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Abstract

Background Since anal fistulas can be challenging to treat; numerous innovative treatments have been proposed, including
stem cell therapy. This systematic review aimed to assess pooled rates of fistula healing and adverse events associated with
stem cell treatment.

Methods In this PRISMA-compliant systematic review we searched PubMed and Scopus for observational and randomized
studies reporting outcomes of stem cell treatment for anal fistulas. The main outcome measures were successful healing and
adverse effects of stem cell therapy.

Results In total, 43 studies incorporating 1160 patients (53.6% male) were included. Underlying fistula etiologies were
Crohn’s disease (30 studies) and cryptoglandular disease (12 studies). The main origin of stem cells was from adipose tis-
sue (34 studies) or bone marrow (6 studies). The median follow-up duration was 12 months. The combined overall pooled
healing rate was 58.1% (95% confidence interval (CI) 51.5-64.7%). The pooled healing rate for Crohn’s fistulas was 60.4%
(95% CI 54.7-66.2%) with adipose-derived stem cells and 63.6% (95% CI 49.4-77.7%) with bone-marrow-derived cells.
The pooled healing rate for cryptoglandular fistulas was 53.8% (95% CI 35.5-72.2%) with adipose-derived stem cells. The
pooled complication rate was 37.3% (95% CI 27.1-47.5%). Stem cells were associated with higher odds of anal fistula heal-
ing (odds ratio (OR): 1.81, p=0.003) and similar odds of complications (OR: 1, p =0.986) compared with controls.
Conclusions Stem cell treatment of anal fistulas was associated with promising results. The healing rate in Crohn’s anal
fistulas was higher than in cryptoglandular fistulas. Bone-marrow-derived stem cells were associated with marginally better
outcomes than were adipose-derived cells. This finding suggests that the autoimmune inflammatory etiology of Crohn’s
disease may respond better to autologous myoblasts than does the infectious etiology of cryptoglandular fistulas.
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Introduction more complex anal fistulas is more contentious. Complex

anal fistulas (CAF) comprise fistulas involving >30% of

Anal fistulas are among the most common anorectal condi-
tions, with an overall prevalence of 18.37 per 100,000 indi-
viduals [1]. Although fistulotomy is considered the stand-
ard of care for superficial fistulas [2], the management of
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the external anal sphincter, and/or suprasphincteric, extra-
sphincteric, or horseshoe fistulas [3]. In these scenarios,
fistulotomy or fistulectomy may result in a compromise
in continence owing to the division of the anal sphincter
muscles. The main challenge in the treatment of CAF is the
achievement of a fine balance between the need to eradicate
the fistula pathology and associated sepsis, while preserving
the anal sphincter muscles and continence [4]. To address
this objective, several sphincter-preserving procedures have
been described, including the placement of setons, ligation
of intersphincteric fistula tract (LIFT), endorectal advance-
ment flap, laser therapy, and video-assisted anal fistula treat-
ment [5-8].
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Despite the presence of a multitude of sphincter-sparing
procedures for CAF, the efficacy of these procedures is lim-
ited with no panacea. Moreover, some of these “sphincter-
saving” procedures are followed by varying degrees of fecal
incontinence [6, 9]. A novel and extraordinary treatment pro-
posed for CAF, particularly those associated with Crohn’s
disease, is the use of stem cells. A study [10] suggested that
several factors contribute to the pathophysiology of Crohn’s
anal fistulas, including high-pressure zone, dead space, sep-
sis, and by-products of bacterial colonization. The use of
stem cells in CAF was based on the theory that the antiin-
flammatory mechanisms associated with stem cells may help
remove the proinflammatory environment that factors into
fistula persistence [9].

Early studies on the use of adipose-derived stem cells for
the treatment of cryptoglandular and Crohn’s anal fistulas
reported promising results, with fistula healing in 71% of
patients who were treated with stem cells as compared with
16% in the control group. Healing rates were similar among
cryptoglandular or Crohn’s fistulas [11]. A systematic review
[12] found that mesenchymal stem cell therapy conferred
a higher healing rate than the control group with an odd
ratio of 1.95; however, this review only included Crohn’s
associated anal fistulas. We hypothesized that the use of
stem cells may be an effective and safe treatment of anal
fistulas; however, the ultimate efficacy of stem cell therapy
may vary according to the type of anal fistula, the origin
of stem cells, and differences in the application method,
among other factors. Therefore, we conducted the present
systematic review to assess the pooled rates of fistula healing
and adverse events associated with stem cell treatment of
anal fistulas.

Methods
Registration and reporting

This systematic review has been reported in adherence with
the guideline of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA 2020) [13], and
the PRISMA checklist is attached in the Supplementary
File. We prospectively registered the review protocol in the
International Prospective Register of Systematic Reviews
“PROSPERO” (CRD42023478666). The original search was
conducted in October 2023, as per the registered protocol,
and was subsequently updated in December 2024.

Literature search
A systematic literature search was independently undertaken

by two authors (S.E. and P.R.). The authors searched
PubMed and Scopus from the inception of each database
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through December 2024 for published and ahead-of-
publication studies on the efficacy of stem cells in the
treatment of anal fistulas. To maximize the sensitivity of the
search process, the PubMed function “related articles” was
activated, and the references section of the studies retrieved
was screened to look for further eligible articles, using
the snowball search strategy. The clinical trials registry
(clinicaltrials.gov) was searched for ongoing clinical trials
on stem cell treatment of anal fistulas.

Keywords used in the search process included “stem
cells,” “Mesenchymal,” “Adipose-derived,” “Bone marrow,”
“Anal fistula,” “Perianal fistula,” “Anorectal fistula,”
“outcome,” “Healing,” and “Efficacy”. In addition, we used
the following medical subject headings (MeSH) terms:
(Rectal fistula), (Stem cells), and (Healing). The following
syntax combination was used for the literature search:
(Mesenchymal OR Adipose-derived OR Bone marrow)
AND (Stem cell) AND (Anal fistula OR perianal fistula OR
Anorectal fistula) AND (Outcome OR Healing OR Efficacy
OR Failure).

After the exclusion of duplicate reports and conference
abstracts without sufficient information, the remaining
studies were screened by title and abstract, excluding
irrelevant studies, then the full-text versions of the retained
articles were independently reviewed by one of three authors
(J.D., P.R., or A'W.) to check for eligibility. The first author
(S.E.) ultimately reviewed the results of data extraction. The
process of article selection and screening was supervised by
the senior author (S.D.W).

Study selection

Study designs deemed eligible for inclusion were
observational studies (pilot, cohort, and case—control
studies) and randomized clinical trials (RCTs). The
following PICO criteria were used to guide the inclusion
of the studies:

e P (Patients): patients with anal fistulas, whether
cryptoglandular or associated with Crohn’s disease.

e [ (Intervention): stem cell therapy.

e C (Comparator): normal saline, fibrin, other surgical
procedure, placebo, or no comparator.

e O (Outcome): healing and complications.

We excluded animal studies, case reports, case series
including less than five patients, editorials, previous reviews
and meta-analyses, and studies that did not report healing
after stem cell treatment. There were no restrictions imposed
on the language of the studies or follow-up duration. If two
studies included overlapping data, only the most recent
or larger study reporting the outcomes of this review was
selected for inclusion.
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Assessment of study quality and risk of bias

Three authors (J.D., P.R., and A.W.) independently assessed
the risk of bias in the studies using the ROBINS-1 tool [14]
for observational studies and the risk of bias-2 (ROB-2) tool
[15] for RCTs. Conflicts in assessments were resolved by
discussion and mutual agreement. The publication bias was
assessed by visual inspection of a funnel plot of the standard
error of the rates of each outcome against the rates of the
outcome. The absence of publication bias was indicated by
the symmetry of the funnel plot and the presence of 95%
of the studies near the straight vertical line. The certainty
of the evidence of each outcome was graded using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach [16] as very low, low,
moderate, and high.

Data collected

Three authors (J.D., P.R., and A.W.) extracted the following
data points from the studies into an Excel sheet template:

e Authors, country, and design of the study.

e Number and demographics of patients treated with stem
cells, including age, sex, body mass index (BMI), and
smoking status.

e Fistula-related data, including type and origin of anal
fistula, duration of disease, previous fistula treatments,
and rectal involvement by Crohn’s disease.

¢ Stem cell treatment: type, origin, and dose of stem cells,
method of application, and any adjunct methods used.

e Healing rate.

e Number and type of complications of stem cell therapy.

e Follow-up duration.

Outcome measures

The primary outcome was the efficacy of stem cell therapy,
assessed by healing at the end of follow-up. Healing was
defined as the clinical complete healing of anal fistulas with
the absence of discharge and epithelization of the external
opening. The secondary outcomes included complications
and adverse events after stem cell treatment.

Statistical analysis

The open-source, cross-platform software for advanced
meta-analysis “openMeta [Analyst]™” version 12.11.14.
was used to conduct proportional meta-analyses. The
weighted pooled rates of healing and complications along
with their corresponding 95% confidence intervals (CI) were
calculated using the DerSimonian and Laird random-effect
model. Heterogeneity was assessed using the inconsistency

(1) statistics (low if I* < 25%, moderate if I*=25-75%, and
high if 7 >75%). A random-effects pair-wise meta-analysis
was conducted, including only RCTs to estimate the odds
ratio (OR) of healing and complications in the stem cell
group compared with the control group. A random-effect
meta-regression analysis was undertaken to determine the
factors significantly associated with the healing of anal
fistulas. The results of meta-regression were reported
as slope coefficient (SE) and p value. Owing to the low
statistical power of meta-regression analyses, a p value <0.1
was considered statistically significant.

Results
Characteristics of patients and studies

After screening the records of 189 studies, 43 studies
[17-59] were included in this meta-analysis (Fig. 1). The
studies were published between 2011 and 2024 and con-
ducted in Europe (n=23), Asia (n=11), the USA (n=5),
Mexico (n=1), and Australia (n=1). Two studies were
international multicentric. In addition, 10 studies were
RCTs, and 33 were observational cohort or pilot studies.
The studies included 1160 patients (53.6% male)
with a median age of 37.6 (range 24.4-50.4) years and a
median BMI of 24.9 (range 21.7-32) kg/m?. Previous
fistula treatment was administered to 833 (71.8%) patients.
Anal fistulas were associated with Crohn’s disease in 30
studies and were cryptoglandular in 12 studies, whereas
1 study included both types of anal fistulas. The median
duration of the disease was 91.8 (range 10.3-228) months.
The characteristics of the studies are shown in Table 1.
Searching the clinical trial registry revealed nine ongoing
trials (NCT05974280, NCT00115466, NCT04750499,
NCT05177003, NCTO05039411, NCT05075811,
NCT05402748, NCT04519684, and NCT05709717).

Stem cell therapy

Mesenchymal stem cells were used in 29 studies, whereas
the remaining studies used adipose-derived stem cells (6
studies), stromal vascular fraction (3 studies), freshly
collected autologous adipose tissue (4 studies), or epithelial
cells (1 study). The source of stem cells was from the
adipose tissue (34 studies) followed by bone marrow (6
studies), placenta/amniotic membrane (2 studies), and the
umbilical cord (1 study). Autologous stem cells were used
in 24 studies and allogenic stem cells in 19 studies. Most
studies injected stem cells around the internal opening and
along the fistula tract, whereas some studies injected stem
cells in fibrin through the fistula tract and others used a stem-
cells-coated plug. Closure of the internal fistula orifice was
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undertaken in 34 studies. A summary of the technical details
of stem cell application in the studies is presented in Table 2.

Efficacy

The median follow-up duration was 12 (range, 3-66) months.
Complete healing of anal fistulas was achieved at the end of
follow-up in 663 (57.1%) patients. The pooled healing rate
was 58.1% (95% CI 51.5-64.7%) with a significant statistical
heterogeneity (I =83.2%) (Fig. 2). Healing was defined on
the basis of clinical and radiologic examination by magnetic
resonance imaging (MRI) in 24 studies, whereas 19 studies
used a clinical definition of healing. The detailed definition
of complete healing of anal fistulas reported in the studies
is shown in Appendix Table 1.

Sensitivity analyses

A leave-one-out meta-analysis showed that the exclusion of
each study did not reveal a large study effect as the original
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effect estimate did not change by > 10% when each study was
omitted from the pooled analysis (Fig. 3).

Analysis of eight studies that included patients with a
mean BMI > 25 kg/m? revealed a pooled healing rate of
62.5% (95% CI 42.6-82.5%). Studies that included only
patients with Crohn’s fistulas (n =30) had a pooled healing
rate of 60.9% (95% CI 55.8-66%) compared with 53.9%
(95% CI 36.5-71.3%) for the studies that only included
cryptoglandular fistulas (n=12). Adipose tissue-derived
stem cells (34 studies) yielded a pooled healing rate of 57.6%
(95% CI 50-65.2) compared with 63.6% (95% CI1 49.4-77.7)
for bone marrow-derived stem cells (6 studies) and 47.5%
(95% CI 26.4-68.6) for amniotic membrane/placenta-
derived stem cells (2 studies). Autologous stem cells (24
studies) conferred a pooled healing rate of 58.4% (95% CI
48.3-68.5%) compared with 57.7% (95% CI 51.4-64%) for
allogeneic stem cells (19 studies).

Closure of the internal fistula orifice was performed in
32 studies and was associated with a pooled healing rate
of 57.1% (95% CI 49.3-64.9%). Studies with a follow-
up of > 12 months (n=24) had a pooled healing rate of
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Table 1 Characteristics of the studies included
Study Country Design Control group Number Male Age Previous Type of anal Follow-up
treatment fistula (months)
Guillaumes et al., Spain Prospective None 9 6 42 9 Cryptoglandular 18
2024 cohort
Pronk et al., 2024 The Netherlands Retrospective None 30 15 345 30 Crohn’s disease ~ 16.5
cohort
Swaroop et al., India Phase I/II clinical None 10 8 274 5 Crohn’s disease 26
2024 trial
Herreros et al., Spain Observational None 73 36 425 66 Crohn’s disease 6
2024 retrospective
cohort,
multicenter
Park et al. 2024 South Korea Observational Anti-TNF 65 29 26 65 Crohn’s disease ~ 65.9
retrospective
Lightner et al., USA Phase IB/IIA Placebo 15 NR 383 15 Crohn’s disease 12
2024 RCT
White et al., 2024  Israel Prospective None 33 14 351 11 Crohn’s disease 14
multicentric
Keung et al., 2023 Australia Phase I trial None 10 3 37 7 Crohn’s disease 13
Fathallah et al., France Retrospective, None 43 22 37 43 Crohn’s disease 12.7
2023 multicenter
Wei et al., 2023 China Prospective None 10 8 343 17 Crohn’s disease 6
single-arm pilot
Dawoud et al., Austria Prospective None 14 3 32 14 Crohn’s disease 23
2023 multicenter
cohort
Arkenbosch et al., The Netherlands Prospective pilot  None 25 11 35 25 Crohn’s disease 12
2023
Dalby et al., 2023 Denmark Prospective None 77 28 469 23 Cryptoglandular 6
cohort
Reenaers et al., Belgium Prospective None 16 8 49 3 Crohn’s disease 12
2023 monocentric
cohort
Pak et al., 2023 Iran Phase I trial None 11 8 4327 11 Cryptoglandular 6
Lightner et al., USA Phase IB/ITA Normal saline (5) 18 7 34 18 Crohn’s disease 6
2023 RCT
Dozois et al., USA Phase I trial None 20 8 36 20 Crohn’s disease 12
2023
Furukawa et al.,  Japan Phase III single-  None 22 14 364 NR Crohn’s disease 13
2023 arm trial
Guillo et al., 2022 France Single-arm phase None 10 6 373 10 Crohn’s disease 36
I trial
Garcia-Olmo Multicenter Phase 3 double-  Normal saline 25 14 38.6 21 Crohn’s disease 26
et al., 2022 blind RCT (15)
Sgrensen et al., Denmark Prospective None 12 3 33 9 Crohn’s disease 12
2022 single-center
pilot
Tencerova et al.,  Denmark Prospective None 27 9 45 9 Cryptoglandular 6
2021 cohort
Schwandner et al., Germany Retrospective None 12 6 425 12 Crohn’s disease 14.3
2021 cohort
Cabalzar- Switzerland Prospective case ~ None 11 8 383 11 Crohn’s disease 10.4
Wondberg et al., series
2021
Ascanelli et al., Italy RCT No intervention 58 37 50.41 24 Cryptoglandular 6

2021

(58)
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Table 1 (continued)
Study Country Design Control group Number Male Age Previous Type of anal Follow-up
treatment fistula (months)
Maciel Gutiérrez ~ Mexico Phase I trial None 20 13 39.6 NR Cryptoglandular 6
etal., 2021
Zhang et al., 2020 China Prospective case— Advancement flap 11 10 3577 NR Cryptoglandular 3
control (13)
Laureti et al., Italy Prospective pilot  None 15 7 40.1 15 Crohn’s disease 6
2020
Zhou et al., 2020 China Open label RCT  Incision-thread- 11 11 24.4 NR Crohn’s disease 12
drawing
procedure (11)
Garcia-Arranz Spain Multicenter Fibrin glue (21) 23 16 50.1 NR Cryptoglandular 24
et al., 2020 single-blind
RCT
Barnhoorn et al., The Netherlands Placebo Placebo (6) 13 8 43 NR Crohn’s disease 48
2020 controlled RCT
Topal et al., 2019  Turkey Prospective None 10 8 47 5 Cryptoglandular 9
cohort
Dige et al., 2019  Denmark Prospective single None 21 6 NR 21 Crohn’s disease 6
arm
Dozois et al., USA Phase 1 None 15 7 39.8 12 Cryptoglandular 6
2019 prospective trial
Panes et al., 2018  Multicenter Phase III, double- Placebo (105) 107 60 39 107 Crohn’s disease 13
blind RCT
Choi et al., 2017  Korea Multicenter phase None 15 15 379 12 Cryptoglandular 6
11 trial
Dietz et al., 2017 USA Phase I trial None 12 6 32 12 Crohn’s disease 6
Cho et al., 2015 Korea Multicenter phase None 41 28 262 26 Crohn’s disease 24
1I trial
Park et al. 2015 Korea Prospective pilot  None 6 4 322 4 Crohn’s disease 8
Guadalajara et al., Spain Phase II, Fibrin (25) 24 10 426 17 Crohn’s 38
2012 multicenter disease and
RCT cryptoglandular
de la Portilla Spain Multicenter, None 24 11 36 NR Crohn’s disease 6
etal., 2012 Phase I/1Ia trial
Herreros et al., Spain Phase 111 Fibrin and saline 124 83 485 112 Cryptoglandular 6
2012 multicenter 59)
RCT
Ciccocioppo Italy Prospective None 12 8 32 12 Crohn’s disease 12
etal., 2011 cohort

NR not reported, RTC randomized control trial

58.4% (95% CI 52.9-63.9%) compared with 58% (95%
CI 45.6-70.4%) for studies with follow-up < 12 months
(19 studies). Studies that used both clinical and radiologic
definitions of healing (n=24) had a pooled healing rate of
56.5% (95% C1 50.1-62.9%) compared with 59.6% (95% CI
48.7-70.4%) for the studies that used only a clinical defini-
tion of healing (n=19). Table 3 summarizes the main sen-
sitivity analyses of pooled healing after stem cell therapy.
Figure 4 illustrates the pooled healing rates in subgroups
of patients according to the fistula type and source of stem
cells. The pooled healing rate for Crohn’s fistulas was 60.4%
(95% CI 54.7-66.2%) with adipose-derived stem cells (22
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studies, 632 patients) and 63.6% (95% CI 49.4-77.7%) with
bone-marrow-derived cells (6 studies, 84 patients). The
pooled healing rate for cryptoglandular fistulas was 53.8%
(95% CI 35.5-72.2%) with adipose-derived stem cells (11
studies, 389 patients).

Meta-regression analyses showed that smoking (standard
error (SE)=-0.011, p <0.001) and rectal involvement by
Crohn’s disease (SE=0.008, p=0.054) were significantly
associated with poorer healing after stem cell injection. Non-
significant factors included sex (SE=-0.001, p =0.766),
age (SE=-0.002, p=0.657), BMI (SE=0.002, p=0.889),
previous fistula treatment (SE=-0.001, p=0.524), type



100

Page 7 of 18

(2025) 29:100

Techniques in Coloproctology

OI 24} JE [[em [£)091 oY)

S[[99 0) paInmns sem XTILVIA
SUON (0T X (0T SUIUIEIUOD W $7 -DSIA U3 JO YSIp 9Y], snoJojoiny anssy asodipy [eWAYOUISIIA €202 “Te 19 s10zog
O] 2y} 1opun
XIALVIN ~ paoofut pary) auo pue Joen
Imso[d O -DSIA U1 Jo saqn) 9 Ay Suofe pajodful spIy) om],  OIUAZO[[Y MOLIeW dUOg [RWAYOUSIN €20C “Te 19 Jowmy3r]
APfeom
T 9OLIO [BUIdIUI Q) Jedu
QUON G’/ UI UOI[[TW G/ SISOp g— 30o'N) e[Sy oy Juofe pajoslu]  oruado[y ejuade[d uewny [RWAYOUISIIA] €20T “Te 1@ Yed
Ol 2y} punoie
QuON uysr og Jey 9oen oy) Suofe Jjey snoSojony MOLIeW dUOg [RWAYOUSIIN €20T ‘T8 19 SIoRURY
1oR1) 10BN B[MISY
B[MISY 9Y) SureInd QInso[d O SOSIN ;0T X ¢ 2y Suofe pue O] Y punory  snosofomy anssn asodipy onssn asodipe snoSojoiny €20T “Te 19 Aqreq
1oen
B[Sy ay) Suofe [[em e[msy
oy Jo syueipenb (e ojur
nsod O +d¥d VN pue O 9y} punoie pajodfuy sno3ojony anssn asodipy uornoelj JB[NISLA [BWONS €202 “T® 19 yosoquadITy
Ol 2y} punore
2Inso[d O AAS TW | Jiey 9oen oy uofe JjeH  O1ua3o[[y anssn asodipy [BWAYIUISIIA €20T e 19 pnomeq
Jw g ut popuadsns Ol 2y} punoie
amso[d O S[[99 WIAJS UOI[IUW () | Jrey 9oen oy) Suofe Jley ooy pIod [edIIquIn) [RWAYOUSIN €707 “Te 19 Top
joer) e[Sy
2Inso[d O S[[99 UOI[Iw )z 9y} Suofe pue O] AY) punory  JIUd0[[Y anssy asodipy [eWAYOUISIIN €20T T8 19 ye[reyie
Joen) joen) B[MISY
B[MISY 93 SunjaInd aInsod O [w G Jod S[[99 UOI[IW Oy  dY} SUO[R pue O] dYI PUNOIY  OJIUASO[[Y QUBIqUIAW dNOTUIY ereyndg €20T I8 10 Sunay|
1oR1) 1081 B[MISY
B[MISY 9Y) SurpeInd @Inso[o Of S[[90 uoIIw Oz oY) Suofe pue O] 9Y) punory  JUAO[Y onssy asodipy [eWAYOUISIIN 20T T8 10 9IYM
joeI) joen e[Sy
e[MISY ) FunjaINd ‘9Insod O S[[90 UOI[[IW G/ “TW ¢'/ 9y} Juofe pue O] oYy} punory  Ju3o[y MOIIBW Quoyg [BWAYOUSIA $2027 T8 30 1ouy3ry
1oRn) joen) B[MISY
B[MISY Ay} SunjeInd ‘aImsod Of wo 1od S[[90 ,01 X9 Ay} SUO[E pue O] oY) pUNOIy  SNOZo[oINy anssn asodipy anssn asodipe snoSojoiny $70T T8 10 Jed
1oR1) 10BN B[MISY
B[MISY ) SurpeInd QInso[o Of S[[90 uoI[Iw Oz] oY) Suofe pue O] oY) punory  JIUAO[Y anssy asodipy [eWAYOUISIIA $20T ‘T8 10 SOILIOYH
joeI) joe e[Sy
e[MSY 9Y) 3unjaInd ‘9Inso[d O TW/S[[90 40T XS “TW GT 3y} SUO[E pue O] Y} pUNOIy  OIUSSO[[Y MOIIRW duoyg [RWAYOUISIIA] $207 e 30 dooremsg
1oRn) joen B[Sy
B[MISY Ay} SunjeInd ‘aInsod Of Tw g 9y} Suofe pue Q] Y} punoly  OIUAZO[[Y anssy asodipy [RWAYIUSIN $20T T8 12 Juoid
1081) dey
B[MISY 9Y) SureInd @Inso[o Of W GI—Q]  [esoonw pue O] 9y} punoly sno3ojoiny anssn asodipy anssn asodipe sno3ojony +20¢ “'Te 30 sowne[[Inn
syounlpy asoq uornjeoridde jo poyleN 901mos ursQ adAy, Apmgs

se[nisy [eue Jo Adeioy) [[90 wals Jo s10adse [eoruyd9], g d|qeL

pringer

As



(2025) 29:100

Techniques in Coloproctology

Page 8 of 18

100

KJos1oAsuen) JoBI) OU) pUNOIL
N0 sem 1081} B[MISY YL, S[[99 109XD UOI[[IW OZ ] pue O 9y} punore pajoafu] snoSojoiny anssn esodipy anssn asodipe snoSojoiny 6107 “Te 10 331q
[Tem joe1) R[MISY
amso[d O VN 9y} opIsul pue O 9y} punory snogojony onssy osodIpy  S[[20 WIS paALIdp-asodipy 6102 “Te 12 [edo],
Ol 2y punore
Jrey “joen oy Suoe [rem oy
QUON T $01-81 ur pajoafur asop oy} Jo jiey  Otuaso[y MOLIRW duoyg [eWAYOUISIIA 0202 'Te 30 uooyureg
Suruado [euIoxe
U ySnoxy grey pue Of
[090301d A19310g JW (] punore paydafur asop jo jjey sno3ojony anss1 asodipy [EWAYOUSIIA 0202 “'Te 39 ZueIIy-eroren
[Tem e[msy
mso[d O L01X610°,01X¢ 01X oy} punore pue O Ay oju] snoJojony onssn osodIpy  S[[99 WS PAALIdP-3sodIpy 0202 “Te 12 noyz
10e1) B[MISY SUo[e anssn
Kwoyoa[misy ayIj-ouo)  uriqy snjd sHSV UOIIW (0] pue O 9y} punore pajoafu] snoSojoiny ansst asodipy asodipe pejuswSeIjoIoT 0202 “'Te 1 nome |
Suruado [euIa)Xa o)
ySnoiy) pasnjur uay) joern
amso[d OF pue Of WS99 501 X S pue O 9y} punore pajoafu] snoSojoiny onssn osodIpy  S[[9 WS PAALIdP-3sodIpy 0202 “Te 10 Sueyz
Joen
Y} opIsUI pajoafur +3oern
9y} JO [[em 9y} OJul pue
aImso[d O 207 OI 2y punore pajoafuy  oruado[y anssn asodipy [RWAYOUSIIN  [Z0T B 10 ZoLINND) [AI0RIA
punom [euerrad oy
IIVVA opIsur Jo joen oy} Suore 90
‘dep ‘Awoyoenisy ‘ammso[d O TW/S[[9 40T XS T ‘Ol 9y punore pjodfur oo 4 snogojony onssy asodIpy  S[[90 WA)S paaLIdp-asodipy 120T “Te 19 I[[ouedSy
OI ay} punore 120¢
Imnso[d O SOSV 401 X0t Jrey 9oen oy) Suofe Jley ooy anssn asodipy [RWAYOUSIN “Te 12 S1oqpuop-Tez[eqe)
Ol 2y punore
Imsod Of Tw 9] Jrey 9oen oy) Suore Jjey  oruaSoqy ansst asodipy [eWAYOUaSIIN 120T “Te 10 Ioupuemyds
joe1) R[ISY
amsod Of S[[90 W) UOI[[IW )]  9Y) OJul pue punole pajodfu] snoSojony anssn esodipy [eWAYOUISIA] 120T “'Te 39 BAOIOOUQ],
joeq B[MISY JOo YISu9[
amso[d O VN QImuo 2y) punodle pajodfu]  snoojony anssn asodipy UONOBIJ JR[NOSEA [BWONS 20T “'Te 12 U2SUdIBS
amso[d O TW 0S—0€ Ol 2y punore pajaafu]  snoSojoiny anssn asodipy [RWAYOUSIIN 20T “'Te 12 ow[-RIdIRD)
sanssn
S[1e2 Surpunoxnms pue e[msy
amso[d O s0TX0TT “TW/S[[9 0T XS Y3 JO [[eam Sy 0ul pajosfu]  snoFojoiny anssn esodipy UoIjoRIJ JB[NOSEA [BWONS 20T “Te 19 o[[InD
Ol 9y Teau jjey
amso[d O S[[0 4,01 X§'TC  “Ioex 3y} Suofe pajosfur jrey  OtusSo[y anssn asodipy [RWAYOUSIIN €20T “Te 10 emeynINg
syounlpy asoq uornyeoridde Jo poyleN 901mos urstiQ adAy, Apmgs

(ponunuoo) zsjqey

pringer

AQs



100

Page 9 of 18

(2025) 29:100

Techniques in Coloproctology

S[[99 WS J[NPE DSV JUSWIBI} B[NISY [BUB PAISISSB-03PIA [ VYA “S[[90 WA)S [BWAYIUISIW DS A “‘UONORIJ JB[NOSEA [BWIONS JAS ‘d[qe[IeAe jou yA ‘Suruado rewrojur of ‘Suruado [euraixe 07

QUON

on[3 urIqy pue aInso[ O

Inso[d O

an|3 uLIqy pue AINSo[d O

an|3 uLIqy pue AINSo[d O

an[3 uLqy pue aInso[d O

QUON

oniS urqy pue 2Inso[d O

Imsopd Of

3nid
a1 jo deo oy Aq patess O

Tw 4 ur popuadsns
S[[93 Wa)s uotiu O [

S[[2 uolIwu O [

SYoaM  AI9AQ S[[D 4,01 X0T

on3 urqy snid sV
,01X¢ ‘ dnoig sHSY
uorqrur 01 X ¢ ‘1 dnoxp

3S0p PU0IIS S[[3D 0] X T
‘9S0P ISIY S[[30 ,01 X T

SOSV ,01 X ¢ snid an|3 uriqig
(dnois pug) [uys[d 01 X €
‘(dnoi3 3s1y) Tui/s[[ed ,01 X [

yI3u9[

JoRwnuad 1ad S[[0 O] X €

gnyd 1ad s[[a0 4O X 0T

TW/SIE9 0T X1

Syoe1} 9y JO [[em oy}
pue udwn| 9y} our payofuy
joeI) OU) UI ULIQY
Jo uono3[ur noyIIm Jo M
joe1) JO S[[eM 0) Jey pue
01 9y} punore pajoafur JeH
S[Tem o€} Y} UT Jey
pue s)oexn suejouIydsIoul
aup ur paydafur Jiey
Tem
19BN 3y} Ut jjey pue Of 2y}
Teau joex) oLLjduIydsIouI
o ur pardafur Jiey
an[3 uriqy
pue SOSV JO QIMXIW B YIIM
PAIIY Yorn B[MISY Uy} ‘Ol
a1} Jo esoonwiqns 0} pajoaluy
on[3 uLqy pue sHSV
JO QIMIXTW © YIIM PI[[J Sem
1oen B[MISY uado {[rem joen
B[MISY 9y} UI pue O] punore
Bsoonwqns ay) ojul pajoafug

3nid XTILVIN-DSIN
uonoafur an[3 uLqy +1oen
oy} Jo opisul pue Of 2y}
punoire 19e[ [esoonwqns
Q) ojut A[uaA? pajoaluy
S[rem
e[msy oy ojur Suruado
[eUIIX? 2y} y3no1y) Jrey
pue O 01 paroafur jieH
Suruado [euIIx
o3 ySnoIyy O oY) woy
joen oy y3noay) passed
sem Snid XTILVIN-OSIN

sno3ojony

sno3ojony

oruagoqy

sno3oony

oTuagoqy

sno3ojony

sno3ojony

sno3ojony

OIuA30[ Y

snogojony

MOLIEW dUOG

anss1 asodipy

anss1 asodipy

anss1 asodipy

anss1 asodipy

anss1 asodipy

anss1 asodipy

anssn asodipy

anssn asodipy

anss1 asodipy

[RWAYOUISIIA]

[RWAYOUISIIA]

[EWAYOUSIA

[EWAYOUSIN

[EWAYOUSIA

[RWAYOUISIIA]

[EWAYOUISIIN

S[[0 WS paALIop-asodipy

[EWAYOUISIIN

[EWAYOUISIIN

110C “Te 30 0ddo100001)

T10T T8 19 SOIRIIDH

Z10T T8 19 BI[NI0 ® 9p

10 “Te 30 ereferepeno

S10T 'Te 32 JIed

S10T “Te @ 0y

L10T “Te W ZRIq

L10T “Te W 1oy

810C “Te 10 saurq

610 “Te 10 stozog

syounlpy

asoq

uornjeoridde jo poyleN

90IN0S

urstiQ

adAy,

Apmgs

(ponunuoo) zsjqey

pringer

As



100 Page 10 0f 18 Techniques in Coloproctology (2025) 29:100
Studies Healing 95%C.l. Event/total :
Guillaumes et al, 2024 0.667 (0.359, 0.975)  6/9 .
Pronk et al, 2024 0.600 (0.425, 0.775) 18/30 ‘.
Swaroop et al, 2024 0.300 (0.016, 0.584) 3/10 -
Herreros et al, 2024 0.562 (0.448, 0.675) 41/73 —a—
Park et al 2024 0.769 (0.667, 0.872) 50/65 ' — .
Lightner et al, 2024 0.667 (0.428, 0.905) 10/15 -
White et al, 2024 0.606 (0.439, 0.773) 20/33 =
Keung et al, 2023 0.400 (0.096, 0.704)  4/10 - ;
Fathallah et al, 2023 0.512 (0.362, 0.661) 22/43 -
Wei et al, 2023 0.700 (0.416, 0.984)  7/10 : -
Davioud et al, 2023 0.571 (0.312, 0.831)  8/14 -
Arkenbosch et al, 2023 0.400 (0.208, 0.592) 10/25 a :
Dalby et al, 2023 0.506 (0.395, 0.618) 39777 -
Reenaers et al, 2023 0.688 (0.460, 0.915) 11/16 =
Pak et al, 2023 0.545 (0.251, 0.840) 6/11 -
Lightner et al, 2023 0.833 (0.661, 1.000) 15/18 -
Dozois et al, 2023 0.650 (0.441, 0.859) 13720 m
Furukawa et al, 2023 0.682 (0.487, 0.876) 15/22 T =
Guillo et al, 2022 0.700 (0.416, 0.984)  7/10 -
Garcia-Olmo et al, 2022 0.560 (0.365, 0.755) 14/25 [ B
Scrensen et al, 2022 0.750 (0.505, 0.995) 9/12 -
Tencerova et al, 2021 0.519 (0.330, 0.707) 14727 [
Schwandner et al, 2021 0.667 (0.400, 0.933) 8/12 : »
Cabalzar-Wondberg et al, 2021 0.727 (0.464, 0.990) 8/11 -
Ascanelli et al, 2021 0.948 (0.891, 1.000) 55/58 : —
Maciel Gutiérrez et al, 2021 0.650 (0.441, 0.859) 13/20 ——=
Zhang et al, 2020 0.545 (0.251, 0.840) 6/11 [ B
Laureti et al, 2020 0.667 (0.428, 0.905) 10/15 ; =
Zhou et al, 2020 0.636 (0.352, 0.921) 7/11 —.
Garcia-Arranz et al, 2020 0.435 (0.232, 0.637) 10723 = :
Bamhoorn et al, 2020 0.615 (0.351, 0.880)  8/13 —u
Topal et al, 2019 0.700 (0.416, 0.984) 7/10 : -
Dige et al, 2019 0.571 (0.360, 0.783) 12/21 =
Dozois et al, 2019 0.200 (0.000, 0.402)  3/15 = '
Panes et al, 2018 0.542 (0.448, 0.636) 58/107 —
Choi et al, 2017 0.333 (0.095, 0.572)  5/15 = :
Dietz et al, 2017 0.833 (0.622, 1.000) 10/12 ' =
Cho et al, 2015 0.659 (0.513, 0.804) 27/41 —
Park et al 2015 0.500 (0.100, 0.900) 3/6 -
Guadalajara et al, 2012 0.292 (0.110, 0.474) 7/24 - '
de la Portilla et al, 2012 0.250 (0.077, 0.423) 6/24 ]
Herreros et al, 2012 0.411 (0.325, 0.498) 51/124 —B— :
Ciccocioppo et al, 2011 0.583 (0.304, 0.862) /12 l
Overall (142=83.23 % , P< 0.001) 0.581 (0.515, 0.647) 663/1160 _
T T T T 1
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Fig. 2 Pooled rate of healing after stem cell treatment of anal fistulas

of anal fistula (SE=-0.064, p=0.271), disease duration
(SE=0.0001, p=0.489), stem cell origin (SE=0.001,
p=0.984), follow-up duration (SE=0.001, p=0.683), and
complications (SE: —0.001, p=0.416).

Safety

Complications were recorded in 460 patients with a pooled
complication rate of 37.3% (95% CI 27.1-47.5%, I’ =95%)

@ Springer

(Fig. 5). The pooled rate of abscess was 11.6% (95% CI
8.3-14.9%), and anal pain was 22% (13.2-30.9%). The out-
comes of stem cell therapy are detailed in Table 4.

Pairwise meta-analysis of RCTs

Meta-analysis of eight RCTs that included saline or pla-
cebo as a control showed that the use of stem cells was
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Fig.3 Leave-one-out meta-analysis of healing after stem cell treatment of anal fistulas

associated with higher odds of healing of anal fistulas
(OR: 1.81,95% CI 1.23; 2.67, p=0.003) and similar odds
of complications (OR: 1, 95% CI 0.70; 1.43, p=0.986)

compared with the control group (Fig. 6).

Risk of bias and grade of certainty
According to the ROBINS-1 and RoB-2 tools, 23 studies

had a moderate risk of bias, 18 had a high or critical risk of
bias, and 2 had a low risk of bias (Appendix Tables 2 and

@ Springer
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Table 3 Pooled healing rates in different subgroups

Group Number Pooled 95%

of healing  confidence

studies (%) interval
Overall 43 58.1 51.5-64.7
Increased body mass index 8 62.5 42.6-82.5
Crohn’s fistulas 30 60.9 55.8-66
Cryptoglandular fistulas 12 539 36.5-71.3
Adipose tissue-derived 34 57.6 50-65.2
Bone marrow-derived 6 63.6 49.4-77.7
Amniotic membrane/placenta- 2 47.5 26.4-68.6

derived

Autologous stem cells 24 58.4 48.3-68.5
Allogenic stem cells 19 57.7 51.4-64
Follow-up > 12 months 24 58.4 52.9-63.9
Follow-up < 12 months 19 58 45.6-70.4

3; Supplementary Fig. 1). There was no significant publi-
cation bias in reporting the main outcomes of the studies
(Supplementary Fig. 2). Assessment of certainty of evi-
dence from observational nonrandomized studies showed a
very low certainty for healing and complications, whereas
assessment of evidence from randomized trials showed a
moderate certainty for both outcomes (Appendix Table 4).

There were conflicts of interest reported by the authors
of 25 studies. In 15 studies, the authors declared that they
had no did not have any conflicts of interest to disclose,
while in 3 studies no disclosures were reported (Appendix
Table 5).

Patients with fistula

Discussion

Treatment of perianal fistulas with stem cells conferred
a pooled healing rate of approximately 58%. The pooled
healing rate after stem cell therapy was higher in Crohn’s
disease-associated fistulas than in cryptoglandular fistulas
and when the source of stem cells was the bone marrow
compared with adipose tissues. Analysis of randomized
controlled trials affirmed the efficacy of stem cells as
they increased the odds of healing by approximately 80%
compared with saline or placebo without increasing the
likelihood of complications.

Although 43 studies were included in this systematic
review, the total number of patients was approximately
1000, highlighting the small number of patients included
in each study, which is expected given the experimental
nature of stem cell therapy. Most studies included fistulas
secondary to Crohn’s disease since perianal Crohn’s poses
a special challenge owing to the poor outcomes conferred
by traditional treatments [60].

The technique of stem cell therapy showed significant
variations among the studies. While most studies used
adipose-derived stem cells, a few studies used stromal
vascular fraction or freshly collected adipose tissue.
The stromal vascular fraction entails different cell types,
including adipose-derived stem cells, progenitor cells,
white blood cells, macrophages, and other stromal cells.
Since it contains adipose-derived stem cells, the stromal
vascular fraction has similar immunomodulatory and
wound-healing capacities [61, 62]. While most studies

Crohn Cryptoglandular
Adipose Bone Marrow Adipose Bone Marrow
égzstucit[est 6 studies 11 studies
patients 84 patients 389 patients i
Healing: 60.4% Healing: 63.6% Healing: 53 8% No studies
(54.7-66.2) (49.4-77.7) (35.5-72.2)

Fig.4 Pooled healing rates after stem cell treatment of anal fistulas in different subgroups
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Studies Complications 95%C.l. Eventitotal
Guillaumes et al, 2024 0.222 (0.000, 0.494) 2/9
Pronk et al, 2024 0.233 (0.082, 0.385) 7/30
Swearoop et al, 2024 0.400 (0.096, 0.704) 4/10
Herreros et al, 2024 0.164 (0.079, 0.249) 12/73
Lightner et al, 2024 0.200 (0.000, 0.402) 3/15
Keung et al, 2023 0.900 (0.714, 1.000) 9/10
Fathallah et al, 2023 0.349 (0.206, 0.491) 15/43
Wei et al, 2023 0.300 (0.016, 0.584) 3/10
Davioud et al, 2023 0.033 (0.000, 0.124) 0/14
Arkenbosch et al, 2023 0.120 (0.000, 0.247) 3/25
Dalby et al, 2023 0.260 (0.162, 0.358) 20/77
Reenaers et al, 2023 0.312 (0.085, 0.540) 5/16
Pak et al, 2023 0.042 (0.000, 0.155) 0/11
Lightner et al, 2023 0.833 (0.661, 1.000) 15/18
Dozois et al, 2023 0.400 (0.185, 0.615) 8/20
Furukawa et al, 2023 0.091 (0.000, 0.211) 2/22
Guillo et al, 2022 0.800 (0.552, 1.000) 8/10
Garcia-Olmo et al, 2022 0.120 (0.000, 0.247) 3/25
Sorensen et al, 2022 0.038 (0.000, 0.143) 0/12
Tencerova et al, 2021 0.074 (0.000, 0.173) 2/27
Schwrandner et al, 2021 0.333 (0.067, 0.600) 4/12
Cabalzar-Wondberg et al, 2021  0.455 (0.160, 0.749) 5/11
Ascanelli et al, 2021 0.397 (0.271, 0.522) 23/58
Maciel Gutiémrez et al, 2021 0.150 (0.000, 0.306) 3/20
Zhang et al, 2020 0.273 (0.010, 0.536) 3/11
Laureti et al, 2020 0.200 (0.000, 0.402) 3/15
Zhou et al, 2020 0.636 (0.352, 0.921) 7/11
Garcia-Arranz et al, 2020 0.304 (0.116, 0.492) 7/23
Bamhoorn et al, 2020 0.769 (0.540, 0.998) 10/13
Topal et al, 2019 0.400 (0.096, 0.704) 4/10
Dige et al, 2019 0.381 (0.173, 0.589) 8/21
Dozois et al, 2019 0.333 (0.095, 0.572) 5/15
Panes et al, 2018 0.738 (0.655, 0.822) 79/107
Choi et al, 2017 0.600 (0.352, 0.848) a/18
Dietz et al, 2017 0.583 (0.304, 0.862) 7/12
Cho et al, 2015 0.732 (0.596, 0.867) 30/41
Guadalajara et al, 2012 0.458 (0.259, 0.658) 11724
de la Portilla et al, 2012 0.542 (0.342, 0.741) 13/24
Herreros et al, 2012 0.871 (0.812, 0.930) 1087124
Ciccocioppo et al, 2011 0.038 (0.000, 0.143) 0/12

Overall (142=94.92 % , P< 0.001) 0.373 (0.271, 0.475) 460/1056
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Fig. 5 Pooled rate of complications after stem cell treatment of anal fistulas

used stem cells derived from the adipose tissue, six
studies used bone marrow as the source of stem cells,
which reflects the fact that the isolation of stem cells from
the adipose tissue can be easier, safer, and affordable
compared with isolation from the bone marrow [63].

The observed methodologic heterogeneity was associ-
ated with considerable statistical heterogeneity. To mitigate
such heterogeneity, we performed several sensitivity analy-
ses. Stem cell therapy conferred better healing in Crohn’s
fistulas than in cryptoglandular fistulas. Stem cells maintain
a local antiinflammatory environment through the secretion
of some antiinflammatory molecules and, thus, stimulate

the repair of damaged tissues and induce healing of fistulas
[64]. Previous research confirmed that stem cells may relieve
mucosal inflammation in irritable bowel disease (IBD) with
mechanisms that include immunomodulation and coloniza-
tion repair [65]. While this mechanism may be valid with
Crohn’s fistulas, the efficacy of stem cells may be lower in
cryptoglandular fistulas with inadequately drained sepsis
that may hinder the action of stem cells. A previous meta-
analysis [66] also reported a lower rate of healing in cryptog-
landular fistulas as compared with Crohn’s fistulas (49.5%
versus 53.9%). Therefore, it is advised when treating cryp-
toglandular fistulas with stem cell therapy to ensure adequate

@ Springer
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Table 4 Outcomes of stem cell treatment of anal fistulas

Study Healing Complications Types of complications

Guillaumes et al., 2024 6 Deterioration of continence (1), bleeding (1)

Pronk et al., 2024 18 Wound necrosis (1), abscess (6)

Swaroop et al., 2024 3 Spinal headache (2), ecchymosis (1), abscess (1)

Herreros et al., 2024 41 12 Abscess (9), cellulitis (1), bleeding (1)

Park et al. 2024 50 NR NR

Lightner et al., 2024 10 3 Abscess (3)

White et al., 2024 20 NR Pain, bleeding, fever, abscess

Keung et al., 2023 4 9 Pain (7), abscess (2)

Fathallah et al., 2023 22 15 Abscess (9), pain (6)

Wei et al., 2023 7 3 Anal pain (2), elevated liver enzymes (1)

Dawoud et al., 2023 NA

Arkenbosch et al., 2023 10 3 Bleeding (2), wound infection (1)

Dalby et al., 2023 39 20 Abscess (2), bleeding (2), infection (6), infected hematoma (1), anal pain (6), urine
retention (3)

Reenaers et al., 2023 11 5 Mild anal pain (3), mild bleeding (1), increased discharge (1)

Pak et al., 2023 6 0 NA

Lightner et al., 2023 15 15 Anal pain (13), abscess (2)

Dozois et al., 2023 13 8 Abscess (4), new tract (2), anal pain (1), non-healing wound (1)

Furukawa et al., 2023 15 2 Worse Crohn’s and diarrhea (1), increase in blood bilirubin (1)

Guillo et al., 2022 7 8 Anal pain (4), abscess (3), new fistula tract (1)

Garcia-Olmo et al., 2022 14 3 Fistula (1), Abscess (1), Increased discharge (1)

Sgrensen et al., 2022 9 0 NA

Tencerova et al., 2021 14 2 Abscess (2), anal pain

Schwandner et al., 2021 4 Abscess (4)

Cabalzar-Wondberg et al., 2021 5 Abscess (4), cytomegalovirus viraemia (1)

Ascanelli et al., 2021 55 23 Abscess (1), hemorrhoids (11), abdominal pain (11)

Maciel Gutiérrez et al., 2021 13 3 Abscess (3)

Zhang et al., 2020 6 3 Anal pain (3)

Laureti et al., 2020 10 3 Bleeding (1), subcutaneous hematoma (2)

Zhou et al., 2020 7 7 Anal pain (7), abscess (3), pyrexia (3)

Garcia-Arranz et al., 2020 10 7 Abscess, back pain, urticaria, renal colic

Barnhoorn et al., 2020 8 10 Abscess (4), infection (4), Crohn’s activity (2)

Topal et al., 2019 7 4 Abscess (2), Bruising at the liposuction site (2)

Dige et al., 2019 12 Abscess (2), anal pain (4), bleeding (1), urine retention (1)

Dozois et al., 2019 3 Abdominal wall seroma (1), abscess (1), fall of plug and abscess (1), abscess at 3
months (1), perianal cellulitis (1)

Panes et al., 2018 58 79 Anal pain (15), anal abscess/fistula (34), nasopharyngitis (11), diarrhea (9),
abdominal pain (5), pyrexia (6)

Choi et al., 2017 5 9 Anal pain (2), bleeding (2), abscess (2), pyrexia (3)

Dietz et al., 2017 10 7 Debridement of granulation tissue in the fistula tract (1), seroma (2)

Cho et al., 2015 27 30 Anal pain (8), bleeding (3), anal inflammation (3), diarrhea (3), pyrexia (3),
abdominal pain (7), disease exacerbation (4)

Park et al. 2015 3 12 Anal pain (5), abscess (1), infection (1), fever (1), abdominal pain (1), diarrhea (1),
numbness (1), erythema (1)

Guadalajara et al., 2012 7 11 Abscess (1), perianal sepsis (3)

de la Portilla et al., 2012 6 13 Abscess (4), pyrexia (4), anal fistula infection (1), anal pain (2)

Herreros et al., 2012 51 108 Proctalgia (80), abscess (41), pain (25), abscess (24), pyrexia (17), swelling (12),
pruritis (12)

Ciccocioppo et al., 2011 7 0 Not reported
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Healing

Stem cell therapy  Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Lightner et al, 2023 15 18 2 5 —§—°— 7.50 [0.85;66.13] 1.1% 3.1%
Garcia-Olmo et al, 2022 14 25 6 15 1T 1.91 [0.52; 7.01] 6.8% 8.4%
Ascanelli et al, 2021 55 58 55 58 1.00 [0.19; 5.17] 5.9% 5.4%
Garcia-Arranz et al, 2020 10 23 5 21 246 [0.67; 9.03] 6.1% 8.4%
Barnhoorn et al, 2020 8 13 2 6 3.20 [0.42; 24.42] 2.2% 3.6%
Panes et al, 2018 58 107 39 105 a 2.00 [1.16; 3.47] 37.2% 36.5%
Guadalajara et al, 2012 7 24 2 25 474 [0.87;25.71) 2.9% 5.1%
Herreros et al, 2012 51 124 23 59 T 1.09 [0.58; 2.06] 37.9% 29.4%
Common effect model 392 294 <> 1.78 [1.26; 2.52] P=0.001
Random effects model < 1.81 [1.23; 2.67] P=0.003
Heterogeneity: /% = 0%, ©2 = 0.0296, p = 0.49

01 0512 10

Complications

Stem cell therapy  Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Lightner et al, 2023 15 18 2 5 1 7.50 [0.85;66.13] 0.9% 2.7%
Garcia-Olmo et al, 2022 3 25 1 15 — 1.91 [0.18;20.22) 1.8% 2.3%
Ascanelli et al, 2021 23 58 23 58 — 1.00 [0.48; 2.10] 22.7% 23.4%
Garcia-Arranz et al, 2020 7 23 9 21 —— 0.58 [0.17; 2.01] 10.7% 8.4%
Barnhoorn et al, 2020 10 13 5 6 . E— 0.67 [0.05; 8.16] 2.6% 21%
Panes et al, 2018 79 107 74 105 e 1.18 [0.65; 2.16) 32.0% 35.8%
Guadalajara et al, 2012 11 24 17 25 ——'—1— 0.40 [0.12; 1.27] 14.8% 9.6%
Herreros et al, 2012 108 124 51 59 — 1.06 [0.43; 2.63] 14.6% 15.6%
Common effect model 392 294 1.00 [0.70; 1.42] P=0.985
Random effects model 1.00 [0.70; 1.43] P=0.986
Heterogeneity: /% = 2%, t> < 0.0001, p = 0.42

01 0512 10

Fig.6 Forest plots illustrating the difference in healing and complications between stem cell treatment and control group

drainage of sepsis through drainage of any abscesses or
pockets and thorough curettage of infected, unhealthy tis-
sues and debris before the application of stem cells.

Bone marrow-derived stem cells conferred marginally
better healing than adipose-derived stem cells. Although
bone marrow-derived stem cells were discovered first, they
were less frequently used in the treatment of anal fistulas in
our review. Adipose tissues may provide a larger amount of
mesenchymal stem cells, which would be easier to isolate
compared with bone marrow. Despite having a similar
mechanism of action, bone marrow-derived stem cells have
different immunophenotypes, differentiation potential, and
immunomodulatory activity from adipose-derived cells
[63]. These differences may explain the better outcome of
bone marrow-derived stem cells in terms of healing of anal
fistulas. However, further research is needed to verify which
type of stem cells would be more suitable for treating anal
fistulas.

The use of stem cells was not associated with any serious
adverse events. The most reported complications were
anal pain and abscess, which were successfully managed

in most patients with conservative measures. Furthermore,
according to our meta-regression analysis, complications did
not increase the risk of failure of healing. It is noteworthy
that the injection of stem cells was not associated with an
impairment of continence, unlike some commonly used
procedures for complex anal fistulas, such as endorectal
advancement flaps, that may be followed by variable degrees
of continence disturbance [9]. In fact, despite the currently
limited evidence, stem cell injection may contribute to an
improvement in the continence state of some patients [67].

The present meta-analysis provides a summary of the
pooled outcomes of stem cell therapy in anal fistulas with
several sensitivity analyses that may help guide future
studies and the selection of patients for stem cell treatment.
However, some limitations should be acknowledged,
including the small number of patients studied and the
fair quality of the included studies. In addition, there was
significant heterogeneity in the patient population, type,
method of application of stem cells, and the definition and
assessment of healing. Furthermore, there may have been
variations in the outcome of stem cell therapy based on the
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experience of the investigators, with some of them being
the developers of the technique while others are adopters.

Conclusions

Stem cell treatment of anal fistulas was associated with
promising results. Healing of anal fistulas after stem cell
treatment varied according to the type of anal fistula and
source of stem cells. The healing rate in Crohn’s anal fistulas
was higher than in cryptoglandular fistulas. This finding
suggests that the autoimmune inflammatory etiology of
Crohn’s disease may respond better to autologous myoblasts
than does the infectious etiology of cryptoglandular fistulas.
Bone-marrow-derived stem cells were associated with
marginally better outcomes than adipose-derived cells. Stem
cell therapy showed a good safety profile, with anal pain
and abscess being the most common adverse events after
treatment.
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