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Abstract 

Background  Perianal lesions of Crohn’s disease (CD) are complex and disabling conditions. Mesenchymal stem 
cell (MSC)-based therapies have emerged as an innovative approach in managing refractory perianal fistulizing CD. 
We conducted a systematic review and meta-analysis to describe and compare combined remission and clinical 
outcomes of MSC-based therapies, and then whether one approach stands out from the rest.

Methods  We searched in MEDLINE, EMBASE and CENTRAL (up to December 31, 2023) all prospective studies 
assessing a local injection of MSC-based therapy in perianal fistulas of CD. The primary outcome was achievement 
of combined remission. MSC-based therapy strategies were compared.

Results  Twenty-five studies were included in the meta-analysis, enrolling 596 patients with perianal fistulizing CD. 
The combined remission rate at 3, 6 and 12 months were 36.2% (95% confidence interval (CI), 24.5–49.7), 57.9% 
(95% CI 51.3–64.2) and 52% (95% CI 38.8–64.8), respectively. MSC-based therapies demonstrated a significant 
effect in achieving combined remission compared to placebo at 3 months (relative risk (RR) = 1.6; 95% CI 1.0–2.8) 
and at 6 months (RR = 1.5; 95% CI 1.1–1.9). At 6 months, the combined remission rate was 57.2% (95% CI 47.2–66.6) 
for adipose-derived stem cells (ASCs) and 55.7% (95% CI 26.4–81.5) for bone marrow-derived stem cells (BMSCs). In 
the network meta-analysis, allogeneic ASCs and BMSCs did not demonstrate superiority over each other (RR = 0.74; 
95% CI 0.31–1.77).

Conclusion  MSC-based therapies are effective for achieving combined remission of refractory and/or complex 
perianal fistulizing CD. The optimal efficacy effect is reached after 6 months of treatment. No superiority has yet been 
demonstrated between ASCs and BMSCs therapies
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Background
Crohn’s disease (CD) is a chronic and disabling 
condition that can affect the entire digestive tract [1]. 
Perianal lesions involve approximately one-third of 
patients and primarily consist of fistulizing conditions 
[2]. These manifestations result in significant functional 
impairment and greatly impact the patients’ quality 
of life [3]. Despite optimal medical and surgical 
management, around half of the patients do not achieve 
healing of their perianal lesions [4, 5]. In recent years, 
cell therapy and regenerative medicine have emerged 
as an innovative approach in managing refractory 
perianal fistulas of CD [6]. These innovative therapies 
mainly lie on mesenchymal stem cell (MSC) which 
possess trophic, angiogenic, anti-inflammatory, and 
anti-fibrotic activity [7–9]. MSCs can derived from 
different sources and were firstly used in an autologous 
context [7, 8]. Their low immunogenicity also makes 
administration in an allogeneic setting possible [7, 
10]. The ADMIRE trial demonstrated the superiority 
of allogeneic MSC from adipose tissue over placebo 
in 212 patients with refractory perianal fistulas of CD 
[11]. Authors reported combined remission rate (i.e., 
clinical healing and absence of collections larger than 
2  cm on magnetic resonance imaging (MRI)) of 49.5% 
versus 34.3% at 6  months [12]. However, long-term 
remission at 104 and 156  weeks is not as conclusive 
with a reduction of the difference between MSC and 
placebo to 10% and 7.8%, respectively [12].

Since the ADMIRE trial, allogeneic MSC (i.e., 
darvadstrocel) are available in clinical practice for 
managing these complex conditions. In addition, 
therapies based on allogeneic and autologous stem 
cell are listed as a therapeutic option by the European 
consensus of inflammatory bowel disease [13]. Different 
therapeutic approaches have been evaluated in perianal 
fistulas of CD based on adipose-derived stem cell 
(ASC), bone marrow-derived stem cell (BMSC), stromal 
vascular fraction, and more recently exosomes derived 
from MSC [6, 14, 15]. The place of regenerative medicine 
in practice is not yet clear, as there are few available 
randomized controlled trials (RCT), and the comparative 
effectiveness of the different strategies is difficult to 
establish. Meta-analyses have already been conducted 
on this topic, but they have certain limitations: missing 
of combined remission analysis, inclusion of patients 
without CD, inclusion of additional long-term studies 
from RCTs, no inclusion of non-randomized studies, and 
no consideration for the chronology in the evaluation of 
the response. Hence, we conducted a systematic review 
and meta-analysis of prospective studies assessing 
efficacy of local injection of MSC-based therapies in 
perianal fistulizing CD. We aimed to describe combined 

remission and clinical outcomes of these approaches, and 
then whether one approach stands out from the rest.

Methods
The protocol for this systematic review and meta-analysis 
was registered in the International Prospective Register 
of Systematic Reviews (PROSPERO) with the registration 
number CRD42024515940, and followed the Cochrane 
Handbook [16] and the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
statements [17]. The PRISMA checklist is available in 
supplementary material.

Selection criteria
We included studies that met the following criteria: (i) 
Adults or children with perianal fistulizing CD; (ii) Local 
injection of a mesenchymal stem cell-based therapy 
for the treatment of fistula; (iii) Assessment of clinical 
remission and/or radiological remission; (iv) Followed 
up for at least 3 months; (v) Prospective study (RCT or 
open-label study); (vi) Study published in English. All 
editorials, notes, comments, letters, guidelines, case 
reports, abstracts, reviews articles, or meta-analyses were 
excluded. Studies that did not exclusively include patients 
with perianal fistulas of CD were excluded. Studies 
included only recto-vaginal fistulas of CD were also 
excluded. When multiple studies reported on the results 
of the same study (e.g., long-term extension), we used 
data from the publication that reported on the primary 
outcome.

Search strategy
We conducted a comprehensive search of MEDLINE, 
EMBASE and the Cochrane Library (CENTRAL) 
up to December 31, 2023. The following Medical 
Subject Heading (MeSH) terms alone or matched 
with the Boolean operators “AND” or “OR” were used: 
“mesenchymal stem cells”, “stromal vascular fraction”, 
“adipose tissue”, “bone marrow”, “exosomes”, “adipose 
derived”, “stem cell”, “crohn disease”, and “fistula”. 
A two-step process was applied: title and abstract 
assessment (step one), followed by full text analysis of 
relevant articles (step two). Two reviewers (LG and JM) 
independently scrutinized references for inclusion. Any 
disagreements between investigators regarding study 
selection were resolved by consensus. We accurately 
checked the reference lists of the included studies for any 
additional relevant work. Finally, additional records were 
search in regulatory agencies and clinical study reports 
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(i.e., ClinicalTrial.gov and International Clinical Trials 
Registry Platform).

Data extraction and quality assessment
Once the eligible studies were selected, two reviewers 
(LG and JM) extracted data into a standardized form. 
Data extracted were study characteristics, study design, 
type of stem cell-based therapy, number of patients, 
characteristics of patients and fistula, stem cells origin, 
characteristics and number of injected cells, follow-up, 
and clinical and radiological response to therapy.

Quality of studies were assessed by two investigators 
(LG and JM) independently and discrepancies 
were resolved by consensus. For RCT we used the 
Cochrane’s Risk of Bias tool version 2 (RoB 2) [18]. The 
RoB 2 tool allows for categorizing studies as “low risk”, 
“some concerns”, or “high risk” of bias [18]. Quality 
of non-randomized trials was measured through the 
Newcastle–Ottawa Scale (NOS) [19–21]. A NOS 
score ≥ 6 indicated high quality studies, while studies 
with NOS values of 1–3 and 4–5 were defined as low 
and moderate quality studies respectively [19].

Outcomes and strategy for data synthesis
According to ADMIRE study [11], we used the following 
definition to assess the efficacy to local injection 
of stem cell-based therapy: (i) Clinical response as 
a reduction of at least 50% of fistula discharge; (ii) 
Clinical remission as a closure of all treated external 
openings without discharge; (iii) Combined remission 
as a clinical remission, and a radiological healing 
defined by the absence of collections larger than 2 cm 
on MRI. Our primary outcome was achievement of 
combined remission. We extracted this outcome at 
3, 6 or 12  months after local injection of stem cell-
based therapy. Secondary outcomes were clinical 
remission and clinical response, also extracted at 3, 6 or 
12 months after treatment.

Statistical analysis
Meta-analyses were performed for each of the primary 
and secondary outcomes (i.e., clinical response, clinical 
remission, combined remission) and for each period 
(i.e., 3  months, 6  months, 12  months), combining all 
therapies. To evaluate different treatment strategies, 
meta-analyses were carried out separately for the 
ASCs and BMSCs therapies. Sensitivity analyses were 
performed according to the methodology of the study 
to assess if results of clinical outcomes in intervention 
groups from clinical trials could be analysed with 
observational studies. Randomized controlled studies 
were also analysed separately to assess the potential 

effect of these therapies versus placebo and indirect 
comparisons were conducted when therapies were 
compared with the same control treatment.

Random-effects models were used to give a more 
conservative estimate of the effect, allowing for any 
heterogeneity among studies [22]. They were estimated 
by the DerSimonian and Laird method to calculate 
pooled proportions [23]. To accurately estimate the 
pooled proportion [24], the logit transformation was 
applied to observed proportions in order to yield a 
normal distribution when the observed proportions or 
the boundaries of the confidence interval are less than 
0.2 or greater than 0.8 for more than 20% of the studies 
[25, 26]. Outcome measures were described as pooled 
proportions with their corresponding 95% confidence 
interval (CI). Random-effects models using the inverse 
variance method were also used to estimate direct and 
indirect comparisons from randomized trials. Outcome 
measures were described as relative risk (RR) with their 
corresponding 95% confidence intervals.

Heterogeneity was quantified by the I2 parameter [27]. 
If I2 was larger than 50%, identification of outlying studies 
with influence on the overall effect size was performed 
using three methods: Baujat plot [28], screening for 
externally studentized residuals [26, 29], and leave-one-
out analysis [24]. A study was considered outlier if it was 
identified by the two out three methods. It was dropped 
out the meta-analysis if its suppression led to a gain of at 
least 10 points of heterogeneity for the I2 parameter. No 
moderator analysis was performed for these outcomes 
as not enough studies were available (at least 10 studies) 
[29].

The Egger’s regression test and visual inspection 
of funnel plots for asymmetry were used to assess 
publication bias. Statistical tests were performed in a 
two-sided situation and were considered statistically 
significant for p ≤ 0.05. Statistical analyses were 
performed using RStudio software (v. 4.2.0).

Certainty of evidence
Certainty of evidence for the primary outcome was 
rated using the GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) approach 
according to the Cochrane Handbook [16]. In this 
approach, direct evidence from studies starts at high 
quality and can be rated down based on risk of bias in 
the body of evidence, indirectness, imprecision, and 
inconsistency to levels of moderate, low, and very low 
quality [30].
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Results
Search results and quality assessment
A total of 635 records were identified through our 
systematic literature review, of which full texts 
of 56 articles were reviewed. Of these, 25 studies 
were included in the systematic review and meta-
analysis. No new records were found in reference lists, 
regulatory agencies or clinical study reports. The study 
selection flowchart is presented in Fig.  1. The quality 
of RCT studies included in our analysis is shown in 
Fig. 2. Two RCT were at low risk [11, 31], whereas two 

others had some concerns (mainly “Deviations from 
the intended interventions” and “Measurement of the 
outcome”) [32, 33]. Regarding non-randomized studies, 
almost all studies were of “high quality” with a NOS 
score of 6 [34–52], and two studies were of “moderate 
quality” with a NOS score of 5 (Supplementary Table 1) 
[53, 54].

Characteristics of included studies and MSC‑based therapy 
process
Table 1 details the characteristics of the included studies. 
Among the 25 articles, 4 studies were RCT [11, 31–33]. 

Fig. 1  PRISMA flow diagram
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Overall, 596 patients with perianal fistulizing CD were 
included in the analysis, and the median number of 
patients per study was 16. Pediatric patients were 
included in 3 studies, but all patients had ≥ 13  years 
old [39, 46, 47]. Patients treated all had refractory and/
or complex perineal fistula tract. Among the cell-based 
therapy used, 10 studies investigated ASCs (5 allogeneic 
and 5 autologous) [11, 33, 39–44, 53, 54], 7 BMSCs (5 
allogeneic and 2 autologous) [31, 32, 45–48, 51], 3 stromal 
vascular fraction [34–36], 2 microfragmented adipose 
tissue [37, 38], 2 exosomes derived from umbilical cord 
MSC [49, 52] and 1 allogeneic umbilical cord-derived 
MSC [50]. A matrix was used in 5 trials and consisted 
of a fibrin glue [39, 40, 48, 53] or dissolvable plug [41]. 
Repeated injections were proposed in 9 studies, with up 
to 4 injections per patient. In 6 trials, repeated injections 
were performed in case of insufficient response to the 
treatment [31, 36, 37, 40, 42, 47]. In 3 studies, patients 
were systematically treated with 2 to 4 injections, with 
an interval of 4–8 weeks between each injection [46, 48, 
52]. The number of cells injected ranged from 20 × 106 to 
400 × 106, with an estimated mean of 87.4 × 106 injected 
cells (± 70.8 × 106 (standard deviation)).

Primary outcome: combined remission
Combined remission was assessed in 21 studies (84.0%) 
involving 396 patients perianal fistulizing CD [11, 31–38, 
41–52]. The combined remission rate in meta-analyses 
at 3, 6 and 12  months were 36.2% (95% CI 24.5–49.7), 
57.9% (95% CI 51.3–64.2) and 52% (95% CI 38.8–64.8), 
respectively (Fig.  3). Sensitivity analyses revealed no 
numerical difference after removing the results of RCTs 
for combined remission rates (Supplementary Table  2), 
although these comparisons were not assessed with 

statistical tests. The Egger’s regression test and visual 
inspection of funnel plots showed that there was no 
tendency for publication bias (Supplementary Fig. 1).

Meta-analyses for combined remission in the subgroup 
of RCTs were conducted at 3 and 6  months. These 
subgroup analyses involved 270 patients [11, 31–33]. 
MSC-based therapies demonstrated a significant effect 
in achieving combined remission compared to placebo 
at 3  months (RR = 1.6; 95% CI 1.0–2.8; I2 = 0%) and at 
6 months (RR = 1.5; 95% CI 1.1–1.9; I2 = 0%) (Fig. 4).

The body of evidence was rated down for risk of 
bias and imprecision using the GRADE approach. 
Consequently, the certainty of the evidence was judged 
to be very low and low for achieved combined remission 
with MSC-based therapy for analyses with all studies and 
subgroup of RCTs, respectively (Supplementary Table 3).

Secondary outcomes: clinical response and clinical 
remission
Clinical remission was assessed in 19 studies (76.0%) 
involving 365 patients [11, 31, 35–44, 46–49, 51, 53, 
54]. The clinical remission rate in meta-analyses at 3, 6 
and 12  months were 32% (95% CI 22.5–43.2), 61.7% 
(95% CI 49.9–72.3) and 58.3% (95% CI 47.3–68.6), 
respectively (Supplementary Fig.  2). Clinical response 
was assessed in 20 studies (80.0%) involving 369 patients 
11,31,34–40,42,43,45–53. The clinical response rate in 
meta-analyses at 3, 6 and 12  months were 70.9% (95% 
CI 56.7–81.9), 76.1% (95% CI 69.2–81.9) and 77.4% 
(95% CI 68.8–84.2), respectively (Supplementary Fig. 3). 
Sensitivity analyses revealed no numerical difference 
after removing the results of RCTs for clinical response 
and clinical remission rates (Supplementary Table 2).

Fig. 2  Risk of bias assessment using the Cochrane risk of bias tool, version 2.0 (RoB 2)
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Table 1  Characteristics of included studies and cell-based therapy process

Study RCT​ Patients (N) Fistulas Cell-based therapy and 
source

Intervention (number 
of injected cells/
number of injection)

Follow-up (month)

Arkenbosch et al. [36] No 25 Refractory and complex 
CD perianal fistulas

Autologous SFV and PRP 1 ml SVF + 4–5 ml PRP/
injection (number 
of cells NA)
1 to 4 injections

12

Dozois et al. [41] No 20 Refractory and complex 
CD perianal fistulas

Autologous ASCs 20 × 106 per plug 
(dissolvable plug)
1 injection

12

Furukawa et al. [43] No 22 Refractory and complex 
CD perianal fistulas

Allogeneic ASCs 120 × 106 (Darvadstrocel)
1 injection

12

Fathallah et al. [44] No 27 Refractory and complex 
CD perianal fistulas

Allogeneic ASCs 120 × 106 (Darvadstrocel)
1 injection

12

Reenaers et al. [45] No 16 Refractory and complex 
CD perianal fistulas

Allogeneic BMSCs 30 × 106

1 injection
12

Lightner et al. [31] Yes 23 Complex CD perianal 
fistulas

Allogeneic BMSCs 75 × 106

1 or 2 injections
12

Lightner et al. [47] No 7† Complex CD perianal 
fistulas

Allogeneic BMSCs 75 × 106

1 or 2 injections
12

Wei et al. [50] No 10 Refractory and complex 
CD perianal fistulas

Allogeneic umbilical 
cord-derived MSC

120 × 106

1 injection
6

Sørensen et al. [35] No 12 Refractory +/− complex 
CD perianal fistulas

Autologous SFV 
and microfat

Mean (95% CI): 37.6 × 106 
(29.3–45.8)
1 injection + microfat 
around around fistula 
tract

6 to 12

Vosough et al. [48] No 5 Refractory +/− complex 
CD perianal fistulas

Autologous BMSCs 40 × 106 per injection 
(fibrin glue matrix)
4 injections per patient 
(every 4 weeks)

6

Nazari et al. [49] No 5 Refractory and complex 
CD perianal fistulas

Allogeneic exosomes, 
umbilical cord MSC-
derived

5 ml of a 50 μg/ml 
exosomes solution 
(0.5 × 1010 particles/ml)
1 injection

6

Cho et al. [53] No 5† Refractory and complex 
CD perianal fistulas

Autologous ASCs Median: 300 × 106 (based 
on fistula size)
1 injection (fibrin glue 
matrix)

6

Schwandner [54] No 12 Refractory and complex 
CD perianal fistulas

Allogeneic ASCs 120 × 106 (Darvadstrocel)
1 injection

12

Laureti et al. [38] No 15 Refractory and complex 
CD perianal fistulas

Microfragmented 
adipose tissue

20 ml of adipose tissue
1 injection

6

Zhou et al. [33] Yes 22 Complex CD perianal 
fistulas

Autologous ASCs Mean (± SD): 142.3 × 106 
(± 45.7)
1 injection

12

Serrero et al. [34] No 10 Refractory and complex 
CD perianal fistulas

Autologous SFV 
and microfat

Median: 22.8 × 106 (IQR: 
10.9; 47.8)
1 injection + microfat 
around around fistula 
tract

12

Dige et al. [37] No 21 Refractory and complex 
CD perianal fistulas

Microfragmented 
adipose tissue

Median: 46 ml 
of adipose tissue (range, 
18 to 104 ml)
1 to 3 injections

6 (after the last injection)

Panés et al. [11] Yes 212 Refractory and complex 
CD perianal fistulas

Allogeneic ASCs 120 × 106 (Darvadstrocel)
1 injection

6

Molendijk et al. [32] Yes 21 Refractory and complex 
CD perianal fistulas

Allogeneic BMSCs Range: 10 to 90 × 106

1 injection
6
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Comparison of MSC‑based therapy strategies
Meta-analyses for clinical remission and combined 
remission at 6 months could be conducted for ASCs and 
BMSCs therapies. Eleven studies were included in these 
meta-analyses, involving 356 patients (Fig. 5) [11, 31–33, 
39, 41, 43, 47, 48, 51, 53]. The clinical remission rate was 
56% (95% CI 47.9–63.7) for ASCs and 67.5% (95% CI 
24.7–92.9) for BMSCs. The combined remission rate was 
57.2% (95% CI 47.2–66.6) for ASCs and 55.7% (95% CI 
26.4–81.5) for BMSCs.

Three RCTs were included in the network meta-
analysis, 1 evaluating allogeneic ASCs [11] and 2 
evaluating allogeneic BMSCs [31, 32]. In direct 
comparisons, allogeneic ASCs demonstrated a 
significative effect in achieving combined remission at 
6 months (RR = 1.44; 95% CI 1.05–1.99), while allogeneic 
BMSCs reported a numerically higher but non-significant 
effect (RR = 1.95; 95% CI 0.87–4.38) (Supplementary 
Table 4). After indirect comparison, Allogeneic ASCs and 
BMSCs did not demonstrate superiority over each other 
(RR = 0.74; 95% CI 0.31–1.77) (Supplementary Table 4).

Discussion
We reported efficacy data of local injection of MSC-
based therapies in perianal fistulizing CD through a 
contemporaneous systematic review and meta-analysis. 
To our knowledge, this is the first meta-analysis 
specifically designed to evaluate the combined remission 
of MSC-based therapies in perianal fistulizing CD. Data 
from 596 patients across 25 studies were included in 
the analysis, making this meta-analysis the largest in 
the literature. Although the analysis includes also non-
randomized trials, 84.0% (21/25) of the studies involved 
patients with refractory perineal disease, highlighting 
its clinical relevance. Thirdly, strict inclusion criteria 
were used, and study selection and data extraction 
were performed through the combined work of two 
authors who operated independently, reducing the risk 
of errors. Fourthly, another strength of this work is that 
our analyses take into account the chronology when 
evaluating the response to MSC-based therapies. Finally, 
we proposed a comparison of treatment strategies with 
MSC.

Our results suggest that MSC-based therapies are 
effective for the treatment of refractory and/or complex 
perineal fistulas in CD, with an optimal efficacy achieved 
after 6 months of treatment. We reported that combined 

Table 1  (continued)

Study RCT​ Patients (N) Fistulas Cell-based therapy and 
source

Intervention (number 
of injected cells/
number of injection)

Follow-up (month)

Cho et al. [53] No 9 Complex CD perianal 
fistulas

Autologous ASCs Range: 30 to 400 × 106 
(based on fistula size)
1 injection (fibrin glue 
matrix)

8

Lee et al. [40] No 33 Complex CD perianal 
fistulas

Autologous ASCs Mean (± SD): 147 × 106 
(± 78) (fibrin glue matrix)
1 or 2 injections 
(199 × 106 (± 52) for 2nd 
injection)

12

De la Portilla et al. [42] No 24 Refractory and complex 
CD perianal fistulas

Allogeneic ASCs 20 × 106

1 or 2 injections (20 × 106 
for 2nd injection)

6

Ciccocioppo et al. [46] No 10† Refractory and complex 
CD perianal fistulas

Autologous BMSCs Median 20 × 106 
per injection (range, 15 
to 30 × 106)
2 à 4 injections (every 
4 weeks)

12

Swaroop et al. [51] No 10 Refractory and complex 
CD perianal fistulas

Allogeneic BMSCs 75 × 106

1 injection
24

Hadizadeh et al. [52] No 20 Refractory and complex 
CD perianal fistulas

Allogeneic exosomes, 
umbilical cord MSC-
derived

5 ml of a 50 μg/ml 
exosomes solution 
(0.5 × 1010 particles/ml)
4 injections per patient 
(every 8 weeks)

6 (After the last injection)

ASC Adipose-derived stem cell, BMSC Bone marrow-derived stem cell, CD Crohn’s disease, CI Confidence interval, IQR Interquartile range, ml Millilitre, MSC 
Mesenchymal stem cell, NA Non available, PRP Platelet-rich plasma, RCT​ Randomized controlled trial, SD Standard deviation, SVF Stromal vascular fraction
† Including pediatric patients
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Fig. 3  Forest plot comparing the fistula combined remission rate after treatment with MSC-based therapy. A Combined remission at 3 months, B 
Combined remission at 6 months, C Combined remission at 12 months
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remission was achieved in at least 50% of patients at 
6 and 12  months (57.9% (95% CI 51.3–64.2) and 52% 
(95% CI 38.8–64.8), respectively). The meta-analysis of 
Ciccocioppo et al. showed similar findings with incidence 
rate of 48% (95% CI 40–57) for combined remission [55]. 
However, only 3 studies evaluated combined remission 
and they did not separate the results according to 
temporal assessment, while our meta-analysis evaluated 
combined remission of 15 studies at 6  months and 7 
studies at 12  months. They also reported a RR of 1.57 
(1.07–2.31) for combined remission in RCT, equivalent 
to our subgroup analysis of RCT conducted at 3 and 
6  months that revealed a RR of combined remission 
compared to placebo of 1.6 (1.0–2.8) and 1.5 (1.1–1.9), 
respectively. A more recent study described slightly 
better results with an Odds ratio of 1.77 (1.28–2.45) 
compared to placebo [56]. However, results of these 2 
meta-analyses are limited by the inclusion of fistulas from 
patients without CD, the additional inclusion of long-
term follow-up from RCTs and the lack of consideration 
for the chronology in the evaluation of the response [55, 
56]. Recently, Wang et al. [14] performed a meta-analysis 

for evaluated MSC in perianal fistula. In subgroup 
analysis of patients with CD authors reported a RR of 
1.43 (1.09–1.8) for combined remission [14]. This meta-
analysis included 3 of the 4 RCTs included in our meta-
analysis, explaining the similarity of the results. These 
results will need to be updated with the final results of 
the phase 3 ADMIRE-CD II study, whose preliminary 
findings presented at the ECCO congress did not show a 
significant difference avec le placebo [57].

In our meta-analysis, clinical response was observed 
in 76.1% (69.2–81.9) and 77.4% (68.8–84.2) at 6 and 
12  months respectively, and clinical remission in 61.7% 
(49.9–72.3) and 58.3% (47.3–68.6) at 6 and 12  months 
respectively. Ciccocioppo et  al. [55] found similar 
results for clinical response reaching a rate of 80% (95% 
CI 0.70–0.89). For clinical remission they reported a 
slightly lower incidence rate of 51% (95% CI 0.40–0.62) 
[55]. Others meta-analyses have evaluated the efficacy of 
MSC in perineal fistulas of CD in the literature. However, 
these studies have not analysed combined remission [15, 
58, 59], or included patients without CD or long-term 

Fig. 4  Forest plot comparing risk ratio for achieving combined remission of fistula after treatment with MSC-based therapy in randomized 
controlled trials. A Combined remission at 3 months, B Combined remission at 6 months



Page 10 of 13Guillo et al. Stem Cell Research & Therapy          (2025) 16:152 

Fig. 5  Forest plot comparing the fistula clinical and combined remission rate after treatment with BMSCs or ASCs. A Clinical remission with BMSCs 
at 6 months, B Clinical remission with ASCs at 6 months, C Combined remission with BMSCs at 6 months, D Combined remission with ASCs 
at 6 months. ASC Adipose-derived stem cell, BMSC Bone marrow-derived stem cell
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follow-up from RCTs [60–62], which makes it difficult to 
compare the results with our study.

We aimed to determine which MSC-based therapies 
strategy was the most effective for perianal fistulas in 
CD. Meta-analyses could be performed only for BMSCs 
and ASCs, due to the low number of studies for other 
therapies. Clinical remission rate was numerically 
higher with BMSCs than with ASCs, while combined 
remission rate was similar between both conditions, 
with the limit that analysis heterogeneity for both 
outcomes were significantly greater than 50% (65% 
and 68%, respectively) with wide 95% CI. In addition, 3 
RCTs could be included in a network meta-analysis. In 
indirect comparison, allogeneic ASCs and BMSCs did 
not demonstrate superiority over each other. In direct 
comparisons, allogeneic BMSCs reported a numerically 
higher but non-significant effect than allogeneic ASCs 
(RR = 1.95 (0.87–4.38) vs 1.44 (1.05–1.99)). It is therefore 
not possible to determine whether one strategy stands 
out from the others. Results of these meta-analyses and 
network meta-analysis should be considered with caution 
due to their exploratory nature. The number of patients 
included in studies evaluating BMSCs was limited and 
ranged from 5 to 23 [31, 32, 47, 48], whereas for ASCs 
the study of Panés et  al. [11] included 212 patients and 
had a significant weight in the analyses. Additionally, 
the number of studies included is also small in each 
group. In a meta-analysis from 2023, authors also tried 
to determine which therapy is the most effective. They 
found a RR of 1.35 (1.10–1.67) for ASCs and 1.80 (0.54–
6.0) for BMSCs [14]. This result is similar to our analysis 
but is limited by the fact that only one study represented 
BMSCs therapies, which theoretically makes it impossible 
to carry out a meta-analysis. In addition, Cao et al. [58] 
did not report statistical difference between ASCs and 
BMSCs regarding healing rates. On the other hand, 
authors reported a lower recurrence rate with ASCs than 
BMSCs [58]. In-vitro, preclinical and clinical studies 
comparing ASCs and BMSCs show that they share 
many biological characteristics [63]. However, ASCs 
have demonstrated superior immunomodulatory and 
inflammation-regulating activity [63–65], proliferation 
capacity [66] and pro-angiogenic activity [67]. ASCs 
could therefore represent a more advantageous source in 
the context of Crohn’s disease.

Certain limitations can also be raised with this work. 
We found significant heterogeneity among the studies 
regarding the dose of cells injected, the number of 
injections, the source of cells, and the use of a matrix. 
These differences could impact the overall results of 
the meta-analyses. Additionally, among the included 
studies, only 4 were RCTs, which reduces the certainty of 
evidence of the results. At last, the number of patients in 

each study was limited, ranging from 5 to 33, excepted for 
the study of Panés et al. [11] which included 212 patients. 
This small number of patients reduce the certainty of 
evidence of the results.

In conclusion, a wide range of MSC-based therapies are 
currently under development or already available. These 
therapies are effective for the treatment of refractory 
and/or complex perineal fistulas in CD and achieving 
combined remission. The optimal efficacy effect is 
reached after 6  months of treatment. No superiority 
has yet been demonstrated between ASCs and BMSCs 
therapies. To clarify the role of these innovative therapies 
in clinical practice, larger-scale RCTs are needed.
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