
1Tsujimoto M, et al. BMJ Open 2023;13:e068112. doi:10.1136/bmjopen-2022-068112

Open access�

Clinical trial on the efficacy and safety 
of NPC-15 for patients with xeroderma 
pigmentosum exaggerated sunburn 
reaction type: XP-1 study protocol for a 
multicentre, double-blinded, placebo-
controlled, two-group crossover study 
followed by a long-term open study 
in Japan

Mariko Tsujimoto,1 Yasumasa Kakei  ‍ ‍ ,2,3 Nozomi Yamano,1 Takeshi Fujita,4 
Takehiro Ueda,5 Ryusuke Ono,1 Sae Murakami,2 Shinichi Moriwaki,6 
Chikako Nishigori1,7

To cite: Tsujimoto M, Kakei Y, 
Yamano N, et al.  Clinical trial on 
the efficacy and safety of NPC-
15 for patients with xeroderma 
pigmentosum exaggerated 
sunburn reaction type: XP-1 
study protocol for a multicentre, 
double-blinded, placebo-
controlled, two-group crossover 
study followed by a long-term 
open study in Japan. BMJ Open 
2023;13:e068112. doi:10.1136/
bmjopen-2022-068112

	► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/​
bmjopen-2022-068112).

Received 07 September 2022
Accepted 13 March 2023

For numbered affiliations see 
end of article.

Correspondence to
Dr Yasumasa Kakei;  
​ykakei@​med.​kobe-​u.​ac.​jp

Pro
tocol

© Author(s) (or their 
employer(s)) 2023. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction  Xeroderma pigmentosum (XP) is a rare 
intractable disease without a fundamental treatment, 
presenting with severe photosensitivity, freckle-like 
pigmented and depigmented maculae and numerous 
skin cancers before the age of 10 years without strict 
sun protection. About 70% of the patients exhibit 
extremely severe sunburn reactions and most of them 
develop neurological symptoms, including sensorineural 
hearing impairment and progressive peripheral and 
central nervous disorders beginning from childhood 
ages. In the preclinical study, we found that N-acetyl-
5-methoxytryptamine was effective in suppressing skin 
tumour development in addition to improvement of 
auditory brainstem response in chronically ultraviolet-
irradiated XP-A model mice.
Methods and analysis  On the bases of the preclinical 
study, we conduct a clinical trial on the efficacy of NPC-15 
for patients with XP with exaggerated sunburn reaction 
type by a multicentre, double-blinded placebo-controlled, 
two-group crossover study followed by a 52 weeks open 
study.
Ethics and dissemination  Ethics approval is overseen 
by the Kobe University Institutional Review Board and 
Osaka Medical and Pharmaceutical University Institutional 
Review Board, and the study is conducted in accordance 
with the approved protocol. All participants will be 
required to provide written informed consent. Findings 
will be disseminated through scientific and professional 
conferences and peer-reviewed journal publications. The 
data sets generated during the study will be available from 
the corresponding author on reasonable request.
Trial registration number  jRCTs051210181.

INTRODUCTION
Xeroderma pigmentosum (XP) is an auto-
somal recessive genetic disorder associated 
with severe photosensitivity, freckle-like 
pigmented and depigmented maculae and 
skin cancers in sun-exposed areas. Numerous 
skin cancers can develop before the age 
of 10 years without strict sun protection. 
Furthermore, neurological symptoms, such 
as sensorineural hearing impairment and 
progressive peripheral and central nervous 
disorders beginning around 6 years of age, 
have also been observed in approximately 
60% patients.1 2

The number of patients medically recorded 
to have XP in Japan is 300–600. However, esti-
mated frequency of XP in the Japanese popu-
lation, calculated by the number of patients 
diagnosed with the eight clinical subtypes 

STRENGTHS AND LIMITATIONS OF THIS STUDY
⇒ This clinical study is designed as a double-blinded

crossover trial, followed by open study because the
number of study patients is limited even in Japan.

⇒ The randomisation and evaluation of the minimum
erythema dose, and the primary endpoint, along
with the Efficacy and Safety Evaluation Committee
are organised as independent of the investigators.

⇒ The limitations of this study include the duration of
the open study, which is not enough for evaluating
the new onset of skin cancer, and several genotypes 
are considered together.
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of XP (XP-A, XP-B, XP-C, XP-D, XP-E, XP-F, XP-G and 
XP-V), is approximately 1:22 000 persons. To elaborate, 
the percentage of patients with XP-A accounts for about 
50% of all XP in Japan, and 90% of them harbour the 
homozygous founder mutation of IVS3-1G>C (mutation 
from G (guanin) to C (cytosine) on intervening sequence 
(IVS) 3-1 side) in the XPA gene (responsible gene for 
XP-A); its carrier (heterozygote) ratio was 1:113 in the 
general population (heterozygous for the founder muta-
tion in the XPA gene).3 This discrepancy in the estimated 
number of patients (approximately 5600 patients) and 
those with officially recorded diagnoses was assumed to 
be because some patients were undiagnosed or were in 
facilities that limited their access to regular check-ups. 
Further, as the carrier data are based on archived patho-
logical sections (from 1957 to 2011) stored at medical 
facilities in Hiroshima, it is possible that the frequency 
of carriers may have been higher in the previous era. 
Regardless, the frequency of XP is higher in Japan than 
in both Europe and the USA, whereby it is only observed 
at a rate of 1:1 000 000 people.1 2

XP is represented by eight clinical subtypes, seven of 
which (A-G) are caused by mutations in genes of the nucle-
otide excision repair (NER) pathway and one subtype (V) 
is NER proficient but deficient in translesion synthesis 
DNA polymerase η. Among Japanese patients with XP, 
XP-A accounts for 52.7% of the patients, followed by XP-V 
for 30.8%, XP-D for 7.3%, XP-F for 4.0%, XP-C for 2.7% 
and XP-G for 2.0% of patients.2 Symptoms vary among 
groups. Patients with XP-A exhibit the lowest ability of 
DNA repair and the most severe cutaneous and neurolog-
ical symptoms. The ratio of male to female patient inci-
dence of XP is almost 1:1.

NER is the process of repairing DNA lesions caused 
by ultraviolet (UV) radiation, and NER defects, as in XP, 
result in the accumulation of DNA lesions that lead to 
carcinogenesis. While the pathogenesis of severe sunburn, 
pigmentary abnormalities and concomitant neurological 
symptoms is still unclear,2 several hypotheses have been 
postulated; NER is involved in oxidative DNA lesions such 
as cyclopurine that accumulate in the neuronal cells of 
humans,4 5 and patients with XP show an impaired mito-
phagy in their neuronal mitochondria due to oxidative 
stress.6

XP-A, XP-B, XP-D, XP-F and XP-G are categorised 
as exaggerated sunburn reaction types and patients 
with these subtypes manifest severe sunburn with 
minimum sun exposure and a prolonged reaction, with 
the erythema peak at 48–72 hours after UV exposure. 
In addition, these subtypes exhibit neurological symp-
toms to varying degrees. Patients with XP-A show severe 
photosensitivity from birth, freckle-like pigmented and 
depigmented maculae after UV exposure to the sun-
exposed skin and development of skin cancer before the 
age of 10 years, if strict sun protection is not enforced. 
XP is associated with almost normal development in 
early childhood, with a usual observation of mild delays 
in speech and walking. However, neurological symptoms 

generally start with sensorineural hearing impairment at 
the age of 5–6 years, gait imbalance from 6 years and 
severe gait disturbance by 20 years. Breathing problems 
due to laryngeal dystonia, dysphagia and aspiration 
occur frequently and sensorineural hearing impairment 
and dysarthria cause severe communication challenges 
in the late teens. Patients with XP may develop skin 
cancer in childhood and adolescence, if not protected 
from the sun.7–9

Progressive central and peripheral neurological symp-
toms occur in almost all Japanese patients with XP-A, 
about 10% of patients with XP-D and some patients with 
XP-F and XP-G. The rate of neurological symptoms varies 
with age; however, they appear in almost all patients with 
XP-A in their mid-teens. There is no fundamental treat-
ment for XP yet; although cutaneous conditions have 
improved over the last 30 years due to improved educa-
tion for strict sun protection and early diagnosis and treat-
ment for skin cancers with regular check-ups.2 However, 
treatment or prevention of the progression of neurolog-
ical symptoms is not possible. Symptomatic treatments by 
an interdisciplinary team, such as doctors from derma-
tology, paediatrics, neurology, otolaryngology, orthopae-
dics, ophthalmology, urology and dentistry, can assist with 
education for sun-protection, skin cancer checks, hearing 
aids and rehabilitation modalities to prevent secondary 
complications. Application of a UV-blocking film on 
windows in living spaces at home and schools is strongly 
recommended.

Anti-inflammatory drugs reduce UV-induced inflamma-
tion and skin tumour development in XP animal models10; 
XP animal models and/or patients’ cells have shown 
that N-acetyl-5-methoxytyptamine suppresses inflamma-
tory response and oxidative stress after UV irradiation. 
In addition, it suppresses skin tumour formation and 
improves auditory brainstem response (ABR) threshold, 
after chronic repetitive UV irradiation in XP-A model 
mice, suggesting that N-acetyl-5-methoxytyptamine can 
be a potential new treatment option for XP.

Although N-acetyl-5-methoxytryptamine was first iden-
tified as a hormone in the pineal gland by Lerner et al,11 
it is believed to have been derived from an antioxidant 
synthesised in photosynthetic cyanobacteria, 3 billion 
years ago, and have been conserved in almost all living 
species since then, with little change in its chemical struc-
ture.12 N-acetyl-5-methoxytryptamine is responsible for 
regulating circadian rhythms and endogenous synthesis, 
and its secretion is regulated by the light/dark cycle, with 
the highest plasma concentrations at night. In addition to 
its pharmacological effects such as circadian rhythm regu-
lation, there are many published references reporting 
N-acetyl-5-methoxytryptamine as a free radical scavenger 
and antioxidant.13 It is particularly believed to act as an 
antioxidant within mitochondria.12 Pharmacologically, 
N-acetyl-5-methoxytryptamine reduces the severity of 
injury in several disease models due to its effect on acute 
and chronic inflammation and central nervous system 
protection.
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In Japan, Nobelpharma submitted a manufacturing 
and marketing authorisation application in April 2019, 
and a 0.2% granule of N-acetyl-5-methoxytryptamine 
was approved in March 2020 for the treatment of sleep 
difficulties associated with childhood neurodevelop-
mental disorders. However, as no drugs for XP have been 
approved and marketed in Japan and overseas, the devel-
opment of an additional indication was promoted.

Furthermore, it has been shown that the level of 
N-acetyl-5-methoxytryptamine metabolites is reduced in 
patients with XP,14 and there is a strong need to establish 
an early treatment for XP in actual clinical practice.

As this crossover study is to confirm the short-term effi-
cacy of the drug to obtain a drug indication, the inves-
tigators have decided to target patients with XP with 
exaggerated sunburn reaction type.

In this trial, setting the primary endpoint will be diffi-
cult. An evaluation of the efficacy of the trial drug based 
on the progression level of neurological symptoms is 
desired. As the progression of neurological symptoms 
is gradual over the years, it is practically difficult to 
conduct a 10-year clinical trial on this disease. Further-
more, neurological symptoms differ with age, making the 
evaluation difficult. On the other hand, exaggerated and 
prolonged sunburn response is a lifelong symptom that is 
always and exclusively observed in patients with exagger-
ated sunburn type XP. Additionally, neurological symp-
toms are also observed in this type of XP. Furthermore, 
in our preclinical study, both cutaneous and neurolog-
ical symptoms, such as ABR were ameliorated. There-
fore, we theoretically considered that setting the primary 
endpoint as the improvement of minimum erythema 
dose (MED) is the best and most reliable (can be quanti-
tatively evaluated) method for evaluation of drug efficacy 
in XP. However, irradiation of patients with XP with UV 
significantly increases the risk of skin cancers; therefore, 
patients with XP are educated to strictly avoid UV expo-
sure. It has an ethical issue. After careful deliberation, we 
decided to set the primary endpoint as the MED at 72 
hours to minimise UV exposure dose.

MATERIALS AND METHODS
Study design
This is a multicentre, placebo-controlled, double-
blinded, randomised two-group crossover study followed 
by a long-term open study. The patient flowchart is shown 
in figure 1. As the number of patients with XP is limited 
and the half-life of NPC-15 is about 3 hours, a 2×2 cross-
over design was adopted. We ensured that the carry over 
effect would not affect the research results by setting the 
washout period to 14 days.

Study setting
This study will be performed at Kobe University Hospital 
and Osaka Medical and Pharmaceutical University 
Hospital. All study data will be stored and archived in 
the data centre of DOT World using Viedoc (Viedoc 

Technologies AB, Uppsala, Sweden), an electronic data 
capture (EDC) system for clinical research, to manage 
the data and protect confidentiality before, during and 
after the trial.

Purpose
The purpose of this study is to evaluate the efficacy and 
safety of orally administered NPC-15 (Nobelpharma, 
Tokyo, Japan) before bedtime at a dose of 0.5–4 mg 
(0.067 mg/kg) per day for 62 weeks (crossover study, 10 
weeks; open study, 52 weeks) in patients with exaggerated 
sunburn reaction type XP.

Endpoints
Primary endpoint
The primary endpoint is the MED, 72 hours (±6 hours) 
after UV irradiation on the 15th day (crossover period I 
and crossover period II) of investigational drug admin-
istration. A UV-irradiated examination is a burdensome 
examination for patients with XP; therefore, determi-
nation of the study’s primary endpoint was done after 
sufficient discussion, as mentioned in the Introduction 
section. The ‘MED’ is defined as the minimum dose that 
elicits very faint, but discernible erythema (NOT USUAL 
SUNBURN). Usually, MED is measured 24 hours after UV 
irradiation. However, delay of the erythematous peak is 
a characteristic of exaggerated sunburn type XP. In this 
clinical trial, MED at 72 hours will be evaluated; there-
fore, the irradiation dose can be minimised. The upper 
limit of the irradiation dose will be set between 30 and 60 
mJ/cm2, considering the degree of photosensitivity based 
on the patient’s age (skin thickness) and genetic diag-
nosis. The irradiated area will be set in a way such that it 
does not overlap for both the left and right back, during 
crossover period I and II, respectively.

Secondary endpoint
The secondary efficacy endpoints will be the following:
1.	 MED at 24 hours, 48 hours and 96 hours (±6 hours) 

after UV irradiation on the 15th day (period I and pe-
riod II) of investigational drug administration.

2.	 Evaluation of Melanin Index regarding the pigmented 
area in MED judgement area.

3.	 Pigmented maculae inspection (number, area and co-
lour tone).15

4.	 Neurological symptoms (neurological severity scale 
score on XP,16 hearing test and 5 m gait test).

5.	 Presence or absence of onset of acute skin symptoms.
6.	 Presence or absence of skin cancer.

The secondary endpoint for safety is the presence or 
absence of any adverse events and the intensity of drows-
iness and dizziness (Visual Analogue Scale score) associ-
ated with the conduct of this clinical study.

Eligibility criteria
Inclusion criteria
Patients who meet the following criteria will be included 
in the study:
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1.	 Patients with XP (according to the XP diagnostic crite-
ria by the Japan Dermatology Society, 2015) who have 
been diagnosed with exaggerated sunburn reaction 
type (XP-A, XP-B, XP-D, XP-F and XP-G) by genetic 
testing.

2.	 Patients aged 1 year or older with a weight of 7.5 kg or 
more at the time of consent. However, patients under 6 
years of age will be enrolled after confirming the safety 
for the first 10 cases of the patients aged 6 years or old-
er during the crossover study by the Safety Evaluation 
Committee.

3.	 Patients (or their caregivers/guardians) who have pro-
vided written informed consent to participate in this 
study.

Exclusion criteria
Patients with the following criteria will be excluded from 
the study:

1.	 Patients with a history of allergies to N-acetyl 
5-methoxytryptamine or ramelteon.

2.	 Patients receiving other investigational drugs (includ-
ing placebo) within the 4 months prior to obtaining 
consent.

3.	 Patients who have been using N-acetyl-
5methoxytryptamine (including health foods con-
taining melatonin as the principal component) and 
fluvoxamine maleate (Luvox, Depmerol, etc) in the 4 
weeks prior to the start of drug administration.

4.	 Pregnant, lactating women, women who wish to be-
come pregnant during the study period or women who 
are fertile and cannot accept an effective contraceptive 
method.

5.	 Patients deemed inappropriate by the investigators for 
participation in this clinical study.

Figure 1  Flow chart of participants. NP, NPC-15 to placebo; PN, placebo to NPC-15.

copyright.
 on June 15, 2023 at O

saka M
edical C

ollege. P
rotected by

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-068112 on 22 M
arch 2023. D

ow
nloaded from

 
資料 3

　

http://bmjopen.bmj.com/


5Tsujimoto M, et al. BMJ Open 2023;13:e068112. doi:10.1136/bmjopen-2022-068112

Open access

Randomisation
All patients who provide consent to participate and fulfil 
the sampling criteria will be randomised. Patients will be 
randomly assigned to either the NPC-15-placebo (NP) or 
placebo-NPC-15 (PN) group with a 1:1 allocation using 
the permutation random block method stratified by cate-
gory (whether XP genotype is XP-A or not). The block 
size will not be disclosed to ensure that blinding is main-
tained. The allocation sequence for the randomisation 
method will be generated by a person in charge from DOT 
world company, contract research organisation. The trial 
participants, care providers and endpoint assessors will be 
blinded. Either the principal or subinvestigator will send 
a patient enrolment form by EDC to the data centre. The 
staff at the data centre will confirm the patient’s eligi-
bility and issue the patient enrolment confirmation form 
containing the eligibility judgement, the randomisation 
assignment result from the generated random sequence 
and the enrolment number. The form will then be sent to 
the principal investigator or subinvestigator.

Data collection and management
Either the principal investigator or subinvestigator will 
enter the case report form (CRF) data for each patient 
into the EDC system. The principal investigator will 
confirm the completion and correctness of entered CRF 
data, electronically sign the CRF in Viedoc and make a 
printout of the signed CRF for maintaining records. The 
CRF printout will be retained for audit trail purposes. In 
case of queries about the CRF data, the principal investi-
gator or subinvestigator will promptly respond. Only the 
biostatistician will have access to the final data set.

Monitoring and audit
The study will be monitored to ensure protection of the 
human rights and welfare of the patients, safe progres-
sion of study in accordance with the protocol, and proper 
collection of applicable regulatory requirements under 
Good Clinical Practice and data. The principal investi-
gator will appoint someone to responsibly monitor the 
study. The items to be checked at monitoring are speci-
fied in the written procedure for the implementation of 
study monitoring. For quality assurance, the study will be 
examined four times, that is, before initiation of the clin-
ical trial, after the first patient in, before the last patient 
in and before completion of the integrated study report, 
to determine that it is being conducted in accordance 
with the protocol and written procedures, independently 
and separately from the routine activities of monitoring.

Intervention and treatment protocol
The NPC-15 0.2% granules sold by Melatobel for paedi-
atrics are manufactured at Nobelpharma. The placebo 
formulation is the same except that it does not contain 
N-acetyl 5-methoxytryptamine.

NP group will receive NPC-15 for the first 3 weeks, 
followed by the placebo for 3 weeks after a 2-week drug 
holiday. PN group will receive the placebo for the first 3 

weeks, followed by NPC-15 for 3 weeks after a 2-week drug 
holiday. The investigational drug will be administrated 
orally one time per day at a dose of 0.5–4 mg (0.067 mg/
kg) before bedtime.

The relationships between the interventions, endpoints, 
other assessments and visits for the patients in this study 
are shown in online supplemental tables 1 and 2.

Statistical analysis
Analysis set
A summary of the planned statistical analysis for this study 
is provided below. The final analysis will be performed 
after data from the patients have been obtained and fixed 
at the end of the follow-up period.

The full analysis set is the set of randomised patients 
who receive at least one dose of the study drug. The per-
protocol set is the subset of patients in the full analysis set 
who sufficiently comply with all aspects of the clinical trial 
protocol, including the drug administration methods and 
schedule. The safety analysis set is the set of patients who 
receive at least one dose of the study drug. In this study, 
the safety analysis set is the same as the full analysis set.

Statistical analysis
Statistical analyses will be conducted using the SAS soft-
ware V.9.4 (SAS Institute, Cary, North Carolina, USA). The 
patient baseline characteristics will be summarised using 
arms and periods. For continuous variables, the summary 
statistics (number of patients, mean, SD, minimum, 
median and maximum) will be calculated. For nominal 
variables, the categorical frequency and proportion will 
be presented. Missing scores for MED difference will be 
replaced by zero, and no imputation will be performed 
for any further endpoints.

For the crossover study, we will conduct the analysis 
under the assumption that there is no carryover effect 
due to a short half-life; therefore, a 2-week washout 
period will take place after period I. The analysis will be 
based on the difference in endpoints between period I 
and II for each patient. The difference between the mean 
endpoints (MED in each time point, Melanin Index and 
concentrations of oxidative stress markers) of the NPC-15 
and placebo and its 95% CI will be estimated. Statistical 
significance will be assessed using the Student’s t-test, 
with a significance level for hypothesis testing of 2.5% 
(one-sided).

For the open study, neurological symptoms at 52 
weeks after the open study will be compared with those 
before the study using McNemar’s, one-sample t-test, or 
Wilcoxon rank-sum test according to the type of each 
endpoint. The difference in oxidative stress marker 
(malondialdehyde, 8-hydroxy-2-deoxyguanosine, hexa-
noyl-Lys) concentrations before and after the open study 
will be assessed using a one-sample t-test.

The change of facial pigmented maculae at the start 
and end of the study, which will be examined according 
to number, area and colour tone, will be analysed using 
the Wilcoxon rank-sum, one-sample t-test and McNemar’s 
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test, respectively. McNemar’s test will be used to compare 
the incidence of acute cutaneous symptoms and develop-
ment of skin cancer during the 62 weeks study period and 
62 weeks before the study.

The number of adverse events and their frequency and 
percentage of occurrence will be summarised according 
to time, overall currency and by treatment.

For evaluation of delayed sexual maturation or develop-
ment, no statistical test will be performed and secondary 
sexual characteristics and blood hormone (prolactin) 
levels in each patient will be individually described.

Sample size calculation
The primary outcome will be to compare the changes 
of MED in crossover period I and II between the two 
groups. MED of patients with XP is approximately 5–10 
times smaller than that of healthy controls. For healthy 
controls, a difference of 10 mJ/cm2 in MED is apparently 
sufficient in the clinical setting. Therefore, we thought 
the difference of 1–2 mJ/cm2 should be clinically suffi-
cient for patients with XP. If we compare irradiation areas 
on one side of a child’s back, avoiding apparently curved 
areas, we postulate that 10 areas are the limit. Trying to 
evaluate all participants with the same irradiation dose 
difference and considering that 10 areas are limit for 
children, a 3 mJ/cm2 difference per area was considered 
most appropriate. The minimum effect of improved 
MED should be larger than this irradiation dose differ-
ence. It is reasonable to assume that the difference in 
MED between the placebo and actual drug is not as great 
as the difference in MED between healthy participants 
and patients with XP; in fact, it is possibly much lower. 
From the above observation, we estimated the differ-
ence in change of MED between the placebo and actual 
drug to be approximately 4.4 mJ/cm2, which was 1/5th 
of the difference between the mean MED at 24 hours 
after irradiation in seven healthy participants (54.3 mJ/
cm2) and 28 patients with XP (31.9 mJ/cm2). We believe 
that a difference of 4.4 mJ/cm2 is sufficient to reduce 
the biological effects of UV exposure for patients with 
XP with photosensitivity. The SD was assumed to be 6.0 
mJ/cm2, two times per day the irradiation unit dose for 
MED examination. Differences in NPC-15 and placebo 
in a crossover design can be substituted for differences 
in period between groups. The difference in period in 
NP group is denoted by (period I (NPC-15) – period II 
(placebo)) and the difference in period in PN group by 
(period I (placebo) – period II (NPC-15)). Thus, the 
difference between the two groups can be written as 
((period I (NPC-15) – period II (placebo)) – (period 
I (placebo)) – period II (NPC-15)) = 2 × ((NPC-15) – 
(placebo)). We expected a difference of 4.4 mJ/cm2 and 
an SD of 6.0 mJ/cm2 between the two groups in MED. 
Using a one-sided t-test with a significance level of 0.025, 
we need eight patients in each group to have at least 80% 
power. Assuming a few dropouts, a total of 10 patients in 
each group are required.

Study period
This study is based on the current version of the study 
protocol (V.1.2, last updated on 1 June 2022). The study 
was first approved on 24 January 2022 by the Institu-
tional Review Board of Kobe University, Graduate School 
of Medicine and authorised by the Pharmaceutical and 
Medical Devices Agency. Participant recruitment began 
on 1 April 2022. The expected date of completion (last 
visit of the last patient) is 15 December 2023.

Patient and public involvement
Patients and the public were not involved in the devel-
opment of the research questions, selection of endpoint 
measures, study design, patient recruitment or conduc-
tion of the study. The burden of intervention was assessed 
by representatives of patient associations participating 
in the ethical review committee. As mentioned in the 
individual consent form, participants may obtain access 
to the final results of the study through the principal 
investigator.

Ethics and dissemination
The study is being conducted in compliance with the 
principles of the Declaration of Helsinki (1996), the prin-
ciples of Good Clinical Practice and all applicable regu-
latory requirements. Ethics approval is overseen by the 
Kobe University Institutional Review Board (210040) and 
Osaka Medical and Pharmaceutical University Institu-
tional Review Board, and the study is conducted in accor-
dance with the approved protocol.

As described in the Introduction section, measurement 
of MED involves unavoidable ethical issues. We explained 
this point, along with the following points to the partic-
ipants (or their caregivers/guardians): (1) difficulties 
other than the MED measurement in assessing the effi-
cacy of XP therapeutics over a certain period of time; (2) 
that the dose of UV irradiation in this clinical trial was set 
lower than that of the UV examination conducted at the 
time of diagnosis; and (3) that we considered the possi-
bility of developing cancer with MED measurements in 
this trial to be sufficiently low. Before genetic diagnosis 
became mainstream, at least 50 patients with XP with 
exaggerated sunburn reaction type underwent more than 
60 mJ/cm2 UV irradiation on their back for diagnostic 
purposes in our hospital; however, none of them devel-
oped skin cancer on the tested sites, where patients are 
rarely exposed to the sun.

Written informed consent is obtained from all partic-
ipants before any study procedure is performed. The 
participants (or their caregivers/guardians) will have the 
opportunity to review the participant consent form and 
provide acknowledgement of complete understanding of 
the study procedures. Informed consent will be admin-
istered by a suitably qualified and experienced indi-
vidual delegated to this task by the principal investigator. 
For participants under 18 years of age, or individuals 
over 20 years of age who are unable to provide consent 
due to intellectual disability, consent is obtained from 
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the substitute/caregivers/guardians. The protocol was 
submitted to the Japan Registry of Clinical Trial.
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