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Background: Fistulas, abnormal connections between two anatomical structures, significantly impact the quality of life and can
result from a variety of causes, including congenital defects, inflammatory conditions, and surgical complications. Stem cell therapy
has emerged as a promising alternative due to its potential for regenerative and immunomodulatory effects. This overview of
systematic reviews aimed to assess the safety and efficacy of stem cell therapy in managing fistulas, drawing on the evidence
available.

Methods: This umbrella review was conducted following the Joanna Briggs Institute (JBI) methodology to assess the efficacy and
safety of stem cell therapy for treating various types of fistulas. A comprehensive search was performed across multiple electronic
databases including PubMed, Embase, Cochrane Register, and Web of Science up to 5 May 2024. Systematic reviews focusing on
stem cell therapy for fistulas were included, with data extracted on study design, stem cell types, administration methods, and
outcomes. The quality of the reviews was assessed using the AMSTAR 2 tool, and meta-analyses were conducted using R software
version 4.3.

Results: Nineteen systematic reviews were included in our umbrella review. The stem cell therapy demonstrated by significant
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improvements in clinical remission rates, with a relative risk (RR) of 1.299 (95% ClI: 1.192-1.420). Stem cell therapy enhanced fistula
closure rates, both short-term (RR = 1.481; 95% CI: 1.086-2.116) and long-term (RR=1.422; 95% Cl: 1.091-1.854). The safety
analysis revealed no significant increase in the risk of adverse events with stem cell therapy, showing a pooled RR of 0.972 (95% Cl:
0.739-1.278) for general adverse events and 1.136 (95% Cl: 0.821-1.572) for serious adverse events, both of which indicate a safety
profile comparable to control treatments. Re-epithelialization rates also improved (RR = 1.44; 95% Cl: 1.322-1.572).
Conclusion: Stem cell therapy shows promise as an effective and safe treatment for fistulas, particularly in inducing remission and
promoting closure of complex fistulas. The findings advocate for further high-quality research to confirm these benefits and
potentially incorporate stem cell therapy into standard clinical practice for fistula management. Future studies should focus on long-
term outcomes and refining stem cell treatment protocols to optimize therapeutic efficacy.

Keywords: efficacy, fistula, meta-analysis, stem cell therapy, systematic review, treatment

Introduction

Fistulas are abnormal connections or passageways that develop
between two anatomical structures or organs that are not typi-
cally connected!!l. These conditions can arise in various body
regions and can result from various underlying causes, such as
congenital defects, inflammatory conditions, injuries, or surgical
complications™. Fistulas can significantly impact an individual’s
quality of life, leading to discomfort, pain, and potentially life-
threatening complications if left untreated. The treatment of fis-
tulas has traditionally relied on surgical interventions, which can
be invasive, carry inherent risks, and may not always provide
satisfactory outcomes, particularly in cases of complex or recur-
rent fistulas®®!. Consequently, there has been an increasing interest
in exploring alternative and innovative therapeutic methods, one
of which is stem cell therapy.

Stem cells are unique, undifferentiated cells capable of self-
renewal and differentiation into a variety of specialized cell
types!“l. Due to their unique properties, stem cells have emerged
as a promising therapeutic modality in regenerative medicine,
offering potential solutions for a wide range of medical condi-
tions, including fistulas’®®. The application of stem cell therapy
for fistula treatment is based on the premise that these cells can
promote tissue regeneration and healing by differentiating into
the required cell types and facilitating the repair and restoration
of damaged or compromised tissues!”®l. Furthermore, stem cells
are believed to possess immunomodulatory and anti-inflamma-
tory properties, which may contribute to the resolution of fistulas
associated with inflammatory conditions.

Over the past decade, numerous studies have investigated the
potential of stem cell therapy in the management of various types
of fistulas, including, but not limited to, perianal fistulas, enter-
ocutaneous fistulas, vesicovaginal fistulas, and tracheoesopha-
geal fistulas”l. These studies have employed different types of
stem cells, such as adipose-derived stem cells (ADSCs),
mesenchymal stem cells (MSCs), and bone marrow-derived stem
cells (BMSCs), administered through various routes and
techniques'®. While the results of these individual studies have
been promising, showcasing the promising advantages of stem
cell therapy in fistula management, there is a need for a com-
prehensive synthesis and evaluation of the available evidence to
offer a clearer insight into the efficacy, safety, and potential lim-
itations of this therapeutic approach.

An umbrella review, which is a systematic review of multiple
systematic reviews, offers a unique opportunity to consolidate
and critically appraise the existing evidence from various sys-
tematic reviews on stem cell therapy for fistulas!'?. By synthe-
sizing the findings from multiple systematic reviews, an umbrella
review can offer a thorough summary of the existing evidence for

HIGHLIGHTS

e Significant efficacy: stem cell therapy significantly improves
clinical remission and fistula closure rates though evidence
is limited.

e Safety profile: stem cell therapy does not significantly
increase adverse or serious adverse event risks.

e Positive re-epithelialization: stem cell therapy promotes re-
epithelialization, reducing recurrence rates in fistula
management.

e Call for further research: larger, high-quality trials are
needed to validate benefits and optimize stem cell therapy
protocols.

identifying potential gaps or inconsistencies in the literature, and
highlight areas that require further research. The primary objective
of this umbrella review is to critically evaluate and summarize the
evidence from systematic reviews concerning the use of stem cell
therapy in the treatment of various types of fistulas. This review aims
to assess the efficacy and safety of stem cell therapy in managing
different types of fistulas, drawing on the evidence available from
systematic reviews. Additionally, it seeks to identify the most com-
monly investigated types of stem cells, the routes of their adminis-
tration, and the techniques employed in treating fistulas.

Methods

This umbrella review has been conducted according to the Joanna
Briggs Institute (JBI) methodology for umbrella reviews!'”. We
followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines for reporting the study
(Table S1, Supplemental Digital Content 1, http://links.lww.com/
JS9/D529)M,

Systematic search of databases

Our research team commenced a comprehensive search across
multiple electronic databases to procure systematic reviews on
stem cell therapy for the treatment of various types of fistulas. The
databases included PubMed, Embase, Cochrane Register, and
Web of Science. This wide-reaching search strategy was designed
to ensure an extensive collection of pertinent literature, covering a
diverse range of sources to capture the most relevant data on the
topic. The search was from the databases’ inception up to Sth
May 2024.

Predefined search strategy

We developed a detailed search strategy to guide our
database exploration. This strategy incorporated both controlled

7574


http://links.lww.com/JS9/D529
http://links.lww.com/JS9/D529

Tripathi et al. International Journal of Surgery (2024)

vocabulary, such as Medical Subject Headings (MeSH), and free-
text keywords to optimize the retrieval of articles. The keywords
included ‘“fistula’; ‘stem cell therapy’, ‘stem cell transplantation’,
and variants thereof. Boolean operators (AND, OR) were used to
combine these terms effectively, enhancing the search specificity
and breadth. The complete search strategy used for each database
is presented in Table S2 (Supplemental Digital Content 1, http://
links.lww.com/JS9/D529).

Reference scanning

We examined the reference lists of all retrieved articles, reviews,
and other relevant publications to complement our database
searches. This manual scanning aimed to identify additional
studies that the electronic searches might have missed.

Eligibility criteria

The inclusion criteria for the systematic reviews were meticu-
lously defined to ensure alignment with the objectives of our
study. Specifically, we included systematic reviews that focused
on the use of stem cell therapy for treating various types of fis-
tulas. These reviews needed to report specific outcomes, such as
efficacy, safety, and long-term effectiveness. Additionally, the
reviews were required to provide detailed information on the
types of stem cells used, the methods of their administration, and
the follow-up periods involved. On the other hand, our exclusion
criteria ruled out non-English articles, reviews that failed to
provide explicit data on outcomes, and studies that focused on
nonhuman subjects. Consequently, only articles published in
English were considered for inclusion in our analysis.

Screening of articles

We used semi-automated software named Nested Knowledge for
de-duplication and screening of the records. Screening was per-
formed in two stages. First, two independent screeners reviewed
the title and abstract of the records. The eligible articles from this
step underwent a full-text screening phase. When disagreements
between the reviewers arose regarding the eligibility of studies for
inclusion, a third independent reviewer was involved to resolve
the conflict.

Data extraction and quality assessment

Data extraction was performed by two independent reviewers
using a predesigned form to ensure accuracy and consistency.
This form allowed for the collection of detailed information
about study design, participant characteristics, type of fistula,
type of stem cells used, method of administration, outcomes
measured, and results. Any differences between reviewers were
settled through discussion or by consulting a third reviewer.

The quality of each selected systematic review was evaluated
using the AMSTAR 2 tool, which is specifically designed for
appraising systematic reviews of healthcare interventions. This
assessment helped determine the strength and reliability of the
evidence provided in the reviews.

Statistical analysis

We conducted a meta-analysis of the data retrieved from the
systematic reviews where possible™?. The I2 statistic was
employed to evaluate heterogeneity across the studies. A random-

effects model was employed in cases of substantial heterogeneity
(I >50%). Each outcome was pooled independently to deter-
mine the overall estimate!'>*, A 95% CI was considered. All
analyses were conducted using two-tailed tests, and a P-value of
less than 0.05 was deemed to indicate statistical significance. We
used the ‘meta’ and ‘metafor’ packages in R software (version
4.3) to perform the analysis™>17],

Results

Literature search

The search across several databases initially identified a total of
253 records: 63 from PubMed, 93 from Embase, 95 from Web of
Science, and 2 from Cochrane. After removing 108 duplicate
records, 145 records remained and were subsequently screened.
Of these, 24 reports were deemed relevant and retrieved for a
more detailed review. All 24 reports underwent a full-text
assessment for eligibility. During this phase, five reports were
excluded for reasons such as not meeting the outcome interests
(three reports) and not pertaining to the target population (two
reports). Consequently, 19 studies met the inclusion criteria and
were included in the analysis. We did not find any additional
eligible studies in the manual reference searching. Figure 1 dis-
plays the PRISMA flow diagram of the article selection process.

Characteristics of included systematic reviews

The included systematic reviews extensively covered the use of
stem cell therapy for treating various types of fistulas, with a
particular focus on those associated with Crohn’s Disease (CD)
(Table 1). Spanning searches up to 2023, these reviews encom-
pass a range of study years from 2002 to 2023, illustrating sig-
nificant progress in research over nearly two decades. The types
of studies included vary widely, from RCTs to observational
studies and cohort studies, providing a robust cross-section of
research methodologies. Each review typically applied rigorous
screening and eligibility criteria to focus on studies specifically
examining the efficacy and safety of stem cell therapies in the
treatment of fistulas. The types of stem cells examined are pre-
dominantly MSCs, derived from sources like adipose tissue, bone
marrow, and, in some cases, more novel sources like umbilical
cord and placenta. The reviews detail various control treatments
against which stem cell efficacy was measured, including con-
ventional therapies like fibrin glue, saline solution, and standard-
of-care practices. Outcomes assessed in these reviews primarily
focus on healing rates, symptom improvement, and adverse
events, providing a well-rounded perspective on the effectiveness
and safety of the treatments. Notably, the risk of bias in these
studies was frequently evaluated using tools like the Cochrane
risk-of-bias tool, with findings ranging from moderate to high
risk, suggesting variability in study quality. The assessment of the
quality of these reviews is detailed in Table S3 (Supplemental
Digital Content 1, http:/links.lww.com/JS9/D529).

Efficacy

We assessed the effectiveness of stem cell treatment inducing
clinical remission among patients with fistula. Analyzing studies
from 2003 to 2023 revealed a relative risk (RR) of 1.299 (95%
CI: 1.192-1.420), suggesting that patients receiving stem cell
therapy were ~30% more likely to achieve clinical remission than
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Identification of new studies via databases and registers
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PubMed (n =63),
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o

Total studies included (n = 19)

Figure 1. PRISMA flowchart depicting article selection and screening process.

those in the control group. The data exhibited very low hetero-
geneity (I2=0%), indicating a consistent effect across the studies,
which supports the benefit of stem cell therapy to induce clinical
remission in fistula effectively (Fig. 2).

We explored the effectiveness of stem cell therapy in closing,
considering both short-term and long-term outcomes. In the
short-term, the pooled RR was 1.481 (95% CI: 1.036-2.116),
demonstrating a 48.1% increased likelihood of achieving fistula
closure shortly after treatment compared to controls, with mini-
mal heterogeneity (I2=0%). The studies indicated a continued
benefit for long-term outcomes with an overall RR of 1.422 (95%
CL: 1.091-1.854), indicating a 42.2% greater likelihood of
maintaining fistula closure. This consistent support across time
frames highlights the effectiveness of stem cell therapy in mana-
ging fistula (Fig. 3).

The effect of stem cell therapy on PDAI scores was analyzed by
comparing the stem cell-treated groups to control groups over
specific time frames. At 12 weeks, the analysis showed a negli-
gible mean difference in PDAI scores of -0.505 (95% CI: -2.481
to 1.471), with a high heterogeneity (I2=82%). At 24 weeks, the
mean difference slightly improved to -0.338 (95% CI: -1.638 to
0.963), with reduced heterogeneity (I2=39%). These findings
suggest that stem cell therapy does not significantly impact PDAI
scores (Fig. 4).

We assessed the re-epithelialization associated with stem cell
therapy compared to controls. The pooled data analysis from
various studies showed an RR of 1.44 (95% CI: 1.322-1.572).

This indicates a higher risk of re-epithelialization with stem cell
treatment. The heterogeneity across the studies was found to be
negligible (I2=0%), suggesting consistent findings among the
included studies regarding the effect of stem cell treatment on re-
epithelialization (Fig. 5).

Safety

We evaluated the frequency of adverse events in patients under-
going stem cell treatment versus those in control groups across
various studies. Data revealed that the stem cell group experi-
enced 112 adverse events out of 152 participants, while the
control group reported 103 adverse events from 141 participants
(Fig. 6). The pooled RR for experiencing adverse events with stem
cell therapy was calculated at 0.972 (95% CI: 0.739-1.278),
suggesting no statistically significant difference in the risk of
adverse events between the two groups, as the CI straddles the
value of 1. The heterogeneity among the included studies was
moderate (I*= 31%).

The risk of serious adverse events (SAEs) associated with
stem cell therapy was also evaluated compared to control
groups across multiple studies (Fig. 7). The analysis indicated
that were 42 SAEs reported among 320 participants in treat-
ment groups, in comparison to 32 SAEs among 274 partici-
pants in the control groups. The pooled RR for SAEs was
1.136 (95% CI: 0.821-1.572), crossing the threshold of 1,
which signifies that the observed increase in risk of SAEs for
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Characteristics of included systematic reviews.

Year range Number of Risk of
of studies included bias of
Databases and included with study Type of stem included Risk of bias tool Publication
Study ID Population date of search studies design cells Type of control Outcomes studies used Grade bias Key findings
Bernardi 201918 Individuals with PubMed, 2008-2018 Thirteen RCTs (1 Adipose- Standard Healing of fistulas, Not Not assessed Not Not assessed  Promising results with MSCs
refractory CD ScienceDirect, on luminal CD, derived treatments, symptom assessed assessed in healing perianal fistulas;
Jan 2008-Dec 12 on perianal MSCs various other improvement need for more studies on
2018 fistulizing CD) treatments luminal CD; variability in
dosage and administration
methods
Cao 2017019 Patients diagnosed PubMed, Web of 2009-2016 Fourteen RCTs ASCs, BM- Placebo or Overall healing rate, ~ Low to NOS Not Not assessed  MSCs are effective for Crohn’s
with CD Science, up to MSCs standard of clinical response, moderate assessed fistula; CDAI baseline is a
Sep 30, 2016 care AEs candidate for evaluating
effectiveness
Cao 202110 Patients with PubMed, Cochrane  2005-2020 Twenty-nine Adipose- Placebo, fibrin ~ Healing rate, AEs, Moderate to  NOS Not Not assessed ~ MSCs show a higher healing
Crohn’s fistula Library, EMBASE, studies (RCTs derived and glue CDAI, PDAI, IBDQ, high assessed rate (61.75%) vs. placebo
Jun 2005-Aug and cohort BM-MSCs CRP (40.46%) a lower incidence
2020 studies) of AEs; the optimal dose is
identified as 3 x 1077
cells/ml
Cheng 2019%" Patients with PubMed, Cochrane  2005-2018 Thirteen studies  Autologous Placebo, fibrin - Fistula healing, Moderate to  Cochrane risk-of-  Not Funnel plots Local MSC therapy is safe and
perianal CD Library, EMBASE, (five RCTs, eight  and glue, standard  clinical response, high bias tool assessed indicate no effective; higher healing
CNKI, up to Oct nonrandomized allogeneic care AEs publication rates with autologous
2018 experimental) MSCs from bias MSCs and size-based
adipose dosing
tissue and
bone
marrow
Cheng 2020 Patients with PubMed and 2009-2020 Seven RCTs Autologous Fibrin glue, Healing rate, AEs, re- Moderate to  Cochrane risk-of-  Not Funnel plot Local MSC therapy is safe and
complex EMBASE, up to and saline solution  epithelialization high bias tool assessed  indicates no efficacious for complex
perianal fistulas Mar 2020 allogeneic publication perianal fistulas; significant
(either of MSCs bias long-term efficacy; no
cryptoglandular significant difference in AEs
origin or
associated with
CD)
Cheng 202372 Patients with PubMed, EMBASE,  2009-2022 Six RCTs Autologous Saline solution,  Healing rate, AEs Moderate to  Cochrane risk-of-  Not Funnel plot Local MSC injection is safe
perianal CD Cochrane Library, and fibrin glue high bias tool assessed  indicates no and efficacious for perianal
up to Mar 2022 allogeneic publication fistulas in CD; significant
MSCs bias long-term efficacy; no
significant difference in AEs
Choi 201913 Patients with PubMed, EMBASE,  2005-2017 Sixteen studies (3 Autologous Conventional Healing rate, AEs, re- Moderate to  MINORS Not Funnel plot and  Stem cell therapy is effective
complex Cochrane Library, RCTs, 13 non- and surgical epithelialization high assessed  Orwin’s fail-  for complex perianal
perianal fistulas ~ up to Aug 2017 RCTs) allogeneic methods safe N fistulas; higher healing
(CD and non- MSCs indicate rates with autologous
CD) possible MSCs; further large-scale
publication RCTs needed

bias
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(Continued)
Year range Number of Risk of
of studies included bias of
Databases and  included with study Type of stem included Risk of bias tool Publication
Study ID Population date of search studies design cells Type of control Outcomes studies used Grade bias Key findings
Ciccocioppo 2019”4 Patients with CD or MEDLINE, EMBASE, 2003-2017 Twenty-three Autologous Placebo, fibrin  Fistula closure, Moderate to  Cochrane risk-of-  Not Funnel plots 80% fistula closure in MSC-
cryptoglandular Web of Science, studies (4 and glue, standard  radiological high bias assessed indicate no treated patients; 64% in
fistulas Cochrane, RCTs, 10 one- allogeneic care healing, AEs assessment publication MSC vs. 37% in control in
CINAHL, arm trials, 7 MSCs from instrument hias RCTs; low incidence of
ClinicalTrials.gov, observational) adipose treatment-related AEs
May 2017 tissue and
bone
marrow
Dave 20151 Patients with IBD, PubMed (since 2009-2013 Twelve studies MSCs from  Placebo, Healing of perianal ~ High Cochrane risk of ~ Not Possible MSCs show promisg in
including CD inception to Mar (RCTs and various standard of fistulas, clinical bias tool assessed  publication treating IBD with healing of
and UC 2015), EMBASE observational) sources care, fibrin remission, AEs bias perianal fistulas and
(since inception including glue indicated by induction of clinical
to Nov 2014) BM, funnel plot remission; challenges
adipose include cost and
tissue, and characterization
uc
El-Nakeep 202278 Patients with MEDLINE, EMBASE, 2009-2020 Seven RCTs HSCs and Standard of Clinical remission, Moderate to  Cochrane risk-of-  Low to very Possible SCT shows uncertain effects
medically Cochrane Central MSCs care, placebo  CDAI <150 at24  high bias tool low publication on clinical remission and
refractory CD Register of weeks, fistula certainty bias CDAI' <150 at 24 weeks;
Controlled Trials closure short- indicated by beneficial for fistula closure
(CENTRAL), term, fistula funnel plot short and long-term; likely
ClinicalTrials.gov, closure long-term, increases SAEs
WHO ICTRP; up to total AEs, SAEs,
Mar 19, 2021 withdrawal due to
AEs
Ko 2021%71 Patients with IBD, PubMed, from 2016-2022 Thirty-two studies MSCs Placebo, Healing of perianal ~ Moderate to  Not assessed Not Not assessed  Local MSC injections for PFCD
including CD inception to Oct standard of fistulas, clinical high assessed support long-term efficacy
and UC 29, 2020 care remission, AES and safety; mixed evidence
for systemic MSC infusion
in luminal IBD due to
methodological
heterogeneity
Lee 2017%8 Patients with MEDLINE, EMBASE, 1995-2016 Thirty-nine MSC, ASC Various surgical  Fistula healing rate Qverall high ~ Cochrane Not Not assessed  Surgical interventions for
Crohn’s anal Cochrane Library, retrospective, interventions risk of ROBINS-I and assessed Crohn’s anal fistula are
fistula Jan 1995-Mar 16 prospective including bias ROB tool heterogeneous with high
2016 cohorts, 5 setons, bias. Standardization
open-label, 3 advancement needed for better
RCTs flaps, fistula understanding of treatment
plugs options
Lei Ye 20162 CD patients, age ~ Cochrane Library, ~ 2007-2015 Eighteen articles  Autologous/  Self-control or  Clinical remission, Moderate to  Cochrane ROB-1, Not Not assessed ~ MSCs reduce CDAI and
>18, refractory ~ PubMed, (six clinical trials ~ Allogeneic placebo endoscopic high NOS assessed alleviate CD symptoms; low
to or unsuitable Medline, with HSCs, 12 MSCs, controls using response, perianal incidence of SAEs
for current EMBASE, ISI Web with MSCs) HSCs fibrin glue or fistulas healing/
therapies of Knowledge, routine closure, SAEs

(202) Asbing JO [euinop feuoeulaiul e 18 Iyredu |
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Li 202380 Patients with
perianal
fistulizing CD

Lightner 20186 Patients with
perianal CD

Narang 20165 Adults with
cryptoglandular
fistula in ano

Qiu 20179 Patients with
active CD

Qiu 202484 Adult patients with
medically
refractory CD or
CD-related
fistula

Wang 2023 Patients with
complex
perianal fistulas
of
cryptoglandular
or CD origin

ClinicalTrials.gov,
up to Sep 2015

PubMed, Cochrane
Library, EMBASE;
Mar 2022

PubMed, Cochrane
Library Central
Register of
Controlled Trials,
EMBASE; Jan 1,
2003 - Oct 31,
2017

MEDLINE (PubMed
and Ovid),
EMBASE (Ovid),

Cochrane Library,

2007-2014

PubMed, Cochrane

Library CENTRAL,

EMBASE; initial
search Feb 5,
2015; updated
Oct 15, 2016

PubMed, CENTER
(Cochrane

Library), EMBASE

(Qvid); up to 5
Sep 2023

PubMed, EMBASE,
Cochrane Library
database, US
ClinicalTrials.gov;
up to May 15,
2022

2016-2022

2003-2017

2007-2014

2002-2016

2009-2023

2009-2020

Five RCTs

Eleven studies
(phase I, II, lil
trials)

Twenty-one
articles (two
RCTs, rest
observational)

Twenty-one
studies (RCTs
and
observational)

Twelve RCTs

Six clinical trials,

10 publications

MSCs

MSCs
(autologous
and
allogeneic)

Not specified

HSCs and
MSCs (both
autologous
and
allogeneic)

ADSCs, BM-
MSCs,
HSCs,
placenta-
derived
cells, UC-
MSCs

ASCs, BSCs

therapies

Placebo

Placebo, fibrin
glue, no
treatment

Placebo or no
treatment

Various,
including
placebo and
standard of
care

Placebo, no
treatment

Placebo, fibrin
glue, saline
solution,
surgery

Efficacy (remission),
safety (TEAEs,
perianal abscess,
proctalgia)

High

Safety and efficacy of Moderate

MSCs, AEs, SAEs,
fistula healing
rates

Fistula closure rate,
complications

Clinical response,
clinical remission,
fistula healing,
endoscopic
remission, SAEs,
recurrence

Clinical remission,
SAEs

Healing rates (HR),
safety, efficacy,
AEs, SAEs,
recurrence, re-
epithelialization

Moderate to
high

Varied,
mostly
moderate
to high

Varied,
mostly
moderate
to high

Low to high

Cochrane risk of
bias tool

Cochrane
Collaboration’s
risk of bias tool
for RCTs, NOS

MINORS

Cochrane risk of
bias tool for
RCTs, NOS

Cochrane risk of
bias tool (ROB
2.0)

Cochrane risk of
bias tool

Not
assessed

Not
assessed

Not
assessed

Not
assessed

Moderate
certainty

Not
assessed

Low possibility
of
publication
bias
indicated by
symmetrical
funnel plot

Not assessed

Not assessed

Egger test
indicates
publication
bias exists
for clinical
response but
not for fistula
healing

Minimal risk of
publication
bias
detected

No publication
bias
detected

MSCs treatment leads to
definite remission (OR
2.06, P<.0001); no
significant increase in
TEAEs, perianal abscess, or
proctalgia

MSCs improve healing rates
for perianal CD; no
significant increase in AEs
or SAEs; higher healing
rates with MSCs vs.
conventional treatments

New techniques are in early
stages, with difficult-to-
reproduce results and
lacking long-term data. No
clear evidence currently
favors any specific
technique

Stem cell therapy potentially
effective for refractory CD;
high efficacy in inducing
fistula healing; toxicity is a
significant barrier

SCT significantly increases
likelihood of CR vs.
placebo/no treatment; not
associated with higher
likelihood of SAEs

MSCs therapy superior to
conventional treatment in
short, long, and over-long-
term follow-up; no
statistical difference in
medium-term efficacy;
both autologous and
allogeneic MSCs effective

AEs, adverse events; ASC, adipose-derived stem cell; BM-MSC, bone marrow-derived mesenchymal stem cell; CD, Crohn’s disease; CDAI, Crohn’s Disease Activity Index; CRP, C-reactive protein; HSC, hematopoietic stem cell; IBDQ, Inflammatory Bowel Disease Questionnaire;
ICTRP, International Clinical Trials Registry Platform; MSC, mesenchymal stem cell; NOS, Newcastle—Ottawa Scale; PDAI, Perianal Disease Activity Index; PFCD, Perianal Fistulizing Crohn’s Disease; RCT, randomized controlled trial; ROB, risk of bias; SAES, serious adverse events;
TEAEs, treatment-emergent adverse events; UC-MSC, umbilical cord mesenchymal stem cell.
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Stem cells Control
Study Events Total Events Total Weight RR [95% CI] Clinical remission
Ascanelli 2021 50 58 47 58 42.8% 1.064 [0.905; 1.250] h
Garcia-Olmo 2009 5 7 1 7 0.3% 5.000[0.767; 32.574]
Garcia-Olmo 2021 20 25 7 15 3.4% 1.714[0.964; 3.048]
Hawkey 2015 8 23 2 22 0.5% 3.826 [0.911; 16.069]
Lightner 2022 1 4 0 2 0.1% 1.667[0.101; 27.475]
Lightner 2023a 15 18 2 5 0.9% 2.083[0.698; 6.216] O T —
Lightner 2023b 4 16 1 6 0.3% 1.500[0.207; 10.867]
Lightner 2023c 6 15 0 4  0.2% 3.774 [0.259; 54.945]
Melmed 2015 4 28 0 16 0.1% 5.211[0.299; 90.815]
Molendijk 201 6 7 15 2 6 0.7% 1.400[0.399; 4.907] —
Molendijk 2015 9 15 2 6 0.8% 1.800 [0.540; 6.004] —
Panes 201 6 53 103 36 101 10.8% 1.444[1.046; 1.993] ——
Panes 201 8 61 103 42 101 14.1% 1.424 [1.075; 1.887] Sl
Panes 2016 57 107 43 105 13.3% 1.301[0.973; 1.739] kil
Panes 2022 29 43 24 46 9.3% 1.293[0.915; 1.827] T
Zhang 2018 1 4 0 41 0.1% 3.000 [0.126; 71.534]
Zhou 2020 7 1 6 11 23% 1.167[0.579; 2.350] —r
Pooled RR 337 632 215 552 100.0% 1.259 [1.129; 1.402] *

Heterogeneity: Tau® = 0; Chi® = 14.35, df = 16 (P = 0.57); I° = 0% L ! ! ! '
0102 051 2 5 20

Figure 2. Clinical remission with stem cell therapy versus control group.

the stem cell groups was not statistically significant. With an 12 Discussion
of 0%, the results showed very low heterogeneity, highlighting
consistent findings across studies and confirming that stem cell
therapy does not significantly elevate the risk of SEA compared
to conventional controls.

The exploration of stem cell therapy for the treatment of fistulas
shows a pivotal shift towards regenerative medicine in managing
conditions traditionally reliant on surgical interventions. This

Study or Stem cells Control
Subgroup Events Total Events Total Weight RR [95% CI] Fistula closure
Garcia-Olmo 2009 5 7 1 7 1.1% 5.000 [0.767; 32.574]
Molendijk 2015 9 15 2 6 26% 1.800[0.540; 6.004] :
Panes 2016 53 107 36 105 35.6% 1.445[1.042; 2.003] —-—
Zhou 2020 8 " 6 11 9.0% 1.333[0.696; 2.553] —
Garcia-Olmo 2009 2 5 1 3 1.0% 1.200[0.175; 8.243]
Molendijk 2015 8 13 0 3 0.6% 4.407 [0.328; 59.257] :
Panes 2016 58 103 39 101 424% 1.458[1.081; 1.967] -.-
Zhou 2020 7 M 6 11 7.7% 1.167 [0.579; 2.350] ——
-
Pooled RR 150 272 91 247 100.0% 1.450 [1.244; 1.690] <+
Heterogeneity: Tau? = 0; Chi® = 2.98, df = 7 (P = 0.89); I = 0% ! | ! ! '
Test for subgroup differences: Chi® = 0.08, df = 1 (P = 0.77) 02 05 1 2 5 20

Figure 3. Fistula closure with stem cell therapy versus control group.
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Study or Stem cell Control Mean Difference Mean Difference

Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI

Molendijk 2015 -1.880 3.1000 15 -0.280 3.1000 6 9.1% -1.600[-4.535; 1.335] L

Panes 2016 -2.900 3.1000 103 -1.400 3.1000 101 24.0% -1.500 [-2.351; -0.649] —.—

Zhou 2020 7.300 2.0000 11 6.000 1.3000 11 19.0% 1.300[-0.110; 2.710] i

--II!I-——

Molendijk 2015 -2.010 3.8000 15 -1.390 3.5000 6 7.4% -0.620[-4.017; 2.777] l

Panes 2016 -2.300 3.8000 103 -1.300 3.5000 101 22.7% -1.000 [-2.002; 0.002] —-

Zhou 2020 6.800 1.8000 11 6.100 1.9000 11 17.8% 0.700 [-0.847; 2.247] *—.—
<:‘-—

Total (95% CI) 258 236 100.0% -0.406 [-1.481; 0.668] —

Heterogeneity: Tau® = 1.0634; Chi® = 14.98, df = 5 (P = 0.01); I* = 67% Ll '2 c') 2' AI,

Test for subgroup differences: Chi? = 0.02,df=1 (P =0.89)

Figure 4. Mean PDAI at 12 weeks and 24 weeks with stem cell therapy versus control group.

umbrella review synthesizes evidence from a wide array of sys-
tematic reviews, offering a comprehensive overview of the current
landscape of stem cell therapy as a promising alternative to
conventional treatments.

Our findings reveal that stem cell therapy, particularly using
MSCs derived from adipose tissue and bone marrow, exhibits
significant potential in inducing clinical remission and promoting
fistula closure. The pooled data from the meta-analyses suggest a
higher likelihood of achieving clinical remission and fistula clo-
sure than traditional treatments. This is particularly noteworthy
given the chronic and often refractory nature of fistulas asso-
ciated with CD, where surgical outcomes can be unpredictable
and recurrence rates high.

The clinical remission rates, as demonstrated by a relative risk
of 1.299, indicate a 30% improvement over controls, which is
statistically significant and clinically relevant. Similarly, the
ability of stem cell therapy to achieve fistula closure in the short-
term and maintain it in the long-term provides evidence of its role
not only as a treatment modality but also in potentially altering
the disease course. The analysis of PDAI scores, a critical measure
for evaluating the severity and activity of perianal disease, pro-
vided mixed results. At 12 weeks, the meta-analysis showed a

negligible mean difference in PDAI scores in the stem cell treat-
ment groups and controls, with high heterogeneity observed
(I2=82%). This variation decreased significantly at 24 weeks,
where the mean difference improved slightly, albeit still not
reaching statistical significance, and with reduced heterogeneity
(I2=39%). These results indicate that although stem cell therapy
may not have a substantial immediate effect on reducing PDAI
scores, there could be a trend towards improvement over time.
This indicates that the therapeutic effects of stem cells on symp-
tomatic relief might require longer periods to manifest sig-
nificantly, which aligns with the gradual process of tissue repair
and immunomodulation mediated by these cells. Re-epitheliali-
zation is a critical factor in the healing process of fistulas, indi-
cating the restoration of the epithelial layer over the fistula tract.
Our findings from the pooled analysis revealed a relative risk of
1.44 for improved re-epithelialization with stem cell therapy,
suggesting a positive effect. The consistency of this outcome
across studies, as indicated by a very low heterogeneity, shows the
potential of stem cells to promote epithelial healing. This is par-
ticularly relevant in fistulas, where the failure of epithelial closure
can lead to recurrent infections and prolonged discomfort. While
the direct impact on PDAI scores may not be immediately evident,

Stem cells Control

Study Events Total Events Total Weight RR [95% CI] Re-epithelialization

Guadalajara 2012 2 4 1 2 1.6% 1.000[0.183; 5.460]

Molendijk 2015 7 15 2 6 2.9% 1.400[0.399; 4.907] *

Panesetal 2016 53 103 36 101 44.2% 1.444[1.046; 1.993] ——

Panesetal 2018 58 103 39 101 51.3% 1.458[1.081; 1.967] —.—

Pooled RR 120 225 78 210 100.0% 1.441 [1.322; 1.572] S

Heterogeneity: Tau? = 0; Chi® = 0.19, df = 3 (P = 0.98); I = 0% ! | | !
0.2 0.5 1 2 5

Figure 5. Re-epithelialization with stem cell therapy versus control group.
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Stem cells Control
Study Events Total Events Total Weight RR [95% CI] Adverse events
Hawkey 2015 22 23 20 22 34.2% 1.052[0.898; 1.233]
Molendijk 2015 15 15 6 6 24.6% 1.000[0.787; 1.271] .
Panes 2016 68 103 66 102 29.1% 1.020[0.836; 1.245] ;
Zhou 2020 7 1 11 11 12.0% 0.652 [0.428; 0.995] B ;
Pooled RR 112 152 103 141 100.0% 0.972 [0.739; 1.278] 4—

Heterogeneity: Tau? = 0.0151; Chi = 4.37, df = 3 (P = 0.22); I° = 31% ' ! ! '

Figure 6. Adverse events with stem cell therapy versus control group.

0.4

the positive trends in re-epithelialization suggest that stem cells
could play a crucial role in the underlying healing mechanisms.
These outcomes emphasize the need for further targeted research
to fully elucidate the scope of benefits that stem cell therapy can
offer, particularly focusing on long-term symptomatic relief and
quality of life improvements in patients with chronic and complex
fistular diseases. This would involve not only more comprehen-
sive clinical trials but also detailed mechanistic studies to better
understand how stem cells interact at the molecular and cellular
levels to facilitate healing and remission in fistula patients.

Our analysis finds that stem cell therapy does not increase the
risk of adverse events or SEA compared to controls. This is sup-
ported by pooled relative risks which straddle the unity, indi-
cating no significant difference in the risk of adverse events
between stem cell therapy and conventional treatments.
Considering the invasive nature and potential complications
associated with surgical interventions, such a safety profile is
crucial.

The benefit of MSCs in fistula treatment is primarily due to
their ability to regulate immune responses and enhance tissue
regeneration®®l, MSCs are known for their immunomodulatory
effects, which can significantly reduce inflammation.
Inflammation is a critical component in the pathology of fistulas,
particularly those associated with autoimmune disorders like

CDB7l. Additionally, their capacity to differentiate into various
cell types and secrete growth factors such as VEGF, TGF-f, and
FGF aids in healing and tissue repair, addressing both the
symptoms and underlying causes of fistulas®®!. The therapeutic
potential of MSCs in fistula treatment also hinges on their unique
abilities for differentiation and self-renewal, governed by intricate
signaling pathways and regulatory transcription factors®*). In the
environment of a fistula, MSCs are thought to predominantly
modulate healing through these mechanisms. Key signaling
pathways include Wnt/B-catenin, Notch, and Hedgehog, which
are crucial for maintaining the balance between stem cell renewal
and differentiation®). These pathways, in response to the local
microenvironment, activate specific transcription factors like
Sox2, Oct4, and Nanog, helping maintain the pluripotency and
self-renewal capacities of MSCs !,

The promising results observed in the application of stem cell
therapy for fistulas, particularly in terms of clinical remission and
re-epithelialization, set a compelling groundwork for future
research in this field. However, several key areas require further
exploration to optimize and standardize this therapeutic
approach. The systematic reviews included in our umbrella
review demonstrated a range of methodological quality, with
many exhibiting moderate to high risk of bias. This variability
highlights a significant concern, as it may impact the reliability

Stem cells Control

Study Events Total Events Total Weight RR [95% CI] Serious adverse events

Ascanelli 2021 1 58 3 58 2.1% 0.200 [0.024; 1.660]

Garcia-Olmo 2009 1 7 0 7 1.0% 3.000 [0.144; 62.488]

Hawkey 2015 19 23 15 22 79.2% 1.212[0.861; 1.705] '

Lightner 2023a 3 18 1 5 2.2% 0.833[0.109; 6.375] :

Lightner 2023b 1 16 0 6 1.0% 1.182[0.055; 25.439] i

Melmed 2015 9 28 1 16 2.4% 5.143[0.715; 36.972] -

Molendijk 2015 1 15 0 6 1.0% 1.258[0.059; 27.014]

Panes 2016 5 103 7 102 7.4% 0.707 [0.232; 2.156] —r—

Zhang 2018 0 41 0 41 00%

Zhou 2020 2 M1 3 11 3.7% 0.667[0.137; 3.243] —

Pooled RR 42 320 32 274 100.0% 1.136 [0.821; 1.572] -

Heterogeneity: Tau® = 0; Chi® = 6.59, df = 8 (P = 0.58); I> = 0% ' ! 1 1
0.01 01 051 2 10

Figure 7. Serious adverse events with stem cell therapy versus control group.
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and validity of the conclusions drawn about the efficacy and
safety of stem cell therapy in fistula management. To address
these concerns, we recommend that future research prioritize the
inclusion of high-quality, well-designed RCTs. These studies
should adhere to rigorous methodological standards to enhance
the strength of the evidence. Furthermore, it is crucial for sys-
tematic reviews to incorporate comprehensive risk-of-bias
assessments and conduct sensitivity analyses. Such measures will
help ensure the reliability of the conclusions and minimize
potential bias, providing a clearer and more accurate under-
standing of the effects of stem cell therapy on fistula treatment.

These studies should also standardize the types and prepara-
tions of stem cells used, dosages, and administration routes to
establish clearer protocols that can be universally recommended.
Moreover, the long-term safety and efficacy of stem cell therapy
require comprehensive assessment. While initial results are
encouraging, long-term follow-up studies are necessary to
observe any potential adverse effects or relapse rates, which are
crucial for validating the sustained benefits of this treatment.
Additionally, research should focus on understanding the
mechanisms by which stem cells influence tissue healing and
immune modulation in the context of fistulas. Detailed mechan-
istic studies would not only elucidate the pathways involved but
also potentially identify biomarkers that can predict treatment
response or indicate the likelihood of relapse, thereby persona-
lizing treatment approaches. Another important area of research
involves the comparative effectiveness of stem cell therapy against
existing standard treatments across different types of fistulas.
This would position stem cell therapy within the current treat-
ment paradigm, potentially offering a less invasive alternative to
surgery for patients with complex or recurrent fistulas.
Furthermore, the economic implications of stem cell therapy,
including cost-effectiveness and accessibility, should be eval-
uated. This is particularly pertinent in settings where healthcare
resources are limited, and the burden of surgical interventions is
high. Research into optimizing the production and storage of
stem cells can help reduce costs and improve the feasibility of this
therapy in clinical settings. It is imperative that future studies
incorporate a comprehensive evaluation of patient-reported
outcomes, including metrics on quality of life, symptom relief,
and functional status. These aspects are crucial for understanding
the full impact of therapeutic interventions on patients’ daily lives
and overall well-being.

There are a few limitations of this study. The inherent het-
erogeneity in the systematic reviews included in the study design,
population characteristics, types of stem cells used, and their
administration methods might have influenced the overall con-
clusions. Such variability can complicate the aggregation of data
and interpretation of pooled results. The quality of the reviewed
studies differed, with some studies with moderate to high risk of
bias. This variability in study quality could affect the reliability of
the conclusions drawn about the efficacy and safety of stem cell
therapy. An additional limitation is the language bias, since only
English-language studies were included, possibly omitting
relevant data published in other languages. The reviews pre-
dominantly included studies on fistulas related to CD, which may
not fully represent other types of fistulas, thus limiting the gen-
eralizability of the findings to all fistular conditions. These lim-
itations highlight the necessity for better-quality research and
suggest caution in extrapolating these results to all fistula treat-
ments without further evidence.

Conclusion

Stem cell therapy represents a promising advancement in the
treatment of fistulas, offering the potential to improve outcomes
for patients with limited options under current standard care.
However, the current evidence base is insufficient to definitively
establish the effectiveness of stem cell therapy in fistula treatment.
More high-quality studies are needed to confirm the benefits of
stem cell therapy for fistulas.
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