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ABSTRACT
Background: Perianal fistulas of Crohn's disease (CD) create a significant burden on patients' lives. However, the efficacy and 
safety of adipose-derived mesenchymal stem cell treatment are contradicting, and real-world evidence is lacking.
Aims: To examine the usability of darvadstrocel therapy in managing perianal CD.
Methods: We enrolled patients with CD and perianal fistulas in this retrospective multicenter study. The primary outcome was 
perianal clinical remission (defined as all treated fistulas closed) at weeks 26 and 52. Secondary outcomes were clinical response 
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rates (≥ 1 fistulas closed), perianal activity (PDAI), patient satisfaction, and adverse events. Data were recorded at baseline and 
weeks 12, 26 and 52. Prediction of primary outcomes was performed by logistic regression.
Results: Overall, among 223 patients (male/female ratio: 0.48), perianal clinical remission was achieved in 78.2% and 62.3% 
until weeks 26 and 52. Baseline PDAI score (OR 0.75), number of fistulas (OR 0.28) and the number of weeks after preparation 
for surgery (OR 0.98) were associated with treatment failure. The clinical response rates were 84.8% and 79.8% at weeks 26 and 
52. Improvement of subjective perianal symptoms was achieved in 77.8% and 78.4% of patients, respectively. Adverse events oc-
curred in 13.5% of patients; perianal abscesses and proctalgia were the most frequently reported.
Conclusion: Effectiveness data were higher than in clinical trials. The safety profile was reassuring, and patients' satisfaction 
was high. Appropriate patient selection, fistula preparation and expertise may help to achieve treatment success.

1   |   Introduction

Crohn's disease (CD) is a chronic, immune-mediated, idiopathic 
inflammatory condition of the gastrointestinal tract character-
ised by ulcerative lesions, strictures, penetrating complications 
and perianal fistulas. This is in addition to several extraintesti-
nal manifestations, resulting in a high disease burden on patients' 
lives and healthcare services [1]. In particular, 10%–26% of CD pa-
tients exhibit perianal fistulising complications during the course 
of the disease (perianal fistulising Crohn's disease, PFCD) [2–4]. 
In this case, patients with perianal disease suffer from fistulas 
between the anal canal or rectal segment and the perianal skin 
(which are often associated with fluid collections or abscesses), re-
sulting in an extremely difficult-to-treat disease [3, 5]. Meanwhile, 
inflammatory mechanisms of CD result in the upregulation of 
matrix-metalloproteases and the weakening of the epithelial cell 
layer, guided by inflammatory cytokines and leading to epithe-
lial–mesenchymal transition and fistula formation [5].

PFCD has a high disease burden, creating a significant chal-
lenge for the healthcare system. Thus, the quality of life of CD 
patients is generally poor, based on their luminal complaints 
and disability due to perianal symptoms [5, 6].

The management of PFCD requires a multidisciplinary ap-
proach involving colorectal surgeons, gastroenterologists and 
radiologists. According to the European Crohn's and Colitis 
Organisation's guidelines, complete fistula closure may be 
achieved through anti-TNF drugs (infliximab and adalim-
umab), even though evidence supporting antibiotics or systemic 
immunosuppressants as monotherapy remains limited [7]. In 
regard to the ineffectiveness of pharmacotherapy, several sur-
gical approaches have been suggested. In selected cases, fistula 
closure with advancement flaps, ligation of the intersphincteric 
fistula tracts, fibrin glue and fistula plugs may be considered, 
while seton placement has been suggested [7, 8]. Despite the 
high number of potential surgical techniques, the refractory dis-
ease rate and related complications remain high [9].

Recently, the efficacy and safety of adipose-derived allogenic 
mesenchymal stem cell (MSC) treatment (darvadstrocel) for 
PFCD have been raised by the ADMIRE-CD placebo-controlled 
clinical trial [10]. Darvadstrocel is administered as an intrale-
sional injection at the site of the perianal fistula after a prepara-
tion including rigorous curettage and seton placement. During 
the procedure, 120 million cells (5 million cells/mL) should be 
administered. The exact mechanism of action is unclear; how-
ever, the immunomodulatory and anti-inflammatory effects 

are presumed by inhibition of the proliferation and activation 
of lymphocytes via anti-inflammatory cytokines. This regu-
lation results in mucosal healing and repairing of the fistula 
tract [10, 11]. In ADMIRE-CD trial, 51.5% of the treated pa-
tients showed combined clinical and radiological remission, 
compared to 35.6% in the placebo group (only surgical inter-
vention) at week 24. Meanwhile, the 1-year outcome was even 
better (80% vs. 47%). Although the safety profile was reassuring, 
anal abscesses and proctalgia appeared in high proportions in 
both groups [10–12]. Moreover, the preliminary results of the 
ADMIRE CD-II randomised-controlled trial did not show supe-
riority of darvadstrocel over the placebo [13]. As for the meta-
analyses of the randomised trials, they suggest the efficacy 
and safety of MSC treatment for CD patients [9, 14]. However, 
the few real-world studies published included a low number of 
treated patients [15–17].

Therefore, the overall objective of this study was to assess the 
long-term effectiveness and safety of adipose-derived MSC 
treatment for PFCD in a real-world, multicenter setting.

2   |   Materials And Methods

2.1   |   Study Design and Participants

This retrospective multicenter cohort study was conducted in 
six tertiary inflammatory bowel disease (IBD) centres in three 
countries, including Israel, the Czech Republic, and Hungary. A 
sample of adult (age ≥ 18 years) CD patients who underwent MSC 
treatment (darvadstrocel) between January 1, 2019 and September 
30, 2023, due to PFCD (high transsphincteric or suprasphincteric 
localisation, ≤ 2 internal and ≤ 3 external openings) refractory to 
traditional PFCD treatment (ineffectiveness of surgical fistula 
treatment and pharmacotherapy with antibiotics or immunomod-
ulators or anti-TNFs within 6 weeks before the baseline) and with 
stable pharmacotherapy at least 3 months before inclusion were 
enrolled and examined. In this case, the baseline was defined as 
the day of the application of the MSC treatment, while follow-ups 
were conducted after 6–12 months. Patients with moderate to se-
vere luminal activity (CDAI ≥ 220 [18]), active CD of the rectum, 
> 2 cm intra-abdominal abscess, concomitant rectovaginal fistula 
or deviating stoma, rectal or anal stricture and surgical interven-
tion (except for surgical/seton drainage regarding perianal fistu-
las) were excluded from further analysis. Patients with multiple 
MSC treatments during the follow-up were also excluded. The re-
porting of this study conforms to the STROBE statement [19]. All 
patients provided their written informed consent to regular care.
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2.2   |   Administration of Darvadstrocel

Darvadstrocel was administered as an intralesional injection 
at the site of the perianal fistula after a preparation including 
rigorous curettage and seton placement according to the man-
ufacturer's label. After the closure of the internal openings, 
approximately 120 million cells (5 million cells/mL) were ad-
ministered during the procedure. All the participating cen-
tres were involved in the ADMIRE study and surgeons have 
treated subjects guided by ADMIRE experience. Adherence to 
the ADMIRE protocol was not a condition for participation in 
the study.

2.3   |   Data Collection

Data were collected into a uniform database at each centre 
(based on the medical history available in the medical record 
systems) and anonymously transferred to the coordinating cen-
tre (the University of Szeged). The data regarding the preparation 
for surgery, including curettage of the fistula tracts and seton 
placement/revision before the baseline was obtained. Baseline 
demographic data (age, sex, date of birth, age at diagnosis), clini-
cal data (disease localisation by Montreal classification [20], pre-
vious medications, current medications, previous surgery), and 
MSC surgery data were recorded at the baseline, while details 
of perianal clinical activity were measured at the baseline and 
weeks 12, 26 and 52 (if available). Due to the study design, data 
collection was allowed to be performed within 1 week of the ref-
erence timepoint.

Moreover, Parks's fistula classification was used [21], while lu-
minal clinical activity was measured by the Crohn's Disease 
Activity Index (CDAI) [18], endoscopic activity was measured 
by the Simple Endoscopic Score for Crohn's Disease (SES-CD) 
[22], and perianal complaints were objectivised by the Perianal 
Disease Activity Index (PDAI) [23]. The C-reactive protein 
(CRP) level of the patients and modified Van Assche index [24] 
(if MRI scans were performed) were recorded, while the pa-
tients' satisfaction levels and improvement of perianal symp-
toms were obtained at weeks 12, 26 and 52 by using a 3-point 
Likert scale (i.e., improved, not altered, worsened) [25]. Time-
dependent variables, such as adverse events (AEs), the reopen-
ing of a treated and closed fistula, and the occurrence of anal 
stenosis after treatment, were also recorded. Disease activity 
characteristics were recorded using prospectively followed pa-
tient records. Data collection was performed between February 
1 and April 30, 2024.

2.4   |   Outcome Measurements and Definitions

The primary co-outcomes were the perianal clinical remission 
at weeks 26 and 52, defined by the closure of all external open-
ings of the treated fistulas that were draining at baseline and 
assessed by a gastroenterologist/colorectal surgeon at regular 
visits. The secondary co-outcomes were the clinical response 
rates at weeks 26 and 52 (defined by the closure of at least one 
external opening of the treated fistulas and assessed by a gas-
troenterologist/colorectal surgeon at regular visits), whereas 
treatment failure was defined if no treated fistula tract was 

closed. The tertiary co-outcomes were the perianal clinical ac-
tivity rates at weeks 12, 26, and 52 (defined by the PDAI score 
of > 4) [26], the patients' satisfaction levels, and AEs requiring 
hospitalisation (presented as incidence rates as frequency/100 
patient-years). A sub-group analysis evaluating treatment expe-
rience was also conducted on the primary outcomes. Patients 
were stratified according to the overall experience of the treat-
ing centre and > 100 treatments with darvadstrocel was used as 
cut-off (high experience and low experience).

2.5   |   Statistical Considerations

In this study, a power analysis was not performed, since it anal-
ysed all eligible patients, and there was no control group, making 
a sample size calculation unfeasible. The descriptive statistics in-
cluded the mean and standard deviation or the median and inter-
quartile range (IQR) of the continuous variables, and the numbers 
and percentages of the categorical variables. Normality was tested 
by using visual interpretations (histograms and quantile–quantile 
plots). After checking the assumptions, the groups described with 
the categorical variables were compared by using a chi-square 
test or Fisher's exact test, while the continuous variables were 
compared with independent samples t-tests. Potential covariates 
and confounders associated with the primary and secondary ef-
fectiveness outcomes were analysed via univariable and multi-
variable logistic regression models. Specifically, the variables in 
the univariable analysis with a p < 0.15 were fitted and included 
in the multivariable analysis. Final multivariable models were ob-
tained by forward selection using likelihood ratios. Moreover, the 
goodness of fit was analysed by the Hosmer−Lemeshow test and 
the Nagelkerke R2 was presented. Kaplan–Meier survival curves 
with a log-rank test were used to determine the characteristics of 
AEs over time. Cox proportional hazard models were also created 
to investigate the covariates associated with AEs. We performed a 
complete case analysis to reduce bias and to achieve the most ac-
curate description of the cohort. Bonferroni correction was used 
to reduce multiple comparisons bias. A two-sided p < 0.05 indi-
cated a statistically significant difference, while 95% confidence 
intervals (95% CI) were communicated. Statistical analysis was 
performed by using IBM SPSS software (Windows, Version 29.0, 
IBM Corp., Armonk, NY).

3   |   Results

3.1   |   Patient Characteristics

Overall, the data of 223 CD patients (male/female ratio: 0.48) was 
analysed, with a median follow-up duration of (51.9 weeks [IQR 
48–53]). Among the patients, 69% (154/223), 22% (48/223) and 
9% (21/223) were from the Czech Republic, Israel and Hungary, 
respectively. At inclusion, the median age was 39 years (IQR 33–
49), and patients suffered from CD with a median duration of 
13 years (IQR 7–21). Approximately three-quarters (75.7%) of the 
patients did not smoke at inclusion. In total, 69.1% of the patients 
were treated in high-volume tertiary centres. A flowchart of the 
enrolled patients is presented in Figure 1.

The most common localisation was ileocolonic (43.5%), while 
40.7% of the patients had undergone prior bowel resection. The 
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majority of the cohort (91.5%) were in clinical remission at the 
baseline. In addition, an immunomodulator was applied in 
41.7% of the patients, with more than three quarters on anti-TNF 
treatment. Meanwhile, 57.4% of the patients had only one fistula 
tract at enrollment, with the majority transsphincteric fistulas. 
However, branching tracts were registered in 13.9% of the cases. 
Finally, more than half of the patients showed a PDAI score of 
> 4 (57.8%). Further details of the baseline clinical and demo-
graphic characteristics are presented in Table 1.

3.2   |   Effectiveness Assessment

In total, the data of 100% and 82.1% of the patients were avail-
able at weeks 26 and 52, respectively. Perianal clinical remission 
was achieved in 72.2% (161/223) and 62.3% (114/183) of the pa-
tients by weeks 26 and 52, respectively. The clinical response 
rates were 84.8% (189/223) and 79.8% (146/183) at weeks 26 and 
52. Neither the clinical remission rates (X2 = 0.143; p = 0.71) nor 
the clinical response rates (X2 = 1.722; p = 0.19) changed until 
week 52, respectively. Figure 2 presents the data regarding the 
proportion of patients achieving perianal clinical remission and 
response at weeks 26 and 52.

At the baseline, 57.8% (129/223) of the patients had perianal dis-
ease with PDAI score > 4. This rate decreased to 20.6% (41/199, 
X2 = 60.638, p < 0.001), 17.2% (34/198, X2 = 32.596, p < 0.001) 
and 19.6% (32/163, X2 = 56.566, p < 0.001) at weeks 12, 26 and 
52, respectively. Among week 26 responder patients, a similar 
decrease was found. However, the rate of perianal disease with 
PDAI score > 4 did not decrease among the patients with treat-
ment failure at week 26. Figure 3 shows the proportion of pa-
tients with perianal disease with PDAI score > 4 at the baseline 
and weeks 12, 26 and 52, according to the treatment response 
at week 26.

It is important to note that 81.2% (164/202), 77.8% (161/207) and 
78.4% (131/167) of the patients experienced improvement in 

subjective symptoms, whereas 16.8% (34/202), 7.7% (16/207) and 
7.2% (12/167) did not experience any change until weeks 12, 26 
and 52, respectively. Figure 4 presents the patients' experiences.

3.3   |   Prediction of Treatment Efficacy

Week 52 clinical remission was negatively associated with anti-
biotic usage at MSC injection (OR 0.159, 95% CI 0.066–0.382), the 
level of the baseline PDAI score (OR 0.753, 95% CI 0.659–0.859), 
and the presence of branching fistulas (OR 0.417, 95% CI 
0.172–1.011), while the week 26 remission outcome was coupled 
with the shorter period between preparation and transplanta-
tion surgery (OR 0.976, 95% CI 0.965–0.986) and the low num-
ber of fistulas at the baseline (OR 0.278, 95% CI 0.127–0.609). 
Achieving primary outcomes was observed more frequently 
in the centres with high-volume treatments in week 26 (82.5% 
vs. 49.3%, X2 = 26.153; p < 0.001) and week 52 (72.0% vs. 41.4%, 
X2 = 15.815; p < 0.001).

Clinical response rates at week 26 were associated with ileoco-
lonic disease localisation (OR 3.482, 95% CI 1.228–9.879), bowel 
resection history (OR 2.998, 95% CI 1.123–8.006), a high num-
ber of external fistula openings (OR 7.997, 95% CI 2.223–28.767), 
and prior usage of advanced treatments (OR 0.140, 95% CI 
0.052–0.378).

Treatment failure at week 52 was associated with female sex 
(OR 0.392, 95% CI 0.157–0.980) and with longer periods between 
preparation and transplantation surgery (OR 0.992, 95% CI 
0.984–0.999). Table 2 presents the results of the multivariable re-
gression after model selection, while Tables S1–S4 detail the uni-
variable and multivariable regression models on each outcome.

3.4   |   Safety Analysis

Overall, 204 patient-years were recorded, of which 13.5% 
(14.7/100 PY) suffered from AEs requiring hospitalisation 
during the follow-ups. Adverse events not requiring hospi-
talisation were not observed. The median time until occur-
rence of an AE was 51.1 weeks (IQR 27.9–52.9) after treatment. 
Meanwhile, the characteristics of AEs were similar between the 
groups, stratified by achieving perianal clinical remission at 
week 26 (X2 = 0.522, p = 0.47). The occurrence of AEs was also 
associated with a higher baseline PDAI score (HR 1.148, 95% 
CI 1.021–1.290), while active smoking (HR 0.227, 0.054–0.957) 
was coupled with decreased risk. Table  3 presents further de-
tails of the AEs, while Figure 5 displays a survival curve of the 
time to AEs, according to perianal clinical remission at week 26. 
Additionally, Table S5 lists the descriptions of the Cox models.

4   |   Discussion

In this study, the effectiveness and safety of MSC treatment 
in fistulising CD was evaluated in a large multicenter cohort 
study, including 223 CD patients from tertiary IBD centres in 
a retrospective setting. The perianal clinical remission rates at 
weeks 26 and 52 were 72.2% and 62.3%, respectively, and were 
negatively associated with antibiotic usage, the baseline PDAI 

FIGURE 1    |    Flowchart of the patients' enrollment and follow-ups. 
Pts, patients.
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score, the interval between preparation and surgery, and with 
branching of the fistulas. AEs occurred in 13.5% of the patients, 
including perianal abscesses and pain. Instances of AEs were 
coupled with elevated baseline PDAI scores.

TABLE 1    |    Baseline demographic and clinical characteristics of 
enrolled patients.

Variables CD (n = 223)

Follow-up duration, weeks, median (IQR) 51.9 (48–53)

Sex, male (%) 107 (48)

Age at inclusion, years, median (IQR) 39.0 (33–49)

Smoking habits at inclusion, n (%)

Never smoking 137 (61.4)

Active smoker 49 (22.0)

Former smoker 32 (14.3)

Missing data 5 (2.2)

CD disease duration at inclusion, years, 
median (IQR)

13 (7–21)

Prior bowel resection, n (%)

Small bowel segment 5 (2.2)

Large bowel segment 17 (7.6)

Ileocoecal 69 (30.9)

Disease localisation, n (%)a

Ileal 71 (31.8)

Colonic 55 (24.7)

Ileocolonic 97 (43.5)

Upper GI involvement 11 (4.9)

Extraintestinal manifestations, n (%)

Arthropathy 41 (18.4)

Skin disease 4 (1.8)

Eye disease 3 (1.3)

Hepatic disease 0 (0)

Disease activity

CDAI, mean (±SD) 51.1 (53.1)

PDAI, > 4, n (%) 129 (57.8)

CRP, mg/L, mean (±SD) 14.7 (9.5)

SES-CD, mean (±SD) 0.5 (1.1)

Prior advanced treatment, n (%)

1 agent 63 (28.3)

2 agents 38 (17.0)

≥ 3 agents 15 (6.7)

Anti-TNF 95 (42.6)

Conventional treatment at baseline, n (%)

Oral 5-ASA 23 (10.3)

Topical 5-ASA 3 (1.3)

Budesonide 1 (0.4)

(Continues)

Variables CD (n = 223)

Azathioprine 93 (41.7)

Systemic corticosteroid 10 (4.5)

Advanced treatment at baseline, n (%)

Adalimumab 57 (25.6)

Infliximab 108 (48.4)

Golimumab 1 (0.4)

Certolizumab 1 (0.4)

Vedolizumab 12 (5.4)

Natalizumab 2 (9.0)

Ustekinumab 35 (15.7)

Guselkumab 1 (0.4)

Upadacitinib 0 (0)

Ozanimod 1 (0.4)

Description of fistulas, n (%)

Number of fistulas

1 128 (57.4)

2 81 (36.3)

3 14 (6.3)

Number of external openings

1 127 (57.0)

2 79 (35.4)

3 17 (7.6)

Number of internal openings

1 177 (79.4)

2 46 (20.6)

Branching fistula present 31 (13.9)

Classification of fistulas, n (%)b

Intersphincteric is present 33 (14.8)

Transsphincteric is present 177 (79.4)

Extrasphincteric is present 13 (5.8)

Suprasphincteric is present 18 (8.1)

MRI was performed during FU 24 (10.8)
aMontreal classification.
bParks classification.
Abbreviations: CD, Crohn's disease; CDAI, Crohn's Disease Activity Index; 
CRP, C-reactive protein; FU, follow-up; IQR, interquartile range; MRI, magnetic 
resonance imaging; n, number of patients; PDAI, Perianal Disease Activity 
Index; SD, standard deviation of mean; SES-CD, Simple Endoscopic Severity of 
Crohn's Disease; TNF, tumour necrosis factor-alpha.

TABLE 1    |    (Continued)
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Several clinical trials were conducted to evaluate the efficacy 
and safety of MSC treatment among the CD patients with 
perianal fistulas. The ADMIRE CD placebo-controlled piv-
otal clinical trial included 212 CD patients. Among the 107 pa-
tients who were treated with darvadstrocel, a higher proportion 
(55%) achieved clinical remission (closure of all treated exter-
nal openings), compared to the placebo (43%) at week 24 [10]. 
Interestingly, a long-term extension study of the ADMIRE CD 
trial reported an 80% clinical remission rate at week 52 [12] in 
the treatment group.

In a Phase II study, fibrin glue was applied to close the fistula 
tracts after MSC treatment. Although superiority was reported 
(compared to fibrin glue alone), the retrospective evaluation 
indicated that a high proportion of patients did not achieve 
sustained closure of the tracts during the follow-ups (11/21 
vs. 10/13). However, the population was not restricted to CD 
patients [27, 28]. Additionally, meta-analyses and systematic 

reviews evaluated the overall efficacy of the darvadstrocel treat-
ment, which showed superiority in fistula healing, compared to 
the placebo [14, 29, 30]. Overall, 72.2% of the patients were in 
clinical remission at week 26, while this proportion decreased 
to 62.3% at week 52. Although the clinical response rate was 
84.8% at week 26, which was higher than that in the ADMIRE 
population (69% vs. 55%), the outcome was stricter (closure of at 
least 50% of the treated tracts). It should be highlighted, that the 
similarity of outcome results in our study are presumably due to 
the similarity of outcome definitions.

Nevertheless, the ADMIRE-II randomised-controlled trial 
displayed the nonsuperiority of MSC treatment, compared to 
the placebo (combined remission rate at week 24: 48.8% vs. 
46.3%). Although this questions the usefulness of the pro-
cedure, a full publication is not yet available. Meanwhile, 
even though the clinical remission rates were lower in the 
ADMIRE-II trial, higher effectiveness was observed in a 

FIGURE 2    |    The proportion of patients achieving perianal clinical remission and response at weeks 26 and 52. No significant difference was 
observed between the timepoints and endpoints. P, significance level.

FIGURE 3    |    The proportion of patients with > 4 PDAI score for perianal disease during the follow-ups, stratified by achieving perianal clinical 
remission at week 26. Among the patients, perianal disease immediately decreased after treatment. P, significance level.
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real-world clinical setting. This is in line with the postmarket-
ing INSPIRE registry and retrospective analysis of ADMIRE 
CD patients (INSPECT), indicating 76.6% and 67.4% clinical 
remission rates in 1 year [31, 32]. However, since the INSPIRE 
data have yet to be published, real-world data remain limited, 
with only a few publications reporting experiences with < 100 
patients per report.

Both ADMIRE reports assessed the efficacy with combined 
clinical and radiologic remission (absence of fluid collections 
> 2 cm) as primary endpoints, which made it impossible to ad-
equately compare them with our results. Moreover, MRI scans 
were only performed in 10.8% (24/223) of the patients, and a 
modified VanAssche score was only available in 7.2% of the pa-
tients (16/223). Thus, a statistical analysis, including radiological 

FIGURE 4    |    The change in patients' symptoms during the follow-ups, measured on a 3-point Likert scale. The majority of the treated patients 
experienced an improvement in perianal symptoms. P, significance level.

TABLE 2    |    Multivariable logistic regression model to predict treatment effectiveness.

Outcomes Variables Sig. OR 95% CI

Clinical remission at w26 Antibiotic use at injection < 0.001 0.159 0.066 0.382

PDAI < 0.001 0.753 0.659 0.859

Branching fistula 0.053 0.417 0.172 1.011

Clinical remission at w52 Time between preparation 
and injection (week)

< 0.001 0.976 0.965 0.986

Number of fistulas, 1 < 0.001

2 0.001 0.278 0.127 0.609

3 < 0.001 0.062 0.014 0.281

Clinical response at w26 Localisationa, L1 0.027

L2 0.936 0.957 0.329 2.785

L3 0.019 3.482 1.228 9.879

Prior resection 0.028 2.998 1.123 8.006

Prior advanced treatment < 0.001 0.140 0.052 0.378

Number of external openings 0.001 7.997 2.223 28.767

Clinical response at w52 Sex (female) 0.045 0.392 0.157 0.980

Time between preparation 
and injection (week)

0.030 0.992 0.984 0.999

aMontreal classification.
Abbreviations: 95% CI, 95% confidence interval; OR, odds ratio (exp(B)); PDAI, Perianal Disease Activity Index; Sig, significance level.
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characteristics, was not performed. The lack of MRI data in a 
real-world setting may be explained by the costs, poor availabil-
ity of the procedure, and the obligatory need for experts for in-
terpretation of the findings which was reported in an experts' 
opinion including Southeast Europe and Israel [33].

However, due to the pragmatical design, the control group was 
not able to be used to handle confounders. Nevertheless, to 
resolve the discrepancies between the efficacy of the clinical 
trials and the real-world data, several covariates and possible 
confounders were evaluated via univariable and multivariable 
regression analyses in this study to predict treatment success. 
First, a higher baseline PDAI score, antibiotic usage at treat-
ment, a higher number of fistulas and branching fistula tracts, 
a delay of treatment after preparation surgery, female sex and 

prior advanced treatment were associated with worse clinical 
outcomes. Second, although a higher number of external open-
ings seemed to predict treatment failure at week 26, this was not 
definite, due to the skewed distribution of the variables (three 
tracts in 7.6% of the patients). Third, prior usage of any advanced 
treatment can potentially select patients with more aggressive 
disease courses. However, the possible effect of pharmacologi-
cal treatment before MSC treatment should not be overlooked. 
Based on these results, considering the baseline perianal clinical 
activity and the number of fistulas and branching tracts imme-
diately after preparation for surgery may help to select patients 
with potentially better treatment outcomes. The impact of anti-
biotic use during MSC application on treatment outcomes may 
be questionable and controversial, since the exact pathological 
connection is lacking, however, the interaction of antibiotics 

TABLE 3    |    Number and details of adverse events requiring hospitalisation during the follow-up.

Event (patient number = 223)
Incidence rate per 100 PY 

(total PY = 204.2)

Total adverse event 30 14.7

Perianal abscess 14 6.9

Perianal pain 9 3.9

Perianal haematoma 2 0.49

Increased perianal discharge 1 0.49

Pulmonary embolism 1 0.49

Invasive ductal carcinoma 1 0.49

Urinary tract infection 1 0.49

Spontaneous abortion 1 0.49

Abbreviation: PY, patient-year.

FIGURE 5    |    Survival characteristics of adverse events requiring hospitalisation during the follow-ups. The patients were stratified by achieving 
perianal clinical remission at week 26. Differences were not observed regarding outcome (X2 = 0.522, p = 0.47).
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with MSC have been raised [34]. Extensive usage of systemic 
antimicrobial medications may be due to fear about infections 
by the surgical team, and preventive antibiotic usage should be 
avoided. Another possible reason for higher effectiveness may be 
the similar population descriptive features in our cohort, com-
pared to the ADMIRE CD trials. The relatively low proportion 
of branching fistulas and high proportion of patients with mild 
perianal symptoms further reinforces the importance of popu-
lation characteristics when comparing available data. Since a 
high proportion of the patients were on anti-TNF biologics, the 
clinical and biochemical activity parameters were low and fis-
tula characteristics were comparable. Nevertheless, an accu-
rate comparison with the population description of the overall 
ADMIRE study is necessary. Although, many of our data were 
based on a prospective data collection, real-world controlled re-
search in prospective viewpoint considering different disease 
characteristics (perianal disease, multiple treatments and devi-
ating stoma) is needed to confirm our results.

In this study, our population encompassed 69.1% of the pa-
tients treated in a high-volume tertiary centre (where > 150 
patients were treated with darvadstrocel). In this subcohort, 
the effectiveness was higher, compared to the rest of the co-
hort. Although not significant, this raises the question of the 
experience of the colorectal surgeons, gastroenterologists 
and radiologists when selecting the ideal number of patients 
treated in a centre.

As for the correlation between the clinical course of perianal 
fistulas and symptoms, they have been investigated in previous 
studies, in which a PDAI score of < 4 was considered an inac-
tive disease [26]. In the clinical trial, the PDAI score decreased 
after treatment. However, a decrease of > 1 was observed in the 
placebo trial (ADMIRE CD week 24: −2.4 vs. −1.2; week 52: 
−2.3 vs. −1.4). In our study, the proportion of the patients with a 
PDAI score of < 4 increased after treatment and remained until 
week 52 (57.8%–19.6%), while no significant improvement was 
detected in regard to the non-responders.

In both ADMIRE reports, a relatively high proportion of pa-
tients achieved clinical remission in the control groups (> 40%) 
without darvadstrocel treatment. This result may be explained 
by the effect of the rigorous curettage of the fistula tracts per-
formed before treatment. Hence, the importance of preparation 
for surgery should be emphasised in light of the high effective-
ness rate of our cohort.

In the literature, assessments of patient-reported symptoms 
and quality of life are extremely limited. The exception was a 
French pilot study of 27 CD patients with perianal fistulas who 
showed significant improvement in their quality of life (CAF-
QoL) after the treatment. This is in line with our study, in which 
77.8%–81.2% of the patients experienced improvement of clin-
ical symptoms, with a high level of treatment satisfaction [17]. 
Meanwhile, the ADMIRE CD trials showed an improvement 
in the IBD quality of life (IBDQ) score after treatment at week 
26 (mean difference: 3.8). However, a decrease in this score was 
also observed in the placebo trial (mean difference: 4.0) [10].

Moreover, in our cohort, the safety profile was reassuring, with 
an overall AE incidence rate of 14.7/100 PY. Abscesses and 

proctalgia were reported in most of the cases, which is in line 
with the pivotal ADMIRE CD trial. In a Swiss cohort, testicu-
lar carcinoma and a cytomegalovirus (CMV) infection were re-
ported [15], while in our study, invasive ductal carcinoma of the 
breast and a urinary tract infection were observed. However, the 
exact association with darvadstrocel treatment remains a ques-
tion. Meanwhile, pulmonary embolism was registered in one 
case, which may be associated with the surgical procedure and 
hospital admission. These findings suggest that MSC treatment 
is well tolerated following its administration.

Finally, the present study includes several strengths. First, this 
was the largest real-world study on the efficacy and safety of dar-
vadstrocel in fistulising CD. Second, regression analyses were 
applied to assess potential covariates and confounders, select 
possible predictors, and reduce type I errors. Third, a relatively 
long follow-up period and strict patient selection were applied to 
obtain reliable data, while pragmatic endpoints helped to draw 
real-life conclusions.

It should be noted that the main limitation of the darvadstro-
cel treatment is its cost. Unfortunately, data regarding absolute 
cost are not available and only a few costs effectiveness analyses 
have been published yet. According to an Irish pharmacoeco-
nomic analysis based on ADMIRE CD results, darvadstrocel 
was associated with an additional 0.898 QALYs for an additional 
cost of 53.544€ compared to control [35]. Based on a Norwegian 
analysis, darvadstrocel strategy was associated with a total cost 
increase of NOK 744095.57 and a QALY gain of 0.416 compared 
to placebo strategy [36]. To be highlighted, it seems that the 
overall treatment cost of CD patients with PFCD is higher than 
patients without PFCD [37]. Therefore, high cost and restrictive 
reimbursement policies make it impossible to access treatment 
in high-income countries as well with high prevalence of IBD 
such as Canada or Denmark.

Nevertheless, some limitations should be noted. First, despite 
the high number of enrolled patients, the number of involved 
centres was relatively low and the treatment volume differed. 
Second, the retrospective design did not allow us to draw exact 
conclusions, but only potential explanations. Third, it was not 
possible to specifically analyse the differences between the ex-
periences of each centre, which clearly impacted the treatment 
effectiveness and safety issues. Fourth, due to the pragmatic 
design, a control group was not used to independently handle 
the covariates associated with treatment such as spontaneous 
fistula closings. Fifth, due to the lack of sufficient amount of re-
sults from cross-sectional imaging, analysis including MRI out-
comes was not performed. Despite these limitations, our study 
provides robust real-world evidence of using darvadstrocel in 
fistulising CD.

Based on our results, the data regarding the effectiveness of 
the darvadstrocel treatment was higher than the data from the 
ADMIRE trials. However, the spontaneous closure of fistu-
las in the placebo-treated patients remains high in the liter-
ature, presumably due to the rigorous curettage of the tracts. 
Moreover, the safety profile was reassuring, while the patients' 
satisfaction levels were high. Although precise conclusions 
may not be drawn, due to the retrospective setting and the lack 
of control group, the roles of several aspects of the preliminary 
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assessment of treatment success and patient selection may be 
considered. In this regard, the patients with lower perianal 
clinical activity at the baseline and a lower number of fistulas 
may achieve better outcomes, while tract preparation immedi-
ately before transplantation and appropriate use of antibiotics 
should be prioritised. In sum, multidisciplinary medical and 
surgical treatment approaches are necessary for managing CD 
patients with perianal disease and further real-world data are 
needed.
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