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Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is an autosomal recessive disorder caused by
mutations in the nuclear TYMP gene, which encodes for thymidine phosphorylase, an enzyme required for the normal
metabolism of deoxynucleosides, thymidine, and deoxyuridine. The subsequent elevated systemic concentrations of
deoxynucleosides lead to increased intracellular concentrations of their corresponding triphosphates, and ultimately
mitochondrial failure due to progressive accumulation of mitochondrial DNA (mtDNA) defects and mtDNA depletion.
Currently, there are no treatments for MNGIE where effectiveness has been evidenced in clinical trials. A Phase 2, multi-
centre, multiple dose, open label trial without a control will investigate the application of erythrocyte-encapsulated
thymidine phosphorylase (EE-TP) as an enzyme replacement therapy for MNGIE. Three EE-TP dose levels are planned
with patients receiving the dose level that achieves metabolic correction. The study duration is 31 months, comprising 28
days of screening, 90 days of run-in, 24 months of treatment and 90 days of post-dose follow-up. The primary objectives
are to determine the safety, tolerability, pharmacodynamics, and efficacy of multiple doses of EE-TP. The secondary
objectives are to assess EE-TP immunogenicity after multiple dose administrations and changes in clinical assessments,
and the pharmacodynamics effect of EE-TP on clinical assessments.
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| 1. Introduction

Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is a fatal and rare autosomal recessive disorder of
nucleotide metabolism caused by mutations in the nuclear thymidine phosphorylase gene (TYMP), which encodes
cytosolic thymidine phosphorylase, the enzyme required for the normal metabolism of pyrimidine deoxynucleosides,
thymidine, and deoxyuridine W&, pathogenic variants in TYMP result in a complete or partial absence of thymidine

phosphorylase activity (<10% of healthy unaffected individuals), leading to an accumulation of thymidine and deoxyuridine
in tissues and body fluidsEI4IBIEIEIE]

Elevated systemic concentrations of these deoxynucleosides lead to increased intracellular concentrations of their
corresponding triphosphates. This perturbs the physiological equilibrium of the deoxynucleoside triphosphate pools within
the mitochondria, thereby interfering with the normal replication of mitochondrial mtDNA, leading to multiple deletions,
somatic point mutations and depletion of mtDNA EIEBILALL  and yltimately mitochondrial failure BISIEL |t is believed that
the consequent failure of cellular energy production directly causes the cardinal clinical manifestations through damage to
the nervous and muscular systems.

Patients with MNGIE usually present during the second decade of life, although patients have presented as early as five
months and as late as the fifth decade; the average age at diagnosis is 18.5 yearsitd . The relatively late onset for a
condition present at birth is thought to be due to the progressive accumulation of mtDNA defects, with the disease
becoming apparent once the number of affected mitochondria reaches a critical threshold level. The disease is a multi-
system disorder, and has a characteristic, although by no means universal, clinical presentation. Patients typically present
with gastrointestinal symptoms including early satiety, nausea, dysphagia, gastroesophageal reflux, postprandial emesis,
episodic abdominal pain, episodic abdominal distention, and diarrhoea. These symptoms are secondary to alimentary
dysmotility caused by degeneration of the alimentary autonomic nervous system 2. Patients generally have a thin body
habitus with reduced muscle mass and cachexia. Episodes of frank intestinal pseudo obstruction may occur, and some
patients develop a hepatopathy with liver steatosis and cirrhosis. Progressive external ophthalmoplegia and peripheral



sensorimotor polyneuropathy are invariable. The latter affects the lower limbs initially and is typically demyelinating. On
magnetic resonance imaging (MRI) there is, in the majority of cases, leukoencephalopathy with diffuse increased T2
signal in the deep white matter of the cerebral hemispheres, but this is generally believed to be asymptomatic2!12],

MNGIE is a progressive disease, with patients dying at an average age of 37.5 years, and at present there are no
approved therapies 4. Allogeneic hematopoietic stem cell transplantation (HSCT) offers the possibility of a permanent
correction of the thymidine phosphorylase deficiency. However, it is still highly experimental, carrying a mortality rate of
approximately 63%[3] | Treatment with allogeneic HSCT is limited by the availability of a matched donor, and patients are
often in poor clinical condition with impaired capacity to tolerate transplant related problems and the aggressive
conditioning and immunosuppressive chemotherapy2314l. The administration of HSCT to patients with MNGIE presents
pharmacological challenges in terms of administering drugs with possible mitochondrial toxicity, and the requirement for
parenteral administration due to disturbed gastrointestinal function and impairment of absorption. A published consensus
proposal for standardising an approach to allogeneic HSCT in patients with MNGIE recommends restricting the
recruitment of patients with an optimal donor to those without irreversible end stage diseasell3l14. patients who are
oligosymptomatic are often reluctant to undergo HSCT due to its high mortality risk. Many patients are therefore ineligible
for this treatment option and clinical management is based on symptom relief and palliation. A second experimental
permanent treatment approach for MNGIE is orthotopic liver transplantation. Sustained normalisation of plasma thymidine
and deoxyuridine concentrations have been reported in two patients who received liver transplantation 3. A longitudinal
evaluation of additional transplanted patients, however, is essential to confirm the clinical efficacy of this treatment
approach. There is thus a critical requirement to develop an alternative treatment for these patients which would provide
an expeditious normalization of nucleosides to prevent as much mitochondrial damage as possible.

The Investigational Medicinal Product under investigation in this study is erythrocyte encapsulated thymidine
phosphorylase (EE-TP), which is produced under Good Manufacturing Practice by the ex vivo encapsulation of
recombinant Escherichia coli thymidine phosphorylase into patient’s autologous erythrocytes using an automated red cell
loader device 8. EE-TP is intravenously infused into the patient where it aims to correct the fundamental lesion in
MNGIE by replacement of the deficient thymidine phosphorylase. The rationale for the development of EE-TP is based on
thymidine and deoxyuridine being able to diffuse across the erythrocyte membrane via nucleoside transporters into the
cytosol where the encapsulated enzyme catalyses their metabolism to the normal products, thymine and uracil,
respectively (Figure 1). The products then exit the cell into the blood plasma where they are further metabolised as
normal. It is proposed that regular intravenous (V) administrations of EE-TP to patients with MNGIE will lead to a
sustained reduction or elimination of plasma thymidine and deoxyuridine, leading to a clearance from the cellular
compartments and thus an amelioration of the intracellular deoxynucleotide imbalances. This should prevent further
damage to mtDNA. By relieving the nervous system and muscle of the toxic effects of the accumulated metabolites, EE-
TP aims to arrest and reverse the progression of the clinical disease.

Thymidine/ deoxyuridine
permeate cell membrane
via nucleoside transporters
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Encapsulated thymidine phosphorylase (TP) enter usual metabolic pathway
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Figure 1. Mechanism of erythrocyte encapsulated thymidine phosphorylase (EE-TP) action. Plasma thymidine and
deoxyuridine diffuse across the erythrocyte membrane via nucleoside transporters into the erythrocyte cytosol where the
encapsulated thymidine phosphorylase (TP) catalyses their metabolism to thymine and uracil, which then exit the
erythrocyte to enter the normal metabolic pathways.

EE-TP has the advantage of prolonging the circulatory half-life of the enzyme to that of the erythrocyte half-life (19 to 29
days) and minimising immunogenic reactions, which are often observed in enzyme replacement therapies administered
by the conventional route.



Clinical experience with EE-TP is limited to a proof-of-concept study in a single patient diagnosed with MNGIE and a
compassionate clinical evaluation in 4 patients with MNGIE ARSI EE-TP was well tolerated and reductions in the
disease-associated plasma metabolites, thymidine and deoxyuridine, were observed in all patients. Clinical improvements
were observed in three patients who received long-term treatment, suggesting that EE-TP is able to reverse some
aspects of the disease pathology. Transient, non-serious adverse events were observed in two of the five patients; these
did not lead to therapy discontinuation and were managed with pre-medication prior to infusion of EE-TP.

The aim of this study is to investigate the safety, tolerability, pharmacodynamics, and efficacy of EE-TP in patients with
MNGIE. We hypothesise that treatment with EE-TP will arrest and reverse the progression of the clinical disease. The
study protocol reported here (version 6.0) was written in compliance with the Standard Protocol Iltems: recommendations
for Interventional Trials (SPIRIT) 2013 [20]. The sponsor, St George's, University of London requested scientific
assistance for EE-TP and the current protocol was updated in line with the European Medicines Agency (EMA) advice
provided. The study will be conducted in accordance with the following and all subsequent amendments: i) ICH E6: Good
Clinical Practice: Consolidated guideline Committee for Proprietary Medicinal Products (CPMP)/ICH/135/95 (July 1996),
adopted in the EU by CPMP, ii) European Commission Directive 2001/20/EC (April 2001), iii) European Commission
Directive 2003/94/EC (October 2003), iv) European Commission Directive 2005/28/EC (April 2005), v) Manufacture of
Investigational Medicinal Products: Volume 4, Annex 13 of the EU Guidelines to GMP (February 2010) and vi) The
Medicines for Human Use (Clinical Trials) Regulations 2004 and all subsequent amendments.

Study Synopsis

A Multi-centre, Multiple-dose, Open-label Study to Investigate the Safety,

Title of Stud Tolerability, Pharmacodynamics, and Efficacy of Erythrocyte Encapsulated
itle of Study:
y Thymidine Phosphorylase (EE-TP) in Patients with Mitochondrial

Neurogastrointestinal Encephalomyopathy (MNGIE)

Indication: Mitochondrial Neurogastrointestinal Encephalomyopathy (MNGIE)

Study Centres: The study will be conducted at sites in Europe and Israel.

Development Phase: Il

Primary Objective:

The primary objective is to determine the safety, tolerability, pharmacodynamics
(PD), and efficacy (as measured by weight stabilisation) of multiple doses of EE-TP
manufactured using the red cell loader in patients with MNGIE.

Secondary Objectives:
The secondary objectives are:
Objectives: To assess the immunogenicity of EE-TP after multiple-dose administrations.
To assess changes in clinical assessments.
To assess the PD effect of EE-TP on clinical assessments.
Exploratory Objective:

The exploratory objective is to assess the effects of EE-TP on markers of
mitochondrial condition, In addition, MRI (brain), abdominal ultrasound,
electromyography, and neuro-ophthalmological assessments are exploratory too.

Study Population: Patients with MNGIE



Methodology/
Study Design:

Number of Patients (Planned
and Analysed):

Diagnosis and Main Criteria
for Inclusion:

This will be a multi-centre, multiple-dose, open-label study to investigate the safety,
tolerability, PD, and efficacy of EE-TP in patients with MNGIE. The study will be
conducted in an open-label manner with all patients receiving EE-TP.

A Patient Oversight Committee (POC) will perform ongoing reviews of safety,
tolerability, efficacy and available PD data to ensure the acceptability of continued
dosing, and/or dose progression for each patient. Additional ad hoc POC meetings
may take place to discuss time-sensitive issues, as required.

An Independent Data Monitoring Committee (IDMC) will perform ongoing reviews of
safety, tolerability, efficacy and available PD data at predefined decision points. The
IDMC will also provide recommendations on the need for additional patients,
progression to younger age groups, modifications to the study and dosing after
treatment cycle six in the event of no metabolic correction.

A steering committee comprising representatives of the Sponsor and Chief
Investigator will review reports from the IDMC and POC.

The study will enrol 12 adult treatment-naive patients with MNGIE, aged 18 years
or older at Screening. With IDMC approval, a further four juvenile patients (aged
16-17) will be recruited after at least 24 patient-months exposure to treatment. With
IDMC approval, a further four juvenile patients (aged 12-15) will be recruited after at
least 24 patient-months exposure to treatment in the 16-17 year old patient group.

Screening failures and patients withdrawing from the study may be substituted with
IDMC approval. Patients who have previously received EE-TP on a ‘compassionate
use’ basis may be included in the study, if they meet eligibility criteria; these
patients will be additional and will not be included in the sample size of 12.

The total sample size of 12 adult treatment-naive patients is not based on a formal
statistical assessment, but is dictated by practical considerations mainly due to the
rarity of the condition.

Patients must be aged 18 years or older at Screening and may be male or female
of any race. Following IDMC review of the benefit-risk profile, the age range will be
extended to include (i) patients aged 16 years or older after at least 24
patient-months of exposure in those aged 18 years or over, and (ii) patients aged
12 years or older after at least 24 patient-months of exposure in patients of <18
years of age at the time of enrolment. Patients must be diagnosed with MNGIE by
demonstrating ALL of the following:

<18% normal thymidine phosphorylase (TP) activity in the buffy coat;
>3 pmol/L plasma thymidine;
>5 pmol/L plasma deoxyuridine;

Confirmation of the presence of a pathogenic mutation in the TP gene by
sequencing.



Exclusion Criteria:

Patients who meet any of the following criteria will not be eligible to participate in
the study:

1. Patients who have received a successful liver or bone marrow transplant.
2. Patients suitable for AHSCT.
3. Patients with a matched AHSCT donor.

4. Patients with a known history of human immunodeficiency virus, hepatitis B
infection, or an active hepatitis C infection.

5. Patients who are severely disabled (e.g., patient bed-bound, incontinent, and
unable to carry out any daily activities), or with a life expectancy of less than 12
months at Screening, based on the Investigator’s judgment.

6. Female patients who are:

a. pregnant, planning a pregnancy, or are unwilling to use contraception

b. Breastfeeding or lactating.

7. Patients who have donated blood in the 90 days prior to Screening.

8. Patients with a confirmed red blood cell (RBC) count of <3.0 x 10° per mL.
9. Patients who have a significant history of alcoholism or drug/chemical abuse

within 1 year prior to Screening, as determined by the Investigator.

10. Patients who have an abnormality in heart rate, blood pressure, or body
temperature at Screening that, in the opinion of the Investigator, increases the risk
of participating in the study.

11. Patients who have an abnormality in the 12-lead electrocardiogram (ECG) at
Screening that, in the opinion of the Investigator, increases the risk of participating
in the study.

12. Patients who have, or have a history of, any clinically significant neurological,
gastrointestinal (Gl), renal, hepatic, cardiovascular, psychiatric, respiratory,
metabolic, endocrine, haematological, or other major disorder (except for MNGIE,
or disorders associated with MNGIE that, in the Investigator’s opinion, do not
constitute a risk when taking study drug and would not interfere with the study
objectives) as determined by the Investigator.

13. Patients with any current malignancy, or a history of malignancy within

5 years prior to Screening, with the exception of adequately treated or excised
non-metastatic basal cell or squamous cell cancer of the skin or cervical carcinoma
in situ.

14. Patients who are currently enrolled in, or are planning to participate in, or
discontinued within the last 30 days from a clinical study involving an investigational
medicinal product or concurrently enrolled in medical research judged not to be
scientifically or medically compatible with EE-TP.

15. Patients with any medical condition, which in the opinion of the Investigator,
would make the patient unsuitable for enrolment or could interfere with the patient’s
participation in, or completion of, the study.



Study Medications:

Dose and Regimen:

Duration of Treatment:

All patients will be administered EE-TP by intravenous (1V) infusion. There are
3 planned dose levels:

Dose Level 1 (low dose): ~58 -65 x101° erythrocytes encapsulating 30 to 49 U
TP/10%0 erythrocytes

Dose Level 2 (mid dose): ~58 -65 x101° erythrocytes encapsulating 50 to 69 U
TP/10%0 erythrocytes

Dose Level 3 (high dose): ~58 -65 x10%° erythrocytes encapsulating 70 to 90 U
TP/10%0 erythrocytes

All patients will receive infusions at Dose Level 1 (low dose) for the first 2 treatment
cycles. If metabolic correction is not achieved, the subsequent 2 treatment cycles
will be infusions at Dose Level 2 (mid dose). If metabolic correction is still not
achieved, treatment will advance to Dose Level 3 (high dose) for subsequent
treatment cycles. If, at any time during this progression, metabolic correction is
achieved, the patient will continue at the Dose Level in which metabolic correction
has been achieved and there will be no further dose escalation.

Metabolic correction is defined as plasma thymidine <3 pmol/L and deoxyuridine
<5 pmol/L (i.e., below the diagnostic levels for MNGIE).

The doses listed represent the planned doses; the starting dose will be Dose Level
1. It is anticipated that the highest dose will not exceed Dose Level 3; however, if
metabolic correction is not achieved for an individual patient at this dose level, other
modifications of dosing, such as increasing the number of RBCs administered in
each infusion can be made.

Patients will be administered EE-TP every 3 weeks until the dose level achieving
metabolic correction is identified. From Day 78 (or once metabolic correction has
been achieved), it is planned that patients will receive EE-TP every 2 to 4 weeks
until the end of the study. The interval between doses will not be shorter than

2 weeks +2 days. Dose selection will be flexible; continued PD assessment will
enable dose optimisation and further inform dose-response models and establish
the therapeutic window for the treatment.

Single doses of EE-TP will be administered on Day 0 then every 3 weeks until
metabolic correction is achieved. The starting dose will be Dose Level 1, with
potential subsequent dose levels of Dose Level 2 and Dose Level 3 dependent on
whether metabolic correction is achieved or not. All doses will be administered IV.

From Day 78 (or once metabolic correction has been achieved), it is planned that
patients will receive EE-TP every 2 to 4 weeks until the end of the study. Dose
frequency may be reduced (e.g., from every 2 weeks to every 3-4 weeks) for
individual patients based on ongoing review of emerging safety, tolerability, efficacy,
and PD data. The interval between doses will not be shorter than 2 weeks +2 days.

The dose level from day 78 onwards will remain at the dose that achieved
metabolic correction during the initial treatment phase (pre-day 78). In the advent of
an increase in plasma metabolite levels (i.e. loss of metabolic correction), the
frequency of dosing and/or dose level will be reviewed and adjusted accordingly.

Infusions with EE-TP will occur once every 2 to 4 weeks for 24 months.

The Sponsor may elect to extend the study treatment duration based on available
safety and efficacy data. At the end of the study, the Sponsor will not continue to
provide the study drug to patients/Investigators unless the Sponsor chooses to
extend the study.



Duration of Patient
Participation in Study:

Study Populations:

Evaluation:
Safety

Evaluation:
Pharmacodynamics

Planned Enrolment/Screening (Run-in) Duration: approximately 28 days (Days -120
to Day -92). Run-in period of 90 days (Days -91 to 0) for repeated evaluations of a
number of assessments. Follow up, 90 days post dose.

Planned Study Conduct Duration: approximately 31 months including screening,
run-in period and post dose follow-up.

The All Patients Population will consist of any patients who enrolled on to the
study (signed informed consent) and had study assessments recorded on the
database as per the protocol.

The Safety Population will consist of all patients who received at least 1 dose of
EE-TP and have at least 1 post dose safety assessment.

The Efficacy Population will consist of all patients who received at least 1 dose of
EE-TP and have evaluable efficacy data.

The Pharmacodynamic Population will consist of all patients who received at
least 1 dose of EE-TP and have evaluable PD data.

All protocol deviations will be assessed for severity/impact. The decisions leading to
exclusion of patients from population analyses will be based on these assessments,
made prior to database lock and documented in the clinical study report.

The safety of EE-TP will be evaluated by:

incidence, frequency, and severity of adverse events (or treatment-emergent
adverse events [TEAES])

incidence of laboratory abnormalities, based on haematology, serum biochemistry,
and urinalysis test results

vital sign measurements

12-lead ECG parameters

physical examination findings

use of concomitant medication(s)

The following biomarkers will be evaluated for assessment of the PD effect(s) of
EE-TP:

Urine and plasma thymidine concentrations

Urine and plasma deoxyuridine concentrations

Anti-thymidine phosphorylase antibodies



The efficacy of EE-TP will be assessed by the following:

Primary efficacy endpoint:

Mean absolute change from baseline in body mass index (BMI) at 24 months
Secondary efficacy endpoints:

Mean absolute change from baseline BMI at day 63 and 3, 6, 9, 12, 15, 18, and
21 months

Change from baseline in the proportion of patients who require total parenteral
nutrition or have deceased at day 63 and 3, 6, 9, 12, 15, 18, 21, and 24 months

Mean absolute change from baseline handgrip strength measured using
dynamometer (for assessment of distal muscle weakness) employed according to
the Southampton protocol for adult grip strength at 6, 12, 18, and 24 months (for
both adults and juvenile patients)

Mean absolute change from baseline disability measured using the Rasch-built
Evaluation: Overall Disability Scale at 6, 12, 18, and 24 months

Efficac . . .
y Mean absolute change from baseline ambulatory function measured using the

timed 10-metre walk test at 6, 12, 18, and 24 months

Mean absolute change from baseline quality of life measured using EuroQol-5
Dimension and Clinical Global Impression — Improvement Scale at 6, 12, 18, and
24 months

Mean absolute change from baseline of GI symptoms measured using PROMIS®
short form scales (Gl belly pain, Gl diarrhoea, Gl disrupted swallowing, Gl gas and
bloating, Gl gastroesophageal reflux, and GI nausea and vomiting) at 6, 12, 18, and
24 months

Patient Global Impression of Change at 6, 12, 18, and 24 months, relative to
baseline

Changes relative to baseline in motor strength, distal sensory impairment, or
areflexia using neurological exam tests recorded in a standardised fashion

Improvement of the most disabling symptom for each patient (assessed using the
visual analogue scale)



Adverse event summaries will include tabulations of all TEAEs, TEAES by
maximum severity, and TEAES by relationship to study drug. By patient listings will
be provided for deaths, serious adverse events, DLTs, and adverse events leading
to discontinuation from study treatment. Laboratory parameter (haematology, serum
biochemistry, and urinalysis) shifts from baseline to low or high post-baseline
values will be presented. Mean laboratory and vital signs values over time will be
plotted by dose level. Descriptive statistics will be provided for clinical laboratory
data and vital signs. Electrocardiogram data, physical examination data and use of
concomitant medication will be listed by patient. Pharmacodynamic data, including
urine and plasma thymidine and deoxyuridine will be assessed descriptively

Statistical Methods: whenever possible, and summary statistics will be provided. Associations between
PD parameters and clinical activity parameters will be explored.

Absolute and changes from baseline in each efficacy endpoint will be listed.
Absolute and changes from baseline in BMI will be plotted against plasma and
urine concentrations of thymidine and deoxyuridine. The proportion of patients
achieving at least 0.5 kg will be presented by dose.

Interim reviews of open-label data will be conducted after all 12 patients in the
study have completed at least 1 year of EE-TP dosing.

More details on the interim analysis will be provided in the Statistical Analysis Plan
of this study.
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