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Abstract: Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is an autosomal 36 
recessive disorder which primarily affects the gastrointestinal and nervous systems. The disease is 37 
caused by mutations in the nuclear TYMP gene, which encodes for thymidine phosphorylase, an 38 
enzyme required for the normal metabolism of the deoxynucleosides, thymidine and deoxyuridine.  39 
The subsequent elevated systemic concentrations of deoxynucleosides leads to increased 40 
intracellular concentrations of their corresponding triphosphates and ultimately mitochondrial 41 
failure due to progressive accumulation of mitochondrial DNA (mtDNA) defects and mtDNA 42 
depletion. Currently, there are no treatments for MNGIE where effectiveness has been evidenced in 43 
clinical trials.  This Phase 2, multi-centre, multiple dose, open-label trial without a control will 44 
investigate the application of erythrocyte encapsulated thymidine phosphorylase (EE-TP) as an 45 

mailto:Lynette.Fairbanks@viapath.co.uk


J. Clin. Med. 2019, 8, x FOR PEER REVIEW 2 of 20 

 

enzyme replacement therapy for MNGIE. Three EE-TP dose levels are planned with patients 46 
receiving the dose level that achieves metabolic correction. The study duration is 31 months, 47 
comprising 28 days screening, 90 days run-in, 24 months treatment and 90 days post dose follow-48 
up. The primary objectives are to determine the safety, tolerability, pharmacodynamics, and efficacy 49 
of multiple doses of EE-TP. The secondary objectives are to assess EE-TP immunogenicity after 50 
multiple dose administrations, changes in clinical assessments and the pharmacodynamics effect of 51 
EE-TP on clinical assessments. 52 

Keywords: : Mitochondrial neurogastrointestinal encephalomyopathy; MNGIE; TYMP; enzyme 53 
replacement; erythrocyte encapsulated thymidine phosphorylase; thymidine phosphorylase; 54 
mitochondrial disease; rare disease; orphan disease; Phase II, multiple-dose  55 

 56 

1. Introduction 57 

MNGIE is a fatal and rare autosomal recessive disorder of nucleotide metabolism caused by 58 
mutations in the nuclear thymidine phosphorylase gene (TYMP), which encodes cytosolic thymidine 59 
phosphorylase, the enzyme required for the normal metabolism of the pyrimidine deoxynucleosides, 60 
thymidine and deoxyuridine [1, 2]. Pathogenic variants in TYMP result in a complete or partial 61 
absence of thymidine phosphorylase activity (< 10% of healthy unaffected individuals), leading to an 62 
accumulation of thymidine and deoxyuridine in tissues and body fluids [3–9]. 63 

Elevated systemic concentrations of these deoxynucleosides leads to increased intracellular 64 
concentrations of their corresponding triphosphates. This perturbs the physiological equilibrium of 65 
the deoxynucleoside triphosphate pools within the mitochondria, thereby interfering with the normal 66 
replication of mitochondrial mtDNA, leading to multiple deletions, somatic point mutations and 67 
depletion of mtDNA [5, 8, 10, 11], and ultimately mitochondrial failure [5, 6, 8]. It is believed that the 68 
consequent failure of cellular energy production directly causes the cardinal clinical manifestations 69 
through damage to the nervous and muscular systems. 70 

Patients with MNGIE usually present during the second decade of life, although patients have 71 
presented as early as 5 months and as late as the fifth decade; the average age at diagnosis is 18.5 72 
years [12]. The relatively late onset for a condition present at birth is thought to be due to the 73 
progressive accumulation of mtDNA defects, with the disease becoming apparent once the number 74 
of affected mitochondria reaches a critical threshold level. The disease is a multi-system disorder, and 75 
has a characteristic, although by no means universal, clinical presentation. Patients typically present 76 
with gastrointestinal symptoms including early satiety, nausea, dysphagia, gastroesophageal reflux, 77 
postprandial emesis, episodic abdominal pain, episodic abdominal distention, and diarrhoea. These 78 
symptoms are secondary to alimentary dysmotility caused by degeneration of the alimentary 79 
autonomic nervous system[2]. Patients generally have a thin body habitus with reduced muscle mass 80 
and cachexia. Episodes of frank intestinal pseudo obstruction may occur, and some patients develop 81 
a hepatopathy with liver steatosis and cirrhosis. Progressive external ophthalmoplegia and 82 
peripheral sensorimotor polyneuropathy are invariable. The latter affects the lower limbs initially 83 
and is typically demyelinating. On magnetic resonance imaging (MRI) there is, in the majority of 84 
cases, leukoencephalopathy with diffuse increased T2 signal in the deep white matter of the cerebral 85 
hemispheres, but this is generally believed to be asymptomatic [5, 12]. 86 

MNGIE is a progressive disease, with patients dying at an average age of 37.5 years; at present 87 
there are no approved therapies [4]. Allogeneic hematopoietic stem cell transplantation (HSCT) offers 88 
the possibility of a permanent correction of the thymidine phosphorylase deficiency; however, it is 89 
still highly experimental, carrying a mortality rate of approximately 63% [13]. Treatment with 90 
allogeneic HSCT is limited by the availability of a matched donor, and patients are often in a poor 91 
clinical condition with an impaired capacity to tolerate transplant related problems and the 92 
aggressive conditioning and immunosuppressive chemotherapy [13, 14]. The administration of 93 
HSCT to patients with MNGIE presents pharmacological challenges in terms of administering drugs 94 
with possible mitochondrial toxicity, and the requirement for parenteral administration due to 95 
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disturbed gastrointestinal function and impairment of absorption. A published consensus proposal 96 
for standardising an approach to allogeneic HSCT in patients with MNGIE recommends restricting 97 
the recruitment of patients with an optimal donor to those without irreversible end stage disease [13, 98 
14]. Patients who are oligosymptomatic are often reluctant to undergo HSCT due to its high mortality 99 
risk. Many patients are therefore ineligible for this treatment option and clinical management is based 100 
on symptom relief and palliation. A second experimental permanent treatment approach for MNGIE 101 
is orthotopic liver transplantation. Sustained normalisation of plasma thymidine and deoxyuridine 102 
concentrations have been reported in two patients who received liver transplantation [15]. A 103 
longitudinal evaluation of additional transplanted patients, however, is essential to confirm the 104 
clinical efficacy of this treatment approach. There is thus a critical requirement to develop an 105 
alternative treatment for these patients which would provide an expeditious normalization of 106 
nucleosides to prevent as much mitochondrial damage as possible. 107 

The Investigational Medicinal Product under investigation in this study is erythrocyte 108 
encapsulated thymidine phosphorylase (EE-TP) which is produced under Good Manufacturing 109 
Practice by the ex vivo encapsulation of recombinant E.coli thymidine phosphorylase into patient’s 110 
autologous erythrocytes using an automated red cell loader device[16]. EE-TP is intravenously 111 
infused into the patient where it aims to correct the fundamental lesion in MNGIE by replacement of 112 
the deficient thymidine phosphorylase.  The rationale for the development of EE-TP is based on 113 
thymidine and deoxyuridine being able to diffuse across the erythrocyte membrane via nucleoside 114 
transporters into the cytosol where the encapsulated enzyme catalyses their metabolism to the normal 115 
products, thymine and uracil, respectively, Figure 1.  The products then exit the cell into the blood 116 
plasma where they are further metabolised as normal. It is proposed that regular intravenous (IV) 117 
administrations of EE-TP to patients with MNGIE will lead to a sustained reduction or elimination 118 
of plasma thymidine and deoxyuridine, leading to a clearance from the cellular compartments and 119 
thus an amelioration of the intracellular deoxynucleotide imbalances. This should prevent further 120 
damage to mtDNA. By relieving the nervous system and muscle of the toxic effects of the 121 
accumulated metabolites, EE-TP aims to arrest and reverse the progression of the clinical disease. 122 

 123 
 124 
 125 
 126 
 127 
 128 
 129 
 130 
 131 
 132 
 133 
 134 
 135 
 136 

 137 
Figure 1. Mechanism of EE-TP action. Plasma thymidine and deoxyuridine diffuse across the 138 
erythrocyte membrane via nucleoside transporters into the erythrocyte cytosol where the 139 
encapsulated thymidine phosphorylase (TP) catalyses their metabolism to thymine and uracil, which 140 
then exit the erythrocyte to enter the normal metabolic pathways. 141 
 142 
EE-TP has the advantage of prolonging the circulatory half-life of the enzyme to that of the 143 

erythrocyte half-life (19 to 29 days) and minimising immunogenic reactions, which are often observed 144 
in enzyme replacement therapies administered by the conventional route. 145 

Clinical experience with EE-TP is limited to a proof-of-concept study in a single patient 146 
diagnosed with MNGIE and a compassionate clinical evaluation in 4 patients with MNGIE [17–19]. 147 
EE-TP was well tolerated and reductions in the disease-associated plasma metabolites, thymidine 148 
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and deoxyuridine, were observed in all patients. Clinical improvements were observed in three 149 
patients who received long-term treatment, suggesting that EE-TP is able to reverse some aspects of 150 
the disease pathology.  Transient, non-serious adverse events were observed in two of the five 151 
patients; these did not lead to therapy discontinuation and were managed with pre-medication prior 152 
to infusion of EE-TP. Despite using an E.coli recombinant protein, specific anti-thymidine 153 
phosphorylase antibodies were detected in only one patient.  154 

The aim of this study is to investigate the safety, tolerability, pharmacodynamics, and efficacy 155 
of EE-TP in patients with MNGIE. We hypothesise that treatment with EE-TP will arrest and reverse 156 
the progression of the clinical disease. The study protocol reported here (version 6.0) was written in 157 
compliance with the Standard Protocol Items: recommendations for Interventional Trials (SPIRIT) 158 
2013 [20].  The sponsor, St George’s, University of London requested scientific assistance for EE-TP 159 
and the current protocol was updated in line with the European Medicines Agency (EMA) advice 160 
provided. The study will be conducted in accordance with the following and all subsequent 161 
amendments: i) ICH E6: Good Clinical Practice: Consolidated guideline Committee for Proprietary 162 
Medicinal Products (CPMP)/ICH/135/95 (July 1996), adopted in the EU by CPMP, ii) European 163 
Commission Directive 2001/20/EC (April 2001), iii) European Commission Directive 2003/94/EC 164 
(October 2003), iv) European Commission Directive 2005/28/EC (April 2005), v) Manufacture of 165 
Investigational Medicinal Products: Volume 4, Annex 13 of the EU Guidelines to GMP (February 166 
2010) and vi) The Medicines for Human Use (Clinical Trials) Regulations 2004 and all subsequent 167 
amendments.   168 

2. Methods 169 

2.1. Trial objectives 170 
The primary objectives of this study are to determine the safety, tolerability, pharmacodynamics, 171 

and efficacy (as measured by weight stabilisation) of multiple doses of EE-TP in patients with 172 
MNGIE. The secondary objectives are to assess the immunogenicity of EE-TP after multiple dose 173 
administrations, evaluate changes in clinical assessments and assess the pharmacodynamics effect of 174 
EE- TP on clinical assessments. Additional exploratory objectives aim to evaluate the effects of EE-TP 175 
on serum and plasma markers of mitochondrial condition, MRI (brain), abdominal ultrasound, 176 
electromyography, and neuro-ophthalmological assessments. 177 
 178 
2.2. Study drug  179 

EE-TP is prepared by trained personnel using an automated red cell loading process at each trial 180 
site according to the Red Cell Loader protocol. A predetermined volume of the patient’s blood (120 181 
to 360 mL) is removed from the patient and then introduced into the Red Cell Loader, which separates 182 
the blood components and then subjects the erythrocytes to a reversible hypo-osmotic dialysis 183 
process; under hypo osmotic conditions, the erythrocytes swell due to an influx of water until and at 184 
a critical size, pores form in the membrane. Whilst in a permeable state, the study drug, thymidine 185 
phosphorylase, enters the erythrocytes by diffusion. The permeability is reversed by restoration of 186 
iso-osmotic conditions, encapsulating the thymidine phosphorylase within the erythrocytes, to form 187 
EE-TP. The EE-TP is dispensed into a sterile European Pharmacopoeia grade 100 mL capacity blood 188 
transfer bag and released as multiple units (2 to 6 bags, the number depending on the dose to be 189 
administered) for infusion within 30 minutes of manufacture. Characteristics of EE-TP are shown in 190 
Table 1. 191 

Table 1: Characteristics of EE-TP. 192 
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EE-TP attributes  

Dosage Form ~58-65 x 1010 erythrocytes suspended in saline  

Thymidine phosphorylase/erythrocytes ratio 

Dosage volume 

~30-90 U /1010 erythrocytes 

~150 to 500 mL 

Route of Administration IV 

Physical Description Light to dark red colour, resembling venous blood 

  193 

2.3. Trial design 194 
The trial is a Phase 2, multi-centre, multiple-dose, open-label trial without a control which will 195 

be conducted in a maximum of five sites in Europe and Israel, with all patients receiving EE-TP. For 196 
each patient, the overall study duration will be 31 months consisting of a 28 day28-day screening 197 
phase, a 90 day90-day run-in phase, a 24 month24-month open label treatment phase and 90 day90-198 
day follow-up phase. A schematic of the proposed study design is presented in Figure 2. 199 

 200 

 201 

 202 

 203 

 204 

 205 

 206 

Figure 2. Study Design Schematic. The overall study duration is 31 months, comprising 28 days 207 

screening, 90 days run-in, 24 months open label treatment and 90 days post dose follow-up. The first 208 

4 treatment cycles will be administered every 21 days, with patients receiving dose level 1 for the first 209 

2 treatment cycles. If metabolic correction is not achieved, the subsequent 2 treatment cycles will be 210 

administered at Dose Level 2. From treatment day 78, a flexible dosing approach will be employed to 211 

achieve metabolic correction, where administration will be at dose levels 1, 2 or 3, once every 2 to 4 212 

weeks ± 2 days until the end of the study. 213 

 214 

Patients will be screened for eligibility from Day -120 to Day- 92. If eligible, patients will then 215 
enter the run-in period, from Day -91 to pre-dose on Day 0, in which key aspects of their overall 216 
clinical condition and metabolite levels will be recorded. The variability in these clinical and 217 
metabolic parameters is currently unknown and these data will primarily serve to act as each 218 
patient’s own pre-treatment/control observations. 219 

Prior to entering the treatment phase, patients will attend the study site for pre-treatment 220 
assessments and to determine continued study eligibility either the day before dosing (Day -1) or in 221 
the morning of the day of dosing (Day 0). For the first four treatment cycles, the administration will 222 
be every 21 days, with the administration of EE-TP at the same time of day (± 2 hours).  The first 223 
dose (Treatment Cycle 1) of EE-TP will be administered on Day 0, with subsequent doses on Days 21, 224 
42, and 63 (Treatment Cycles 2, 3 and 4, respectively). For Treatment Cycles 1, 2, 3, and 4, patients 225 
will leave the study site following dosing and return the next day (Days 1, 22, 43, and Day 64, 226 
respectively) for 24-hour post-dose assessments. The planned dose levels are presented in Table 2. 227 
All patients will receive infusions at Dose Level 1 (~ 58-65 x1010 erythrocytes encapsulating ~30 to 49 228 
U TP/1010 erythrocytes) for the first 2 treatment cycles (Treatment Cycles 1 and 2). If metabolic 229 
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correction (defined as plasma thymidine <3 µmol/L and deoxyuridine <5 µmol/L, i.e., below the 230 
diagnostic levels for MNGIE) is not achieved, the subsequent 2 treatment cycles (Treatment Cycles 3 231 
and 4) will be administered at Dose Level 2 (~ 58-65 x1010 erythrocytes encapsulating ~50 to 69 U 232 
TP/1010 erythrocytes). 233 

 234 

Table 2. Dose levels of EE-TP 235 

Dose Level Erythrocyte number and thymidine phosphorylase activity (U1) 

1 (low dose) ~58 -65 x1010 erythrocytes encapsulating 30 to 49 U TP/1010 erythrocytes 

2 (mid dose) ~58 -65 x1010 erythrocytes encapsulating  50 to 69 U TP/1010erythrocytes 

3 (high dose) ~58 -65 x1010 erythrocytes encapsulating 70 to 90 U TP/1010 erythrocytes 

1 1 unit of activity is defined as as the amount of enzyme required to convert 1 μmol of thymidine to 236 
thymine per min at 37o C 237 
From Day 78, the dose will remain at the dose that achieved metabolic correction during the 238 

initial treatment phase (pre-day 78). If metabolic correction was not achieved, treatment will advance 239 
to Dose Level 3 (~58-65 x1010 erythrocytes encapsulating ~70 to 90 U TP/1010 erythrocytes) for 240 
subsequent treatment cycles. It is planned that patients will receive EE-TP every 2 to 4 weeks ± 2 days 241 
until the end of the study. Dose frequency may be reduced (e.g., from every 2 weeks to every 3-4 242 
weeks) for individual patients based on emerging safety, tolerability, efficacy, and 243 
pharmacodynamics data. The interval between doses will not be shorter than 2 weeks ± 2 days. In the 244 
advent of an increase in plasma metabolite levels, the frequency of dosing and/or dose level will be 245 
reviewed and adjusted accordingly. 246 

The study will be flexible; continued pharmacodynamic assessment will enable dose 247 
optimisation and further inform dose response models and establish the therapeutic window for the 248 
treatment. A Patient Oversight Committee will perform ongoing reviews of safety, tolerability, 249 
efficacy and available pharmacodynamic data to ensure the acceptability of continued dosing, and/or 250 
dose progression for each patient.  An overview of the dosing scheme is presented in Figure 3. 251 

 252 
 253 
 254 
 255 
 256 
 257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
 265 
 266 
 267 
 268 

Figure 3. Planned dosing scheme during EE-TP treatment phase. All patients will receive infusions at 269 

Dose Level 1 for the first 2 treatment cycles (Treatment cycles 1 and 2). If metabolic correction is not 270 

achieved, the subsequent 2 treatment cycles (Treatment Cycles 3 and 4) will be administered at Dose 271 

Level 2. If metabolic correction is not achieved, treatment will advance to Dose Level 3 in Treatment 272 

cycles 5 and 6.  If metabolic correction is not achieved after Treatment cycle 6 at Dose Level 3, the 273 
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Independent Data Monitoring Committee (IDMC) will provide recommendations on the need for 274 

dosing modifications.  275 

 276 

2.4. Participants 277 
 The study will enroll 12 adult male or female patients with MNGIE, aged 18 years or above, of 278 

any race and who have received no previous treatments. An additional 8 juvenile patients will be 279 
enrolled following an Independent Data Monitoring Committee review of an interim analysis of 280 
safety data safety and tolerability data. Up to four patients aged 16 years or older may be dosed at 281 
the lowest level after 24 patient-months of exposure in patients aged 18 years or over. The starting 282 
dose will be Dose Level 1 for both groups, with escalation to the next dose level as described for the 283 
adult cohort. Up to four patients aged 12 years or older may be dosed at the lowest dose level (Dose 284 
Level 1) after 24 patient-months of exposure in patients aged under 18 years. Juvenile cohorts may 285 
escalate to a higher dose or de-escalate to a lower and/or intermediate dose level(s) of EE-TP 286 
previously administered. Screening failures and patients withdrawing from the study may be 287 
substituted with Independent Data Monitoring Committee recommendation. The study inclusion 288 
and exclusion criteria are presented in Table 3. 289 

Table 3. Study inclusion and exclusion criteria 290 

 291 

Inclusion criteria 

1. Patients must be aged 18 years or older. The age range will be extended to include: 

(i) patients aged 16 years or older after 24 patient months of exposure in those aged 18 years or over 

(ii) patients aged 12 years or older after 24 patient months of exposure in patients aged under 18 years of age 

at the time of enrolment 

2. Patients must be diagnosed with MNGIE by demonstrating all of the following: 

<18% normal thymidine phosphorylase activity in the buffy coat 

>3 μmol/L plasma thymidine 

>5 μmol/L plasma deoxyuridine 

Confirmation of the presence of biallelic pathogenic variants in TYMP by sequencing 

3. Patients must be able to undergo study procedures 

4. Patients must agree to either remain completely true abstinent or to use 2 effective contraceptive methods from 

Screening until completion of the Follow up Visit 

5. Patients must be willing to sign and date the written Informed Consent Form 

Exclusion criteria 

1. Patients who have received a successful liver or bone marrow transplant. 

2. Patients suitable for allogeneic HSCT. 

3. Patients with a matched allogeneic HSCT donor. 

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

5. Patients who are severely disabled or with a life expectancy of less than 12 months at Screening* 

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 count of <3.0 × 109 per mL. 

9. Patients who have a significant history of alcoholism or drug/chemical abuse within 1 year prior to Screening* 

10. Patients who have an abnormality in heart rate, blood pressure, or body temperature at Screening that increases 

the risk of participating in the study* 

11. Patients who have an abnormality in the 12-lead electrocardiogram at Screening that increases the risk of 

participating in the study* 

12. Patients who have, or have a history of, any clinically significant neurological, gastrointestinal, renal, hepatic, 

cardiovascular, psychiatric, respiratory, metabolic, endocrine, haematological, or other major disorder (except for 

disorders associated with MNGIE that do not constitute a risk when taking study drug and would not interfere 

with the study objectives) * 

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. 
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* Based on the opinion of the Investigator 293 

2.5. Interventions 294 

2.5.1. Preparation and administration of EE-TP 295 
On the morning of each treatment cycle patients will undergo venesection for the collection of 296 

120 to 360 mL blood for the manufacture of EE-TP. The volume of blood collected will be dependent 297 
on the patient’s haematocrit, red cell count and the dose of EE-TP to be administered.  EE-TP will be 298 
administered as an intravenous infusion, within 30 minutes of the completion of manufacture, 299 
according to the specified study protocol, using a standard intravenous infusion set with a micro-300 
aggregate filter in-line.  301 

  302 

2.5.2. Assessments 303 

The following information will be recorded for all potential patients as part of the screening 304 
assessments: informed consent, inclusion/exclusion criteria, demography including sex, race and age, 305 
medical history and concomitant medication use (Table 4). 306 

 307 
Table 4. Schedule of assessments from screening to the end of the run-in phase 308 

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 would make the patient unsuitable for enrolment or could interfere 

with the patient’s participation in, or completion of, the study* 

Assessment 
Screening 

(Day -120 to Day -92) 

Run-in period 
(Day -91 to Day 0) 

Day -91 to -84 Mid run-in Day -1 to 0 

Informed consent X    
Inclusion/exclusion criteria X    
Demographics X    
Medical history X X   
Anthropometrics1 X X X X 
Viral serology X    
Pregnancy test2 X    
Serum follicle-stimulating hormone2 X    
TYMP analysis X    
Leucocyte TP activity X    
Patient emergency card X    
RBC count  X X X 
Vital signs X X   
12-lead ECG X X   
Clinical laboratory evaluations3 X X X X 
Haematocrit X X   
Physical examination X X  X 
Plasma thymidine and deoxyuridine X X X X 
Urine thymidine and deoxyuridine X X X X 

BMI  X X X 

Handgrip dynamometer  X X X 

RODS  X X X 
10-metre walk test  X X X 
EuroQol-5D  X  X 
PGIC  X  X 
CGI-I  X  X 
PROMIS  X X X 
VAS43 X  X  X 
TPN use  X X X 
Neurological examination  X  X 
MRI (brain)  X  X 
Abdominal ultrasound  X  X 
Nerve conduction and 
electromyography5 

 X 
 X 

Neuro-ophthalmological assessment  X  X 
FGF-21, GDF15, and other markers of 
mitochondrial condition 

 X 
 

X 
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1 For adult patients, height will be measured at the beginning of run-in period. For juvenile patients, 309 
height will be measured with weight at all time points. 310 
2 Female patients only; pregnancy test at Day 0 (Treatment Cycle 1) to be conducted prior to study 311 
drug administration 312 
3 Serum biochemistry: alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, 313 
albumin, gamma glutamyl transferase, sodium, potassium, chloride, calcium, magnesium, inorganic 314 
phosphate, glucose (non-fasting), urea, uric acid, total bilirubin, direct bilirubin, creatine kinase, 315 
iron, ferritin, folate, vitamin b12, total protein, cholesterol (including total, low density lipoprotein , 316 
and high density lipoprotein), triglycerides,  lactate dehydrogenase, c reactive protein, creatine 317 
kinase. Haematology: white blood cell count, red blood cell count, red cell distribution width, 318 
haemoglobin, haematocrit, mean cell volume, mean cell haemoglobin, mean cell haemoglobin 319 
concentration, platelet count, white blood cell differential, international normalised ratio, CD4+ and 320 
CD8+. 321 
43 At screening the investigator and patient will identify the patient’s most disabling symptom 322 

5 Sensory bilateral nerves: median, ulnar, radial, sural and superficial peroneal; motor bilateral nerves: 323 

median, ulna, common peroneal and post tibial; EMG: dorsal interosseous, tibialis anterior and 324 

gastrocnemius bilateral muscles. 325 

Each patient will be required to undergo the following assessments during the screening and 326 
run-in phases (Table 4) and treatment and follow up phases (Table 5) at the study times indicated: 327 
vital signs measurement, 12-lead electrocardiogram (ECG), body weight (kg) and height (m), physical 328 
examination, pregnancy test (female patients only), adverse event recording, total parenteral 329 
nutrition (TPN) use, handgrip strength using handgrip dynamometry, disability measured using the 330 
Rasch built Overall Disability Scale (RODS),  ambulatory function measured using the 10 metre walk 331 
test, gastrointestinal symptoms (abdominal pain, diarrhoea, disrupted swallowing, gas and bloating, 332 
gastroesophageal reflux, and nausea and vomiting) measured using the Patient-Reported Outcomes 333 
Measurement Information System (PROMIS) short form scales, distal sensory impairment and  334 
areflexia or motor strength using  neurological examinations, MRI brain, abdominal ultrasound, 335 
nerve conduction studies and electromyography, neuro-ophthalmology and quality of life measured 336 
using EuroQol 5 Dimension (EuroQol-5D), Clinical Global Impression-Improvement Scale (CGI-I),  337 
Patient Global Impression of Change (PGIC),  and visual analogue scale (VAS) for determining the 338 
severity of the patient’s most disabling symptom. 339 

 340 

2.5.3. Clinical laboratory and pharmacodynamic evaluations 341 
Blood and urine samples will be collected for haematology, serum biochemistry and urinalysis 342 

evaluations and for the longitudinal monitoring of thymidine and deoxyuridine concentrations at the 343 
times indicated in Tables 4 and 5.  Blood samples will also be collected for the measurement of anti-344 
thymidine phosphorylase antibodies and neutralizing antibodies, and for the exploratory analysis of 345 
fibroblast growth factor 21 (FGF21), growth differentiation factor 15 (GDF15), mtDNA, messenger 346 
RNA (mRNA), microRNA (miRNA), and lipidomics, proteomics and other markers of mitochondrial 347 
condition (Tables 4 and 5). 348 
 349 
2.6. Trial endpoints 350 
 351 
2.6.1. Efficacy endpoints 352 

 The primary efficacy endpoint will be the mean absolute change from baseline in BMI at 24 353 
months. The secondary efficacy endpoints will  be the mean absolute change from baseline in BMI 354 
at day 63 and 3, 6, 9, 12, 15, 18, and 21 months, plus the change from baseline at 63 days and 3, 6, 9, 355 
12, 15, 18, 21, and 24 months in: i)  the proportion of patients who require TPN; ii)  handgrip 356 
dynamometry; iii) RODS; iv) 10 metre walk test;  v) EuroQo-5D; vi) CGI-I;  vii) PROMIS short form 357 
scales; viii) PGIC;  ix) neurological examination tests; and x) VAS for the most disabling symptom.  358 

 359 
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2.6.2. Safety endpoints 360 
The clinical safety of EE-TP will be evaluated by: i) the incidence, frequency, and severity of 361 

adverse events (or treatment-emergent adverse events); ii) the incidence of laboratory abnormalities, 362 
based on haematology, serum biochemistry, and urinalysis test results; iii) vital sign measurements 363 
(systolic and diastolic blood pressure, pulse rate, respiratory rate, and body temperature); iv) 12 lead 364 
ECG parameters; v) physical examination findings; and vi) the use of concomitant medication(s). 365 

 366 
 367 

2.7. Sample size 368 
The sample size for this study is dictated by the rarity of the condition and not by any 369 

quantitative statistical considerations or formal sample size calculations. At least 12 adult treatment 370 
naïve patients will be treated in this study, with the option to enrol an additional 8 juvenile patients, 371 
beyond this original set of 12 patients. 372 

 373 
2.8. Statistical analyses 374 

Statistical analyses will be primarily descriptive. Analyses will be performed using Statistical 375 
Analysis Software® (Version 9.2 or higher). For continuous data, summary statistics will include the 376 
arithmetic mean, arithmetic standard deviation, median, lower and upper quartiles, plus minimum, 377 
maximum, and number; for log normal data, summary statistics including the geometric mean and 378 
geometric coefficient of variation will also be presented. For categorical data, frequency counts and 379 
percentages will be presented. Data listings will be provided for all patients up to the point of 380 
withdrawal, with any patients excluded from the relevant population indicated. For the calculation 381 
of summary statistics and statistical analysis, unrounded data will be used. 382 

For each study participant the change from baseline will be calculated by subtracting their mean 383 
baseline value from the value at the specific time point.  The mean change from baseline will be 384 
derived as the arithmetic mean of all individual patients’ change from baseline values. 385 

 386 
2.8.1. Safety data analysis 387 

A baseline sign and symptom will be defined as an adverse event that starts after the patient has 388 
provided written informed consent and resolves prior to the first treatment cycle. It is also defined as 389 
an adverse event that starts prior to the first treatment cycle and does not increase in severity after 390 
dosing. A treatment emergent adverse event will be defined as an adverse event that occurs post-391 
dose or that is present pre-dose and becomes more severe post-dose. Treatment emergent adverse 392 
events will be summarised by dose level, maximum severity, and relationship to the study drug. The 393 
frequency of treatment emergent adverse events plus the number and percentage of patients 394 
experiencing a treatment emergent adverse event will be summarised by dose level, the Medical 395 
Dictionary for Regulatory Activities system organ class, plus preferred term. A frequency summary 396 
will be presented by day of onset across the multiple dosing period.  397 

Vital signs, serum biochemistry, haematology and urinalysis data will be summarised by dose 398 
level, together with changes from baseline. All serum biochemistry, haematology, and urinalysis data 399 
outside the clinical reference ranges will be listed by parameter and treatment. ECG data, including 400 
QTc, QTcB, QTcF, the PR and QT intervals, QRS duration, and heart rate will be obtained directly 401 
from the 12-lead ECG traces. The ECG data will be summarised by dose level; values for ECG 402 
parameters outside the clinical reference ranges will be indicated on the individual patient data 403 
listings. Physical examination and concomitant medication data will be listed. 404 

 405 
2.8.2. Pharmacodynamic data analysis 406 

 The absolute values and changes from baseline in urine and plasma concentrations of 407 
thymidine and deoxyuridine will be calculated using Day 0 or Day 1 as the baseline. The proportion 408 
of patients who achieve metabolic correction (plasma thymidine <3 µmol/L and deoxyuridine <5 409 
µmol/L) will be presented by dose. The activity of thymidine phosphorylase administered will be 410 
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calculated for each treatment cycle and longitudinal changes plotted. The presence of specific anti-411 
thymidine phosphorylase antibodies will be recorded. 412 

 413 
2.8.3. Efficacy data analysis 414 

The changes from baseline for all efficacy endpoints and outcomes will be calculated using data 415 
from the run-in period (Day -91 to Day 0) as the baseline. Absolute and percentage changes from 416 
baseline in BMI will be plotted. In addition, absolute and percentage changes from baseline in BMI 417 
will be recorded against plasma and urine concentrations of thymidine and deoxyuridine. The 418 
percentage of patients achieving at least the minimum threshold of weight gain will be presented by 419 
dose. Since juvenile patients in the juvenile cohorts will be developing (i.e., growing and maturing) 420 
during the study, changes in weight and other efficacy endpoints cannot be reliably attributed to EE-421 
TP, and therefore their data will not be included in the main efficacy analyses, and will be analysed 422 
separately.423 
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Table 5. Schedule of assessments during the treatment and follow-up phases. 424 

1 Female patients only will be assessed at every 4 weeks. 425 
2 Medication will be assessed for potential mitochondrial toxicity 426 
3 As reported in Table 4 427 
42For the first 6 months, patients will return for an additional analysis of plasma thymidine and deoxyuridine at 7 days postdose of every other treatment cycle. For rest of dosing, patients will return 428 

for an additional analysis of plasma thymidine and deoxyuridine at 7 days postdose once every 4 treatment cycles.  429 

Assessment 

Study Day 

0 
Treatment 

cycle 1 

1 7 14 21 
Treatment 

cycle 2 

22 28 35 42 
Treatment 

cycle 3 

43 49 56 63 
Treatment 

cycle 4 

64 70 77 Every 2 to 4 weeks 
up to 24 months 

Follow-up 

90 days post 
dose 

Pregnancy test1 X      X     X     X X 
RBC count     X    X        X  
Administration of Study Drug X    X    X   X     X  
Adverse event recording Ongoing during the study 
Concomitant medication2 Ongoing during the study 
Vital signs X X   X X   X X   X X X X X X 
12-lead ECG X X   X X   X X   X X X X X X 
Clinical laboratory evaluations3 X  X  X X         X X X X 
Physical examination     X          X X X X 
Anti-TP antibody/neutralising antibodies X        X    X    X X 
Plasma thymidine and deoxyuridine   X X X  X X X  X X X  X X X42 X 
Urine thymidine and deoxyuridine X  X X X  X X X  X X X  X X X53 X 
Body weight and height                 X X 
BMI                 X X 
Handgrip dynamometer             X    X X 
RODS             X    X X 
10-metre walk test             X    X X 
EuroQol-5D             X    X X 
PGIC             X    X X 
CGI-I              X    X X 
PROMIS              X    X X 
VAS symptom             X    X X 
TPN use             X    X X 
Neurological examination                 X X 
MRI (brain)                 X64 X 
Abdominal ultrasound                 X64 X 
Nerve conduction and electromyography7                  X64 X 
Neuro-ophthalmological assessment                 X64 X 
FGF21, GDF15, and other markers of 
mitochondrial condition  

 X X X X X X X X X X X X X X X X X 
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5324-hour urine collection for creatinine, thymidine, and deoxyuridine excretion will start from 6-days post dosing for 24 hours at every 4 treatment cycles. 430 
64Performed at 12 and 24 months. 431 
7 As reported in Table 4. 432 

 433 
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2.8.4. Exploratory data analysis 434 
 Overall change from baseline to 12 and 24 months, categorised as improved, stable, and 435 

deteriorated, will be carried out at the following clinical assessments: i) MRI (brain); ii) abdominal 436 
ultrasound; iii) nerve conduction studies and electromyography; and iv) neuro ophthalmological 437 
assessment. In addition, changes from baseline in serum or plasma biomarkers related to 438 
mitochondrial health such as FGF 21, GDF15, and other markers of mitochondrial condition at Days 439 
0, 1, 7, 14, 21, 28, 35, 42, 43, 49, 56, 63, 64, 70, and 77, and at each clinic visit from Day 78 until the end 440 
of the study will be recorded. Associations between pharmacodynamics parameters and clinical 441 
activity parameters will be explored. 442 

 443 
2.8.5. Interim Analysis 444 

An interim review of data will be conducted after each of the twelve adulttwelve-adult 445 
treatment-naïve patients has been exposed to EE-TP for at least one year. This interim time point has 446 
been chosen to assess and confirm the potential utility of EE-TP in this population and provide 447 
potential early access of EE-TP in this population. The exposure for a patient at the interim stage 448 
could exceed one year if a patient is recruited early on into the study.   449 

 450 
2.9. Data Monitoring Committee 451 

The appointed Independent Data Monitoring Committee will oversee safety throughout the trial 452 
period. The committee will comprise a chairperson, a specialist in MNGIE and a statistician. The 453 
purpose of the committee will be to review unblinded study information including protocol 454 
violations, patient withdrawals, adverse/serious adverse events and laboratory data. An assessment 455 
will be made by the Independent Data Monitoring Committee with regard to the enrolment of 456 
juvenile patients. 457 

 458 
2.10. Patient confidentiality 459 

Patient confidentiality will be held by the participating investigators and all personnel involved 460 
at the study sites. Following Good Clinical Practice principles, a patient number will be used to 461 
identify the patient in the study records. Laboratory samples and any samples in storage will be 462 
labelled using only the patient number; the identity of the patient will be known only by the study 463 
site. The numbering code associated with the labels will be held by the study sites, thereby allowing 464 
no unwarranted access to the information. When reporting results for any interim safety information, 465 
analyses, and end of the study, the code will be shared as per sponsor standard operating procedures. 466 
The numbering code will also be held for any samples in storage until marketing approval in the 467 
countries where the study is conducted, or until notification is received that storage is no longer 468 
required. 469 
 470 
2.11. Dissemination 471 

The results of this study will be disseminated through presentation at international scientific 472 
conferences and reported in peer-reviewed scientific journals. We also intend to disseminate our 473 
results to the rare disease community. 474 

 475 
2.12. Ethical conduct and approval and trial registration 476 

This study will be conducted in accordance with consensus ethics principles derived from the 477 
Declaration of Helsinki. Approval for the operation of the clinical trial at the United Kingdom study 478 
site was granted following Research Ethics Committee review (18/SW/0266) and HRA and Health 479 
and Care Research Wales (HCRW) review. For the non-United Kingdom trial sites, the study will be 480 
considered by the relevant Ethics Committee (EC) of each participating country site. 481 

 482 
2.13. Trial registration and status 483 
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The trial is registered at ClinicalTrials.gov, with identifier number NCT03866954. The trial is in 484 
preparation and is not yet open for participant recruitment. 485 

3. Discussion 486 

MNGIE is a relentlessly progressive disorder with an invariably fatal outcome and therefore an 487 
early diagnosis and subsequent normalisation of deoxynucleosides is critical to avoid ongoing 488 
mitochondrial damage and disease progression. The compassionate treatment of patients with 489 
regular infusions of EE-TP demonstrated a reduction or elimination of plasma deoxynucleosides and 490 
clinical improvements in patients who received long-term treatment, suggesting that EE-TP is able to 491 
reverse some aspects of the disease pathology [18, 19].  This study aims to determine the safety, 492 
tolerability, pharmacodynamics and efficacy of multiple doses of EE-TP in patients with MNGIE.   493 
In practice, treatment with EE-TP is likely to be sought for patients in whom the risk of mortality 494 
from allogeneic HSCT would be too high, and also for those for whom there is no matched donor. 495 
Treatment with EE-TP may also be indicated as a rescue or maintenance therapy prior to the 496 
availability of a suitable HSCT donor and for patients who are oligosymptomatic and reluctant to 497 
undergo HSCT. 498 

The total sample size of 12 adult treatment naïve patients is not based on a formal statistical 499 
calculation; it is a relatively small sample size, but this is expected to be offset by the nature of the 500 
condition. MNGIE has a predictable clinical course; it is relentlessly progressive, with a very poor 501 
prognosis for life, and it has been reported that the mean age of death is 37.6 years (range 15 to 54 502 
years) [21]. Therefore, any arrest or improvement of patients’ clinical deficits and/or reduction in 503 
mortality should be conspicuous and would not be plausibly explained by factors other than 504 
treatment with EE-TP. Clearly, such findings would be highly clinically relevant. 505 

The rationale for the dose selection is based on data generated from patients who received EE-506 
TP on a compassionate treatment basis. This indicated that the optimal parameters required to 507 
achieve metabolic depletion of thymidine and deoxyuridine were a maximum of 90 U TP/1010 508 
erythrocytes and a minimum 58 × 1010 erythrocytes.  We therefore propose the infusion of an 509 
optimum number of ~58 to 65 × 1010 erythrocytes at dose three dose levels: 30-49, 50-69 and 70-90 U/ 510 
1010 erythrocytes. The starting dose for all patients will be Dose Level 1; this will be administered for 511 
at least 2 treatment cycles (3 weeks apart). This initial 3-week period has been designed to ensure 512 
metabolic correction is captured appropriately, and dosing changes can be made accordingly. If 513 
metabolic correction is observed, the patient will continue to receive this same low dose. However, if 514 
no metabolic correction is observed then the patient will receive Dose Level 2 (mid dose level) for 2 515 
consecutive treatment cycles. If metabolic correction is still not achieved, treatment will advance to 516 
Dose Level 3 (high dose) for subsequent treatment cycles. Both dose and dosing regimens will be 517 
flexible 518 

The study will be open label with a 3-month run-in period, which is appropriate, as the primary 519 
objective is to evaluate the safety, tolerability, efficacy and pharmacodynamics of EE-TP in patients 520 
with MNGIE. Currently it is not known how variable or what change, if any, in the clinical and 521 
metabolic parameters will be observed over this 3-month run-in period; but these data will primarily 522 
serve to act as each patient’s own pre-treatment/control observations. Patients with MNGIE present 523 
with a wide variety of clinical (gastrointestinal and neurological) features and these data are highly 524 
likely be very heterogeneous between patients. Nonetheless, prolonged treatment with EE-TP is 525 
expected to cause positive changes in these various clinical and metabolic endpoints. The decision 526 
not to include a placebo control group was taken due to the serious and life-threatening nature of the 527 
disease and the evidence available from compassionate treatment data for EE-TP to mediate 528 
metabolic correction of thymidine and deoxyuridine levels in patients with MNGIE. Based upon pre-529 
clinical data and compassionate treatment data, the 24 months duration of the study is considered 530 
sufficient to assess the safety and tolerability, and to establish the pharmacodynamic effects of EE-531 
TP. There is very limited natural history data available for MNGIE and no clinical study data to 532 
determine the duration of treatment required to detect potential treatment effects. An interim review 533 
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of open label data will be conducted after each of the 12 adult treatment naïve patients have been 534 
exposed to EE-TP for at least one year. 535 

The rationale for the pharmacodynamic objective is based on the biochemical hallmark of 536 
MNGIE, where the deoxynucleosides thymidine and deoxyuridine accumulate in the plasma as a 537 
result of the deficient thymidine phosphorylase. The accumulation of thymidine impacts 538 
deoxynucleoside and nucleotide pools, and is thought to impede mtDNA replication and/or repair 539 
leading to mtDNA abnormalities and ultimately, mitochondrial dysfunction. Erythrocyte 540 
encapsulated TP is designed to replace thymidine phosphorylase in a sustained manner to reduce or 541 
eliminate elevated plasma thymidine and deoxyuridine concentrations. Pre-clinical studies have 542 
shown that thymidine and deoxyuridine diffuse across the erythrocyte membrane into the cell, where 543 
the encapsulated enzyme catalyses its metabolism to the normal products (thymine and uracil). This 544 
should result in a withdrawal of thymidine and deoxyuridine from the cellular compartments and 545 
an amelioration of the intra mitochondrial deoxyribonucleotide imbalances. We hypothesize that by 546 
preventing further damage to mtDNA, mitochondrial turnover should allow mitochondrial 547 
regeneration, and thus the restoration of mitochondrial function [22]. As an exploratory objective, 548 
this study will also assess markers of mitochondrial condition, e.g., FGF21, GDF15, including 549 
mtDNA, mRNA, miRNA, and lipidomics/proteomics, and the potential effects of reducing thymidine 550 
and deoxyuridine levels on these markers. The pharmacodynamic and clinical data from the 551 
retrospective HSCT study supports the hypothesis that biochemical improvement results in clinical 552 
improvement, particularly in BMI, and supports the use of pharmacodynamic data as a biomarker 553 
for clinical efficacy[13]. 554 

Due to the absence of previous data on outcome measures in MNGIE, validated secondary 555 
outcome measures, including a quality of life measure, have been selected on the basis of clinical 556 
trials in similar disorders. We have chosen not to composite outcome measures due to the marked 557 
phenotypic variability of the disorder. No validated composite outcome measure exists for MNGIE. 558 
Using assessment/rating scales for mitochondrial disorders more generally (e.g., the Newcastle 559 
Mitochondrial Disease Assessment Scale) would be a risk in a very small population, with composite 560 
outcomes showing no effect overall, while a more critical individual measure (e.g., BMI, or mortality) 561 
individually, would show evidence of benefit [23]. 562 

There are generally no accepted endpoints for clinical studies in patients with MNGIE. This 563 
ultra-rare disease presents with usually a combination of cachexia, gastrointestinal dysfunction, and 564 
neuromuscular dysfunction. Although weight loss is one of the key features of MNGIE and has a 565 
major impact on functional status, individual weight loss trajectories are not typically available in 566 
published case series. Weight loss is clearly associated with increased morbidity and mortality and a 567 
decreased quality of life in other chronic diseases for which weight loss is a primary manifestation, 568 
including cancer [24], chronic obstructive pulmonary disease [25], chronic heart disease [26], chronic 569 
kidney disease [27], and acquired immunodeficiency syndrome [28]. Overall, current evidence shows 570 
that weight loss is a valid prognostic marker and is associated with decreased quality of life across 571 
different conditions. Additionally, at least in patients with cancer, weight loss and symptoms 572 
associated with anorexia cachexia have been shown to have a psychosocial effect not only patients 573 
but on caregivers and the families of those affected [29]. 574 

Weight is an objective measurement, which is readily obtained without causing additional 575 
burden to patients. Objectiveness is a critical requirement within the context of the planned open 576 
label design of this study. Serial measurements of body weight offer the simplest screen for 577 
nutritional adequacy and change in nutritional status. The weight and height of a patient are used to 578 
formulate the BMI (i.e., calculated by an individual’s body mass divided by the square of his/her 579 
height [kg/m2]). Since weight loss is essentially a universal feature of MNGIE, any weight gain is 580 
highly likely to represent a very sensitive clinical objective. Consequently, the primary clinical 581 
endpoint in this study will be mean absolute change from baseline in BMI. 582 

Most published case series show a mean BMI of approximately 14 kg/m2 in patients with 583 
MNGIE, e.g. reference [4] describes 35 patients of which 16 were living at the time.  The average 584 
height and weight for males was 170 cm and 40.3 kg, respectively, whilst for females was 159.1 cm 585 
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and 35.5 kg. In the weight range reported for patients with MNGIE, an increase in BMI of 586 
approximately 0.2 represents an increase in body weight of approximately 0.5 kg. This increase is 587 
well above measurement error for medical grade scales and likely to be above intra individual 588 
variation for human weights in the low range. Therefore, an increase in BMI of 0.2 kg/m2 will 589 
empirically be used as a minimum threshold in counting patients with weight increase. Owing to the 590 
extreme rarity of the occurrence of MNGIE, a stabilisation of ±0.2 kg/m2 in BMI will be deemed to be 591 
clinically significant rather than statistically significant since it is expected to halt further clinical 592 
deterioration. Weight loss is clearly associated with increased morbidity and mortality in a variety of 593 
other chronic conditions. If adult patients with MNGIE were able to maintain or slightly increase 594 
their BMI with long-term therapy with EE-TP, this stabilisation would highly likely manifest itself in 595 
decreased overall morbidity and mortality, and hence overall clinical benefit in this population. 596 

There is limited precedent for weight measurement following intervention for patients with 597 
MNGIE. In a retrospective international study of 24 patients with MNGIE treated with HSCT, 7 598 
patients survived more than 2 years after HSCT, all gained weight (median weight increase was 2.5 599 
kg at a median follow up of 53 months) [13]. This weight gain occurred in parallel with increase in 600 
TP activity to normal levels and normalisation of thymidine and deoxyuridine levels. Due to the 601 
retrospective international nature of the study, no consistent formal clinical outcome measures were 602 
documented. Subjective evaluation of clinical examination in 2-year survivors suggested 603 
improvements in muscle strength and sensation, although this was not quantified. A patient who 604 
received orthotopic liver transplantation for MNGIE was reported to have cachexia and body 605 
mass/BMI monitored, although no improvement was noted [30]. 606 

Treatments targeting anorexia and cachexia in other disorders such as oxandrolone, dronabinol, 607 
megestrol acetate, growth hormone, and anamorelin have previously used weight gain, with lean 608 
body mass and handgrip strength more recently. The mechanism of action of those products, 609 
targeting appetite and hormonal control of food intake, suggests that they would not be effective in 610 
patients with MNGIE. 611 

Likewise, there is no systematic information on the illness experience of patients with MNGIE 612 
and no disease specific instrument to collect it. The disease is a multi-system organ disorder with a 613 
heterogeneous presentation. Secondary outcome measures have been selected to assess 614 
gastrointestinal and peripheral sensorimotor polyneuropathy symptoms. The selected instruments 615 
are not disease specific but have been shown to correlate significantly with both generic and disease 616 
targeted legacy instruments, and demonstrate evidence of reliability [31]. In addition, patient global 617 
impression of improvement, as well as improvement of the most disabling symptom for each patient, 618 
will be assessed. 619 

The precise mechanism through which correction of the enzymatic defect through EE-TP 620 
therapy can decrease the elevated circulating levels of thymidine and deoxyuridine and ultimately 621 
restoring gastrointestinal function leading to an increase and stabilisation in body weight and 622 
improved outcomes, is speculative at this point. Previous research has shown that severe depletion 623 
of mtDNA is the main molecular defect in gut wall of patients with MNGIE [21, 32]. The depletion of 624 
mtDNA correlates with histopathological abnormalities and is likely due to toxic levels of thymidine 625 
and deoxyuridine disrupting mitochondrial nucleotide pool through an unknown mechanism. The 626 
reduction of circulating levels of thymidine and deoxyuridine could in principle prevent further 627 
mtDNA depletion and, in time, promote the restoration of depleted gastrointestinal smooth muscle 628 
mtDNA pools. The consequent potential improvement of intestinal motility and improvement of 629 
nutrient absorption can be hypothesised to at least prevent further deterioration of the nutritional 630 
status and reduce gastrointestinal symptoms. 631 

In summary cachexia is the most consistent clinical manifestation of MNGIE. A robust clinical 632 
outcome measure of mean absolute change in BMI from baseline at 24 months is the primary 633 
endpoint. Stabilisation in BMI over a 24-month period will be regarded as a significant clinical benefit 634 
based on the consistent loss in BMI with time in patients with MNGIE. Relevant secondary endpoints 635 
included are the proportion of patients who require TPN, handgrip strength (using a dynamometer, 636 
according to the Southampton protocol), functional disability assessed by RODS, 10 metre walk test, 637 
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evaluation of gastrointestinal symptoms (PROMIS short form), neurological examination (for the 638 
assessment of presentation, improvement, or worsening in motor strength, distal sensory 639 
impairment, or areflexia), PGIC, assessment of the most disabling symptom for each patient using 640 
VAS and quality of life. This range of secondary outcome measures will enable capture of clinical 641 
effect in a condition for which there is considerable phenotypic variability.  642 

 643 
4. Conclusions 644 

To conclude, the open label, multiple-dose design of this study will allow maximal data 645 
contributions from each patient in this ultra-rare indication and offer sufficient flexibility to make use 646 
of continuously emerging knowledge that is generated as the study progresses. The design also 647 
incorporates safe progression of exposure, with multiple checks and provisions ensuring risk is 648 
managed appropriately, i.e. all patients will receive the lowest dose of EE-TP for the first 2 doses with 649 
24-hour observation following exposure to the first four doses and Patient Oversight Committee 650 
recommendation regarding dose progression. 651 

 652 
5. Patents 653 

Bax, B.E and Bain, M.D. (2018) Treatment for mitochondrial neurogastrointestinal 654 
encephalomyopathy (MNGIE). EP2760459B1 655 

Bax, B.E and Bain, M.D. (2018) Treatment for mitochondrial neurogastrointestinal 656 
encephalomyopathy (MNGIE). US10213492B2  657 
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