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Abstract
BACKGROUND
Local mesenchymal stem cell (MSC) therapy for complex perianal fistulas (PFs) has shown considerable promise. But, the long-term safety and efficacy of MSC therapy in complex PFs remain unknown.

AIM
To explore the long-term effectiveness and safety of local MSC therapy for complex PFs.

METHODS
Sources included the PubMed, EMBASE, and Cochrane Library databases. A standard meta-analysis was performed using RevMan 5.3.

RESULTS
After screening, 6 studies met the inclusion criteria. MSC therapy was associated with an improved long-term healing rate (HR) compared with the control condition [odds ratio (OR) = 2.13; 95% confidence interval (95%CI): 1.34, 3.38; P = 0.001]. Compared with fibrin glue (FG) therapy alone, MSC plus FG therapy was associated with an improved long-term HR (OR = 2.30; 95%CI: 1.21, 4.36; P = 0.01). When magnetic resonance imaging was used to evaluate fistula healing, MSC therapy was found to achieve a higher long-term HR than the control treatment (OR = 2.79; 95%CI: 1.37, 5.67; P = 0.005). There were no significant differences in long-term safety (OR = 0.77; 95%CI: 0.27,2.24; P = 0.64).

CONCLUSION
Our study indicated that local MSC therapy promotes long-term and sustained healing of complex PFs and that this method is safe.
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Core Tip: The long-term safety and efficacy of mesenchymal stem cell (MSC) therapy for complex perianal fistulas (PFs) remain unknown. So, we explored the long-term effectiveness and safety of local MSC therapy for complex PFs. We found that MSC treatment is a safe and effective method that can significantly improve the long-term healing of complex PFs, and this method confers no risk of MSC-related adverse events.

INTRODUCTION
A perianal fistula (PF) is an epithelialized tract that connects the luminal surface of the anal canal or rectum with the perianal or perineal skin. It affects approximately 2 in 10000 people and represents a difficult therapeutic challenge and a source of physical and psychological morbidity with a long-term risk of proctectomy[1]. The most severe form is complex PF, which is difficult to manage, as it has a high rate of recurrence and may cause sphincter damage and fecal incontinence. Complex PF is defined as cases with more muscle involvement or anterior fistulas in female patients, as well as recurrent fistulas, suprasphincteric fistulas, extrasphincteric fistulas, horseshoe fistulas, fistulas associated with irritable bowel disease, transsphincteric fistulas that involve greater than 30% of the external sphincter and fistulas associated with preexisting fecal incontinence, inflammatory bowel disease, radiation, malignancy, or chronic diarrhea. PFs are also a probable consequence of Crohn’s disease (CD) since as many as 26% of CD patients eventually develop a PF within 20 years after diagnosis[2,3]. Complex PFs in patients with CD have a high recurrence rate and cause a vast range of complications that significantly reduce quality of life (QoL)[4]. In addition, there is a risk of developing a neoplasm in the PF area related to the complexity and perianal disease duration[5]. The results of one study showed that complex PFs may lead to anal cancer in approximately 28% of patients within 20 years after diagnosis[6]. Complex PF is a chronic, recurrent immune-mediated disease with a variety of treatment options. Its exact pathogenesis is unknown. The key long-term therapeutic goals for the treatment of complex PF are to: (1) Resolve fistula discharge; (2) achieve fistula healing; (3) prevent fistula recurrence; (4) maintain fecal continence; (5) avoid long-term diversion (protectomy with stoma), and hence; and (6) improve and maintain QoL for patients. Although current treatments for PFs include a range of medical and surgical options, managing this condition is difficult. Patients with complex PFs tend to have poor treatment outcomes or experience frequent relapses, and most interventions are ineffective in providing long-term healing[7-10]. Immunomodulators can have serious side effects. Additionally, there is a risk of opportunistic infection associated with the use of biological treatments. In more severe cases of complex PF, fecal incontinence can occur, furthering morbidity. Complex PF is often not permanently cured by surgery, leading to multiple procedures and complications such as fecal incontinence. Therefore, there is a need for an effective therapy that provides long-term healing of complex PFs without the risk of fecal incontinence.
[bookmark: OLE_LINK3]In recent years, local injection of mesenchymal stem cells (MSCs) has shown notable promising results in the treatment of PFs[11]. MSCs are a heterogeneous subset of stromal stem cells. They can be isolated from a wide variety of tissues and expanded in vitro to obtain large quantities. MSCs are characterized by multilineage differentiation and powerful immunomodulatory effects and are able to mitigate inflammatory states. Complex PF is thought to arise from an epithelial defect, which may be caused by ongoing inflammation. Current treatments cannot maintain long-term healing of the disease. Possible alternative treatments include cell therapy, especially MSC therapy. Local administration is the most performed approach to deliver MSCs. After being delivered directly to fistula tracts, MSCs induce peripheral tolerance and migrate to injured tissues, where they can inhibit the release of proinflammatory cytokines and promote the survival of damaged cells. Consequently, MSCs are capable of repairing damaged tissues and promoting tissue healing, which can lead to long-term fistula healing, significantly improving patients’ quality of life. An increasing number of studies have indicated that local MSC therapy is safe and efficacious for complex PFs. In 2020, to evaluate whether local MSC therapy for complex PFs is effective and safe, we conducted a meta-analysis. That study, with a follow-up of 8 wk to 2 years, showed that local MSC therapy for complex PFs was safe and feasible. However, the efficacy and safety evaluation period of the study was short and middle term[12]. Therefore, the long-term efficacy of MSC therapy is unclear. To date, an increasing number of studies have aimed to perform long-term evaluations of MSC therapy for PFs. Thus, based on a previous study[12], this study aimed to explore the long-term effectiveness and safety of MSC therapy for complex PFs (48 wk to 4 years of follow-up after MSC therapy).

MATERIALS AND METHODS
Data source and search strategies
This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines[13]. In August 2022, a search was performed in the PubMed, EMBASE and Cochrane Library databases for clinical studies written in English regarding local MSC treatment in patients with complex PFs. The following search terms were used: “Mesenchymal stem cell’’, “mesenchymal stromal cell”, “complex perianal fistula”, “perianal fistula”, “complex perianal Crohn’s disease”, “Crohn’s perianal fistula”, “perianal Crohn’s disease”, “Crohn’s disease”, “perianal fistulizing Crohn’s disease”, “cryptoglandular perianal fistula”, and “long-term”. We also checked the reference lists of the screened full-text studies to identify other potentially eligible trials.

Study selection
Two authors independently assessed studies for inclusion by screening titles and abstracts. The inclusion criteria were: (1) Studies of human subjects; (2) randomized clinical trials (RCTs) and retrospective studies or cohort studies of patients with complex PFs treated with local injection(s) of autologous or allogeneic MSCs from any source; (3) local injection of MSCs or MSCs combined with fibrin glue (FG) for complex PFs; and (4) assessment of the efficacy and/or safety of MSC therapy at least 48 wk after treatment.

Data extraction and quality assessment
A customized data extraction form was used by two authors to extract data. These authors extracted study data features including: (1) Study characteristics (first author, publication year); (2) MSC origin; (3) definition of fistula healing [clinical and/or magnetic resonance imaging (MRI)]; (4) study outcomes; (5) dosage and modalities of intervention administration; (6) adverse events (AEs); and (7) concomitant treatment (anti-TNF). Table 1 lists the basic characteristics of the 6 identified studies. Quality assessment was performed using Review Manager (version 5.3) according to the recommendations from the Cochrane Collaboration. The bias risk assessment tool recommended by Cochrane was used to assess the quality of all enrolled studies. Each item of studies was judged as having a high, low or unclear risk of bias.

Statistical analysis
Based on the included studies, odds ratios (ORs) and corresponding 95% confidence intervals (95%CIs) were calculated to compare the MSC groups and control groups. Heterogeneity was quantified using the I2 statistic. If the I2 value was ≤ 50%, heterogeneity was considered low, and we employed a fixed-effect model. If the I2 value was > 50%, heterogeneity was considered high, and we employed a random-effect model. All statistical analyses were performed using Review Manager (version 5.3). A value of P < 0.05 was considered statistically significant.

RESULTS
Literature search and quality assessment
[bookmark: OLE_LINK1]The literature search process is illustrated in Figure 1. Using this search strategy, we identified 462 references related to local MSC treatment for complex PF, of which 358 duplicate articles were removed. After reading the titles and abstracts, we identified 20 articles for full-text review. Ultimately, after all criteria were applied, 6 articles were included in the meta-analysis[14-19]. A summary of the risk of bias in the included articles is presented in Figure 2.

Long-term efficacy of MSCs in complex PF (48 wk to 4 years of follow-up after MSC therapy)
Our meta-analysis included 6 studies that assessed the long-term efficacy of post-MSC treatment. The pooled analysis showed that MSC therapy was associated with an improved long-term healing rate (HR) compared with the control condition (OR = 2.13; 95%CI: 1.34, 3.38; P = 0.001) (Figure 3). The benefit was sustained for at least 48 wk of follow-up after MSC therapy.

Long-term efficacy of MSCs for complex PF (MSCs + FG vs FG alone)
[bookmark: _Hlk140437488][bookmark: OLE_LINK2]Cell therapy strategies using MSCs carried in FG have shown promising results in regenerative medicine. FG is a natural polymer involved in the coagulation process. In regenerative medicine, FG can be used as a delivery system for drugs, biomolecules, growth factors and cells. FG also provides a temporary structure that favors angiogenesis, extracellular matrix deposition and cell-matrix interactions and it also FG maintains the local and paracrine functions of MSCs, providing tissue regeneration through less invasive clinical procedures. The biological properties of FG as a growth environment for MSCs have been reported in several studies[20]. Now, local FG combined with MSCs therapy is still a relatively new treatment and has not yet gained popularity. So，the need for the local FG combined with MSCs therapy remains unknown. In our meta-analysis, three studies were included that reported local FG combined with MSCs therapy for PF[14,15,17], with low heterogeneity between the studies (I2 = 0%). In a fixed-effects model, MSCs plus FG had more long-term efficacy for fistula healing than FG alone (OR = 2.30; 95%CI: 1.21, 4.36; P = 0.01) (Figure 4). So, we think local FG combined with MSCs therapy have synergistic effect on PF.

MRI as the standard for evaluating fistula healing
[bookmark: _Hlk140437775]In our meta-analysis, MRI was used to evaluate fistula healing in 3 studies. The pooled analysis showed that MSC therapy was associated with improved long-term HR (OR = 2.79; 95%CI: 1.37, 5.67; P = 0.005) (Figure 5).

Long-term safety
Only two studies[16,19] in this review assessed the long-term safety of MSC treatment for complex PF. The pooled results demonstrated that MSC treatment did not increase the risk of any long-term adverse or serious AEs (OR = 0.77; 95%CI: 0.27, 2.24; P = 0.64) (Figure 6). No serious AEs related to MSC therapy were found.

DISCUSSION
During the past decade, cell therapy-based treatments have been developed to manage several digestive tract diseases, including PF[21,22]. Previous research has shown that MSCs have a variety of mechanisms that promote wound healing. These cells also lack substantial immunogenicity and are thus suitable for use across human leukocyte antigen (HLA) barriers[23,24]. An increasing number of studies have shown that MSC therapy is a safe and efficacious option for the short-term closure of PFs. However, maintaining continuous long-term fistula closure is also very important. A recurrent fistula is considered more difficult to treat surgically than the original fistula. Recently, an increasing number of studies have aimed to perform long-term follow-up of patients undergoing MSC administration to treat complex PFs. However, there has been no meta-analysis to comprehensively evaluate the long-term effectiveness and safety of MSC treatment. Therefore, this study aimed to find a treatment to maintain long-term PF healing and to provide a basis for clinical application.
To our knowledge, this is the first meta-analysis to evaluate the long-term safety and efficacy of local MSC therapy for complex PFs. Findings from our study show that MSC therapy promotes sustained healing of complex PFs and that this therapy alone or combined with FG treatment can promote the long-term healing of complex PFs (OR = 2.13; 95%CI: 1.34, 3.38; P = 0.001). The benefit over the control was sustained for at least 48 wk after local injection of MSCs. In our study, the timepoint for the assessment of fistula healing fluctuated greatly (48 wk-4 years), and all included studies showed good long-term healing of fistulas post-MSC treatment. Therefore, we believe that fistula healing persisted after MSC treatment. Barnhoorn et al[17] also reported that in addition to high fistula closure rates, MSC-treated patients had a higher QoL after therapy than at baseline. Some studies have also shown that in patients receiving MSC transplantation, the PF closure rate is significantly higher and the time to closure significantly shorter than that with anti-TNF drugs and fistulotomy, and MSC transplantation yields a decreased frequency of recurrence of the disease[25-27]. Therefore, these data confirm that MSC therapy promotes the long-term healing of complex PFs and significantly improves the QoL of patients. In the future, in evaluating MSC therapy for PF, it might be useful to consider work productivity and lifestyle restrictions.
Cell therapy strategies using MSCs carried in FG have shown promising results in regenerative medicine. MSCs have angiogenic, anti-apoptotic and immunomodulatory properties. FG provides a temporary structure that favors angiogenesis, extracellular matrix deposition and cell-matrix interactions. Additionally, FG maintains the local and paracrine functions of MSCs, providing tissue regeneration through less invasive clinical procedures[28]. The use of FG has been found to be uniformly safe, with minimal adverse effects, an early return to normal activity, and no negative impact on continence. One study showed that FG had a short-term effectiveness in the treatment of PF. At week 8 of the study, more than one-third of patients had healed fistulas, and half showed clinical improvement. Most of the patients in clinical remission at week 8 maintained clinical remission at week 16[29]. There was also a study indicating that FG was effective over the long term for the treatment of PF, and nearly 2 years after the use of FG to treat PF, over half of the patients showed clinical signs of remission[30]. Therefore, in association with MSCs, the use of FG has shown promising results in the field of regenerative medicine[31]. However, there is a lack of long-term success data on the combination of FG and other treatments for complex PF. In our study, MSCs plus FG had more long-term efficacy for fistula healing than FG alone (OR = 2.30; 95%CI: 1.21, 4.36; P = 0.01). Therefore, we believe that the stimulation of the cellular adhesion and growth action of FG and the differentiation ability of MSCs may have a synergistic effect on the healing of fistulas. In our study, all patients received cleaning surgery before MSC treatment. Deep curettage had a positive effect on fistula closure in both groups (MSC recipients and controls). However, Garcia-Arranz et al[16] observed an increased number of long-term recurrences among control participants. Therefore, we speculate that the inflammatory focus persists, explaining why “deep curettage” may not provide a lasting resolution. In this scenario, MSCs and their anti-inflammatory and immunomodulatory effects can promote long-term healing.
Questions persist regarding the safety of MSC treatment for PF. Although MSC therapy has not raised any major safety concerns thus far in clinical trials, it is important to evaluate the safety of cell therapy in the long term. Our study provides evidence that MSC therapy has a good long-term safety profile as a treatment for complex PF (OR = 0.77; 95%CI: 0.27, 2.24; P = 0.64). In our study, the surgical management was fistula tract curettage and internal opening closure before MSC therapy. Notably, this is a minimally invasive surgery (involving perioperative antibiotic use, anesthesia, antisepsis, internal fistula orifice location, de-epithelization of the fistula tract, cleaning of the cavities and fistula tracts, closure of the internal opening, stem cell handling and resuspension, and cell injection) and does not produce fecal incontinence[32]. In contrast, anti-TNF therapies used for the treatment of PFs are associated with an increased risk of opportunistic infections, and surgical procedures often result in fecal incontinence. Tumorigenicity and ectopic tissue formation are the main concerns with the use of MSCs, and the risk of these SAEs is especially high during long-term MSC treatment. To date, MSCs have not been reported to cause tumors. Nevertheless, neoplasm development may become apparent only after longer follow-up periods. In another study conducted by our group, no neoplasm development was reported over the longest follow-up period of approximately 4 years[17]. To further confirm that neoplasms are not a concern with MSC treatment, biopsies taken from the fistula region were examined in that study. However, publication of these results is still pending, and we can continue the follow-up. While MSCs have not been shown to cause tumors in existing studies, long-term follow-up should be carried out to investigate the risk of cancer development. In the future, more long-term safety data are needed to fully assess the safety aspects of local MSC treatment.
Studies included in our meta-analysis used variable definitions of fistula healing. We believe that defining a healed fistula as complete re-epithelialization of external openings is not objective or accurate, as it does not account for the inside of the entire fistula. To evaluate the efficacy of MSC treatment, we should use more accurate methods for evaluating the inside of the entire fistula. MRI is the reference standard and cornerstone of fistula imaging. It demonstrates high sensitivity and specificity for the number and location of fistula tracts, detecting complexities frequently missed on clinical examination alone[33]. Therefore, MRI plays a crucial role in the evaluation, detection and follow-up of complex PFs[34]. In our meta-analysis, 3 RCTs based fistula healing on a combination of clinical examination and MRI imaging. The results showed that the MSC group had a higher HR than the control group (OR = 2.79; 95%CI: 1.37, 5.67; P = 0.005). The absence of MRI examinations in some of the included studies at the end of the long-term follow-up is a limitation of this meta-analysis. In the future, if possible, blood should be drawn for standard measurements, and serum should be used to comprehensively evaluate the long-term healing of MSC therapy.
In this study, we aimed to evaluate the long-term efficacy and safety of MSC therapy through a meta-analysis. However, there are some unresolved questions. In the current clinical research, there are two ways to inject stem cells: (1) Systemic (mainly intravenous) injection; and (2) local injection. In our study, all patients received local MSC treatment. We speculate that for localized digestive tract diseases, local application and delivery seems more logical because side effects can be minimized and the cells are kept in direct contact with the at-risk tissue. Therefore, local MSC therapy seems to be a more promising treatment approach for further research. In our study, all eligible patients received a fixed dose of MSCs (one-time local injection or a second dose). Unfortunately, not all of the studies have compared various doses of MSCs or the benefit of repeat injections after the initial treatment. Most patients in our study received two doses of MSCs. Some studies have indicated a relationship between cell dose—or even the number of doses and efficacy[35,36]. In addition, all eligible patients with complex PFs may have branches with multiple tracks involving an extensive area that cannot always be adequately treated with a fixed dose of cells. Perhaps the cell dosage is related to the length of the fistula tracts and cavities. Due to the limitations of studies, it is difficult to 
provide recommendations on the optimal dose. In future research, we should pay attention to these unresolved questions (such as MSC origin, dosage and modality of intervention) to ensure that PF patients receive optimal treatment.
Our meta-analysis is the first to evaluate the long-term efficacy and safety of MSCs for PF treatment. Inevitably, this article has some limitations: (1) The studies used MSCs of different origins (adipose tissue and bone marrow from autologous as well as allogeneic sources); (2) some included studies defined the healed fistula as re-epithelialization of the external opening of the fistula. This may cause our results to be overestimated; (3) all patients underwent surgical procedures such as deep curettage. This may be beneficial to the short-term clinical remission of the fistulas. However, whether deep curettage will benefit long-term healing remains uncertain; (4) the follow-up period of the included studies varied significantly. Indeed, some of the studies lacked long-term follow-up data. In the future, we need more patients to enter the extended follow-up period so that the long-term safety and efficacy of MSCs can be assessed; (5) the number of included studies and the sample size were limited, and extrapolation of the meta-analysis results was limited to some extent. So, our study was limited by its multiple centers and heterogeneity in the study inclusion criteria, mesenchymal stem cell origin, dose and frequency of delivery, and definition and time point of fistula healing.  In the future, more patients must be evaluated in long-term follow-ups to optimize the efficacy and safety of MSCs for PF treatment.

CONCLUSION
In summary, MSC treatment is a safe and effective method that can significantly improve the long-term healing of complex PFs, and this method confers no risk of MSC-related AEs.

ARTICLE HIGHLIGHTS
Research background
An increasing number of studies have indicated that local mesenchymal stem cell (MSC) therapy is safe and efficacious for complex perianal fistulas (PFs). But, the long-term efficacy of MSC therapy is unclear. To date, an increasing number of studies have aimed to perform long-term evaluations of MSC therapy for PFs.

Research motivation
Local MSC therapy for PFs has shown considerable promise. But, the long-term safety and efficacy of MSC therapy in complex PFs is unknown.

Research objectives
To explore the long-term effectiveness and safety of MSC therapy for complex PFs.

Research methods
PubMed, EMBASE and Cochrane Library databases were searched that reported the long-term evaluation of local MSC therapy for complex PFs. The effectiveness and safety data analysis were conducted using RevMan5.3.

Research results
After screening, 6 studies met the inclusion criteria. MSC therapy was associated with an improved long-term healing rate (HR) compared with the control condition [odds ratio (OR) = 2.13; 95% confidence interval (95%CI): 1.34, 3.38; P = 0.001]. Compared with fibrin glue (FG) therapy alone, MSC plus FG therapy was associated with an improved long-term HR (OR = 2.30; 95%CI: 1.21, 4.36; P = 0.01). When magnetic resonance imaging was used to evaluate fistula healing, MSC therapy was found to achieve a higher long-term HR than the control treatment (OR = 2.79; 95%CI: 1.37, 5.67; P = 0.005). There were no significant differences in long-term safety (OR = 0.77; 95%CI: 0.27,2.24; P = 0.64).

Research conclusions
Our study indicated that local MSC therapy promotes long-term and sustained healing of complex PFs and that this method is safe.

Research perspectives
In complex PFs treatment, local MSC therapy should be paid more attention to. Considering that this small number may not be enough to represent the whole complex PFs population, In the future, to improve on the quality of research, future studies should be carefully designed and reported.
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Figure Legends

Figure 1 Study selection process.
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Figure 2 Risk of bias of the articles included in the meta-analysis.
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[bookmark: _Hlk139636548]Figure 3 Forest plot showing the long-term effectiveness of mesenchymal stem cells for treating complex perianal fistula. MSCs: Mesenchymal stem cells; CI: Confidence interval.
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Figure 4 Differences in long-term effectiveness between mesenchymal stem cells plus fibrin glue and fibrin glue groups from meta-analysis. MSCs: Mesenchymal stem cells; CI: Confidence interval.
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Figure 5 Forest plot showing the long-term effectiveness of mesenchymal stem cells for treating complex perianal fistula when magnetic resonance imaging is considered the standard for evaluating fistula healing. MSCs: Mesenchymal stem cells; CI: Confidence interval.
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Figure 6 Pooled odds ratio of long-term safety. MSCs: Mesenchymal stem cells; CI: Confidence interval.

Table 1 Studies of local mesenchymal stem cells in complex perianal fistulas
	Ref.
	[bookmark: _Hlk140415503]Cell type and source
	Outcome assessment
	Study outcomes
	Intervention (mean)
	AEs
	Concurrent use of anti-TNF

	Guadalajara et al[14], 2012
	Autologous, ASCs
	Re-epithelialization + MRI
	10/18 for MSCs + FG; 3/12 for FG at 1 yr
	First: 2 × 107 MSCs; second: 4 × 107 MSCs
	/
	Yes

	Herreros et al[15], 2012
	Autologous, ASCs
	Re-epithelialization +MRI
	24/42 for MSCs; 22/42 for MSCs + FG; 19/51 for FG at 48 wk
	First: 2 × 107 MSCs; second: 4 × 107 MSCs
	/
	Yes

	Garcia-Arranz et al[16], 2020
	Autologous, ASCs
	Re-epithelialization
	10/20 for MSCs + FG; 5/19 for FG at 2 yr
	First: 10 × 107 MSCs; second: 10 × 107 MSCs
	7/23 for MSCs + FG vs 9/21 for FG
	Yes

	Barnhoorn et al[17], 2020
	Allogeneic, BMSCs
	MRI
	8/13 for MSCs; 0/3 for placebo group at 4 yr
	A: 1 × 107 MSCs; B: 3 × 107 MSCs; C: 9 × 107 MSCs
	/
	/

	Panés et al[18], 2022
	Allogeneic, ASCs
	Re-epithelialization
	23/43 for MSC; 21/46 for saline solution at 156 wk
	12 × 107 MSCs
	/
	Yes

	Garcia-Olmo et al[19], 2022
	Allogeneic, ASCs
	Re-epithelialization
	14/25 for MSCs; 6/15 for saline solution at 104 wk
	12 × 107 MSCs
	3/25 for MSCs vs 1/15 for placebo
	Yes


[bookmark: _Hlk140264131]AEs: Adverse events; MSCs: Mesenchymal stem cells; ASCs: Adipose-derived mesenchymal stromal cells; BMSCs: Bone marrow-derived mesenchymal stromal cells; FG: Fibrin glue; MRI: Magnetic resonance imaging.
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