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Abstract

Background and Aims: Previous studies conducted in Europe suggested that darvadstrocel, a suspension of expanded, allogeneic, adipose-derived,
mesenchymal stem cells, is safe and effective for treatment-refractory complex perianal fistulas in patients with Crohn’s disease. The aim of this
study was to evaluate the efficacy and safety of darvadstrocel for the treatment of complex perianal fistulas in Japanese adults with Crohn’s disease.

Methods: This is a phase 3, open-label, single-arm study conducted at nine sites in Japan. Adult patients with non-active or mildly active Crohn's
disease and complex perianal fistulas received a single 24-mL intralesional injection of darvadstrocel [120 x 10°¢ cells]. The primary endpoint
was combined remission (clinically confirmed closure of all treated external openings that were draining at screening, and absence of collec-
tions >2 cm, [confirmed by magnetic resonance imaging] among treated fistulas) at Week 24.

Results: Between March 6, 2019 and February 1, 2021, 22 patients received darvadstrocel and completed the 52-week follow-up. The proportion
of patients achieving combined remission at Week 24 was 59.1% (95% confidence interval [Cl], 38.5-79.6). The effect was maintained at Week
52, with 68.2% [95% Cl, 48.7-87.6] of patients achieving combined remission. Treatment-related adverse events included: one [4.5%] patient
with worsening of Crohn’s disease and diarrhoea, and one [4.5%] patient with blood bilirubin increase. No new safety findings were identified
in this study.

Conclusions: The efficacy and tolerability of darvadstrocel in Japanese adult patients with treatment-refractory complex perianal fistulas in
Crohn's disease were similar to those observed in the previous European study. ClinicalTrials.gov number, NCT03706456.
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1. Introduction

Crohn’s disease [CD] is a chronic and relapsing inflammatory
bowel disease affecting the entire gastrointestinal tract.! The
highest prevalence rates [>300 per 100 000 people] have been
reported in North America and Europe,? and the prevalence
of CD among Japanese people is increasing.’ In an analysis
of a nationwide survey in Japan, the estimated number of pa-
tients with CD in 2015 was 70 700.*

One of the most frequent complications of CD is perianal
fistulas.” The prevalence of perianal fistulas in patients with
CD ranges from 11% to 38%.° Approximately one-quarter
of patients with CD are estimated to develop perianal fis-
tulas within two decades after diagnosis,” and up to 80% of
these are classified as complex perianal fistulas, ie, fistulas at a
high location, that may have multiple external openings, and
that are associated with perianal abscess, rectovaginal fistula,
proctitis, or anorectal stricture.®” Complex perianal fistulas
are associated with high morbidity and decreased quality of
life.®!° In a study of patients with CD in Japan, the prevalence
of anal fistula/abscess was higher than that in Western coun-
tries and observed in 64% of patients, 58% being classified as
complex perianal fistulas.!" A trans-ethnic association study
identified heterogeneity in genetic variant risk for inflamma-
tory bowel disease between European and non-European [eg,
East Asian including Japanese] populations.'?

Complex perianal fistulas represent a significant burden
for patients with CD and a challenge for physicians/surgeons
to treat.!® Most patients require surgical and palliative treat-
ment. Conventional fistulotomy is contraindicated in high and
complex fistulas due to the high rate of recurrence, impaired
wound healing, and risk of damage to the anal sphincter
muscle with subsequent faecal incontinence.!® Surgeons often
prefer non-cutting loose setons, which are left in place for
varied lengths of time for symptomatic relief, inflammation re-
duction, and reduction of abscess recurrence,®'* however, these
setons may subsequently deteriorate patients’ quality of life.
Moreover, non-cutting loose setons are not a curative treat-
ment for fistula closure. According to the current guideline of
the European Crohn’s and Colitis Organisation [ECCO], sur-
gical treatment is combined with medical measures such as
antibiotics, thiopurines, and/or biologic therapies.” Patients
with refractory perianal fistula may require treatment with im-
munosuppressants, which might have side effects. Despite the
available medical and surgical options, not all patients achieve
long-term remission.'®” Only 36% of patients achieved fis-
tula closure after 54 weeks of treatment with the anti-tumour
necrosis factor alpha [anti-TNFa] monoclonal antibody,
infliximab'”—the only biologic that has been approved in
Japan for the treatment of CD with external fistula.’ However,
increased risk of infection is a concern with anti-TNFa.!” The
results from several studies show that combined medical and
surgical management leads to perianal fistula healing in only
50% of cases.'s There is, therefore, an unmet medical need for
alternative treatment options that have improved efficacy.

Recently there has been an increasing interest in the mes-
enchymal stem cell [MSC]-based therapeutic approach for
complex perianal fistulas in patients with CD. In vivo studies
have demonstrated therapeutic effects of MSCs in inflam-
mation and autoimmune-related conditions, whereby MSCs
have modulatory effects on immune cells and macrophages.
However, the full mechanism of action of MSCs is still not
fully understood. In a recent in vitro study, it was found that
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adipose tissue-derived MSCs modulated the differentiation
of myeloid cells toward an anti-inflammatory and reparative
profile. This modulatory effect was mediated mainly by pros-
taglandin E2 and, to a lesser extent, interleukin-6 [IL-6]."

A recent meta-analysis'® evaluated the efficacy and safety
of MSCs for complex perianal fistulas and showed that the
adipose-derived MSC group achieved a higher healing rate
than that of the control group, who had received intralesional
injections of fibrin glue or saline solution [odds ratio = 2.29;
95% CI, 1.38-3.79; p = 0.001]. These results indicate that
MSC therapy alone promotes tissue repair and is efficacious
for complex perianal fistulas.'

Darvadstrocel is a suspension of allogeneic, expanded,
adipose-derived mesenchymal stem cells [eASCs] which has
been approved in Europe for the treatment of complex peri-
anal fistulas that have shown an inadequate response to at
least one conventional or biologic therapy in adult patients
with non-active/mildly active luminal CD.?* This approval
was based on the pivotal ADMIRE-CD study, a randomised,
double-blind, controlled, phase 3 trial performed in Europe
and Israel.” The results demonstrated statistically significant
superiority for darvadstrocel versus the control for com-
bined remission at 24 weeks [50% versus 34%; p = 0.024]°
and the effect was maintained at Week 52 [56% versus 39%;
p =0.010].2!

In this article, we relate the results of a phase 3, multicentre,
open-label, uncontrolled study investigating the efficacy and
safety of darvadstrocel for treatment of active complex peri-
anal fistulas in Japanese adults with non-active/mildly active
luminal CD.

2. Methods

2.1. Study design

This is an ongoing phase 3, multicentre, open-label, uncon-
trolled study at nine sites in Japan [ClinicalTrials.gov number:
NCT03706456], designed to evaluate the efficacy and safety
of darvadstrocel for the treatment of complex perianal fis-
tulas in adult Japanese patients with CD. The design of this
study is similar to that of the ADMIRE-CD study except that
this is an open-label, single-arm study.>*!

The study consisted of a screening period [with a screening
visit and a preparation visit, at 5 and 3 weeks prior to the
treatment visit, respectively], a treatment visit [administra-
tion of study product], a follow-up period [from Week 2 to
Week 52 post-treatment], and a long-term follow-up period
[from Week 52 to Week 156 post-treatment] [Supplementary
Figure 1]. The patients signed an informed consent form at
the screening visit before proceeding to the preparation and
treatment visits. The follow-up periods and visits were de-
termined to evaluate the long-term safety of darvadstrocel
in Japanese patients, based on actual clinical practice [dif-
ferences in follow-up period and visits between this study
and the ADMIRE-CD study are available in Supplementary
Figure 1]. The study adopted an add-on design, in which
continuation of baseline treatment for CD, eg, biologics and
immunosuppressants, was allowed. This study has been con-
ducted in compliance with the Declaration of Helsinki, the
International Conference on Harmonisation Harmonised
Tripartite Guideline for Good Clinical Practice, and all ap-
plicable local regulations. All authors had access to the study
data and reviewed and approved the final manuscript.
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At the time of writing, the assessments up to 52 weeks were
completed and the long-term follow-up study [up to 156
weeks] was ongoing under the same phase 3 study protocol.
In this manuscript, we report results at the end of 52 weeks
[data cut-off date February 1, 2021; last visit for the last pa-
tient at Week 52].

2.2. Study population

Eligible patients were adults aged > 18 years who had non-
active or mildly active CD for at least 6 months, defined
as Crohn’s Disease Activity Index [CDAI] <220, and had
active complex perianal fistulas defined as one of the fol-
lowing: [1] a fistula with a high location [above the den-
tate line], including inter-sphincteric, trans-sphincteric,
extra-sphincteric, or supra-sphincteric fistulas; [2] at least
two external openings; [3] associated fluid collections. The
diagnosis of CD was made according to the diagnostic
criteria for CD issued by Research Group for Intractable
Inflammatory Bowel Disease Designated as Specified Disease
by the Ministry of Health, Labor and Welfare of Japan.??
The fistulas had to have a maximum of two internal and
three external openings and had to have been draining for at
least 6 weeks prior to screening.

Eligible patients had fistulas that were refractory [inad-
equate response, loss of response, or intolerance] to at least
one of the following treatments: antibiotics, immunosuppres-
sants, or biologics [anti-TNFs, anti-integrin, or anti-IL-12/23].
Patients with fistulas that were refractory only to antibiotics
represented < 25% of the total study population.

Patients were excluded if they had: rectovaginal,
rectourethral, or bladder fistulas; anorectal stenosis; active
proctitis, diverting stomas, or an abscess or collection >2 cm
diameter; or a malignant tumour [including patients who had
a history of any type of malignant tumour]. Patients with an
active luminal lesion in the lower part of the rectum, observed
by rectosigmoidoscopy, those who had not received previous
treatment for perianal fistulising CD [ie, antibiotics, immuno-
suppressants, or biologics], and those who underwent pre-
vious surgery other than drainage or seton placement for the
active fistula, were excluded from the study. Patients were not
eligible if they had received systemic steroids within the pre-
vious 4 weeks.

2.3. Procedures

After the patients had signed written informed consent,
rectosigmoidoscopy was performed to evaluate the Simple
Endoscopic Score for Crohn’s Disease [SES-CD] before
the preparation visit if the patient did not already have an
SES-CD score available. At the preparation visit, patients
underwent examination under anaesthesia, fistula curettage,
and seton placement [-Day 21 to -Day 14]. At the treatment
visit [Day 1], seton[s] were removed, all fistulas were cur-
etted, and internal opening[s] were sutured. After the curet-
tage, all patients received antibiotic treatment (ciprofloxacin
and/or metronidazole [unless intolerance to these drugs was
observed or these drugs were contraindicated]) for at least 7
days. All patients received 24 mL of darvadstrocel, a cell sus-
pension containing 120 x 10° cells [eASC; Cx601] as a single
intralesional dose. The first half of the dose was injected into
a site adjacent to the sutured internal opening[s] through the
anal canal, and the other half was injected into the tract wall
along the fistula through the external opening|s], resulting in
several micro-blebs forming inside the tract wall.
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During the study, patients could be treated with antibiotics
for no more than 4 weeks. Immunosuppressants and biologics
[anti-TNF, anti-integrin, anti-IL-12/23] were maintained at
stable doses throughout the study. The following treatments
were permitted as rescue therapy: a steroid course starting at
a dose of 40 mg or less [as prednisolone or equivalent, 9 mg
for budesonide] and tapered over 12 weeks, or central venous
nutrition/enteral total nutrition.

Fistula closures were clinically assessed at Weeks 2,4, 8, 16,
24,40, and 52, and were radiologically assessed by magnetic
resonance imaging [MRI] at Weeks 24 and 52.

2.4. Endpoints

The endpoints were defined in the same way as they were
in the ADMIRE-CD study,’ to enable comparison. The pri-
mary endpoint was the proportion of patients with combined
remission at Week 24, defined as the clinically confirmed
closure of all treated external openings that were draining
at the screening, and the absence of collections >2 ¢m of
the treated fistulas, confirmed by a central MRI assessment.
Clinical assessment of closure was defined as the absence of
draining upon gentle finger compression.

Secondary efficacy endpoints at Weeks 24 and 52 included
response, clinical remission, time to combined remission,
time to clinical remission, time to response, and proportion
of patients who experienced relapse among those who had
combined remission at Week 24 [see Supplementary Table
1 for definition of terms]. Combined remission at Week 52
was also assessed. Changes in Perianal Disease Activity Index
[PDAI],** CDAL? and Van Assche?® scores were assessed. The
PDAI score?* is an evaluation consisting of five clinical elem-
ents on a 5-point scale each: fistula discharge, pain/restriction
of activities, restriction of sexual activities, type of perianal
disease, and degree of induration. The score ranges 0-20 and
a higher score indicates a higher disease activity. The Van
Assche score?® is a quantitative evaluation that consists of six
elements, the assessment requiring MRI: the number, location,
and extension of fistula tracts, hyperintensity on T2-weighted
images, presence or absence of collections [cavities >3 mm in
diameter], and the rectal wall involvement. The score ranges
0-22 and a higher score indicates more complex and anatom-
ically severe perianal fistulas.

Safety endpoints included treatment-emergent adverse
events [TEAEs], including: serious TEAEs, TEAEs and ser-
ious TEAEs related to study treatment, intensity of TEAEs,
intensity of study treatment-related TEAEs, TEAEs leading
to discontinuation, TEAEs of special interest, product
malfunction-related TEAEs, TEAEs over time, and deaths.
TEAEs of special interest included ectopic tissue forma-
tion, hypersensitivity, transmission of infectious agents, im-
munogenicity, alloimmune reactions, medication errors, and
tumorigenicity.

2.5. Statistical analysis

The planned sample size was 20 patients, which allowed for
at least a 94% probability of detecting combined remission
in>35% of the patients, assuming that 50% of patients
achieved combined remission by Week 24, as was seen in the
ADMIRE-CD study.’

Descriptive statistics were used to analyse the data. Primary
and secondary endpoints were analysed in the intention-
to-treat [ITT] population, which included all patients en-
rolled in the treatment period. Analyses were also performed


http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac144#supplementary-data
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using the modified intention-to-treat [mITT] population,
which included all patients who received the study treatment
and whose primary efficacy endpoint was evaluable, and the
per protocol set [PPS], which included all patients who had
no major protocol deviations. The proportions of patients
achieving primary and secondary endpoints were presented
as percentages of patients with two-sided 95% confidence
intervals [CIs]. Subgroup analyses were conducted to assess
the impact of sex, duration of CD, and number of internal/
external openings on combined remission. Owing to the small
sample size and insufficient statistical power, statistical signifi-
cance between subgroups was not assessed.

TEAEs were analysed in the safety analysis set, defined as
all patients who received the study treatment. TEAEs were
coded with the Medical Dictionary for Regulatory Activities
[MedDRA] by system organ class and preferred terms.

3. Results

3.1.  Study population

Between March 6, 2019 and February 1, 2021, of the 26 pa-
tients assessed for eligibility, 22 patients received darvadstrocel
and completed the 52-week follow-up [Figure 1]. Between
Week 25 and Week 52, two patients discontinued the study
because of lack of efficacy. For the 22 patients, the mean
(standard deviation [SD]) time in the study was 49.6 [7.1]
weeks. All 22 patients were included in the safety analysis set,
ITT, and mITT populations. Of these, 19 patients [86.4%]|
were included in the PPS; three patients were excluded due to
deviations of concomitant medication.

3.2. Baseline demographic and clinical
characteristics

In the ITT population, the mean [SD] age of the patients was
36.4 [10.4] years, 63.6% were male, and 72.7% had never
smoked [Table 1]. Patients had CD for a mean [SD] of 11.3
[6.6] years. The mean [SD] total score of the SES-CD was
1.4 [2.0]. All patients were receiving concomitant medi-
cations: nine [40.9%] patients were receiving biologics
only [infliximab, 7 = 6; adalimumab, 7 =1; ustekinumab,
n=2], two [9.1%] were receiving immunosuppressants
only [azathioprine, 7z =2], and seven [31.8%] patients
were receiving both biologics and immunosuppressants
[infliximab + azathioprine, 7 = 5; adalimumab + azathioprine,
n=2] [Table 1]. Concomitant medications also included
antibiotics as follows: cefpodoxime proxetil [z =8, 36.4%],
cefmetazole sodium [7=4, 18.2%], ciprofloxacin [n =3,
13.6%], flomoxef sodium [z = 3, 13.6%], and ampicillin so-
dium [sulbactam sodium] [z = 1, 4.5%]. None of the patients
received metronidazole concomitantly [Table 1].

At baseline, the mean [SD] CDAI, PDAI total, and Van
Assche scores were 113.6 [64.7], 4.8 [2.2], and 14.5 [4.0],
respectively [Tables 1 and 2].

The majority of patients [72.7%] had one internal opening,
whereas the remaining [27.3%] had two internal openings.
The most common distribution was one internal opening and
two external openings [50%; Table 1]. The internal openings
were sutured in all patients [# = 22] prior to the darvadstrocel
treatment.

3.3. Efficacy

The primary endpoint of combined remission at Week 24 in
the ITT population was achieved in 59.1% of patients [13/22;
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26 patients assessed

for eligibility

4 patients ineligible:

s « 3 screen failure
* 1 withdrawal by subject
22 patients eligible
for treatment

2 patients withdrawn
(between Week 25 and 52):

* 2 lack of efficacy

—

20 patients
completed treatment

Intention to treat:
22 patients (100%)
Modified intention to treat:
22 patients (100%)

Per protocol set:
19 patients (86.4%)*

Safety analysis set:
22 patients (100%)

Figure 1. Patient disposition; *two patients violated excluded
medications; one patient violated rescue medications.

95% CI, 38.5-79.6] [Table 2]. The effect was also observed
at Week 52; with 68.2% [15/22; 95% CI, 48.7-87.6] of pa-
tients achieving combined remission. Of the 13 patients who
achieved combined remission at Week 24, 11 [84.6%] pa-
tients were still in remission at Week 52, and combined remis-
sion was newly observed in four patients.

In the ITT population, 16 [72.7%] patients achieved clin-
ical remission [95% CI, 54.1-91.3] and 20 [90.9%] had a
response [95% CI, 78.9-100.0] at Week 52. Similar results
were observed at Week 24. Among patients who achieved
combined remission at Week 24, three patients [23.1%] ex-
perienced relapse at Week 52. The median [95% CI] time to
obtain combined remission, clinical remission, and response
by Week 52 was 25.1 [23.6-52.1], 3.8 [2.0-15.6], and 2.6
[1.7-4.3] weeks, respectively.

The mean changes [SD] in PDAI total score from baseline
to Weeks 24 and 52 were -2.4 [2.2] and -2.8 [2.6], respect-
ively, and individual PDAI subscores followed a similar
trend [Table 2 and Supplementary Figure 2]. The PDAI
scores and clinical remission and response rates improved
over time. The clinical remission rate was 50.0% at Week
2, 59.1% from Week 4 to Week 24, 63.6% at Week 40,
and 72.7% at Week 52. The response rate was 68.2% at
Week 2, 68.2% at Week 4, 90.9% at Week 24, and 86.4%
at Weeks 40 and 52. The mean [SD] PDAI total score was
4.8 [2.2],3.1 [2.4],2.4 [2.9], and 2.1 [2.1] at baseline and
Weeks 4, 24, and 52, respectively [Supplementary Figure
3]. The mean changes [SD] in CDAI scores from baseline
to Weeks 24 and 52 were -5.2 [47.5] and -20.9 [51.3], and
those for Van Assche scores were -1.7 [4.4] and -2.2 [4.9],
respectively [Table 2].

A subgroup analysis assessing combined remission by
duration of CD showed differences between subgroups.
Ten [90.9%] patients with a disease duration of < 9.7 years
achieved remission at Week 52 versus one [9.1%] patient
with a disease duration of >9.7 years; however, remission at
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http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac144#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac144#supplementary-data

Darvadstrocel for Crohn’s Perianal Fistulas

Table 1. Demographic and other baseline characteristics.

Parameter Valuea [n =22]
Age [years], mean [SD] 36.4[10.4]
Male, 7 [%] 14 [63.6]
Weight [kg], mean [SD] 68.3[23.1]
Duration of Crohn’s disease [years], mean [SD] 11.3 [6.6]
SES-CD total score, mean [SD] 1.4 2.0]
CDAI score, mean [SD] 113.6 [64.7]
Smoking classification, 7 [%]
Never smoked 16 [72.7]
Current smoker 2 19.1]
Ex-smoker 4[18.2]
Concomitant medications
Biologics only 9 [40.9]
Infliximab 6[27.3]
Adalimumab 1[4.5]
Ustekinumab 219.1]
Immunosuppressants only 2[9.1]
Azathioprine 219.1]
Biologics + immunosuppressants 7 [31.8]
Infliximab + azathioprine 5122.7]
Adalimumab + azathioprine 2 [9.1]
No biologics or immunosuppressants 4[18.2]
Antibiotics
Cefpodoxime proxetil 8 [36.4]
Cefmetazole sodium 4[18.2]
Ciprofloxacin 3[13.6]
Flomoxef sodium 3[13.6]
Ampicillin sodium [sulbactam sodium] 1[4.5]
Not using antibiotics 3[13.6]
Number of internal openings at baseline, 7 [ %]
1 16 [72.7]
2 6[27.3]
Number of external openings at baseline, 7 [%]
1 3[13.6]
2 14 [63.6]
3 5[22.7]
Topography at baseline, 7 [ %]
1 internal + 1 external 3[13.6]
1 internal + 2 external 11 [50.0]
1 internal + 3 external 2 19.1]
2 internal + 1 external 0
2 internal + 2 external 3[13.6]
2 internal + 3 external 3[13.6]

“Data are number [%] unless otherwise indicated. Data from this table
were collected at screening.

CDAI, Crohn’s Disease Activity Index; SD, standard deviation; SES-CD,
Simple Endoscopic Score for Crohn’s Disease.

Week 24 was similar irrespective of disease duration category.
Subgroups based on sex and the number of internal/external
openings showed no apparent differences between categories
for remission at Week 24 and Week 52 [Supplementary Table
2]. No clear relationship was observed between pre-existing
allo-sensitisation (presence of anti-human leukocyte antigens
[HLA] antibody) or donor-specific antibody [DSA] status and
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clinical efficacy of darvadstrocel up to Week 52 [data not
shown].

The objective MRI assessments at Week 24 showed no pa-
tient with >2 c¢m collection. At Week 52, only one patient was
observed to have collection >2 ¢cm. Supplementary Figure 4
shows representative baseline and post-treatment MRI data.
From these images, suppression of the inflammation and de-
crease in infected granulation tissue resulting in complete
or partial closure of the fistula tract and scarring could be
presumed.

3.4. Safety

Over the 52-week study period, 90.9% [20/22] of patients
experienced TEAEs [Table 3]. The most commonly re-
ported TEAEs [in>5% patients] were proctalgia [27.3%],
nasopharyngitis [22.7%], anal fistula [18.2%], acrochordon
[9.1%], CD [9.1%], and nausea [9.1%]. Treatment-related
TEAEs reported in 9.1% [2/22] patients consisted of diarrhoea
[‘worsening of diarrhoea’ was originally reported by an inves-
tigator as a non-MedDRA term] and CD [‘worsening of CD’
was also originally reported, but the date of onset was different
from ‘worsening of diarrhoea’] in one patient [4.5%], and
blood bilirubin increase in one patient [4.5%]. Blood bilirubin
increase was observed 47 weeks after darvadstrocel treatment
and was moderate in intensity, and the investigator considered
darvadstrocel treatment to be a possible cause. Most TEAEs
were mild [54.5%] or moderate [27.3%] in intensity. Severe
TEAEs were reported in two patients [9.1%]; however, none
was considered treatment-related. No TEAE that affected anal
function was reported. There was no clear increasing trend in
the incidence of TEAEs over time [data not shown].

The incidence of serious TEAEs was reported in four pa-
tients [18.2%], and treatment-related serious TEAE [CD] was
observed in one patient. Serious TEAEs considered not related
to the treatment were intestinal obstruction, intestinal anas-
tomosis complication, urinary calculus, and tubulointerstitial
nephritis. No deaths or TEAEs leading to study discontinu-
ation and no TEAEs of special interest were reported up to 52
weeks of the study period. No clinically relevant findings with
respect to clinical laboratory tests [including serum chemistry,
haematology, and urinalysis], vital signs, or physical examin-
ations were observed.

At Week 52, in the subgroup of patients with pre-existing
allo-sensitisation [presence of anti-HLA antibody at baseline],
the incidence of TEAEs was 77.8% [7/9] and 100% [7/7 pa-
tients] in presence or absence of DSA, respectively. In the
subgroup of naive [absence of anti-HLA antibody] patients,
incidence of TEAEs was 100.0% [3/3 patients] and 100.0%
[3/3 patients] in the presence or absence of DSA, respectively.
No clear relationship between pre-existing sensitisation or
DSA status and incidences of TEAEs was observed.

4. Discussion

This current phase 3, multicentre, open-label, uncontrolled
study demonstrated the sustained effect of darvadstrocel,
allogeneic eASCs, on combined remission and clinical re-
mission and response [closure of external openings] up to
52 weeks, as well as improvement in PDAI, CDAI, and Van
Assche scores in Japanese patients with CD and perianal fis-
tulas that were refractory to medication. The darvadstrocel
treatment also had a favourable safety profile, with no TEAEs
leading to discontinuation and no deaths.
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Table 2. Summary of efficacy findings.
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Endpoint Point estimate 95% CI
n=22
Combined remissiona

Week 24 59.1 [38.5-79.6]

Week 52 68.2 [48.7-87.6]

Weeks 24 and 52 50.0 [29.1-70.9]
Clinical remissionb

Week 24 59.1 [38.5-79.6]

Week 52 72.7 [54.1-91.3]
Responsec

Week 24 81.8 [65.7-97.9]

Week 52 90.9 [78.9-100.0]
Relapsed

Week 24e 25.0 [3.8-46.2]

Week 52f 23.1 [0.2-46.0]
Time to combined remission 25.1 [23.6-52.1]
[weeks], median
Time to clinical remission [weeks], 3.8 [2.0-15.6]
median
Time to response [weeks], median 2.6 [1.7-4.3]

Baseline Change from baseline to Week 24 Change from baseline to Week 52

PDAI score, mean [SD] 4.8 12.2] -2.41[2.2] -2.8 [2.6]
CDAI scoreg, mean [SD] 94.3 [60.0] -5.2 [47.5] -20.9 [51.3]
Van Assche score, mean [SD] 14.5 [4.0] -1.7 [4.4] -2.2 [4.9]

Data are % [95% CI] unless otherwise indicated.

CDALI, Crohn’s Disease Activity Index; CI, confidence interval; PDAIL Perianal Disease Activity Index; SD, standard deviation.

“Defined as the clinically confirmed closure of all treated external openings that were draining at the screening upon gentle finger compression and the
absence of collections >2 cm diameter in the treated fistulas confirmed by the central MRI assessment

Defined as the clinically confirmed closure of all treated external openings that were draining at the screening despite gentle finger compression.
‘Defined as the clinically confirmed closure of at least 50% of all treated external openings that were draining at the screening despite gentle finger

compression.

dDefined as the clinically confirmed reopening of any of the treated external openings with active drainage, or the development of a collection >2 cm in the
treated fistulas confirmed by central magnetic resonance imaging [MRI] assessment.

‘In patients with clinical remission at previous visit; darvadstrocel [z = 16].
fIn patients with combined remission at Week 24; darvadstrocel [z = 13].
¢Data are collected at Day 1 [refer to Supplementary Figure 1].

Current treatment for complex perianal fistulas in Japan
includes surgical approaches by seton placement and stepwise
medical approaches with antibiotics, immunomodulators,
and/or anti-TNFa agents [eg, infliximab, adalimumab].!?’
To date, infliximab has the most evidence among biologics to
support treatment of perianal lesion in patients with CD.!7*
However, it has been reported that after stopping anti-TNFa
treatment, 60% to 70% of patients experience relapse and
only a few patients experience long-term remission.” Surgical
options are limited by the potential complication of faecal in-
continence. Conventional fistulotomy involves the risk of in-
vasion of the anal sphincter muscle, and repeated procedures
may necessitate colostomy. Therefore, there remains an unmet
need for alternative treatments for perianal fistulising CD.

This study was designed to enable comparison of the results
with those of the ADMIRE-CD study. The characteristics of
the patients in both studies were generally similar, and results
from this study are consistent with the previous findings in
the ADMIRE-CD study which showed that 54.2% of patients
treated with a single dose of darvadstrocel achieved combined
remission at Week 52 [versus 37.1% of patients in the placebo

arm; Figure 2].>2! Our study demonstrated that almost 60%
[13/22] of patients achieved combined remission at Week 24,
on the basis of the primary efficacy endpoint combining both
clinical and radiological evaluations. An even higher propor-
tion [68%] of patients [15/22 patients]| achieved combined
remission at Week 52. Of 13 patients achieving combined re-
mission at Week 24, 11 [84.6%] achieved combined remis-
sion at Week 52; thus, four patients who had not attained
combined remission at Week 24 achieved combined remission
at Week 52.

Clinical remission at Week 52 in the ITT population
was 72.7% in the current study compared with 57.0% of
darvadstrocel-treated patients in the ADMIRE-CD [and
40.0% of patients in the placebo arm] [Figure 2]. The time
to clinical remission and response was shorter in the cur-
rent Japan phase 3 study [3.8 and 2.6 weeks, respectively]
than it was in the ADMIRE-CD study [6.7 and 6.3 weeks,
respectively], which further suggests the effectiveness of
darvadstrocel.” The patients in our study had refractory
complex fistulas that did not adequately respond to existing
medical treatments [eg, biologics]. Our study patients treated
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Table 3. Overview of TEAEs up to Week 52 [safety population].

Event n[%] [n=22]
TEAEs 20 [90.9]
Not related 18 [81.8]
Related 2 19.1]
Mild 12 [54.5]
Moderate 6[27.3]
Severe 2 [9.1]
Leading to study discontinuation 0
Serious TEAEs 4[18.2]
Not related 3[13.6]
Related 1[4.5]
Leading to study discontinuation 0
Deaths 0
TEAEs in > 5% patients
Proctalgia 6[27.3]
Nasopharyngitis 5122.7]
Anal fistula 4[18.2]
Crohn’s disease 2 19.1]
Nausea 2[9.1]
Acrochordon 2 19.1]
Treatment-related AEs
Diarrhoea 1[4.5]
Blood bilirubin increased 1[4.5]
Treatment-related serious AE
Crohn’s disease 1[4.5]

AE, adverse event; TEAE, treatment-emergent adverse event.

with darvadstrocel also presented with clinical remission by
Week 24 [59%], which was maintained through Week 52
[73%] [Table 2]. In addition to clinical remission, the PDAI
score showed improvement over time [Supplementary Figure
2]. Moreover, the PDAI score >4 suggests active perianal
disease with an accuracy of 87%.? The mean [SD] PDAI
scores at Week 24 and Week 52 were 2.4 [2.9] and 2.1 [2.1],
respectively, suggesting that darvadstrocel treatment in this
study has shown increased healing of fistulas which require
no further medical or surgical treatment. These results sug-
gested that darvadstrocel treatment demonstrated modest
and progressive improvement up to 52 weeks and had similar
efficacy to that reported in the ADMIRE-CD study.

The observed sustainable improvement following
darvadstrocel treatment was in line with the results of the
ADMIRE-CD study, which reported 57% and 61% of clin-
ical remission by Week 24 and Week 52, respectively, in the
mlITT group [versus placebo, 43% by Week 24 and 42% by
Week 52]. Our results are also similar to the real-world ana-
lysis from an observational post-marketing European study
[INSPIRE] in darvadstrocel-treated patients with CD and
complex perianal fistulas. This real-world analysis found clin-
ical remission in 65% of darvadstrocel-treated patients at 24
weeks.?°

In the past two decades, the use of cell therapies, including
MSCs, in humans has attracted attention and provided prom-
ising results. In patients with perianal fistula in CD, numerous
clinical trials have been conducted and reported complete
cure rates in the range of 46% to 90% after injection of
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autologous or allogeneic adipose-derived mesenchymal stem
cells [ASCs].3! However, trials with autologous ASCs are
limited by their varied study designs, small patient numbers,
and varied definitions of response. In theory, autologous cells
are the ideal choice for many kinds of cell therapy for histo-
compatibility reasons.’! However, the immunomodulatory
and secretome potency of autologous MSCs varies between
donors’? and the source of the MSCs can be limited because
of the time course required for ex vivo expansion. The ECCO
2019 guidelines grade the use of allogeneic ASC therapy at a
higher level of evidence than that of autologous ASC therapy
[level of evidence 2 versus 5].33 ASCs are noted to be an ef-
fective and safe approach for treating complex perianal fis-
tula, although there is a need for more research in patient
selection, optimal mode of delivery, and dose and frequency
of injections.*

In this study, allogeneic eASCs were used rather than au-
tologous eASCs. Allogeneic MSCs have some potential for an
immune rejection and cannot be considered completely im-
mune privileged.>* Although 12 [54.5%] patients were DSA-
positive in the presence or absence of anti-HLA antibody at
baseline, our results showed no clear relationship between
pre-existing sensitisation or DSA status and the incidence of
TEAEs. Darvadstrocel is prepared from donors in Western
countries. Considering the difference in antigenicity between
Japanese and non-Japanese populations, it should be noted
that darvadstrocel did not cause any prominent TEAEs re-
lated to injection, such as hypersensitivity reactions.

The mechanism of action of darvadstrocel in human studies
is not fully understood. However, preclinical studies have dem-
onstrated that allogeneic eASCs exert an immunomodulatory
action in the presence of inflammatory mediators, eg. in-
hibition of T lymphocyte function, increase in regulatory T
cells, reduced production of pro-inflammatory cytokines [eg,
interferon y and TNFa], and increased production of anti-
inflammatory cytokines [eg, IL-10]. It is well known that
MSCs can promote tissue repair by producing various
growth factors, cytokines, and extracellular matrices’*¢ and
facilitating proliferation and migration of different cells in-
volved in wound healing.’” However, the immunological ef-
fect of MSCs which triggers in reverting consolidated fibrosis
is yet to be clarified.

In the present study, none of the analysed patients [# = 22]
had internal openings that failed to suture, which might have
contributed to the outcome. Mean [SD] Van Assche MRI ac-
tivity score decreased 2.2 [4.9] from 14.5 [4.0] at baseline
to 11.2 [5.3] at Week 52 [Table 2]. Consistently, reduced
disease activity, in terms of suppression of inflammation and
reduced infection of the granulation tissue, was assumed
on the basis of representative MRIs [T2-weighted, fast spin
echo]. The resulting complete or partial closure of the fis-
tula tracts indicated the effect of the darvadstrocel treatment
[Supplementary Figure 4]. To provide optimal treatment to
patients with complex perianal fistulas, there is a need for
more evidence, including MRI studies from individual cases
receiving darvadstrocel treatment. Several factors may be
associated with the outcome of fistula healing, such as the
distance between the anal verge and the internal opening,
length and number of fistula tracts, and complexity of su-
turing of internal opening[s]. In addition, the majority of the
patients from this study were receiving concomitant medica-
tions including biologics and/or immunosuppressants which
are standard treatments for CD. Thus, the add-on effect of
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Figure 2. Proportion of patients achieving combined remission and clinical remission at Week 24 and Week 52 in the darvadstrocel Japan study and
ADMIRE-CD study. The data for the ADMIRE-CD study are from the intention-to-treat population [data on file]. Error bars represent 95% confidence
interval [Cl]. Combined remission is defined as the clinically confirmed closure of all treated external openings that were draining at the screening
despite gentle finger compression, and the absence of collections >2 cm in the treated fistulas confirmed by the central magnetic resonance imaging
[MRI] assessment. Clinical remission is defined as the clinically confirmed closure of all treated external openings that were draining at the screening

despite gentle finger compression.

darvadstrocel rather than the stand-alone effect might have
reflected the outcomes for the healing of perianal fistulas.
Darvadstrocel obtained marketing authorisation approval
in the European Union in March 2018% and in Japan in
September 20214 as the first allogeneic stem cell therapy for
complex perianal fistulas in adult patients with non-active
or mildly active luminal CD, when fistulas have shown an
inadequate response to at least one conventional or biologic
therapy. Therefore, darvadstrocel may be used for second-
line or third-line treatment for perianal fistulas in clinical
practice.

The results of our subgroup analysis suggested that shorter
disease duration of CD might be associated with better
treatment outcome, because patients with disease duration
of £ 9.7 years had increased remission versus those having a
disease duration of >9.7 years at Week 52. Further investiga-
tions with large sample sizes are warranted to elucidate a link
between treatment effect and duration of CD.

This study demonstrated that darvadstrocel is safe and
no new safety concerns were identified in Japanese pa-
tients. These results are consistent with the findings of the
ADMIRE-CD study.’

A strength of this study is the consistency of the study de-
sign with the ADMIRE-CD study, which allows extrapola-
tion of the findings to Japanese patients. The study, however,
had a few limitations. First, this was an open-label study with
no comparator; thus, the relatively high proportion of pa-
tients achieving the study outcomes [Figure 2] needs to be
cautiously interpreted. Second, the study included a small
number of patients [# = 22] and was not powered to detect
statistical differences among subgroups. Hence, the results of
this study and the subgroup analysis should be interpreted
with caution. Furthermore, the study results are provided up
to Week 52, with long-term safety follow-up of the patients to
Week 156 under way.

Thus, darvadstrocel represents a novel treatment of
complex perianal fistulas that have shown an inadequate re-
sponse to one or more conventional or biologic therapies in
patients with non-active/mildly active luminal CD.*!

In conclusion, Japanese patients treated with darvadstrocel
for complex perianal fistulas showed improved combined
remission, clinical remission, and response at Week 24, and
the effect was sustained up to Week 52. These results were
consistent with the results of the ADMIRE-CD study.’
Additionally, no new safety concerns were identified in
Japanese patients.
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