCT03067467

UT Southwestern Medical
Center - Advanced Imaging
Research Center, Dallas,
Texas, United States

https://ClinicalTrials.gov/show/NCT03057002

Imaging Oxidative Metabolism and

Brain

Neurotransmitter Synthesis in the Human 1}

UT Southwestern Medical
Center - Advanced Imaging
Research Center, Dallas,

Texas, United States

https://clinicaltrials.gov/ct2/show/NCT03849963
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Hyperpolarized Carbon 13-Based
Metabolic Imaging to Detect Radiation-
Induced Cardiotoxicity

Active, not

g Left-Sided Breast Cancer
recruiting

https://clinicaltrials.gov/ct2/show/NCT04044872

Feasibility Study Using Imaging Biomarkers

Recruitin Lun ncer
in Lung Cancer ecruiting ung Cance

ttps://clinicaltrials.gov/study/NCT02095808
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Table 3. Current Trials listed on clinicaltrialsregister.eu

Early detection of effects of
chemotherapy in pancreatic cancer
patients — a study using MR-

hyperpolarized Pyruvate (13C)
injection

hyperpolarization scanning based on

Recruiting

Pancreatic Cancer

https://www.clinicaltrialsregister.eu/ctr-
search/trial/2016-004491-22/DK

failing human heart using
hyperpolarized [1-13C]-pyruvate
cardiac magnetic resonance

Clinical and pathophysiological aspects
of visualization of metabolic flux in the

Recruiting

Chronic Heart Failure

Metabolic imaging of patients with
mycosis fungoides using

hyperpolarized 13C-Pyruvate magnetic
resonance imaging — A feasibility study

Prematurely
Ended

Metabolic MRI with hyperpolarized
pyruvate in long-term COVID19
patients

ps://www.clinicaltrialsregister.eu/ctr-
search/trial/2018-003533-15/DK

https://www.clinicaltrialsregister.eu/ctr-
search/trial/2018-001656-35/DK

Aarhus University, Dept.
Dermatology, Aarhus,
Denmark

https://www.clinicaltrialsregister.eu/ctr-
search/trial/2021-001031-72/DK

Glioblastoma — a Phase Il Study

MRI with Hyperpolarized Pyruvate in

Trial now
transitioned

Aarhus University, Dept.
Dermatology, Aarhus,
Denmark

https://www.clinicaltrialsregister.eu/ctr-
search/trial/2020-000310-15/DK

Early detection of hepatocellular
carcinoma by Hyperpolarized [1-
13C]pyruvate MRI

Primary liver cancer

Aarhus University, Dept.
Dermatology, Aarhus,
Denmark

https://www.clinicaltrialsregister.eu/ctr-
search/trial/2021-000863-56/DK
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MRI of neurometabolic impairment in
ALS and TIA using hyperpolarized
pyruvate

Recruiting

TIA, Stroke, ALS

https://www.clinicaltrialsregister.eu/ctr-
search/trial/2020-000352-36/DK

Chronic kidney disease —imaging the
metabolic derangements with ultra-
sensitive MRI

Trial now
transitioned

Chronic kidney disease

https://www.clinicaltrialsregister.eu/ctr-
search/trial/2021-002551-11/DK
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Table 4. Current Trials listed on WHO and ORCID

http://apps.who.int/trialsearch/Trial2.aspx
?TriallD=DRKS00016614

Heart Failure

Cardiac Magnetic Resonance for the
Prediction and Diagnostics of Heart
Failure

Recruiting

Switzerland
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3. INTRODUCTION
3.1 Investigational Medicinal Product

Pyruvate Injection is a sterile solution for intravenous injection. In addition to the active
pharmaceutical ingredient, pyruvate, the solution for injection will contain AH111501
(Electron Paramagnetic Agent; EPA), TRIS and Na;EDTA and have a pH within the
physiological range.

In *C MR imaging studies that follow the previous (GE-101-001 and GE-101-003) safety and
tolerability studies in young and elderly volunteers, the investigation icinal product is

Hyperpolarized Pyruvate (13C) Injection, containing spin-polarized rpolarized”) [1-
uvate has the same

of the carbon nuclei

13C]pyruvate. Beisa stable, non-radioactive isotope of carbo
chemical characteristics as pyruvate. The only difference is

have been replaced by a 13C—nucleus, which has a magn

As all isotopic labeling positions of [13C]pyruvate hav
pyruvate, they will be metabolized in the same way an

[13C]pyruvate can be imaged by Bc MR
-injection). Therefore, Pyruvate Injection is
uch, pyruvate is administered at a much
ode of administration was well tolerated

higher rate
i , Effects in Humans).

in stud

of glycolysis and can be converted to various metabolites via three
essential bioc 1ssociated with pyruvate dehydrogenase (PDH), lactate

biochemical pathwa ows the metabolisms of [1-13C]pyruvate. Explicitly, [1-13C]pyruvate
will be reduced by the produced in the pathway to generate [1-13C]lactate, in the reaction
catalyzed by the enzyme LDH undergoes transamination with glutamate to form [1-13Clalanine, in
the reaction catalyzed by the enzyme ALT and involves the irreversible decarboxylation of [1-
13C]pyruvate to hyperpolarized [13C]CO; in the reaction catalyzed by the mitochondrial enzyme
PDH. The [13C]carbon dioxide released is subsequently interconverted with [13C]bicarbonate in the
reaction catalyzed by carbonic anhydrase. These metabolites can be readily detected by 13C MRS
and 13C MRI. Thus, hyperpolarized [1-13]C pyruvate has the potential to assess the flux through
these metabolic pathways, which normally reflect the metabolic status of diseased tissues and their
therapeutic responses to treatment. The biochemical pathway depicted is identical for all labeling
positions of [1*C]pyruvate. Figure 2 shows an example case of prostate cancer.
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Figure 1. Simplified diagram of the biochemical pathways taken by [1-13C]pyruvate and [2-
13C]pyruvate, respectively, that are visible with the hyperpolarized MR spectroscopy techniques
discussed here. The position of the hyperpolarized 13C nucleus is shown in all metabolites with the
13C symbol. LDH = lactate dehydrogenase. PDH, pyruvate dehydrogenase complex. ALT, alanine
transaminase. CA, carbonic anhydrase.
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Figure 2. Images are from a representative patient with a curre of 12.2 ng/ml, a small volume
of biopsy-proven Gleason grade 4 + 3 prostate cancer in the d, and who received the
lowest dose (0.14 ml/kg) of hyperpolarized [1-13C]pyruvate: ighted image showing
slices (dashed lines) obtained from 1D spectral localiza
13C]lactate catalyzed by LDH (top). Dynamic 13C sp ame patientin (A)
at 36 s after injection of hyperpolarized [1-13C]p ized dynamic
hyperpolarized pyruvate and lactate data from the
cancer. (D) Plot of 1D localized dynamic hyperpolarize e slice that

overlapped a contralateral region of thegprostate.

dioxide via PDH. This is follow : i ic acid (TCA) cycle to eventually
provide cellular energ OXPHOS) in the mitochondria.
ominant in certain healthy tissues such as liver
and sometimes mus ‘ e highly dynamic that they are readily altered

at converts pyruvate to lactate via LDH and
o aid in further glycolytic conversion of glucose

exchange may be enh d or suppressed, depending on tumor type. In heart, the cardiac
metabolism switches rapidly among a wide variety of substrates to supply acetyl-CoA, which typically
involves four groups of reactions, or pathways to support this process: B-oxidation, glycolysis, the
pentose phosphate pathway and the citric acid cycle. The PDH enzyme complex is a fundamental
determinant of the relative contributions of glucose and fatty acid oxidation to ATP production in

the heart, and its activity is correlated with the status of the heart disease such as myocardial
ischemia (M), diabetic cardiomyopathy, etc. This metabolic shift also occurs in many other diseases,
i.e., an increase of lactic acid in inflammatory arthritis and ischemic tissues due to increase energy
demands an elevated hepatic ALT activity in liver diseases. Also, the metabolic status can be a
marker for the functions of certain organs, i.e., an elevated increased oxidative phosphorylation
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occurs in brown adipose tissue; metabolic status of placenta reflecting its role in mediating
interactions & nutrient transport between mother and fetus. The metabolism of pyruvate in
diseased tissues can be altered substantially via various therapeutic treatments, including
modulation of major signaling pathways such as PI3K/Akt/mTOR, MEK, VEGFR, KRas, Myc, p53,etc.,
inhibition of metabolic pathways for PDH, LDH, HK2, GLS1 etc., immunotherapy, radiation therapy

and chemotherapy.
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4. PHYSICAL, CHEMICAL AND PHARMACEUTICAL
PROPERTIES AND FORMULATION

4.1 Name and Description of Investigational Medicinal Product

Hyperpolarized Pyruvate (*3C) Injection (drug product) is a sterile solution for intravenous injection.
The preparation of Hyperpolarized Pyruvate (*3C) Injection is performed by an automated equipment
known as SPINIab™. For each patient dose, SPINIab utilizes a fluid path that contains the following
three active pharmaceutical ingredients:

e Mixture of [**C]pyruvic acid and 15 mM AH111501 sodium
e  Sterile Water for Injection (WFI)
e  TRIS/EDTA buffer solution

Assembly of the parts and components and filling of the flui a Kit for the preparation of

Hyperpolarized (3C) Injection. The Kit and the drug product

[23C)pyruvic acid and 15 mM AH111501 sodium salt, is b™ and

polarized for approximately 60 minutes at 1.2 K. After po the mixture of [**C]pyruvic acid
and 15 mM AH111501 sodium salt is ith heated and pressurized sterile
WFl into the tubing of the path and is p g average pore size) and a fine

(13 um average pore size) filter assembl r weight polyethylene

tests if needed. The < ion is the sed through a sterilizing filter (0.22 um) before
entering the syringe cases, the sterilizing filter is tested for integrity
by a subsequent bubbl from the testing, the final release
authorization tra will be given by appropriate personnel.

al properties and formulation

Hyperpolarized Pyruvate *3Clnjection is a sterile solution for intravenous administration. The pH of
the solution for injection is in the physiological range typically between pH 6.5 and 8.5, and the
osmolality is ¥~500 mOsm/kg. The solution for injection contains 250 mM [**C]pyruvate , 100 mM
TRIS, 0.1 mg/mL Na,EDTA and no more than 3.0 uM AH 111501.

4.3 Storage and use

Due to the rapid, post-compounding decay of hyperpolarization, the Hyperpolarized Pyruvate (13C)
Injection should be administered to the subject who is to undergo MR imaging as soon as possible
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after compounding and quality control.

The Kit for the preparation of Hyperpolarized (*3C) Injection can be assembled, filled and stored,
typically at -20 + 5 °C, based on additional supporting stability data.

A
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5. NONCLINICAL STUDIES

A range of nonclinical studies has been undertaken as part of the development program which was
designed to support the planned early clinical studies. These studies used non-C-13 enriched
pyruvate and impurities, [1-13C] pyruvate , hyperpolarized [1-13C] pyruvate , and [1-14C] pyruvate, as
appropriate. The program comprised:

° A pharmacodynamic study in the healthy dog using hyperpolarized [1-13C]pyruvate.
° Two biodistribution studies in rats using [1—13C]pyruvate test articles spiked with
[1-14C] pyruvate.

annel, 2) the
3) CNS in the conscious
. In these studies, two

° Safety pharmacology studies assessing effects on 1) the h
cardiovascular system in the conscious and anesthetiz
rat and dog, and 4) the respiratory system in the co

° Toxicology studies including 1) expanded acu dog, 2) studies of
genetic toxicology (in vitro and in vivo) usj and 3) a study
of local tolerance using a pyruvate test

o Qualification studies of the three potentia
AH112615 (reaction-product of pyruvic acid
studies include 1) expanded ag
toxicology (in vitro and in vi

° Studies of the novel ingredien i i RG assay and 2) in vitro
genetic toxicology.

[13C]pyruvate and pyru and will therefore have the

5.1.1.1 BriefSum
Intravenous administre of hyperpolarized [13C]pyruvate enables real-time detection of
metabolism by magnetic resonance spectroscopic imaging (MRSI). The signal from a given tissue
depends on the dose administered, the perfusion of the tissue and the rate of formation of the
metabolites. The relative levels of the metabolites depend on the energy needs of the specific tissue.
With this technique it is expected that cancers with a high metabolic rate can be distinguished from

surrounding healthy tissue by measuring the formation of [13C]Iactate.
Based on high-resolution magic angle spinning (HR-MAS) spectroscopic analysis of human prostate

tissue samples, it is expected that the overall glycolytic activity in prostate cancer is sufficiently
high when compared to healthy prostate tissue that this cancer can be detected by [13C]pyruvate
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imaging. Nonclinical imaging studies in the transgenic adenocarcinoma of mouse prostate
(TRAMP) mouse support this hypothesis. Studies in lymphoma-bearing mice have demonstrated
that the technique is sensitive, as it can detect changes in tumor metabolism 24 h after
chemotherapy. Studies in healthy dogs indicate that the technique can be scaled for use in man.

Safety studies of the cardiovascular effects of the hyperosmotic pyruvate test article in the
conscious and anesthetized dog demonstrated that the test article causes vasodilation in a dose-
dependent manner followed by compensatory tachycardia and a slight increase in cardiac
output. The test article was found to have no measurable effect on the central nervous system in
the conscious rat and dog.

The core-battery of safety pharmacology studies was performed a g to the ICH S7A and S7B

guidelines.

Spectroscopy [Swanson et al. 2

Samples of excised prostate were selected by visually i ata with
tissue sections to identify the section ca etabolically and anatomically
abnormal region. One piece of tissue ion, and another was cut from a
contralateral benign-appearing region. inning (HR-MAS)
spectroscopic analysis of 60 samples obta trated significantly higher
concentrations of lactate in prostate cance
(4717 mmol/kg, p<0.01 i . There was no measurable

entration of lactate. A total of 130 biopsies from 82
:re analyzed and out of these, 32 biopsies were considered
unusable due nation from lipids and/or topical anesthetic based on both 1D

cancer vs. benign prostate biopsy tissues. The average lactate concentration was 1.59 + 0.61
mmol/kg in cancer tissues (N = 16) and 0.61 + 0.28 mmol/kg in benign tissues (N = 82). Out of the
82 benign biopsies, only 15 samples had individual lactate concentrations overlapping with the
concentrations observed in malignant samples. The significant increase in the concentration of
lactate in biopsy samples containing as little as 5% cancer, and the minimal overlap of lactate
concentrations between benign and malignant biopsies suggest that lactate will be a useful

biomarker that could be utilized in hyperpolarized 3¢ MRs| staging exams of prostate cancer
patients.
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5.1.1.2.3 Hyperpolarized BC Lactate, Pyruvate, and Alanine — Non-Invasive
Biomarkers for Prostate Cancer Detection and Grading [Albers et al.
2008]

Four TRAMP mice (21-28 wks of age) with tumors histologically classified as low grade and three
(27-40 wks of age) with high grade tumors and lymph node metastasis were imaged a total of six

and five times, respectively, following administration of hyperpolarized [1-13C] pyruvate (28
pmol/mouse). In addition, five normal mice were imaged a total of seven times as part of the
study. Within one week, the mice were dissected, and the tumors were histologically examined.
The studies showed that mice with high grade or poorly differentiated prostate cancer had
higher levels of lactate and lower levels of pyruvate than mice with | de or well
differentiated prostate cancer (Figure 3). This provides evidence concept of using

Hyperpolarized Pyruvate (13C) Injection in humans to assess t prostate cancer.

200
1801
160
140
1204
1004
80 -
G0 -
40)
204

W Lactate
B Pyruvate
O Alanine

MN=5

Peak Area to Noise Ratio

Normal Low Grade High Grade Lymph Node
Prostates Tumors Tumors Metastazes

Figure 3. Hyperpola etabolites in the pathologically defined groups. The lactate peak area
signal-to-noise ratio (S values were statistically different for all four groups, except that low
grade tumors were not different from lymph node metastases (p < 0.05).

5.1.1.2.4 Detecting Tumor Response to Treatment Using Hyperpolarized B¢
Magnetic Resonance Imaging and Spectroscopy [Day et al. 2007]

Mice with lymphoma tumors induced by subcutaneous implantation of the mouse tumor cell- line
EL-4 were imaged following administered hyperpolarized [1—13C]pyruvate (15 umol/mouse). In this
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model relatively low levels of [1-13C]Iactate were formed in the muscle and liver when compared
to the tumor. In animals imaged 24 h after treatment with the chemotherapeutic agent etoposide
(67 mg/mouse), data revealed a significant reduction of conversion of pyruvate to lactate (p=0.01).
Measurements of treated tumors indicated that the reduction in part was due to loss of NAD(H)
and decreased lactate-dehydrogenase activity and lactate concentration. Even though the EL-4
model is sensitive to treatment, as is apparent from the reduction in tumor volume of 17% at the
imaging time point, the data suggest the imaging technique is very sensitive.

5.1.1.2.5 GE study number: B101059
Metabolic Imaging with Hyperpolarized 13C-Pyr
Healthy Dogs Using a Second-Generation Endo
Dose

ate in Prostate of
Coil and Reduced

The study was designed to provide a realistic test of the me
imaging studies in humans, as similar coil geometry and

e applied in exploratory

of arrival of the [1—13C] pyruvate bolus, to evaluate th
in healthy dog prostate, and to investigate whether its

The study demonstrated lactate and pyruvate si i i roximately 20:1 at both
the 0.18 ml/kg and 0.36 ml/kg dose levels D nical coils and newly
developed MRSI sequen : e che f dose appears to be limited
by tissue contrast to . C is, i ended using the highest dose acceptable
from a safety persp in clini ies. more, it was evident that the pulse sequence
must be tailored to su ate and this can only be accomplished in
human subjects.

d in vivo in normal rat kidney and in canine prostate to
deter i e hyperpolarized [1—13C]pyruvate metabolic images
ate signal to noise and image quality. In addition, T>
measureme i mal tissue and in TRAMP tumor tissue to estimate the impact of

Pulse sequences are beifg developed to achieve HP 13C MRSI at higher spatial & temporal
resolution with reduced artifacts. These sequences include:

(1) Methods based on compressed sensing echo-planar spectroscopic imaging (EPSI) [Hu, et al. 2008,
Hu, et al. 2010, Ohliger, et al. 2013], multi-band RF excitation EPSI [Larson, et al., 2008, Larson, et al.,
2010, Larson, et al. 2011] or least- square CSI (LSCSI) [Reeder, et al, 2007];

(2) Methods based on spiral chemical shift imaging spCSI [Mayer, et al. 2006, Mayer, et al., 2009,

Maver, et al ., 2011], least- square spiral CSI [Levin, et al., 2007], cardiac-gated spiral CSI [Lau, et al.,
2014], lterative Decomposition of water and fat with Echo Asymmetry and Least-squares
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estimation(IDEAL) spiral CSI [Wiesinger, et al., 2012];

(3) Methods based on single-shot MRSI with spatial-temporal encoding (SPEN) [Schmidt, et al.,
2014], single voxel MRSI [Chen, et al., 2015];(

4) Method that can separate information such as metabolic activity decomposition-stimulated echo
acquisition mode (MAD-STEAM) [Swisher, et al., 2014].

5.1.1.4 Summary and Conclusions for Evaluation of Performance

el there was a significant
increase in pyruvate metabolism to lactate. These findings su t hyperpolarized [1-

nonclinical studies have been conducted.to develop clini sequences. The dog study
demonstrated that good SNR can be a o healthy large animal at doses
relevant for clinical studies, but also indicatee | sequences for imaging of

The above nonclinical imagingda ’ § ible to perform MR
. . . 13 .
metabolic imaging of C ate’ (' C) Injection.

5.1.2
No spe

5.%
In all non vlogy studies except for the hERG assay, the test item was
prepared by polarized [1-3C]pyruvic acid or pyruvic acid, with or without

cal test item was performed to mimic, as far as practically possible,
the then intended pre on process for Hyperpolarized Pyruvate (*3C) Injection. Initially, a test
article of 500 mM (44 mg/ml) pyruvate and 0.85 mg/ml AH111501 in 200 mM TRIS with 0.1 mg/ml
Na2EDTA and 360 mM NaOH was used in the nonclinical studies. Two non-GLP studies of the
cardiovascular effects of rapid (5 ml/s) intravenous administration of the test article (without
AH111501) demonstrated that the high osmolality (approx. 1000 mOsmol/kg) contributed to
effects on the cardiovascular system. A test article of 250 mM (22 mg/ml) pyruvate and 0.43 mg/ml
AH111501 in 100 mM TRIS with 0.1 mg/ml Na2EDTA and 180 mM NaOH was used for the
remaining studies. This test article had an osmolality of approx. 500 mOsmol/kg.

The preparation o

In several studies a test item where AH111501 had been removed by solid phase extraction
following dissolution was used. This test item is referred to as “filtered test item” in the following
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text. Filtered test item contained approx. 0.4 uM AH111501.

All test item test articles were used within 4 h after of dissolution.

5.1.3.1 Invitro assays

5.1.3.1.1. RCC Study 858776 (GE Study Number B101021)
Na-pyruvate and AH111501: Effect on HERG-1 Tail Currents Recorded
from Stably Transfected HEK 293 Cells (GLP)

bly transfected HEK 293
stigated at nominal
tration of 8 mg/ml for
eference item E-4031 were
in an additional group of
cells. All recordings were performed at room temperat i amplitudes at the end

hERG-1 tail currents elicited by a voltage protocol were recorded from
cells using the whole-cell patch-clamp technique. The test items we
concentrations of 7.35 mg/ml for AH111501 and an initial target
sodium pyruvate. A hyperosmolar control (22 mg/ml mannito

Exposure levels of cells treated with sodium pyruvat item
was found not to be stable while frozen. The study had e. At this
site the initial planned test concentratiénie i vate could not be assayed due
to non-specific membrane effects obse the patch-clamped cell. The

resistance rather than an interaction of the'test i el. Thus, sodium
pyruvate was tested at a low

e of the groups treated with 8 mg/ml sodium pyruvate or with
differ significantly from the vehicle group results in the initial
experiment. As no relevant test item-related findings in this study. However, 4
mg/ml sodium pyrt i orted as the maximum concentration demonstrating no current
inhibition of the hERG nel, as exposure could not be verified for the higher concentration.

5.1.3.2 Effects on the Cardiovascular System in the Conscious Dog

5.1.3.2.1. RCC Study 855869 (GE Study Number B101019)
AH111501 Dissolved in 13C-AH110896: Effects on Cardiovascular and
Respiratory Parameters in the Telemetered Dog (GLP

Four beagle dogs were dosed intravenously by slow bolus injection (5-10 ml/min). All treatments
were given at a dose of 2.9 ml/kg bw. The period between each treatment was at least three
days. The dogs were treated with control item (0.9% saline), TRIS/EDTA vehicle control solution,
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and test item containing 44.6 mg/ml [1-13C] pyruvate and 0.85 mg/ml AH111501 and filtered
test item. In addition, noradrenaline (5 pg/kg bw) was used as a positive control substance to test
the sensitivity of the model. Blood pressures, heart rate and electrocardiograms were monitored
up to 120 min after dosing in the restrained animals.

Clinical signs were monitored throughout the experiment and at least once on return of the
animals to their home cage. Respiratory rate and tidal volume were monitored. Blood was
sampled to verify exposure and for pharmacokinetic analysis.

Administration of control item (0.9% saline) or vehicle control solution had no overt effects on the
measured parameters. Apart from licking during application, animals ined symptom- free
after treatment with control item (0.9% saline) or vehicle control s . Intravenous injection of
the test item containing AH111501 had no marked effects on t ured parameters when
compared to control item (0.9% saline). Likewise, there wer le effects when the test
item containing AH111501 was compared to either vehic r to filtered test item.
There were no changes in ECG traces indicative of any i Some minor

and [1-13C]Iactate and lactate.
[1-13C]Iactate was observed.
tate suggested that
substantial elimination or distribution inte the first blood sampling
average half-life of

The blood samples were analyzed for [
Following administration of [1—13C]py

injection had no std
parameters.

em containing [1—13C] pyruvate and
t effects on the cardiovascular and

5.1.3.2.2. ber: 06.075/5 (GE study number B101036)
ntravenous administration of a mixture of natural

tvic acid and 15 mM AH111501 dissolved in TRIS/EDTA
edium on the cardiovascular function in the conscious

telemetered dog (GLP)

The effects of 250 mM pyruvate and 0.43 mg/ml AH111501 in TRIS/EDTA dissolution medium on
arterial blood pressure, heart rate and the main parameters of the electrocardiogram were
evaluated following rapid intravenous injection in the conscious male beagle dog. The animals
were monitored by telemetry. Each dog was administered: three doses of test item containing
AH111501 (1.4, 4.3 and 5.7 ml/kg bw); three doses of filtered test item (1.4, 4.3 and 5.7 ml/kg bw);
and three controls (saline, osmotic control [mannitol] and TRIS/EDTA vehicle control; all at 4.3
ml/kg bw). All doses were administered at 5 ml/s by power injector. The dogs were assigned to the
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various treatments in a random manner such that each dog had each treatment once. Each animal
was given a total of nine discreet IV bolus injections. There was a minimum of 48 h wash-out
between each single administration. Baseline values for the measured parameters were reported
before the start of injection (average of -1 and -2 min values) and post-injection values were
reported at 0.5, 1, 2, 3, 5, 10, 20 and 60 min after the start of administration. Samples of the test
articles were analyzed for purity by HPLC and selected samples were analyzed for purity by NMR.
The pH and osmolality of all samples were measured. In addition, blood was sampled for
pharmacokinetic analysis of pyruvate and lactate at 3 min before and at 1, 5, 10, 30 and 60 min
after the start of each administration.

The purity profiles of the administered test articles were qualitatively istent and

appropriate for the study.
The bioanalytical data confirmed correct administration of t Pyruvate was rapidly

as 1 min post-dosing. TmaxWas in the range of 1 to 10
lactate were calculated using non-compartmental a

article did not influence the blood concentration of pyru ate was eliminated from blood
with an average elimination half-life o ized pyruvate data indicated that
Cmax deviated negatively from proportic e group. AUCiet increased

proportionally with dose. Dose-normalize
positively from proportionality in the 1.4 ,
data, the biological signifie i urther pharmacokinetics data

baseline and a larger, b i ifieant, i heart rate of 23% over baseline at 2 min
ant increase in heart rate at 30 s when

arterial blood pressure. At 5.7 ml/kg, however, the

2 non-significant, weak and transient reduction in arterial blood
pressure imme istration. The dose of 1.4 ml/kg of the filtered test article
caused a slight dé i rate at 2 min like the effect observed for the osmotic control.
The decrease was sig ompared to saline but not significant when compared to baseline.
Heart rate was significa increased compared to baseline by doses of 4.3 and 5.7 ml/kg for the
test item containing AH111501 and 4.3 ml/kg of the filtered test article. The increases for the 5.7
ml/kg bw dose of test item containing AH111501 and the 4.3 ml/kg bw dose of filtered test
article were also significant when compared to saline. No substantial effects on the PR- or QT-
intervals were observed after administration of the pyruvate test articles. The test articles did
not significantly modify the QTc interval (Fridericia’s and van de Water’s formulae) as compared
with physiological saline. However, when compared with baseline, a significant lengthening of
the QTc interval was observed when using the Fridericia’s formula at 4.3 and 5.7 ml/kg of the test
article containing AH111501 and at 4.3 ml/kg bw of the filtered test article. This apparent
lengthening was mainly ascribed to the delay in the QT-interval adaptation to the sudden
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variation of heart rate. In the presence of tachycardia without a clear reduction in the QT-interval
(e.g. +47% in heart rate and -3% in QT-interval at 30 s after injection of a dose of 5.7 ml/kg bw of
unfiltered test article), the formula used to correct the QT-interval does not appear to be totally
efficient. In addition, this lengthening was very slight when van de Water’s formula was applied.
Therefore, this transient lengthening in the QTc interval (Fridericia’s formula) was considered to
have little, if any, biological relevance.

At a dose of 1.4 ml/kg the test articles had no biologically relevant effects in the telemetered
dog. The dose of 1.4 ml/kg 250 mM pyruvate with or without 0.43 mg/ml AH111501 in
TRIS/EDTA dissolution medium administered at 5 ml/s was therefore considered the No-
Observed-Adverse-Effect-Level for this study.

5.1.3.3 Effects on the Cardiovascular Systems (CVS) in the P
Dog

5.1.3.3.1 GE study number: B101026 Cardio in anaesthetized

ital/Fentanyl Anesthetized

measurement of small changes from ba es a suppression of the
baroreceptor reflexes and the dog ane Z i I/fentanyl is therefore

AH111501. Physiolg i i trol and an osmotically- matched glucose
solution (~1030 mO S volume of 2.86 ml/kg bw. The measured

g the first injection. The first dose in this individual was
had received approximately 4.5 times as much pentobarbital, and
anyl per h when compared to the average dose given to the

compensatory mec
dogs received all treat

Yata from this animal were excluded from analysis. The remaining 4

Correct dosing was confirmed for all pyruvate administrations by analysis of blood samples for
concentration of pyruvate and lactate. Pyruvate was rapidly metabolized to lactate, with a lactate
Tmax at approximately 5 min post-dosing.

The pharmacokinetics of pyruvate and lactate were calculated using non-compartmental analysis.
The blood concentrations of pyruvate and lactate were corrected for pre-dose levels before
pharmacokinetic analysis. Systemic exposure to pyruvate, measured by Cmaxand AUCiet increased
proportionally with dose, with the highest concentrations measured at the first sampling time
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point (1 min post-dosing). The dose proportionality of lactate exposure was difficult to evaluate, as
the concentrations observed in the lowest dose group were low compared to the variability in pre-
dose lactate concentrations. However, both Cmaxand AUCtot Showed a negative deviation from
proportionality at the highest dose level. For further pharmacokinetics data see section 5.2.8 Other
Pharmacokinetic Studies.

The pyruvate test article was found to cause a dose-dependent acute decrease in systemic blood
pressure (30 s) immediately followed by a dose-dependent compensatory increase in heart rate (1
min). The increases in heart rate were mirrored by increases in peripheral flow (1 min). Pulmonary
arterial pressure also increased in a dose-dependent manner with the peak effect at 2-3 min.
Whereas the effects on blood pressure and flow were rapidly revers effect on heart rate
persisted for up to 10 min and the increase in pulmonary arterial e persisted for up to 10-
15 min. Whether the increase in pulmonary arterial pressure w, ex effect caused by an
increase in cardiac output or due to an increase in vascular r the pulmonary system

control caused an acute short-lasting decrease in
matched glucose solution caused effects like those
dose of pyruvate dose was repeated at a reduced injec
injection rate appeared to diminish thegei pressure and heart rate and to

5.1.3.3.2 GE study number: B10
Mechanistic study of effe ' he cardiovascular

Hemodynamic effe6 vate test article in TRIS/EDTA dissolution
medium were studied S i 2 heavily instrumented,
pentobarbltal/fentanyl a neti ] al'allowed for continuous measurement of

. Systemic aad’pulmonary arterial blood pressures were
stolic pressure was measured as a surrogate for pulmonary
d from ECG lead Il. No assessment of the ECG trace was
ium. By administering test item directly into the left
as circumvented in the first pass. Doses of the test article were
Fl) to isotonicity and administered at comparable dose-rates
ion both systemically (intravenously) and locally (arterially). The

considered to reflect p ate effects and volume effects. A dose of 2 ml/kg bw was administered
at both 2 and 5 ml/s in each dog. Some samples of the administered test articles were obtained
and analyzed for purity by HPLC, pH and osmolality.

Most of the test article samples (13 of 18 samples) had a purity of more than 90% area. The
lowest measured purity was 78% area. The osmolality was approximately 1000 mOsm/kg for the
hypertonic test articles and 280 mOsm/kg for the isotonic test articles. pH varied from 5.6 to 8.0.

Systemic administration of the hypertonic pyruvate test article caused an acute drop in arterial

blood pressure, in accordance with Study B101026. A secondary moderate increase in arterial
pressure of up to 10% over baseline was observed at approximately 5 min after administration.
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When the hypertonic test article was injected in an artery in the periphery an acute local increase
in flow was induced indicating local vasodilation. The increase in flow was solely dependent on the
osmolality of the test article, as injection of the same dose of pyruvate in an isotonic test article
over the same time (i.e. at a higher injection rate [ml/s]) caused no increase in local flow when
compared to a volume control. However, when comparable doses of pyruvate in hypertonic and
isotonic test articles were administered intravenously at the same dose-rate, there were only
minor differences in response. This finding of different effects of local versus systemic
administration can possibly be explained by pyruvate being metabolized to lactate which is known
to be a vasodilator. This might take place during contact with blood [Romijn et al 1994], explaining
the difference between central and peripheral injection responses.

after intravenous
rox. 16% after injection of
's pumping function

There was a consistent and acute rise in aortic flow of about 20%
injections of 2 ml/kg 500 mM pyruvate compared to an increas
2 ml/kg saline. This increase indicates that no adverse effect

considered an indicator for the relative oxygen de ical pattern
consisted of an initial reduction in cardiac work, f p to 30%
above baseline. The dip coincided with the initial dr i sein

cardiac work occurred in the time period with modera
elevated aortic flow. Injection of 2 ml/kg ained increase in power of
some 20%, without the initial dip.

There was a close correlation between t
in pulmonary arterial pressure, indicating rterial pressure was a
reflex of increased flow. in o ure were observed following
administration of up tg 3 were well within the range of
normal physiologic i i e to postural changes. No evidence of
increased resistance ¢ 3 as observed. When bypassing the lung by

injecting directly into th erence was seen in pulmonary resistance
at the rele he systemic blood pressure was

some g of the injected bolus with blood resulting
ina Reducing the rate of injection from 5 to 2 ml/s lessened
th t had little effect on the changes seen for pulmonary

5.1.3.3.3 i ber: 06.076/6 (GE study number B101037)

‘ logy study of hemodynamic effects of a mixture of natural
ic acid and 15 mM AH111501 dissolved in TRIS/EDTA
edium after intravenous administration in the anesthetized

The effects of 250 mM pyruvate and 0.43 mg/ml AH111501 in TRIS/EDTA dissolution medium on
systemic, cardiac, and pulmonary hemodynamics were evaluated following rapid intravenous
injection (5 ml/s) by a power injector in four anesthetized male beagle dogs. The first dose
administered to all animals was a dose of filtered test item (4.3 ml/kg bw), following this dose
three doses of test item containing AH111501 (1.4, 4.3 and 5.7 ml/kg bw) and three controls
(saline, osmotic control [mannitol] and TRIS/EDTA vehicle control, all 4.3 ml/kg bw) were
administered. Each dog received each treatment once, and between two administrations of the
test item, a vehicle control was administered. Each dog was given a total of seven discrete
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intravenous boluses on one dosing day, at intervals of 45 min. The dogs were instrumented for
measurement of systemic and pulmonary arterial blood pressures. Continuous recording of the
left ventricular pressure was used for calculation of dP/dtmax, and the left- ventricular end-
diastolic pressure was used as a surrogate for pulmonary venous pressure.

Femoral and carotid arterial flow was measured. Cardiac output was measured by
thermodilution. Heart rate was generated from ECG lead Il. The measurements were reported
before the start of injection (-5 min) and at 0.5, 1, 2, 5, 10, 20, 30 and 40 min after start of
administration. Blood was sampled before and after the start of injection to verify correct
administration. Samples of the test article were analyzed for purity by HPLC and selected samples
were analyzed for purity by NMR. In addition, pH and osmolality wer sured for all samples.
The purity profile for the administered test articles was qualitativ sistent and appropriate
for the study. Correct dosing was confirmed by blood analysis.

Administration of test item containing 0.43 mg/ml AH11 e dose-dependent
peripheral vasodilation triggering a reduction in syste i reflex
tachycardia and an increase in cardiac output. dP/ rdial

contractility, was transiently decreased at the sa was
reduced. Left cardiac work (an index of myocardial i
minute after dosing. Left-ventricular end-diastolic press onary arterial blo
. Systolic ejection time was

increased with a peak at 2 min. After the @ rial blood pressure, dP/dtmax

increased cardiac o
rate peaked. The Q

ly shortened, at the same time as heart
al was transiently lengthened after

the same dose

The injection of 1.4 est item containing AH111501 caused small but significant
decreases of 10% in méapraortic pressure and 7% in systolic aortic pressure at 30 s when
compared to baseline. The decrease in mean aortic pressure was not significant when compared
to saline control (4.3 ml/kg) whereas the decrease in systolic aortic pressure was significant. No
other significant effects were observed for this dose when compared to saline control. The dose
of 1.4 ml/kg 250 mM pyruvate and 0.43 mg/ml AH111501 in TRIS/EDTA dissolution medium was
therefore considered the No-Observed-Adverse-Effect—Level (NOAEL) for this study.
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5.1.3.3.4 Porsolt study number: 06.434/4 (GE study number: B101049)
Safety pharmacology study of hemodynamic effects after intravenous
administration in the anesthetized dog of a mixture of natural abundant
pyruvic acid and 15 mM AH111501 dissolved in TRIS/EDTA dissolution
medium with AH111501 subsequently removed by solid phase extraction
(GLP)

The study was a follow-up to Porsolt Study 06.076/6. The objective of the study was to explore the
dose-effect relationship for doses from 1.4 to 4.3 ml/kg bw of filtered test item on cardiovascular
parameters in the pentobarbital/fentanyl anesthetized dog. Because no decrease was observed in
carotid arterial flow following administration of the pyruvate test artj Study 06.076/6, and
the flow moreover was moderately increased with increases in ca utput ensuring adequate
blood supply to the brain, this parameter was not monitored i dy. All other
instrumentation was kept as in Study 06.076/6. Ejection tim sured from the aortic
blood pressure trace in the present study. Left-ventricul

peak effect for the di ed in advance, based on data from Study
hange from baseline values.

ses (at 30 s) in cardiac work were like the increases observed
with the respe i )ls. In Study 06.076/6 a similar pattern was seen for the filtered

Considering the measured effects as changes from baseline, the magnitude of the peak effect
compared to that of the appropriate saline control, and AUC (where available) compared to the
appropriate saline control, the effect level was 2.1 ml/kg bw of pyruvate in this study. The dose
of 1.4 ml/kg bw of pyruvate caused minor but statistically significant peak effects when
compared to the saline volume control. It caused an acute decrease in mean aortic pressure of
8% for test item and 2% for saline (equal to -8 and -2 mmHg, respectively). AUC. 5 to 2 min for mean
aortic pressure was, however, not significantly different between the two treatments.
Administration of the dose caused an acute increase in left-ventricular end diastolic pressure of 2
mmHg compared to 1 mmHg for the saline control, but this difference was not significant as
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regards the AUCs o 5 min. FOr pyruvate, the decrease in systemic blood pressure caused a
decrease in dP/dtmax of 15% whereas saline control caused a decrease of 3%. Pyruvate caused a
significant acute increase in heart rate of 17% compared to 5% for saline. This effect was also
significant for AUCs t0 20 min. The rapid change in heart rate caused a slight increase in QTcV of
4% (equal to 13 ms) compared to 2% (equal to 6 ms) for saline. For peripheral resistance,
pulmonary arterial pressure, cardiac output, left cardiac work and stroke volume as well as for
the PR-and QT-intervals there were no effects when compared to the volume control. However,
as the effects described above are considered well within normal physiological variation, the
dose of 1.4 ml/kg bw of filtered test item was considered to be the No-Observed-Adverse-Effect—
Level (NOAEL) for this study.

rat (GLP)

Two test items were used in this study. Test item

0.85 mg/ml AH111501 in TRIS/EDTA dissolution me
were assessed for behavioral changes after a single a

i ail'tip was recorded in all
animals treated wi st i i | his was not observed in animals that

received the filtered testi . ignific increase in the incidence of meiosis
immediately after treat i on when compared to saline-treated

animals. Thi y ; ani treated with 5 ml/kg bw of the test item

effects on the behavior of male Wistar rats when
hen dose levels were expressed as Human Equivalent
a, this corresponds to 36 mg/kg bw of pyruvate and

5.1.3.4.2 Porso umber: 06.210/5 (GE study number: B101039)

on” of a mixture of natural abundant pyruvic acid and
AH111501 dissolved in TRIS/EDTA dissolution medium on EEG and
behavior in the conscious dog (Non-GLP)

The potential effects of 250 mM pyruvate and 0.43 mg/ml AH111501 in TRIS/EDTA dissolution
medium on general behavior and EEG activity was assessed in three non-naive conscious beagle
dogs. Each dog was given one dose of the test item containing AH111501 (4.3 ml/kg bw), three
doses of filtered test item (1.4, 4.3 and 5.7 ml/kg bw), three controls (saline, osmotic [mannitol]
and TRIS/EDTA vehicle control, all 4.3 ml/kg bw) and on the last dosing day pentylentetrazole
(PTZ, 1.5 mg/kg/min) was administered as a positive control. All injections except PTZ were
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administered at 5 ml/s by power injector. The dogs were assigned to the various treatments in
such a manner that each dog had each treatment once and that between two administrations of
the test item, a vehicle control was administered. Each dog was given a total of eight discrete IV
bolus injections. There was a minimum of 48 h wash-out between each single administration.

The dogs were implanted with EEG electrodes in the cortex and the signal was monitored by
telemetry. For 30 min before and for a minimum of 20 min after each administration the dogs
were restrained in a sling. EEG traces were recorded from 20 min before dosing and for 3 h after.
The traces were assessed by visual inspection of the raw EEG signals. The general physiological
state of the animals was scored on 13 parameters (respiratory rate, cutaneous pinch reflex,
agitation and/or vocalization, salivation, etc.) at 5 min before dosing t 5 and 20 min after
dosing. Blood was sampled before and after administration to confi rrect dosing. Samples of
the test articles were analyzed for concentration and purity of e by HPLC and selected
samples were analyzed for purity by NMR. pH and osmolalit red for all samples.

with 96% ethanol, followed by insufficient flushing on. One
saline control was found to have unexpectedly low os

was checked it was confirmed that a dose of water for Inj d been administered in error.
Correct administration of test item w i

dose group) where the post-dosing pyrt ioni either confirmed nor
disproved correct dosing.

transient or appear, ‘ D inistrations and could not be attributed to
e. Convulsions and other pathological signs

of 4.3 ml/kg and filtered test item up to doses of 5.7 ml/kg bw
ynificant effects on the general behavior and EEG activity of male
e levels were expressed as Human Equivalent Doses based on

5.1.3.5 Effects on the R@piratory System in the Conscious Dog

5.1.3.5.1 RCC study 855869 (GE study number B101019): AH111501 dissolved in 13C-
AH110896: Effects on cardiovascular and respiratory parameters in the telemetered dog (GLP)

Four beagle dogs were dosed intravenously by slow bolus injection (5-10 ml/min). All treatments
were given at a dose of 2.9 ml/kg bw. The period between each treatment was at least three
days. The dogs were treated with control item (0.9% saline), TRIS/EDTA vehicle control solution,
and test item containing 44.6 mg/ml [1-13C] pyruvate and 0.85 mg/ml AH111501 and filtered
test item. Animals were trained several times to accustom them to dosing procedures, as well as
respiratory parameters measurements. Tracheal airflow was measured using a sealed mask

42 |Page



Hyperpolarized Pyruvate (13C) Injection
Investigator's Brochure

(covering the animal's snout) attached to a pneumotachograph and a pulmonary monitoring
system. Respiratory rate and tidal volume were monitored in the sling-restrained animals. Values
were recorded for at least approx. 4 to 5 min before administration and at 15, 32, 62 and 122 min
after the end of dosing. Mean values over 3 min were reported.

The various treatments had no marked effects on absolute and percent change values of
respiratory parameters (respiratory rate, tidal volume and minute volume) when measured at
approximately 15, 32, 62 and 122 min after treatment. There were no significant differences
between the treatment groups.

13C] pyruvate and
ratory parameters

ent Doses based on body
4 mg/kg bw of

In conclusion, slow intravenous administration of test item containing
AH111501 at a dose of 2.9 ml/kg bw had no significant effects on th
monitored in dogs. When dose levels were expressed as Human
surface area, they correspond to 72 mg/kg bw of [1—13C] pyruv
AH111501.

5.1.3.6 Discussion and Conclusions for Safety Phar

Test articles of 500 mM [1-13C]pyruvate or pyruv
TRIS/EDTA dissolution medium were used in the ini i fects on
the cardiovascular and respiratory systems (telemeter
(Irwin rat). There were findings of slightgptosis (dog) and

lated meiosis (rat) in these
ion volumes and rates used in

clinical injection rate is 5 ml/s, a non-GLP scular system (CVS) was

conducted in the pentobarbital/fentanyl a i ( i | injection rate and a
test article of 500 mM p i i is test article did not contain
AH111501. The anes : ssures and heart rate allowing
measurement of s ine. nesthesia also causes a suppression of the

baroreceptor reflexe S i pentobarbital/fentanyl is therefore to be

i . Finally, the anesthesia causes a

animal thereby resulting in slower dilution of
the first pass. The study demonstrated that

pyruvate test article AH111501 were injected. In this study it was demonstrated that
the decrease in syste ood pressure was caused by peripheral vasodilation caused in part by
the osmolality of the test article and in part by pyruvate itself or by a metabolite of pyruvate
(possibly lactate). The effects of rapid boluses (5 ml/s) of a diluted test article containing 250 mM
pyruvate and 0.43 mg/ml AH111501 dissolved in TRIS/EDTA dissolution medium were tested in
two studies in the conscious telemetered dog (CNS [non-GLP] and CVS) and in two studies in the
anesthetized dog (CVS). When administering the same dose of pyruvate (mg/kg) at 5 ml/s, the
reduction in osmolality of the test article, possibly in combination with the lower dose-rate
(mg/s), gave the anticipated reduction in the observed effects on blood pressure and heart rate.
The minor effect on QTcV observed in the anesthetized dog after administration of 1.4 ml/kg bw
filtered test article (Porsolt 06.434/4) was considered an effect of the rapid change in heart rate
rather than an effect on hERG ion-channel. This is supported by the lack of effect of sodium
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pyruvate and AH111501 in the hERG assay.

The No-Observed-Adverse-Effect-Level (NOAEL) in these studies was 1.4 ml/kg bw for the
cardiovascular studies and 5.7 ml/kg for the CNS study. In summary, the available nonclinical
safety pharmacology data support adequate safety of Hyperpolarized Pyruvate (13C) Injection
containing 250 mM [1-13C]pyruvate and no-more-than 3 uM of AH111501 for use in human
prostate cancer patients. The data from the nonclinical studies in conscious and anesthetized
dogs, however, also indicate that in special patient subpopulations (e.g. patients treated with
high doses of adrenoceptor antagonists, and patients suffering from severe heart failure rapid
administration of this test article may cause cardiovascular effects if administered in large
volumes (>1.4 ml/kg bw). In the planned Phase 1/2a clinical imaging the maximum dose
given to any subject in an ascending dose design will be 0.43 ml/ f Hyperpolarized
Pyruvate (BC) Injection. The safety of this dose has previously onstrated in clinical
studies in healthy adult (18 to 45 years of age) volunteers a derly (age > 60 years)
volunteers.

514 Pharmacodynamic Drug In

No studies have been performed to date.

5.2 Pharmacokinetics

5.2.1 Brief Summary

Biodistribution studieg ed rapi ribution of radioactivity
throughout the boa ingi p inj Y The radioactivity concentration in blood
of injected dose (id) at 30 s post-dosing.
was distributed out of the blood at 30 s
ded approximately to that of total body

cord. The highest tote ery was found in skeletal muscle and skin.

The major elimination route was through exhaled air. At 24 h post-dosing, radioactivity
corresponding to 56% of id was recovered in exhaled air, because of the formation of co,. Only
minor amounts of radioactivity were excreted in urine and feces (2.1% and 0.26% of id
respectively, at 24 h post-dosing). The recovery from exhaled air suggest that the majority of the
injected [1-14C] pyruvate enters the citric acid cycle through formation of acetyl-CoA.

Blood samples collected following intravenous injection of pyruvate in dogs demonstrated rapid
metabolism of pyruvate to lactate. The systemic exposure, assessed by Cmaxand AUC, suggested
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that the exposure to both pyruvate and lactate was proportional to dose. There appeared to be
lower peak concentrations and more rapid conversion of pyruvate to lactate in conscious dogs
than in anesthetized dogs.

The presence of AH111501 in the test item did not alter the pharmacokinetics of pyruvate.

The general impression from the available pharmacokinetic data is that the rapid distribution and
conversion of pyruvate to lactate, and the subsequent entry into metabolic pathways, is entirely
compatible with the intended use of the product.

5.2.2 Methods of Analysis

5.2.2.1 M101001: Quantitation of pyruvate and lactate in
mass spectrometry

liquid chromatography -

A liquid chromatography-mass spectrometry (LC-MS
[1—13C]pyruvate and [1-13C]Iactate in dog blood s and validated

(M101001 and V101001, respectively). The metho i es collected
in toxicology and safety pharmacology studies.

Blood samples were collected using va 7 i heparin, and 200 pul blood
immediately transferred to weighed ce
internal standards ([13C3]pyruvate and [ ‘ ixi ersion and weighing, the
tubes were kept on ice until centrifugatio i
at 4°C for 15 min. The supeki sample vial and stored below -
15°C until analysis.
The calibration range 4.5 to 4500 uM for pyruvate and 9 to 9000
0 a non-linear equation: y=a+bx+cxzand

Was 9.1%, 3.1% and 8.3% for pyruvate and 5.7%, 2.4%
medium and high concentration quality control (QC) samples,
e acceptance criteria (15% RSD). The accuracy of the method
or pyruvate and 2.0%, 6.2% and 4.1% for lactate, for the low,
on QC samples, respectively, which was within the acceptance

respectively, W
(RE) was -1.9%, 2
medium and high co
criteria (15% RE).

To determine recovery of the method three concentration levels of standard were diluted in whole
blood from dog and in protein-free supernatant of methanol treated whole blood from dog. The
recovery in whole blood compared to protein-free supernatant was 93%, 115% and 110% for
pyruvate and 70%, 111% and 104% for lactate, for the low, medium and high concentration
recovery blood (RB) samples, respectively. The precision at each concentration level of the
recovery blood samples was within the acceptable RSD, except for the low lactate recovery
sample, which is discussed in the validation report (V101001).
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Furthermore, pyruvate and lactate were considered adequately stable in protein-free supernatant
during 3 freeze/thaw cycles, when stored in an autosampler for 30-40 h and when stored for up to
seven weeks below -15°C. Pyruvate and lactate were also stable in protein-free supernatant after
derivatization, when stored at 2-8°C for 7 days.

After an overall evaluation of the results, it was concluded that the method was suitable for
analysis of both pyruvate and [1—13C]pyruvate, and both lactate and [1-13C]Iactate in dog blood
samples following intravenous administration of pyruvate or [1-13C] pyruvate.

5.2.2.2 M101003: Quantitation of pyruvate in buffer solution by HPLC and UV detection

ance liquid
The method was used for

A method for quantitation of pyruvate in HEPES buffer using high
chromatography (HPLC) and ultraviolet (UV) detection was dev
analysis of samples collected as part of the hERG assay.

Representative samples of the test article of sodium p ediately after dose
test article in HEPES buffer; B) from the perfusion b arry over); C)
from the perfusion bath at the end of the experi

level); and D) at the end of the experimental day w . rated (3-
9°C) until analyzed.

The calibration standards (CS) were i iluted in a buffer solution in
the range 0.5 to 10 mg/ml. A calibratio v the integrated peak area of
pyruvate against the nominal concentrat C . ibration curve was fitted

to a non-linear equation: y=a+bx+cx2 and ighti r of 1/y2. The
concentration of pyruvate : p ‘ ating the pyruvate peak for

d to be within £15% of their respective nominal value. If
ents, the results from the sequence were rejected.

No absorption studie been performed due to the intended route of administration
(intravenous bolus injection).

5.2.4 Distribution

5.2.4.1 Quantitative whole-body autoradiography (QWBA)

The distribution and elimination of [1—13C]pyruvate spiked with a small amount of sodium
[1-14C]pyruvate following intravenous bolus administration have been studied by quantitative
whole-body autoradiography (QWBA) in male Sprague-Dawley rats. Three animals per time point
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were sacrificed at 10 different time points from 30 s to 24 h after dosing. The animals received a
total pyruvate dose of 56 mg/kg bw, of which 0.2 to 0.3 mg was sodium [1—14C]pyruvate.

The disposition of radioactivity in organs, tissues and excreta following a single intravenous bolus
injection of radiolabeled pyruvate in rats has been studied in two separate studies.

As QWBA measures the total radioactivity in organs and tissues, radioactivity measurements
represent the combined radioactivity from pyruvate and all its radiolabeled metabolites. The
expected major metabolites of [1—14C]pyruvate are [1—14C]Iactate and [1-14C]alanine, as pyruvate
enters the normal metabolic pathways. In addition, pyruvate is a substrate for the pyruvate
dehydrogenase complex, which converts [1—14C]pyruvate to 0, an tyl-CoA, and for
pyruvate carboxylase, which forms [1—14C]oxaloacetate in an anap reaction. In the latter
case, a variety of 14¢.labeled metabolites are formed as the radi enters the citric acid cycle.

52411 GE study number: B101003 Stu 1-14C]

nd received an average dose of
14C]pyruvate and the

Three rats per time p in post-injection, and one
rat per time point
collected from all rat or later, and urine was collected from all

rats sacrificed 15 min po jecti as samples were excreted from any of the
animals.

blood recovery of 8.9+1.3 % of id). The initial volume of
7 ml/kg, indicating rapid distribution of radioactivity to a volume
water.

The highest concentra radioactivity 30 s post-dosing was found in the pancreas. This may
reflect formation of [1-""Cloxaloacetate through pyruvate carboxylase in pancreatic islets.
Relatively high concentrations were also found in highly perfused tissues such as the liver,
adrenal glands, heart muscle and the small and large intestine walls.

The lowest concentrations of radioactivity were found in white fat, testes, brain and spinal
cord.

The concentration of radioactivity in the prostate at 30 s post-dosing was 1.87 kBg/g. This

corresponds to a pyruvate concentration of 34.5 ug/g. The elimination rate in prostate during the
first 2 min post-dosing corresponded to a half-life of 1.5 min.
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The highest total recovery of radioactivity was found in muscle and skin tissue. At 1 min post dosing,
the recovery in muscle and skin was 55% and 19% of id, respectively. At 60min post- dosing, the
recovery in muscle and skin was 13% and 7% of id, respectively.

The recovery of radioactivity in whole-body cryosections decreased rapidly, from
approximately 100% of id at 2 min post-injection to 67% at 10 min post-injection.

The autoradiograms indicate some elimination of radioactivity through the kidneys, but no
measurable amounts of urine were produced during the time-frame of the study.

The major elimination route of radioactivity was through exhaled air.
radioactivity corresponding to 63% of id was recovered in exhaled
of 1*C0,. This suggests that in the rat a major part of the inject
citric acid cycle via the Acetyl CoA pathway.

0 min post-dosing,
cause of the formation
vate rapidly enters the

5.2.41.2 GE study number: B101018: Study o
AH110896 in Male Sprague- Dawley Rats - follow,

This follow-up study was designed to determine th
excreta following a single intravenous bolus injection
points from 15 min to 24 h post-dosing.

The rats used in the study had an averag
56 mg/kg bw of sodium pyruvate, of whit

points 15 and 30 min and 6 h) was sodium
13C] pyruvate. The rats regei

Three rats per time
Exhaled air and feces

The radioacti decreased with time in all organs and tissues. At 24 h post dosing,
the highest conce i e found in urinary bladder contents, bone marrow, large intestine
wall and skin. The lo entrations were found in brain, white fat and eye.

The highest total amounts of radioactivity were recovered in muscle, skin and bone tissue. At
both 15 min and 24 h post dosing, these tissues accounted for approximately 70% of the activity

retained in the whole body.

The total recovery determined in whole-body sections decreased from 55% id at 15 min to 7.9%
id at 24 h.

The major elimination route was through exhaled air. At 24 h post-dosing, radioactivity
corresponding to 56% of the total id was recovered in exhaled air, because of the formation of
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4C0,. The elimination rate decreased biexponentially with time.

Only minor amounts of radioactivity were excreted in urine and feces (2.1% and 0.26% of id
respectively, at 24 h post-dosing).

The data from this study were in good accordance with data from the first study, allowing these
data sets to be pooled for evaluation of the biodistribution of radioactivity in the rat following
injection of sodium [1—14C]pyruvate diluted with sodium [1—13C] pyruvate from 30 s to 24 h after
administration.

The total recovery was in the range of 53 to 67% of id at 24 h post-dosifigh The total recovery is
lower than expected, but since the overall results of these 2 studi ate thatin the rat IV
injected pyruvate is rapidly removed from the blood and is met d through the expected
metabolic pathways, this is still considered to be acceptable.

dog, see section 5.1.3 Safety Pharma i 13C] pyruvate to [1-13C]Iactate
was studied in the dog using magnetic , see Study B101059 (the

5.2.6

No specific studies €
studies described aboV

lactate were studied 5 rapid bolus injection of mixture of pyruvic acid and AH111501
sodium salt dissolved i S/EDTA dissolution medium. For further reference to these studies, see
the section on Safety Pharmacology.

5.2.8.1 GE study number: B101026. Cardiovascular assessment in anaesthetized dog of
pyruvate administered at high injection rates (non-GLP)

Blood samples for determination of pyruvate and lactate concentrations in blood after
intravenous administration of pyruvic acid dissolved in 200 mM TRIS/EDTA dissolution medium in
anesthetized dogs were collected from a femoral vein at 3 min pre-dosing, and at 1, 3, 5, 10 and
15 min post-dosing.
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The pyruvate concentration was 500 mM and the dose levels were 0.71, 1.43, 2.14 and 2.86
ml/kg bw, and the dose rate 5 ml/s or 2 ml/s. The minimum interval between dosing was 35 min.
For each dog a different dosing sequence was used.

Blood samples were also collected following administration of control items, for assessment of
baseline pyruvate and lactate values throughout the study period.

The blood samples were analyzed using a validated reversed phase liquid chromatography mass
spectrometry (LC-MS) for quantitative determination of pyruvate and lactate concentrations in
whole blood.

The pharmacokinetics of pyruvate and lactate were assessed using
analysis. The data were corrected for pre-dose concentrations pgi
analysis.

mpartmental
pharmacokinetic

blood recovery, across all dose groups
post-dosing.

Pyruvate was rapidly eliminated from thé
15 min or less at all dose levels.

both Crmaxand AUCtot d a negative deviation from proportionality at the highest dose level.
5.2.8.2 Porsolt study number: 06.075/5 (GE study number B101036): Effects of rapid
intravenous administration of a mixture of natural abundant pyruvic acid and 15 mM AH-
111501 dissolved in TRIS/EDTA dissolution medium on the cardiovascular function in the
conscious telemetered dog. (GLP)

Blood samples were collected from four conscious dogs after injection of 250 mM pyruvate and
0.43 mg/ml AH111501 in TRIS/EDTA dissolution medium and after injection of filtered test item
and various control solutions. The dose levels for test item containing AH111501 and filtered test
item were 1.4, 4.3 and 5.7 ml/kg bw, and the injection rate 5 ml/s. Each dog received nine discrete
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injections, with an interval of at least 48 h between each administration. Blood samples were
collected from a jugular vein at 3 min pre-dosing, and at 1, 5, 10, 30 and 60 min after the start of
each administration. The blood samples were analyzed using a validated LC-MS method
(M101001).

The bioanalytical data show that pyruvate is rapidly metabolized to lactate following
intravenous injection. The lactate Tmax Wwas observed between 1 and 10 min post-dosing.

There were no statistically significant differences in pyruvate or lactate Cmax or AUCtot between
filtered and unfiltered test substance in any of the dosing groups, suggesting that AH111501 did
not have any effect on pyruvate pharmacokinetics.

ion half-life of 18+11 min.
1 min post-dosing

Pyruvate was eliminated from blood with an average terminal
The average concentration of pyruvate in blood across all do

500 mM pyruvate solution in the anesthetized dog study and a
250 mM pyruva ion ig'the conscious dog study solution. Thus, with regard to the
administered pyruve e 1.4 ml/kg and 5.7 ml/kg dose groups in the conscious dog study
corresponded to the Ot /kg and 2.86 ml/kg dose groups in the anesthetized dog study,
respectively. Throughout this section, these dose groups are referred to as the low-dose group
and high-dose group. The injection rate in terms of volume/time was 5 ml/s in both studies.
Therefore, the dose-rate in terms of mg pyruvate/s was higher in the anesthetized dog study.

The systemic exposure to pyruvate and lactate was assessed by Cmaxand AUCiot. The general
impression across both studies was systemic exposure proportional to dose for both pyruvate
and lactate.

The most significant differences between the two studies were the recovery of pyruvate in blood
at 1 min post-dosing, and the more rapid formation of lactate in the study in the conscious dog. At
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1 min post-dosing, the average recovery in blood was estimated at 50% of id in the anesthetized
dog study and as approx. 12% of id in the conscious dog study. The rapid distribution from blood is
consistent with imaging data from dogs, where the Cmax of both pyruvate and lactate in prostate is
observed less than 1 min after end of injection.

It is not known whether these differences can be attributed to the differences in test item, the
difference in dose rate or differences between the anesthetized and the conscious dog. It is
plausible that the higher cardiac output in the conscious dog results in a more rapid distribution of
pyruvate from the blood to peripheral compartments. It is also expected that a conscious animal
has a higher metabolic rate compared to an anaesthetized animal.

The dose-normalized pyruvate AUCiot was of the same order of m e in both studies.

5.3 Toxicology

5.3.1 Brief Summary

, thea s were dosed twice on the
me of 20 ml/kg in the rat, and 5 ml/kg in
is of blood samples. In addition to the
pyruvate test article, tf i iti 2623 (parapyruvate), AH112615 (reaction-
product betw : lactone) were tested in separate,

t), as well as in two separate mammalian in vivo
t for induction of micronuclei in the polychromatic erythrocyte

assaysinra
of the bone :
addition, the ex 1, and the potential impurities AH112623, AH112615 and
AH113462 were alsoeva in the Ames and MLA tests. The potential impurity AH113462 was
further tested in the i o assay for induction of micronuclei in the polychromatic erythrocyte of
the bone marrow in rat.

Local tolerance studies were conducted in rabbits to investigate whether the pyruvate test

article induced signs of irritation when administered by the dermal, ocular, intra-arterial,
intramuscular, and subcutaneous or paravenous routes.
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5.3.2 Expanded Acute-Dose Toxicity
53.2.1 500 mM (44.6 mg/ml) [1-13C]pyruvate and 0.85 mg/ml AH111501

5.3.2.1.1 GE study number: B101020: An expanded acute dose toxicity study with
intravenously injected AH111501 dissolved in 13C Na-AH110896 in male and female rats (GLP)

Four groups of 12 male and 12 female Sprague-Dawley rats were administered either saline control,
TRIS/EDTA vehicle control, low dose (892 mg [1—13C]pyruvate /kg bw and 17 mg AH111501/kg bw) or

high dose of the test item (1784 mg [1-13C] pyruvate /kg bw and 34 m 111501/kg bw) of the test
item. To study acute effects, an interim kill was performed on half nimals in each group 24 h
after dosing. Fourteen days post- treatment, the remaining ani re killed and necropsied.

There were no mortalities and no adverse treatment-relate o treatment-related

effects on gross pathology, body weights or organ weig treatment- related
histomorphological findings were observed. Microsc tion site indicated
that local tolerance of the test item did not differ i i hanges in clinical

pathology parameters were observed for the inte

g bw and 17 mg AH111501/kg bw). Blood
n 24 h and 14 days after dosing. Blood

weight, food intake, hematology, clinical chemistry,
ecropsy or in histopathology of the organs and tissues sampled.

analysis. The toxico dpoints were estimated individually using nominal dose volumes
and exact sampling ti pints and summarized as mean values within each dosing group.
Following intravenous administration of [1—13C]pyruvate, rapid conversion to [1—13C]Iactate was
observed. [1-13C]pyruvate was eliminated from the blood with an average terminal elimination
half-life of 6.440.9 min, with no significant difference between male and female animals. The
average terminal elimination half-life of [1-13C]Iactate was 6.4+0.6 min. The maximum blood
concentration (Cmax) for [1—13C]pyruvate was observed at the first blood sampling time point (1
min post-dosing). The Cmaxin female dogs was in the range of 2069 to 3875 uM, whereas the Cmax
in male dogs was in the range of 2066 to 2789 uM. The average Cmaxwas 2700+1416 pM. The
blood concentration/time profiles of [1-13C]Iactate suggested a concentration peak at around 3
min, with no statistically significant difference in Cmax between male and female animals.
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No-Observed-Adverse-Effect-Level (NOAEL) in this study was 446 mg/kg bw for [1-
13C]pyruvate and 8.5 mg/kg bw for AH111501. The NOAEL expressed as Human
Equivalent Doses (HED) based on body surface area was 247 mg/kg bw for [1—13C]pyruvate
and 4.7 mg/kg bw for AH111501.

5322 250 mM (22.3 mg/ml) [1-13C]pyruvate and 0.43 mg/ml AH111501

5.3.2.2.1 GE study number: B101040. An expanded acute dose toxicity study with
intravenously injected AH111501 in 250 mM AH110896 dissolved in 100 mM TRIS/EDTA in
male and female rats (GLP)

ed saline control, or
lpyruvate/kg bw and 17

Six groups of 12 male and 12 female Sprague-Dawley rats were ad
TRIS/EDTA vehicle control or a high dose of the test item (892 m

effects on gross pathology or body weights were observ ically significant decrease in
heart weight was observed in the inte ompared to the saline- control
group. This change was minor in magn no toxicological significance.
The test item did not cause any overt ac

examination of the injection site indicated\tha ili test item did not differ

significantly from that of physi r i ificant changes in the
test item-treated group

pathology paramete 3 it y adverse biological consequence and did
not correlate with 3 i ologi inding ese changes were therefore regarded to be

To confi the animals, samples of the dosing solution
were of the test substance ([1-13C]pyruvate), andin
ad ed. Selected samples were analyzed for concentration of

No-Observed el (NOAEL) in this study was 892 mg/kg bw for [1-13C]pyruvate and
17 mg/kg bw fo ] i TRIS/EDTA dissolution medium. The NOAEL expressed as Human

Equivalent Doses (F
mg/kg bw for AH1115(

5.3.2.3 AH112623 (Parapyruvate)

5.3.2.3.1 GE study number: B101044. An Expanded Acute Dose Toxicity Study with
Intravenously Injected Parapyruvate in Male and Female Rats (GLP)

Four groups of 12 male and 12 female Sprague-Dawley rats were administered either saline
(control animals), or a high dose (1216 mg/kg bw) of parapyruvate (AH112623) dissolved in 20 mM
phosphate buffer containing 75 mM NaOH. One group of 6 male and 6 female Sprague-Dawley rats
was administered a low dose of parapyruvate (608 mg/kg bw). To obtain maximum exposure, the
animals were dosed twice on the same day (with approximately 4 h between the administrations)
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with the maximum recommended dose volume of 20 ml/kg for the high-dose and the control
groups and with 10 ml/kg for the low-dose group. To study acute effects, an interim kill on six
males and six females in the high-dose and the control groups was performed at 24 h after dosing.
Fourteen days post-treatment, the remaining animals were killed and necropsied.

There were no mortalities and no adverse treatment-related clinical signs. No test item related
effects on gross pathology or body weights were observed. A small but statistically significant
decrease in absolute liver weight was seen for the male high dose group at 24 h after dosing
compared to the saline group. This did not correlate to any histomorphological findings and the
change was of no toxicological relevance. There were no test item related microscopic findings in
this study in either the interim group or the terminal group. All micro ic findings were either
related to venipuncture or were incidental and of the type routine rved in Sprague-Dawley
rats of this age. There were small but statistically significant ch r some of the clinical
pathology parameters when the test item treated groups w to the saline group,
however, these changes did not correlate with any histomo ings and were of no
toxicological relevance.

To confirm that correct dose test articles were gi
solution were analyzed for concentrations and purl
and osmolality were measured. The variability of the
acceptable. However, the lowest calcul
was 76% of the target value of 40 mg
parapyruvate administered to the ani

uvate was 30.4 mg/ml, which
d actual maximum dose of

exposure, the animals were dosed twice on the same day (with
idministrations) with the maximum recommended dose volume of
he control groups and with 10 ml/kg for the low-dose group. To
kill was performed on half of the animals 24 h after dosing.

ent, the remaining animals were killed and necropsied.

study acute effects, a
Fourteen days post-trea

There were no mortalities and no adverse treatment-related clinical signs. No test item related
effects on gross pathology or body weights were observed. A small but statistically significant
decrease in liver weight in the interim female high dose group and a small but statistically
significant increase in brain weight in the terminal female high dose group were found compared
to the saline group. These changes did not correlate with any histomorphological findings and
were of no toxicological relevance. There were no test item related microscopic findings in this
study in either the interim-kill group or the terminal-kill group. All microscopic findings were
either related to venipuncture or were incidental and of the type routinely observed in Sprague-
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Dawley rats of this age. There were small but statistically significant changes in the test item-
treated groups compared to the saline group in some of the clinical pathology parameters.
However, these changes did not correlate with any histomorphological findings and were of no
toxicological relevance.

Samples of the dosing solution were analyzed for osmolality and pH. The analytical results were
as expected and considered acceptable. No analysis of the concentration AH112615 was done.
Therefore, the nominal concentration was used to estimate the dose of AH112615 administered
to the animals.

615 to rats was well
parated by 4 h and
fect-Level (NOAEL) in this
Equivalent Doses (HED

Intravenous administration of a nominal dose of 1400 mg/kg bw of A
tolerated when divided in two intravenous administrations of 20
injected at a rate of 1.2 ml/min. The nominal No-Observed-Adv
study was 1400 mg/kg bw for AH112615. The NOAEL expres
based on body surface area was 226 mg/kg bw.

5.3.2.5 AH113462 (Lactone)

5.3.25.1 Covance study number 2789/0
Parapyruvate/Lactone in TRIS Solution: Expande

study number: B1010

te dose tgRicity study in t (GLP)

acidic conditions of the Kit
sodium salt) but is under

The lactone impurity tested in this stud
Component 1 (Mixture of [13C]pyruvi

ay be present
ad 15 mM AH1

two potential impurities; e present in similar concentration in the
neutralizeg icle.

the stock solution co concentrations of 10 mg/ml for each of main components,
parapyruvate and lactone. However, the certificate of analysis showed that the stock solution
contained 8.6 mg/ml parapyruvate and 8.19 mg/ml lactone. The difference between the target
assay value and the observed assay value was attributed to increased water content in the dry
dispensed substance. Accordingly, the actual concentrations for parapyruvate and lactone were
approximately 14-18% less than expected.

Rats were evaluated for in-life observations, bodyweight, hematology, clinical chemistry, organ
weights, macroscopic observations and microscopic observations.

Dose administration of parapyruvate/Lactone in TRIS Solution at nominal dose levels of 100 and
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200 mg/kg was well tolerated, with no clinical observations, effects on organ weights, or adverse
effects on body weight and clinical pathology parameters.

Histopathological evaluations concluded that there were no changes that were related to
treatment with the test item. The possible exception to this was the increased incidences of
minimal inflammatory foci in the liver of the top dose males at 14 days post- treatment, and in the
top dose females at 24 h and 14 days after dosing, but the minor nature of these lesions, together
with the occurrence of this finding in two control females at 14 days post-treatment, indicates
that it is likely to be spontaneous, i.e. not related to treatment.

In conclusion, administration of parapyruvate/lactone in TRIS Solutio ominal dose levels of
100 and 200 mg/kg bw was well tolerated, with no clinical observe ts, effects on organ
weights, or adverse effects on body weight and clinical patholo meters. The NOAEL for
parapyruvate/lactone in TRIS Solution was 172 mg parapyru d 164 mg lactone/kg
bw.

5.3.3 Repeat-Dose Toxicity

No studies have been performed to date.

5.3.4 Genotoxicity

5.3.4.1 [1-C]pyruvate and AH111501:

5.3.4.1.1 TNO stud
mutation test with AR

: B101014). Bacterial reverse

spontaneous reversie dbserved with the vehicle. The mean number of his+ revertant
colonies with the vehicleieontrols was within the acceptable range, and the positive controls gave
the expected increase in the mean number of revertant colonies.

In conclusion, mixture of [1—13C]pyruvate and AH111501 dissolved in TRIS/EDTA dissolution medium
did not induce mutation in the five histidine-requiring strains (TA98, TA100, TA1535, TA1537, TA102)
of Salmonella typhimurium, when tested at amounts up to 5000 pg/plate with respect to [1-

13C] pyruvate in the presence and absence of S-9.
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5.3.4.1.2 Covance study number: 2570/3 (GE study number: B101043). Formulation
containing 557 mM AH-111501 and 500 mM 13C Pyruvate (AH-110896) in 200 mM TRIS:
Reverse Mutation in five Histidine-requiring strains of Salmonella typhimurium (GLP)

A test article containing 500 mM [1—13C]pyruvate and 0.85 mg/ml AH111501 in TRIS/EDTA
dissolution medium was assayed for mutagenicity in five histidine-requiring strains (TA98, TA100,
TA1535, TA1537 and TA102) of Salmonella typhimurium, both in the absence and in the presence
of S-9 (rat liver metabolic activation system), in two separate experiments using treatment

amounts of [1—13C]pyruvate ranging from 1.6 to 5352 ug/plate.

istically significant
were observed in any
e, this study did not
provide any evidence of any mutagenic activity of [1-13C]pyr . oncluded that the [1-

13C] pyruvate did not induce mutations in five histidine-requi i TA100, TA1535,
TA1537 and TA102) of Salmonella typhimurium when s of the study; i.e.

Dose test article analysis confirmed correct test article of test item.
dose-related and reproducible increases in number of revertant c
strain following treatments in the absence or presence of S-9. T,

AH110896 (GLP)

The test item was assayed for its abilit locus (5 trifluorothymidine

ents were conducted with concentrations

ate. A TRIS/EDTA vehicle control was
period was used in all experiments

ranging from 9.2 ug
included in all experime
performed.ia

9. The mutant frequency (MF) of the vehicle control was also
increased cO e historical negative control. In the presence of S-9, no increases
in MF were ob entration of the test item.

In the second experi e absence of 5-9, an untreated control (culture medium), a
mannitol control solutio®with identical osmolality to 5000 pg/ml of AH110896, and a pH-
neutralized TRIS/EDTA dissolution medium control solution were included. In the absence of S-9,
an increase in MF compared to the vehicle control solution was observed at the highest

concentration of 5000 pg/ml [1-13C] pyruvate. The MF of the vehicle control was also increased
compared to the normal control. The MF of the mannitol control was in the same range as the
normal control. However, the MF of the neutralized TRIS/EDTA dissolution medium was highest of
all. In the presence of S-9 no increases were observed at any concentration of the test item.

In the presence of S-9, the test article containing [1—13C] pyruvate and AH111501 was not
mutagenic in this assay. In the absence of S-9, the vehicle control induced a two to three-fold
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increase in MF in this assay. Treatment with the highest concentration of test item

(5000 pg/ml [1-13C] pyruvate) in the absence of S-9 doubled the mutation frequency compared to
vehicle-treated cells, but no increase was seen at lower concentrations tested. Due to the non-
physiological conditions in this in vitro experiment when high concentrations of the test item are
tested, the significance of this finding was considered as equivocal.

5.3.4.14 Covance study number: 2570/4 (GE study number: B101045), Formulation

containing 557 uM AH-111501 and 500 mM B¢ Pyruvate (AH-110896) in 200 mM TRIS:
Mutation at the thymidine kinase (tk) locus of mouse lymphoma L5178Y cells (MLA) using the

Microtitre® fluctuation technique (GLP)

1501 in TRIS/EDTA
tk locus in mouse

A test article containing 500 mM [1—13C]pyruvate and 0.85 mg/m
dissolution medium was assayed for its ability to induce mut

fluctuation protocol. The study consisted of a cytotoxici ent followed by
two independent experiments, each conducted in t 9 (rat liver
metabolic activation system) with concentrations .5to 5018
pg/ml. A 3 h treatment incubation period was use

h treatment incubation. Experiment 1
Experiment 2 was performed using a 2

Dose test article analysis confirmed corre en the test article was

tested at [1-13C] pyruvate concentrations uf : of S-9 in Experiment 1,
significant increases in t ee highest concentrations
tested (3000 to 5018 . trations where increases in
vehicle controls) were seen. When tested up
mutant frequency were observed at the 5

d with large increases in osmolality (<50
. In the presence of S-9 when tested up to

@ldncreases in mutant frequency were observed at

n osmolality of >50 mOsm/kg (compared to concurrent vehicle
controls) we . er, large increases in osmolality were observed at 3000 pg/ml and
i were not always associated with marked increases in mutant

for the significant incre n mutant frequency. Highly significant linear trends for the
concentration-effect relationships were observed following treatments in the absence and
presence of S-9 in Experiments 1 and 2.

It was concluded that the test item induced mutation at the tk locus of L5178Y mouse lymphoma
cells when tested under the conditions employed in this study. These conditions included
treatments up to toxic concentrations for 24 h in the absence of S-9 and up to approximately
5000 pg/ml for 3 h in the absence and presence of S-9. The mutagenic activity following 3 h
treatments in the absence and presence of S-9 was observed at concentrations at which marked
increases in osmolality were also seen.
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5.3.4.1.5 TNO study number: 5604 /04 (GE study number: B101016). Micronucleus test in

bone marrow cells of rats treated intravenously with AH111501 dissolved in 13¢ AH110896
(GLP)

The test item containing 44.6 mg/ml [1-13C]pyruvate and 0.85 mg/ml AH111501 in TRIS/EDTA
dissolution medium was examined for its mutagenic potential in a bone marrow micronucleus
test in male rats. The micronucleus test was performed with male rats only and with the highest
possible dose level of 1784 mg/kg bw of [1—13C]pyruvate and 34 mg/kg bw of AH111501. The
dosing was divided into two intravenous injections of 20 ml/kg bw each separated by an interval
of approximately 24 h. The injection volume of 20 ml/kg bw as an upper.limit for intravenous
administration to rats, was based on a generally accepted recomme n [Diehl et al. 2001].
Seven male rats (including two reserve rats) were treated with [1- ruvate and AH111501.
The negative control group, consisting of five male rats, was tr similar way with saline
(0.9% sodium chloride). The positive control group, consisti rats, was given a single
intraperitoneal injection with the mutagen mitomycin C
treatment, all rats were sacrificed. Bone marrow cell emurs of each

significantly different from those foun ntrols. Therefore, this study
indicates that treatment with [1—13C]p /3 t result in genotoxicity to
bone marrow cells. The positive control 8 isti ificantly from the negative

control group (p<0.001), demonstrating t

[1—13C]pyruvate and
in the negative (saline)

arrow cells of male rats treated with 892 mg
day AH111501 on two consecutive days, when analyzed

umber: 2789/6 (GE study number: B101057) Detection of DNA
damage in th&@@iod of treai@@rats using the Comet assay (GLP)

In this study, the po e mixture of 44.6 mg/ml [1-13C]pyruvic acid and 0.85 mg/ml
AH111501 sodium salt olved in TRIS/EDTA dissolution medium to induce DNA strand breaks
or alkali labile sites was investigated by assessing the extent of DNA damage in blood of treated
rats. To obtain maximum exposure, the animals were dosed twice on the same day (with
approximately 5 h between the administrations), with the maximum recommended dose volume
of 20 ml/kg bw (892 mg pyruvate/kg bw), on two consecutive days. The highest dose to be tested
was determined in a range-finder in three male rats. Groups of six male rats were administered
either test article at 1784 mg pyruvate/kg bw/day or the test article diluted 1:1 with sterile water
at doses of 892 mg pyruvate/kg bw/day. The test article was administered via intravenous
infusion at a rate of 1.2 ml/min. The blood of the treated rats was analyzed for DNA damage 3 h
after the final dose administration. The volume control in the study was 0.9% saline. Animals
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were dosed using the same dosing regimen and dose volume as that used for test article-treated
animals. Ethyl methanesulfonate (EMS), the positive control, was dissolved in purified water and
administered orally by gavage as a single dose at 250 mg/kg bw (dose volume of 10 ml/kg bw) to
a group of six rats which were killed 3 h after dose administration.

In the range-finder one rat displayed gasping and all three animals were lethargic on Day 2. There
were no observations on Day 3 and 4. In the Comet study one animal dosed with saline died
immediately following its fourth dose, and one test article treated animal showed ventral
staining following the fourth administration. No other clinical signs of toxicity were observed in
any animal following treatments with the test article or EMS.

ike the laboratories
itive control group

The mean tail moment and tail intensity for the saline control grou
validation data. Mean tail moment and tail intensity values for
exhibited a statistically significant increase over concurrent s

[1—13C]pyruvic acid and 0.85 mg/ml AH11
dissolution medium did not induce DNA d

1784 mg pyruvate/kg bw/d A, two consecutive days,

534.2 AH112623

5.3.4.2.1
Reverse

udy number: B101042) Parapyruvate:
Salmonella typhimurium (GLP)

ive and positive controls were included in the assay.

Test item anal 2 an actual concentration of 44.9 mg/ml parapyruvate in the stock

increases in number tant colonies were observed in any strain following treatments with
test item in the absence"or presence of S-9. It was concluded that parapyruvate did not induce
mutations in five histidine-requiring strains (TA98, TA100, TA1535, TA1537 and TA102) of
Salmonella typhimurium when tested under the conditions of this study. These conditions
included treatments at concentrations up to 4490 pg/plate, in the absence and in the presence of
S-9.
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5.3.4.2.2 Covance study number: 2570/6 (GE study number: B101041) Parapyruvate:
Mutation at the Thymidine Kinase (tk) Locus of Mouse Lymphoma L5178Y Cells (MLA) using

the Microtitre® Fluctuation Technique (GLP)

Parapyruvate was assayed for its ability to induce mutation at the tk locus in mouse lymphoma
cells (rendering the cells resistant to 5 trifluorothymidine [TFT] toxicity) using a fluctuation
protocol. The study consisted of a cytotoxicity range-finding experiment followed by two
independent experiments, each conducted in the absence and presence of S-9 (rat liver
metabolic activation system) using nominal treatment concentrations ranging from 156 to 5000
pg/ml. A 3 h treatment incubation period was used for all experiments performed in the

h treatment incubation, Experiment 1 was performed usinga 3 h ent incubation and
Experiment 2 was performed using a 24 h treatment incubatio

test article (91% of target).

In Experiment 1 and 2 (3 h treatments) a weak lin ce and
presence of S-9. However, no marked increases in

In Experiment 2 (24 h treatment withg s in mutant frequency were
observed at nominal concentrations o
toxicity). These increases also showed a s oted that these increases

-9 up to toxic concentrations (3640 pg/ml). As
ere only noted at concentrations where marked changes in

5.3.4.3 AH112615 (ReaCtion-product between pyruvic acid and TRIS)

5.3.4.3.1 Covance study number: 2570/7 (GE study number: B101047). AH-112615:
Reverse mutation in five histidine-requiring strains of Salmonella typhimurium (GLP)

AH112615 was assayed for mutagenicity in five histidine-requiring strains (TA98, TA100, TA1535,
TA1537 and TA102) of Salmonella typhimurium, both in the absence and in the presence of S-9 (rat
liver metabolic activation system), in two separate experiments.

AH112615 was dissolved in sterile water and nominal amounts of AH112615 ranging from 1.6 to
5000 pg/plate were tested. Negative and positive controls were included in the assay.
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No statistically significant, concentration-related and reproducible increases in number of
revertant colonies were observed following treatment of any strain in the absence or presence of
S-9. Therefore, this study did not provide any evidence of mutagenic activity of AH112615. It was
concluded that AH112615 did not induce mutations in five histidine-requiring strains (TA9S,
TA100, TA1535, TA1537 and TA102) of Salmonella typhimurium when tested under the conditions
of this study. These conditions included treatments at nominal amounts up to 5000 ug/plate, in
the absence and in the presence of S-9.

5.3.4.3.3 Covance study number: 2570/8 (GE study number: B101048). AH-112615:
Mutation at the Thymidine Kinase (tk) Locus of Mouse Lymphoma L5178Y Cells (MLA) using

the Microtitre® Fluctuation Technique (GLP)

AH112615 was assayed for its ability to induce mutation at the in mouse lymphoma cells
(rendering the cells resistant to 5 trifluorothymidine [TFT] t fluctuation protocol.
The study consisted of a cytotoxicity range-finding experi o independent
experiments, each conducted in the absence and pres i bolic activation
system) using nominal treatment concentrations r 3 h treatment
incubation period was used for all experiments p e absence
of S-9, the range-finder was performed usinga 3 h a
Experiment 1 was performed using a 3 h treatment inc
using a 24 h treatment incubation.

In Experiments 1 and 2, weak linear tre i ence of S-9 in Experiment 1
(3 h) and in the absence of S-9 in Experi 4 es in mutant frequency

5.3

5.3% Covance 570/10 (GE study number: B101055). AH111501:
Reve tation in five ng strains of Salmonella typhimurium (GLP)
AH111501 ion in five histidine-requiring strains (TA98, TA100, TA1535,
TA1537 and TA a typhimurium, both in the absence and in the presence of S-9

ounts of AH111501 ranging from 1.6 to 5000 pg/plate were tested.
rols were included in the assay.

sterile water and no
Negative and positive c0

No statistically significant, concentration-related and reproducible increases in number of
revertant colonies were observed following any strain treatments in the absence or presence S-9.
Therefore, this study did not provide any evidence of mutagenic activity of AH111501. It was
concluded that AH111501 did not induce mutation in five histidine-requiring strains (TA98, TA100,
TA1535, TA1537 and TA102) of Salmonella typhimurium when tested under the conditions of this
study. These conditions included treatments at amounts up to 5000 pg/plate, in the absence and
in the presence of S-9.
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5.3.44.2 Covance study number: 2570/11 (GE study number: B101056) Mutation at the

Thymidine Kinase (tk) Locus of Mouse Lymphoma L5178Y Cells (MLA) using the Microtitre®
Fluctuation Technique (GLP)

AH111501 was assayed for its ability to induce mutation at the tk locus in mouse lymphoma cells
(rendering the cells resistant to 5 trifluorothymidine [TFT] toxicity) using a fluctuation protocol.
The study consisted of a cytotoxicity range-finding experiment followed by two independent
experiments, each conducted in the absence and presence of S-9 (rat liver metabolic activation
system) using nominal treatment concentrations ranging from 500 to 5000 pg/ml. A3 h
treatment incubation period was used for all experiments performed in the presence of S-9. In
the absence of S-9, the range-finder was performed usinga3 hand a treatment incubation,
Experiment 1 was performed using a 3 h treatment incubation an iment 2 was performed
using a 24 h treatment incubation.

Global Evaluation Factor (GEF) for the assay and was the considered to be significant.
When the experiment was repeated t 3 pendent increase in mutation
frequency was again statistically signific smaller than in the original

conditions includedftrea i rations of up to 5000 pug/ml in two
independent experi i e of S-9. However, it was concluded that

of [T"Clp AH11150% sodium salt) but is converted under neutral conditions
to parapyrtyvate i rsion takes some minutes, and lactones may therefore be
present in Hyp i ate (13C) Injection, as this is injected shortly after neutralization.

parapyruvate form HCl, the acidic mixture was allowed to equilibrate for
approximately 48h before’it was used. The two potential impurities parapyruvate and lactone
were present in similar concentration in this test item; Parapyruvate/lactone in HCl solution. In
the in vivo genotoxicity study of induction of micronuclei in the bone marrow in treated rats, the
test article consisted of parapyruvate formulated with HCI, the acidic mixture was allowed to
equilibrate for approximately 48h after which it was neutralized with TRIS neutralization solution
and administered within 10 min of neutralization. This test article procedure ensured that the
lactone was present in the highest achievable concentration while providing a test item suitable
for intravenous administration.

The two potential impurities parapyruvate and lactone were present in similar concentration in the
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neutralized test article parapyruvate/lactone in TRIS solution.

5.3.4.5.1 Covance study number: 2789/8 (GE study number: B101062) Reverse mutation
in five histidine-requiring strains of Salmonella typhimurium (GLP)

Parapyruvate/lactone in HCl solution was assayed for mutation in five histidine-requiring strains
(TA98, TA100, TA1535, TA1537 and TA102) of Salmonella typhimurium, both in the absence and
in the presence of metabolic activation by an Aroclor 1254-induced rat liver post mitochondrial

fraction (S-9), in two separate experiments.

r instruction,
ach of the main
lysis showed that the
ne. The difference

Parapyruvate/lactone in HCL solution was formulated according to t
assuming the stock solution comprised concentrations of 50 mg/
components, parapyruvate and lactone. However, the certific
stock solution contained 39.53 mg/ml parapyruvate and 40
between the target assay value and the observed assay

In Experiment 2, treatme d in the absence and in the
presence of S-9 with a . Narrowed concentration
ranges were emplo . der to examine more closely those

concentrations of p i on approaching the maximum test

system. Following these treatments, evidence of toxicity
e in strains TA1537 and TA102 in the absence of S-9, at

ions of this study. These conditions included treatments at nominal
Y ug/plate, in the absence and in the presence of a rat liver metabolic

when tested under
concentrations up to 50
activation system (S-9).

5.3.452 Covance study number: 2789/9 (GE study number: B101063)
Parapyruvate/lactone in HCI solution: Mutation at the thymidine kinase (tk) locus of mouse

lymphoma L5178Y cells (MLA) using the Microtitre® fluctuation technique

Parapyruvate/lactone in HCl solution was assayed for its ability to induce mutation at the tk locus
(5-trifluorothymidine [TFT] resistance) in mouse lymphoma cells using a fluctuation protocol. The
study consisted of a cytotoxicity Range-Finder Experiment followed by two independent
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experiments, each conducted in the absence and presence of metabolic activation by an Aroclor
1254 induced rat liver post-mitochondrial fraction (S-9).

Parapyruvate/lactone in HCL solution was formulated according to the user instruction,
assuming the stock solution comprised concentrations of 50 mg/mL for each of main
components, parapyruvate and lactone. However, the certificate of analysis showed that the
stock solution contained 39.53 mg/ml parapyruvate and 40.78 mg/ml lactone. The difference
between the target assay value and the observed assay value was attributed to increased water
content in the dry dispensed substance. Accordingly, the actual concentrations for parapyruvate
and lactone were approximately 18-21% less than expected.

d in the presence of S-
using3 hand 24 h
eatment incubation

A 3 h treatment incubation period was used for all experiments pe
9. In the absence of S-9, the Range-Finder Experiment was perf
treatment incubation periods. Experiment 1 was performed
and Experiment 2 was performed using a 24 h treatment j

In the cytotoxicity Range-Finder Experi 1 3 i centrations were tested in
the absence of S-9, ranging from 19.53 to g hi tration to provide >10%
RTG was 625 pg/ml, which gave 41% RTG.

Accordingly, for Expg i ging from 200 to 1600 pg/ml in the absence
of S-9 and from 250 ) S-9, were tested. Two days after treatment,
ility and TFT resistance were 1400 pg/ml in

tested. Two days a ent, the highest concentrations analyzed to determine viability and
TFT resistance were 75@(pg/ml in the absence of S-9 and 1300 ug/ml in the presence of S-9,
which gave 14% and 24% RTG, respectively. As in Experiment 1, these small increases in
mutation frequency were seen under conditions of reduced pH, increased osmolality and at
cytotoxic concentrations.

In Experiment 1 in the absence of S-9, an increase in mean mutant frequency of approximately
148 (thus exceeding the Global Evaluation Factor [GEF] of 126 mutants per 10° viable cells) was
observed at 1400 pg/ml (giving 8% RTG) and there was a weak linear trend. However, a steep
concentration-related increase in toxicity was observed between 1250 and 1400 pg/ml (giving
46% and 8% RTG, respectively) and at 1250 pg/ml the increase in mean mutant frequency was
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only 34 mutants per 10° viable cells, compared to the concurrent negative control, i.e.
considerably below the GEF. Furthermore, the increase in mutant frequency at 1400 pg/mL was
associated with a decrease in pH of 1.85 and an increase in osmolality of

61 mOsm/kg, compared to concurrent negative control values, therefore the observation is
considered to be of highly questionable biological relevance.

In Experiment 1 in the presence of S-9, an increase in mean mutant frequency of 152 (thus
exceeding the GEF) was observed only at 1500 ug/ml (giving 3% RTG). At the lower concentration
of 1250 pg/ml (giving 37% RTG), the increase in mean mutant frequency was only 4 mutants per

10° viable cells, compared to the concurrent negative control, i.e. betw
observed at 1500 pug/ml, in addition to a decrease in pH of >1 unit a
of >50 mOsm/kg, therefore the increase in mutant frequency at thi
considered biologically relevant.

n replicate cultures was
ncrease in osmolality
centration was not

In the absence and presence of S-9 in Experiment 2, the

It is concluded that parapyruvate/lactone in HCl sol
when tested in the absence of S-9 in this test system.
increase was associated only with extre decrease in pH of >1 unit and
an increase in osmolality of >50 mOs 24 h treatments in the
absence of S-9, no marked increases in he GEF) were observed at
any concentration analyzed, although thefeu i igni linear trend. Overall,
these observations were considered of hig

study number: B101064)
icronuclei in the bone marrow of treated

prised concentrations of 10 mg/ml for each of the main
components, parap lactone. However, the certificate of analysis showed that the
stock solution contai 5 mg/ml parapyruvate and 8.19 mg/ml lactone. The difference
between the target assay value and the observed assay value was attributed to increased water
content in the dry dispensed substance. Accordingly, the actual concentrations for parapyruvate
and lactone were approximately 14-18% less than expected.

In an initial toxicity Range-Finder Experiment, out-bred male and female Han Wistar rats were
dosed once with the test article at a maximum permissible dose volume of 20 ml/kg, designed to
provide a dose of 200 mg parapyruvate/kg and 200 mg lactone/kg, via intravenous infusion at a
rate of 1.2 ml/min. During a two-day post-dose observation period, clinical signs of piloerection
were noted.
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From these data, the nominal dose of 200 mg/kg was considered a suitable maximum dose for
the Micronucleus Experiment. Two lower nominal doses of 60 and 20 mg/kg were also
administered. No substantial difference was observed between males and females in the Range-
Finder, therefore male animals only were used in the Micronucleus Experiment.

Groups of six male rats were treated once with the vehicle or parapyruvate/lactone in TRIS
solution using the same dosing regimen as the Range-Finder Experiment at dose volumes of 2, 6
and 20 ml/kg to provide the doses stated above. A group of six male rats were treated once via
oral gavage with the required positive control (cyclophosphamide 20 mg/kg) at a dose volume of
10 ml/kg.

No clinical signs were observed in the Micronucleus Experiment. Bo row smears were

prepared from sacrificed animals approximately 24 and 48 h pos

Rats treated with parapyruvate/lactone in TRIS solution at
points exhibited group mean % PCE that were similar to icle control group,

Rats treated with parapyruvate/lactone in TRIS solut N PCE
frequencies that were generally similar to the values fo roup and
which also fell within the laboratory's i

statistically significant increases in microng f the groups receiving the
test article.

It is concluded that parapyru
polychromatic erythro ; up to the nominal dose of 200
mg/kg (the maximug € i sampling under the conditions

of this assay.

5.3.7.1. TNO study number: 5612/08 (GE study number: B101013): Local Tolerance Study with
AH111501 dissolved in *“C AH110896 in Rabbits (GLP)

The test item containing 44 mg/ml pyruvate and 0.85 mg/ml AH111501 in TRIS/EDTA dissolution
medium was administered via the following routes: intra-arterial (0.5 ml per site in two males and
two females), intramuscular (0.5 ml per site in two males and two females), subcutaneous and
paravenous (0.2 ml per site in two males and two females) injection in albino rabbits. In addition,
the acute dermal and eye irritating properties were examined, respectively, after one single dermal
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application to the skin of three albino rabbits (0.5 ml per site), and one single application to the
eye of three albino rabbits (0.1 ml per site).

The test item did not induce substance-related local effects in the rabbits by the dermal, ocular,
intra-arterial and intramuscular route. Injection in the subcutis induced a minimal local
inflammatory response in one out of four cases, consisting of scattered single-cell necrosis and
infiltration with granulocytes, macrophages and monocytes. Injection in the paravenous area
induced a moderate local inflammatory response in two out of four cases, generally consisting of
hemorrhages, scattered single-cell necrosis and infiltration with granulocytes, macrophages and
monocytes.

H111501 (0.85 mg/ml)
r, intra-arterial, or the
induced, respectively, a

It was concluded that the test item containing pyruvate (44 mg/mi
did not induce signs of local intolerance in rabbits by the derma
intramuscular route. Injection in the subcutis and in the par
minimal and a moderate local inflammatory response

5.3.8 Other Toxicity Studies

No specific studies have been performed to date.

5.3.9 Discussion and Co

t and the dog, an
conducted to GLP.

Toxicology studies have included expande
extensive genetic toxicology

1501 was 34 mg/kg and 17 mg/kg,
e NOAEL in each of the studies. The top dose in these
olume of 20 ml/kg on each of the two dosing

e comprising of 500 mM [1—13C]pyruvate plus 0.85 mg/ml

respective NOAEL values. The top dose in this study was limited by the maximum dose volume
for dogs of 5 ml/kg on each of the two dosing occasions.

The NOAEL, when expressed as the human equivalent doses (HED), is calculated to be 288 mg/kg
for the acute dose rat study in which the highest dose of [1—13C]pyruvate was administered, and for
the acute dose dog study, the HED is 248 mg/kg. Similarly, the NOAEL for AH111501 expressed as
the HED is 5.5 mg/kg and 4.7 mg/kg when based on data from the high dose rat study and the dog
study, respectively.

The acute toxicity studies in rats to examine the effects of the potential impurities AH112623,
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AH112615 and AH113462 resulted in no overt adverse effects at doses up to 1216, 1400 and 164
mg/kg, respectively. Accordingly, these doses were regarded as the NOAEL for the respective
impurities, and these levels give HED values of 196 mg/kg for parapyruvate,

226 mg/kg for AH112615 and 26.4 mg/kg for AH113462.

The test article for the Phase 1/2a clinical study will comprise 250 mM [1-13C]pyruvate

(22 mg/ml) and 4.6 ug/ml AH111501/ml, given in ascending doses from 0.14 to 0.43 ml/kg bw. This
gives a dose range of 3.1 to 9.6 mg/kg for [1—13C]pyruvate and 0.64 to 1.97 pg/kg for AH111501.
For the high-concentration test article (500 mM [1—13C] pyruvate) and taking the more conservative
NOAEL values converted to HED from the dog study, the safety margins_ for [1-13C]pyruvate are
from 79 to 26 and those for AH111501 are from 7362 to 2397 for th s of 0.14 to 0.43 ml/kg
bw, respectively. Similar calculations using data from the rat stud he 250 mM [1-

13C] pyruvate test article gives safety margins of 92 to 30 for p d 8549 to 2783 for
AH111501.

Local tolerance studies in rabbits demonstrated a mini
inflammatory response in case of misinjection in s
respectively. The minimal inflammatory response
injection in the subcutis, and the moderate inflamm f four
rabbits following injection in the paravenous area.

A number of studies have been perfo ic potential of the [1-13C] pyruvate
test article, the excipient AH111501 alo urities AH112623, AH112615
and AH113462. In the conventional in vit i five strains of Salmonella

typhimurium, there were no findings that < iti ny of these test items.
However, in the MLA tes i

reported.

which the osmolalit tantially increased. AH113462 showed evidence of mutagenic
activity but this was on sociated with extreme toxicity, considerable changes in pH and
osmolality, and these observations were considered of highly questionable biological relevance.
AH111501 were positive but the effect was weak, whereas AH112615, was negative.

There is some uncertainty over the significance of these findings in the MLA test, as it is known
to be prone to high incidences of false-positive results. In addition, it is unclear whether the
positive results are due to the intrinsic properties of one or several of the constituents, or to
some other factors such as electrolyte imbalance, pH changes or osmolality, the latter shown in
several studies to be high due to the high concentrations of test item used, particularly at the
levels associated with positive findings. If these physicochemical changes are associated with the
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increased mutation frequency in the MLA assay, they are not relevant for a test article injected in
vivo where the buffering capacity and rapid dilution in the bloodstream will rapidly normalize the
injection solution to more physiological values.

To investigate the potential genotoxic risk of the test article, two mammalian in vivo assays were
performed in rats. The micronucleus assay was done to test for the induction of erythrocyte
micronuclei in the bone marrow. In this test, rats were given a maximum dose of 892 mg [1-

13C] pyruvate/kg bw/day and 17 mg AH111501/kg bw/day. The results of this study show that
there were no increases in the incidences of micronuclei. The Comet assay was done to
investigate induction of DNA strand breaks and/or alkali labile sites in blood. The maximum dose
administered was 1784 mg [1-13C]pyruvate/kg bw/day and 34 mg A 1/kg bw/day on 2
consecutive days. Under the conditions of the assay, the test arti not induce DNA damage in
the blood of rats. Based on the results of the two assays, the ri is pyruvate test article being
genotoxic in vivo is considered to be very low. The micronu also done for the
potential impurity AH113462 to test for the induction of clei in the bone

The genetic toxicology studies can be summarized as fo : ta show that one he two
ave been tested, i.e., the

23, AH112615 and

in the MLA test with the
AH111501 and

ted by the negative

d the novel Comet assay with
(and AH112623).

pyruvate test article, each of the three
AH113462, and the novel excipient, AH
pyruvate test article and AH112623, and t
AH113462, indicate that there is a
result in the standard i
the pyruvate test arti

In terms of human ris i avidence from the toxicology studies, i.e., acute
toxicity, IocaI tolerance 3 g ; dicates that the risk of the pyruvate test
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5.4 Tabulated Summary of Non-clinical Studies

Study Title \ Study No. \ Results Summary

Primary Pharmacodynamic Studies

Metabolic Imaging with hyperpolarized [1-13C]- B101059 The injection rate wa jac output to make it comparable to the clinical injection rate of

Pyruvate in Prostate of Healthy Dogs Using a Second- 5 ml/s. The doses were administered manually due to the low dose volume

Generation Endorectal Coil and Reduced (2.0-4.7 ml). T administered by power injector. The study demonstrated

Dose pyruvate an ~20:1 for both the 0.18 and 0.36 ml/kg bw doses. The
choice of trast-to-noise and the highest acceptable dose
from a safe al studies. Based on the results it is clear that
the pulse sequ biology, and this can only be accomplished in
clinical studies.

Safety Pharmacology Studies

Na-Pyruvate and AH111501: Effects on HERG-1 tail RCC 858776 111501 nor uvate affected the amplitude of the hERG-1 tail current at the tested

currents recorded from stably transfected HEK 293 (B101021) ce Exposure monstrated for Na-pyruvate at a concentration of 4.0 mg/ml.

cells.

AH111501 dissolved in 2C-pyruvate: Modified Irwin RCC 855869 Int ous ad ion of testiitem containing AH111501 and pyruvate up to dose volumes of 5

screen test in the rat. n ects on the behavior of male Wistar rats when evaluated in a

reen test.
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Study Title Study No. Results Summary
Cardiovascular assessment in anaesthetised dogs of B101026 One female dog died after recei he first dose of 126 mg/kg bw pyruvate. This animal had
pyruvate administered at high injection rates. received ~4.5 times as muc barbital and more than 1.6 times as much fentanyl per hour

the other dogs. The heavy dose of anesthetic was thought to have

inish the effects on
art rate and to a lesser degree the effect on pulmonary arterial

ations of pyruvate and lactate were corrected for pre-dose levels before
etic analysis. There was no statistically significant difference in Cmax or AUCtot

yruvate data indicated that Cmax deviated negatively from proportionality in the 1.4
ml/kg bw dose group. AUCtot increased proportionally with dose. Dose-normalized lactate data
dicated that Cmax and AUCtot deviated positively from proportionality in the 1.4 ml/kg bw dose
up. Due to the individual variation in data, the biological significance of these findings is not
known.
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Study Title Study No. Results Summary
Mechanistic study of effects of 500 mM pyruvate on B101031 A drop in arterial blood pressu observed after pyruvate injections. Data from administration
the cardiovascular system in anaesthetised male of hypertonic and isotonic indicate that the drop was caused by peripheral vasodilation
dogs. and that the vasodilatio sed in part by the osmolarity of the test article and in part by a
metabolite of pyruva tic acid. Pyruvate caused no negative effect on the heart’s
pumping activity. ffect of pyruvate on the pulmonary circulation, the observed
increase in pul s a reflex of an increased cardiac output. Pyruvate was
c workload, the maximum increase (40% for 2 ml/kg)
ring everyday activities (meals, postural changes,
enous pressure was observed after 2.0 ml/kg bw
ects on pulmonary tissue fluid balance and
Effects of rapid intravenous administration of a Porsolt and filtered test item caused similar effects. In doses of 4.3 and 5.7
mixture of natural abundant pyruvic acid and 15 mM | 06.075/5 a non-significant, transient and slight increase in arterial blood
AH111501 dissolved in TRIS/EDTA dissolution (B101036) se was preceded by a non-significant, weak and transient reduction
medium on the cardiovascular function in the ely after administration. Heart rate was increased compared to
telemetered dog. inistered in doses of 4.3 and 5.7 ml/kg. The increases for 5.7

articles. The test articles did not significantly modify the QTc interval (Fridericia’s and
formulae) as compared with physiological saline. When compared with baseline, a

ening was observed (Fridericia’s) at 4.3 and 5.7 ml/kg and for the test article and at
filtered test article. This lengthening was mainly ascribed to the delay in the QT-

tation to the sudden variation of heart rate.
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Study Title Study No. Results Summary
Safety pharmacology study of hemodynamic effects Porsolt Pyruvate caused an acute dos dent peripheral vasodilation triggering a reduction in systemic
of a mixture of natural abundant pyruvic acid and 15 06.076/6 arterial blood pressure, refl ycardia and an increase in cardiac output. dP/dtmax was decreased
mM AH111501 dissolved in TRIS/EDTA dissolution (B101037) at the same time as the ood pressure was reduced. Left cardiac work was unchanged for
medium after intravenous administration in the about the first minut ith test item but increased acutely after injection of filtered test
anesthetized dog. ure and pulmonary artery blood pressure increased. After
essure, dP/dtmax, left cardiac work and stroke volume was
output was due to the increase in myocardial
. Cerebral blood flow increased moderately. The PR
as heart rate peaked. The QTc (van de Water’s
inistration.
Evaluation of a mixture of natural Porsolt est item did not provoke pathological clinical symptoms or

abundance pyruvic acid and AH111501 dissolved in
TRIS/EDTA dissolution medium on EEG and behaviour
in the conscious dog.

Safety pharmacology study of hemodynamic effects
after intravenous administration in the anesthetize
dog of a mixture of natural abundant pyruvic acid a
15 mM AH111501 dissolved in TRIS/EDTA dissolution
medium with AH111501 subsequently removed by

solid phase extraction

06.210/5
(8101039)

e occasional symptoms observed were of a non-specific nature,
and after substance administrations and could not be attributed to

ipheral vasodilation, triggering dose dependent acute decreases in systemic arterial

e and compensatory increases in heart rate. An acute onset and prolonged increase in
as observed. Left cardiac work increased immediately after administration. The

30 s) for this parameter was like the increase observed for the respective saline
hen considering the measured effects as change from baseline, peak effects compared to
ate saline control and AUC for the duration of the peak (where available) compared to
the appropriate saline control the effect level for this study was 2.1 ml/kg bw. The dose of 1.4 ml/kg
caused only minor, though statistically significant, peak effects in systemic arterial blood

ssure, left-ventricular end-diastolic pressure dP/dtmax, heart rate and QTcV when compared to
the saline volume control. The effects were considered to be within normal physiological variation
and the dose was considered to be No-Observed-Adverse-Effect—Level (NOAEL) for the study.
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Study Title \ Study No. \ Results Summary
Pharmacokinetic Studies
Study of Distribution and Excretion of [1- B101003 After IV injection of sodiu pyruvate, radioactivity was rapidly distributed throughout the

14C]Pyruvate in Male Sprague-Dawley Rat

body. A dose of 56 mg s
blood concentration

uvate/kg (including both [1-13C] and [1-14C] pyruvate) resulted in a
corresponding to 8.9% id (85.5 pg pyruvate equivalents/g

blood) at 30 s pos . i lume of distribution was estimated to 677 ml/kg, indicating
distribution of rable to total body water.
The highest post dosing was found in the pancreas. Relatively

, liver, adrenals, heart muscle and the small and

yruvate equivalent concentration of 34.5 pg/g. The elimination rate in
in post dosing corresponded to a half-life of 1.5 min. The highest
found in muscle and skin tissue. At 1 min post dosing, the recovery in

ed air. At 120 min post dosing, radioactivity corresponding to 63% id was recovered in
ecause of the formation of *CO..
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Study Title

Study No.

Results Summary

Study of Distribution and Excretion of [1-14C]
pyruvate in Male Sprague-Dawley Rats - follow-up of

study B101003

B101018

At 15 min post dosing, the hig
contents, bone mineral tiss
liver, small and large int
concentrations were
concentrations decre

ioactivity concentrations were found in urinary bladder
pancreas, whereas relatively high concentrations were found in
I, bone marrow and salivary glands. The lowest radioactivity
spinal cord, white fat and testes. The radioactivity

The total reco
id) at 15 min to 7 . The major elimination route was through exhaled air. At 24 h post

e wash water). The amount of radioactivity in the urine bladder
very calculations, assuming a residual urine volume of

tudy is considered to give a satisfactory description of the biological fate of [1-
ollowing intravenous injection in rats.

Toxicology Studies

An expanded acute dose toxicity study with
intravenously injected AH111501 dissg
pyruvate in male and female rats

Expanded acute dose intraveno
AH111501 dissolved in *C-pyruva

H111501 in 500 mM pyruvate at 1784 mg pyruvate/kg.
NOAEL mg/kg body weight.

There were no treatment-related adverse effects in male or female Beagle dogs receiving acute

travenous injections of these dose levels of AH111501 dissolved in 3 C-pyruvate.

AEL 446 mg/kg body weight.

Toxicokinetic analysis showed rapid transformation of 3C-pyruvate to 3C-lactate, with a peak
concentration of 13C-lactate at 3 minutes post dosing.
The elimination half-life of 3C-pyruvate and 3C-lactate was 6.4+0.9 and 6.4+0.6 minutes,
respectively. No biologically significant differences in systemic exposure between male and female
animals were observed.
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Study Title Study No. Results Summary
An expanded acute dose toxicity study with B101040 There were no treatment-rela erse effects in male or female rats receiving acute intravenous
intravenously injected AH111501 in 250 mM pyruvate injection of 250 mM [1-13C e and 0.43 mg/ml AH111501 in 100 mM TRIS/EDTA dissolution
dissolved in 100 mM TRIS/EDTA in Sprague Dawley
rats
An expanded acute dose toxicity study with B101044 e effects in male or female rats receiving acute intravenous
intravenously injected parapyruvate in male and
female rats NOAEL 1216
An expanded acute dose toxicity study with B101046 There we in male or female rats receiving acute intravenous
Intravenously injected AH112615 (PA-TRIS) in male injection o
and female rats NOAEL 1400
Parapyruvate/Lactone in TRIS Solution: Expanded B101065 ted adverse effects in male or female rats receiving single intravenous

Acute Dose Toxicity Study in the rat

Local tolerance study with AH111501 dissolved in *2C-
pyruvate in Rabbits

s of rats
issolved in 13C

Micronucleus test in bone marrg
treated intravenously with AH11
pyruvate

TNO 5612/08
(8101013)

tis induced a minimal local inflammatory response in one out
attered single cell necrosis and infiltration with granulocytes,

jection in the paravenous area induced a moderate local inflammatory response in
r cases, generally consisting of hemorrhages, scattered single cell necrosis and
granulocytes, macrophages and monocytes.

o signs of test item-related local adverse effects

igns of eye irritation were observed.

ication: No signs of skin irritation

500 mM [1-13C] pyruvate and 0.85 mg/ml AH111501 in 200 mM TRIS/EDTA dissolution medium did
t produce chromosomal damage or damage to the mitotic spindle apparatus in the bone marrow
icator cells in male rats.

Mixture of 500 mM [1-13C] pyruvic acid'e
AH111501 sodium salt dissolved in TRIS/ED
dissolution medium: Detection of DNA damag
blood of treated rats using the Comet assay

500 mM [1-13C] pyruvate and 0.85 mg/ml AH111501 in 200 mM TRIS/EDTA dissolution medium did
not induce DNA damage in the blood of rats treated with up to 1784 mg pyruvate/kg/day on two
consecutive days, when analysed 3 h after the last dose administration.

78 |Page




Hyperpolarized Pyruvate (13C) Injection

Investigator's Brochure

Study Title Study No. Results Summary
Parapyruvate/ lactone in TRIS solution: induction of Covance Parapyruvate/lactone in TRIS s did not induce micronuclei in the polychromatic erythrocytes
micronuclei in the bone marrow of treated rats (GLP) | 2789/10/(B1 | of the bone marrow of mal eated up to the dose of 200 mg/kg (the maximum practicable

01064) dose) following both 24 ur sampling.

Formulation containing 557 uM AH111501 and 500 Covance 500 mM [1-13C] pyruy, /ml AH111501 in 200 mM TRIS/EDTA dissolution medium did
mM 13C Pyruvate (AH110896) in 200 mM TRIS: 2570/03 i uiring strains (TA98, TA100, TA1535, TA1537 and TA102) of
Reverse Mutation in five Histidine requiring strains of | (B101043) r the conditions of this study. These conditions included
Salmonella typhimurium the absence and in the presence of a rat liver
Formulation containing 557uM Covance in 200 mM TRIS/EDTA dissolution medium
AH111501 and 500 my 3C Pyruvate (AH110896 in 2570/04 phoma cells when tested under the
200 mM TRIS): Mutation at the Thymidine Kinase (tk) | (B101045) conditions emplo udy. These conditions included treatments up to toxic concentrations

Locus of Mouse
Lymphoma L5178Y Cells (MLA) using the Microtitre®
Fluctuation Technique

rat liver metabolic activation system (S-9) and up to approximately 5000
nd presence of S-9. The mutagenic activity following 3-hour

Parapyruvate: Reverse mutation in five histidine
requiring strains of Salmonella typhimurium

Covance

d at amounts up to 5000 pg/plate, in the absence and in the presence
etabolic activation system (S-9).

Parapyruvate: Mutation at the Thymidine Kinase (tk
Locus of Mouse Lymphoma L5178Y Cells (MLA) using
the Microtitre® Fluctuation Technique

g not induce mutation at the tk locus of L5178Y mouse lymphoma cells when tested

phoma cells when tested under 24-hour treatment conditions in the absence of S-9 up to
toxic concentrations. However, as increases in mutant frequency were only noted at a concentration
ere marked changes in osmolality occurred, it cannot be determined from this study data
ether these results are due to true mutation induction or physiological effects of increases in
osmolality.
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Study Title Study No. Results Summary
AH112615: Reverse mutation in five histidine Covance AH112615 did not induce mu five histidine-requiring strains (TA98, TA100, TA1535, TA1537
requiring strains of Salmonella typhimurium 2570/07 and TA102) of Salmonella t rium when tested under the conditions of this study. These
(B101047) conditions included trea amounts up to 5000 pg/plate, in the absence and in the presence
of a rat liver metaboli
AH112615: Mutation at the Thymidine Kinase (tk) Covance AH112615 did no he tk locus of L5178Y mouse lymphoma cells when tested
Locus of Mouse Lymphoma L5178Y Cells (MLA) using | 2570/08 y. These conditions included treatments up to 5000
the Microtitre® Fluctuation Technique (B101048) absence and presence of a rat liver metabolic
AH111501: Reverse mutation in five histidine Covance -requiring strains (TA98, TA100, TA1535, TA1537
requiring strains of Salmonella typhimurium 2570/10 nder the conditions of this study. These
(B101055) at amounts up to 5000 pg/plate in the absence and in the presence
AH111501: Mutation at the Thymidine Kinase (tk) Covance tation at the tk locus of L5178Y mouse lymphoma cells when tested
Locus of Mouse Lymphoma L5178Y Cells (MLA) using | 2570/11 itions employed in this study. These conditions included
the Microtitre® Fluctuation Technique (B101056) independent experiments, in the absence and presence of a rat
). AH111501 induce mutation at the tk locus of L5178Y mouse
nder 24-hour treatment conditions in the absence of S-9, up to toxic

Parapyruvate/ lactone in HCl solution: Reverse
mutation in five histidine requiring strains of
Salmonella typhimurium

lactone in HCl solution did not induce mutation in five histidine-requiring strains
TA1535, TA1537 and TA102) of Salmonella typhimurium when tested under the
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Results Summary

showed evidence of mutagenic activity when tested in the
owever, following 3-hour treatment, the increase was

icity (<10% RTG Relative Total Growth), a decrease in pH of >1 unit
mOsm/kg. Furthermore, following 24-hour treatments in the
utant frequency (exceeding the GEF Global Evaluation

n analysed, although there was a statistically significant

Parapyruvate/lactone in HCl s
absence of S-9 in this test s
associated only with ext
and an increase in os
absence of S-9, no

ighly toxic concentrations.

1 was not mutagenic in Salmonella

etabolic activation system (S-9).

Study Title Study No.

Parapyruvate/ lactone in HCl solution: Mutation at Covance

the thymidine kinase (tk) locus of mouse lymphoma 2789/9

L5178Y cells (MLA) using the Microtitre Fluctuation (B101063)

Technique

Bacterial reverse mutation test with AH111501 TNO

dissolved in 13C pyruvate V5605/15
(B101014)

Gene mutation test at the tk locus of L5178Y cells TNO

with AH111501 dissolved in 13C pyruvate V5603/08
(B101015)

m ([1-13C] pyruvate formulation) was not mutagenic in this assay.

in the absence of an S9 metabolizing system.
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5.5 Summary of the literature on the effects of pyruvate in animals

Animal experiments have demonstrated various beneficial metabolic effects of sodium pyruvate
(pyruvate) administration, particularly on the heart and during hemorrhagic shock. Pyruvate has
also been shown to have neuroprotective effects, while other studies have indicated that high
doses of hypertonic pyruvate solutions may increase total infarct area following permanent focal
cerebral ischemia, and cause seizures in rodents. Pyruvate administration has also been shown
to protect against toxic effects in liver.

[. [1996] where no toxic
ere found after

ice and rats.

6 sodium pyruvate was

General tolerability to pyruvate was demonstrated in a study by Thor
alterations (changes in blood and urine parameters, organ morpho
intramuscular injections of pyruvate up to 600 mg/day for 30 da
Cardiovascular tolerance to intravenous infusion of 50% calci

serum calcium concentrations were incr t there were no significant
otocol without significant

hemodynamic instability or rhythm disturk ficant changes in
hemoglobin, hematocrit, white blood ce ion of pyruvate was
lative to the controls
Heart rate and blood pre ificant effect of pyruvate on
gas exchange, but a mj g animals, whereas this was

orax model in anesthetized dogs, venous
ported to reduce vascular resistance,

absent in the pyruy,

s ranging from hind limb paralysis, which disappeared
ps, respiratory arrest and death within a few seconds
after thée i al. . The reactions were not seen after injection of 0.25
and 0.5 M p mg/kg bw, respectively).

added as the sole nutrient’to phosphate-Ringer solution. Addition of 5 and up to 10 mM
pyruvate to a Krebs-Henseleit buffer containing 5 mM glucose, 5 U/l insulin and 5 mM lactate
was found to restore ventricular performance following reperfusion in the isolated working-
heart model using hearts from guinea-pig [Blinger et al., 1989]. Infusion of 1 ml/min of 150 mM
pyruvate in the left anterior descending artery in an open-thorax model in anesthetized dogs was
found to increase regional contractility measured as systolic wall thickening in the normal and
the stunned myocardium [Mentzer et al., 1989]. These findings were further explored by Zhou et
al. [1995] in an open-thorax model in the anesthetized pig by cardiac microdialysis. The study
demonstrated that intracoronary infusion of 1 ml/min of 150 mM pyruvate following myocardial
stunning partially restored regional contractility without increasing regional oxygen
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consumption. The infusion was found to increase the regional myocardial phosphorylation
potential as measured by the ratio between creatine phosphate and creatine multiplied by
inorganic phosphate. At 20 min after the end of pyruvate infusion these parameters had
returned to pre-treatment values. Administration of pyruvate was found to significantly reduce
infarct size following 60 min occlusion of the left anterior descending coronary artery in the
anesthetized pig, compared to saline-treated animals [Kristo et al., 2004]. Pyruvate (300 mg/ml)
was administered as an IV bolus of 100 mg/kg bw followed by intra- arterial infusion of 10
mg/kg/min, with treatment initiated 30 min before occlusion and continued during ischemia, or
extended throughout 60 min after reperfusion. There were no differences in heart rate, mean
arterial pressure or coronary blood flow between the groups before occlusion and forupto 3 h
after reperfusion. Arterial blood pH, hematocrit, Pco,, Po,, Na+, K+, C
were also similar across the groups. The effects of intravenous py
in an open-thorax model of cardiac arrest (5 min) and cardiop
anesthetized dogs [Sharma et al. 2005]. Pyruvate was infusi
during 5 min of resuscitation and for 25 min following re

HCO3 concentration
have also been studied
resuscitation in

that the pre-treatment alleviated inacti metabolic enzymes (e.g.,
ing arrest in part by

2y mechanisms of ischemic brain injury. When sodium pyruvate
0 min after induction of permanent cerebral ischemia, doses of
to increase survival and reduce neurological deficits when

administration of pyrd these doses did not affect infarct volume. Pyruvate at a dose of 1000
mg/kg bw was, in the same study, found to increase neurological deficits and total infarct volume
when administered 30 min before infarction. A study comparing IP and IV administration of
sodium pyruvate following transient (1 h) and permanent focal cerebral ischemia in the rat
demonstrated protective effects when pyruvate administration was started 30 min after
reperfusion or occlusion [Yi et al. 2007]. Doses of 62.5-250 mg/kg bw reduced infarct volume in
both stroke models compared to saline-treated animals when administered IP and against
transient ischemia when administered IV. In the permanent occlusion model only doses of 125
and 250 mg/kg reduced the infarct volume.

Pyruvate at 500 mg/kg bw showed little protective effect. The neuroprotective effect was also
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present when 125 mg/kg bw was administered IP at 1 h after permanent occlusion, and the effect
lasted 14 days. Pyruvate-treated animals (125 mg/kg bw) had gained weight at 14 days after
insult whereas saline treated animals failed to regain weight. Pyruvate administration furthermore
preserved motor function compared to sham treated animals, with saline treated animals having
significantly poorer motor function compared to sham. Pyruvate has also been shown to protect
against neurological dysfunction following closed head injury in the rat [Zlotnik et al., 2007]. A 30-
min IV infusion was started 75 min after injury, and doses of 0.1 to 1 mmol/kg bw rat were found
to give an improvement in neurological severity score of approx. 70% at 48 h comparedto 1 h
after injury. Saline-treated animals were also found to recover, but the recovery was slower than
and not as complete as for animals treated with 1 mmol/kg bw pyruvate. In a recent study of
neurological recovery following 5 min of cardiopulmonary arrest and citation in mongrel
dogs, IV infusion of hyperosmotic sodium pyruvate (2 M) reduced Ive stress during infusion,
preserved neurological function at recovery Days 1 and 2 and p d neuronal loss in the
hippocampal CA1 subregion on recovery Day 3 compared to ith 2 M NaCl [Sharma et
al., 2008]. Pyruvate was administered at a rate of 0.125
during 5 min of open-chest cardiac compressions and

lifespan by 10.5% while improving motor function and ared to
mice treated with saline. However, pyruwa to have less positive effects on
the CNS when administered in extrem . al injection of 10 ml/kg bw of

hyperosmotic pyruvate (0.1-5.6 M) in O fore infusion of the seizure-
inducing agent pentylenetetrazol, was fo " tail twitch and clonic
seizures for the pyruvate test articles of 3. . . , respectively) [Gasior
et al., 2007]. These pyr impairment in a high
proportion of the anig

In a model of severe infusion of pyruvate was demonstrated to
increase survival time a lorgan et al. 1999, Morgan et al. 2001]. In

ate of 1 g/kg bw/h for 1 h before, and 0.5
rvival time significantly from approximately

rtex. In a third study in the model [Morgan et al. 2002] using the
2001 study, pyruvate was found to decrease indicators of hepatic

hemorrhagic shock i Ringer’s solution containing 28 mM pyruvate instead of a racemic
mixture of D and L lactate’was found to decrease pulmonary apoptosis when infused IV during 45
min of resuscitation [Koustova et al. 2003].

The administered dose was equal to 3 times the lost blood volume. In the same model the group
[Jaskille et al. 2006] found that this modified Ringer’s solution also protected against an increase
in markers of hepatic apoptosis when compared to conventional lactated Ringer’s solution. In
study of small-volume resuscitation following hemorrhage in sheep [Nascimento et al., 2007], 4
ml/kg bw pyruvate (150 mg/ml) followed by infusion of lactated Ringers’s solution did not
provide any hemodynamic or metabolic benefits over administration of 4 ml/kg bw saline (80
mg/ml).
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Effects of oral administration of pyruvate on the liver have been studied in rats fed ethanol, or a
diet high in fat and ethanol [Stanko et al., 1978]. Oral administration of pyruvate in combination
with dihydroxyacetone (6.6 mg/100 g bw each) was found to protect against increases in the
concentration of esterified fatty acid content in the liver following 10 days ethanol treatment
though the compounds had no effect when administered on their own. Oral administration of
pyruvate in combination with dihydroxyacetone and riboflavin reduced the increases in esterified
fatty acid and triglycerides caused by 30 days of eating a diet high in fat and ethanol. Oral
supplements of pyruvate and calcium pyruvate (10% of energy intake) were given to rats fed
clofibrate was found to inhibit the increase in liver size by 70% and normalized the protein content
of the liver [Stanko et al., 1995]. The results were taken to indicate that pyruvate can prevent
peroxisomal proliferation and free radical formation, thereby inhibiti e radical-induced lipid
peroxidation.

5.6 Summary of adverse events recorded,i ic Network

accordance with the guidance of their re ectlve instituti only obligation they had to GE
Healthcare is to report adverse finding with pyruvate/[1-
C] pyruvate through 2009.

In an explorative animal study performed arch Center in

Niskayuna, USA in 2007, vate via a jugular vein-

catheter. In the stud and diazepam were dosed

with test articles of

paramagnetic agent 3 ly 100 uM. All test articles also contained
about 56 mM sodium h EDTA. These formulations of pyruvate

are differeg

Inje at doses of 6.8 to 11.5 ml/kg and injection rates of 0.2 to 0.3
ml s er (n=11) at doses of 5.7 to 7.7 ml/kg and injection rates of
0.15 t8,0:83 ml/s, or via the i : rough a catheter (n=8) at doses of 4.5 to 11.0 ml/kg and
injection s 0f 0.1t0 0.2 There was no physiological monitoring of the animals. Both the

he central arterial (carotid) injections with or without the electron
)|lerated, even though the actual injection rates were 2 to 6 times

: mended rate according to current good practice [Diehl et al., 2001].
Five animals received | venous (jugular) injection of pyruvate containing the electron
paramagnetic agent, and*three of these rats died. During dosing these rats were in the MRI machine
and it was thus not possible to monitor them closely. In order to study the time-course from start of
injection to death, six rats were closely observed during jugular vein injection of pyruvate without
the electron paramagnetic agent. In two of these animals, breathing stopped within 2 to 3 seconds
of the start of the injection. Death was established based on lack of pulse and pale paws and eyes.
No personnel with a toxicological background were consulted in advance of the study and,
accordingly, the examination and collection of organs was not considered. No adverse findings were
observed in the remaining four rats. Due to experimental procedures employed the findings were
not considered relevant for safety considerations for the suggested clinical use.
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Since this occurrence GE Healthcare pro-actively monitored all sites that licensed the
hyperpolarizer technology through 2009. There were a total of 21 sites globally, all of which
have provided reports highlighting the number of experiments performed and, where
appropriate, adverse events. As of October 2009, 3620 injections of various exploratory
formulations of pyruvate/[l—BC]pyruvate have been given to 1805 animals (including 12 dogs,
21 pigs and 1772 rats and mice). Out of the 1772 rodents, 39 died following administration of
pyruvate. There were no incidences of adverse events in dogs or pigs in the 13C Academic
Network.

The deaths were discussed with the respective centers and were believed to be due to one, orin

most cases a combination, of the following reasons:
a) Problematic animal handling (e.g., poorly controlled anes , body temperature, etc.)
b) Inappropriate formulations, particularly low or high p insufficient
neutralization and/or buffering, and hypotonic test arti
c) Inappropriate injection procedures, such as a cogili
rates and/or injection volumes as well as accide
d) The use of animal models of disease wher
higher incidence of events

ly high injection

rely altered physiolog leadto a

It was noted that the deaths commonly occur during th of research at th
(first 6 months), when the centers are g
[1—13C]pyruvate. In the initial research

injection volumes, injection rates, and i

ding inappropriate

It is believed that none of the 39 incidence injecti pyruvate in these
animal studies give cau i g C perpolarized (13C) Pyruvate
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6. EFFECTS IN HUMANS
6.1 Beneficial effects of pyruvate infusions in patients

Pyruvate is reported to have several beneficial effects in humans when administered at
supraphysiological concentrations. It appears to hold promise as a safe, effective ionotropic
agent for treatment of hearts that have been reversibly injured (stunned) by
ischemia/reperfusion stress. Pyruvate enhancement of cardiac function may result from one or
more of the following mechanisms: increased cytosolic ATP phosphorylation potential and Gibbs
free energy of ATP hydrolysis, enhanced sarcoplasmic reticular calcium ion uptake and release,
decreased cytosolic inorganic phosphate concentration, oxyradical sc ing via direct
neutralization of peroxides and/or enhancement of the intracellul thione/NADPH
antioxidant system, and/or closure of mitochondrial permeabili sition pores (for review,
see Mallet [2002]). Pyruvate infusion in patients with alcoholi se has also shown good
uired to redress

be well tolerated by patients with chrg up to 86 g/day, and the
beneficial effect of the treatment on t 1 nt [Mateva et al., 1996;

mg/min, 6 h) on the s dai g 8 h) on the 2"9to 5™ days, and 72 or 86.4 g
The first 3 infusions of sodium pyruvate

jusea, singultus, discomfort, and fever were rarely observed. No
was found during the study. As expected, the pyruvate blood

he infusions, but the values returned to the reference ranges

o significant changes in blood glucose levels were found.
Increased initial seru e values (mean 1.66 mmol) were found, but this result was, according
to the authors, possibly €onditioned by the severity of the disease and was not considered to
represent a tendency toward increased serum lactate as such; one day after the last infusion the
initial level was restored.

In the study by Thorn et al. [1996], sodium pyruvate was infused intravenously (54 or 64 g/day, 150
or 180 mg/min) for 3 days in 12 volunteers (1 healthy person and 11 persons with chronic liver
disease). Examinations including liver enzymes, bilirubin, total protein, albumin, prothrombin time
tests and specific tests (galactose tolerance), serum and urine contents of pyruvate, lactate, glucose,
and sodium were measured daily before and after infusion. Side-effects were facial flush, thirst,
headache, increased pulse rate and blood pressure, and dizziness. Abdominal pain, vomiting,
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retrosternal oppression, muscle pain, back pain, mild peripheral edema were occasionally observed.
Blood pyruvate and lactate increased significantly after each infusion and decreased to the reference
values on the next morning. It is concluded that pyruvate infusions were well tolerated despite some
side-effects, probably depending on the severity of the liver and other diseases.

In a pilot study to investigate the therapeutic effectiveness of sodium pyruvate infusions in
patients with alcoholic liver disease, seven patients were infused intravenously for 15 days with 50
or 54 g/day of sodium pyruvate (100 mg/min) [Petkova et al., 2000]. Further, 8 patients were
treated for 10 days with 54 g/day sodium pyruvate (150 mg/min in 6 h) on the 1%t day, and 72 or
86.4 g/day (150 or 180 mg/min in 6 — 8 h) on the 2" to 10™ days. Three subjects dropped out of
the study; 2 subjects because of phlebitis in the infusion vein (possib result of the injection
of sodium and the hyperosmolarity of the infusion solution) and ct due to ascites and
peripheral edema. During the study, 69% of the infusions wer rated and 26% very well
tolerated. Increases in pulse rate and blood pressure within
could be explained by the sodium- and volume-loading.

Serum activities of alanine aminotransferase, asp ncentrations of
total bilirubin significantly decreased after treat clinical tests
including creatinine, hemoglobin, hematocrit, an d and no

abnormalities in energy metabolism as we
alterations in the structure of the heart. H ied¥ i eased rates of
glycolysis and overall glug ilization, but Yate € ion do not rise in step with

Were investigated. Pyruvate (150
y at 370 ml/h for 15 min, then at 740

dbserved. The effects of pyruvate may especially help failing
at energy starvation contributes to myocardial failure.

infusion. No side-¢
hearts, on the assumf

One fatal outcome in a 9-year-old boy with the diagnosis restrictive cardiomyopathy is reported
[Matthys et al., 1991] after performance of the pyruvate loading test [Dijkstra et al., 1984; Van
Erven et al., 1987a; Van Erven et al., 1987b; Van Erven et al., 1989; Trijbels et al., 1988], which is
recommended in the diagnosis of mitochondrial enzyme deficiency. After overnight fasting a
locally-prepared intravenous infusion of sodium pyruvate (0.5 g/kg bw) was given over 10 min.
Since cardiac monitoring was not done, it is unclear whether the cause of death was asystole,
ventricular fibrillation, or an abrupt fall in blood pressure. Lactate/pyruvate ratios were normal,
but it is concluded that a sudden and severe increase in lactate concentration (10.4 mmol after 5
min and 9.7 mmol after 12 min) was probably not tolerated in this child with cardiomyopathy.
Another patient with clinical and neuroradiological evidence of Leigh’s syndrome had normal blood
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concentrations of lactate and pyruvate but, after intravenous injection of pyruvate, values of
lactate and pyruvate increased by 3 and 5 standard deviations, respectively, confirming the
diagnostic usefulness of this test in screening for defects of pyruvate metabolism [Matthys et al.,
1991]. The authors recommend that the test should not be done when cardiac function is
decreased.

6.3 Clinical studies with Pyruvate Injection

Two clinical studies in healthy humans have been completed, one in 36 healthy male and female
volunteers (GE-101-001) and one in 30 elderly male and female volun (GE-101-003). The

studies were conducted in accordance with the Declaration of Helsi d Good Clinical Practice
(GCP).

6.3.1 i ing-dose study to

this phase 1 dose-escalating study up te 40 ml/70-kg eer (i.e., up to 12.6 mg/kg

anaesthetized dog adi short-lasting but significant reductions in
blood pressure and )

safety of Pyruvate Injection in a dose-
g bw) in healthy adult male and female

d into 6 dose groups; the 6th dose group was a repeat of the
0.43 ml/kg dose (i.e? dose-group dose). Each group contained 6 subjects (4 received
Pyruvate Injection and2ipeceived placebo). Doses from 0.07 to 0.57 ml/kg bw of a 250 mM
formulation of Pyruvate Injection were intravenously injected at a rate of 5 ml/second. At the
highest dose-level, subjects received 12.6 mg/kg bw of pyruvate and 2.6 ug/kg bw of EPA. The
study commenced at the lowest dose of 0.07 ml/kg bw (5 ml for a 70-kg subject) and the highest
dose was 0.57 ml/kg bw (40 ml for a 70-kg subject). The choice of doses was initially guided by
limitations in the maximum volume (~50 ml) of hyperpolarized Pyruvate Injection that can be
produced for future imaging studies using the special equipment built for this purpose.

The subjects randomized to receive placebo were given an intravenous injection of Sodium
Chloride Solution for Infusion (0.9% w/v) at an injection rate of 5 ml/second and at a volume that
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corresponded with the volume of Pyruvate Injection administered in each dose group.

Blood samples for pharmacokinetic assessments were collected at baseline and at various time
points up to 15 minutes after drug administration. Safety assessments including baseline signs and
symptoms, adverse events (AEs), physical examinations, clinical laboratory tests (serum
biochemistry, hematology, and urinalysis), vital signs (heart rate, systolic and diastolic blood
pressures, respiration rate, body temperature, and oxygen saturation), and 12-lead ECGs were
performed at various time points pre- and post-administration. In addition, the site of injection
was monitored for evidence of local and regional reactions. Changes after administration of
Pyruvate Injection were compared to changes after administration of placebo. Safety data up to
and including the 2-day post-injection assessment were reviewed bef; roceeding to the next
dose level. During the study, safety assessments were performed bserver who was blinded
to the nature (placebo or Pyruvate Injection) of the injection.

Increasing to the next dose level occurred after the safety d vious dose level had
been thoroughly evaluated by the sponsor and the pri th agreed that it
was safe to continue with the next dose. The study e sponsor after
completion of dosing for the 0.57 ml/kg dose gro ious AEs in 2

pressure and heart rate in subject 001-0030) that the

concerning and related to the administration of Pyruvate . These events occurred in 2 of

the 4 subjects in that dose group who Pyruvate Inj The sponsor decided not to
proceed with the planned dose escalat I/kg. The p | was amended to repeat the
0.43 ml/kg dose group in place of the planned 0. confirm that 0.43 ml/kg
was as well tolerated in a second placebo- rolled lunteers as it was in the

first one. Additional safe itoring was considere ed unnecessary.

Medicina

oduct (Pyruvate Injection and Placebo)

PA) Placebo®

EPA Dose No. of No. of

(ug/kg bw) Subject Subjects
0.3 4 2
0.7 4 2
1.3 4 2
2.0 4 2
2.6 4 2
2.0 4 2

in volume; EPA = electron paramagnetic agent.
Sodium Chloride Solution for Infusion (0.9% w/v).

bw = body weig
equivalent volum@
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Demographics

Summary Statistics for Baseline Demographic Characteristics by Treatment Group

Dose Group
Pyruvate Injection
0.07 0.14 0.28 0.43 0.57
ml/kg ml/kg ml/kg ml/kg ml/kg Placebo
Variable N=4 N=4 N=4 N=8§ N=4 N=12
Gender Male 1 (25%) 1 (25%) 1 (25%) 3 (38%) 2 (50%) 4 (33%)
Female 3 (75%) 3 (75%) 3 (75%) 2 (50%) 8 (67%)
Race Caucasian 4 (100%) | 4(100%) | 4 (100%) 4 (100%) | 12 (100%)
Age Mean 27.5 30.0 21.5 23.5 26.3
(Years) SD 5.74 6.06 1.73 4.94
Range (min-max) 21-35 22-36 22-26 22-37
Weigh Mean 73.5 65.3 67.8 70.6
t (kg) SD 20.87 6.85 13.50 12.03
Range (min-max) 51-101 51-94
Height Mean 169.3 169. 169.8
(cm) SD 11.0 7.4 8.77
Range (min-max) 160-185 159-17 158-192
BMI Mean 25.23 24.39
(kg/m*) | SD 4.02 3.17
Range (min-max) | 19.9- 19.2-27.2 | 19.4-259 | 20.4-30.3

BMI = Body mass index
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Adverse events

Summary of All AEs by Treatment Group, Causality, Intensity, Seriousness, rawals and Deaths

0.07 0.14 0.28 IPlacebo
ml/kg N =4 ml/kg N =4 ml/’kg N=4 N=12
Subjects | AEs Subjects AEs Subjects Subjects AE
with an n with an n with an AEs with an sn
AE n AE n AEn n AE n
(%) (%) (%) (%)
Any AE’ 0 (0%) 0 3 (75%) 4 4 (100%) 5 3 (75%) 3 (25%) 6
Causality”
Related 0 (0%) 0 2 (50%) 3 3 (75% 5 (63% 3 (75%) 13 1 (8%) 1
Not related 0 (0%) 0 1 (25%) 1 1 (259 0 (0%) 3 (75%) 3 3 (25%) 5
Intensity”
Mild 0 (0%) 0 3 (75%) 4 4 (100%) (75%) 12 3 (25%) 6
Moderate 0 (0%) 0 0 (0%) 0 (0%) (50%) 3 0 (0%) 0
Severe 0 (0%) 0 0 (0%) 1 (25%) 1 0 (0%) 0
Serious AEs 0 (0%) 0 0 (0%) 0 (0%) 0 0 (0%) 0
Withdrawals 0 (0%) 0 0 (0%) 0 (0%) 0 0 (0%) 0
due to AE
Deaths 0 (0%) 0 0 (0%) | 0 (0%) 0 0 (0%) 0

N = Total number of subjects in that treatment group.
* Subjects may have experienced moze
® Subjects are counted once for eae
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Overall, 18 subjects (50%) experienced a total of 41 AEs. Of the 24 subjects given Pyruvate
Injection, 15 subjects (63%) experienced 35 AEs. Of the 12 subjects given placebo, 3 subjects
(25%) experienced 6 AEs. No SAEs or deaths were reported and no subjects were withdrawn due

to AEs.

Similar numbers/percentages of AEs were reported across the Pyruvate Injection dose groups,
with the exception of the 0.57 ml/kg dose group where a clearly increased number and
percentage of total AEs was reported and some safety concerns were raised (see below).

Summary of AE Duration, Intensity, Relationship to Investi
Product, and Outcome, by Treatment Group

tional Medicinal

Time from
Adverse Subject | Serious | Injection Duratio Relationshi
Event Numbe (ves/mo) | to Onset of AE Intens to IMP QOutcome
0.14 ml/kg Pyruvate Injection
Feeling hot 001-0007 | No 0 min Mild ted Resolved
Dry mouth 001-0007 | No 0 min n Mild Su Resolved
Dizziness 001-0008 | No 1 h 18 min in Mild Not s d | Resolved
001-0009 | No 0 min Suspecte Resolved
0.28 ml/kg Pyruvate Injection
Feeling hot 001-0013 | No in 5s ild Suspected Resolved
001-0014 | No <1 min ild Suspected Resolved
Flushing 001-0016 | No <1 min Suspected Resolved
Pharyngo- 001-0017 | No min in Not suspected | Resolved
laryngeal pain | 001-0017 | No 17 min Mil Not suspected | Resolved
0.43 ml/kg Pyruvate Injection
Feeling hot 15s Suspected Resolved
Micturition 15s s ild Suspected Resolved
urgency
Dysgeusia S Mild Suspected Resolved
Flushing in Mild Suspected Resolved
Mild Suspected Resolved
1 min 40 s | Mild Suspected Resolved
50s Mild Suspected Resolved
14 s Mild Suspected Resolved
15s Mild Suspected Resolved
Mild Suspected Resolved
0.57 m
Feeling I5s I min45s | Mild Suspected Resolved
abnormal
Dizziness 15s 10h9 Mild Suspected Resolved
min 45 s
Unresponsive 15s 30s Moderate | Suspected Resolved
to stimuli
Migraine 001-0026 | No l1day2h 3h Mild Not suspected | Resolved
40 min
Hypoesthesia | 001-0028 | No 5 min 5 min Mild Not suspected | Resolved
001-0030 | No lday14h | 7h Mild Not suspected | Resolved
Feeling hot 001-0028 | No 0 min 2 min Mild Suspected Resolved
Dysgeusia 001-0028 | No 0 min 2 min Mild Suspected Resolved
001-0028 | No 49 min 6 min Mild Suspected Resolved
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Summary of AE Duration, Intensity, Relationship to Investigational Medicinal
Product, and Outcome, by Treatment Group

Time from
Adverse Subject | Serious | Injection Duration Relationship
Event Numbe (ves/mo) | to Onset of AE Intensity | to IMP QOutcome
Fatigue 001-0028 | No 6h20min | 8h Mild Suspected Resolved
Flushing 001-0030 | No 0 min 1 min Mild Suspected Resolved
001-0030 | No 20 s 30s Severe Suspected Resolved
Heart rate 001-0030 | No 1 min 1 min Moderate | Suspected Resolved
increased 001-0030 | No 6 min 4 min Moderate | Suspected Resolved
BP increased | 001-0030 | No 1 min 3 min Mild Suspected Resolved
BP diastolic 001-0030 | No 5 min 1 min Mi Suspected Resolved
increased
Placebo
Catheter site 001-0011 | No 40 min 10 min Not suspected | Resolved
pain
Dizziness 001-0011 | No 12 h 10 min Resolved
Injection site | 001-0011 | No UNK Not resolved
hematoma
Pharyngo- 001-0020 | No 13 h 40 min Not resolved
laryngeal pain
Oral herpes 001-0025 | No 8 h 20 min Resolved
Dysgeusia 001-0025 | No Oimin i i Suspected Resolved
h = hour; min = minute; s = second;
All 6 AEs in placebo subjects were mild i the 35 AEs in the Pyruvate
Injection subjects were mild in intensity a
There was 1 AE of severe_ig ity in the 0. ion dose group; subject 001-0030
experienced flushing v WE i stigational medical product
(IMP).
A total of 30 AEs (73%) > : ) the IMP, 29 of 35 AEs (83%) in the Pyruvate

hing and feeling hot were reported only in subjects
as mainly reported in subjects receiving Pyruvate
g that these events are linked to the administration of Pyruvate

Injection (4 of 5 AEs) indid

Injection.

Thirty-nine (95%) o that were reported resolved before the final follow-up. The 2 AEs
that did not resolve (i on site hematoma in subject 001-0011 and pharyngolaryngeal pain in
subject 001-0020) were reported in the placebo group and were not suspected to be related to IMP.

Treatment was given for 3 AEs; subject 001-0026 (0.57 ml/kg Pyruvate Injection dose group) took
Naproxen for migraine, subject 001-0011 (placebo group) took paracetamol for dizziness, and
subject 001-0025 (placebo group) took acyclovir for oral herpes. None of these events was
suspected to be related to the IMP given.

The investigator raised safety concerns over some of the AEs reported in the 0.57 ml/kg dose
group:
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Subject 001-0026 was a 51-kg, 21-year-old female with no history of allergy. When, soon after
administration of Pyruvate Injection, the investigator asked if the subject was feeling OK, the
subject was ‘unresponsive’ for approximately 30 seconds and could not answer the question.
The subject recovered quickly and reported having experienced an ‘odd feeling’. The investigator
classified this as a non-serious AE that was related to Pyruvate Injection.

Subject 001-0030 was a 67-kg, 26-year-old female with no history of allergy. Soon after
administration of Pyruvate Injection, the subject started gasping and her face became flushed.
Afterwards she reported feeling a sensation of something touching her throat (not constriction).
The subject’s heart rate rose from a stable baseline value of 58 bpm t bpm at 1 minute post-
injection, declined to 61 bpm at 2 minutes post-injection, and rose 0 109 bpm at 6 minutes
post-injection (data from ECG recordings). The subject’s blood p e also rose (particularly
diastolic blood pressure) but not to an alarming level. When de the severity of her
symptoms on a scale of 1-5, the subject graded the facial flu e throat feeling
(coded as ‘flushing, severe’) as 5. The investigator clas erious AEs that
were related to Pyruvate Injection.

In addition, subject 001-0028 in this dose group ex related
to Pyruvate Injection, including feeling hot, dysgeusia i did not
raise any concern at the time.

In order to assess the AEs in the 0.57 0 ssified as related to IMP and
to facilitate a safety discussion, the blind i r to database lock. These
were subject 001-0025 (placebo), and subjects 1-0030 (all received

Pyruvate Injection).

The study was temp

enrolled into the study, 18 subjects (50%) experienced a total of
of 24 subjects (63%) in the Pyruvate Injection dose groups

d 3 out of 12 subjects (25%) in the placebo dose groups

e majority of AEs were mild in intensity (37, 90%). No deaths,

SAEs or withd Is due to AEs occurred during the study.

° Similar numbers/percentages of AEs were reported across the Pyruvate Injection dose
groups, with the exception of the 0.57 ml/kg dose group where a clearly increased
number of AEs were reported and some safety concerns were raised. Although none of
these events was considered to be an SAE, the sponsor decided not to proceed with the
next planned dose level (0.71 ml/kg). The 0.43 ml/kg dose group was repeated and this
dose was confirmed as well tolerated in a second cohort of healthy volunteers.

° A total of 30 of 41 AEs (73%) were suspected to be related to IMP; 29 of 35 AEs

9 |Page



Hyperpolarized Pyruvate (13C) Injection
Investigator's Brochure

(83%) in the Pyruvate Injection dose groups and 1 of 6 AEs (17%) in the placebo
group. Since neither the subjects nor the safety observers were aware of which IMP
had been given, this indicates that many of the events suspected of being related to
Pyruvate Injection were truly related to the administration of this IMP.

° The most frequently reported individual AEs were flushing (6 subjects, 7 AEs), dizziness
(5 subjects, 5 AEs), and feeling hot (5 subjects, 5 AEs). Flushing and feeling hot were
reported only in subjects receiving Pyruvate Injection and dizziness was mainly reported
in subjects receiving Pyruvate Injection (4 out of 5 AEs) indicating that these events are
linked to the administration of Pyruvate Injection.

° Among the subjects in the 0.07 to 0.43 ml/kg dose grou
throughout the follow-up period for all parameters, i
signs and ECG. No clinically important trends or sa

e was overall stability
clinical laboratory, vital

heart rate was ~90 or more when changes in

correction; therefore, these as being clinically significant.
° No SAEs occurred during the s ous AEs that occurred
during the study were mild in in ved spontaneously

rum biochemistry,
ed overall stability and no

bjects in whom compensatory baroreflexes are expected to be
al ageing. This assessment is of particular interest as the target

Throughout the study, sefum biochemistry, hematology, urinalysis, vital signs and ECG variables
showed overall stability and no dose-related tendencies. No clinically important trends or safety
signals were noted.

While it is apparent that the percentage of AEs attributed to IMP is higher in subjects given
Pyruvate Injection than those given placebo, most of these events (e.g., flushing, dysgeusia, and
dizziness) were mild, short-lasting symptomatic reactions that are commonly reported after
intravenous injection of 10 ml or more of other types of contrast agents, e.g., those used for X-ray
and MRI examinations. Therefore, this difference does not raise any concerns.
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6.3.2 A phase 1, placebo-controlled, randomized, ascending-dose study to
assess the safety and tolerability of Pyruvate Injection in elderly
male and female volunteers (GE-101-003)

The primary objective of this study was to determine the safety of Pyruvate Injection in a dose-
ascending manner (0.14, 0.21, 0.28, 0.36, and 0.43 ml/kg body weight [bw]) in elderly male and
female volunteers, starting with the lowest of the 5 dose levels and using appropriate placebo-
treated controls.

The study was conducted at the phase 1 unit: Clinical Research Services Turku (CRST), Turku,
Finland.

The safety and tolerability of 5 ascending doses of Pyruvate Inj ere evaluated. Thirty
subjects were enrolled into 5 dose groups. Each group contaj ts (4 received Pyruvate
Injection and 2 received placebo). Doses from 0.14 to 0.4 mM formulation of
Pyruvate Injection were intravenously injected at a rat . ighest dose-

had been properly evaluated by the Sponsor and the prin stigator and both agreed that it
safety findings at the lower

assessments were performed by an observer who was
Pyruvate Injection) of the injection.

Dose Groups @ aitional Medicinal Product and Placebo

Pyruvate Injéction (250 mM Pyruvate + 3 uM EPA) Placebo’
Dose Dose Dose Pyruvate Dose | EPA Dose No. of No. of
Group | (ml/kg bw) (ml/70 kg) (mg/kg bw) (ug/kg bw) Subject Subjects
1 0.14 10 3.1 0.7 4 2
2 0.21 15 4.6 1.0 4 2
3 0.28 20 6.3 1.3 4 2
4 0.36 25 7.9 1.7 4 2
5 0.43 30 9.4 2.0 4 2

bw = body weight; w/v = weight in volume; EPA = electron paramagnetic agent.
= equivalent volume of saline: Sodium Chloride Solution for Infusion (0.9% w/v).
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Demographics

Summary Statistics for Baseline Demographic Characteristics by Treatment Group

Dose Group
Pyruvate Injection
0.14 0.21 0.28 0.36 0.43
ml/kg ml/k ml/k ml/kg ml/kg Placebo

Variable N=4 g g N=4 N=4 N=10
Gender Male 2(50%) | 2(50%) | 3 (75%) 2 (50%) 3 (75%) 3 (30%)

Female 2(50%) | 2(50%) 1 (25%) 1 (25%) 7 (70%)
Race Caucasian — Not 4 (100%) | 4 (100%) | 4 (100%) 4 (100%) | 10 (100%)

Hispanic or
Age Mean 62.0 65.5 62.0 67.5 64.7
(Years) SD 3.37 3.11 4.12 7.76

Range (min-max) 60-67 64-72 60-86
Weigh Mean 76.5 71.8
t (kg) SD 16.94 14.58

Range (min-max) 61-94 58-100
Height Mean 172.3 169.5
(cm) SD 12.97 7.56

Range (min-max) 156-185 154-168 157-183
BMI Mean 26.93 24.25 24.85
(kg/m’) [ 'SD 1.758 3.753

Range (min-max) 21.6-25.5 19.9-31.8

N = Total number of subjects in that treatme
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Summary of All AEs by Treatment Group, Causality, Intensity, Seriousness, Withd

als and Deaths

Pyruvate Injection
0.14 0.21 0.28 0.43 Placebo
ml/kg ml/kg ml/kg ml/kg N=10
No. of No. of No. of No. of No. of
Subjects Subjects Subjects Subjects Subjects
with an with an with an ith an with an
AE No. of AE No. of AE No. of AE No. of
n (%) AEs n (%) AEs n (%) AEs n (%) AEs
Any AE’ 1 (25%) 4 1 (25%) 1 3 (75%) 3 1 (10%) 2
Causality
Related 1 (25%) 2 1 (25%) 1 2 (50%) 2 1 (10%) 1
Not related 1 (25%) 2 0 (0%) 0 3 1(25%) 1 1 (10%) 1
Intensity
Mild 1 (25%) 3 1 (25%) 1 3 (75%) 3 1 (10%) 2
Moderate 1 (25%) 1 0 (0%) 0 0 (0%) 0 0 (0%) 0
Serious AEs 0 (0%) 0 0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0
Withdrawals 0 (0%) 0 0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0
due to AE
Deaths 0 (0%) 0 0 (09 0 (0%) | 0 (0%) 0 0 (0%) 0

N = Total number of subjects in that treatment gro
* Subjects may have experienced more than 1 AE.
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Overall, 11 subjects (37%) experienced a total of 17 AEs. Of the 20 subjects given Pyruvate Injection,
10 subjects (50%) experienced 15 AEs. Of the 10 subjects given placebo, 1 subject (10%) experienced
2 AEs. No SAEs or deaths were reported and no subjects were withdrawn due to AEs.

Summary of AE Duration, Intensity, Relationship to Investigational Medicinal
Product, and Outcome, by Treatment Group

Time
from Relation-
Adverse Subject Serious Injection | Duration ship to
Event Numbe (ves/no) to Onset of AE IMP Outcome
0.14 ml/kg Pyruvate Injection
Dyspepsia 001-0004 | No 7 min 43 min Suspected | Resolved
Dysgeusia 001-0004 | No 12 min 3 min Suspected | Resolved
Diarrhea 001-0004 | No 8h 35 min | 16 min Resolved
Injection 001-0004 | No 9 h 20 min Resolved
site edema
0.21 ml/kg Pyruvate Injection
Dysgeusia | 001-0010 [ No |55 Resolved
0.28 ml/kg Pyruvate Injection
Medical 001-0014 | No 7 h 40 min esolved
device site suspected
reaction
Dizziness 001-0016 | No Not Resolved
suspected
Headache 001-0018 Not Resolved
suspected
0.36 ml/kg Pyruvate
Headache 001~ Not Resolved
suspected
001- Not Resolved
suspected
Erectile Not Resolved
i suspected
Suspected | Resolved
Suspected | Resolved
5h 10 min | 1 min Mild Not Resolved
suspected
Flushing 10 s 5s Mild Suspected | Resolved
Placebo
Injection Immediate | 1 min Mild Suspected | Resolved
site coldness
Somnolence | 001-0023 | No 4h40min | 2h Mild Not Resolved
suspected

d = day; h = hour; min = minute; s = second.

All but 1 of the AEs (16 of 17 AEs) was mild in intensity. One AE was of moderate intensity.

A total of 7 AEs (41%) were suspected to be related to IMP, 6 of 15 AEs (40%) in the Pyruvate
Injection dose groups and 1 of 2 AEs (50%) in the placebo group. The proportion of subjects
experiencing AEs classified as related to IMP appeared to be slightly higher in the 0.43 ml/kg dose
group (50% of the subjects) than in the other groups (0.14 ml/kg: 25%, 0.21 ml/kg: 25%, 0.28
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ml/kg: 0%, 0.36 ml/kg: 25% and placebo: 10%).

All AEs resolved before final follow-up. Treatment was given for 2 AEs. Subject 001-0014 was
given hydrocortisone for a medical device site reaction and subject 001-0018 was given
ibuprofen for a headache. An additional subject contact was arranged for subject 001-0004
(injection site edema). No safety concerns were raised over any of the AEs.

Safety conclusions

ienced a total of
ection dose groups

° Of the 30 subjects enrolled in the study, 11 subjects (37%) e
17 AEs. Of these, 10 out of 20 subjects (50%) in the Pyruv
experienced 15 AEs and 1 out of 10 subjects (10%) in t cebo dose group
experienced 2 AEs. All but 1 of the AEs was mild in i 94%). No deaths, SAEs
or withdrawals due to AEs occurred during the stu Es (41%) were

atic reactions that are
or more of other types of

° There was overall stablllty throug
including serumJieehemistry, he ital s ad ECG variables. No
clinically imp

Overall safety c0

; o dose-related tendencies. No clinically important trends or
safety signals were

While it is apparent that the percentage of AEs attributed to IMP is higher in subjects given
Pyruvate Injection than those given placebo, most of these events (e.g., dysgeusia, feeling hot,
pharyngeal discomfort and flushing) were mild, short-lasting symptomatic reactions that are
commonly reported after intravenous injection of 10 ml or more of other types of contrast
agents, e.g., those used for X-ray and MRI examinations. Therefore, this difference does not
raise any concerns.
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6.3.3 A Phase 1/2, Metabolic Imaging of patients with prostate cancer
using hyperpolarized [1-13C]pyruvate (NCT01229618)

The primary objective of this study of the hyperpolarized [1-13C]pyruvate performed at UCSF
(Nelson, 2013), was to demonstrate the safety and feasibility of hyperpolarized [1-13C]pyruvate
(HP-[1-13C]pyr) injections in men with prostate cancer. The safety of hyperpolarized [1-13C]pyr
injection was assessed in a dose-ascending manner (0. 14, 0.28, 043 ml/kg body weight), six
patients at each dose, see Table below. After establishing the maximum of dose level (0.43 ml/kg
body weight), the second phase of the study was to refine MR methods as to evaluate the kinetics
of delivery to the prostate and assess differences in [1-13C]lactate/[1-13C]pyruvate for regions of
cancer versus other tissues in 13 patients.

Table 5. Summary of study design NCT 01229618.

I got Study Component

Phase 1: Dose escalation

1D dynamic MRSI

2D MRSI
Phase 2: Refining MR metho 2D dynamic MRSI

2D MRSI

3D MRSI

The study was cont i nia, San Francisco (UCSF). 31 eligible patients
> d prostate cancer, no significant history of
gan function. Each received a multi-

at each d@se: three to monitor the kinetics of delivery and three to
of metabolism in tumor versus other tissues. Three dose levels
or 0.43 ml/kg actual body weight of 250 mM pyruvate solution).
Patients underV i s electrocardiogram monitoring during and for 10 min after the
injection, as well 3 e, 1 hour, and 2 hours after the injection. Clinical monitoring was
undertaken for 2 ho er injection, with clinical and laboratory assessments performed at 24
hours and 7 days.

The hyperpolarized [1-13C]-pyruvate was produced under aseptic conditions using a DNP polarizer
located in a clean room adjacent to the 3 T MR scanner. The formulation comprised [1-
13C]pyruvate (22.0 mg/ml), sodium (4.1mg/ml), tris (12.1mg/ml), EDTA (0.1 mg/ml), and tris{8-
carboxyl-2,2,6,6-tetra[2-(1-methoxyethyl)]benzo(1,2-d:4,5 d)bis(1,3)dithiole-4-yl}methyl (radical)
(4.6 mg/ml) in sterile water for injection. All components were manufactured according to current
Good Manufacturing Practices and were provided in sterile single-use packaging by GE Healthcare.
After dissolution and neutralization, column filtration removed the EPA, passed the hyperpolarized
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agent through a 0.22-mm sterile filter and collected it in a drug product vessel. The automated QC
system provided by GE Healthcare required 3 ml for testing. An investigational pharmacist
monitored the process and released the sample for injection if it met the specifications defined in
the IND: pH in the range of 6.7-8.0, temperature in the range 25-37°C, polarization not less than
15% and residual EPA concentration no higher than 3.0 pg. The drug product vessel was then
transferred to the scan room and the appropriate volume drawn into a syringe for manual
injection.

For the 31 samples injected into patients, the average polarization was 17.8% (range, 15.9 to 21.1),
pH was 7.6 (range, 7.3 to 8.0), temperature was 32.4°C (range, 28.8 to 36.4), and volume was 51.9
ml (range, 31.9 to 53.5). QC criteria were defined as follows: polariz to be not less than 15%,
pH in the range of 6.7 to 8.0, sample temperature in the range of 37°C, and residual EPA
concentration no higher than 3.0 mg. The dissolution took an e of 17.8 s (range, 5 to 30), the
QC process 13.1 s (range, 10 to 19), delivery through the h can room 21.8 s (range, 11

to 30), and injection 14.9 s (range, 6 to 28). Overall, this ga 67.6 s (range, 43 to 88)
to deliver the agent to the subject. The mean injecti ts studied at each
dose were 11.8 ml (range, 10 to 14), 26.8 ml (ran , 29 to 46), with
mean injection times of 8.5 s (range, 6 to 10), 1 nge, 1 to 28),

respectively. Variation in injection times reflecte i as well asin
the time for drawing the material from the drug pro ming the
manual injection.

ays to check for evidence of adverse events.
erse events in eighteen patients, see tTable

gain, none of them were considered dose-limiting toxicities (DLTs).
The single ep : izzi hat was seen in one patient during phase 2 was attributed to extra

agent. There was o
attributed to an enema

de of grade 2 diarrhea reported in the phase 2 component, which was
at the patient received.
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Table 6. NCT01229618. Observed adverse events and grade

Study Dose n n n Symptom reported n Grade
component | level patients | patients | events events
(ml/kg) total with total
events

Phase 1 0.14 6 3 3 Orange urine

Pharmaceutical smell

Pruritus

0.28 6 2 2 Cold sensation with injection

Dysgeus storted taste)

0.43 6 3

Phase 2 0.43 13 5

Dizziness*

Fatigue

=]

=

-

[¢]

o

-

oo

72}

-

(¢]

g
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* On independent review attributed to G

laced, and the patient was positioned in a
ic imaging, the 1H body coil was used for

prising a scout, sagittal, and axial T2-weighted fast spin echo
ollowed by 13C signal calibration that used the signal from a sealed
standard hous ithi g endorectal coil containing 600 pl of 8 M 13C-urea. Once the
appropriate sca Tyl ad been defined, the operators in the clean room started the
dissolution. If the s3 satisfied the tests imposed by the QC system and the pharmacist who
was monitoring the study gave their approval, the formulation was injected into the patient at ~5
ml/s and 13C data were obtained.
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13C receive coil

'H receive coil

D

Agen‘t in : ) L Agentin
pol?réz;r Dissolution QC system Hatch Injection patient
at 1.

17.8s 1315 218s

Figure 4. 3C coil setup and the schematic steps for the dgli rized [1-13C]pyruvate.

(A to C) 13C transmit coil (A) and endorectal 1H/13 i iring data. The
location of the coils is outlined on (A) and (B), w oil being seen
in (C). The dimensions of the elements in the end i i i with the
total length of the coil being 12 inches. (D) Steps inv i i ized agent
from the polarizer to the patient, and

are developed in UCSF. Arrays of spectra
Lorentzian function in the time domain and

2as of spectral peaks were estimated and used to generate
ps of the time course of changes in [1-13C]lactate and [1-
ays and metabolite images were directly correlated with anatomic

prostate cancer we ied as areas with concordant positive TRUS-guided biopsy and MRI
abnormality within thé®same sextant of the prostate. Visual comparisons of the locations of regions
with elevated lactate/pyruvate on the 13C images were made with the results from the MR staging
examination using anatomic images from the two studies as a reference to see whether similar
regions were identified as having abnormalities. For voxels where the SNR of the dynamic data was
sufficient, the curves of lactate and pyruvate were fit with the two-compartment model that was
developed and applied in previous preclinical studies.

The purpose of the 1D spatially localized dynamic data was to establish the time course of delivery

of the agent. The acquisition provided spectra from an axial slab that covered the prostate and
surrounding tissues and applied echo planar encoding from slices in the right-left direction at a 3-s
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time resolution starting at the end of the injection from a 36- to 60-mm axial slice encompassing
the prostate. Echo planar localization was applied in the right-left direction at 10-mm resolution
and with echo time (TE)/repetition time (TR)/flip angle of 2 ms/3 s/10°. These dynamic data
demonstrated reproducible delivery of hyperpolarized [1-13C]pyruvate to the prostate and its
conversion to hyperpolarized [1-13C]lactate. Representative 1D dynamic 13C spectra are shown
below:

N
o

B [0] LDH Prostate cancer region Contralateral prostate region

o £\

0 NADH NAD*

OH

e
3 B
S &

Pyruvate Lactate m——pmm | actate

=g Pyruvate
Cancer Pyruvate Y

~
]

75
Lactate

25 25
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Signal to noist

Figure 5. 1D 13C dynamic MRSI data: Images are fro

obtained from the same patient in (A) at 3§
(bottom). The cancer spe

pyruvate and lacta he sli ped the region of prostate cancer. (D) Plot of 1D
localized dynamic h e data from the slice that overlapped a
contralateral region o

specially designed
was 3/125 ms. Repre

gave a flip angle of 10° for pyruvate and 20° for lactate. The TE/TR
ative 2D dynamic 13C spectra are shown below:
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hypointensity can be seen on the T2- consistent with the biopsy findings.
(B to D) 2D localized dynamic hyperpolg ] -13C]lactate from spectral data
that were acquired every 5 s from voxel

111 |Page



Hyperpolarized Pyruvate (13C) Injection
Investigator's Brochure

Axial T, image b 4 T, image + RH spectral grid T, image + LH spectral grid

S
y

wc RH array
o mail

rum PSA of
ade 3 + 3 pros ancer and
I/kg). The axial T2-weighted

| arrays show voxels with
ted in pink) on both the

ed. A 3D array of spectra was obtained from
e encodes and 18 echo planar frequency

solution were driven by differences in the size of the
of the region of tumor. The acquisition time was 8 to 12 s, and it
of the injection. Representative 3D single-point 13C MRSI are

started 25
shown below:

after the ¢
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serum PSA of 4.5 ng/ml, was originally diagnosed
prostate cancer, and received the highest dose of
Upper panel: axial T2-weighted images and corresp
tumor highlighted by pink shading. A region of tumor
arrows), as well as on ADC images and

putative
ages (red
elatively high hyperpolarized [1-
s that had been observed on the

Figure 9. Patient’s ive 3D single—time point MRSI data: The axial T2-weighted images
and overlays of hyper ed [1-13C]lactate/[1-13C]pyruvate. All three of patients had biopsy-
proven Gleason grade 3 + 3 prostate cancer and received the highest dose of hyperpolarized [1-
13C]pyruvate (0.43 ml/kg). Patient B had a current PSA of 5.1 ng/ml, patient C had a PSA of 9.8
ng/ml, and patient D had a PSA of 1.9 ng/ml.
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6.4 Literature reported studies

6.4.1 Hyperpolarized 13C Metabolic MRI of the Human Heart: Initial
Experience (NCT02648009)

In this report by Cunningham (2016) four healthy subjects underwent conventional proton cardiac
magnetic resonance imaging followed by 3C imaging and spectroscopic acquisition immediately
after intravenous administration of a 0.1 mmol/kg dose of hyperpolarized [1-:C]pyruvate. All
subjects tolerated the procedure well with no adverse effects reported <1month post procedure.
The [1-'3C]pyruvate signal appeared within the chambers but not within the muscle. Imaging of the
downstream metabolites showed *3C -bicarbonate signal mainly confj o the left ventricular
myocardium, whereas the [1-13C]lactate signal appeared both wi e chambers and in the
myocardium. The mean 3C image signal:noise ratio was 115 fo yruvate, 56 for 13C -
bicarbonate, and 53 for [1-13C]lactate.

e of 13C -bicarbonate
in this healthy
is feasible using

These results represent the first 13C images of the hu
signal after administration of hyperpolarized [1-13
cohort (n=4). This shows that assessment of pyru
current technology.

ate was readily de
etabolism in vivo in hu

6.4.2 i tic Resonance Imaging

: rogen Ablation Therapy
This report by Aggarwal ating the metabolic response to
androgen deprivatio A patient with metastatic

prostate cancer wa 3 after initiation of ADT. The baseline scan, with
markedly elevated |ac 1ing voxels. The post therapy scan

demonstrated nearly co
the ability ofghiP onses before such a response can be
ascertg S g aphic criteria cordant with these findings, the patient

6.4.3 \ ifyi ormal human brain metabolism using hyperpolarized
ate and magnetic resonance imaging

This report by Grist (2 udied the cerebral metabolism of intravenously injected hyperpolarized
[1-13C]pyruvate in the'rain of healthy human volunteers for the first time. Dynamic acquisition of
13C images demonstrated 13C-labeling of both lactate and bicarbonate, catalyzed by cytosolic
lactate dehydrogenase and mitochondrial pyruvate dehydrogenase respectively. This demonstrates
that both enzymes can be probed in vivo in the presence of an intact blood-brain barrier: the
measured apparent exchange rate constant (kPL) for exchange of the hyperpolarized 13C label
between [1-13C]pyruvate and the endogenous lactate pool was 0.012 _ 0.006 s and the apparent
rate constant (kPB) for the irreversible flux of [1-13C]pyruvate to [13C]bicarbonate was 0.002 -
0.002 s*. Imaging also revealed that [1-13C]pyruvate, [1-13C] lactate and [13C]bicarbonate were
significantly higher in gray matter compared to white matter. Imaging normal brain metabolism with
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hyperpolarized [1-13C]pyruvate and subsequent quantification, have important implications for
interpreting pathological cerebral metabolism in future studies.

6.5.4 Non-Invasive In Vivo Assessment of Cardiac Metabolism in the
Healthy and Diabetic Human Heart Using Hyperpolarized 13C MRI

This study by Rider (2020) recorded changes in cardiac metabolism in the healthy and diseased
human heart in participants with and without type 2 diabetes (T2DM).

Methods and Results: Thirteen people with type 2 diabetes (HbAlc 6.9+1.0%) and 12 age-matched
healthy controls underwent assessment of cardiac systolic and diastoli ction, myocardial
energetics (31P-MRS) and lipid content (1H-MRS) in the fasted sta subset (5 T2DM, 5 control),
hyperpolarized [1-13C]pyruvate MR spectra were also acquired five of these participants (3
T2DM, 2 controls), this was successfully repeated 45 minute ral glucose challenge.
Downstream metabolism of [1-13C]pyruvate via pyruvat H, [13C]bicarbonate),
lactate dehydrogenase ([1-13C]lactate) and alanine tr. i ine) was assessed.

noninvasively detect and quantify metaba i olism in the human heart in
the setting of cardiovascular disease.

6.4.5 ve ass¥ ent of intertumoral

al cell carcinoma

This report by Abeye 9) describes a single case of breast cancer imaged using HP-MRI
alongside correlative c¢ tional imaging, including breast MRI. This young female with extensive
Grade two ductal carcinoma. Her diagnostic work up included all the standard investigations and
highlighted the importance of a multimodality approach to accurately map the anatomical extent of
disease. The addition of HP-MRI to this case provided proof-of-concept for non-invasive in-vivo
metabolic assessment of human breast tumor and the potential of identifying aggressive cancers.
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6.4.7 Hyperpolarized MRI of Human Prostate Cancer Reveals Increased
Lactate with Tumor Grade Driven by Monocarboxylate Transporter
1

This report by Granlund (2019) studied a cohort of 12 biopsy proven prostate cancer patients with C-
13 pyruvate hyperpolarized MRI, assessing their pyruvate metabolism and the reproducibility of
delivery. The time to max of pyruvate does not vary significantly within patients undergoing two
separate injections or across patients. They show that lactate increases with Gleason grade. RNA
sequencing data demonstrate a significant increase in the predominant pyruvate uptake transporter,
monocarboxylate transporter 1. Increased protein expression was also gbserved in regions of high
lactate signal, implicating it as the driver of lactate signal in vivo. Tar DNA sequencing for
actionable mutations revealed the highest lactate occurred in patj ith PTEN loss. Therefore,
this work identifies a potential link between actionable genomj ions and metabolic
information derived from hyperpolarized pyruvate MRI.
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7. SUMMARY DATA AND GUIDANCE FOR THE INVESTIGATOR
7.1 Nonclinical Safety Information

A nonclinical program has been performed in which the safety of both pyruvate and AH111501
(Electron Paramagnetic Agent; EPA), the 2 novel drug product components of Pyruvate Injection,
has been demonstrated. The program included expanded acute-dose studies in Sprague-Dawley
rats, from which the No-Observed-Adverse-Effect-Levels (NOAEL) were estimated as 892 mg/kg bw
for pyruvate and 17 mg/kg bw for AH111501. In an expanded acute-dose study in beagle dogs, the
NOAEL for pyruvate was 446 mg/kg bw and 8.5 mg/kg bw for AH111501. The cardiovascular effects
of formulations of pyruvate were studied in both conscious and pent ital/fentanyl-
anaesthetized dogs. The conscious dog was considered the most r t model for extrapolating

a 250 mM formulation (equal to 31 mg/k 01 was qualified in a separate
toxicology program and the lowest NG as 8. 95 mg for a 70-kg subject).

safety and tolerability of a 250 mM formulz J jecti aining 3 uM AH111501
(EPA) (i.e., 22.0 mg/ml of g .6 Ig ’ ay human male and female

om the nonclinical studies in conscious and
hould be paid to the possibility of mild

cardiovascular effects o6 en Pyruvate Injection was administered
rapidly at | eart rate) and anaesthetized dogs
(vasod istically significant reductions in blood

eral beneficial effects in humans when administered at
supraphysiologica r s (reviewed and discussed in Section 6). It appears to hold
promise as a safe, e i otropic agent for treatment of hearts that have been reversibly
injured (stunned) by is ia/reperfusion stress. Pyruvate enhancement of cardiac function may
result from one or more of the following mechanisms: increased cytosolic ATP phosphorylation
potential and Gibbs free energy of ATP hydrolysis, enhanced sarcoplasmic reticular calcium ion
uptake and release, decreased cytosolic inorganic phosphate concentration, oxyradical scavenging
via direct neutralization of peroxides and/or enhancement of the intracellular glutathione/NADPH
antioxidant system, and/or closure of mitochondrial permeability transition pores (for review, see
Mallet [2002]). Pyruvate infusion in patients with alcoholic liver disease has also showed good
therapeutic effectiveness, possibly due to the rapid gain of ATP and GTP, required to redress
defective cells, and to the antioxidant action of pyruvate [Petkova et al., 2000]. However, in all the
studies reported, various formulations of pyruvate have been injected at substantially lower rates
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and generally much higher overall doses than will be applied in the current and subsequent studies
with Pyruvate Injection.

7.3 Possible Adverse Effects

As with all clinical studies with unregistered investigational medicinal products that have been
tested in a limited number of human volunteers previously, study personnel must continue to
remain vigilant for the occurrence of adverse events (AEs), particularly those that may be life-
threatening. Personnel who are trained in the acute management of anaphylaxis and other
emergencies and who have access to appropriate clinical supplies an ipment must be
immediately available while the subject is confined to the clinical s nit. Treatment of
serious AEs should be primarily supportive of vital functions.

The data from the nonclinical studies in conscious and anae dicated that special
attention should be paid to the possibility of mild cardi ing, like those
reported when Pyruvate Injection was administere nscious dogs

(increases in heart rate) and anaesthetized dogs ( t-lasting but

In the 2 placebo-controlled, ascending-dose clinical studi ns that have been performed
GE-101-001 and GE-101-003), a
total of 66 subjects were evaluated for i Injection and 22 received

placebo. In study GE-101-001, doses up t > ion were assessed. The
study was temporarily stopped by the spo i for the 0.57 ml/kg dose
group due to the occurrengegef.non-serious ¥ esponsiveness’ in subject 001-
0026 and “flushing’ ac eart rate in subject 001-0030)

ning and related to the administration of
4 subjects in that dose group who received

that the principal i
Pyruvate Injection.

withdrawn due to AE s in the placebo subjects were mild in intensity. Forty-five (90%)
of the 50 AEs in the Pyruvate Injection subjects were mild in intensity and 4 (8%) were
moderate in intensity. The AE of severe intensity (flushing) and 3 of those of moderate intensity
(2 cases of increased heart rate and 1 of unresponsiveness to stimuli) occurred in the0.57 ml/kg
dose group and were suspected to be related to Pyruvate Injection. The other ‘moderate’ event
was dyspepsia in a subject that received the 0.14 ml/kg dose of Pyruvate Injection. A total of 37
AEs (64%) were suspected to be related to IMP, 35 of 50 AEs (70%) in the Pyruvate Injection
dose groups and 2 of 8 AEs (25%) in the placebo group. Since neither the subjects nor the
safety observers were aware of which IMP had been given, this indicates that many of the
events suspected of being related to Pyruvate Injection were truly related to the administration
of this IMP. The most frequently reported individual AEs were flushing (6 subjects, 7 AEs),
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dizziness (6 subjects, 6 AEs), dysgeusia (4 subjects, 5 events) and feeling hot (5 subjects, 5 AEs).
Flushing and feeling hot were reported only in subjects receiving Pyruvate injection, and
dizziness and dysgeusia were mainly reported in subjects receiving Pyruvate Injection (9 out of
11 AEs), indicating that these events are in most cases linked to the administration of Pyruvate
Injection. Throughout both studies, serum biochemistry, hematology, urinalysis, vital signs and
ECG variables showed overall stability and no dose-related tendencies. No clinically important
trends or safety signals were noted.

A phase 1 study on hyperpolarized [1-13C]pyruvate injection was completed in 31 subjects with
prostate cancer (NCT01229618). This was an ascending-dose study to access the safety and
tolerability and imaging potential of hyperpolarized [1-13C] pyruvate tion via 13C imaging (13C
MRI) and 13C MR spectroscopic imaging (13C MRSI). Three dose | hyperpolarized [1-
13C]pyruvate (0.14 ml/kg, 0.28 ml/kg and 0.43 ml/kg) with a mj of 6 patients at each dose

level were administered via single IV injection followed by ns. The first 3 subjects
underwent dynamic 13C MRI to define the kinetics of delie m of hyperpolarized [1-
13C]pyruvate. The second 3 subjects underwent 13C i i nal (3-D) spatial

information about metabolism of hyperpolarized [ prostate with and
without cancer involvement. In phase 1 of the stu events in
eighteen patients. These were all considered mild e
Terminology Criteria for Adverse Events (CTCAE) v4.0.c ia. pyruvate
(0.43 ml/kg) was selected for further stue nal-to-noise ratio (SNR) of
re were an additional 10 events

The single episode of dizziness that was seen\i 2 i 2 was attributed to extra
dosing of atenolol, which was used by the pXi than the hyperpolarized

njection up to 0.43 ml/kg were equally well tolerated by young
and elderly hea ale volunteers and there was no evidence of the types of

es soon after injection in conscious and anaesthetized dogs
(described above in S .3). Based on these findings, it is justified to assess the safety and
imaging characteristics 8hyperpolarized Pyruvate Injection in future clinical studies in patients
with proven prostate cancer.

While it is apparent Pyruvate Injection-related AEs such as flushing, feeling hot, dysgeusia, and
dizziness can be expected to occur in future studies, most of these events will present as mild in
intensity, short-lasting symptomatic reactions. Moreover, these types of events are commonly
reported after intravenous injection of approximately 10 ml or more of other types of contrast
agents, e.g., those used for X-ray and MRI examinations.
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