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Abstract: Background: Stress urinary incontinence (SUI) is a common condition with a significant impact
on the quality of life of female patients. The limitations of current treatment strategies have prompted
the exploration of new effective and minimally invasive alternative approaches, including cell therapy.
Methods: A literature search was conducted to update the current clinical status of stem cell therapy in the
management of female stress urinary incontinence. Results: Over thirty clinical studies have been designed
to assess the feasibility, safety and efficacy of cell therapy for female SUI. Despite differences in cell types
and protocols, the overall treatment procedures were similar. Standard subjective and objective assessment
tools, and follow-up periods ranged from 6 weeks to 6 years have been used. Cell injection has shown
to be a safe therapy in the treatment of female SUI. However, the results from more recent randomized
trials have shown less promising results than expected in restoring continence. Heterogeneous research
methodologies using different cell types and doses make it difficult to draw conclusions about effectiveness.
Several key points remain that need to be further explored in future clinical trials. Conclusion: To advance
in the development of cell therapy, it is essential to know the mechanisms involved to be able to direct it
properly, its efficacy and the durability of the injected cells. Rigorous and homogenized preclinical and
clinical studies that demonstrate its scope and improve its application are necessary for validation in the
treatment of female SUI.

Keywords: stress urinary incontinence; stem cell; clinical trials; stem cell therapy; stem cell transplantation;
regenerative medicine

1. Introduction

Stress urinary incontinence (SUI) is the most common form of urinary incontinence. It
is defined as “the involuntary loss of urine when bladder pressure exceeds urethral closure
pressure due to physical activity, exercise, coughing or sneezing” [1]. The incidence of
urinary incontinence in the female population ranges from 10% to 40%, rising with age [2].
Several factors are associated with the risk of SUI, such as childbirth, menopause, strenuous
physical work, smoking, obesity and chronic cough [3].

Although SUI is not a life-threatening condition, it has adverse physical, social and
psychological consequences, leading to low self-esteem, reduced quality of life and social
isolation in patients. SUI is often considered a normal part of aging and patients try to cope
with it at a high economic and social cost [4].

Female SUI often has a multifactorial cause with functional defects of the urinary tract
support structures, the bladder sphincter and morphological nerve damage. The underlying
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mechanisms for the onset and progression of SUI are not completely understood, but it is
well known that the integrity of the external and internal urinary sphincters is necessary to
maintain the continent function. Furthermore, somatic and autonomic nerves, fascial and
ligament structures and urethral mucosa play an important role in the urinary continence
mechanism. Studies on the molecular mechanisms associated with the pathogenesis of
SUI further suggest that the occurrence of this condition may be influenced by various
neurogenic, muscle and connective tissue-derived molecules [5,6].

Conservative management of female SUI involves behavioral therapy, biofeedback
and pelvic floor muscle training. These treatments are generally simple, cost-effective and
have a low likelihood of side effects, without interfering with possible future treatments
if necessary [5,7]. When conservative approaches fail, more invasive procedures such as
midurethral sling implantation, injection of a bulking agent and Burch colposuspension
may be recommended. Surgical intervention provides good treatment against SUI but
has a risk of complications [8]. The mid-urethral sling has the benefit of requiring less
intervention time. However, several organizations have frequently issued warnings against
the use of mesh materials in the treatment of female urinary incontinence due to the result
of many severe adverse events [9]. The implantation of the artificial urinary sphincter,
recommended for women with moderate to severe SUI, has been shown in systematic
reviews to provide excellent functional outcomes, with complete continence rates ranging
from 61.1% to 100%. However, these benefits come with high morbidity, with significant
explantation and erosion rates [10].

In this context, new and less invasive alternatives, such as functional magnetic stimula-
tion aimed at improving the contractility of pelvic floor muscles and the use of platelet-rich
plasma or stem cell transplantation focused on enhancing tissue elasticity and regeneration,
are being investigated [11].

Targeting the regeneration of the damaged sphincter, improving the function of ex-
ternal (striated) and internal (smooth) muscles, as well as sphincter blood circulation, cell
therapy offers a promising approach for the treatment of SUI [6,12,13]. Different types
of multipotent cells from different tissues are being investigated. Some study results
have shown that cell therapy is feasible and safe [6,14,15]. However, the best use of cell
technology is still under investigation, and several key issues need to be addressed, such
as the optimal cell type and dose used to regenerate the sphincter, the development of
surgical guidance to facilitate precise cell application and adequate tools to monitor muscle
regeneration during the follow up [16,17]. It should be noted that these novel approaches
are out of current guidelines and should be proposed only in referral centers for functional
urology within the context of official clinical trials.

The aim of this review is to provide an update to the current clinical trials designed
for the clinical development of cell therapy to treat female SUI. It summarizes the types
of cells and doses, an injection route tested in the different protocols is established, their
challenges are outlined and a research roadmap for the future is proposed.

2. Cell Therapy in Stress Urinary Incontinence

Advances in understanding the pathology and underlying molecular mechanisms of
urinary incontinence have allowed for the exploration of the potential of stem cells to restore
continence [6]. Due to ethical considerations and potential complications associated with the
use of embryonic stem cells, research on SUI has mainly focused on adult stem cells. The
isolation and transplantation of these cells (Figure 1) present in tissues such as skeletal muscle,
adipose, bone marrow, blood, urine and dental pulp have shown promising functional results
in the restoration of urinary sphincter defects [12,18,19]. Preclinical research, initially aimed at
demonstrating the differentiation capacity of stem cells into various cell lineages such as smooth
tissue cells [20], has provided insight into the underlying molecular mechanisms involved in
MSC-mediated treatment of SUI [21] and has demonstrated the potential of stem cells to safely
treat SUI, both in monotherapy and in combination with its secretomes, in terms of muscle
repair and regeneration, nerve regeneration and vascular preservation [6,14,21].
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2.1. Skeletal Muscle-Derived Cells for SUI

Skeletal and smooth muscles have been recognized as an essential source of progenitor
or satellite cells responsible for muscle regeneration. In addition to skeletal muscle-derived
cells (SkMDCs), muscle has also been identified as a valuable source of stem cells, other
than satellite cells, which possess the ability to differentiate into other cell lineages called
muscle-derived stem cells (MDSCs) [22].

MDSCs are a heterogeneous population of multipotent cells with different phenotypes
depending on the stage of differentiation, and are the precursors of various connective tissue
cells, such as myocytes and satellite cells. From these cells, mesenchymal, neuronal and
endothelial lines can be also derived, which are highly beneficial for sphincter regeneration
and the neural functions involved in continence [6,18,23,24]. Experimental studies with
rodent, canine and non-human primate SUI models have demonstrated their effectiveness
in the regeneration of the damaged urinary sphincter and have shown evidence of the
formation of myotubes, neoangiogenesis and nerve regeneration after their periurethral
injection [25]. These cells have the capacity to induce both structural and functional
regeneration, as evidenced by significant improvements in the intravesical closure pressure
of the urethra and a greater contractile function of the urethral sphincter [26,27].

MDSCs can be obtained with muscle biopsy under local anesthesia, resulting in low
morbidity. However, isolated autologous MDSCs must first be expanded in vitro and need
to be cultured for a certain time before injection into the urethral sphincter [25,28]. Unlike
other types of cells, the advantage of MDSCs is that cells injected into the urethral sphincter
contain myotubes and myofibers, which are essential for sphincter function and can also
work as a blocking agent [13,15].

2.2. Mesenchymal Stem Cell for SUI

MSCs can be isolated from a variety of tissues, including bone marrow, adipose tissue,
umbilical cord, endometrial and oral mucosa. In addition to their regenerative ability,
MSCs also have anti-inflammatory and immunomodulatory characteristics. An important
advantage of MSCs is the possibility to use them allogenically, which allows for the selection
of MSCs with a higher potential from donors [29].

2.2.1. Adipose-Derived Stem Cells for SUI

ADSCs (adipose-derived stem cells) are one of the most commonly used types of
stem cells for autologous and allogenic transplants thanks to their abundance and avail-
ability from adipose tissue. ADSCs are multipotent stromal cells and can differentiate
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into adipogenic, chondrogenic, myogenic and osteogenic cells. They can differentiate into
myogenic cells in the presence of induction factors after periurethral injection, assuming
a smooth muscle phenotype at around 8 weeks. Unlike MDSCs, ADSCs evade detection
through lymphocytes and immune rejection by expressing specific and non-specific marker
proteins on their surface. Furthermore, these cells show high prolonged proliferation even
at low serum levels, highlighting their superiority over MDSCs [17,30].

ADSCs are particularly noteworthy for their potential to promote revascularization and
neuronal and mesodermal regeneration. Preclinical studies in murine, rabbit and porcine
SUI models have demonstrated that they can promote the recovery of urethral function by
myogenic differentiation as well as neuroregeneration [31]. Additionally, cultured ASCs
secrete various angiogenesis-related cytokines, including vascular endothelial growth factor
and hepatocyte growth factor. Zhao et al. confirmed the synergy of stem cells and cytokines,
detecting an increase of elastin, collagen and smooth muscle contents 4 weeks after ADSCs
and nerve growth factor implantation [32]. Scherer et al. evaluated the effectiveness of ADSCs
in treating detrusor underactivity in men. The study demonstrated significant improvements
in maximum and mean urinary flow rates, reduced residual urine volume and increased max-
imum detrusor pressure and bladder contractility index in pressure-flow studies, highlighting
the potential of ADSCs to restore bladder function effectively [33].

Rats treated with adipose tissue-derived stem cells (ADSC) that exhibited normal voiding
patterns showed a significantly higher smooth muscle content compared to the control group
and the ADSC-treated rats with voiding dysfunction. However, no significant differences were
observed in collagen content between the different treatment groups or between rats with
normal and abnormal voiding within the ADSC-treated group. The treatment with ADSC
shows significant therapeutic potential for SUI by improving elastin and smooth muscle contents
in urethral tissue, suggesting an enhancement in urethral sphincter function. These changes are
due to both the direct differentiation of ADSC into cells necessary for urethral function and the
secretion of trophic factors that promote host tissue regeneration [21].

2.2.2. Other Mesenchymal Stem Cells for SUI

MSCs such as bone marrow stem cells (BMSCs), umbilical cord blood stem cells (UCB-
SCs), urine-derived stem cells (UDSCs) and amniotic fluid stem cells (AFSCs) have been
assessed in vitro and in vivo to treat urinary incontinence [14,21]. Preclinical trials have
shown that MSCs can enhance the repair of damaged tissue, either through direct integration
and replacement of damaged tissue (differentiation) or through secreted factors that influence
the recipient’s response mechanisms (paracrine effect) [34]. Despite the promising preliminary
outcome, the therapeutic potential of these sources of MSCs has been tested in small animal
models and only UCBSCs and TNCs have been translated to clinical trials [21,35].

UCBSCs exhibit a superior differentiation capacity compared to other adult stem
cells. One advantage is their easy acquisition process, as it does not require an invasive
procedure. This type of stem cell has a low risk of causing graft-versus-host diseases. Its
advantages over other types of stem cells suggest that it could be a promising approach for
the treatment of stress urinary incontinence [36].

Multipotent endothelial cells (EPCs) can be taken from peripheral blood to produce
total nucleated cells (TNCs) and can be used for the treatment of UI. The role of growth
factors and the effects of platelet-rich plasma have been investigated with in vitro and
in vivo studies. This effect has been associated with several growth factors produced by
platelets (platelet-derived growth factor, transforming growth factor β1, fibroblast growth
factors, vascular endothelial growth factors, etc.) [28,37].

3. Materials and Methods

A literature search was performed aiming to review the most relevant available litera-
ture on the current status of stem cell therapy applied to the field of female SUI management.
The following relevant keywords (stress urinary incontinence) AND (regenerative therapy
OR cell therapy OR tissue therapy OR tissue transplantation OR stem cell transplantation
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OR stem cells) were used to conduct a search in PubMed, Cochrane and Embase (up to
November 2023) and the search method was modified for each database. Clinical trials,
meta-analysis, systematic reviews, reviews, human studies and female studies were pri-
oritized. Simultaneously, the ongoing, future and completed clinical trials registered in
ClinicalTrials.gov and EU Clinical Trials Register were identified. Two reviewers indepen-
dently screened titles and abstracts of the records that were retrieved through the database
searches. We also performed a manual search to include additional relevant articles.

A total of 311 results were retrieved after duplicates were excluded from database
searching. Twenty-five clinical trials were identified from clinical trial databases. After
removing duplicates, a total of 319 records were filtered. From the initial search, 258 were
excluded during the title or abstract screening. Sixty-one records were selected for full-text
reviews. Only data obtained from clinical studies involving female patients with SUI
treated by cellular injection were eligible for inclusion in this study. Twenty-eight posted
studies were included in this review, and five additional trials were identified.

4. Results
4.1. Clinical Trials on Cell Injection for Female Stress Urinary Incontinence

More than thirty prospective single-center or multicenter and follow-up studies have
been designed to assess the feasibility, safety and efficacy of cell therapy for the treatment of
female SUI. A summary of their main characteristics, type and dose of cell, transplantation
routes and test outcomes are presented in Tables 1–3. Several systematic reviews have been
published with their results [17,28,38–44].

Table 1. Clinical trials with muscle-derived cells for treatment of female SUI.

Publication Author/Year/Clinical
Trial Identifier

Cell
Type

Study
Design

Females
(n)

Follow-Up
(m) Cell Dose (×106 Cells)

Cellular Injection Clinical Evaluation

Approach via (Guided) Number
Injection

Functional
Evaluation PROMs

Mitterberger et al., 2007 [45] M,F PS 123 12 M: 5.1–36 F: 5.4–60 Transurethral (ultrasound) 15–18 UDS IQoL

Mitterberger et al., 2008 [46] M,F PS 20 24 M: 10–30 F: 14–60.6 Transurethral (ultrasound) 15–18 UDS IQoL

Carr et al., 2008 [47] MDSCs PS 8 12 18–22 Trans and periurethral
(cystoscope) 2–4 VD PT NR

Sèbe et al., 2011 [48] MDSCs RCT 12 12 10/25/50 Transurethral (endoscope) 2 VD PT Contilife Q

Blaganje et al., 2012 [49,50]
NCT01355133 MDSCs PS 38 6 1–50 Transurethral (ultrasound) 26 Stress test VD/PT PGI-I IQoL/VAS

Surcel et al., 2012 [51] MDSCs PCS 82 (4) 12 NR periurethral (ultrasound) 20 UDS IQoL

Carr et al., 2013 [52] MDSCs RCT 38 18 LD: 1–28 HD: 36–128 Trans and periurethral
(cystoscope) 8 PT UDI-6 IIQ-7

Peters et al., 2014 [53,54] MDSCs PS * Phase
1/2 80 12 10–200 (4 mL) Trans and periurethral

(cystoscope) 8 3d-VD PT UDI-6 IIQ-7

Stangel-Wojcikiewicz et al., 2014 [55] MDSCs PS 16 24 0.6–25 Transurethral (endoscope) 3 Cough tests UDS Guadene-Q

Cornu et al., 2014 [56] MDSCs FUS 11 72 10/25/50 Transurethral (endoscope) 2 PT PGI-I USP

Stangel-Wojcikiewicz et al., 2016 [57] MDSCs FUS 16 48 0.6–25 Transurethral (endoscope) 3 Not evaluated IQoL

Sharifiaghdas et al., 2016 [58]
NCT01963455 MDSCs SAS Phase

1 10 36 38.6 Transurethral (endoscope) 4 Cough tests 1h-PT,
UDS IIQ-7

Jankowski et al., 2018 [59]
NCT01382602 MDSCs

RCT/
Placebo
Phase 3

143 (93) 12 150 (4 mL) Transurethral (cystoscope) 9 PT/VD (IEF score) UDI-6/IIQ-7
IQoL/ISI GQoL

Sharifiaghdas et al., 2019 [60]
NCT02156934 MDSCs SAS Phase

2 20 24 ≥50 (10 mL) Transurethral NR Cough tests 1h-PT,
UDS IIQ-7, UDI-6

Blaganje & Lukanovic et al., 2022 [61] MDSCs SAS
Phase1/2 38 24 0.2 (2 mL) Transurethral (ultrasound) 26 UDS/PT VD (IEF

score) IQoL CGI-S VAS

Daneshpajooh et al., 2022 [62]
IR.kmu.rec.1395.349

MDSCs,
F

RCT/
Surgery 30 (15) 12 30 Periurethral 2 Cough test PT ICIQ-UI-SF IQoL

Schmidt et al., 2023 [63] MPCs RCT Phase
1 10 6 80–100 Transurethral (ultrasound) NR PT/MRI UDS ICIQ-UI-SF

* Pooled data from two phase 1/2 clinical trials: NCT00847535/NCT01008943. CGI-S: Clinical Global Impressions
Severity scale; FUS: Follow-up Study; GQoL: Global Quality of Life Assessment; ICIQ-UI-SF: International
Consultation on Incontinence Questionnaire–Urinary Incontinence short form; HD: High Dose; IEF: Incontinence
Episode Frequency; IIQ-7: Incontinence Impact Questionnaire short form; IQoL: Incontinence quality of life
questionnaire; ISI: Index for Urinary Incontinence; LD: Low Dose; M,F: Myoblast, Fibroblast; MPCs: Muscle
Progenitor Cells; MRI: Magnetic Resonance Imaging; NR: Not reported; PCS: Prospective Cohort Study; PGI-I:
Patient Global Impression Improvement; PS: Prospective Study; PT: Pad Test; Qmax: Maximum urinary flow;
RCT: Randomized Clinical Trial; SAS: Single-Arm Study; UDI-6: Urogenital distress inventory-short form; UDS:
Urodynamic Study; USP: Urinary Symptom Profile; VAS: Visual Analogical Scale; VD: Voiding diary.
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Regarding the source of stem cells, the designed clinical trials can be classified as trials
with muscle-derived cells or trials with non-muscle-derived cells.

Autologous MDSCs from different muscles have been the most widely used stem cells
in the treatment of female SUI. With a follow-up of 12 weeks to 72 months, 15 prospec-
tive clinical studies [45–55,58–63] and two long-term follow-up studies have been pub-
lished [56,57]. Among these studies, five were randomized clinical trials, including a
multicenter placebo-controlled clinical trial [59] and a randomized pilot study comparing
MDSC treatment versus conventional surgery [62].

In a minor number of trials, other sources of stem cells have been evaluated. A total of
73 women with SUI have participated in five clinical treatment studies with ADSCs [64–66],
umbilical cord blood stem cells (UCBSCs) [67] and TNCs with platelet-rich plasma [68]
(Table 2). And recently, 30 women with SUI have participated in the first randomized pilot
trial to explore the use of mucosa-derived stem cells in the treatment of female SUI [69].

Table 2. Clinical trials with no muscle-derived cells for treatment of female SUI.

Publication
Author/Year/Clinical Trial

Identifier
Cell Type Study Design Females (n) Follow-Up (m) Cell Dose

(×106 Cells)

Cellular Injection Clinical Evaluation

Approach Via Number Injection Functional
Evaluation PROMs

Kuismanen et al., 2014 [64] ADSCs SAS 5 12 2.5–8.5 (2.4–4 mL) Transurethral
(cystoscope) 4 Cough test

MUCP/PT
VAS/UDI-

6/UISS/ IIQ-7

Arjmand et al., 2017 [65] ADSCs SAS Phase 1 10 6 1.18 (10 mL)

Trans and
periurethral
Transvaginal

(urethroscope)

3 PT/Qmax ICIQ-SF

Garcia-Arranz et al., 2020 [66]
NCT01804153 ADSCs SAS 10 12 40 (2 mL) Transurethral

(cystoscope) 7–8 PT/UDS Cough
test SF-12 ICIQ-SF

Lee et al., 2009 [67] UCBSCs SAS 39 12 430 ± 190 (2 mL) Periurethral
(cystoscope) 2 MUCP PSQ

Shirvan et al., 2013 [68] TNCs MNCs SAS 9 6
TNCs: 676 ± 122
MNCs: 188 ± 32

(10 mL)

Transurethral
(cystoscope) 10 PT/UDS Cough

test
ICIQ-UI

ICIQ-QoL

Mahboubeh et al., 2023 [69]
IR.kmu.rec.1395.343

Mucosa
Derived SCs RCT/ Surgery 30 (15) 24 64 (4 mL) Periurethral

(cystoscope) 8 Cough Test IIQ

MUCP: Maximal Urethral Closing Pressure; PSQ: Patient Satisfaction Questionnaire; IIQ: Incontinence Impact
Questionnaire ICIQ-QoL: Incontinence Modular Questionnaire-Quality of Life; ICIQ-UI: International Consulta-
tion on Incontinence Questionnaire-Urinary Incontinence; ICIQ-SF: International Consultation on Incontinence
Questionnaire Short Form; MNCs: Mononuclear cells; SF-12: Short-Form Health Survey; UISS, Urinary Inventory
Stress test.

This update also includes nine additional trials, mainly with muscle tissue-derived
cells, registered on the Clinical Trials Government website and the EU Clinical Trials
Register. There were three completed trials with no posted results, two ongoing studies and
one that is not yet recruiting. In addition to two multicenter randomized placebo-controlled
clinical trials [70–72] and a follow-up dose study of a cohort of patients participating
in the SUITE trial [73], a phase 3 clinical study was designed to find the optimal cell
count for functional regeneration of urethral sphincter deficiency in female patients with
predominantly intrinsic sphincter deficiency of moderate severity. The results of these
multicenter randomized clinical trials, the largest ever conducted, have recently been
published on the official clinical trials registry websites [70–72], although the final analysis
has not yet been published (Table 3).

4.2. Stem Cell Injection Procedure

Despite differences in cell types and study protocols (Tables 1–3), treatment proce-
dures were generally similar among the included studies. The process begins with the
removal and isolation of desired cells from the patient’s tissue, followed by their culture
and expansion in vitro until a certain number of cells is reached. A second minimally inva-
sive intervention is then performed to inject the formulated cell product into the urinary
sphincter or specific surrounding areas (Figure 1).
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Table 3. Additional clinical trials registered with stem cells for treatment of female SUI.

Clinical Trial
Identifier

Cell Type Study Design Females (n) Follow-Up
(Months)

Cell Dose
(×106 Cells)

Cellular Injection
Route

Clinical Evaluation
STATUS

Functional Test PROMs

SUITE Study
Eudra CT:

2009–011797-15
MDSCs RCT/ Placebo

Phase 2 242 8 LD: 0.2 HD:10 Transurethral VD/PT IEF score IQoL/VAS
CGI/PGI Completed 2011

Innovation Study
Eudra CT:

2010–021871-10
MDSCs RCT Phase 3 377 (252) 12 0.2 (2 mL) Transurethral

(ultrasound) VD IEF score I-QoL Completed 2023
[71]

Eudra CT:
2014–001656-34 MDSCs Phase 2 FUS 42 48 LD: 0.2 HD:10 Transurethral VD/IEF score/PT I-QoL/VAS

CGI/PGI
Completed 2021

[73]

NCT01893138
Eudra CT:

2014–002919-41
MDSCs RCT/ Placebo 297 (199) 24 150 (4 mL) Transurethral VD/PT IEF score IQoL Completed 2021

[70,72,74]

NCT02334878 BMSCs NRCS Phase 3 50 (25) 12 20–30 Periurethral Cough test/UDS IQoL Completed 2016

NCT04446884 ADSCs/
Collagene SAS Phase 1 10 12 6 (3 mL) Paraurethral NR NR Completed 2019

NCT03104517 MDSCs RCT Phase 3 96 12 150 Transurethral VD IEF score IQoL Recruiting

NCT05534269 MPCs RCT DRS Phase 2 70 6 NR Transurethral VD IEF score
PT/MRI

ICIQ-UI SF
LUTS-Qol
VAS/PGI-I

Recruiting

NCT03997318 MDSCs RCT 24 12 150 Transurethral VD IEF score IQoL Not yet recruiting

NRCS = Non-randomized control study; LUTS-Qol: Lower Urinary Tract Symptoms quality of Life.

Autologous MDSCs were obtained using open-muscle biopsy from different muscles
and in different amounts of tissue under local anesthesia. ADSCs used in three studies [64–66]
were collected using liposuction of subcutaneous lower abdomen fat tissue, also under local
anesthesia. The mixture of TNCs/MNCs and platelets was prepared according to standard
procedures from peripheral blood collected from patients one day before implantation [68].
And mucosa-derived SCs were collected from a sample of lower lip mucosal tissue under
local anesthesia [69]. The only trial performed with allogeneic cells was by Lee et al. in which
UCBSCs were obtained from a donor-based banking system [67].

Direct transurethral injection guided by endoscopic or ultrasound methods has been
the main route of cell delivery used in most published studies, along with periurethral
and transvaginal periurethral injections (Tables 1 and 2). The most common injection site
has been at the mid-portion of the urethra around the omega-shaped rhabdosphincter or
submucosa [28].

4.3. Stem Cell Dose

There is a wide variation in the number of cells injected among the trials performed [17,39].
In female SUI treatments, the number of transplanted cells ranged from 0.2 to 200 × 106 cells for
MDSC and from 2.5 to 40 × 106 cells for ADSC therapy. The total injection volume was <10 mL
in most trials, delivered in a number of injections that ranged from 1 to 26 (Tables 1 and 2).

Two randomized dose-ranging feasibility studies [48,52] and two phase 1/2 studies
with identical selection criteria and outcome measures (NCT00847535/NCT01008943)
were conducted to determine the optimal dose of stem cells to implant into the urethral
sphincter [54]. The pooled analysis of their results showed that injection of autologous
muscle tissue-derived cells at cell doses of 10, 50, 100 and 200 × 106 cells is safe and that a
major response is observed at the higher doses of 100 and 200 × 106 cells [54,75].

Three multicenter, randomized, placebo-controlled clinical trials have been conducted
to evaluate the effect of implanting one or two treatments of 150 million autologous MSCs
into the urethral sphincter for the treatment of female SUI [59,70–72]. The first study
(NCT01382602) was conducted at 10 research centers in Canada, the UK and Germany
(Table 1). A total of 143 women, out of 246 planned, were randomized 2:1 to receive
150 million autologous muscle-derived cells for urinary sphincter repair (AMDC-USR)
or placebo. Their results indicated that injecting these cells was safe and well tolerated,
although an interim analysis showed a higher-than-expected placebo response rate, leading
to a halt in recruitment [59]. The second study, a phase 3 study (NCT01893138), included
297 women with SUI [70,72,74]. As in the previous trial, the patients were randomized 2:1 to
receive 150 × 106 AMDC-USR or the placebo. After 12 months, participants were unblinded,
and those in the placebo group could receive treatment with AMDC-USR. Participants
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were followed for 2 years after initial treatment. SUI was monitored using a 3-day stress
incontinence episode frequency diary (SIEF) and quality of life questionnaires (Table 3).

The results showed that treatment with AMDC-USR was safe and durable for up to
2 years, with variable therapeutic effects. The reduction in SIEF frequency correlated with
improvements in all quality-of-life scores at 12 months. In addition, treatment-related seri-
ous adverse reactions were rare (<1%) and no safety signals associated with AMDC-USR
were detected [70,72]. A double-blind, two-stage trial is underway to finalize data for regula-
tory approval and commercialization of AMDC-USR (NCT03104517) (Table 3) [75]. Parallel
to these studies, a third multicenter clinical trial with a lower dose (0.2 × 106 cells/2 mL)
of skeletal-muscle-derived cells was conducted. The Innovation Study (Eu Clinical Trials
Register 2010-021871-10) enrolled 476 women with SUI across six European countries. A
total of 377 patients were randomized to receive MDSCs or the placebo (2:1 ratio). The
endpoints of the study were the pre–post difference in the parameters and values recorded
from a 7-day voiding diary and I-QoL questionnaire. Although the final analysis has not
yet been published, preliminary results available on the EU Clinical Trials Register page
indicate that MDSC injection was safe and well tolerated. However, the efficacy was not
as promising, as no statistically significant differences were found between the injection
group and the control group, possibly due to the low dose of injected cells [71].

4.4. Outcomes Tests

Several subjective and objective tools to assess the results of cell therapy in the treat-
ment of female SUI (Tables 1 and 2) have been used. Among the subjective ones, more than
ten different types of validated questionnaires (14) have been used, with the Incontinence
Quality of Life Questionnaire (I-QOL) being the most commonly employed. In relation
to objective tests, the cough stress test, the pad test (1H and 24H), 3- and 7-day voiding
diaries and urodynamic studies have been the most widely used.

More recent clinical trials have included in their objective assessment tools the scoring of
patient-reported stress incontinence episode frequency (IEF) in voiding diaries [59,70,76–78].
The change in IEF score has become the primary efficacy endpoint of these studies to assess the
therapeutic effect of cell therapy, and the correlation between improvement scores in quality
of life and reduction of incontinence symptoms, defined in terms of decreased incontinence
episodes, has been proposed [79]. However, there is still no consensus on the definition of
response, which remains very diverse among the trials conducted.

Additional tests have been in the works, such as functional MRI, which has recently
been proposed as a useful tool for tracking injected cells and assessing urethral sphincter
function at the same time [63].

5. Discussion

Considering the poor results obtained using synthetic bulking agents for SUI, regener-
ative medicine offers a promising alternative therapeutic strategy for SUI [15]. Stem cell
therapies have become attractive tools due to their biocompatibility and lack of adverse
inflammatory reactions [62]. If proven safe and effective, regenerative medicine could offer
a minimally invasive alternative to current treatments, allowing patients to undergo a quick
biopsy and receive a simple injection, thus avoiding hospitalization, extended recovery, or
significant side effects associated with common current treatments.

Preclinical studies have provided information on how externally injected cells can re-
store continence function [14,21]. The ability of these therapies to enhance the regeneration
of the damaged rhabdosphincter and improve both external and internal sphincter function
has been demonstrated in experimental research [6,12]. However, doubts remain about
the suitability of experimental pathology models for translating their results into clinical
practice. Differences in the initial state of tissues and hormonal influences between experi-
mental models and female patients have an impact on modeling and need to be assessed.
Further studies, choosing a suitable preclinical model, are needed to avoid conflicting
results [21].
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5.1. Stem Cell Therapy Clinical Research

Interventional (single arm) phase 1/2 and pilot studies with very heterogeneous
protocols have been designed initially to evaluate the viability, tolerability and effect of
different types of cell injection. The first reported an approach to SUI treatment involving
the implantation of myoblasts in the urethral rhabdosphincter and fibroblasts mixed with
collagen in the urethral submucosa. This strategy resulted in a cure rate of 65–90% in
12 months, although it raised several questions about the likely thickening effect that could
contribute to this improvement [45]. In 2008, Carr and colleagues injected autologous,
myocyte-derived stem cells into the urethral sphincters of eight women with SUI, showing
improvement in six patients (62.5%) at 12 months [47]. In 2013, the trial was expanded to
38 patients and different stem cell dosages, observing greater improvement with high doses
(≥32 × 106 cells). Since then, multiple trials with different protocols have been carried
out using heterogeneous cohorts, with wide variation isolation techniques, dosing and
measured efficacy parameters. Two meta-analyses have been performed to analyze the
efficacy and safety of cell therapy in the treatment of SUI [17,43].

The first, by Huang et al. [43], included 890 patients (572 women) from 23 published
studies. The cure rate and effective rate (cure rate plus improvement rate) showed a
considerable difference between the five subgroups into which the studies were divided
according to the cell type analyzed. The pooled effective rates were 92% for the subgroup
of myoblasts with fibroblasts (two studies of 137 patients), 97% for the subgroup of TNCs
with platelet-rich plasma (one study of nine patients), 72% for the subgroup of UCBSCs
(one study, 36 patients) and 60% for the subgroup of ADSCs (one study of five patients).
For the myoblast subgroup (344 patients in 12 studies), the pooled cure rate was 25% [43].
In the second, published by Mariotti et al. [17], a total of 424 patients (406 women) with
SUI treated in 12 clinical studies with autologous MDSCs (nine studies) and ADSCs (three
studies) were included. The analysis found a mean 41% rate of continence recovery across
studies with no significant differences using MDSC or ADSC [17]. However, these results
should be interpreted with caution owing to the limited number of studies and patients
involved for each type of stem cell included.

On the other hand, dose-finding studies demonstrated the safety of injection of MDSCs
at all doses tested (0.2–300 × 106 cells) or MSCs (2–600 × 106 cells) and suggested greater
efficacy at higher doses [52,54]. The pooled analysis of data from two trials using autologous
MDSC injections in the dose range of 10–200 × 106 showed subjective improvements in all
treatment groups, with the higher dose cohorts showing a higher proportion of patients
experiencing at least a 50% reduction in stress leaks and pad weight [54]. At lower doses
(0.2 and 10 × 106 cells), the equivalence of both cell doses with regard to efficacy and
safety was confirmed [80]. However, following the results of the multicenter, randomized,
placebo-controlled clinical trials conducted to evaluate the efficacy of these injections,
the most appropriate dose and schedule have not yet been determined [59,70–72]. This
justifies the need for further studies to determine the optimal number of cells required for
transplantation.

All studies were conducted as monotherapy except in three of them, where patients
received neuromuscular electromagnetic stimulation (NMES) post-cell injection. Blaganje
et al. and Schmidt’s studies highlight the potential of combining stem cell therapy with
NMES; however, owing to the limited number of patients, further research is needed to
elucidate NMES’s adjuvant role in cell therapy for SUI [49,61,63].

Two new pilot studies have compared the efficacy of cell-based therapy versus conven-
tional surgical treatment. The first one was carried out by Daneshpajooh et al. [62]. Thirty
female patients with SUI were randomized 1:1 in a prospective interventional study [62]
to analyze the therapeutic effect of periurethral injection of MDSCs versus mid-urethral
sling surgery. At one year post-treatment, ten patients (66.6%) in the MDSC group showed
improvement in SUI, including five patients (33.3%) who had complete recovery of urinary
continence. Improvement in incontinence was observed in 13 patients (93.3%) in the TVT
control group, with complete recovery in 12 patients (%) [62]. The second was recently
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published by Mahboubeh et al., in which 30 women with pure SUI were assigned 1:1 to two
groups: mini-sling insertion or periurethral injection of autologous mucosal stem cells with
follow-up at 6 and 24 months. The results were compared using the standard Incontinence
Impact Questionnaire (IIQ) for patient satisfaction as well as the Marshal test as primary
objective outcomes. A negative Marshal’s test was observed in 73% of the stem cell group
versus 80% in the mini-sling group (p = 0.6) [69].

Most trials have used a combination of subjective, patient-reported outcomes (PROMs)
and objective measures to assess their main objectives, including safety and treatment
efficacy. However, the definition of success varies widely between trials. Outcomes were
mainly reported in terms of continence (pad-free status), recovery or improvement, whereas
a quantitative (pad weight test) or qualitative (standardized questionnaire) evaluation of
urinary leakage improvement was mainly unavailable. All of the studies reported some
degree of improvement in SUI in the patients treated showing the potential role of SCT in
the recovery of urethral sphincter function [28]. To improve the assessment of treatment
success in future clinical trials, more rigorous and clinically relevant efficacy endpoints
should be considered.

Patient selection is crucial in stress urinary incontinence (SUI) treatment. Age, obesity,
and parity are significant risk factors that may impact treatment efficacy. Studies have
shown that tailoring treatment to individual risk factors and combining conservative
approaches can improve outcomes [15,38]. Future research should focus on treatment
safety and efficacy in different patient profiles and SUI subtypes to optimize regenerative
medicine outcomes.

Clinical trials on cell therapy for female SUI have demonstrated feasibility and safety,
highlighting its significant potential as an innovative therapeutic approach. However,
new randomized clinical trials have yielded less promising results, raising questions and
controversy [15,17,44,81]. The lack of uniformity among studies in cell type and number,
imprecise patient population definitions and varying criteria for defining efficacy prevent
solid conclusions on true efficacy [17,42]. More clinical trial data are needed in order
to determine whether this treatment is effective and superior to existing options or not,
considering their high economic costs [82].

5.2. Safety Reports of Stem Cell Injection Therapy in Female SUI

Safety data from various analyses conducted to assess the effect of regenerative therapy
have shown that the treatment of female SUI with stem cells, regardless of their origin, has
a generally favorable safety profile [17,42,43]. Adverse events (AEs) and complications
related to cell biopsies such as vasovagal syncope, dizziness, mild pain or tenderness,
superficial infection, postoperative bleeding requiring stitches, wound hematoma and
joint swelling were reported in a few trials [50,52,54,59]. With regard to injection and
administration of the investigational cellular therapy, although some well-controlled minor
complications were observed, most studies did not report serious adverse events. Some
studies reported mild or spontaneously resolved AEs, such as injection site pain, dysuria,
polyuria, urgency, transient haematuria, vulvovaginal pruritus and urinary tract infection,
among others [55,63].

Injection site complications, such as pseudo-abscess formation and urethral erosion,
have been reported, along with serious complications due to particle migration, including
pulmonary embolism, which in one study resulted in a death. The use of autologous
fat injections was associated with a high rate of complications, including fat embolism.
Additionally, the rates of new urinary symptoms like urgency incontinence were notably
higher with some agents [15,83].

Results from new studies continue to confirm the safety of cell injection. No unex-
pected reactions or adverse events were reported after the biopsy and transurethral cell
injection. No relevant complications or serious adverse events were documented during
follow-up [62,69,84]. Mahboubeh et al. compared the outcomes of stem cell therapy with
mini-sling insertion in women with SUI and showed that injection of autologous adult
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mucosa-derived stem cells can be a safe and feasible treatment for women with SUI. Shorter
procedure times and hospital stays and fewer complications were reported for the patients
in the stem cell group. Dysuria and urinary tract infection were the most common com-
plications that occurred in the stem cell group, while in the mini-sling group, additional
obstructive symptoms and dyspareunia were reported [69].

Overall, stem cell therapy for SUI can be considered a promising therapy with a low
risk of significant morbidity. However, it is important to be aware of the potential adverse
effects and complications associated with the procedure.

5.3. Perspectives and Challenges in Clinical Development of Cellular Injection for Treating Female SUI

Many challenges remain, considering that several aspects of the overall efficacy of
adult stem cells in the treatment of female SUI are yet to be investigated [25,34]. These
include the loss of cell function after ex vivo expansion, poor engraftment or survival in vivo
and the tendency of stem cells to cluster at the injection site. Moreover, understanding
the mechanisms of action underlying the therapeutic effects of MSCs in vivo, the “needle
effect” during stem cell injection and the paracrine effects of the cell culture secretome need
to be investigated in upcoming preclinical trials designed to better understand how they
may influence the final outcome of cell therapy [61].

The search for the most optimal type of stem cells for urethral sphincter regeneration
awaits resolution due to the lack of conclusive evidence. The differentiation potential
and regenerative capacity of stem cells play a crucial role in their suitability for treating
SUI but few experiments have attempted to compare their efficacy [85]. Balancing ther-
apeutic effects and side effects remains a pressing issue, where the use of stem cells in
combined therapy may offer a future option [21]. The source and accessibility of stem
cells significantly impact their clinical use. Adult stem cells can be derived from various
sources, such as bone marrow, amniotic fluid, adipose or muscle tissue, umbilical cord
blood, urine, tissues and even dental pulp [86]. Invasiveness of procurement procedures
and safety profiles, including immune rejection, oncogenic potential and ethical consid-
erations, are also important factors in selecting cells for clinical use. The processing and
preparation of stem cells also influence their selection, as some types require complex and
time-consuming procedures for collection and preparation, which ends up affecting their
clinical feasibility [44].

Furthermore, issues associated with cell suspension delivery and distribution, such as
is the case with the speed and method of cell suspension introduction or the insufficient
injection accuracy into the external urethral sphincter, which still have to be assessed in
future studies. Endoscopically or ultrasound-guided transurethral and/or periurethral
injections have commonly been used for administering viable cells in female SUI treatment,
although few studies have compared their results and there is no clear evidence for the
superiority of one technique over the other [15,83]. Recently, a new needle-free injection
method has been proposed, which could reduce cell loss due to misplacement and could
be a promising option for cell transplantation [87]. Non-invasive tests for monitoring
the long-term viability and functionality of implanted cells, such as imaging tests and
radiotracers, could be useful but require further development before incorporation into trial
protocols [84]. Nevertheless, there is still a long way to go before these can be incorporated
into future trial protocols, regardless of the additional costs involved.

Cell therapies based on living medicine face challenges due to the short half-life,
stability and fragility of the product. Good handling and optimization of the therapeutic
potential of the cells to be injected is crucial. Controlling needle diameter to avoid breaking
cells, delicate handling of the material and ensuring sterility are key aspects of treatment
success. Pre-release studies of the cell product at production centers are necessary to
homogenize results.

Finally, the cost of cellular products must be lowered. New approaches using allo-
geneic MSCs [88], stem cell culture-derived microvesicles or the targeted secretome in
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stem cell culture could decrease costs. Although the results of preclinical studies have
demonstrated its potential and feasibility, future clinical trials should confirm its efficacy [6].

5.4. Future Proposals

Based on this review, we believe that allogeneic MSCs should be used in future
studies. ADSCs appear to perform as the best type of all that have been assessed for
urologic uses [89], and the scalability and economic benefits of allogeneic MSC make them
a compelling option for the development of novel and reliable treatments [88]. Its use,
on the one hand, would reduce the number of surgical interventions and the production
costs of the cellular product, and on the other hand, it would shorten treatment times
and optimize the potential of the cell suspension with testing on the donor and final cell
product. Currently, there is no consensus on the most appropriate dose to inject, but
based on the dose studies carried out and on our previous experience with this type of
stem cells, we believe that a homogenous dose of 40 million cells would be adequate and
effective [66]. We propose direct transurethral injection guided by an endoscopic method
as the best treatment route, and, according to most clinical trials, a second treatment and
longer follow-ups would be recommended. Another future option that would reduce costs
considerably could be the use of the secretome generated in MSC cultures, but its efficacy
has not yet been demonstrated.

The results of the evaluation systems, as well as the selection of the study population,
are other aspects to take into account when designing new clinical trials. According to the
clinical evidence, not all patients may be suitable for these therapies. Women with great
urethral hypermobility would not be the most recommended candidates to include [38,75].
In relation to the evaluations to be carried out, we consider that pad tests and urodynamic
studies are suitable tools for a correct analysis of the results, as well as a 3-day-voiding
diary to assess the reduction of IEF score, together with a quality of life questionnaire such
as the IQoL. Additionally, it is important to note that pad tests and urodynamic studies
have been utilized in few studies. Therefore, their promotion in future studies is essential to
evaluate treatment success comprehensively. Finally, training in the use and manipulation
of cell therapy products is necessary when large trials are carried out to ensure the viability
of the cell treatment and, therefore, its therapeutic effect.

6. Conclusions

Despite the great progress that has been made in the field of cell therapy for the
treatment of female SUI, the demonstrated safety and the promising initial efficacy data
generated by clinical studies, there are still several aspects to be investigated and improved.
The inherent limitations of cell therapy and heterogeneity in clinical trials make it difficult
to establish clear protocols, justifying the need for further, more homogeneous clinical
studies. There is still a need for consensus on the objective assessment test and target
population in future clinical trials, as well as the necessity to improve the handling of
advanced therapy drugs (live drugs), and to reduce the cost of the treatments in order to
include them as a minimally invasive option in the future.
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61. Blaganje, M.; Lukanović, A. The Effect of Skeletal Muscle-Derived Cells Implantation on Stress Urinary Incontinence and
Functional Urethral Properties in Female Patients. Int. J. Gynaecol. Obstet. Off. Organ Int. Fed. Gynaecol. Obstet. 2022, 157, 444–451.
[CrossRef]

62. Daneshpajooh, A.; Farsinejad, A.; Derakhshani, A.; Mirzaei, M.; Dehesh, T.; Eslami, A.; Pakmanesh, H.; Sohbati, S. Comparing
Periurethral Injection of Autologous Muscle-Derived Stem Cell and Fibroblasts with Mid-Urethral Sling Surgery in the Treatment
of Female Stress Urinary Incontinence: A Randomized Clinical Trial. J. Stem Cells Regen. Med. 2022, 18, 43–51. [CrossRef]

63. Schmid, F.; Prange, J.; Kozomara, M.; Betschart, C.; Sousa, R.; Steinke, N.; Hunziker, M.; Lehner, F.; Veit, M.; Grossmann, R.; et al.
Transurethral Injection of Autologous Muscle Precursor Cells for Treatment of Female Stress Urinary Incontinence: A Prospective
Phase I Clinical Trial. Int. Urogynecology J. 2023, 34, 2197–2206. [CrossRef]

64. Kuismanen, K.; Sartoneva, R.; Haimi, S.; Mannerström, B.; Tomás, E.; Miettinen, S.; Nieminen, K. Autologous Adipose Stem Cells
in Treatment of Female Stress Urinary Incontinence: Results of a Pilot Study. Stem Cells Transl. Med. 2014, 3, 936–941. [CrossRef]

65. Arjmand, B.; Safavi, M.; Heidari, R.; Aghayan, H.; Bazargani, S.T.; Dehghani, S.; Goodarzi, P.; Mohammadi-Jahani, F.; Heidari, F.;
Payab, M.; et al. Concomitant Transurethral and Transvaginal-Periurethral Injection of Autologous Adipose Derived Stem Cells
for Treatment of Female Stress Urinary Incontinence: A Phase One Clinical Trial. Acta Med. Iran. 2017, 55, 368–374.

66. Garcia-Arranz, M.; Alonso-Gregorio, S.; Fontana-Portella, P.; Bravo, E.; Diez Sebastian, J.; Fernandez-Santos, M.E.; Garcia-Olmo,
D. Two Phase I/II Clinical Trials for the Treatment of Urinary Incontinence with Autologous Mesenchymal Stem Cells. Stem Cells
Transl. Med. 2020, 9, 1500–1508. [CrossRef]

67. Lee, C.N.; Jang, J.B.; Kim, J.Y.; Koh, C.; Baek, J.Y.; Lee, K.J. Human Cord Blood Stem Cell Therapy for Treatment of Stress Urinary
Incontinence. J. Korean Med. Sci. 2010, 25, 813–816. [CrossRef]

68. Shirvan, M.K.; Alamdari, D.H.; Mahboub, M.D.; Ghanadi, A.; Rahimi, H.R.; Seifalian, A.M. A Novel Cell Therapy for Stress
Urinary Incontinence, Short-Term Outcome. Neurourol. Urodyn. 2013, 32, 377–382. [CrossRef]

https://doi.org/10.1007/s00192-007-0553-z
https://doi.org/10.1007/s00192-010-1255-5
https://doi.org/10.1016/j.ijgo.2011.11.029
https://doi.org/10.1007/s00192-012-1963-0
https://doi.org/10.1016/j.juro.2012.09.028
https://doi.org/10.1007/s00192-013-2101-3
https://doi.org/10.1016/j.juro.2014.02.047
https://doi.org/10.1002/nau.22404
https://doi.org/10.1016/j.eururo.2013.09.022
https://doi.org/10.17772/gp/61330
https://doi.org/10.1111/iju.13097
https://doi.org/10.1007/s11255-018-2005-8
https://doi.org/10.22037/uj.v0i0.4736
https://doi.org/10.1002/ijgo.13853
https://doi.org/10.46582/jsrm.1802008
https://doi.org/10.1007/s00192-023-05514-4
https://doi.org/10.5966/sctm.2013-0197
https://doi.org/10.1002/sctm.19-0431
https://doi.org/10.3346/jkms.2010.25.6.813
https://doi.org/10.1002/nau.22301


Life 2024, 14, 861 16 of 16

69. Mahboubeh, M.; Hamid, P.; Azar, D.; Mohammad Ali, B.; Alireza, F.; Mohsen, B. Short and Medium-Term Results of the
Autologous Adult Mucosa Stem Cell Therapy Compared with Mini-Sling Surgery in the Treatment of Women’s Stress Urinary
Incontinence; A Randomized Clinical Trial. Curr. Stem Cell Res. Ther. 2023, 18, 276–283. [CrossRef]

70. Kaufman, M.R.; Peters, K.M.; Chermansky, C.J.; Quiroz, L.H.; Bennett, J.B.; Thomas, S.; Goldman, H.B.; Benson, K.D.; Dmochowski,
R.R.; Lee, U.J.; et al. Pd06-01 A Double-Blind, Randomized, Controlled Trial Comparing Safety and Efficacy of Autologous
Muscle Derived Cells for Urinary Sphincter Repair (Amdc-Usr) with Placebo (Pbo) in Women with Stress Urinary Incontinence
(Sui). J. Urol. 2021, 206, e99. [CrossRef]

71. EudraCT Number 2010-021871-10—Clinical Trial Results—EU Clinical Trials Register. Available online: https://www.
clinicaltrialsregister.eu/ctr-search/trial/2010-021871-10/results (accessed on 16 February 2024).

72. EudraCT Number 2014-002919-41—Clinical Trial Results—EU Clinical Trials Register. Available online: https://www.
clinicaltrialsregister.eu/ctr-search/trial/2014-002919-41/results (accessed on 13 February 2024).

73. EudraCT Number 2014-001656-34—Clinical Trial Results—EU Clinical Trials Register. Available online: https://www.
clinicaltrialsregister.eu/ctr-search/trial/2014-001656-34/results (accessed on 16 February 2024).

74. Cook MyoSite. A Double-Blind, Randomized, Controlled Trial Comparing the Safety and Efficacy of AMDC-USR with Placebo
in Female Subjects with Stress Urinary Incontinence. 2022. Available online: https://clinicaltrials.gov/study/NCT01893138
(accessed on 1 January 2023).

75. Kaufman, M.R. Contemporary Application of Autologous Muscle-Derived Cells for Urinary Sphincter Regeneration. World J.
Urol. 2020, 38, 2095–2099. [CrossRef] [PubMed]

76. Cook MyoSite. CELLEBRATE: An Adaptive, Two-Stage, Double-Blind, Randomized, Controlled Trial Comparing the Safety and
Efficacy of AMDC-USR with Placebo in Female Subjects with Persistent or Recurrent Stress Urinary Incontinence Following
Surgical Treatment. 2023. Available online: https://clinicaltrials.gov/study/NCT03104517 (accessed on 1 January 2024).

77. University of Zurich. Stress Urinary Incontinence Study to Assess Safety and Efficacy of Muvon’s Muscle Precursor Cell Therapy.
2023. Available online: https://clinicaltrials.gov/study/NCT05534269 (accessed on 1 January 2023).

78. Cook MyoSite. JPN1: A Confirmatory, Bridging, Double-Blind, Randomized, Controlled Trial in Japan Comparing the Safety
and Efficacy of AMDC-USR with Placebo in Female Subjects with Stress Urinary Incontinence. 2023. Available online: https:
//clinicaltrials.gov/study/NCT03997318 (accessed on 1 January 2024).

79. Pruchnic, R.; Jankowski, R.J.; Kaufman, M.R. Lessons Learned from a Multicenter, Randomized, Double-Blind, Placebo-Controlled
Study of Autologous Muscle Derived Cells for Urinary Sphincter Repair. Neurourol. Urodyn. 2017. Available online: https:
//api.semanticscholar.org/CorpusID:80200142 (accessed on 1 January 2024).

80. Rose, A.; Ju, M.; Rehme, C.; Rubben, H. Oral Presentations. Int. Urogynecology J. 2012, 23, 43–244. [CrossRef]
81. Lin, C.-S.; Lue, T.F. Stem Cell Therapy for Stress Urinary Incontinence: A Critical Review. Stem Cells Dev. 2012, 21, 834–843.

[CrossRef]
82. Vilsbøll, A.W.; Mouritsen, J.M.; Jensen, L.P.; Bødker, N.; Holst, A.W.; Pennisi, C.P.; Ehlers, L. Cell-Based Therapy for the Treatment

of Female Stress Urinary Incontinence: An Early Cost-Effectiveness Analysis. Regen. Med. 2018, 13, 321–330. [CrossRef]
83. Kirchin, V.; Page, T.; Keegan, P.E.; Atiemo, K.; Cody, J.D.; McClinton, S. Urethral Injection Therapy for Urinary Incontinence in

Women. Cochrane Database Syst. Rev. 2012, 2, CD003881. [CrossRef]
84. Schmid, F.A.; Williams, J.K.; Kessler, T.M.; Stenzl, A.; Aicher, W.K.; Andersson, K.-E.; Eberli, D. Treatment of Stress Urinary

Incontinence with Muscle Stem Cells and Stem Cell Components: Chances, Challenges and Future Prospects. Int. J. Mol. Sci.
2021, 22, 3981. [CrossRef]

85. Cui, L.; Meng, Q.; Wen, J.; Gao, Z.; Yan, Z.; Tian, Y.; Xu, P.; He, X.; Yu, H.; Lian, P. A Functional Comparison of Treatment of
Intrinsic Sphincter Deficiency with Muscle-Derived and Adipose Tissue-Derived Stem Cells. IUBMB Life 2018, 70, 976–984.
[CrossRef]

86. Zordani, A.; Pisciotta, A.; Bertoni, L.; Bertani, G.; Vallarola, A.; Giuliani, D.; Puliatti, S.; Mecugni, D.; Bianchi, G.; de Pol, A.; et al.
Regenerative Potential of Human Dental Pulp Stem Cells in the Treatment of Stress Urinary Incontinence: In Vitro and in Vivo
Study. Cell Prolif. 2019, 52, e12675. [CrossRef]

87. Linzenbold, W.; Fech, A.; Hofmann, M.; Aicher, W.K.; Enderle, M.D. Novel Techniques to Improve Precise Cell Injection. Int. J.
Mol. Sci. 2021, 22, 6367. [CrossRef]

88. Kondo, M.; Kameishi, S.; Grainger, D.W.; Okano, T. Novel Therapies Using Cell Sheets Engineered from Allogeneic Mesenchymal
Stem/Stromal Cells. Emerg. Top. Life Sci. 2020, 4, 677–689. [CrossRef]

89. Liu, M.; Chen, J.; Cao, N.; Zhao, W.; Gao, G.; Wang, Y.; Fu, Q. Therapies Based on Adipose-Derived Stem Cells for Lower Urinary
Tract Dysfunction: A Narrative Review. Pharmaceutics 2022, 14, 2229. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2174/1574888X17666220330010453
https://doi.org/10.1097/JU.0000000000001974.01
https://www.clinicaltrialsregister.eu/ctr-search/trial/2010-021871-10/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2010-021871-10/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2014-002919-41/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2014-002919-41/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2014-001656-34/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2014-001656-34/results
https://clinicaltrials.gov/study/NCT01893138
https://doi.org/10.1007/s00345-019-03018-9
https://www.ncbi.nlm.nih.gov/pubmed/31834471
https://clinicaltrials.gov/study/NCT03104517
https://clinicaltrials.gov/study/NCT05534269
https://clinicaltrials.gov/study/NCT03997318
https://clinicaltrials.gov/study/NCT03997318
https://api.semanticscholar.org/CorpusID:80200142
https://api.semanticscholar.org/CorpusID:80200142
https://doi.org/10.1007/s00192-012-1875-z
https://doi.org/10.1089/scd.2011.0621
https://doi.org/10.2217/rme-2017-0124
https://doi.org/10.1002/14651858.CD003881.pub3
https://doi.org/10.3390/ijms22083981
https://doi.org/10.1002/iub.1896
https://doi.org/10.1111/cpr.12675
https://doi.org/10.3390/ijms22126367
https://doi.org/10.1042/ETLS20200151
https://doi.org/10.3390/pharmaceutics14102229

	Introduction 
	Cell Therapy in Stress Urinary Incontinence 
	Skeletal Muscle-Derived Cells for SUI 
	Mesenchymal Stem Cell for SUI 
	Adipose-Derived Stem Cells for SUI 
	Other Mesenchymal Stem Cells for SUI 


	Materials and Methods 
	Results 
	Clinical Trials on Cell Injection for Female Stress Urinary Incontinence 
	Stem Cell Injection Procedure 
	Stem Cell Dose 
	Outcomes Tests 

	Discussion 
	Stem Cell Therapy Clinical Research 
	Safety Reports of Stem Cell Injection Therapy in Female SUI 
	Perspectives and Challenges in Clinical Development of Cellular Injection for Treating Female SUI 
	Future Proposals 

	Conclusions 
	References

