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Abstract

Introduction: Recessive dystrophic epidermolysis bullosa (RDEB) is a severe genetic 
mucocutaneous fragility disorder characterized by chronic blistering, slow wound healing and 
increased risk of squamous cell carcinoma. Current management options are very limited. 

Methods: This is a randomised (1:1), placebo controlled, double blinded crossover (A/B) trial 
with an internal phase 1 dose de-escalation (4 + 5 design) in the first 3 months and a 12 month 
continued treatment follow-on open-label study if 3 month outcome data from the crossover 
trial indicate safe and beneficial effects. RDEB is a rare condition, so we expect to recruit a 
maximum of 36 participants based on feasibility and not formal power considerations.

Participants aged >6months and <16years will be recruited at Great Ormond Street Hospital 
(GOSH) and Birmingham Children’s Hospital. They will receive 2-3x106 cells/kg intravenous 
infusion of Umbilical Cord Derived Mesenchymal Stem Cells (UC-MSCs) or placebo at the start 
of each crossover period (day 0) and 14 days later. Dose will be de-escalated to 1-1.5x106 
cells/kg depending on observed toxicity.

For the main crossover trial, the primary outcome is the change in disease severity as 
measured by the Epidermolysis Bullosa Disease Activity and Scarring Index (EBDASI) at 3 
months from day 0 infusion. Secondary outcomes measured at 3 and 6 months from day 0 
infusion include to changes in general clinical appearance of skin disease, pain and itch, and 
quality of life. Adverse events and serious adverse events will be monitored throughout the 
trial. 

Ethics and dissemination: North East – York Research Ethics Committee approved the 
protocol (REC ref: 21/NE/0016) on 16Mar2021. Findings will be published in peer-reviewed 
scientific journals, presented at relevant national and international conferences, and an open 
access final report submitted to the funder. 

Trial registration number ISRCTN14409785

Protocol version 8.0_14Nov2022

Strengths and limitations of this study

● To date, this is the largest cell therapy randomised trial in children with RDEB. 
● Previous trials investigating the use of MSCs in RDEB have not incorporated a 

comparator arm or placebo.
● The study is double-blinded. Only the pharmacists are aware of treatment allocation. 

This efficient design will eliminate response bias and the placebo effect. 
● RDEB is a rare condition and the sample size of 36 is based on feasibility and not formal 

power calculations.

● The study utilises qualitative analysis to try and collate evidence. 
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Introduction

Epidermolysis bullosa (EB) is a heterogeneous group of inherited disorders characterised by 
mucocutaneous fragility. RDEB is caused by loss of function mutations in the type VII collagen 
gene (COL7A1) leading to reduced (RDEB intermediate) or absent (RDEB severe) type VII 
collagen (C7) (1). This results in slow wound healing, and can lead to fibrosis, limb 
contractures, and an increased risk of developing squamous cell carcinoma at sites of chronic 
wounds and scarring (2). Epidemiological data on EB are variable across countries but the 
latest epidemiology study from England and Wales estimated a prevalence for RDEB of 3.3 
per million population and an incidence of 8.1 per million live births (3).

Patients with RDEB experience a significant impact on quality of life and severe limitations in 
function and social activities. Furthermore, the humanistic and economic burden of RDEB 
extends beyond the patient to affect families and their interpersonal relationships (4).

In the face of such a significant disease burden, management is currently supportive, involving 
a multidisciplinary team. Recent years have witnessed a collective global effort in search of 
effective therapies for RDEB through partnerships between academia, industry, EB charities 
and patients (5). Cell-based therapy encompasses a variety of therapies that include primary 
keratinocytes, fibroblasts, hematopoietic cells, and mesenchymal stem/stromal cells (6).

The fact that RDEB is considered a systemic inflammatory disease rather than a skin limited-
disorder has set the basis for new investigations (7, 8). Reported clinical trials of cell-based 
therapies for RDEB comprise intradermal allogeneic fibroblasts (9, 10), bone marrow 
transplantation (11), MSCs (12) and intravenous MSCs in children (13-16) and adults with 
RDEB (15-17) showing promising results. 

The overall aim of Mission EB is to assess if repeated infusions of UC-MSCs are safe and can 
benefit children with RDEB. The primary objectives are to assess the:

1.      safety of third-party intravenous UC-MSCs in children with RDEB (internal phase 
1 dose de-escalation study for safety gatekeeping).
2.      efficacy of third-party intravenous UC-MSCs in improving disease severity in 
children with RDEB in the main study (crossover and open-label).

The secondary objectives for the main study are to:

1)      assess the safety of repeated UC-MSCs in children with RDEB.
2)      assess the efficacy of repeated UC-MSCs in improving quality of life and 
symptoms (e.g., pain, itch) in children with RDEB.
3)      undertake a health economic analysis to assess the costs and consequences of 
treatment with UC-MSCs versus usual care.
4)      explore patients and parents views in relation to treatment effectiveness and 
acceptability.
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Methods and analysis

Full detailed methods of the MissionEB trial are described in the full trial protocol, available 
via the trial registry (https://www.isrctn.com/ISRCTNISRCTN14409785). 

This is a randomised (1:1), placebo-controlled, double-blinded crossover (A/B) trial with an 
internal phase 1 dose de-escalation trial in the first 3 months and a 12 month continued 
treatment follow-on open-label study following review of the data. 

Internal phase 1 dose de-escalation trial

An internal phase 1 study will be conducted on the first 9 participants in GOSH in two cohorts 
(4 + 5 design) as displayed in Figure 1. This is only for safety gatekeeping and not to find the 
optimal dose. Each child will undergo an initial screening including physical examination, 
assessment of vital signs and disease severity assessment. Using an overall 2:1 (UC-MSCs: 
placebo) randomisation ratio, we will recruit 4 participants (each receiving the full treatment 
of two infusions before the next participant begins treatment and randomise them 3:1 (UC-
MSCs: placebo). Outcomes will be measured at screening, both infusion visits and then at the 
three-month follow-up. Data will be reviewed by the Data Monitoring and Ethics Committee 
(DMEC). If toxicities (defined as SUSAR within 48 hours of infusion) are found in one (or fewer) 
participants receiving the active treatment, we will proceed to confirm the safety of this dose; 
a further 5 participants will be randomised 3:2 (UC-MSCs: placebo). If no further toxicities are 
found, we will progress to the main two-period crossover study. Of note, dose de-escalation 
or expansion decisions will be based on 3 participants randomised to UC-MSCs in each cohort 
receiving at least one infusion.

Main crossover trial

Each child will undergo an initial screening including physical examination, assessment of vital 
signs and disease severity assessment. All study participants will be randomised to receive 
two consecutive intravenous MSCs or placebo infusions at day 0 and day 14 (Figure 2). After 
outcome assessment at 9 months, all children will be crossed over and receive either placebo 
or UC-MSCs at 9 months and 14 days later. The placebo effect, if any, is expected to tail off 
by 3 months. In EBSTEM, the maximum benefit of the UC-MSCs was seen at 3 months and in 
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Recruitment

The trial will be conducted at two sites in England, Great Ormond Street Hospital (GOSH) and 
Birmingham Children’s Hospital (BCH), which both specialise in paediatric dermatology and 
are Nationally Commissioned centres for paediatric EB. Informed consent will be taken by 
appropriately trained staff as per section 5.5 of the protocol. 

Eligibility criteria

Inclusion criteria

1. Patients who have a diagnosis of RDEB characterised by partial or complete C7 
deficiency including generalised severe and generalised intermediate subtypes.

2. Patients who are over 6 months and before their 16th birthday at time of consent.*
3. Patients whose responsible parent/guardian has voluntarily signed and dated an 

Informed Consent Form (ICF) prior to the first study intervention. Whenever the minor 
child is able to give consent, the minor’s assent will be obtained in addition to the 
signed consent of the minor’s legal guardian.

Exclusion criteria

1. Patients with other subtypes of EB such as EB simplex, dominant DEB, junctional EB 
and Kindler EB. 

2. Subjects who have received oral or topical corticosteroids for more than 7 consecutive 
days within 30 days of enrolment into this study, with the exception of the following 
steroids with non-systemic effects and intended to relieve oesophageal symptoms: 
oral viscous budesonide and inhaled fluticasone.

3. Patients with a known allergy to any of the constituents of the investigational product.
4. Patients with signs of active infection that requires treatment with oral or intravenous 

antibiotics within 7 days of screening.
5. Patients with a medical history or evidence of active malignancy, including cutaneous 

squamous cell carcinoma.
6. Patients with both a) positive C7 enzyme-linked immunosorbent assay (ELISA) and b) 

a positive indirect immunofluorescence (IIF) with binding to the base of salt split skin 
at screening. 

7. Patients who are pregnant or of child-bearing potential who are not abstinent or 
practising an acceptable means of contraception, as determined by the Investigator, 
for the duration of the treatment phase.

8. Patients having received MSCs from any source in the last 9 months.
9. Simultaneous or previous participation in any interventional trial within 3 months 

before entering this trial but participation in simultaneous registry and diagnostic 
trials during the trial is allowed.

* Participants must be recruited before their 16th birthday to the crossover trial as 
this will allow for completion of the whole trial (crossover and open-label) before 
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they are 18 and transition to adult services. However, if there are delays to the study 
due to dose de-escalation, all participants should be allowed the opportunity to 
partake in the open-label.  

Randomisation and blinding

During both the internal phase I dose de-escalation trial and the main crossover trial, the 
allocation sequence will be generated by the randomisation statistician using a validated web-
based randomisation system within the Sheffield CTRU. Site research staff blind to the 
treatment allocation will enter their details on the randomisation system. The randomisation 
email will be received by the pharmacy and the UC-MSC manufacturer, INmuneBio, who will 
make up the participant treatment as instructed (either placebo or active treatment) and 
label this with the participant ID.

For the internal dose de-escalation trial, participants will be randomised in four cohorts and 
the choice of the cohort block depends on toxicity decisions made by the DMEC after each 
cohort (Figure 1). The first 9 participants are divided into two cohorts all allocated using 
simple randomisation: the first 4 participants will be randomised (3: 1) to receive (UC-MSCs: 
placebo) and the second 5 participants will be randomised (3: 2) to receive (UC-MSCs: 
placebo). This gives an overall allocation (6: 3) for these 9 participants to receive (UC-MSCs: 
placebo). It should be noted that treatments stated here are technically for the first period of 
the crossover trial. These participants will only receive their second period treatments of the 
crossover if no concerning toxicity issues are found.

For the main crossover trial, participants will be randomised (to achieve 1:1 overall allocation) 
to either receive UC-MSCs (in period 1) followed by a placebo (in period 2) or placebo (in 
period 1) followed by UC-MSCs (in period 2) using simple blocked randomisation. Only the 
randomisation statistician will have access to the block size during the trial. Participants who 
have already received period 1 and 2 treatments on the correct UC-MSCs dose during the 
internal dose de-escalation trial will not be re-randomised again in the main crossover trial as 
they have contributed valid data for both periods. However, in the event that the dose needs 
to be de-escalated, participants who previously took part in the dose de-escalation study on 
a higher dose will washout for at least 9 months and be re-randomised to take part in the 
main crossover trial using the new, lower dose.

This is a double-blinded study so all participants and the research team will be unaware of the 
treatment allocation. Intended unblinding will only occur after the crossover trial during the 
extended open-label study. 

Intervention and placebo control

Internal phase 1 dose de-escalation trial

The investigational medicinal product (IMP) is a suspension of allogenic UC-MSCs. The IMP 
composition and placebo composition is described in table 2 of the full protocol. Each 
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participant will receive two intravenous infusions (day 0 and day 14), administered as a slow 
bolus. At the start, participants within a cohort will receive 2-3x106 cells/kg (or placebo). If 
dose de-escalation is triggered based on observed toxicity (Figure 1), then participants in 
subsequent cohorts will receive 1-1.5x106 cells/kg (or placebo).  

Main crossover trial

Each participant will receive a total of four intravenous infusions. Treatment period 1 
infusions are administered on day 0 and d14 (either UC-MSC or placebo, depending on the 
randomised allocation). For treatment period 2 participants crossover treatment and the 
infusions are administered at month 9 and 2 weeks later, administered as a slow bolus over 
10 minutes. The rationale for treatment dosing and washout periods is described in section 
2.2.1 of the full protocol. If it is not necessary to de-escalate the dose following phase 1, 
participants will receive 2-3x106 cells/kg. If a dose de-escalation is required, dosing schedules 
will be reduced as outlined in Figure 1. 

Open-label study

Each study participant will receive a total of six intravenous infusions (day 0 and d14, month 
4 and 2 weeks later, month 8 and 2 weeks later). If it is not necessary to de-escalate the dose 
following phase 1, participants will receive 2-3x106 cells/kg, otherwise dosing schedules will 
be reduced as outlined in Figure 1. 

Aims and objectives

The overall aim of this study is to assess if repeated infusions of UC-MSCs are safe and can 
benefit children with RDEB.

Primary outcomes

Internal phase I dose de-escalation study: Toxicity as defined by a participant experiencing a 
SUSAR within 48 hours of a participant receiving an infusion. 

Main crossover trial: The primary outcome will be change in disease severity as measured by 
the EBDASI at 3 months post-infusion of UC-MSCs (from day 0, where day 0 is the treatment 
period baseline).

Open-label non-randomised study: the primary outcome will be the same as for the main 
crossover trial but assessed at 4, 8 and 12 months from day 0 of the open-label study.
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MissionEB is not an adequately powered study for feasibility reasons and as such, the 
judgement on efficacy of UC-MSCs will be based on totality of evidence from all clinical 
(primary and secondary) outcomes.

Secondary outcomes

The secondary outcomes/endpoints are applicable for the internal phase 1 dose de-escalation 
and crossover parts of the study. 

● Change in EBDASI total score at 6 months post-infusion (from day 0, period baseline).
● Change in disease severity measured by iscorEB at 3 and 6 months post-infusion (from 

day 0, period baseline) (18). 
● Change in general clinical appearance of skin disease as assessed by clinical photography 

at 3 and 6 months post-infusion (from day 0, period baseline).
● Change to pain and itch as assessed by the Wong-Baker FACES Pain scale for children over 

6 years old (19)and Leuven itch scale scores (20)at 3 and 6 months post-infusion (from 
day 0, period baseline).

● Additionally, for pain and itch, changes to the amount of analgesia and itch medications 
required will be assessed. Participants or their guardians will be asked to detail what pain 
and itch medication the participant has taken in the last 48 hours, including dose and 
frequency. At 3 months post-infusion, clinicians blinded to treatment allocation will 
compare whether this is unchanged, increased or decreased since baseline (day 0, period 
baseline). 

● Change in quality of life according to validated Child Health Utility 9D (CHUD-9D) scoring 
system (16) at 3 and 6 months post-infusion. Quality of life assessment will be conducted 
using CHU-9D. The CHU-9D is a sensitive and validated nine item child health-related 
quality of life assessment scale developed specifically with and for children and will be 
used in children aged 7 years and over. An age appropriate by proxy version will be used 
for children aged 3 - 6.

● To undertake a health economic analysis to assess the costs and consequences of 
treatment with UC-MSCs versus usual care. 

● Adverse events (AEs) and severe adverse events (SAEs) both during the trial and long-
term adverse events after the trial. 

● Safety bloods (Routine blood tests and C7 antibodies) 
● Research bloods (will be stored for further analysis following a separate research 

application)
● Serum for cytokines, IL-10, IL-13, IL-22, TNF-alpha at screening, day 0, day 14, month 9 

and 2 weeks later in the crossover trial and all visits for the open-label study, except the 
final 12 month visit.

The outcomes above are also applicable for the open-label for month 4, 8 and 12. 
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Safety monitoring and AE reporting

All adverse events and adverse reactions will be recorded. Serious adverse events will be 
subject to expedited reporting requirements. Hospitalisations that are expected to take place 
as a result of disease progression will not be subject to these reporting requirements. 
Definitions of adverse events/reactions, and a list of exempt events are detailed in section 9 
of the full protocol.

Trial Oversight

The Trial Steering Committee and the Data Monitoring and Ethics Committee consist of 
independent members (experts in the field and patient representatives) who monitor trial 
data and progress and over-see the trial implementation. Day-today running of the trial is 
coordinated by the Trial Management Group, which consists of grant co-applicants and CTRU 
representatives. 

Sample size

RDEB is a rare condition and the sample size of 36 (for the crossover trial) is based on 
feasibility including availability of the patients and not formal power considerations. As such, 
the statistical analysis focuses on estimation rather than hypothesis testing. Table 1 gives the 
standardised widths for the precision of the trial (for a continuous outcome) as assessed by 
the half-width of a 95% confidence interval.

The sample sizes for safety gatekeeping during the internal dose de-escalation phase based 
on a 4+5 design which is a variant of a 3+3 design with controls to allow seamless transition 
into the main crossover trial.  The open-label follow-on study will depend on available 
participants for whom further treatment is deemed appropriate following the crossover trial.

Statistical analysis

Internal dose de-escalation phase

The objective of this phase is to monitor the safety of the proposed dose based on the 
assessment of toxicity data that relates to all SUSARs due to study treatment as deemed by 
the study clinicians. These data will be assessed by the DMEC who will recommend whether 
to continue with the proposed dose, halve the proposed dose to the main crossover trial or 
stop the trial if the proposed dose is deemed unsafe. 
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Crossover trial 

The main crossover trial will be reported according to the CONSORT extension for reporting 
randomised crossover trials (21). The primary analysis will be based on the intention to treat 
principle that will include participants with outcome data on two periods of the crossover 
design.

The study is not formally powered, and estimation rather than formal hypothesis testing is 
the primary aim of the analysis although P values may be provided when frequentist statistical 
models are fitted.

The primary outcome is the change in disease severity as measured by the change in EBDASI 
total score (across all five domains) at 3 months from day 0 (22).This outcome will be analysed 
using a linear mixed-effects model that will include treatment, sequence, period, and baseline 
(for each period) in the model with a random effect on the participant. The difference in 
means (mean difference) with 95% confidence intervals giving a range of plausible effects will 
be estimated using restricted maximum likelihood (REML) methods and Satterthwaite 
degrees of freedom. 

To aid interpretation and ability to make probabilistic statements about the distribution of 
the treatment effect, an equivalent Bayesian linear mixed-effects model will be fitted using 
non-informative priors on model parameters. This will allow us to estimate the probabilities 
of the mean difference (treatment effect) being within a certain interval of potential interest 
to clinicians. For example, the probability of UC-MSCs causing any improvement in disease 
severity. The analysis of the primary outcome at 3 months and all secondary continuous 
outcomes will be analysed similarly. In case of missing data, the missing data mechanism will 
be explored, and multiple imputation may be applied as a sensitivity analysis as appropriate 
(where necessary). 

Other sensitivity analyses will be performed to evaluate the robustness of the primary 
analyses. The statistical analysis plan will detail methods including handling of endpoints 
measured across multiple domains.

There will be no interim analyses during the crossover trial and open-label follow-on study. 
However, safety data including toxicities will be monitored continuously by the DMEC 
throughout the trial. 

It should be noted that judgements on the efficacy of UC-MSCs will be based on totality of 
evidence from both primary and secondary clinical outcomes.

Open-label follow-on study

We plan to undertake no formal statistical analyses of the 12-month open-label data. This 
follow-on phase does not have a control group so no formal comparisons will be made. As a 
result, the outcomes assessed during the 12-month continued treatment open-label study 
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will be analysed descriptively based on available data. The objective is to assess whether the 
efficacy observed in the crossover phase (if any) is maintained over these 12 months. 

 Qualitative Study

We will aim to interview at least 10 participant and parent pairs (approx. 5 from each site and 
from both arms) at the 3 month and 12 month visit during the trial to gather their views on 
their symptoms following treatment and the impact on their lives. This information will add 
value to the quantitative data and help commissioners to contextualise the findings. We will 
seek TSC PPI input   in developing the interview questions and methods used in the interviews. 
The TMG will be involved with the topic guide development and a research 
assistant/qualitative researcher will undertake the interviews. Interviews will be conducted 
by a blinded researcher, with children aged 6 and over and we will interview parents of all 
age groups where possible. We will aim to interview the children and parents separately 
whilst maintaining comfort for the child and parent. 

Health economics

We do not expect the intervention to lead to any reduction in cost of care over the study 
period. This is due to the fact the children will stay on their medication and will continue to 
have to attend reviews and investigations, and will continue with their current skin care. Even 
if the skin and wounds improve, the way they will be dressed is unlikely to change as often 
the dressings are used for protection. As such, we will not collect resource use data on current 
treatments and the cost analysis will focus on the costs associated with the infusion of UC-
MSCs. 

Health benefits will be measured using the CHU-9D, with QALYs compared over the 
randomised interval. 

Mathematical modelling, including external evidence, will be used to explore the potential 
longer-term health benefits and costs associated with UC-MSCs (e.g., long-term reductions in 
costs of bandages and dressings, avoidance of skin cancer). This analysis will be exploratory.

Ethics and dissemination

Before initiation of the study at participating sites, the protocol, informed consent forms and 
information materials to be given to the participants will be submitted to an NHS Research 
Ethics Committee for approval. In addition, the study will be submitted for HRA review and 
approval. Recruitment of study participants will not commence until the letter of approval 
has been received from the HRA.

We will endeavour to disseminate the results of the study through peer reviewed scientific 
journals and at clinical and academic conferences, as well as submission of a final report to 
the funder, which will be made available online.
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Details of the study will also be made available on the Sheffield CTRU website. Summaries of 
the research will be updated periodically to inform readers of ongoing progress. The results 
will be published on a freely accessible database within one year of completion of the trial. 
Trial participants and families will be informed of the trial findings. 

Data management and monitoring 

Details of data management and monitoring are described in sections 14 and 15 of the full 
trial protocol. This was undertaken in accordance with Sheffield CTRU processes. Participant 
confidentiality will be respected at all times and the principles of the General Data Protection 
Regulation (GDPR) will be followed. 

Patient and public involvement 

Patients and their families were involved in trial design. The Young Persons Advisory Group 
at GOSH was consulted on document development and meet annually. A patient 
representative is an independent member of the TSC. 

References

1. Has C, Bauer JW, Bodemer C, Bolling MC, Bruckner-Tuderman L, Diem A, et al. 
Consensus reclassification of inherited epidermolysis bullosa and other disorders with skin 
fragility. British Journal of Dermatology. 2020;183(4):614-27.
2. Bardhan A, Bruckner-Tuderman L, Chapple ILC, Fine J-D, Harper N, Has C, et al. 
Epidermolysis bullosa. Nature Reviews Disease Primers. 2020;6(1):78.
3. Petrof G, Papanikolaou M, Martinez AE, Mellerio JE, McGrath JA, Bardhan A, et al. The 
epidemiology of epidermolysis bullosa in England and Wales: data from the national 
epidermolysis bullosa database. Br J Dermatol. 2022;186(5):843-8.
4. Tang JY, Marinkovich MP, Lucas E, Gorell E, Chiou A, Lu Y, et al. A systematic literature 
review of the disease burden in patients with recessive dystrophic epidermolysis bullosa. 
Orphanet J Rare Dis. 2021;16(1):175.
5. Subramaniam KS, Antoniou MN, McGrath JA, Lwin SM. The potential of gene therapy 
for recessive dystrophic epidermolysis bullosa*. British Journal of Dermatology. 
2022;186(4):609-19.
6. Hou PC, Del Agua N, Lwin SM, Hsu CK, McGrath JA. Innovations in the Treatment of 
Dystrophic Epidermolysis Bullosa (DEB): Current Landscape and Prospects. Ther Clin Risk 
Manag. 2023;19:455-73.
7. Esposito S, Guez S, Orenti A, Tadini G, Scuvera G, Corti L, et al. Autoimmunity and 
Cytokine Imbalance in Inherited Epidermolysis Bullosa. Int J Mol Sci. 2016;17(10).
8. Annicchiarico G, Morgese MG, Esposito S, Lopalco G, Lattarulo M, Tampoia M, et al. 
Proinflammatory Cytokines and Antiskin Autoantibodies in Patients With Inherited 
Epidermolysis Bullosa. Medicine (Baltimore). 2015;94(42):e1528.
9. Petrof G, Martinez-Queipo M, Mellerio JE, Kemp P, McGrath JA. Fibroblast cell therapy 
enhances initial healing in recessive dystrophic epidermolysis bullosa wounds: results of a 
randomized, vehicle-controlled trial. Br J Dermatol. 2013;169(5):1025-33.

Page 13 of 19

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

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-089857 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

12

10. Venugopal SSMM, Yan WMDP, Frew JWMM, Cohn HIMDP, Rhodes LMRN, Tran KMF, 
et al. A phase II randomized vehicle-controlled trial of intradermal allogeneic fibroblasts for 
recessive dystrophic epidermolysis bullosa. J Am Acad Dermatol. 2013;69(6):898-908.e7.
11. Wagner JE, Ishida-Yamamoto A, McGrath JA, Hordinsky M, Keene DR, Woodley DT, et 
al. Bone Marrow Transplantation for Recessive Dystrophic Epidermolysis Bullosa. N Engl J 
Med. 2010;363(7):629-39.
12. Conget P, Rodriguez F, Kramer S, Allers C, Simon V, Palisson F, et al. Replenishment of 
type VII collagen and re-epithelialization of chronically ulcerated skin after intradermal 
administration of allogeneic mesenchymal stromal cells in two patients with recessive 
dystrophic epidermolysis bullosa. Cytotherapy. 2010;12(3):429-31.
13. El-Darouti M, Fawzy M, Amin I, Abdel Hay R, Hegazy R, Gabr H, et al. Treatment of 
dystrophic epidermolysis bullosa with bone marrow non-hematopoeitic stem cells: a 
randomized controlled trial. Dermatologic Therapy. 2016;29(2):96-100.
14. Petrof G, Lwin SM, Martinez-Queipo M, Abdul-Wahab A, Tso S, Mellerio JE, et al. 
Potential of Systemic Allogeneic Mesenchymal Stromal Cell Therapy for Children with 
Recessive Dystrophic Epidermolysis Bullosa. J Invest Dermatol. 2015;135(9):2319-21.
15. Lee SE, Lee SJ, Kim SE, Kim K, Cho B, Roh K, et al. Intravenous allogeneic umbilical cord 
blood-derived mesenchymal stem cell therapy in recessive dystrophic epidermolysis bullosa 
patients. JCI Insight. 2021;6(2).
16. Kiritsi D, Dieter K, Niebergall-Roth E, Fluhr S, Daniele C, Esterlechner J, et al. Clinical 
trial of ABCB5+ mesenchymal stem cells for recessive dystrophic epidermolysis bullosa. JCI 
Insight. 2021;6(22).
17. Rashidghamat E, Kadiyirire T, Ayis S, Petrof G, Liu L, Pullabhatla V, et al. Phase I/II open-
label trial of intravenous allogeneic mesenchymal stromal cell therapy in adults with recessive 
dystrophic epidermolysis bullosa. J Am Acad Dermatol. 2020;83(2):447-54.
18. Bruckner AL, Fairclough DL, Feinstein JA, Lara-Corrales I, Lucky AW, Tolar J, et al. 
Reliability and validity of the instrument for scoring clinical outcomes of research for 
epidermolysis bullosa (iscorEB). Br J Dermatol. 2018;178(5):1128-34.
19. Wong DL, Baker CM. Pain in children: comparison of assessment scales. Pediatr Nurs. 
1988;14(1):9-17.
20. Haest C, Casaer MP, Daems A, De Vos B, Vermeersch E, Morren M-A, et al. 
Measurement of itching: Validation of the Leuven Itch Scale. Burns. 2011;37(6):939-50.
21. Dwan K, Li T, Altman DG, Elbourne D. CONSORT 2010 statement: extension to 
randomised crossover trials. BMJ. 2019;366:l4378-l.
22. Jain SV, Harris AG, Su JC, Orchard D, Warren LJ, McManus H, et al. The Epidermolysis 
Bullosa Disease Activity and Scarring Index (EBDASI): grading disease severity and assessing 
responsiveness to clinical change in epidermolysis bullosa. J Eur Acad Dermatol Venereol. 
2017;31(4):692-8.

Footnotes

Funding

This project is funded by the National Research Collaboration Programme (NIHR127963), an 
NHS England and NHS Improvement and National Institute for Health Research partnership. 
Additional funds are provided by CureEB. The views and opinions expressed therein are those 
of the author(s) and do not necessarily reflect those of the NHS England, Research Efficacy 

Page 14 of 19

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

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-089857 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

13

and Mechanism Evaluation Programme, MRC, the NIHR or the Department of Health and 
Social Care. 

This funding source had no role in the design of this study and will not have any role during 
its execution, analyses, interpretation of the data, or decision to submit results.

Protocol amendments

Protocol amendments will require approval of regulatory bodies as per HRA regulations and 
will be disseminated to relevant parties as per CTRU SOPs.  

Authors contributions

AM, GP, SJ, MD, DP, CC, JMG, KB, RG co-wrote the original trial protocol. AM, GP, MB, PLB, 
MO, MLL, PP, MN implemented the clinical research. MB, KJH  and RG led the development 
of the protocol for publication. MD developed the statistical analysis section, KB developed 
the qualitative analysis section, PT and KE developed the health economics section.

Competing interests

None to declare

Page 15 of 19

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

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-089857 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Page 16 of 19

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

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-089857 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Page 17 of 19

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

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-089857 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Page 18 of 19

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

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 10, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-089857 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Data category Information

Primary registry and 
trial identifying number

ISRCTN
ISRCTN14409785

Date of registration in 
primary registry 25/03/2021

Secondary identifying 
numbers EuDRACT 2020-005049-18

Source(s) of monetary or 
material support

This project is funded by the National Research 
Collaboration Programme (NIHR127963), an NHS England 
and National Institute for Health Research partnership. 
Additional funds are also provided by CureEB.

Primary sponsor Greta Ormond Street Hospital for Children NHS Foundation 
Trust

Contact for public 
queries missioneb@sheffield.ac.uk

Contact for scientific 
queries anna.martinez@gosh.nhs.uk

Public title Mesenchymal stromal cell therapy for children with 
recessive dystrophic epidermolysis bullosa

Scientific title
Double-blinded placebo-controlled crossover study of 
Mesenchymal Intravenous Stromal cell Infusions in 
children with recessive dystrophic Epidermolysis Bullosa

Countries of recruitment England
Health condition(s) or 
problem(s) studied Recessive Dystrophic Epidermolysis Bullosa (RDEB)

Umbilical Cord derived Mesenchymal Stromal Cells 
(CORDStrom)Intervention(s)
Placebo
Inclusion
1. Diagnosis of RDEB characterised by partial or complete 
C7 deficiency including generalised severe and generalised 
intermediate subtypes
2. Aged >6 months and <16 years at time of enrolment
3. Responsible parent/guardian has voluntarily signed and 
dated an Informed Consent Form (ICF) prior to the first 
study intervention. Whenever the minor child is able to 
give consent, the minor’s assent will be obtained in 
addition to the signed consent of the minor’s legal 
guardian.

Key inclusion and 
exclusion criteria

Exclusion
1. Diagnosis of RDEB characterised by partial or complete 
C7 deficiency including generalised severe and generalised 
intermediate subtypes
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Data category Information
2. Aged >6 months and <16 years at time of enrolment
3. Responsible parent/guardian has voluntarily signed and 
dated an Informed Consent Form (ICF) prior to the first 
study intervention. Whenever the minor child is able to 
give consent, the minor’s assent will be obtained in 
addition to the signed consent of the minor’s legal 
guardian.

Interventional
Randomised crossover trial
Prospective double-blind randomized placebo-controlled 
cross-over trial incorporating a phase 1 de-escalation study 
and a possible continued treatment follow-on open-label 
study

Study type

Date of first enrolment 06/10/2021
Target sample size 36
Recruitment status Complete

Primary outcome(s)

Disease severity measured using the total score across all 5 
domains of the Epidermolysis Bullosa Disease Activity and 
Scarring Index (EBDASI) at day 0 and 3 months post-
infusion of UC-MSCs

Key secondary outcomes

Safety measured using monitoring of AEs and SAEs 
throughout the trial.
Change in quality of life according to validated Child Health 
Utility 9D (CHUD-9D) scoring system
Change in disease severity measured using instrument for 
scoring clinical outcomes of research for epidermolysis 
bullosa (iscorEB) at 3- and 6-months post infusion
Change in general clinical appearance of skin disease 
measured using clinical photography at 3- and 6-months 
post infusion
Change to pain and itch as assessed by the Wong-Baker 
FACES Pain scale for children over 6 years old and Leuven 
itch scale scores at 3- and 6-months post infusion
Change to pain and itch as assessed by the amount of 
analgesia and itch medications required
Health economic analysis to assess the costs and 
consequences of treatment with UC-MSCs versus usual care
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1

Abstract

Introduction: Recessive dystrophic epidermolysis bullosa (RDEB) is a severe genetic 
mucocutaneous fragility disorder characterized by chronic blistering, slow wound healing and 
increased risk of squamous cell carcinoma. Current management options are very limited. 

Methods: This is a randomised (1:1), placebo-controlled, double-blinded crossover (A/B) trial 
with an internal phase 1 dose de-escalation (4 + 5 design) in the first 3 months and a 12 month 
continued treatment follow-on open-label study if 3 month outcome data from the crossover 
trial indicate safe and beneficial effects. RDEB is a rare condition, so we expect to recruit a 
maximum of 36 participants based on feasibility and not formal power considerations.

Participants aged >6 months and <16 years will be recruited at Great Ormond Street Hospital 
(GOSH) and Birmingham Children’s Hospital. They will receive 2-3x106 cells/kg intravenous 
infusion of Umbilical Cord Derived Mesenchymal Stem Cells (UC-MSCs) or placebo at the start 
of each crossover period (day 0) and 14 days later. The dose will be de-escalated to 1-1.5x106 
cells/kg depending on observed toxicity.

For the main crossover trial, the primary outcome is the change in disease severity as 
measured by the Epidermolysis Bullosa Disease Activity and Scarring Index at 3 months from 
day 0 infusion. Secondary outcomes measured at 3 and 6 months from day 0 infusion include 
changes in general clinical appearance of skin disease, pain and itch, and quality of life. 
Adverse events and serious adverse events will be monitored throughout the trial. 

Ethics and dissemination: North East – York Research Ethics Committee approved the 
protocol (ref: 21/NE/0016) on 16Mar2021. Findings will be published in peer-reviewed 
scientific journals, presented at relevant national and international conferences, and an open 
access final report submitted to the funder. 

Trial registration number ISRCTN14409785

A summary of trial registration information can be viewed in S1 – Trial registration 
supplementary table.

Protocol version 8.0_14Nov2022

Strengths and limitations of this study

● To date, this is the largest cell therapy randomised trial in children with RDEB. 
● This study incorporates a placebo comparator arm to investigate the efficacy of UC-

MSC use for RDEB, improving the reliability of results.

● The study is double-blinded, with only the pharmacists aware of treatment allocation, 
eliminating response bias and the placebo effect.

●  The study utilises a mixed methods approach, using qualitative analysis to try and 
collate evidence. 
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● RDEB is a rare condition and the sample size of 36 is based on feasibility and not formal 
power calculations.
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Introduction

Epidermolysis bullosa (EB) is a heterogeneous group of inherited disorders characterised by 
mucocutaneous fragility. RDEB is caused by loss of function mutations in the type VII collagen 
gene (COL7A1) leading to reduced (RDEB intermediate) or absent (RDEB severe) type VII 
collagen (C7) [1]. This results in slow wound healing, and can lead to fibrosis, limb 
contractures, and an increased risk of developing squamous cell carcinoma at sites of chronic 
wounds and scarring [2]. Epidemiological data on EB are variable across countries but the 
latest epidemiology study from England and Wales estimated a prevalence for RDEB of 3.3 
per million population and an incidence of 8.1 per million live births [3].

Patients with RDEB experience a significant impact on quality of life and severe limitations in 
function and social activities. Furthermore, the humanistic and economic burden of RDEB 
extends beyond the patient to affect families and their interpersonal relationships [4].

In the face of such a significant disease burden, management is currently supportive, involving 
a multidisciplinary team. Recent years have witnessed a collective global effort in search of 
effective therapies for RDEB through partnerships between academia, industry, EB charities 
and patients [5]. Cell-based therapy encompasses a variety of therapies that include primary 
keratinocytes, fibroblasts, hematopoietic cells, and mesenchymal stem/stromal cells [6].

The fact that RDEB is considered a systemic inflammatory disease rather than a skin-limited 
disorder has set the basis for new investigations [7, 8]. Reported clinical trials of cell-based 
therapies for RDEB comprise intradermal allogeneic fibroblasts [9, 10], bone marrow 
transplantation [11], mesenchymal stem cells (MSCs) [12] and intravenous MSCs in children 
[13-16] and adults with RDEB [15-17] showing promising results. 

The overall aim of Mission EB is to assess if repeated infusions of umbilical cord-derived 
mesenchymal stem cells (UC-MSCs) are safe and can benefit children with RDEB. The 
primary objectives are to assess the:

1.      safety of third-party intravenous UC-MSCs in children with RDEB (internal phase 
1 dose de-escalation study for safety gatekeeping),
2.      efficacy of third-party intravenous UC-MSCs in improving disease severity in 
children with RDEB in the main study (crossover and open-label).

The secondary objectives for the main study are to:

1)      assess the safety of repeated UC-MSCs in children with RDEB,
2)      assess the efficacy of repeated UC-MSCs in improving quality of life and 
symptoms (e.g., pain, itch) in children with RDEB,
3)      undertake a health economic analysis to assess the costs and consequences of 
treatment with UC-MSCs versus usual care,
4)      explore patients’ and parents’ views in relation to treatment effectiveness and 
acceptability.
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Methods and analysis

Full detailed methods of the MissionEB trial are described in the full trial protocol, available 
via the trial registry (https://www.isrctn.com/ISRCTNISRCTN14409785). 

This is a randomised (1:1), placebo-controlled, double-blinded crossover (A/B) trial with an 
internal phase 1 dose de-escalation trial in the first 3 months and a 12 month continued 
treatment follow-on open-label study following review of the data. 

The planned overall study start date is 01/08/2020, and the overall study end date is 
31/02/2027.

Internal phase 1 dose de-escalation trial

An internal phase 1 study will be conducted on the first 9 participants in Great Ormond Street 
Hospital (GOSH) in two cohorts (4 + 5 design) as displayed in Figure 1. This is only for safety 
gatekeeping and not to find the optimal dose. Each child will undergo an initial screening 
including physical examination, assessment of vital signs and disease severity assessment. 
Using an overall 2:1 (UC-MSCs: placebo) randomisation ratio, we will recruit 4 participants 
(each receiving the full treatment of two infusions before the next participant begins 
treatment and randomise them 3:1 (UC-MSCs: placebo). Outcomes will be measured at 
screening, both infusion visits and then at the 3 month follow-up. Data will be reviewed by 
the Data Monitoring and Ethics Committee (DMEC). If toxicities, defined as suspected 
unexpected severe adverse reaction (SUSAR) within 48 hours of infusion, are found in one (or 
fewer) participants receiving the active treatment, we will proceed to confirm the safety of 
this dose; a further 5 participants will be randomised 3:2 (UC-MSCs: placebo). If no further 
toxicities are found, we will progress to the main two-period crossover study. Of note, dose 
de-escalation or expansion decisions will be based on 3 participants randomised to UC-MSCs 
in each cohort receiving at least one infusion.

Main crossover trial
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Each child will undergo an initial screening including physical examination, assessment of 
vital signs and disease severity assessment. All study participants will be randomised to 
receive two consecutive intravenous MSCs or placebo infusions on day 0 and day 14 (Figure 
2). After outcome assessment at 9 months, all children will be crossed over and receive 
either placebo or UC-MSCs at 9 months and 14 days later. The placebo effect, if any, is 
expected to tail off by 3 months. In EBSTEM trial, the maximum benefit of the UC-MSCs was 
seen at 3 months and in one patient the beneficial effects lasted for up to 6 months [14]. 
This was the primary reason behind the 9 month washout period.

Outcomes will be measured at 0, 3, 6, 9, 12 and 15 months. All children will be followed up 
every 3 months as part of their clinical care for the first year following the first infusion.

A cost consequence analysis will also be undertaken.

We will explore the impact of the treatment on participants by conducting interviews with 
children and parents (n=10 dyads or individuals) in both arms at the 3 month and 12 month 
follow-up timepoints.

Open-label non-randomised study

The open-label study will go ahead if the treatment is found to be effective without safety 
concerns by the National Institute of Health Research (NIHR) and the National Health Service 
(NHS) England. MissionEB is not an adequately powered study for feasibility reasons and as 
such, the judgement on the efficacy of UC-MSCs will be based on the totality of evidence from 
all clinical (primary and secondary) outcomes. The criteria for starting the open-label trial are 
based on the absence of any SUSARs which the DMEC consider to be of clinical concern.  In 
addition, as this is a naturally progressive disease, the study will continue if there is an 
improvement in any of the primary or secondary outcomes for participants (improvement in 
disease severity, pain and itch and quality of life). The DMEC and Trial Steering Committee 
(TSC) will review and consider whether the data indicate evidence of improvement.  
Participants of the crossover trial will be invited to the open-label study and be given 6 
infusions in total (two infusions at 4 monthly intervals, at day 0, month 4 and month 8) and 
followed up at month 12 and outcome measures taken at each visit. No placebo will be 
administered in the open-label study.
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Recruitment

The trial will be conducted at two sites in England, GOSH and Birmingham Children’s Hospital 
(BCH), which both specialise in paediatric dermatology and are Nationally Commissioned 
centres for paediatric EB. Informed consent will be taken by appropriately trained staff as per 
Section 5.5 of the full protocol. 

Participant eligibility

Inclusion criteria:

1. patients who have a diagnosis of RDEB characterised by partial or complete C7 
deficiency including generalised severe and generalised intermediate subtypes;

2. patients who are over 6 months and before their 16th birthday at time of consent*;
3. patients whose responsible parent/guardian has voluntarily signed and dated an 

Informed Consent Form (ICF) prior to the first study intervention. Whenever the minor 
child is able to give consent, the minor’s assent will be obtained in addition to the 
signed consent of the minor’s legal guardian.

Exclusion criteria:

1. patients with other subtypes of EB such as EB simplex, dominant DEB, junctional EB 
and Kindler EB; 

2. subjects who have received oral or topical corticosteroids for more than 7 consecutive 
days within 30 days of enrolment into this study, with the exception of the following 
steroids with non-systemic effects and intended to relieve oesophageal symptoms: 
oral viscous budesonide and inhaled fluticasone;

3. patients with a known allergy to any of the constituents of the investigational product;
4. patients with signs of active infection that requires treatment with oral or intravenous 

antibiotics within 7 days of screening;
5. patients with a medical history or evidence of active malignancy, including cutaneous 

squamous cell carcinoma;
6. patients with both a) positive C7 enzyme-linked immunosorbent assay (ELISA) and b) 

a positive indirect immunofluorescence (IIF) with binding to the base of salt split skin 
at screening; 

7. patients who are pregnant or of child-bearing potential who are not abstinent or 
practising an acceptable means of contraception, as determined by the Investigator, 
for the duration of the treatment phase;

8. patients having received MSCs from any source in the last 9 months;
9. simultaneous or previous participation in any interventional trial within 3 months 

before entering this trial but participation in simultaneous registry and diagnostic 
trials during the trial is allowed.

* Participants must be recruited before their 16th birthday to the crossover trial as 
this will allow for completion of the whole trial (crossover and open-label) before 
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they are 18 and transition to adult services. However, if there are delays to the study 
due to dose de-escalation, all participants should be allowed the opportunity to 
partake in the open-label.  

Randomisation and blinding

During both the internal phase I dose de-escalation trial and the main crossover trial, the 
allocation sequence will be generated by the randomisation statistician using a validated web-
based randomisation system within the Sheffield Clinical Trials Research Unit (CTRU). Site 
research staff blind to the treatment allocation will enter their details on the randomisation 
system. The randomisation email will be received by the pharmacy and the UC-MSC 
manufacturer (INmuneBio), who will make up the participant treatment as instructed (either 
placebo or active treatment) and label this with the participant identifier.

For the internal dose de-escalation trial, participants will be randomised in four cohorts and 
the choice of the cohort block depends on toxicity decisions made by the DMEC after each 
cohort (Figure 1). The first 9 participants are divided into two cohorts all allocated using 
simple randomisation: the first 4 participants will be randomised (3: 1) to receive (UC-MSCs: 
placebo) and the second 5 participants will be randomised (3: 2) to receive (UC-MSCs: 
placebo). This gives an overall allocation (6: 3) for these 9 participants to receive (UC-MSCs: 
placebo). It should be noted that treatments stated here are technically for the first period of 
the crossover trial. These participants will only receive their second period treatments of the 
crossover if no concerning toxicity issues are found.

For the main crossover trial, participants will be randomised (to achieve 1:1 overall allocation) 
to either receive UC-MSCs (in period 1) followed by a placebo (in period 2) or placebo (in 
period 1) followed by UC-MSCs (in period 2) using simple blocked randomisation. Only the 
randomisation statistician will have access to the block size during the trial. Participants who 
have already received period 1 and 2 treatments on the correct UC-MSCs dose during the 
internal dose de-escalation trial will not be re-randomised again in the main crossover trial as 
they have contributed valid data for both periods. However, in the event that the dose needs 
to be de-escalated, participants who previously took part in the dose de-escalation study on 
a higher dose will washout for at least 9 months and be re-randomised to take part in the 
main crossover trial using the new, lower dose.

This is a double-blinded study so all participants and the research team will be unaware of the 
treatment allocation. Intended unblinding will only occur after the crossover trial during the 
extended open-label study. 

Intervention and placebo control

Internal phase 1 dose de-escalation trial

The investigational medicinal product (IMP) is a suspension of allogenic UC-MSCs, in a solution 
containing Dulbecco’s Phosphate Buffer Saline (DPBS), ZENALB® (a solution of Human 
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Albumin Serum, HAS) and Dimethtyl sulfoxide (DMSO). The placebo consists of the same 
solution, minus the allogenic UC-MSCs. The full composition of the IMP and placebo is 
described in section 6.1 of the full protocol. Each participant will receive two intravenous 
infusions (day 0 and day 14), administered as a slow bolus. At the start, participants within a 
cohort will receive 2-3x106 cells/kg (or placebo). If dose de-escalation is triggered based on 
observed toxicity (Figure 1), then participants in subsequent cohorts will receive 1-1.5x106 
cells/kg (or placebo).  

Main crossover trial

Each participant will receive a total of four intravenous infusions. Treatment period 1 
infusions are administered on day 0 and day 14 (either UC-MSC or placebo, depending on the 
randomised allocation). For treatment period 2 participants crossover treatment and the 
infusions are administered at month 9 and 2 weeks later, administered as a slow bolus over 
10 minutes. The rationale for treatment dosing and washout periods is described in section 
2.2.1 of the full protocol. If it is not necessary to de-escalate the dose following phase 1, 
participants will receive 2-3x106 cells/kg. If a dose de-escalation is required, dosing schedules 
will be reduced as outlined in Figure 1. 

Open-label study

Each study participant will receive a total of six intravenous infusions (day 0 and day14, month 
4 and 2 weeks later, month 8 and 2 weeks later). If it is not necessary to de-escalate the dose 
following phase 1, participants will receive 2-3x106 cells/kg, otherwise dosing schedules will 
be reduced as outlined in Figure 1. 

Aims and objectives

The overall aim of this study is to assess if repeated infusions of UC-MSCs are safe and can 
benefit children with RDEB.

Primary outcomes

Internal phase I dose de-escalation trial: Toxicity as defined by a participant experiencing a 
SUSAR within 48 hours of a participant receiving an infusion. 

Main crossover trial: The primary outcome will be change in disease severity as measured by 
the Epidermolysis Bullosa Disease Activity and Scarring Index (EBDASI) at 3 months post-
infusion of UC-MSCs (from day 0, where day 0 is the treatment period baseline).

Open-label non-randomised study: the primary outcome will be the same as for the main 
crossover trial but assessed at 4, 8 and 12 months from day 0 of the open-label study.
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MissionEB is not an adequately powered study for feasibility reasons and as such, the 
judgement on efficacy of UC-MSCs will be based on totality of evidence from all clinical 
(primary and secondary) outcomes.

Secondary outcomes

The secondary outcomes applicable for the internal phase 1 dose de-escalation and crossover 
parts of the study are: 

● change in EBDASI total score at 6 months post-infusion (from day 0, period baseline);
● change in disease severity measured by iscorEB at 3 and 6 months post-infusion (from 

day 0, period baseline) [18]; 
● change in general clinical appearance of skin disease as assessed by clinical photography 

at 3 and 6 months post-infusion (from day 0, period baseline);
● change to pain and itch as assessed by the Wong-Baker FACES Pain scale for children over 

6 years old [19] and Leuven itch scale scores [20] at 3 and 6 months post-infusion (from 
day 0, period baseline);

● additionally, for pain and itch, changes to the amount of analgesia and itch medications 
required will be assessed. Participants or their guardians will be asked to detail what pain 
and itch medication the participant has taken in the last 48 hours, including dose and 
frequency. At 3 months post-infusion, clinicians blinded to treatment allocation will 
compare whether this is unchanged, increased or decreased since baseline (day 0, period 
baseline);

● change in quality of life according to validated Child Health Utility 9D (CHUD-9D) scoring 
system (16) at 3 and 6 months post-infusion. Quality of life assessment will be conducted 
using CHU-9D. The CHU-9D is a sensitive and validated nine item child health-related 
quality of life assessment scale developed specifically with and for children and will be 
used in children aged 7 years and over. An age appropriate by proxy version will be used 
for children aged 3 – 6;

● a health economic analysis to assess the costs and consequences of treatment with UC-
MSCs versus usual care; 

● adverse events (AEs) and serious adverse events (SAEs) both during the trial and long-
term adverse events after the trial; 

● safety bloods (routine blood tests and C7 antibodies); 
● research bloods (will be stored for further analysis following a separate research 

application);
● serum for cytokines, IL-10, IL-13, IL-22, TNF-alpha at screening, day 0, day 14, month 9 

and 2 weeks later in the crossover trial and all visits for the open-label study, except the 
final 12 month visit.

The outcomes above are also applicable for the open-label for month 4, 8 and 12. 
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Safety monitoring and AE reporting

All AEs and adverse reactions will be recorded. SAEs will be subject to expedited reporting 
requirements. Hospitalisations that are expected to take place as a result of disease 
progression will not be subject to these reporting requirements. Definitions of AEs and 
adverse reactions, and a list of exempt events are detailed in Section 9 of the full protocol.

Trial Oversight

The TSCand the DMEC consist of independent members (experts in the field and patient 
representatives) who will monitor trial data and progress and oversee the trial 
implementation on behalf of the funder and sponsor. The day-to-day running of the trial is 
coordinated by the Trial Management Group (TMG), which consists of grant co-applicants and 
CTRU representatives. 

Sample size

RDEB is a rare condition and the sample size of 36 (for the crossover trial) is based on 
feasibility including availability of the patients and not formal power considerations. As such, 
the statistical analysis focuses on estimation rather than hypothesis testing. Table 1 gives the 
standardised widths for the precision of the trial (for a continuous outcome) as assessed by 
the half-width of a 95% confidence interval.

Table 1: Standardised widths for the precision of the trial

Completed Precision
36 0.49
30 0.53
25 0.59

The sample sizes for safety gatekeeping during the internal dose de-escalation phase are 
based on a 4+5 design which is a variant of a 3+3 design with controls to allow seamless 
transition into the main crossover trial.  The open-label follow-on study will depend on 
available participants for whom further treatment is deemed appropriate following the 
crossover trial.

Statistical analysis

Internal dose de-escalation phase

The objective of this phase is to monitor the safety of the proposed dose based on the 
assessment of toxicity data that relates to all SUSARs due to study treatment as deemed by 
the study clinicians. These data will be assessed by the DMEC who will recommend whether 
to continue with the proposed dose, halve the proposed dose to the main crossover trial or 
stop the trial if the proposed dose is deemed unsafe. 
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Crossover trial 

The main crossover trial will be reported according to the CONSORT extension for reporting 
randomised crossover trials [21]. The primary analysis will be based on the intention to treat 
principle that will include participants with outcome data on two periods of the crossover 
design.

The study is not formally powered, and estimation rather than formal hypothesis testing is 
the primary aim of the analysis although p-values may be provided when frequentist 
statistical models are fitted.

The primary outcome is the change in disease severity as measured by the change in EBDASI 
total score (across all five domains) at 3 months from day 0 [22]. This outcome will be analysed 
using a linear mixed-effects model that will include treatment, period, and baseline (for each 
period, if necessary) in the model with a random effect on the participant. The difference in 
means (mean difference) with 95% confidence intervals giving a range of plausible effects will 
be estimated using restricted maximum likelihood (REML) methods and Satterthwaite 
degrees of freedom. 

To aid interpretation and ability to make probabilistic statements about the distribution of 
the treatment effect, an equivalent Bayesian linear mixed-effects model will be fitted using 
non-informative priors on model parameters. This will allow us to estimate the probabilities 
of the mean difference (treatment effect) being within a certain interval of potential interest 
to clinicians. For example, the probability of UC-MSCs causing any improvement in disease 
severity. The analysis of the primary outcome at 3 months and all secondary continuous 
outcomes will be analysed similarly. In case of missing data, the missing data mechanism will 
be explored, and multiple imputation may be applied as a sensitivity analysis as appropriate 
(where necessary). 

Other sensitivity analyses will be performed to evaluate the robustness of the primary 
analyses. The statistical analysis plan will detail methods including handling of endpoints 
measured across multiple domains.

There will be no interim analyses during the crossover trial and open-label follow-on study. 
However, safety data including toxicities will be monitored continuously by the DMEC 
throughout the trial. 

It should be noted that judgements on the efficacy of UC-MSCs will be based on totality of 
evidence from both primary and secondary clinical outcomes.

Open-label follow-on study

We plan to undertake no formal statistical analyses of the 12-month open-label data. This 
follow-on phase does not have a control group so no formal comparisons will be made. As a 
result, the outcomes assessed during the 12-month continued treatment open-label study 
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will be analysed descriptively based on available data. The objective is to assess whether the 
efficacy observed in the crossover phase (if any) is maintained over these 12 months. 

 Qualitative Study

We will aim to interview at least 10 participant and parent pairs (approx. 5 from each site and 
from both arms) at the 3 month and 12 month visit during the trial to gather their views on 
their symptoms following treatment and the impact on their lives. This information will add 
value to the quantitative data and help commissioners to contextualise the findings. We will 
seek TSC patient and public involvement (PPI) input   in developing the interview questions 
and methods used in the interviews. The TMG will be involved with the topic guide 
development and a research assistant/qualitative researcher will undertake the interviews. 
Interviews will be conducted by a blinded researcher, with children aged 6 and over and we 
will interview parents of all age groups where possible. We will aim to interview the children 
and parents separately whilst maintaining comfort for the child and parent. 

Health economics

We do not expect the intervention to lead to any reduction in cost of care over the study 
period. This is due to the fact the children will stay on their medication and will continue to 
have to attend reviews and investigations, and will continue with their current skin care. Even 
if the skin and wounds improve, the way they will be dressed is unlikely to change as often 
the dressings are used for protection. As such, we will not collect resource use data on current 
treatments and the cost analysis will focus on the costs associated with the infusion of UC-
MSCs. 

Health benefits will be measured using the CHU-9D, with quality-adjusted life years (QALYs) 
compared over the randomised interval. 

Mathematical modelling, including external evidence, will be used to explore the potential 
longer-term health benefits and costs associated with UC-MSCs (e.g., long-term reductions in 
costs of bandages and dressings, avoidance of skin cancer). This analysis will be exploratory.

Ethics and dissemination

Before initiation of the study at participating sites, the protocol, informed consent forms and 
information materials to be given to the participants will be submitted to an NHS Research 
Ethics Committee for approval. In addition, the study will be submitted for Health Research 
Authority (HRA) review and approval. Recruitment of study participants will not commence 
until the letter of approval has been received from the HRA.

We will endeavour to disseminate the results of the study through peer-reviewed scientific 
journals and at clinical and academic conferences, as well as submission of a final report to 
the funder, which will be made available online.
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Details of the study will also be made available on the Sheffield CTRU website. Summaries of 
the research will be updated periodically to inform readers of ongoing progress. The results 
will be published on a freely accessible database within one year of completion of the trial. 
Trial participants and families will be informed of the trial findings. 

Data management and monitoring 

Details of data management and monitoring are described in Sections 14 and 15 of the full 
trial protocol. This was undertaken in accordance with Sheffield CTRU processes. Participant 
confidentiality will be respected at all times and the principles of the General Data Protection 
Regulation (GDPR) will be followed. 

Patient and public involvement 

Patients and their families were involved in trial design. The Young Persons Advisory Group 
at GOSH was consulted on document development and meet annually. A patient 
representative is an independent member of the TSC. 

Changes made to the protocol

Timepoint Changes made
Set up

02June2021

23Sept2021

• Blinding process clarified.
• Process for assessing use of analgesia updated to every visit alongside 

concomitant medications.
• Infusion procedure clarified to slow bolus administration and addition of 

paracetamol as supportive medication for all patients.
• Leuven itch to be completed by patients over 14 years of age.
• Age appropriate proxy version of CHU-9D for children 3-6 years old.
• Clarification that long-term safety data collection in the event of patient 

withdrawal from follow-up will be collected unless a patient withdraws 
consent.

• Update to presentation of IMP from 2ml cryovials containing 1x10^7 
CORDStrom (concentration of 0.5x10^7/ml), to 50ml CryoMACS bags with 
a fill volume of 10ml or 15ml cell suspension per bag and a minimum 
concentration of 3x10^6 CORDStrom per ml.

• Clarification that a clinician will assess changes to pain and itch medication 
using information about what medication the participant has taken in the 
last 48 hours prior to the study visits.

• Update that pharmacists will be unblinded to treatment allocation to 
complete QP checks.

Recruitment

07Mar2022

• Addition of the outcome measure ‘change in EBDASI’ at 6 months post 
infusion.

• Exclusion criteria 2 amended to clarify that it only excludes those that have 
been taking corticosteroids for more than 7 consecutive days.

• Use of Budesonide is exempted, as low dose budesonide is used in EB to 
alleviate oesophageal strictures and does not have a systemic anti-
inflammatory effect.
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19Aug2022

• Several minor corrections and clarifications around how/when the 
outcome measures will be collected. The purposes of these changes is to 
clarify the procedures.

• Exclusion criteria 2 is being amended to allow for patients who are on 
inhaled fluticasone to be included in the study.

• Routine bloods have been added at visit 4 and 8 and 15. If clinical blood 
results are not available between baseline and the visit, a blood test can be 
taken at month 3 follow-ups, but it is not mandated.

• Information about the qualitative research has been added.
Intervention
05Apr2023

• Increase in allowed windows for dosing.
• Clarification of calculating follow up visits.
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will be disseminated to relevant parties as per CTRU Standard Operating Procedures (SOPs).  
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Figure Legends

Figure 1: Internal dose de-escalation phase.

Figure 2: Overview of the phase one, crossover and open-label study timelines.
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Data category Information

Primary registry and 
trial identifying number

ISRCTN
ISRCTN14409785

Date of registration in 
primary registry 25/03/2021

Secondary identifying 
numbers EuDRACT 2020-005049-18

Source(s) of monetary or 
material support

This project is funded by the National Research 
Collaboration Programme (NIHR127963), an NHS England 
and National Institute for Health Research partnership. 
Additional funds are also provided by CureEB.

Primary sponsor Greta Ormond Street Hospital for Children NHS Foundation 
Trust

Contact for public 
queries missioneb@sheffield.ac.uk

Contact for scientific 
queries anna.martinez@gosh.nhs.uk

Public title Mesenchymal stromal cell therapy for children with 
recessive dystrophic epidermolysis bullosa

Scientific title
Double-blinded placebo-controlled crossover study of 
Mesenchymal Intravenous Stromal cell Infusions in 
children with recessive dystrophic Epidermolysis Bullosa

Countries of recruitment England
Health condition(s) or 
problem(s) studied Recessive Dystrophic Epidermolysis Bullosa (RDEB)

Umbilical Cord derived Mesenchymal Stromal Cells 
(CORDStrom)Intervention(s)
Placebo
Inclusion
1. Diagnosis of RDEB characterised by partial or complete 
C7 deficiency including generalised severe and generalised 
intermediate subtypes
2. Aged >6 months and <16 years at time of enrolment
3. Responsible parent/guardian has voluntarily signed and 
dated an Informed Consent Form (ICF) prior to the first 
study intervention. Whenever the minor child is able to 
give consent, the minor’s assent will be obtained in 
addition to the signed consent of the minor’s legal 
guardian.

Key inclusion and 
exclusion criteria

Exclusion
1. Diagnosis of RDEB characterised by partial or complete 
C7 deficiency including generalised severe and generalised 
intermediate subtypes
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Data category Information
2. Aged >6 months and <16 years at time of enrolment
3. Responsible parent/guardian has voluntarily signed and 
dated an Informed Consent Form (ICF) prior to the first 
study intervention. Whenever the minor child is able to 
give consent, the minor’s assent will be obtained in 
addition to the signed consent of the minor’s legal 
guardian.

Interventional
Randomised crossover trial
Prospective double-blind randomized placebo-controlled 
cross-over trial incorporating a phase 1 de-escalation study 
and a possible continued treatment follow-on open-label 
study

Study type

Date of first enrolment 06/10/2021
Target sample size 36
Recruitment status Complete

Primary outcome(s)

Disease severity measured using the total score across all 5 
domains of the Epidermolysis Bullosa Disease Activity and 
Scarring Index (EBDASI) at day 0 and 3 months post-
infusion of UC-MSCs

Key secondary outcomes

Safety measured using monitoring of AEs and SAEs 
throughout the trial.
Change in quality of life according to validated Child Health 
Utility 9D (CHUD-9D) scoring system
Change in disease severity measured using instrument for 
scoring clinical outcomes of research for epidermolysis 
bullosa (iscorEB) at 3- and 6-months post infusion
Change in general clinical appearance of skin disease 
measured using clinical photography at 3- and 6-months 
post infusion
Change to pain and itch as assessed by the Wong-Baker 
FACES Pain scale for children over 6 years old and Leuven 
itch scale scores at 3- and 6-months post infusion
Change to pain and itch as assessed by the amount of 
analgesia and itch medications required
Health economic analysis to assess the costs and 
consequences of treatment with UC-MSCs versus usual care
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