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ABSTRACT

Objectives: Local mesenchymal stem cell (MSC) therapy for perianal fistulas in

Crohn’s disease (CD) has yielded promising results, but it still remains controversial.

In this study, we aimed to conduct a meta-analysis of randomized controlled trials

(RCTs) to evaluate the efficacy and safety of both autologous or allogeneic MSC

therapy for perianal CD (pCD).

Methods: RCTs reporting MSC therapy for perianal fistulas in CD were searched and

included. The effectiveness and safety data were analyzed using RevMan 5.3.



Results: A total of 6 RCTs were included in this meta-analysis. The analysis showed

that patients receiving MSC therapy (plus fibrin glue or not) presented a higher

healing rate (HR) of pCD than those in the control group (fibrin glue or saline

solution) (odds ratio (OR)=1.92; 95% confidence interval (CI) 1.27, 2.90; P=0.002).

Compared with placebo (saline solution), MSC therapy improved the HR of pCD

(OR=1.82; 95% CI 1.19, 2.78; P=0.006). In thous studies, our study confirmed that

significant long-term efficacy at least 52 weeks post MSC therapy (OR=1.80; P=0.008;

95% CI 1.17, 2.78). When MRI was used to evaluate fistula healing, a pooled analysis

showed that the MSC group achieved a higher HR than the control group (OR=1.99;

95% CI 1.17, 3.38; P=0.01). Furthermore, no significant differences were observed

between MSC therapy and placebo in terms of adverse events (AEs) (OR = 1.29; 95%

CI 0.70, 2.36; P = 0.42). None of the AEs were judged to be related to MSC

treatment.

Conclusions: This meta-analysis of RCTs provided evidence that local MSC injection is

safe and efficacious for perianal fistulas in CD. In addition, this treatment has

favorable long-term efficacy and safety profiles.
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory disorder that can involve the entire

gastrointestinal tract. Approximately one-quarter of patients with CD present

symptoms associated with perianal lesions, and half of the lesions are fistulizing [1].

Although the pathophysiology of fistula formation in the course of CD has not yet

been fully elucidated, defects in the inflamed intestinal endothelium are of key

significance in this mechanism [2]. Perianal fistula is estimated to affect up to 28% of

patients with CD in the first two decades after diagnosis [3]. The presence of perianal

fistulas at diagnosis has been shown to be an independent predictive factor for the

development of a disabling disease course [4]. Patients with perianal fistulas suffer

from pain, embarrassing discharge, fecal incontinence and a significant reduction in

quality of life [5]. Some studies have also shown that the risk of tumors is increased



among patients with CD [6-7]; for example, CD patients have an increased risk of

developing anal cancer [8]. Therefore, perianal CD (pCD) is a serious and frequent

complication and has a heavy negative impact on patients’ quality of life. Today,

combined medical and surgical therapy is understood to perform better than either

treatment alone in healing fistulas. However, the benefit in terms of sustained fistula

closure has proven to be limited [9]. Surgical procedures may increase the risk of

fecal incontinence [10]. Furthermore, only approximately one-third of patients

treated with biological agents achieve fistula remission, and high rates of fistula

recurrence have been reported one year after discontinuation of infliximab

treatment [11]. The need to use biological agents creates an increased risk of

opportunistic infections and other complications [12]. In addition, most treatments

are unable to achieve long-term healing of fistulas. Therefore, the management of

pCD and the realization of long-term healing have remained challenging problems. In

this context, stem cell–based therapies have become an attractive approach for pCD.

In recent years, mesenchymal stem cells (MSCs) have been recognized as a good

candidate for regenerative medicine. MSCs are multipotent cells capable of self-

renewal and differentiation. They can be isolated from different tissues, such as

bone marrow, adipose tissue, and umbilical cord, and are expanded under in vitro

conditions to obtain large quantities. MSCs can upregulate Tregs, migrate to

inflammation sites, and cause regeneration and healing of damaged tissues [13]. In

addition, the lack of substantial immunogenicity of MSCs allows them to be used

across human leukocyte antigen (HLA) barriers without inducing immune rejection

after transplantation [14]. Taken together, the evidence suggests that MSCs can

downregulate immune responses and anti-inflammatory properties and promote

tissue healing. They may achieve long-term healing of fistulas, significantly improving

patients’ quality of life. Multiple studies have been conducted to assess the efficacy

and safety of MSC therapy in pCD, but the outcomes remain controversial. Our

meta-analysis was designed and conducted to evaluate the efficacy and safety of

MSC therapy for pCD based on direct evidence from previous randomized controlled

trials (RCTs).



METHODS

This review was prepared according to the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines [15].

Search strategy.

A comprehensive literature search was performed in PubMed, Embase, and the

Cochrane Library for RCTs published up to and including March 2022, with no

language restrictions. The keywords for the search were “inflammatory bowel

disease”, “Crohn’s disease”, “Crohn disease”, “mesenchymal stem/stromal cells”,

“stem cell”, “stromal cell”, “perianal fistula”, “Crohn’s perianal fistula”,

“cryptoglandular perianal fistula”, “randomized controlled trial”, “controlled clinical

trial”, and “randomized”.

Study selection.

The inclusion criteria were as follows: (1) human subjects; (2) RCT design; (3)

patients with pCD; (4) patients aged ≥18 years; (5) intervention with local MSC

therapy; (6) comparison with placebo, standard of care, or a different MSC

treatment regimen; and (6) outcome: efficacy and/or safety. The exclusion criteria

were (1) nonhuman studies; (2) nonrandomized trials or trials with inaccurate

randomization methods; (3) studies for which the full text was unavailable; (3)

systemic infusion of MSCs for perianal fistulas; (4) non-CD; and (5) duplicate

publications. Two investigators (FC, ZH) participated in the literature selection and

data extraction, if there were any disagreements, a third investigator was consulted

(WW).

Data extraction and quality assessment.

Two investigators(FC,ZH) independently extracted the following data from the

included studies: (1) first author; (2) publication date; (3) number of patients; (4)

type and source of allogeneic vs autologous MSCs; (5) outcome assessment; (6)

results; (7) dosage and modality of administration; (8) refractory disease; (9) adverse

events (AEs); and (10) concurrent use of anti-TNF agents. The baseline characteristics



of the RCTs included in this study are summarized in Table 1. The Cochrane risk-of-

bias assessment tool was used to determine the methodological quality of RCTs [16].

The assessment for each study included selection bias, performance bias, detection

bias, attrition bias, reporting bias, and other bias. Each item was classified as low

risk, high risk, or unclear risk. The risk of bias was determined by compiling all the

items in a risk-of-bias graph. Any disagreement among investigators was resolved

through discussion.

Statistical analysis.

The healing rate (HR) of pCD was regarded as the main endpoint. Statistical analysis

was performed using Review Manager 5.3 software. The odds ratios (ORs) and

related 95% confidence intervals (CIs) were calculated to compare the treatment and

control groups. Statistical heterogeneity between the clinical trials was assessed via

I2 statistics (with I2 values ≥ 50% and < 50% indicating substantial and low

heterogeneity, respectively). For I2 < 50%, a fixed-effects statistical model was

applied. Otherwise, we used a random-effects model. A value of P < 0.05 was

considered statistically significant.

RESULTS

Literature search and quality assessment.

The literature search process is illustrated in Fig 1. A total of 507 references were

obtained from the electronic databases. After deduplication, a total of 368 records

remained. 343 records were excluded based on reviewing title and abstract. The

remaining 25 records were assessed for eligibility by scrutinizing the full text.

Ultimately, 6 RCTs were included in our meta-analysis [17-22]. The studies were

published from 2009 to 2022. All included patients suffered from complex CD with

treatment-refractory perianal fistulas. The route of MSC administration was local

injection. Four studies investigated the HR of pCD based on reepithelization of the

external opening and absence of collection >2 cm by MRI [18-20]. Two studies

administered autologous MSCs [17-18], while four studies used allogeneic MSCs

[19-22]. Five studies compared MSCs to saline solution [19-22], while 2 studies



compared MSCs plus fibrin glue to fibrin glue alone [17-18].

The included RCTs were estimated to be of moderate quality. A low risk of bias was

mostly detected in selection bias, performance bias, detection bias and attrition bias.

A high risk of bias was mostly found in performance bias, reporting bias, and other

bias. An unclear risk of bias mostly occurred in selection bias and other bias. A

summary of the risk of bias in the included studies is presented in Fig 2A-B. The

funnel plot does not indicate publication bias (Fig. 2C).

Efficacy of MSC therapy for pCD.

The healing of fistulas was the primary endpoint of our meta-analysis. In all 6 of the

RCTs involved, the patients who received MSC therapy (MSCs/MSCs + fibrin glue)

had a markedly higher HR than the control group (saline solution or fibrin glue), and

the difference was statistically significant (OR=1.92; 95% CI 1.27, 2.90; P= 0.002) (Fig.

3A). Fibrin glue is being studied as a vehicle for MSCs in regenerative medicine and is

capable of stimulating cellular adhesion and growth. Some studies have indicated

that fibrin glue injection is an efficacious treatment for perianal fistulas in CD

[23-24]. Therefore, the HR of pCD may be overestimated when MSCs are combined

with fibrin glue therapy. In our study, 4 of 6 articles compared MSCs with placebo

(saline solution). The results showed that the patients who received MSCs had a

markedly higher HR than the placebo group, and the difference was statistically

significant (OR=1.82; 95% CI 1.19, 2.78; P= 0.006) (Fig. 3B).

Efficacy of MSCs for pCD evaluated by MRI.

Pelvic MRI is a noninvasive, highly accurate examination for the diagnosis and

classification of anal fistulas. In our meta-analysis, MRI was used to evaluate fistula

healing in 3 RCTs. The pooled analysis showed that the MSC group had a higher HR

than the control group (OR = 1.99; 95% CI 1.17, 3.38; P=0.01) (Fig. 3C).

Long-term effectiveness of MSCs for pCD.

With the currently available treatment options for perianal fistulas in CD, long-term

healing remains a challenge, and it is uncertain whether MSCs provide long-term



improvement. Our meta-analysis included 4 studies that assessed the long-term

efficacy of MSC treatment for at least 52 weeks. The pooled analysis showed that

MSCs provided greater long-term efficacy than control treatments for pCD (OR =

1.80; 95% CI 1.17, 2.78; P=0.008) (Fig. 3D).

Different sources of MSCs for the treatment of pCD.

Autologous MSCs from the recipient and allogeneic MSCs from donors have their

own advantages and disadvantages in their medical therapy. The therapeutic

benefits of using autologous vs. allogeneic MSCs for pCD are inconclusive. In our

systematic review, 2 of the 6 studies reported the use of autologous stem cells for

pCD treatment, while 4 of the 6 studies reported the use of allogeneic stem cells. A

fixed-effects model was applied, and the allogeneic MSC group also had a higher HR

than the control group (OR = 1.82; 95% CI 1.19, 2.78; P=0.006) (Fig. 3E).

Adverse events.

This study included two RCTs that determined the safety of pCD. There were no

significant differences in AE rates between the MSC and control groups (OR = 1.29;

95% CI 0.70, 2.36; P=0.42) (Fig. 3F).

DISCUSSION

Perianal problems, which are common features of CD, are associated with great

morbidity and place a great financial burden on healthcare systems. Patients with

pCD experience a reduced quality of life and a high risk of poor long-term outcomes

[25]. Despite the vast advances in surgical and medical treatments over the last

decade, it remains challenging to identify the optimal therapeutic method for pCD.

This condition generally has low long-term remission rates. The low success rate of

existing methods may be related to the complex pathophysiology of perianal fistulas,

damage to multiple tissues after a complicated immune process in the

gastrointestinal (GI) tract, infectious pathology due to the overgrowth of bacterial

flora, and continuous flow of fecal matter through the sites of mucosal injury [26].

MSCs have the capacity to differentiate into various mesodermal cell lineages,



downregulate immune responses, exert anti-inflammatory effects, and promote

tissue healing. Therefore, the injection of MSCs is emerging as a new therapeutic

option for pCD.

To date, this study is the first meta-analysis of RCTs on local MSC therapy for

perianal fistulas in CD. Our meta-analysis demonstrated that MSC therapy alone or

combined with fibrin glue treatment is an effective and safe treatment for pCD. At

present, MSCs are usually injected systemically (for intravenous transplantation) or

locally. However, the delivery of stem cells directly to fistula tracts can increase cell

numbers locally to aid fistula healing. Therefore, our study focused exclusively on

local administration of MSCs. Although cell-based therapy using MSCs represents a

new treatment prospect for pCD patients, little has been reported on its long-term

efficacy. In our study, we evaluated the long-term effectiveness of MSC treatment

for perianal fistulas in patients with CD. The results showed that MSCs were

associated with improved long-term healing compared with the control (OR = 1.36;

95% CI 1.08, 1.71; P=0.009). The benefit over placebo was sustained at least 52

weeks after the local injection of MSCs. Our results also indicate a possible delayed

effect of MSCs. The results are encouraging. Additionally, our study provides

evidence of that MSC therapy has a good long-term safety profile as a treatment for

pCD. In the future, additional well-designed RCTs are needed to evaluate the long-

term efficacy of MSC therapy for pCD.

In our study, all the included patients were concomitantly treated with biological

therapy. Cheng F et al. showed that treatment with anti-TNF agents did not appear

to affect the long-term efficacy of MSCs for treatment-refractory patients [27].

Another study indicated that the exposure of MSCs to physiological concentrations

of anti-TNF agents did not affect their survival or their capacity to inhibit peripheral

blood mononuclear cell proliferation [28]. However, a study showed that

maintenance dosing of biological therapies is necessary to preserve the initial

treatment response of perianal fistulas [29]. Therefore, it remains unknown whether

MSCs interact with anti-TNF agents when used in combination with them. In the

future, more studies are needed to address this question. Cell therapy strategies

using MSCs carried in fibrin glue have shown promising results in regenerative



medicine. One study indicated that fibrin glue promoted the adhesion, proliferation

and differentiation of MSCs, which perform important biological functions at the

injury site [30]. Increasingly many studies aim to establish an approach to treat

injured tissue using fibrin glue and MSCs [31-32]. In our study, the HR of pCD may be

overestimated after local injection of MSCs plus fibrin glue. We are interested in

whether fibrin glue and MSCs have a synergistic effect in pCD treatment. In the

future, more studies are needed to evaluate the effect of fibrin glue combined with

MSCs on perianal fistulas in CD.

MSCs can be harvested from autologous or allogeneic sources. The selection of

an appropriate cell source is a practical issue that greatly impacts the success of cell

therapy for pCD. It has been long debated whether self-derived or donor-derived

MSCs should be applied clinically, and the relative therapeutic benefits of these two

cell sources are inconclusive. It has been reported that MSCs isolated from CD

patients are functionally analogous to those of healthy individuals, and no

differences were found in terms of phenotype, in vitro growth kinetics, or response

to IFN-γ [33]. Autologous MSCs are easy to obtain, unsusceptible to immune

rejection after infusion, and free of ethical concerns. However, it is time consuming

to isolate MSCs and expand them ex vivo to a clinically relevant number of cells . In

addition, donor-site pain and age-associated dysfunction in proliferation and

differentiation may limit the broad application of autologous MSC therapy [34].

Additionally, MSCs from patients or even donors with known or suspected disease

susceptibility–related genetic backgrounds may not benefit recipients in the long

term because such cells may remain in the body of the recipient for many years.

Allogeneic MSCs can be rapidly administered from a completely validated cell bank

and provide affordable therapy to large numbers of patients. In our study, the

pooled OR for studies of autologous MSC therapy was 5.20 (95% CI 0.75, 35.82;

P=0.09), while studies of allogeneic MSCs had a pooled OR of 1.97 (95% CI 1.40, 2.75;

P <0.0001). Therefore, considering the need for timely and cost-effective treatment,

allogeneic MSCs may be optimal for the treatment of pCD.

Perianal fistulas represent one of the most critical complications of CD. Their

management and treatment call for a multidisciplinary approach with an accurate



description of imaging findings. MRI plays a crucial role in the evaluation, detection

and follow-up of CD perianal fistulas [35]. In fact, MRI is the gold standard imaging

technique for evaluating these lesions. This modality can capture the fine anatomical

details of the anal sphincter. MRI has 100% sensitivity and 86% specificity in the

detection of perianal fistulas [36]. In our meta-analysis, 4 RCTs used detailed physical

examination complemented by pelvic MRI to evaluate the course of fistulas. The

pooled analysis showed that the MSC group achieved a higher HR than the control

group (OR = 1.95; P=0.0007). To optimize this emerging therapy, future studies must

define the healing of perianal fistulas in more objective ways (e.g., endoscopy, MRI).

Questions persist regarding the safety of MSC treatment in pCD patients;

indeed, safety is a major concern in MSC therapy. In our study, there was no

difference in AEs between the MSC and control groups. The risk of AEs is relatively

low, and no adverse effects related to the stem cells themselves have been reported.

Common AEs such as anal pain, anal bleeding, fever, abdominal pain, diarrhea, and

perianal abscess are mostly associated with local MSC injection procedures rather

than MSCs themselves. Additionally, this minimally invasive procedure avoids the

unnecessary risk of fecal incontinence. The risk of tumors is the main concern with

the use of MSCs. Some studies have indicated that MSCs may promote the

development of cancerous tumors by inducing neoplastic cell proliferation and

promoting angiogenesis [37-38]. To date, there have no reported cases of neoplasms

developing after perianal MSC treatment. However, it is important to consider that

the development of tumors is a long-term process. In the future, long-term follow-up

must be conducted in more patients to thoroughly evaluate the safety of MSC

treatment for pCD.

In this study, we aimed to evaluate the efficacy and safety of MSC therapy

through a meta-analysis of RCTs. However, this analysis had several limitations: (1)

The studies used different types and sources of MSCs, including adipose tissue and

bone marrow from autologous as well as allogeneic sources. (2) The timepoint for

the assessment of fistula healing varied significantly (8 weeks to 40 months). (3)

Different studies applied different criteria to define fistula healing. (4) More studies

are needed to evaluate the long-term efficacy of MSC therapy. (5) There is still



controversy in the literature over the most appropriate technique for MSC

transplantation. (6) The HR of pCD may be overestimated after local injection of

MSCs plus fibrin glue. In the future, more RCTs are needed to optimize the efficacy

and safety of MSCs for pCD.

CONCLUSION

Our study yielded evidence that local MSC therapy is a safe and effective treatment

for perianal fistulas in CD. This innovative strategy is effective in producing a long-

lasting healing effect. Allogeneic MSCs had relatively high rates of clinical healing and

may be the optimal donor cells for the treatment of pCD.
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Table 1. Summary of the baseline characteristics of the included participants.

Study N
Cell type and

source
Outcome Results (healed)

Interventio

n (mean)

Refract

ory
AEs

Concurren

t use of

anti-TNF

Garcia-

Olmo D

[17]

(2009)

14
Autologous,

ASCs

Reepitheli

zation

CD: 5/7 for MSCs+ fibrin glue vs.

1/7 for fibrin glue at 8 w

Fixed cell

dose

First: 2×107

MSCs

Second:

4×107 MSCs

Yes Yes

Guadalajar

a H [18]

(2012)

6
Autologous,

ASCs

Reepitheli

zation +

MRI

CD: 2/4 for MSCs+ fibrin glue vs.

1/2 for fibrin glue at 40 m

Fixed cell

dose

First: 2×107

MSCs

Second:

4×107 MSCs

Yes Yes

Molendijk

I [19]
21

Allogeneic,

BMSCs

Reepitheli

zation

7/15 for MSCs vs. 2/6 for saline

solution at 12 w

Fixed cell

dose
Yes Yes
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(2015) +MRI A: 1×107

MSCs

B: 3×107

MSCs

C: 9×107

MSCs

Panés J

[20]

(2018)

21

2

Allogeneic,

ASCs

Reepitheli

zation

+MRI

58/103 for MSCs vs. 39/101 for

saline solution at 52 w

Fixed cell

dose

12×107

MSCs

Yes

79/103 for

MSCs vs. 74/102

for placebo at

52 w

Yes

Garcia-

Olmo D

[21]

(2022)

40
Allogeneic,

ASCs

Reepitheli

zation

(1) 16/25 for MSCs vs. 7/15 for

saline solution at 24 w

(2) 20/25 for MSCs vs. 7/15 for

saline solution at 52 w

(3) 14/25 for MSCs vs. 6/15 for

saline solution at 104 w

Fixed cell

dose

12×107

MSCs

Yes

3/25 for MSCs

vs. 1/15 for

placebo

Yes

Panés J

[22]
89

Allogeneic,

ASCs

Reepitheli

zation

(1) 29/43 for MSCs vs. 24/46 for

saline solution at 52 w

Fixed cell

dose
Yes Yes
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(2022) (2) 23/43 for MSCs vs. 20/46 for

saline solution at 104 w

(3) 23/43 for MSCs vs. 21/46 for

saline solution at 156 w

12×107

MSCs
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Fig.1.Flow diagram of included and excluded studies in this meta-analysis.
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Fig 2A-B. Risk of bias of the RCTs included in the meta-analysis; 2C.The publication bias of our study.



23



24

Fig. 3. A. Efficacy of MSCs/MSCs + fibrin glue vs. contreol treatment (saline solution or fibrin glue) for pCD. B. Efficacy of MSCs vs. saline

solution for pCD. C. Efficacy of MSCs for pCD evaluated by MRI. D. Long-term effectiveness of MSCs for pCD. E. Different sources of MSCs for

the treatment of pCD. F. Pooled OR of adverse events.


