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Abstract

Introduction Neonatal hypoxic-ischemic encephalopathy (HIE) is an important

illness associated with death or cerebral palsy. This study aims to assess the
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safety and tolerability of the allogenic human multilineage-differentiating stress-

enduring cell (Muse cell)-based product, CL2020, in newborns with HIE. This is the

first clinical trial of CL2020 for neonates.

Methods and analysis This is a single-center, open-label, dose-escalation study

enrolling up to 12 patients. Neonates with HIE who receive proper hypothermia

therapy will be included in this study. A single intravenous injection of CL2020 will

be administered between 5 and 14 days of age. Subjects in the low-dose and high-

dose cohorts will receive 1.5 million cells and 15 million cells per dose,

respectively. The primary outcome is the incidence of any adverse events until 12

weeks after administration. The main secondary outcome is the Bayley Scales of

Infant and Toddler Development Third Edition score and the developmental

quotient as per the Kyoto Scale of Psychological Development 2001 at 78 weeks.

Ethics and dissemination This study will be conducted in accordance with the

Declaration of Helsinki and Good Clinical Practice. The Nagoya University Hospital

Institutional Review Board (No. 312005) approved this study on November 13,

2019.

Trial registration ClinicalTrials.gov: NCT04261335, registered on 7 February
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2020, https://clinicaltrials.gov/ct2/show/NCT04261335. Japan Registry of Clinical

Trials: jJRCT2043190112, registered on 6 February 2020,

https://jrct.niph.go.jp/latest-detail j]RCT2043190112

Strengths and limitations of this study

* This is the first clinical trial aiming at the safety and tolerability of CL2020, a Muse

cell-based product, in neonates.

» Hypothermia is currently the sole neuroprotective therapy for HIE; however, its

effectiveness is insufficient, and a novel therapy is therefore required.

« After confirming the safety and tolerability of intravenous CL2020 administration

in neonates, we will need a randomized placebo-controlled clinical trial to evaluate

the effectiveness of CL2020 for HIE.

* This clinical trial is the first clinical application in neonates based on our non-

clinical study results; if this product is safe and well-tolerated by neonates in this

study, this may expand its application to other disorders in neonates and children.
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Introduction

Neonatal hypoxic-ischemic encephalopathy (HIE) results from acute perinatal

asphyxia and can lead to poor patient outcomes, including death, physical

disabilities, and mental retardation. HIE is expected to occur in 1.5 per 1,000 live

births (95% confidence intervals [CI]: 1.3 to 1.7) globally,[1] and the incidence of

moderate or severe HIE has been reported to be 0.37 per 1,000 term live births in

Japan.[2] Birth asphyxia accounts for 23% of global neonatal deaths.[3] Because

HIE is associated with irreversible injury to the central nervous system, its

sequelae such as cerebral palsy, epilepsy, or cognitive impairment could be a

persistent major burden on both patients and their families.

The most evidence-based treatment for moderate-to-severe HIE is therapeutic

hypothermia, which maintains a body temperature of 33—34°C for 72 hours[4, 5];

however, its effectiveness is limited. A previous study reported that the number

needed to treat was 9 (95% CI: 5-25) for hypothermia therapy to avoid 1 death or

severe disability at 18 months.[6] Therefore, a novel treatment for moderate-to-

severe HIE is warranted.

Regenerative medicine has been developed as a new and effective treatment for
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HIE. Preclinical animal studies using umbilical cord blood cells (UCBCs) in

neonatal HIE and stroke rat models have reported effectiveness.[7-9] In addition,

some exploratory clinical studies have shown the safety and feasibility of

autologous UCBCs administration for HIE neonates.[10, 11] However, the

preparation of autologous UCBCs requires well-equipped facilities and sufficient

human resources in birthing centers, clinics, or hospitals.

From a wide variety of options as candidates for regenerative cells,[12—-15] we

have noted the multilineage-differentiating stress-enduring cells (Muse cells). Muse

cells are endogenous, non-tumorigenic, pluripotent-like stem cells positive for

pluripotent markers, that self-renew and differentiate from a single cell into each of

the three germ layer cells.[16] They are positive for both stage-specific embryonic

antigen (SSEA)-3 and CD105 in the peripheral blood, bone marrow, and organ

connective tissues.[17, 18] Muse cells also have a specific immunomodulatory

system, represented by human leukocyte antigen (HLA) -G expression, allowing

them to be directly administered without HLA matching or immunosuppressant

agents.[19] Furthermore, after intravenous administration, Muse cells are

distributed to the damaged site by sphingosine monophosphate (S1P)-sphingosine
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monophosphate receptor 2 (S1PR2) axis mechanism,[19] and then self-renewed

without artificial differentiation or induction. After migrating, Muse cells differentiate

into tissue-compatible cells according to the microenvironment and remain

integrated in the host tissue to participate in tissue repair.[20, 21] Based on these

characteristics, intravenous administration of allogenic Muse cells are expected to

be an effective regenerative therapy for HIE.

We found that the systemic administration of human Muse cells for the perinatal

HIE rat model, made by 60 min of hypoxic (8%) exposure following ligation of the

left carotid artery, improved learning deficits and motor impairment. In addition,

human Muse cells are localized in the damaged brain and differentiate into

neurons. These effects were much clearer in the Muse cells than in MSCs without

Muse cells subpopulation.[22] Moreover, we confirmed that the human allogenic

Muse cells-based product, CL2020, manufactured by Life Science Institute, Inc.

(LSII; Tokyo, Japan), a group company of the Mitsubishi Chemical Holdings

Corporation, exerted a treatment effect with no toxicity in the HIE rat models. To

verify the safety and effectiveness of CL2020, LSII has conducted several clinical

trials with adult patients, namely, acute myocardial infarction (JapicCTI-No.:
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JapicCTI-183834 and JapicCTI-195067), stroke (JapicCTI-184103), epidermolysis

bullosa (JapicCTI-184563), spinal cord injury (JapicCTI-194841), amyotrophic

lateral sclerosis (jJRCT2063200047), and acute respiratory distress syndrome

associated with SARS-CoV-2 infection (jRCT2043210005). The first-in-human

clinical trial for acute myocardial infarction was performed in 3 patients and

indicated that CL2020 was safe and significantly improved the left ventricular

ejection fraction.[23] A phase 1/2 open-label study for adult epidermolysis bullosa

was also recently published. Five patients received a single injection of CL2020,

and the ulcer size was significantly reduced for up to 3 months.[24]

Nevertheless, the safety and tolerance of Muse cells in neonates are unknown

because they have never been administered to neonates. Based on these results,

we planned the first-in-neonate clinical trial to confirm the safety and tolerability of

CL2020 in patients with moderate-to-severe HIE receiving hypothermia therapy.

Hence, we describe the detailed design of an investigator-initiated clinical trial on

neonatal HIE to investigate the safety, tolerability, and efficacy in

neurodevelopmental outcomes at 18 months. This clinical trial was named "The

Evaluation of Safety and Tolerability of CL2020 in Neonatal Hypoxic Ischemic
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Encephalopathy Patients with Therapeutic Hypothermia in the Dose Escalation

Clinical Trial" (the SHIELD trial).

Methods and analysis

Objective and study design

The SHIELD trial's main objective is to confirm the safety and tolerability of

intravenous CL2020 in neonates with HIE. This trial is a single-center, open-label,

non-randomized, dose-escalation exploratory clinical trial. We have planned a

standard 3 + 3 dose-escalation design to examine the optimal dose of CL2020 for

neonatal safety and tolerability. The follow-up period is up to 78 weeks after the

administration of CL2020 for each patient.

Recruitment and setting

Patient recruitment is performed in our hospital or by receiving referrals of patients

from other hospitals in our district. Prior to the screening assessment, the

investigators will obtain written informed consent from the patients' legal parental

authority. After conducting the screening assessment and verifying the patients'
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eligibility, they will be registered for the trial.

Participants

We will recruit a maximum of 12 neonates with HIE who have received therapeutic

hypothermia. They must meet the following inclusion criteria:

1) At least 36 weeks gestational age, and one of the following criteria (i —iii.)

i.  Apgar score <5 at 10 minutes

ii. Continued neonatal resuscitation for at least 10 minutes

iii. pH < 7.0, or base deficit 2 16 mmol/L in any blood sample obtained

within 60 min after birth

2) Moderate or severe encephalopathy, as judged using the Sarnat criteria[25]

3) Undergone therapeutic hypothermia started within 6 hours after birth and

continued for 72 hours

4) Birth weight 2 1,800 g

5) Heart rate = 100/ min, and SpO, = 90%

6) Able to provide voluntary informed consent after receiving information about

the study (consent will be obtained from a legal proxy).
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Participants will be excluded according to the following exclusion criteria:

1)

2)

3)

4)

5)

6)

7)

8)

9)

Suspected or confirmed severe congenital abnormalities or chromosomal

anomaly

Planned to undergo surgery or radiation therapy

Scheduled to take systemic corticosteroids treatment for over 5 days

Blood glucose = 200 mg/dL continuously sustained

Participation in another interventional clinical study

Suspected or confirmed active and severe infection

Positive for HBs antigen, HCV antibody, HIV antibody, HTLV-1 antibody, or

syphilis serum reaction

History of severe hypersensitivity or anaphylactic reaction

Severe complications

Patient and public involvement

Patients’ guardians, or members of the public were not involved, in this study

protocol planning.
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Intervention and follow-up

The clinical-grade Muse cell-based product, CL2020, (1.5 x 107 cells/ 15 mL of

frozen preparation) was produced from human allogenic MSC by LSII.[26] We will

prepare cells from CL2020 for administration in neonates by centrifuging the

product after thawing, removing the supernatant, and suspending with acetated

Ringer's solution as 15 million cells in 15 mL. The patients will receive the prepared

cells intravenously once between 5 and 14 days after birth. This study will utilize a

3 + 3 dose-escalation design, setting 2 cohorts for the injected dose. Subjects in

the low-dose cohort will receive 1.5 million cells in 1.5 mL for 2 min, whereas

subjects in the high-dose cohort will receive 15 million cells in 15 mL for 20

minutes. The following treatments will be prohibited during the study:

corticosteroids (prednisolone converted at 2 mg/kg/day or more, and more than 5

days), other human mesenchymal stem cell products, processed cell products,

other investigational products, and use of investigational medical devices. The data

and safety monitoring board (DSMB) will consist of 3 specialists in pediatric and

perinatal care independent of the trial investigators. It will be held at predefined
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times in both cohorts: at 4 weeks after administering to the first patient and 12

weeks after administering to the third patient in each cohort. The council will also

be held when a product-related severe adverse event occurs, or investigators

consider that it should be convened due to safety concerns. The DSMB will

recommend whether this trial should be moved forward or be discontinued. Figure

1 illustrates the framework of this study. The study patients will be hospitalized for

at least 2 weeks after administration and followed-up for 78 weeks. The planned

visits and data collection are presented in Table 1.
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Schedule of interventions and assessments

Treatments and

Registration DayO0 Day1 Day3 Week1 Week2 Week4 Week12 Week 26

Page 14 of 39

14

Week 38 Week 52 Week 78

assessments

Agreement X

Demographics, current

medications X

Registration X

Assignment X

Administration X

Hospitalization < >

Vital signs? X X X X X X X X X X X X
Oxygen saturation X X X X X X X X X X X X
Hematological testsP X X X X X X X X X X X
Biochemical tests® X X X X X X X X X X X
Urine analysisd X X X X X

Composite endpoints < >
Spasticity X X X X X
Postnatal development X X X X
Epilepsy < >
MRI X X X
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Bayley scale® X
Kyoto scalef X
GMFCS9 X

aBlood pressure, pulse rate, and body temperature

bRed bood cell count, hemoglobin, hematocrit, white blood cell count, white blood cell fraction (basophils, eosinophils, neutrophils, lymphocytes, monospheres),
and platelet count

Blood urea nitrogen, creatinine, lactate dehydrogenase, aspartate amino transferase, alanine amino transferase, alkaline phosphatase, gamma-glutamyl
transpeptidase, total bilirubin, direct bilirubin, creatine kinase, C-reactive protein, sodium, potassium, calcium, phosphorus, and blood glucose level.

dpH, urine protein, urine occult blood, and urine sugar

eBayley Scales of Infant and Toddler Development Third edition

fKyoto Scale of Psychological Development 2001

9Expanded and Revised Gross Motor Function Classification System
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Study endpoints

The primary outcome is the incidence of adverse events until 12 weeks after

administration. The secondary outcomes are set as follows:

1)

2)

3)

4)

5)

6)

Incidence of composite endpoints (death, continuous respiratory support, or

continuous use of vasopressors or pulmonary vasodilators)

Mortality and overall survival

Duration of continuous respiratory support: The definition of respiratory

support is the status of conducting artificial ventilation with tracheal

intubation

Duration of continuous use of vasopressors or pulmonary vasodilators;

dopamine, dobutamine, adrenaline, noradrenaline, milrinone, vasopressin,

dl-isoprenaline hydrochloride, /-isoprenaline hydrochloride, nitric oxide,

epoprostenol sodium, nitroglycerin, and alprostadil alfadex

The Bayley Scales of Infant and Toddler Development Third Edition [27]

score at 78 weeks

The developmental quotient as per Kyoto Scale of Psychological

Development 2001[28] at 78 weeks
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7) Assessment of postnatal development such as head control, rolling, sitting,

crawling, walking unaided, and saying several meaningful words

8) Presence of spasticity: The definition of spasticity is the status of increased

muscle tone or increased deep tendon reflex

9) Presence of epilepsy: The definition of epilepsy is based on the

International League Against Epilepsy[29]

10) Magnetic resonance imaging score: The scoring system is based on the

report of Barkovich et al.[30]

11)  The score of Expanded and Revised Gross Motor Function Classification

System[31] at 78 weeks

In addition, we will collect vital signs and laboratory values for safety

assessment at specific points, as shown in Table 1.

Sample size calculation

We did not calculate the sample size with statistical rationale because we used

a 3 + 3 dose-escalation design to confirm the safety and tolerability of CL2020.

The scheduled number of enrolled patients is 12.
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Statistical analysis

All analyses are based on an intention-to-treat principle. All adverse events will

be confirmed for the primary endpoint, and the proportions of the adverse

events and their 95% CI based on the Clopper-Pearson method will be

calculated. Time-to-event data will be summarized using the Kaplan-Meier

method. Descriptive statistics for continuous variables and frequency and

proportion for categorical variables will be calculated for each secondary

endpoint. Statistical analysis will be performed using SAS software (SAS

Institute, version 9.4, North Carolina, USA). Statistical significance will be

defined as p < 0.05.

Monitoring and auditing

The monitoring personnel will investigate the progress of this trial and confirm

the adequacy of the research procedures, and the auditing personnel will check

the quality of this trial independent of the investigators, in accordance with the

laws, regulations, study protocol, and standard operating procedures.

Status of this trial
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The Ministry of Health, Labour and Welfare accepted this clinical trial

notification as a trial on a new cellular and tissue-based product in January

2020. The registration of the first participant and the administration of CL2020

were completed in March 2020. Three patients were enrolled into a low-dose

cohort, whereas six patients were allocated to a high-dose cohort as of July

2021. Patient recruitment was performed in Nagoya University Hospital from

February 2020 to July 2021, and the study will be terminated in September

2023.

Ethics and dissemination

Ethics approval

This study was approved by the Nagoya University Hospital Institutional Review

Board (No. 312005) on November 13, 2019. This study will be conducted in

accordance with the Declaration of Helsinki and Good Clinical Practice. The

investigators must always obtain approval form the Institutional Review Board

about any amendment to the protocol and provide the necessary reasons.

Patient consent for participation
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The investigators and trained clinical research coordinators will introduce the

trial to patients' legal representatives with prepared information sheets and

informed consent forms. The investigator will obtain written consent to

participate in the trial. Identification of all subjects during the data collection will

be performed using a subject identification code, and all personnel involved in

this study will take the best possible precautions to ensure the protection of

patients’ personal information.

Dissemination

The results of this clinical trial will be published in peer-reviewed journals,

presented in conferences, and submitted to clinical trial registries.

Discussion

This clinical trial is aimed at evaluating the safety and tolerability of CL2020, a

Muse cell-based product, in neonates. When CL2020 was administered

intravenously to infant rats, the cells were distributed mainly in the lungs

immediately after administration; however, there was no change in respiratory

condition or pathological evaluation. Based on non-clinical study data and

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 39



Page 21 of 39

oNOYTULT D WN =

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

BMJ Open

21

ongoing clinical trials progress of CL2020, we decided to implement this clinical

trial to ensure safety in neonates.

Perinatal brain insult induced by hypoxia is a leading cause of cerebral palsy.

Several randomized control trials of hypothermia therapy for HIE have been

conducted,[32—-37] and hypothermia is currently the sole neuroprotective

therapy. However, its effectiveness is insufficient; therefore, a novel therapy is

required. Regenerative therapy is the focus of next-generation therapy. Clinical

studies with autologous UCBCs for HIE had been conducted before the

development of CL2020.[10, 11] This UCBCs therapy requires additional

equipment and human resources for its preparation because the newborns'

umbilical cord blood has to be collected at birth, and the patients receive the

first dose of prepared UCBCs within 24 hours after birth. In contrast, in our non-

clinical study, single intravenous administration of Muse cells for HIE model rats

3 days after hypoxic-ischemic injury ameliorated behavioral abnormalities up to

5 months.[22] In a non-clinical study using CL2020, the treatment effect was

exerted at even later administration timing. Thus, we set the administration of

Muse cells to human neonates between 5 and 14 days after birth, which means

that physicians and patients' families can afford the time to decide or prepare
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the treatment based on patient condition or seek further opinions.

We conducted a consultation meeting about the main clinical trial design,

including the administration's timing as above with the Japanese regulatory

authority, Pharmaceutical and Medical Devices Agency, and they agreed to our

proposed design of this trial. We will perform a randomized placebo-controlled

clinical trial to evaluate the effectiveness of CL2020 for HIE after confirming the

safety and tolerability of its intravenous administration in neonates.

Herein, we present the overall design of this single-center, open-label, dose-

escalation clinical trial of Muse cell products in HIE patients with hypothermia.

This clinical trial is the first clinical application of CL2020 in neonates based on

our non-clinical study results, and if we can verify the safety and well-tolerability

of this product in neonates, it may expand its application to other disorders in

neonates and children.

List of abbreviations

Cl, confidence interval; DSMB, data and safety monitoring board; GMFCS:

expanded and revised gross motor function classification system; HIE, hypoxic-

ischemic encephalopathy; HLA, human leukocyte antigen; MSC, mesenchymal
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stem cell; Muse cell, multilineage-differentiating stress-enduring cell; UCBC,

umbilical cord blood cell
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrobjartsson A,
Schulz KF, Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and
Elaboration: Guidance for protocols of clinical trials. BMJ. 2013;346:7586

Reporting Item Page Number

Administrative

information

Title #1 Descriptive title identifying the study design, 1
population, interventions, and, if applicable, trial
acronym

Trial registration #2a  Trial identifier and registry name. If not yet 3,4
registered, name of intended registry

Trial registration: #2b  All items from the World Health Organization Trial n/a

data set Registration Data Set

Protocol version #3 Date and version identifier 2

Funding #4 Sources and types of financial, material, and other 23, 24
support

Roles and #5a Names, affiliations, and roles of protocol contributors 1, 22, 23

responsibilities:
contributorship
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Roles and #5b
responsibilities:

sponsor contact
information

Roles and #5¢
responsibilities:
sponsor and funder

Roles and #5d
responsibilities:
committees

Introduction

Background and #6a
rationale

Background and #6b
rationale: choice of
comparators

Objectives #7

Trial design #8

Methods:
Participants,
interventions, and
outcomes
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Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study
design; collection, management, analysis, and
interpretation of data; writing of the report; and the
decision to submit the report for publication,
including whether they will have ultimate authority
over any of these activities

Composition, roles, and responsibilities of the
coordinating centre, steering committee, endpoint
adjudication committee, data management team,
and other individuals or groups overseeing the trial,
if applicable (see Item 21a for data monitoring
committee)

Description of research question and justification for

undertaking the trial, including summary of relevant
studies (published and unpublished) examining
benefits and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg,
parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority,
equivalence, non-inferiority, exploratory)
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; Study setting #9 Description of study settings (eg, community clinic, 9
3 academic hospital) and list of countries where data

4 will be collected. Reference to where list of study

5

6 sites can be obtained

7

8 Eligibility criteria #10 Inclusion and exclusion criteria for participants. If 10, 11
?o applicable, eligibility criteria for study centres and

11 individuals who will perform the interventions (eg,

:; surgeons, psychotherapists)

14

15 Interventions: #11a Interventions for each group with sufficient detail to 12
1? description allow replication, including how and when they will

18 be administered

19

20 Interventions: #11b Criteria for discontinuing or modifying allocated n/a
;; modifications interventions for a given trial participant (eg, drug

23 dose change in response to harms, participant

;g request, or improving / worsening disease)

26

27 Interventions: #11c Strategies to improve adherence to intervention n/a
;g adherance protocols, and any procedures for monitoring

30 adherence (eg, drug tablet return; laboratory tests)

31

:; Interventions: #11d Relevant concomitant care and interventions that are 12
34 concomitant care permitted or prohibited during the trial

35

36 Outcomes #12 Primary, secondary, and other outcomes, including 16
g; the specific measurement variable (eg, systolic

39 blood pressure), analysis metric (eg, change from

j? baseline, final value, time to event), method of

42 aggregation (eg, median, proportion), and time point

43 . -

44 for each outcome. Explanation of the clinical

45 relevance of chosen efficacy and harm outcomes is

j? strongly recommended

48

49 Participant timeline #13  Time schedule of enrolment, interventions (including Table 1
g? any run-ins and washouts), assessments, and visits

52 for participants. A schematic diagram is highly

;31 recommended (see Figure)

55

56 Sample size #14  Estimated number of participants needed to achieve 17
5273 study objectives and how it was determined,

5

59
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including clinical and statistical assumptions
supporting any sample size calculations

Strategies for achieving adequate participant
enrolment to reach target sample size

Method of generating the allocation sequence (eg,
computer-generated random numbers), and list of
any factors for stratification. To reduce predictability
of a random sequence, details of any planned
restriction (eg, blocking) should be provided in a
separate document that is unavailable to those who
enrol participants or assign interventions

Mechanism of implementing the allocation sequence
(eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to
conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will
enrol participants, and who will assign participants to
interventions

Who will be blinded after assignment to interventions
(eg, trial participants, care providers, outcome
assessors, data analysts), and how

If blinded, circumstances under which unblinding is
permissible, and procedure for revealing a
participant’s allocated intervention during the trial

Plans for assessment and collection of outcome,
baseline, and other trial data, including any related
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Data management

Statistics: outcomes

Statistics: additional
analyses

Statistics: analysis
population and
missing data

Methods:
Monitoring

Data monitoring:
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processes to promote data quality (eg, duplicate
measurements, training of assessors) and a
description of study instruments (eg, questionnaires,
laboratory tests) along with their reliability and
validity, if known. Reference to where data collection
forms can be found, if not in the protocol

Plans to promote participant retention and complete
follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate
from intervention protocols

Plans for data entry, coding, security, and storage,
including any related processes to promote data
quality (eg, double data entry; range checks for data
values). Reference to where details of data
management procedures can be found, if not in the
protocol

Statistical methods for analysing primary and
secondary outcomes. Reference to where other
details of the statistical analysis plan can be found, if
not in the protocol

Methods for any additional analyses (eg, subgroup
and adjusted analyses)

Definition of analysis population relating to protocol
non-adherence (eg, as randomised analysis), and
any statistical methods to handle missing data (eg,
multiple imputation)

Composition of data monitoring committee (DMC);
summary of its role and reporting structure;
statement of whether it is independent from the
sponsor and competing interests; and reference to
where further details about its charter can be found,
if not in the protocol. Alternatively, an explanation of
why a DMC is not needed
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Data monitoring:
interim analysis

Harms

Auditing

Ethics and
dissemination

Research ethics
approval

Protocol
amendments

Consent or assent

Consent or assent:
ancillary studies

Confidentiality

Declaration of
interests

#22

#24

#26a

#27

BMJ Open

Description of any interim analyses and stopping
guidelines, including who will have access to these
interim results and make the final decision to
terminate the trial

Plans for collecting, assessing, reporting, and
managing solicited and spontaneously reported
adverse events and other unintended effects of trial
interventions or trial conduct

Frequency and procedures for auditing trial conduct,
if any, and whether the process will be independent
from investigators and the sponsor

Plans for seeking research ethics committee /
institutional review board (REC / IRB) approval

Plans for communicating important protocol
modifications (eg, changes to eligibility criteria,
outcomes, analyses) to relevant parties (eg,
investigators, REC / IRBs, trial participants, trial
registries, journals, regulators)

Who will obtain informed consent or assent from
potential trial participants or authorised surrogates,
and how (see Item 32)

Additional consent provisions for collection and use
of participant data and biological specimens in
ancillary studies, if applicable

How personal information about potential and
enrolled participants will be collected, shared, and
maintained in order to protect confidentiality before,
during, and after the trial

Financial and other competing interests for principal
investigators for the overall trial and each study site
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Statement of who will have access to the final trial
dataset, and disclosure of contractual agreements
that limit such access for investigators
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Abstract

Introduction: Neonatal hypoxic-ischaemic encephalopathy (HIE) is an important

illness associated with death or cerebral palsy. This study aims to assess the safety

and tolerability of the allogenic human multilineage-differentiating stress-enduring

cell (Muse cell)-based product, CL2020, in newborns with HIE. This is the first clinical

trial of CL2020 in neonates.

Methods and analysis: This is a single-centre, open-label, dose-escalation study

enrolling up to 12 patients. Neonates with HIE who receive a course of therapeutic

hypothermia therapy, which cools to a body temperature of 33°C-34°C for 72 hours,

will be included in this study. A single intravenous injection of CL2020 will be

administered between 5 and 14 days of age. Subjects in the low-dose and high-dose

cohorts will receive 1.5 and 15 million cells per dose, respectively. The primary

outcome is the occurrence of any adverse events within 12 weeks after

administration. The main secondary outcome is the Bayley Scales of Infant and

Toddler Development Third Edition score and the developmental quotient per the

Kyoto Scale of Psychological Development 2001 at 78 weeks.

Ethics and dissemination: This study will be conducted in accordance with the
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Declaration of Helsinki and Good Clinical Practice. The Nagoya University Hospital

Institutional Review Board (No. 312005) approved this study on 13 November 2019.

Trial registration: ClinicalTrials.gov: NCT04261335, registered on 7 February 2020,

https://clinicaltrials.gov/ct2/show/NCT04261335. Japan Registry of Clinical Trials:

jRCT2043190112, registered on 6 February 2020, https://jrct.niph.go.jp/latest-

detail/[RCT2043190112

Strengths and limitations of this study

* This is the first clinical trial aimed at the safety and tolerability of CL2020, a Muse

cell-based product, in neonates.

» Hypothermia is currently the sole neuroprotective therapy for HIE; its effectiveness

is insufficient, and a novel therapy is required.

* After confirming the safety and tolerability of intravenous CL2020 in neonates, we

will need a randomised placebo-controlled clinical trial to evaluate the effectiveness

of CL2020 for treating HIE.

* This trial is the first clinical application in neonates based on our non-clinical study

results; if this product is found to be safe and well-tolerated by neonates, its
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application may expand to other disorders in neonates and children.

Keywords

Hypoxic-ischaemic encephalopathy, neonates, cerebral palsy, hypothermia,

mesenchymal stem cell, Muse cell

INTRODUCTION

Neonatal hypoxic-ischaemic encephalopathy (HIE) results from acute perinatal

asphyxia and can lead to poor patient outcomes, including death, physical disabilities,

and mental retardation. HIE has an estimated incidence of 1.5 per 1,000 live births

(95% confidence intervals [CI]: 1.3 to 1.7) from the three population-based studies

in United Kingdom, Australia, Sweden carried out since 1980,[1] and the incidence

of moderate or severe HIE has been reported to be 0.37 per 1,000 term live births in

Japan.[2] Birth asphyxia accounts for 23% of global neonatal deaths.[3] Because

HIE is associated with irreversible injury to the central nervous system, its sequelae

such as cerebral palsy, epilepsy, or cognitive impairment could be major persistent

burdens on both patients and their families.
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The most evidence-based treatment for moderate-to-severe HIE is therapeutic

hypothermia, which maintains a body temperature of 33°C-34°C for 72 hours[4, 5].

However, its effectiveness is limited. A previous study reported that the number

needed to treat was 9 (95% CI: 5-25) for hypothermia therapy to avoid 1 death or

severe disability at 18 months.[6] Therefore, a novel treatment for moderate-to-

severe HIE is warranted.

Regenerative medicine has been developed as a new and effective treatment for

HIE. Preclinical animal studies using umbilical cord blood cells (UCBCs) in neonatal

HIE and stroke rat models have reported effectiveness.[7-9] In addition, some

exploratory clinical studies have shown the safety and feasibility of autologous

UCBCs administration for HIE neonates.[10, 11] However, preparing autologous

UCBCs requires well-equipped facilities and sufficient human resources in birthing

centres, clinics, or hospitals.

From a wide variety of options as candidates for regenerative cells,[12-15] we have

noted the multilineage-differentiating stress-enduring cells (Muse cells). Muse cells

are endogenous, non-tumorigenic, pluripotent-like stem cells positive for pluripotent

markers that self-renew and differentiate from a single cell into each of the three
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germ layer cells.[16] They are positive for stage-specific embryonic antigen (SSEA)-

3 and CD105 in the peripheral blood, bone marrow, and organ connective tissues.[17,

18] Muse cells also have a specific immunomodulatory system, represented by

human leukocyte antigen (HLA) -G expression, allowing them to be directly

administered without HLA matching or immunosuppressant agents.[19] Furthermore,

after intravenous administration, Muse cells are distributed to the damaged site by

sphingosine monophosphate (S1P)-sphingosine monophosphate receptor 2

(S1PR2) axis mechanism,[19] and then self-renewed without artificial differentiation

or induction. After migrating, Muse cells differentiate into tissue-compatible cells

according to the microenvironment and remain integrated into the host tissue to

participate in tissue repair.[20, 21] Based on these characteristics, intravenous

administration of allogenic Muse cells is expected to be an effective regenerative

therapy for HIE.

We found that the systemic administration of human Muse cells in the perinatal HIE

rat model, made by 60 min of hypoxic (8%) exposure following ligation of the left

carotid artery, improved learning deficits and motor impairment. In addition, human

Muse cells are localised in the damaged brain and differentiate into neurons.
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These effects were much clearer in the Muse cells than in mesenchymal stem cells

(MSCs) without Muse cells subpopulation.[22] Moreover, we confirmed that the

human allogenic Muse cells-based product, CL2020, manufactured by Life Science

Institute, Inc. (LSII; Tokyo, Japan), a group company of the Mitsubishi Chemical

Holdings Corporation, exerted a therapeutic effect with no toxicity in the HIE rat

models. To verify the safety and effectiveness of CL2020, LSII has conducted

several clinical trials in adult patients with acute myocardial infarction (JapicCTI-

No.: JapicCTI-183834 and JapicCTI-195067), stroke (JapicCTI-184103),

epidermolysis bullosa (JapicCTI-184563), spinal cord injury (JapicCTI-194841),

amyotrophic lateral sclerosis (JRCT2063200047), and acute respiratory distress

syndrome associated with SARS-CoV-2 infection (jRCT2043210005). The first-in-

human clinical trial for acute myocardial infarction was performed in 3 patients and

indicated that CL2020 was safe and significantly improved the left ventricular

ejection fraction.[23] A phase 1/2 open-label trial on adult epidermolysis bullosa

was also recently published. A total of 5 patients received a single injection of

CL2020, and the ulcer size was significantly reduced for up to 3 months.[24]

Nevertheless, the safety and tolerability of Muse cells in neonates are unknown
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because they have never been administered to neonates. Based on these results,

we planned the first-in-neonate clinical trial to confirm the safety and tolerability of

CL2020 in patients with moderate-to-severe HIE receiving hypothermia therapy.

Hence, we describe the detailed design of an investigator-initiated clinical trial on

neonatal HIE to investigate the safety, tolerability, and efficacy in

neurodevelopmental outcomes at 18 months. This clinical trial is named “The

Evaluation of Safety and Tolerability of a multilineage-differentiating stress-enduring

cell-based product in Neonatal Hypoxic-Ischeamic Encephalopathy Patients with

Therapeutic Hypothermia in the Dose Escalation Clinical Trial” (the SHIELD trial).

METHODS AND ANALYSIS

Objective and study design

The SHIELD trial's main objective is to confirm the safety and tolerability of

intravenous CL2020 in neonates with HIE. This trial is a single-centre, open-label,

non-randomised, dose-escalation exploratory clinical trial. We have planned a

standard 3 + 3 dose-escalation design to examine the optimal dose of CL2020 for

neonatal safety and tolerability. The follow-up period is up to 78 weeks after

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 39



Page 11 of 39

oNOYTULT D WN =

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

BMJ Open

10

administering CL2020 to each patient.

Recruitment and setting

Patient recruitment is done in Nagoya University Hospital or by receiving referrals of

patients from other hospitals in our district. The investigators will obtain written

informed consent from the patients’ legal parental authority before screening. After

screening and verifying the patients’ eligibility, they will be registered for the trial.

Participants

We will recruit a maximum of 12 neonates with HIE who have received therapeutic

hypothermia. They must meet the following inclusion criteria:

1) At least 36 weeks gestational age, and one of the following criteria (i—iii)

i.  Apgar score <5 at 10 minutes

ii. Continued neonatal resuscitation for at least 10 minutes

iii. pH <7.0, or base deficit 216 mmol/L in any blood sample obtained within

60 min after birth

2) Moderate or severe encephalopathy, as judged using the Sarnat criteria[25]
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Therapeutic hypothermia initiated within 6 hours after birth and continued for 72

hours

Birth weight 21,800 g

Heart rate 2100/min, and SpO, 290%

Able to provide voluntary informed consent after receiving information about the

study (consent will be obtained from a legal proxy).

Exclusion criteria are:

1)

2)

3)

4)

5)

6)

7)

Suspected or confirmed severe congenital abnormalities or chromosomal

anomaly

Planned to undergo surgery or radiation therapy

Scheduled to take systemic corticosteroids treatment for over 5 days

Blood glucose 2200 mg/dL continuously sustained

Participation in another interventional clinical study

Suspected or confirmed active and severe infection

Positive for HBs antigen, HCV antibody, HIV antibody, HTLV-1 antibody, or

syphilis serum reaction
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8) History of severe hypersensitivity or anaphylactic reaction

9) Severe complications not related to HIE

Patient and public involvement

Patients’ guardians or members of the public were not involved in this study protocol

planning.

Intervention and follow-up

The clinical-grade Muse cell-based product, CL2020 (1.5 x 107 cells/15 mL of frozen

preparation), was produced from human allogenic MSCs by LSII.[26] The CL2020

was produced by exposing MSCs to some stressors, and they were enriched to be

positive for both SSEA3 and CD105 but negative for CD45. We will prepare cells

from CL2020 for administration to neonates by centrifuging the product after thawing,

removing the supernatant, and suspending with acetated Ringer’s solution as 15

million cells in 15 mL. The patients will receive the prepared cells intravenously once

between 5 and 14 days after birth. This study will utilise a 3 + 3 dose-escalation

design, setting two cohorts for the injected dose. Subjects in the low-dose cohort will

receive 1.5 million cells in 1.5 mL for 2 min, while those in the high-dose cohort will
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receive 15 million cells in 15 mL for 20 minutes. The following treatments will be

prohibited during the study: corticosteroids (prednisolone converted at 2 mg/kg/day

or more, and more than 5 days), other human MSC products, processed cell

products except for the red blood cells, other investigational products, and the use

of investigational medical devices. The data and safety monitoring board (DSMB)

will consist of 3 specialists in paediatric and perinatal care independent of the trial

investigators. The DSMB will be held at predefined times in both cohorts: at 4 weeks

after administering to the first patient and 12 weeks after administering to the third

patient in each cohort. The council will also be held when a product-related severe

adverse event occurs or when investigators consider that it should be convened due

to safety concerns. The DSMB will recommend whether this trial should be moved

forward or be discontinued. Figure 1 illustrates the framework of this study. The study

participants will be hospitalised for at least 2 weeks after CL2020 administration and

followed up for 78 weeks. The planned visits and data collection are presented in

Table 1.
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aBlood pressure, pulse rate, and body temperature

PRed blood cell count, haemoglobin, haematocrit, white blood cell count, white blood cell fraction (basophils, eosinophils, neutrophils, lymphocytes, monocytes),

and platelet count

°Blood urea nitrogen, creatinine, lactate dehydrogenase, aspartate amino transferase, alanine amino transferase, alkaline phosphatase, gamma-glutamyl

transpeptidase, total bilirubin, direct bilirubin, creatine kinase, C-reactive protein, sodium, potassium, calcium, phosphorus, and blood glucose level.

dpH, urine protein, urine occult blood, and urine sugar

eBayley Scales of Infant and Toddler Development Third edition

fKyoto Scale of Psychological Development 2001

9Expanded and Revised Gross Motor Function Classification System
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Study endpoints

The primary outcome is the incidence of adverse events until 12 weeks after

administration. The secondary outcomes are as follows:

1)

2)

3)

4)

5)

6)

7)

Incidence of composite endpoints (death, continuous respiratory support, or

continuous use of vasopressors or pulmonary vasodilators)

Mortality and overall survival

Duration of continuous respiratory support: The definition of respiratory

support is the status of conducting artificial ventilation with tracheal intubation.

Duration of continuous use of vasopressors or pulmonary vasodilators:

dopamine, dobutamine, adrenaline, noradrenaline, milrinone, vasopressin,

dl-isoprenaline hydrochloride, /-isoprenaline hydrochloride, nitric oxide,

epoprostenol sodium, nitroglycerin, and alprostadil alfadex

The Bayley Scales of Infant and Toddler Development Third Edition [27]

score at 78 weeks

Developmental quotient as per the Kyoto Scale of Psychological

Development 2001[28] at 78 weeks

Assessment of postnatal development such as head control, rolling, sitting,

crawling, unaided walking, and saying several meaningful words
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8) Presence of spasticity: The definition of spasticity is the status of increased

muscle tone or increased deep tendon reflex.

9) Presence of epilepsy: The definition of epilepsy is based on the International

League Against Epilepsy.[29]

10) Magnetic resonance imaging score: The scoring system is based on the

report of Barkovich et al.[30]

11)  The score of Expanded and Revised Gross Motor Function Classification

System[31] at 78 weeks

In addition, we will collect vital signs and laboratory values for safety assessment

at specific points, as shown in Table 1.

Sample size calculation

We did not calculate the sample size with statistical rationale because we used a

3 + 3 dose-escalation design to confirm the safety and tolerability of CL2020. The

scheduled number of enrolled patients is 12.

Statistical analysis

All analyses are based on an intention-to-treat principle. We will analyse adverse
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events on the safety analysis set defined as all subjects enrolled in this study and

received the investigational cell product. All adverse events will be confirmed for

the primary endpoint, and the proportions of the adverse events and their 95% CI

based on the Clopper-Pearson method will be calculated. Overall survival,

defined as the time from birth to the date of death due to any cause, will be

summarised using the Kaplan-Meier method. Descriptive statistics for continuous

variables and frequency and proportion for categorical variables will be calculated

for each secondary endpoint. Statistical analysis will be performed using the SAS

software (SAS Institute, version 9.4, North Carolina, USA). Statistical significance

will be defined as p <0.05.

Monitoring and auditing

The monitoring personnel will investigate the progress of this trial and confirm the

adequacy of the research procedures. The auditing personnel will check the

quality of this trial independent of the investigators, according to the laws,

regulations, study protocol, and standard operating procedures.
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Status of this trial

The Ministry of Health, Labour and Welfare accepted this clinical trial notification

as a trial on a new cellular and tissue-based product in January 2020. The first

participant was registered, and CL2020 was administered in March 2020. Three

patients were enrolled into a low-dose cohort, while six were allocated to a high-

dose cohort as of July 2021. Patient recruitment was performed in Nagoya

University Hospital from February 2020 to July 2021, and the study will be

terminated in September 2023.

ETHICS AND DISSEMINATION

Ethical approval

This study was approved by the Nagoya University Hospital Institutional Review

Board (No. 312005) on 13 November 2019. This study will be conducted in

accordance with the Declaration of Helsinki and Good Clinical Practice. The

investigators must always obtain approval from the Institutional Review Board

about any amendment to the protocol and provide the necessary reasons.
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Patient consent for participation

The investigators and trained clinical research coordinators will introduce the trial

to patients’ legal representatives with prepared information sheets and informed

consent forms. The investigator will obtain written consent to participate in the

trial. Subjects will be identified during the data collection using a subject

identification code. All personnel involved in this study will take the best possible

precautions to ensure the protection of patients’ personal information.

Dissemination

The results of this clinical trial will be published in peer-reviewed journals,

presented in conferences, and submitted to clinical trial registries.

DISCUSSION

This clinical trial aims to evaluate the safety and tolerability of CL2020, a Muse

cell-based product, in neonates. When CL2020 was administered intravenously

to infant rats, the cells were distributed mainly in the lungs immediately after

administration. However, there was no change in respiratory condition or

pathological evaluation. Based on non-clinical study data and ongoing clinical
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trials of CL2020, we decided to implement this clinical trial to ensure safety in

neonates.

Perinatal brain insult induced by hypoxia is a leading cause of cerebral palsy.

Several randomised controlled trials of hypothermia therapy for HIE have been

conducted,[32-37] and hypothermia is currently the sole neuroprotective therapy.

However, its effectiveness is insufficient, and a novel therapy is required.

Regenerative therapy is the focus of next-generation therapy. Clinical studies

with autologous UCBCs for HIE had been conducted before the development of

CL2020.[10, 11] This UCBCs therapy requires additional equipment and human

resources for its preparation because the newborns’ umbilical cord blood has to

be collected at birth, and the patients receive the first dose of prepared UCBCs

within 24 hours after birth. In contrast, in our non-clinical study, single intravenous

administration of Muse cells to HIE model rats 3 days after hypoxic-ischaemic

injury ameliorated behavioural abnormalities up to 5 months.[22] In a non-clinical

study using CL2020, the treatment effect was exerted at even 7 days after insult

by hypoxic ischaemia. In addition, a single dose of CL2020 administered via the

vein at the subacute (about 9 days after onset) and chronic phases (about 30

days) was effective in a mouse lacunar stroke model.[26] Thus, we set the
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administration of Muse cells to human neonates between 5 and 14 days after

birth, which means that physicians and patients’ families can afford the time to

decide or prepare the treatment based on the patient’s condition or seek other

opinions.

We held a consultation meeting about the main clinical trial design, including the

timing of administration as above with the Japanese regulatory authority,

Pharmaceutical and Medical Devices Agency, and they agreed to our proposed

design for this trial. We will perform a randomised placebo-controlled clinical trial

to evaluate the effectiveness of CL2020 for HIE after confirming the safety and

tolerability of its intravenous administration in neonates.

Herein, we present the overall design of this single-centre, open-label, dose-

escalation clinical trial of Muse cell products in HIE patients with hypothermia.

This clinical trial is the first clinical application of CL2020 in neonates based on

our non-clinical study results. If we can verify that this product is safe and well-

tolerable in neonates, its application may expand to other disorders in neonates

and children.
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Figure 1

Study framework

This is a schematic diagram of this clinical trial as a 3 + 3 design. It shows the

schedule of enrolment, timing of CL2020 cells administration and assessments

and visits for each patient, and timing of the data safety monitoring board (DSMB)

meeting. The DSMB meets for the safety evaluation 4 weeks after CL2020 cells

administration to the first patient in each cohort and 12 weeks after administration

to the third patient in each cohort to confirm if the remaining participants can be

enrolled.
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrobjartsson A,
Schulz KF, Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and
Elaboration: Guidance for protocols of clinical trials. BMJ. 2013;346:7586

Reporting Item Page Number

Administrative

information

Title #1 Descriptive title identifying the study design, 1
population, interventions, and, if applicable, trial
acronym

Trial registration #2a  Trial identifier and registry name. If not yet 3,4
registered, name of intended registry

Trial registration: #2b  All items from the World Health Organization Trial n/a

data set Registration Data Set

Protocol version #3 Date and version identifier 2

Funding #4 Sources and types of financial, material, and other 23, 24
support

Roles and #5a Names, affiliations, and roles of protocol contributors 1, 22, 23

responsibilities:
contributorship
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Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study
design; collection, management, analysis, and
interpretation of data; writing of the report; and the
decision to submit the report for publication,
including whether they will have ultimate authority
over any of these activities

Composition, roles, and responsibilities of the
coordinating centre, steering committee, endpoint
adjudication committee, data management team,
and other individuals or groups overseeing the trial,
if applicable (see Item 21a for data monitoring
committee)

Description of research question and justification for

undertaking the trial, including summary of relevant
studies (published and unpublished) examining
benefits and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg,
parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority,
equivalence, non-inferiority, exploratory)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

1,2

n/a

12

5

n/a; This is a
single-arm,
dose-
escalation
trial.

9

9


https://www.goodreports.org/reporting-checklists/spirit/info/#5b
https://www.goodreports.org/reporting-checklists/spirit/info/#5c
https://www.goodreports.org/reporting-checklists/spirit/info/#5d
https://www.goodreports.org/reporting-checklists/spirit/info/#6a
https://www.goodreports.org/reporting-checklists/spirit/info/#6b
https://www.goodreports.org/reporting-checklists/spirit/info/#7
https://www.goodreports.org/reporting-checklists/spirit/info/#8

oNOYTULT D WN =

Study setting

Eligibility criteria

Interventions:
description

Interventions:
modifications

Interventions:
adherance

Interventions:
concomitant care

Outcomes

Participant timeline

Sample size

BMJ Open

#9 Description of study settings (eg, community clinic,
academic hospital) and list of countries where data
will be collected. Reference to where list of study
sites can be obtained

10 Inclusion and exclusion criteria for participants. If
applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg,
surgeons, psychotherapists)
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Interventions for each group with sufficient detail to
allow replication, including how and when they will
be administered
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Criteria for discontinuing or modifying allocated
interventions for a given trial participant (eg, drug
dose change in response to harms, participant

request, or improving / worsening disease)
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Strategies to improve adherence to intervention

protocols, and any procedures for monitoring
adherence (eg, drug tablet return; laboratory tests)
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Relevant concomitant care and interventions that are
permitted or prohibited during the trial

H+
kN
N

Primary, secondary, and other outcomes, including

the specific measurement variable (eg, systolic
blood pressure), analysis metric (eg, change from
baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point
for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is
strongly recommended

13  Time schedule of enrolment, interventions (including Table 1

any run-ins and washouts), assessments, and visits
for participants. A schematic diagram is highly
recommended (see Figure)

=
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Estimated number of participants needed to achieve
study objectives and how it was determined,
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including clinical and statistical assumptions
supporting any sample size calculations

Strategies for achieving adequate participant
enrolment to reach target sample size

Method of generating the allocation sequence (eg,
computer-generated random numbers), and list of
any factors for stratification. To reduce predictability
of a random sequence, details of any planned
restriction (eg, blocking) should be provided in a
separate document that is unavailable to those who
enrol participants or assign interventions

Mechanism of implementing the allocation sequence
(eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to
conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will
enrol participants, and who will assign participants to
interventions

Who will be blinded after assignment to interventions
(eg, trial participants, care providers, outcome
assessors, data analysts), and how

If blinded, circumstances under which unblinding is
permissible, and procedure for revealing a
participant’s allocated intervention during the trial

Plans for assessment and collection of outcome,
baseline, and other trial data, including any related
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processes to promote data quality (eg, duplicate
measurements, training of assessors) and a
description of study instruments (eg, questionnaires,
laboratory tests) along with their reliability and
validity, if known. Reference to where data collection
forms can be found, if not in the protocol

Plans to promote participant retention and complete
follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate
from intervention protocols

Plans for data entry, coding, security, and storage,
including any related processes to promote data
quality (eg, double data entry; range checks for data
values). Reference to where details of data
management procedures can be found, if not in the
protocol

Statistical methods for analysing primary and
secondary outcomes. Reference to where other
details of the statistical analysis plan can be found, if
not in the protocol

Methods for any additional analyses (eg, subgroup
and adjusted analyses)

Definition of analysis population relating to protocol
non-adherence (eg, as randomised analysis), and
any statistical methods to handle missing data (eg,
multiple imputation)

Composition of data monitoring committee (DMC);
summary of its role and reporting structure;
statement of whether it is independent from the
sponsor and competing interests; and reference to
where further details about its charter can be found,
if not in the protocol. Alternatively, an explanation of
why a DMC is not needed
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Abstract

Introduction: Neonatal hypoxic-ischaemic encephalopathy (HIE) is an important

illness associated with death or cerebral palsy. This study aims to assess the safety

and tolerability of the allogenic human multilineage-differentiating stress-enduring

cell (Muse cell)-based product, CL2020, in newborns with HIE. This is the first clinical

trial of CL2020 in neonates.

Methods and analysis: This is a single-centre, open-label, dose-escalation study

enrolling up to 12 patients. Neonates with HIE who receive a course of therapeutic

hypothermia therapy, which cools to a body temperature of 33°C-34°C for 72 hours,

will be included in this study. A single intravenous injection of CL2020 will be

administered between 5 and 14 days of age. Subjects in the low-dose and high-dose

cohorts will receive 1.5 and 15 million cells per dose, respectively. The primary

outcome is the occurrence of any adverse events within 12 weeks after

administration. The main secondary outcome is the Bayley Scales of Infant and

Toddler Development Third Edition score and the developmental quotient per the

Kyoto Scale of Psychological Development 2001 at 78 weeks.

Ethics and dissemination: This study will be conducted in accordance with the
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Declaration of Helsinki and Good Clinical Practice. The Nagoya University Hospital

Institutional Review Board (No. 312005) approved this study on 13 November 2019.

The results of this study will be published in peer-reviewed journal and reported in

international conferences.

Trial registration: ClinicalTrials.gov: NCT04261335, registered on 7 February 2020,

https://clinicaltrials.gov/ct2/show/NCT04261335. Japan Registry of Clinical Trials:

jRCT2043190112, registered on 6 February 2020, https://jrct.niph.go.jp/latest-

detail/RCT2043190112

Strengths and limitations of this study

» This is the first clinical trial in neonates aimed at the safety and tolerability of

CL2020, a Muse cell-based product.

» Further investigation will be needed to confirm the efficacy and safety of this

products in neonatal hypoxic-ischaemic encephalopathy after this clinical trial.

« If this product is found to be safe and well-tolerated by neonates with HIE, its

application may expand to other disorders in neonates and children.
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INTRODUCTION

Neonatal hypoxic-ischaemic encephalopathy (HIE) results from acute perinatal

asphyxia and can lead to poor patient outcomes, including death, physical disabilities,

and mental retardation. HIE has an estimated incidence of 1.5 per 1,000 live births

(95% confidence intervals [CI]: 1.3 to 1.7) from the three population-based studies

in United Kingdom, Australia, Sweden carried out since 1980,[1] and the incidence

of moderate or severe HIE has been reported to be 0.37 per 1,000 term live births in

Japan.[2] Birth asphyxia accounts for 23% of global neonatal deaths.[3] Because

HIE is associated with irreversible injury to the central nervous system, its sequelae

such as cerebral palsy, epilepsy, or cognitive impairment could be major persistent

burdens on both patients and their families.

The most evidence-based treatment for moderate-to-severe HIE is therapeutic
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hypothermia, which maintains a body temperature of 33°C-34°C for 72 hours[4, 5].

However, its effectiveness is limited. A previous study reported that the number

needed to treat was 9 (95% CI: 5-25) for hypothermia therapy to avoid 1 death or

severe disability at 18 months.[6] Therefore, a novel treatment for moderate-to-

severe HIE is warranted.

Regenerative medicine has been developed as a new and effective treatment for

HIE. Preclinical animal studies using umbilical cord blood cells (UCBCs) in neonatal

HIE and stroke rat models have reported effectiveness.[7-9] In addition, some

exploratory clinical studies have shown the safety and feasibility of autologous

UCBCs administration for HIE neonates.[10, 11] However, preparing autologous

UCBCs requires well-equipped facilities and sufficient human resources in birthing

centres, clinics, or hospitals.

From a wide variety of options as candidates for regenerative cells,[12-15] we have

noted the multilineage-differentiating stress-enduring cells (Muse cells). Muse cells

are endogenous, non-tumorigenic, pluripotent-like stem cells positive for pluripotent

markers that self-renew and differentiate from a single cell into each of the three

germ layer cells.[16] They are positive for stage-specific embryonic antigen (SSEA)-
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3 and CD105 in the peripheral blood, bone marrow, and organ connective tissues.[17,

18] Muse cells also have a specific immunomodulatory system, represented by

human leukocyte antigen (HLA) -G expression, allowing them to be directly

administered without HLA matching or immunosuppressant agents.[19] Furthermore,

after intravenous administration, Muse cells are distributed to the damaged site by

sphingosine monophosphate (S1P)-sphingosine monophosphate receptor 2

(S1PR2) axis mechanism,[19] and then self-renewed without artificial differentiation

or induction. After migrating, Muse cells differentiate into tissue-compatible cells

according to the microenvironment and remain integrated into the host tissue to

participate in tissue repair.[20, 21] Based on these characteristics, intravenous

administration of allogenic Muse cells is expected to be an effective regenerative

therapy for HIE.

We found that the systemic administration of human Muse cells in the perinatal HIE

rat model, made by 60 min of hypoxic (8%) exposure following ligation of the left

carotid artery, improved learning deficits and motor impairment. In addition, human

Muse cells are localised in the damaged brain and differentiate into neurons.

These effects were much clearer in the Muse cells than in mesenchymal stem cells
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(MSCs) without Muse cells subpopulation.[22] Moreover, we confirmed that the

human allogenic Muse cells-based product, CL2020, manufactured by Life Science

Institute, Inc. (LSII; Tokyo, Japan), a group company of the Mitsubishi Chemical

Holdings Corporation, exerted a therapeutic effect with no toxicity in the HIE rat

models. To verify the safety and effectiveness of CL2020, LSII has conducted

several clinical trials in adult patients with acute myocardial infarction (JapicCTI-

No.: JapicCTI-183834 and JapicCTI-195067), stroke (JapicCTI-184103),

epidermolysis bullosa (JapicCTI-184563), spinal cord injury (JapicCTI-194841),

amyotrophic lateral sclerosis (jJRCT2063200047), and acute respiratory distress

syndrome associated with SARS-CoV-2 infection (jRCT2043210005). The first-in-

human clinical trial for acute myocardial infarction was performed in 3 patients and

indicated that CL2020 was safe and significantly improved the left ventricular

ejection fraction.[23] A phase 1/2 open-label trial on adult epidermolysis bullosa

was also recently published. A total of 5 patients received a single injection of

CL2020, and the ulcer size was significantly reduced for up to 3 months.[24]

Nevertheless, the safety and tolerability of Muse cells in neonates are unknown

because they have never been administered to neonates. Based on these results,
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we planned the first-in-neonate clinical trial to confirm the safety and tolerability of

CL2020 in patients with moderate-to-severe HIE receiving hypothermia therapy.

Hence, we describe the detailed design of an investigator-initiated clinical trial on

neonatal HIE to investigate the safety, tolerability, and efficacy in

neurodevelopmental outcomes at 18 months. This clinical trial is named “The

Evaluation of Safety and Tolerability of a multilineage-differentiating stress-enduring

cell-based product in Neonatal Hypoxic-Ischeamic Encephalopathy Patients with

Therapeutic Hypothermia in the Dose Escalation Clinical Trial” (the SHIELD trial).

METHODS AND ANALYSIS

Objective and study design

The SHIELD trial’'s main objective is to confirm the safety and tolerability of

intravenous CL2020 in neonates with HIE. This trial is a single-centre, open-label,

non-randomised, dose-escalation exploratory clinical trial. We have planned a

standard 3 + 3 dose-escalation design to examine the optimal dose of CL2020 for

neonatal safety and tolerability. The follow-up period is up to 78 weeks after

administering CL2020 to each patient.
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Recruitment and setting

Patient recruitment is done in Nagoya University Hospital or by receiving referrals of

patients from other hospitals in our district. The investigators will obtain written

informed consent from the patients’ legal parental authority before screening. After

screening and verifying the patients’ eligibility, they will be registered for the trial.

Participants

We will recruit a maximum of 12 neonates with HIE who have received therapeutic

hypothermia. They must meet the following inclusion criteria:

1) At least 36 weeks gestational age, and one of the following criteria (i—iii)

i.  Apgar score <5 at 10 minutes

ii. Continued neonatal resuscitation for at least 10 minutes

iii. pH <7.0, or base deficit 216 mmol/L in any blood sample obtained within

60 min after birth

2) Moderate or severe encephalopathy, as judged using the Sarnat criteria[25]
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Therapeutic hypothermia initiated within 6 hours after birth and continued for 72

hours

Birth weight 21,800 g

Heart rate 2100/min, and SpO, 290% upon enrollment

Able to provide voluntary informed consent after receiving information about the

study (consent will be obtained from a legal proxy).

Exclusion criteria are:

1)

2)

3)

4)

5)

6)

7)

Suspected or confirmed severe congenital abnormalities or chromosomal

anomaly

Planned to undergo surgery or radiation therapy

Scheduled to take systemic corticosteroids treatment for over 5 days

Blood glucose 2200 mg/dL continuously sustained

Participation in another interventional clinical study

Suspected or confirmed active and severe infection

Positive for HBs antigen, HCV antibody, HIV antibody, HTLV-1 antibody, or

syphilis serum reaction
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8) History of severe hypersensitivity or anaphylactic reaction

9) Severe complications not related to HIE

Patient and public involvement

Patients’ guardians or members of the public were not involved in this study protocol

planning.

Intervention and follow-up

The clinical-grade Muse cell-based product, CL2020 (1.5 x 107 cells/15 mL of frozen

preparation), was produced from human allogenic MSCs by LSII.[26] The CL2020

was produced by exposing MSCs to some stressors, and they were enriched to be

positive for both SSEA3 and CD105 but negative for CD45. We will prepare cells

from CL2020 for administration to neonates by centrifuging the product after thawing,

removing the supernatant, and suspending with acetated Ringer’s solution. The

patients will receive the prepared cells intravenously once between 5 and 14 days

after birth. We decided to administer as soon as possible within this window (5-14

days after birth) in principle after registration. This study will utilise a 3 + 3 dose-
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escalation design, setting two cohorts for the injected dose. Subjects in the low-dose

cohort will receive 1.5 million cells, while those in the high-dose cohort will receive

15 million cells. The following treatments will be prohibited during the study:

corticosteroids (prednisolone converted at 2 mg/kg/day or more, and more than 5

days), other human MSC products, processed cell products except for the red blood

cells, other investigational products, and the use of investigational medical devices.

Regarding corticosteroid, it affects cell proliferation mediated by RNA transcription

[27], we thought that they could affect the function of the administered cells. The

data and safety monitoring board (DSMB) will consist of 3 specialists in paediatric

and perinatal care independent of the trial investigators. The DSMB will be held at

predefined times in both cohorts: at 4 weeks after administering to the first patient

and 12 weeks after administering to the third patient in each cohort. The council will

also be held when a product-related severe adverse event occurs or when

investigators consider that it should be convened due to safety concerns. The DSMB

will recommend whether this trial should be moved forward or be discontinued.

Figure 1 illustrates the framework of this study. The study participants will be

hospitalised for at least 2 weeks after CL2020 administration and followed up for 78
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weeks. The planned visits and data collection are presented in Table 1.
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Figure 1
Treatments and
Registration Day0 Day1 Day3 Week1 Week2 Week4 Week12 Week26 Week38 Week52 Week78
assessments
Agreement X

Study framework

This is a schematic diagram of this clinical trial as a 3 + 3 design. It shows the schedule of enrolment, timing of CL2020

cells administration and assessments and visits for each patient, and timing of the data safety monitoring board (DSMB)

meeting. The DSMB meets for the safety evaluation 4 weeks after CL2020 cells administration to the first patient in

each cohort and 12 weeks after administration to the third patient in each cohort to confirm if the remaining participants

can be enrolled.

Table 1

Schedule of interventions and assessments
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1 16
2
3
4 .
5 Demographics, current
X

6 medications
; Registration X
9 Assignment X
10
11 Administration X
12
13 Hospitalisation < >
1: Vital signs? X X X X X X X X X X X X
16 Oxygen saturation X X X X X X X X X X X X
17
18 Haematological tests® X X X X X X X X X X X
19
20 Biochemical tests® X X X X X X X X X X X
;; Urine analysis? X X X X X
23 Composite endpoints < >
24
25 Spasticity X X X X X
26
27 Postnatal development X X X X
28 .

Epileps < >
29 pilepsy < >
30 MRI X X X
31
32 Bayley scale® X
33 .
34 Kyoto scale X
35 GMFCS® x
36
37 aBlood pressure, pulse rate, and body temperature
22 PRed blood cell count, haemoglobin, haematocrit, white blood cell count, white blood cell fraction (basophils, eosinophils, neutrophils, lymphocytes, monocytes),
40
41
42
43
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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and platelet count

°Blood urea nitrogen, creatinine, lactate dehydrogenase, aspartate amino transferase, alanine amino transferase, alkaline phosphatase, gamma-glutamyl
transpeptidase, total bilirubin, direct bilirubin, creatine kinase, C-reactive protein, sodium, potassium, calcium, phosphorus, and blood glucose level.

dpH, urine protein, urine occult blood, and urine sugar

eBayley Scales of Infant and Toddler Development Third edition

fKyoto Scale of Psychological Development 2001

9Expanded and Revised Gross Motor Function Classification System
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Study endpoints

The primary outcome is the incidence of adverse events until 12 weeks after

administration. The secondary outcomes are as follows:

1)

2)

3)

4)

5)

6)

7)

Incidence of composite endpoints (death, continuous respiratory support, or

continuous use of vasopressors or pulmonary vasodilators)

Mortality and overall survival

Duration of continuous respiratory support: The definition of respiratory

support is the status of conducting artificial ventilation with tracheal intubation.

Duration of continuous use of vasopressors or pulmonary vasodilators:

dopamine, dobutamine, adrenaline, noradrenaline, milrinone, vasopressin,

dl-isoprenaline hydrochloride, /-isoprenaline hydrochloride, nitric oxide,

epoprostenol sodium, nitroglycerin, and alprostadil alfadex

The Bayley Scales of Infant and Toddler Development Third Edition [28]

score at 78 weeks

Developmental quotient as per the Kyoto Scale of Psychological

Development 2001 [29] at 78 weeks

Assessment of postnatal development such as head control, rolling, sitting,

crawling, unaided walking, and saying several meaningful words
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8) Presence of spasticity: The definition of spasticity is the status of increased

muscle tone or increased deep tendon reflex.

9) Presence of epilepsy: The definition of epilepsy is based on the International

League Against Epilepsy.[30]

10) Magnetic resonance imaging score: The scoring system is based on the

report of Barkovich et al.[31]

11)  The score of Expanded and Revised Gross Motor Function Classification

System [32] at 78 weeks

In addition, we will collect vital signs and laboratory values for safety assessment

at specific points, as shown in Table 1. In addition, tolerability is determined by

the investigator based on the suggestion of the data safety monitoring board by

confirming a serious adverse event related to the administration of the

investigational product.

Sample size calculation

We did not calculate the sample size with statistical rationale because we used a

3 + 3 dose-escalation design to confirm the safety and tolerability of CL2020. The

scheduled number of enrolled patients is 12.
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Statistical analysis

All analyses are based on an intention-to-treat principle. We will summarise the

demographic data using descriptive statistics. The main purpose of this

exploratory clinical trial is “to confirm the safety and tolerability” of the Muse cell

product. Therefore, we will analyse adverse events on the safety analysis set

defined as all subjects enrolled in this study and received the investigational cell

product. All adverse events will be confirmed for the primary endpoint, and the

proportions of the adverse events and their 95% CI based on the Clopper-

Pearson method will be calculated. Overall survival, defined as the time from birth

to the date of death due to any cause, will be summarised using the Kaplan-Meier

method. Descriptive statistics for continuous variables and frequency and

proportion for categorical variables will be calculated for each secondary endpoint.

Depending on the endpoint (e.g. the duration of continuous respiratory support,

continuous use of vasopressors, or pulmonary vasodilators), it will be

summarised excluding patients who had been using these therapies prior to the

cells administration as necessary. Statistical analysis will be performed using the

SAS software (SAS Institute, version 9.4, North Carolina, USA). Statistical
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significance will be defined as p <0.05. Some endpoints, including the provision

of respiratory support and the use of vasoactive drugs, may be affected by pre-

enrolment condition, the effects of these potential baseline differences will not be

adjusted in the analysis.

Monitoring and auditing

The monitoring personnel will investigate the progress of this trial and confirm the

adequacy of the research procedures. The auditing personnel will check the

quality of this trial independent of the investigators, according to the laws,

regulations, study protocol, and standard operating procedures.

Status of this trial

The Ministry of Health, Labour and Welfare accepted this clinical trial notification

as a trial on a new cellular and tissue-based product in January 2020. The first

participant was registered, and CL2020 was administered in March 2020. Three

patients were enrolled into a low-dose cohort, while six were allocated to a high-

dose cohort as of July 2021. Patient recruitment was performed in Nagoya
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University Hospital from February 2020 to July 2021, and the study will be

terminated in September 2023.

ETHICS AND DISSEMINATION

Ethical approval

This study was approved by the Nagoya University Hospital Institutional Review

Board (No. 312005) on 13 November 2019. This study will be conducted in

accordance with the Declaration of Helsinki and Good Clinical Practice. The

investigators must always obtain approval from the Institutional Review Board

about any amendment to the protocol and provide the necessary reasons.

Patient consent for participation

The investigators and trained clinical research coordinators will introduce the trial

to patients’ legal representatives with prepared information sheets and informed

consent forms (Supplementary file). The investigator will obtain written consent

to participate in the trial. Subjects will be identified during the data collection using

a subject identification code. All personnel involved in this study will take the best
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possible precautions to ensure the protection of patients’ personal information.

Dissemination

The results of this clinical trial will be published in peer-reviewed journals,

presented in conferences, and submitted to clinical trial registries.

DISCUSSION

This clinical trial aims to evaluate the safety and tolerability of CL2020, a Muse

cell-based product, in neonates. When CL2020 was administered intravenously

to infant rats, the cells were distributed mainly in the lungs immediately after

administration. However, there was no change in respiratory condition or

pathological evaluation. Based on non-clinical study data and ongoing clinical

trials of CL2020, we decided to implement this clinical trial to ensure safety in

neonates.

Perinatal brain insult induced by hypoxia is a leading cause of cerebral palsy.

Several randomised controlled trials of hypothermia therapy for HIE have been

conducted,[33-38] and hypothermia is currently the sole neuroprotective therapy.

However, its effectiveness is insufficient, and a novel therapy is required.
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Regenerative therapy is the focus of next-generation therapy. Clinical studies

with autologous UCBCs for HIE had been conducted before the development of

CL2020.[10, 11] This UCBCs therapy requires additional equipment and human

resources for its preparation because the newborns’ umbilical cord blood has to

be collected at birth, and the patients receive the first dose of prepared UCBCs

within 24 hours after birth. In contrast, in our non-clinical study, single intravenous

administration of Muse cells to HIE model rats 3 days after hypoxic-ischaemic

injury ameliorated behavioural abnormalities up to 5 months.[22] In a non-clinical

study using CL2020, the treatment effect was exerted at even 7 days after insult

by hypoxic ischaemia. In addition, a single dose of CL2020 administered via the

vein at the subacute (about 9 days after onset) and chronic phases (about 30

days) was effective in a mouse lacunar stroke model.[26] Thus, we set the

administration of Muse cells to human neonates between 5 and 14 days after

birth, which means that physicians and patients’ families can afford the time to

decide or prepare the treatment based on the patient’s condition or seek other

opinions.

We held a consultation meeting about the main clinical trial design, including the

timing of administration as above with the Japanese regulatory authority,
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Pharmaceutical and Medical Devices Agency, and they agreed to our proposed

design for this trial. We will perform a randomised placebo-controlled clinical trial

to evaluate the effectiveness of CL2020 for HIE after confirming the safety and

tolerability of its intravenous administration in neonates.

Herein, we present the overall design of this single-centre, open-label, dose-

escalation clinical trial of Muse cell products in HIE patients with hypothermia.

This clinical trial is the first clinical application of CL2020 in neonates based on

our non-clinical study results. If we can verify that this product is safe and well-

tolerable in neonates, its application may expand to other disorders in neonates

and children.
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrobjartsson A,
Schulz KF, Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and
Elaboration: Guidance for protocols of clinical trials. BMJ. 2013;346:7586

Reporting Item Page Number

Administrative

information

Title #1 Descriptive title identifying the study design, 1
population, interventions, and, if applicable, trial
acronym

Trial registration #2a  Trial identifier and registry name. If not yet 3,4
registered, name of intended registry

Trial registration: #2b  All items from the World Health Organization Trial n/a

data set Registration Data Set

Protocol version #3 Date and version identifier 2

Funding #4 Sources and types of financial, material, and other 23, 24
support

Roles and #5a Names, affiliations, and roles of protocol contributors 1, 22, 23

responsibilities:
contributorship

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Roles and #5b
responsibilities:

sponsor contact
information

Roles and #5¢
responsibilities:
sponsor and funder

Roles and #5d
responsibilities:
committees

Introduction

Background and #6a
rationale

Background and #6b
rationale: choice of
comparators

Objectives #7

Trial design #8

Methods:
Participants,
interventions, and
outcomes

BMJ Open

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study
design; collection, management, analysis, and
interpretation of data; writing of the report; and the
decision to submit the report for publication,
including whether they will have ultimate authority
over any of these activities

Composition, roles, and responsibilities of the
coordinating centre, steering committee, endpoint
adjudication committee, data management team,
and other individuals or groups overseeing the trial,
if applicable (see Item 21a for data monitoring
committee)

Description of research question and justification for

undertaking the trial, including summary of relevant
studies (published and unpublished) examining
benefits and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg,
parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority,
equivalence, non-inferiority, exploratory)
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5

n/a; This is a
single-arm,
dose-
escalation
trial.
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; Study setting #9 Description of study settings (eg, community clinic, 9
3 academic hospital) and list of countries where data

4 will be collected. Reference to where list of study

5

6 sites can be obtained

7

8 Eligibility criteria #10 Inclusion and exclusion criteria for participants. If 10, 11
?o applicable, eligibility criteria for study centres and

11 individuals who will perform the interventions (eg,

:; surgeons, psychotherapists)

14

15 Interventions: #11a Interventions for each group with sufficient detail to 12
1? description allow replication, including how and when they will

18 be administered

19

20 Interventions: #11b Criteria for discontinuing or modifying allocated n/a
;; modifications interventions for a given trial participant (eg, drug

23 dose change in response to harms, participant

;g request, or improving / worsening disease)

26

27 Interventions: #11c Strategies to improve adherence to intervention n/a
;g adherance protocols, and any procedures for monitoring

30 adherence (eg, drug tablet return; laboratory tests)

31

:; Interventions: #11d Relevant concomitant care and interventions that are 12
34 concomitant care permitted or prohibited during the trial

35

36 Outcomes #12 Primary, secondary, and other outcomes, including 16
g; the specific measurement variable (eg, systolic

39 blood pressure), analysis metric (eg, change from

j? baseline, final value, time to event), method of

42 aggregation (eg, median, proportion), and time point

43 . -

44 for each outcome. Explanation of the clinical

45 relevance of chosen efficacy and harm outcomes is

j? strongly recommended

48

49 Participant timeline #13  Time schedule of enrolment, interventions (including Table 1
g? any run-ins and washouts), assessments, and visits

52 for participants. A schematic diagram is highly

;31 recommended (see Figure)

55

56 Sample size #14  Estimated number of participants needed to achieve 17
5273 study objectives and how it was determined,

5

59

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Recruitment

Methods:
Assignment of
interventions (for
controlled trials)

Allocation: sequence
generation

Allocation
concealment
mechanism

Allocation:
implementation

Blinding (masking)

Blinding (masking):
emergency
unblinding

Methods: Data
collection,
management, and
analysis

Data collection plan

H*
LN
(@) ]

kN
(o]
Q

=
N
(®]
(o

18a

BMJ Open

including clinical and statistical assumptions
supporting any sample size calculations

Strategies for achieving adequate participant
enrolment to reach target sample size

Method of generating the allocation sequence (eg,
computer-generated random numbers), and list of
any factors for stratification. To reduce predictability
of a random sequence, details of any planned
restriction (eg, blocking) should be provided in a
separate document that is unavailable to those who
enrol participants or assign interventions

Mechanism of implementing the allocation sequence
(eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to
conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will
enrol participants, and who will assign participants to
interventions

Who will be blinded after assignment to interventions
(eg, trial participants, care providers, outcome
assessors, data analysts), and how

If blinded, circumstances under which unblinding is
permissible, and procedure for revealing a
participant’s allocated intervention during the trial

Plans for assessment and collection of outcome,
baseline, and other trial data, including any related
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n/a; This
study will be
open label.
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Data management

Statistics: outcomes

Statistics: additional
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BMJ Open

processes to promote data quality (eg, duplicate
measurements, training of assessors) and a
description of study instruments (eg, questionnaires,
laboratory tests) along with their reliability and
validity, if known. Reference to where data collection
forms can be found, if not in the protocol

Plans to promote participant retention and complete
follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate
from intervention protocols

Plans for data entry, coding, security, and storage,
including any related processes to promote data
quality (eg, double data entry; range checks for data
values). Reference to where details of data
management procedures can be found, if not in the
protocol

Statistical methods for analysing primary and
secondary outcomes. Reference to where other
details of the statistical analysis plan can be found, if
not in the protocol

Methods for any additional analyses (eg, subgroup
and adjusted analyses)

Definition of analysis population relating to protocol
non-adherence (eg, as randomised analysis), and
any statistical methods to handle missing data (eg,
multiple imputation)

Composition of data monitoring committee (DMC);
summary of its role and reporting structure;
statement of whether it is independent from the
sponsor and competing interests; and reference to
where further details about its charter can be found,
if not in the protocol. Alternatively, an explanation of
why a DMC is not needed
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interim analysis
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Ethics and
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Protocol
amendments

Consent or assent
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ancillary studies

Confidentiality

Declaration of
interests
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#24
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Description of any interim analyses and stopping
guidelines, including who will have access to these
interim results and make the final decision to
terminate the trial

Plans for collecting, assessing, reporting, and
managing solicited and spontaneously reported
adverse events and other unintended effects of trial
interventions or trial conduct

Frequency and procedures for auditing trial conduct,
if any, and whether the process will be independent
from investigators and the sponsor

Plans for seeking research ethics committee /
institutional review board (REC / IRB) approval

Plans for communicating important protocol
modifications (eg, changes to eligibility criteria,
outcomes, analyses) to relevant parties (eg,
investigators, REC / IRBs, trial participants, trial
registries, journals, regulators)

Who will obtain informed consent or assent from
potential trial participants or authorised surrogates,
and how (see Item 32)

Additional consent provisions for collection and use
of participant data and biological specimens in
ancillary studies, if applicable

How personal information about potential and
enrolled participants will be collected, shared, and
maintained in order to protect confidentiality before,
during, and after the trial

Financial and other competing interests for principal
investigators for the overall trial and each study site
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#32

#33
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Statement of who will have access to the final trial
dataset, and disclosure of contractual agreements
that limit such access for investigators

Provisions, if any, for ancillary and post-trial care,
and for compensation to those who suffer harm from
trial participation

Plans for investigators and sponsor to communicate
trial results to participants, healthcare professionals,
the public, and other relevant groups (eg, via
publication, reporting in results databases, or other
data sharing arrangements), including any
publication restrictions

Authorship eligibility guidelines and any intended
use of professional writers

Plans, if any, for granting public access to the full
protocol, participant-level dataset, and statistical
code

Model consent form and other related
documentation given to participants and authorised
surrogates

Plans for collection, laboratory evaluation, and
storage of biological specimens for genetic or
molecular analysis in the current trial and for future
use in ancillary studies, if applicable

23

n/a

20, 24

n/a;
Authorship
eligibilities
were
confirmed by
standard
material.

24

n/a

n/a

None The SPIRIT Explanation and Elaboration paper is distributed under the terms of the Creative
Commons Attribution License CC-BY-NC. This checklist can be completed online using
https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with

Penelope.ai
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