Revista Espafiola
de Enfermedades Digestivas

Title:
Mesenchymal stem cell-derived exosomes for complex perianal fistula — A systematic review and single-arm

meta-analysis

Authors:
Fang Cheng, Xia Chen, Ying Liao

DOI: 10.17235/reed.2025.11470/2025
Link: PubMed (Epub ahead of print)

Please cite this article as:
Cheng Fang, Chen Xia, Liao Ying. Mesenchymal stem cell-derived exosomes for complex perianal fistula — A
systematic review and single-arm meta-analysis. Rev Esp Enferm Dig 2025. doi: 10.17235/reed.2025.11470/2025.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we
are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://www.ncbi.nlm.nih.gov/pubmed/?term=10.17235/reed.2025.11470/2025

Revista Espafiola
de Enfermedades Digestivas

[I\/Iesenchymal Stem Cell-Derived Exosomes for Complex Perianal Fistula: a systematic review and single-arm 4'

meta-analysis

vty Totl

(1) The analysis of three studies included in this study suggested that MSC-  ——
Exos were effective in achieving complete healing in 57% of patients with weoon

Teght Meght
Sy Evens Toul Proporicn 35401 fcommon) andon]

complex PFs (95% confidence interval (Cl) 0.43, 0.76). : Y= whaw e "

(2) The pooled data further indicated that MSC-Exos could achieve — ¢ A < .-
complete healing in 68% of complex fistula tracts (95% CI 0.59, 0.80). ‘ ‘

Events Totdl Proporion 8%

(3) Pooled analysis also showed that 86% (95% CI 0.75,0.98) of patients -
with complex PFs achieved clinical response post treatment, whereas 18% . ¢ —— w2 - s 50 o e
(95% C10.09, 0.37) demonstrated no clinical response after MSC-Exos - = WRE e
treatment. o J l-fm» o 2 —a— 1 N M

=

(4) Subgroup analysis revealed a higher healing rate (HR) in patients with ?ﬂjuwﬁ = whwn e
Crohn’s disease (CD) compared to those without CD (60% vs. 57%, - e et | es
respectively), with no statistically significant differences (P > 0.05). . » b - At —_— |

(5) Notably, neither systemic nor local adverse effects have been reported ! T D <SR v R

in any study. ¥ = e

Cheng, et al.
Revista Espafiola

- Revista Espaiiola de Enfermedades Digestivas (REED) o —
The Spanish Journal of Gastroenterology denterolo




Revista Espafiola
de Enfermedades Digestivas

Mesenchymal stem cell-derived exosomes for complex perianal fistula — A systematic review

and single-arm meta-analysis

Fang Cheng?, Xia Chen?, Ying Liao*
1. Department of Gastroenterology, The Sixth People's Hospital of Chengdu, Chengdu, Sichuan

Province, China

Corresponding author: Fang Cheng, Department of Gastroenterology, The Sixth People's
Hospital of Chengdu. No. 16, Jianshe South Street, Chenghua District, Chengdu, Sichuan Province,
610051, China. E-mail: 1072893878@qqg.com

Author’s contributions:
FC and XC reviewed the literatures. FC and XC collected and analyzed the data. CF and YL

designed and supervised the study. All authors read and approved the final manuscript.

Conflict of Interest:

The authors declare that they have no conflict of interest.

Abbreviations list: PFs: perianal fistulas; MSC-Exos: mesenchymal stem cell derived exosomes;
Cl: confidence interval; HR: healing rate; CD: Crohn’s disease; MSCs: mesenchymal stem cells;
RCTs: randomized controlled trials; AEs: adverse events; EUA: examination under anesthesia;

EUS: endoscopic ultrasonography; MRI: magnetic resonance imaging;

Abstract:

Objectives: We performed a single-arm meta-analysis to evaluate the efficacy and safety of MSC-
Exos in the treatment of complex PFs.

Methods: This systematic review followed PRISMA guidelines and included studies published up
to March 20, 2025. We searched four databases for studies evaluating efficacy and/or safety of
MSC-Exos for complex PFs. Analyses were performed using R statistical software version 4.4.0.
Results: The analysis of three studies included in this study suggested that MSC-Exos were
effective in achieving complete healing in 57% of patients with complex PFs (95% confidence
interval (Cl) 0.43, 0.76). The pooled data further indicated that MSC-Exos could achieve complete
healing in 68% of complex fistula tracts (95% ClI 0.59, 0.80). Pooled analysis also showed that 86%
(95% Cl 0.75,0.98) of patients with complex PFs achieved clinical response post treatment,
whereas 18% (95% CI 0.09, 0.37) demonstrated no clinical response after MSC-Exos treatment.

Subgroup analysis revealed a higher healing rate (HR) in patients with Crohn’s disease (CD)
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compared to those without CD (60% vs. 57%, respectively), with no statistically significant
differences (P > 0.05). Notably, neither systemic nor local adverse effects have been reported in
any study.

Conclusion: This meta-analysis highlights the efficacy and safety of local administration of MSC-

Exos in patients with complex PFs, offering valuable evidence to guide future clinical practice.

Keywords: Complex perianal fistula. Mesenchymal stem cells. Exosomes. Single arm. Meta-

analysis. Systematic review.

Introduction

Perianal fistula (PF) is an abnormal tract connecting the anal canal to the skin, characterized by
ulcerations with draining fistulous tracts around the anal region. It is a common anorectal
disease and the incidence rate is second only to hemorrhoid, estimated to occur in 12.3 per
100,000 men and 8.6 per 100,000 women [1]. The pathogenesis of PF, an immune-mediated
chronic recurrent disease, remains unknown, though it may be associated with cryptoglandular
infection in most cases. Notably, 28% of patients with PF develop anal canal carcinoma within 20
years of their initial diagnosis [2]. The clinical manifestations of PFs include perianal cellulitis,
perineal pain, purulent discharges, and bowel incontinence. Based on the fistula’s course, the
scope of lesions, and the number of external openings, PFs are categorised as simple or complex.
The American Gastroenterological Association defines complex PFs as those that involve the
upper part of the sphincter complex, are associated with pain or fluctuation suggesting a perianal
abscess, and/or are associated with a rectovaginal fistula or anorectal stricture [3]. Complex PFs
result in greatly diminished quality of life, and up to 59% of patients are at risk of faecal
incontinence [4]. The primary objectives of complex PFs treatment encompass achieving fistula
closure, preserving the integrity of the anal sphincter, preventing recurrence, and sustaining or
improving the patient's quality of life. At present, treatments include combinations of medical
interventions, surgical interventions, and mesenchymal stem cells (MSCs). Despite significant
advancements in surgical and medical treatment methods, high proportions of patients
experience lack of or inadequate response to treatment. Consequently, complex PFs pose
substantial clinical and humanistic burden. The high failure rate of the current approach can be
attributed to multiple factors, including the complex pathophysiology, bacterial overgrowth,
infection, and underlying inflammation. These factors pose a serious barrier to effective mucosal
healing. Considering the complexity of PFs, the challenging nature of their treatment, and the
high recurrence rate in these patients, treatment with more potent and biocompatible methods
is essential.

In recent years, tremendous progress has been made in the field of regenerative medicine
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and stem-cell biology. MSCs, which are non-hematopoietic, multipotent adult stem cells, can be
isolated from various adult tissues, such as the bone marrow, umbilical cord, adipose tissue, and
peripheral blood [5]. They are able to down-regulate immune responses, exhibit anti-
inflammatory properties, and promote tissue healing [6]. There are pieces of evidence that MSC-
treatment has shown an encouraging success rate when applied to complex PFs [7]. Previously, it
was widely held that the protective effects of MSCs were exerted through their migration to
damaged tissues, engrafting, and interactions with other cells following infusion. However, an
increasing number of studies currently indicate that the well-established roles of MSCs in
immunomodulation and promotion of tissue repair may be mediated by paracrine mechanisms
involving secretory factors, such as exosomes [8-9]. Exosomes, which are secreted by cells, are
classified as a subtype of extracellular vesicles. These minute vesicles typically exhibit a diameter
ranging from 30 to 150 nm and possess a density between 1.13 and 1.19 g/ml [10]. Exosomes
carry a multitude of signaling moieties, including proteins, lipids, cell surface receptors, enzymes,
cytokines, transcription factors, and nucleic acids and thus have a significant role in cell-cell
communication [11]. MSCs secrete more exosomes than other cells [12]. Several studies have
demonstrated that mesenchymal stem cell-derived exosomes (MSC-Exos) play a role in easing
many inflammatory and autoimmune diseases [13]. Additionally, they are capable of reproducing
MSC function and overcoming the limitations of traditional cell therapy. Besides, some studies
showed the role of exosomes in the regeneration of the gastrointestinal tract and the
immunomodulatory and proliferative properties of MSC-Exos[14-16]. So, these exosomes may be
safe and effective treatment options for complex PFs. Moreover, concerns about stem cell
therapies, such as the ethics and safety of administration in human subjects and the risks of
tumorigenicity and adverse immunologic effects from direct cell transplantation, have further
encouraged the application of MSC-Exos. Thus, our study aimed to evaluate MSC-Exos' safety

and efficacy in treating complex PFs.

2. Materials and methods

2.1 Data Source and Search Strategies.

This review followed the PRISMA guidelines published in 2020[17]. We searched PubMed,
Embase, Web of Science, and the Cochrane Library for all relevant available studies published
from inception until March 20, 2025. The search keywords were “mesenchymal stem/stromal
cells”, “stem cell”, “stromal cell”, “perianal fistula”, “cryptoglandular perianal fistula”,
“exosomes”. The search strategy included subject terms and free words. We also checked the

reference lists of the screened full-text studies to identify other potentially eligible trials.

2.2. Study Selection.
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The study design was structured around the selection of clinical trials to evaluate the MSC-Exos
for the treatment of complex PFs. The inclusion criteria were applied: (1) human studies;(2)
Randomized Controlled Trials (RCTs), single-arm trials and observational studies involving
patients with complex PFs;(3) studies on local MSC-Exos for the treatment of complex PFs.
Irrelevant studies were excluded based on the following criteria: (1) meeting minutes, review
articles, study protocols, correspondence, basic and animal experiments; (2) duplicate studies
from the same trials; (3) studies that did not involve the use of MSC-Exos; (4) studies without

guantifiable outcome data.

2.3. Data Extraction and Quality Assessment.

Two investigators independently extracted data from eligible studies. Disagreements were
resolved by discussion with a third investigator. These investigators extracted study data
features, including (1) study characteristics (first author, publication year); (2) type of study;(3)
MSCs type; (4) type of PFs (CD or non-CD); (5) age of participants; (6) outcome assessment; (7)
intervention (the injection dosage and frequency of exosomes) ;(8) outcome index (such as
complete healing, clinical response and non-response); (9) adverse events (AEs). As shown in
Tablel, the basic characteristics of the 3 identified studies are listed. Two reviewers
independently evaluated the risk of bias in each study using the ROBINS-I tool for non-

randomized trials [18]. Any disagreements were resolved through discussion.

2.4, Statistical Analysis and Publication bias.

The meta-package of R (version 4.4.0) was used for single-arm meta-analysis. Normality test
results determined whether proportions should be analyzed using untransformed data or
Freeman-Tukey double arcsine transformation, and whether confidence intervals should be
calculated via the Jackson method. The Chi-square test (P < 0.05) and I? statistic (=50% =
substantial heterogeneity) evaluated statistical heterogeneity. Fixed-effects models were applied
for 12 <50%, otherwise random-effects models were used. A value of P < 0.05 was considered
statistically significant. When subgroup data were sufficient, further subgroup analyses were
conducted. Publication bias was evaluated not only through funnel plot visually but also through

Egger's test and Begg's test.

3. Results

3.1. Literature Search and Quality Assessment.

The initial search identified 98 articles, of which three single arm studies were included in our
meta-analysis [19-21]. Fig.1 depicts the detailed process of literature screening. Two of these

used umbilical cord MSC-Exos [19, 21] and one used human placenta MSC-Exos[20]. One study
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included participants with non-CD-related fistulas [20] and two studies included participants with
CD-related fistulas [19, 21]. All studies employed magnetic resonance imaging (MRI) plus
physical examination for fistula healing assessment. The three included studies had a moderate
risk of bias. Details are in Tables 2. The potential publication bias is shown by a funnel plot.
Finally, the funnel plot was considered roughly symmetric by inspection (Fig. 2A). Egger’s test

was also performed to detect publication bias for included studies (p = 0.1595) (Fig. 2B).

3.2. Meta-analysis
3.2.1. Analysis of Complete Healing Following MSC-Exos Therapy

Three studies evaluated the efficacy of MSC-Exos for the treatment of complex PFs. The primary
endpoint was complete healing at 6 months (a physical examination plus MRI was employed to
evaluate the therapeutic responses of patients). The fixed-effects pooled healing rate (HR) of
patients with complex PFs was 57% post MSC-Exos treatment (95% Cl 0.43, 0.76) (Fig. 3A). The
pooled analysis also showed that the HR of complex PFs tracts was 68% post MSC-Exos

treatment (95% Cl 0.59, 0.80) (Fig. 3B).

3.2.2. Analysis of Clinical Response Outcomes Following MSC-Exos Therapy

In our study, the secondary endpoints included clinical response rate post MSC-Exos treatment.
Three trials reported raw data on the clinical response of patients with complex PFs, and the

fixed-effects pooled clinical response rate was 86% (95% Cl 0.75, 0.98) (Fig. 3C).

3.2.3. Analysis of Non-Response Outcomes Following MSC-Exos Therapy

Complex PFs are the most challenging scenarios, posing significant management challenges and
remaining a great clinical hurdle. Some patients with complex PFs often suffer from non-
response or non-remission to conventional surgical and medical management, with high
recurrence rates. In our study, the fixed-effects pooled non-response rate for complex PFs after

MSC-Exos treatment was 18%. (95% Cl 0.09,0.37) (Fig. 3D).

3.2.4. Subgroup analyses of different type of complex PFs (CD vs non-CD)

The anti-inflammatory and immunomodulatory activities of MSC-Exos provide a rationale for

novel cell-free therapies for PFs. Growing evidence has shown that MSC-Exos can be a potential
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candidate for treating complex PFs. Certain risk factors (e.g., type of fistula, complexity,
refractoriness duration) may affect response rate. Two studies reported raw data on patients
with complex PFs associated with CD. The pooled HR in these patients was 60%, compared to
57% reported in a separate study of patients with complex PFs not associated with CD. This

difference was not statistically significant (P > 0.05) (Fig. 3E).

4. Discussion

MSCs are adult stem cells with self-renewal and multidirectional differentiation
potential that may be obtained from bone marrow, adipose tissue, dental pulp, peripheral blood
and other tissues. MSCs have powerful immunomodulatory and tissue repair capabilities, holding
significant therapeutic potential in the treatment of PFs [22-23]. Experimental evidence has
demonstrated that MSCs actively mediate tissue regeneration through three key mechanisms:
homing capacity to damaged sites, paracrine signaling pathways, and direct cell-cell interactions.
Many studies have also shown that MSCs have many drawbacks, such as the need fora
consistent supply of cells with stable phenotype, high costs, and time delays for the generation
and handling of these cells. Moreover, the risks of iatrogenic tumor formation, cellular rejection
and infusional toxicity in MSC transplantation remain unresolved. Therefore, identifying a cell-
free therapy to avoid the shortcomings of MSCs in regeneration and repair is worthy of further
effort. Now, emerging evidence shows that the efficacy of MSC treatment results mainly from
paracrine effects, rather than trans-differentiation and implantation of MSCs [24-25].
Subsequent studies indicated that MSC-Exos are extracellular vesicles produced by parental cells
via the paracrine pathway, and they significantly enhance the therapeutic efficacy of MSCs by
mediating intercellular communication during angiogenesis, tissue regeneration, and
immunomodulation [26-27]. Compared to parent cells, exosomes are smaller and less complex,
making them easier to produce and store, and devoid of viable cells, eliminating tumor risks [28].
Moreover, MSC-Exos are less immunogenic than parent cells and serve as drug-delivery vehicles.
Currently, exosomes are emerging as a compelling alternative to cell-free therapies used in
clinical trials for various diseases, such as heart, liver, brain, skin, Gl tract, and others [29-30].

To our knowledge, this is the first systematic review and meta-analysis to evaluate the
safety and efficacy of MSC-Exos therapy for complex PFs. In conclusion, our meta-analysis
suggested that MSC-Exos treatment in patients with complex PFs was feasible and safe, and
none of the patients developed acute or latent complications and reactions. Of note in our study
is that patients who received MSC-Exos also showed significant improvement in quality of life.
Although fistula closure is the primary goal of treatment, maintaining durable closure is equally

critical not only as an indicator of long-term therapeutic efficacy but also due to the increased
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surgical complexity associated with recurrent cases. However, achieving sustained healing in
complex PFs continues to pose significant challenges. In our study, all included patients were
followed for at least 6 months, and the proportion of patients with healed fistulas was
determined at the 6-month post-operative evaluation. All included studies showed good mid-to-
long-term healing of fistulas after MSC-exosomes treatment. Therefore, we believe that healing
of complex PFs persisted after MSC-Exos treatment. Additionally, Lu et al. (2024) evaluated
umbilical cord MSC-Exos for treating complex PFs in rats, demonstrating significant wound
healing acceleration, favorable safety, and mechanism linked to HIF-10/TGF-B/Smad pathway
activation [31]. The study by Larabi A et al in 2020 also indicated that exosomes of small size can
stimulate intestinal epithelial repair, inhibit intestinal epithelial cell apoptosis, and modulate
colon inflammation [32]. Wang Y et al study showed that human umbilical cord MSC-Exos
alleviates DSS-induced inflammatory bowel disease -related intestinal fibrosis by inhibiting
profibrotic molecules and intestinal fibroblast proliferation and migration by decreasing ERK
phosphorylation [33]. These available data confirm that MSC-Exos therapy provides an effective
method for patients with complex PFs. Furthermore, our study suggested that MSC-Exos therapy
appears to achieve higher HR for patients with CD than non-CD (60% vs 57%, respectively), with
no statistically significant differences (P > 0.05). This result may be related to the different
pathogenesis of the two conditions. Although the initial fistula stages may differ in patients with
CD from those in patients with fistulas of cryptoglandular (non-CD) origin, we believe that once a
tract is formed and the inflammation becomes chronic, both fistula types will respond equally
well to administration of MSC-Exos. Interestingly, the study by Nazari et al. revealed that MSC-
Exos treatment was ineffective for tracts with fibrosis surrounding the tract and the internal
opening [19]. The authors speculated that this occurrence results from the inability of exosomes
to penetrate fibrotic tissue. Consequently, this treatment method is unsuitable for chronic
conditions with significant fibrosis. However, we do not concur with the author's viewpoint, as a
growing body of research increasingly demonstrates the therapeutic efficacy of MSC-Exos in
fibrotic diseases [34-35]. Given the limitations of the included studies, we cannot directly
compare the therapeutic effects of MSCs and exosomes on complex perianal fistulas (PFs).
However, the application of MSC-Exos in tissue engineering demonstrates significant advantages
over stem cell-based therapies. Firstly, the utilization of MSC-Exos presents several advantages
over traditional cell-based therapies, such as lower immunogenicity and ease of production,
handling, and storage [36]. Secondly, employing MSC-Exos in tissue regeneration therapies
circumvents challenges associated with MSCs-based treatments, such as low cell survival rates
and poor engraftment [37]. Thirdly, by utilizing MSC-Exos as an off-the-shelf product, the need
for a large number of cells for transplantation is significantly reduced. This approach also

mitigates potential alterations in phenotypic characteristics and therapeutic efficacy that may



Revista Espafiola
de Enfermedades Digestivas

arise from prolonged in vitro expansion of MSCs prior to transplantation. Moreover, the time and
cost associated with the expansion and maintenance of cultured stem cells can be substantially
decreased, enabling the immediate availability of ready-to-use MSC-Exos therapies for patient
treatment needs. Finally, due to their natural substance transport properties and excellent
biocompatibility, exosomes can also be used as drug carriers to release a variety of substances
[38]. Thus, this available evidence indicates that MSC-Exos are superior to parental stem cells in
organ injury treatment and regeneration and may become an effective alternative to MSCs for
clinical applications. In our study, the exosomes used were mainly from human umbilical cord-
MSCs and human placenta -MSCs. The study by Borger V et al has proposed that the phenotype
and function of MSC-Exos may vary depending on the source of MSCs[39]. The study by Kang IS
et al indicated that exosomes extracted from adipose tissues have a better angiogenic capability
than those extracted from the bone marrow [40]. Due to the limitations of our current research,
we cannot obtain the most suitable source of MSC-derived exosomes. In the future, further
investigation is needed in clinical studies in a disease-specific manner. Common modes of
exosome infusion include intravenous, intraperitoneal, subcutaneous, and topical injections. The
distribution of exosomes in the organs of the body is affected by the different methods of
injection. So, different modes of injection of MSC-Exos affect the treatment outcome of complex
PFs. In our study, all MSC-Exos were administered via local intraluminal injection through the
fistula tracts. An advantage of using MSC-Exos to treat an anal fistula is that, because tract
resection is not required, the treatment does not injure the anal sphincter. It is well known that
for effective therapeutic outcomes, it is crucial that exosomes are distributed in high
concentrations to the target organ. Administering MSC-Exos via local intraluminal injection
enables the concentration of exosomes at the lesion site to reach the highest level. Due to the
limitations of our included studies, it is not possible to compare the effects of exosomes
transplanted via different routes of administration on PFs. Further studies with more patients are
warranted to better clarify the most appropriate injection route for clinical translation of MSC-
Exos.

As ethical and safety concerns regarding the use of MSCs continue to grow, the safety of
MSC-Exos in this regard still warrants our attention. Our study indicated that no adverse effects
were evidenced during either the exosome administration and the follow-up. The use of MSC-
Exos circumvents the risk of direct stem cell therapy by introducing a cell-free option. First, in
addition to possessing similar biological functions to those of parental MSCs, they exhibit lower
immunogenicity. Second, the risk of tumor formation can be further reduced due to the absence
of living cells present in the body. Moreover, MSC-Exos have the advantages of smaller size, and
nanosized exosomes can transfer efficiently to specific tissues after administration without

aggregation in the lung microvasculature, avoiding the possibility of a pulmonary embolism
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caused by administrated cells [41]. However, we cannot entirely rule out the possibility that the
safety concerns associated with the administration of MSCs are not unrelated to exosomes. It is
necessary to evaluate the safety and efficacy of exosomes derived from MSCs by involving a
larger number of participants and extending the follow-up duration.

This study is a single-arm systemic meta-analysis of MSC-Exos therapy for complex PFs.
There are several limitations:(1) The absence of a control group, such as seton placement,
surgical management or MSC application. So, we only conducted a single-arm meta-analysis to
discuss the safety and efficacy of MSC-Exos for complex PFs, which limits the ability to draw
definitive conclusions about efficacy and safety through inter-group comparisons. (2) The small
sample size of included literature limits the precision of the estimates of effects of MSC-Exos
therapy on complex PFs patients, most of them were retrospective studies. So, selection bias
cannot be excluded, and extrapolation of the meta-analysis results was limited to some extent.
(3) All patients were from lIran, and there may be ethnic differences. (4) The quality of the
included studies was moderate. (5) The efficacy of exosomes derived from MSCs is contingent on
multiple determinants. But subgroup analysis [e.g.: number of infusions, dosage of exosomes per
infusion, the source of MSCs] was limited by the small size of the studies. Besides, the use of
subgroup analyses could not account for all sources of heterogeneity. So, our study was limited
by its multiple centers and heterogeneity in the study such as inclusion criteria, sample size,
MSC-Exos origin, and injection frequency. However, we have carried out careful quality
evaluation, sensitivity analysis, heterogeneity evaluation, and publication bias evaluation in this
paper to make the data and conclusions as reliable as possible. In view of the current single-arm
studies, confirmation of this conclusion will require more RCTs in the future. However, the
existing evidence remains limited.

The potential of MSC-Exos for the treatment of complex PFs is exciting, but the difficulties
are challenging. Despite their promise, MSC-Exos have limitations. Firstly, the isolation method
of exosomes is required to be easily expandable to support large-scale manufacturing. MSCs are
considered to be an attractive cell type for therapeutic exosome production. However, scalable
methods to isolate and manufacture exosomes from MSCs are lacking. Low yields of exosomes
impede the use of MSCs for exosome production. Haraszti RA et al study showed both 3D culture
and tangential flow filtration improve the yield of exosomes to a cumulative extent of 140-fold
[42]. However, this yield was only obtained in the laboratory and may not be sufficient for future
standardized production for clinical use. Thus, there is an urgent need to develop production
technologies that facilitate large-scale, stable generation of MSC-EXOs to fulfll therapeutic
requirements. Secondly, future applications of MSC-Exos are most likely in combination with other
drugs or systems. Now, there were some studies have demonstrated that MSC-Exos combined

with drugs can further improve therapeutic outcomes in some diseases such as liver fibrosis [35].
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However, the specific mechanisms by which combination therapy intervenes are unclear, which
makes widespread clinical application difficult. Therefore, in future preclinical and clinical
studies, the therapeutic mechanisms of MSC-Exos intervention in disease pathogenesis must be
further elucidated. Thirdly, exosomes can be broadly classified into naturally occurring and
engineered exosomes. Engineered exosomes offer distinct advantages and they can be modified
by miRNA. Engineering exosomes with modified membrane proteins can further amplify
therapeutic efficacy by enhancing targeting capabilities and cellular internalization. Although
clinical trials on the use of MSC-Exos for complex PFs have been conducted, there is limited
clinical research progress. Therefore, there remains a substantial shortfall in the clinical

application of MSC-Exo, necessitating the conduct of more rigorous RCTs to bridge this gap.

5, Conclusions

Our meta-analysis demonstrates the efficacy and safety of MSC-Exos in patients with
complex PFs, providing evidence for its future clinical application. Nevertheless, due to limited
data, confirmation of this conclusion requires more RCTs. It is important to remind us that the
use of MSC-Exos for complex PFs remains in the very early stages of treatment development. In
the future, more clinical trials are needed to facilitate the widespread clinical adoption of MSC-

Exos therapy.
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Table 1. Characteristics of all included studies

Mean
Cell t I
Type of N ype Type of | age,years Outcome the dosage of | Injection Study outcomes (at
Study and AEs/SAEs
study PFs (mean *+ | assessment exosomes frequency 6months)
source
SD)
complex complete healing: 3/5
Nazari H | Phasel, | human P . 10 patients; 7/9 fistula tracts;
. - and range physical 0.5x10 .
[19] clinical umbilical S . * Single responded to treatment: | NO
. refractory | 31-47years | examination+MRI | particles/mL*5ml .
(2022) trial cord MSC . 4/5 patients;
PFin CD .
no response: 1/5 patient
complete healing: 5/11
patients; 12/22 fistula
Phase |, | human complex repeated tracts;
Pak H[20] | . .~ .| range 35-56 | physical 0.5x10 10| three times at ’
(2023) clinical Placenta PF in ears examination+MRI | particles/mL*sml | weekl responded to treatment: | NO
trial MSCs non-CD ¥ P . 4 10/11 patients;
intervals
no response: 1/11
patient;
complete healing: 12/20
patients; 30/43 fistula
Hadizadeh | Phase ll, | human complex repeated tracts;
) o and 34.52 + | physical 0.5x10 10| three times at ’
A [21] | clinical umbilical . . " responded to treatment: | NO
. refractory | 11.02 years | examination+MRI | particles/mL*5ml | 2-month .
(2024) trial cord MSC . . 16/20 patients;
PF in CD intervals
no response: 4/20
patients
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Table 2. ROBINS-I for risk of bias analysis

Bias domain Nazari H (2022) | Pak H (2023) Hadizadeh A (2024)
Bias due to confounding Moderate Moderate Moderate

Bias in selection of participants into the study Low Low Low

Bias in classification of interventions Moderate Moderate Moderate

Bias due to deviations from intended interventions Low Low Low

Bias due to missing data Low Low Low

Bias in measurement of outcomes Low Low Low

Bias in selection of the reported result Low Low Low

Over all bias Moderate Moderate Moderate

Records identified through database searching (n = 98}

Records

y

excluded from

Records further screened (n=18)

Records

Y

excluded after

reviewing title and abstract (n=8});

Full-text articles assessed for eligibility (n = 10}

Y

Data not available (n=2};

Full-text articles included for single arm meta-analysis {(n =3)

Fig. 1 Flow diagram of included and excluded studies in this meta-analysis.
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duplication {(n=64) and title {n = 16);

Records excluded: Had no relevant data (n=5);
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Fig 2A. Funnel plot shows no existence of publication bias.

Fig 2B. Egger’s test was performed to detect publication bias for included studies.

A Weight  Weight D
Study Events Total Proportion  95%-Cl (common) (random) Weight  Weight
Nazari H 2022 3 s ! 060 [0.15:095] 161%  161% Study Events Total Proportion 95%-Cl (common) (random)
Pak H 2023 5 1" —é— 045 [0.17,0.77] 19.6% 196%
Hadizadeh A 2024 12 20 — 060 (036,081]  643%  643% Nazari H 2022 15— 020 [001,072]  17.0% 170%
[ i g
Common effect model 36 —_— . 761 100.0% . Pak H 2023 1T N 0.09 [0.00;0.41] 150%  15.0%
Random effects model_ —_— .57 [0.4 76] . 100.0% Hadizadeh A 2024 4 20 —F— 020 [0.06;0.44] 68.0%  68.0%
Heterogenety. = 0.0%, *=0,p=07520 T T I
02 04 06 08 L
Common effect model 36 =gy 0.18 [0.09;0.37]  100.0% .
B Random effects model - 0.18 [0.09; 0.37] . 100.0%
[ e e e |
Weight Weight | Heterogenety: I°=00%,<* =0, p = 07477
Study Events Total Proportion  95%-Cl (common) (random) 010203 04050607
Nazari H 2022 7 9 @ —f 0.78 [0.40;0.97] 200%  20.0% E
Pak H 2023 12 2 ———=—— 055 [032,076]  168%  168% Weight Weight
Hadizadeh A 2024 30 43 T 070 [054,083]  632%  632% Study Events Total Proportion  96%-CI (common) (random)
Common effect model 74 _ 068 [0.59;0.80]  100.0% . .
Random effects model —— 0.68 [0.59; 0.80] . 100.0% subgroup =CD |
Heterogeneity. /° = 0.0%, <* < 0.0001, p = 0.3845 Nazari H 2022 35— 060 [015,095]  161%  16.1%
04 05 06 07 08 09 Hadizadeh A 2024 12 20 — 060 [0.36;0.81] 643%  64.3%
Common effect model 25 —_—— 060 [0.44;0.83]  80.4% .
c Random effects model —— 0.60 [0.44;0.83] . 804%
) ) Heterogeneity: 1> = 0%, ©* = 0, p = 1.0000 H
Weight  Weight |
Study Events Total Proportion  95%-Cl (common) (random) subgroup =non-CD |
' —_— % %
Nazari H 2022 45—t 080 [028,099]  95%  95% PakH 2023 5 1 f 045 [047,0.77]  196%  196%
Pak H 2023 10 1 —— 091 [059,100]  524%  524%
Hadizadeh A 2024 16 20 — =l 080 [056.094]  381%  381% Common effect model 36 _— 100.0% -
| Random effects model e . 100.0%
— T
Common effect model 36 - 086 [0.75;098]  100.0% . ) ;
Random effects model — 0.86 [0.75; 0.98] . 1000% Heterogenety: I°= 0.0%, =0,p=0752002 . 04 06 08
Heterogeneity: /> = 0.0%, * = 0, p = 0.6518 Test for subgroup differences (common effect): 1§ = 0.57, df = 1 (p = 0.4511)
03 0.4 05 06 07 08 0.9 Test for subgroup differences (random effects): 3 = 0.57, df = 1 (p = 0.4511)

Fig.3A-B Forest plots about the pooled results of healing rate; Fig.3C Forest plots about the
pooled results of clinical response; Fig.3D Forest plots about the pooled results of non-response;

Fig.3E Forest plot showing changes in HR across different types of PFs (CD vs non-CD).
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