A systematic review of stem cell therapy treatment for women suffering from stress urinary incontinence
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Abstract
Background: Stress urinary incontinence is a common health problem, with grave social and economic consequences, that is associated with a reduced quality of life. Stem cell therapy has developed as a novel modality for regeneration of injured tissues and could be a promising strategy for treatment of stress urinary incontinence.
Objective: The objective of this systematic review is to summarize the clinical trials available to date, on stem cells therapy for treatment of stress urinary incontinence in woman.
Search Strategy: A systematic review was performed in accordance with the PRISMA guidelines. PubMed, Cochrane Library, Scopus and Embase were searched for studies published until January 2020 on Stem cell therapy for Stress urinary incontinence in woman. Quality of the included studies was assessed formally and independently by two authors using the JBI Critical Appraisal Checklists. The general keywords were (Stress urinary incontinence) AND (Regenerative medicine OR Cell- and Tissue-Based Therapy OR Stem Cell Transplantation OR Stem cell).
Selection Criteria: Inclusion criteria included: Population: Women, aged >18 years with a diagnosis of SUI; Intervention: Stem cell Therapy; Comparator: X; and Outcome parameters: efficacy & safety outcomes, adverse effects and complications. The exclusion criteria included preclinical studies, editorials and research letters, non-English studies, retracted studies and unpublished studies with only a published abstract.
Data Collection and Analysis: Eligibility screening was performed in two steps: initially, title/abstract screening followed by full-text screening. Each phase was conducted by two authors (AYW, HKG) and any controversies were resolved by discussion and consensus.
Main Results: 19 studies were included and their quality was assessed with the JBI Critical Appraisal Checklists. These studies imply that stem cells therapy for treatment of stress urinary incontinence is a safe and effective treatment.
Conclusions: While it is difficult to draw specific conclusions, initial results of stem cell therapy for the treatment of stress urinary incontinence seem encouraging. The great variability in cell types, injection protocols, follow up duration and evaluation tests, outcome measures and adverse effects indicates the need for standardization and validation of this treatment modality before it could be recommended for routine use.
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1. Introduction
Urinary incontinence is defined as the complaint of involuntary leakage of urine 1. The two main subtypes of urinary incontinence are: Stress urinary incontinence (SUI) and Urge incontinence 2. According to the International Urogynecological Association (IUGA) and the International Continence Society (ICS) standard definition, SUI is an involuntary leakage of urine that occurs when intra-abdominal pressure increases during effort, exertion, sneezing or coughing, whereas urge incontinence is an involuntary leakage accompanied or preceded by a sense of urgency. When these two types coexist, the condition is termed Mixed urinary incontinence (MUI) 3. 
SUI is a common health problem with an estimated prevalence of 30% in woman over 18 years 4. Apart from its health impact, it has a substantial social and economic burden and it is associated with a reduced quality of life 2. The main risk factors of SUI are parity, aging and obesity 4. Therefore, the impact of this condition is expected to increase with current demographic trends. Other notable risk factors related to SUI are race, obstetrical and perinatal risk factors (urinary incontinence during pregnancy, instrumental delivery, severe vaginal and perineal tears and delivery of a macrosomic neonate), diabetes mellitus, smoking, chronic lung disease, connective tissue disease, constipation, menopause and some occupational risk factors2,4–6. Two mechanisms have been suggested to cause SUI: urethral hypermobility due to an anatomical decrease in the support to the urethra and intrinsic sphincter deficiency (ISD) resulting in failure of urethral closure7. However, most patients suffer to some extent from both8.
The current management of SUI is aimed at restoring or at least improving urethral function or support and includes conservative and invasive strategies 9. The conservative approach consists of lifestyle interventions, pelvic floor muscle training and devices such as incontinence pessaries 4,10. No pharmacologic therapies have been approved by the US Food and Drug Administration (FDA) for treatment of SUI, due to serious adverse effects 11,12. The main invasive procedures for SUI involve vaginal surgery for placement of mid urethral slings (MUS), fascial graft slings, intraurethral injection of bulking agents and abdominal retropubic colposuspension 4,10,11. Surgical treatments have consistently been shown to have a higher efficacy rate than conservative therapy 13. Although, SUI surgery is associated with increased morbidity, postoperative voiding difficulty and development or worsening of urgency incontinence, MUS procedures are considered the gold standard for SUI treatment. They have comparable and even superior efficacy compared with other procedures, including shorter operative duration and recovery times and lower rates of repeat incontinence surgery 14. Recently much debate and controversy have arisen regarding the risks of synthetic mesh used for MUS insertion 15. Thus, many women are reluctant to undergo a surgical intervention. Moreover, since pelvic support may be disrupted during pregnancy, and particularly following a vaginal birth increasing the risk of recurrent incontinence 16, it is often recommended to delay surgical intervention for SUI until completion of childbearing. This has brought the use of intraurethral bulking agents to regain popularity since it is a well-tolerated procedure in the majority of patients. However, although not frequent, several complications have been reported to be associated with the use of bulking agents 17. In addition, long-term efficacy and safety data are lacking. Hence, there is a growing need to explore novel, safe, efficient and non- or minimal invasive treatment modalities. 
Over the past decade, tissue engineering and cell therapy research in particular have gained popularity. Stem cells have the ability to self-renew, form clonal populations, differentiate into different cell types and in addition, secrete a variety of bioactive factors 18. Stem cell therapy is used for regeneration of injured tissues and has been extensively investigated in a variety of pathological conditions; among them are some urologic pathologies19,20. This regenerative strategy seems as a novel promising strategy for restoring urethral sphincter function in patients with SUI, particularly in those with ISD 9. Animal models have already shown promising results in stem cell therapy for SUI and paved the way for human clinical trials 21. In this systematic review we present and summarize the clinical trials available to date, on stem cells therapy for SUI in woman. 

2. Materials and methods
2.1. Search strategy
[bookmark: _GoBack]The present systematic review was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. No formal ethical approval was required. An extensive literature search of four electronic databases: PubMed, Cochrane Library, Scopus and Embase, was undertaken for studies about SCT in human SUI patients, published until November 2019. The search was subsequently updated on January 2020. No new studies were found in the updated search. The general keywords were (Stress urinary incontinence) AND (Regenerative medicine OR Cell- and Tissue-Based Therapy OR Stem Cell Transplantation OR Stem cell), while search strategy was updated and adapted for each database. Appendix S1 presents the detailed databases searches. In addition, urology and urogynecology related theses and dissertations, proceeding from urology and urogynecology conferences and references cited of the identified studies were searched as well for additional potentially relevant content.
2.2. Eligibility criteria
The inclusion criteria were the following:
· Population: Women, aged >18 years, diagnosis of SUI;
· Intervention: Stem cell Therapy;
· Comparator: X;
· Outcome parameters: efficacy & safety outcomes, adverse effects/complications;
The exclusion criteria were the following: Preclinical studies, editorials and research letters, non-English studies, retracted studies and unpublished studies with only a published abstract.

2.3. Study selection
Eligibility screening was performed in two steps: initially, title/abstract screening followed by full-text screening. Each phase was conducted by two authors (AYW, HKG) and any controversies were resolved by discussion and consensus. Data reported in two or more papers were counted as one and follow-up studies were reported as different studies.
2.4. Data extraction
A standard extraction form was developed by the authors and relevant data from the included studies was extracted independently. The following data were collected:
· Study characteristics (primary investigator & year of publication, country & period study, design and the pre-treatment SUI type & subtype).
· Population characteristics (number of participants, demographic details (age, BMI & other risk factors or medical history).
· Intervention details (cell type, tissue extraction origin & processing, injections site & manner, number of injected cells, anesthesia and additional pre or post treatments).
· Follow up details (total duration, objective and subjective tests)
· Outcomes (efficacy & safety parameters).
· Adverse effects or complications (during extraction procedure, during treatment injection and post treatment).     
2.5. Quality assessment
Quality of the included studies was assessed formally and independently by two authors (AYW, HKG) using the JBI Critical Appraisal Checklists with recourse to discussion and consensus if required 22. The JBI Critical Appraisal Checklists included questions adjustable to the study type. Each question answered as “yes”, “no”, or “unclear”, “NA” (Not applicable) and inclusion/exclusion decision. 


3. Results
3.1. Search strategy
We have identified a total of 3369 Studies: 3367 from the four electronic databases and two from the additional search. Fig. 1 presents the study selection process. From the initial search, 312 studies were duplicates and were excluded. Of the remaining 3057 studies, 2989 studies were excluded during the title and abstract screening and 49 studies were excluded during full-text screening. Two articles that reported on the same study were included as one, while follow-up studies were included as independent studies. The final analysis resulted in 19 studies that reported on a total of 773 patients who met the inclusion criteria. 645 of them treated with cell therapy. 
3.2. Characteristics of included studies 
Table 1 summarized the characteristics of the included studies. From the 19 eligible studies, 17 were prospective interventional case series, one was a randomized prospective interventional study and one prospective cohort study 23,24. In addition, two are follow up studies and one is an extension of a pilot study 25–27. Ethical approval was mentioned in 16 studies and 15 described written informed consent. The studies were conducted between the years 2005-2016 in the following countries: Iran (3)28–30, Canada (3)31–33, United Kingdom (1)34, Germany (1)34, Poland (1)35,36, France (1)37,38, Denmark (1)39, United States (1)33, Finland (1)40, Slovenia (1)41, Romania (1)42, South Korea (1)43 and Austria (2)44,45. The inclusion/exclusions criteria were varied between studies. However, most included female patients with symptoms of SUI and failed prior treatments. MUI was included in three studies34,40,43 and seven studies relate to the subtype of the SUI (ISD or urethral hypermobility)28,37,38,42–45. 
3.3. Quality assessment
Table 2 provides an overview of the results of the risk of bias assessments. The interventional prospective randomized controlled study was evaluated as a high-quality study34, while the prospective cohort study42 and the other 17 prospective interventional case series varied in quality. As the aim of this study was to present all clinical trials available to date, both high- and low-quality studies were included. 

3.4. Population characteristics
The populations' characteristics from the included studies are presented in Table 3. All studies followed cell therapy treated patients, apart from two studies that compared cell therapy treated patients with placebo or other SUI surgical treatments 23,24. Most studies were small with less than 40 patients. Patient's ages were similar among studies with a mean age of 50.53 and ranging between 18 and 84. Most studies included normal, overweight and obese patients in the same trial. Other common related risk factors were parity, menopause, previous related surgeries.
3.5. [bookmark: _Hlk32176515]Intervention procedure
The major characteristics of the interventional procedures, from cell processing to treatment are presented in Table 4. Different cell types were used in the studies: muscle derived stem cells (MDSCs) (12)28,31–33,33–38,41,42, myoblasts & fibroblasts (2)44,45, adipose derived stem cells (ASCs) (2)29,40, human umbilical cord blood stem cells (UCBSC) (1)43, platelets & total nucleated Cells (TNCs) (1)30 and minced autologous skeletal muscle tissue was used (1)39. Although different cell types were used in the different studies, general processing steps were similar between the studies and included cells harvesting, isolation, expansion, safety assessment and suspension. In studies that used muscle derived cells, these cells were obtained from both the upper and lower extremities. Only few studies reported the overall processing time which varied between three to 21 weeks. While nine studies used trans-urethral injection, five used peri-urethral injection and in three, both were performed. Most studies injected the cells in a circumferential manner. Apart from three studies who administered one or two treatment doses31,32,34, all other studies included only a single treatment dose. The number of injected cells varied from 0.6 x 10^6 to 6.2 x 10^8. In 11 studies local anesthesia was used before cells were injected and in three studies general anesthesia or a combination of local and general anesthesia were used. Additional treatments that patients in the study groups received and are reported in the studies included antibiotics, pelvic-floor exercises and electrophysiologic stimulations (ES).   

3.6. Follow up and outcomes
Study outcomes are presented in Table 5. The follow up period varied between studies and ranged between six weeks to six years. Most studies included additional interim follow up visits. The subjective tools that were used to evaluate outcomes and were reported in the studies included validated questionnaires (18) and voiding diaries (11), while the objectives tools that were used to evaluate outcomes included cough tests (4), pad weight tests (13), urodynamics tests (7) and additional tests (3). Most studies included both subjective and objective test. The reported outcomes included safety and efficacy measurements, however, the definitions of safety and efficacy varied between articles. All studies reported some improvement with the cell therapy strategy. Only three studies reported the timing of onset of improvement and included six weeks, mean of 4.7 months and range of 3-6 months from treatment41,36,32. 
3.7. [bookmark: _Hlk32179021]Adverse effects and complications 
The reported adverse events (AE) were mostly due to cell biopsy or extraction; most studies reported no serious events with the injection or treatment. AE and complications related to the cell's biopsies or extraction were reported in 25 patients from five studies and included vasovagal syncope, dizziness, mild pain or tenderness, superficial infection, postoperative bleeding requiring sutures, wound hematoma and joint swelling. Most studies reported no serious AE with injections and treatment administration. However, some studies did report minor or spontaneously resolved AE. These included injection site pain, voiding difficulty (needed catheterization), worsening incontinence, dysuria, pollakiuria, urinary urgency, transient hematuria, vulvovaginal pruritus, pelvic or abdominal pain, nausea, dizziness, shortness of breath, periorbital edema, urinary tract infection.


4. Discussion
Regenerative medicine is an emerging interdisciplinary medical field, which offers alternative therapeutic strategies for many diseases 46,47. The field of regenerative medicine has the potential to address some of the unmet needs in surgery. It is a multidisciplinary field whose purpose is to regenerate in vivo or ex vivo human cells, tissues or organs in order to restore or establish normal function through exploitation of the potential to regenerate. The potential to regenerate is intrinsic to human cells, tissues and organs. As a concept, regenerative medicine exploits the inherent capacity of resident, circulating or transplanted stem or progenitor cells to regenerate organ or tissue that has failed as a result of trauma, disease or age. Regenerative medicine based therapies are already in use in several clinical trials in most fields of medicine and surgery. 
Despite a large investment on stem cell research there are still only a few new safe and effective treatments available to patients. This is partly because complex diseases which are currently incurable require complex treatments (often with a personalized aspect). Until these treatments demonstrate safety and clinical benefit, they should be considered experimental. The potential use of stem cells to restore missing, lost or damaged tissues plays a central role in the field of regenerative medicine, which seeks to improve organ function by regenerating tissues. Chronic diseases and the scarcity of appropriate donor organs, mandates innovation to address the growing unmet needs of patients. Regenerative strategies offer transformative solutions in treating degenerative conditions. Regenerative technologies strive to promote, augment, and reestablish native repair processes, restoring organ structure and function 48.
Urinary incontinence, the involuntary leakage of urine, is often underdiagnosed and undertreated 49,50. Many people do not seek help for UI and among those who did receive treatment many believe that none was provided. About half of the patients who were treated, continue to have troubling symptoms and report great frustration with ongoing incontinence 51. SUI, the involuntary leakage of urine that occurs with increases in intraabdominal pressure (e.g. with exertion, sneezing, coughing, laughing) is the most common type in younger women, with the highest incidence in women ages 45 to 55 years 52–55 .The two underlying mechanisms responsible for SUI are urethral hypermobility and intrinsic sphincteric deficiency. In urethral hypermobility the ability of the urethra and bladder neck to completely close against the anterior vaginal wall is insufficient resulting from diminished support of the pelvic floor musculature and vaginal connective tissue56. ISD results from neuromuscular damage that cause a loss of intrinsic urethral mucosal and muscular tone that normally keeps the urethra closed. It can occur with or without urethral hypermobility 57.
This makes stress urinary incontinence an attractive target for regenerative medicine and stem cell therapy. Ideally, if proven safe and effective a patient diagnosed with SUI will be able to undergo a quick biopsy and return to the doctor after a few weeks for a simple injection, avoiding the need for hospitalization, recovery time or significant side effects such in the common current treatments. Preclinical studies that have been performed to date appear to be promising in terms of feasibility and outcomes58,59.
Translation of regenerative principles into practice is feasible and safe in a clinical setting. Accumulating data regarding regenerative medicine and surgery is ready to move from proof-of-concept studies to clinical validation and, ultimately, standardization, paving the way for next-generation individualized management protocols. We need the evidence gathered in clinical trials to determine whether this proposed line of treatment is safe, effective and better than the existing treatments for SUI. Therefore, we chose to systematically review the data from clinical studies on regenerative medicine for the treatment of SUI. The results demonstrate a significant potential for this new line of treatment. However, more data from large studies are needed before it could be offered as a safe and effective as well as cost effective treatment for SUI. While it is difficult to draw specific conclusions due to great variability between studies, the results can be used to address the important components of treatment and direct the design and development of future studies.

4.1. Patient selection 
The use of stem cell therapy strategies allows the implantation of potent cells in order to initiate a regenerative process. The characteristics of the receiver organ may be significant. Age, obesity and parity are considered to be the main risk factors for SUI and may affect treatment efficacy60. While most studies in this review reported patients' age and BMI/weight, only one study evaluated the correlation between these factors and treatment efficacy28(pSharifiaghdas et al., 2019(1)). The studies included patients with a wide range of ages and with varying BMI levels, which may have impacted the results. When treating SUI patients with stem cell therapy, patient's risk factors should be considered and the treatment personally tailored. Moreover, combining additional conservative treatments in order to increase efficiency should be considered as well41,44,45. Future studies would do well to focus on treatment safety and efficacy in different age, BMI or other risk factor groups. 
4.2. Type of SUI 
There are different types of UI and different subtypes of SUI61. Some of the studies in this review included in the study population cases with mixed UI, which involves both stress and urgency incontinence.  In most of the studies that were included in this review, the study population of patients with genuine SUI included both those with ISD and those with urethral hypermobility. Although, both subtypes may coexist in the same patient62, the different pathophysiology of these two subtypes may have a different effect on treatment results. In addition, only one study compared complicated and uncomplicated patients39. Regenerative medicine by definition is aimed to restore specific damaged function. Therefore, it seems important to individualize the treatment to the patients' problem. Future studies would do well to compare treatment safety and efficacy in different subtypes of SUI in order to optimize treatment efficacy.  

4.3. Choosing the type of stem cells 
Stem cells have been classified into four main groups- embryonic stem cells (ESCs), amniotic fluid stem cells (AFSCs), induced pluripotent stem cells (iPSCs) and adult stem cells (ASCs) known also as somatic stem cells. ESCs are derived from a human blastocyst, are the most undifferentiated cells and therefore have the greatest therapeutic potential63,64. However, their use m is limited due to ethical concerns, potential allogenicity and concerns about oncogenesis. iPSCs are pluripotent cells that could be reprogramed to differentiate with transcription factors63,64. These cells have the same differentiation potential as of ESCs. However, their use is also limited owing to concerns regarding oncogenesis potential63,64. Another disadvantage of these cells is the required time to induce them. AFSCs are isolated from the amniotic fluid or placental membrane of a developing fetus and have an intermediate potential for proliferation and differentiation63,64. ASCs are tissue specific progenitor cells and so have the most limited potential of differentiation63,64. Nevertheless, they have the ability to repair tissue damage and restore function. The mesenchymal stem cells are a subtype of the ASCs group and have the potential to differentiate as well as the ability to secrete different factors that may induce regenerative effects63,64. MDSCs and ADSCs are MSCs derived from muscle tissue and fatty tissue respectively63,64. In the current review six different cell types were used in the included studies: muscle derived cells, myoblast and fibroblast cells, adipose derived cells, human umbilical cord blood stem cells, platelets and TNCs and minced autologous skeletal muscle tissue. Most studies used the MDSCs because of their regenerative potential as well as their accessibility and reported some improvement. Two studies added fibroblasts to the treatment in order to treat the atrophy of the urethral submucosa and improve its sealing effect in addition to the muscle regeneration promoted by the myoblasts44. It seems to be critical to focus on a specific cell type when trying to develop an efficient cell therapy protocol, choosing the MDSC cells with or without the addition of fibroblasts seems to be a favorable choice. In one study the researchers aimed to develop a non-invasive treatment and used cells drawn from peripheral blood of patients30. The biopsy process seems to be simple and minimally invasive in most studies. Future studies should compare different biopsy locations and their correlation with possible AE. Due to the wide range of cell processing protocols reported in the different studies, the optimal protocol has yet to be developed and standardized in order to insure the safest, easiest and cheapest process.   

4.4. Development of an effective and simple treatment protocol   
In one study the injections were performed using three different protocols, with the aim to find the most simple technique that does not require expensive imaging and injection equipment32. Some studies relayed only on the cystoscope during cells injection, while in others Ultrasound (US) guided the injection as well. The reported outcomes indicate that even in the absence of imaging, there was an improvement in outcomes without major AE. The necessity of imaging and other required equipment to perform these procedures while achieving maximum efficacy and minimum AE is important for the potential use in low resource settings such as in developing countries and for underprivileged populations. Other issues that were variable between studies and need to be optimized include the preferred injection site, the required number of injections and the optimal concentration of injectable cells.

4.5. Appropriate follow up 
A great inconsistency was noted between the different studies with regard to follow-up duration and evaluation tests. While the study that included the shortest duration (6 weeks) reported on negative stress test in 29/38 patients41, the study with the longest follow up duration (6 years) study reported on failure or recurrence in 9/11 patients37. It is important to conduct short term follow-up studies in order to evaluate the timing to efficacy and AE. However, long term follow-up is also important in order to recognize maintenance of efficacy and to evaluate recurrence, as well as later onset of AE and complications such as malignancy. In addition, studies must involve subjective as well as objective tests with precise predefined and acceptable outcome measures and improvement scores. We believe that standardization and validation of the evaluation methods is necessary before conducting further studies and comparisons.

4.6. Study limitations
Limitations of the review include a small number of human studies, a lack of high quality studies and the included studies being incomparable due to variability in types of cells used and administration methods. 

5. [bookmark: _Hlk33121434]Conclusion
Stem cell therapy holds the potential to restore morphology and function of damaged organs. The desired stem cell characteristics for treating SUI include obtaining them in a minimal invasive procedure, avoidance of immunogenic or allergic reactions and they must hold the potential to differentiate and proliferate in a well-controlled setting, making autologous cells the ideal cells for such a therapy. This review demonstrates that there is a potential role for stem cell therapy in restoring the urethral sphincter support and function. While it is difficult to draw specific conclusions, initial results of stem cell therapy for the treatment of stress urinary incontinence seem encouraging. The studies included in this review present this route of treatment as safe. However, the great variability between studies indicates the need for standardization and validation of the methods and outcome measures before widespread availability for patients could be recommended. 

Author contributions
[bookmark: _Hlk33124529]HKG: Conceptualization, Methodology, Validation, Formal analysis, Investigation, Data Curation, Writing - Original Draft, Writing - Review & Editing, Project administration. ST: Methodology, Software, Resources, AYW: Conceptualization, Validation, Formal analysis, Investigation, Writing - Original Draft, Writing - Review & Editing, Supervision.
Conflict of Interest
None
Funding
All authors declare no competing interests


4
Stem cell therapy treatment for stress urinary incontinence
6. Tables 
6.1. Table 1- Characteristics of the studies of stem cell therapy for the treatment of women with stress urinary incontinence
	Primary investigator
& Year
	Ethical approval 
& Informed consent
	Country
	Study period
	Study design
	SUI type 
& subtype

	Sharifiaghdas et al.,
2019 65
	Both 
	Iran
	September 2013-March 2016
	Prospective interventional case series
	SUI, Urethral hypermobility

	Jankowski et al.,
2018 23
	Both 
	Canada, 
United Kingdom, 
Germany
	X
	Interventional randomized placebo-controlled trial
	Pure SUI: 96 pt.
Predominant stress MUI: 47 pt.

	Arjmand et al.,
2017 66
	Both 
	Iran
	August-December 2012
	Prospective interventional case series
	SUI

	Stangel-Wojcikiewicz et al.
2016 67
	Both 
	Poland
	2009-2011
	Follow-up study on a prospective interventional case series35
	SUI

	Cornu et al.
2013 27
	X
	France
	6 years after last evaluation
	Follow-up study on a prospective interventional case series (15)
	 SUI, ISD

	Gras et al.
2014 68
	Both 
	Denmark
	April 2010-June 2013
	Prospective interventional case series
	SUI

	Stangel-Wojcikiewicz et al.
201325
	Both 
	Poland
	2009-2011
	Prospective interventional case series
	SUI


	Peters et al.
2014 69
	Both 
	United States, 
Canada
	October 2008- November 2011
June 2010-September 2012
	Prospective interventional case series
	SUI

	Kuismanen  et al.
2014 70
	Both 
	Finland
	X
	Prospective interventional case series
	Pure SUI: 2  
Predominant stress MUI: 3

	Carr et al.
2013 26
	Both 
	Canada
	September 2006-June 2008
	Prospective interventional case series- extension of pilot study (17)
	SUI

	Blaganje et al. 
201271
	Both 
	Slovenia
	September 2009-August 2010
	Prospective interventional case series
	Pure SUI

	Surcel et al.
2012 24
	X
	Romania
	2010
	Prospective cohort study
	SUI, ISD

	Shirvan et al.
2013 72
	Both
	Iran
	June 2011-March 2012
	Prospective interventional case series
	SUI

	Peters et al.
2011 33
	X
	X
	X
	Preliminary report of a Prospective interventional case series
	SUI

	Sèbe et al.
2011 73
	Protocol approval
	France
	May 2006-February 2008
	Prospective interventional case series
	SUI, ISD 

	Lee et al.
2009 74
	Both
	South Korea
	July 2005-July 2006
	Prospective interventional case series
	Pure SUI: 30. Urethral hypermobility: 22, ISD: 8
Stress predominant MUI: 9

	Carr et al.
2008 75
	Both
	Canada
	X
	Prospective interventional case series- pilot study
	SUI

	Mitterberger et al.
2007 76
	Both
	Austria
	2004-end of 2005
	Prospective interventional case series
	SUI, mild hypermobility of urethra and the bladder or ISD

	Mitterberger et al.
200777


	Both
	Austria
	January-June 2005
	Prospective interventional case series
	SUI, ISD




Abbreviations:
X- Not mentioned
SUI- Stress urinary incontinence 
ISD- Intrinsic sphincter deficiency
Pt.- Patients


6.2. Table 2- Quality Assessment of the studies of stem cell therapy for the treatment of women with stress urinary incontinence (according to the JBI Critical Appraisal Checklists)
	Case series included studies

	

Lead Author         & Year
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	



Overall appraisal

	
	Were there clear criteria for inclusion in the case series?
	Was the condition measured in a standard, reliable way for all participants included in the case series?
	Were valid methods used for identification of the condition for all participants included in the case series?
	Did the case series have consecutive inclusion of participants?
	Did the case series have complete inclusion of participants?
	Was there clear reporting of the demographics of the participants in the study?
	Was there clear reporting of clinical information of the participants?
	Were the outcomes or follow up results of cases clearly reported?
	Was there clear reporting of the presenting site(s)/clinic(s) demographic information?
	Was statistical analysis appropriate?
	

	Sharifiaghdas et al.,
2019 65
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	UNCLEAR
	YES
	INCLUDE

	Arjmand et al.,
2017 66
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	YES
	YES
	INCLUDE

	Stangel-Wojcikiewicz et al.
201667
	NO
	UNCLEAR
	UNCLEAR
	NO
	UNCLEAR
	NO
	NO
	YES
	NO
	YES
	INCLUDE

	Cornu et al.
2013 27
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	NO
	YES
	INCLUDE

	Gras et al.
201468
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	NO
	YES
	INCLUDE

	Stangel-Wojcikiewicz et al.
2013 25
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	YES
	YES
	INCLUDE

	Peters et al.
2014 69
	YES
	YES
	YES
	UNCLEAR
	YES
	YES
	YES
	YES
	YES
	YES
	INCLUDE

	Kuismanen  et al.
2014 70
	UNCLEAR
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	YES
	UNCLEAR
	INCLUDE

	Carr et al.
2013 26
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	NO
	YES
	INCLUDE

	Blaganje et al. 
2012 78
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	YES
	YES
	INCLUDE

	Shirvan et al.
201372
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	YES
	YES
	INCLUDE

	Peters et al.
201133
	YES
	YES
	YES
	NO
	YES
	NO
	NO
	YES
	NO
	NO
	INCLUDE

	Sèbe et al.
201173
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	NO
	YES
	INCLUDE

	Lee et al.
2009 74
	NO
	YES
	YES
	NO
	UNCLEAR
	UNCLEAR
	UNCLEAR
	YES
	NO
	YES
	INCLUDE

	Carr et al.
2008 75
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	YES
	UNCLEAR
	INCLUDE

	Mitterberger et al.
2007 76
	UNCLEAR
	YES
	YES
	NO
	YES
	NO
	NO
	YES
	NO
	YES
	INCLUDE

	Mitterberger et al.
2007 77
	YES
	YES
	YES
	NO
	YES
	YES
	YES
	YES
	NO
	YES
	INCLUDE




	Randomized controlled trial included study

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	






Overall appraisal

	

Lead Author & Year
	Was true randomization used for assignment of participants to treatment groups?
	Was allocation to treatment groups concealed?
	Were treatment groups similar at the baseline?
	Were participants blind to treatment assignment?
	Were those delivering treatment blind to treatment assignment?
	Were outcomes assessors blind to treatment assignment?
	Were treatment groups treated identically other than the intervention of interest?
	Was follow up complete and if not, were differences between groups in terms of their follow up adequately described and analyzed?
	Were participants analyzed in the groups to which they were randomized?
	Were outcomes measured in the same way for treatment groups?
	Were outcomes measured in a reliable way?
	Was appropriate statistical analysis used?
	Was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and analysis of the trial?
	

	Jankowski et al.,
2018 23
	YES
	YES
	YES
	YES
	YES
	YES
	UNCLEAR
	YES
	YES
	YES
	YES
	YES
	YES
	INCLUDE

	Cohort study

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	Overall 
appraisal

	Lead Author & Year
	Were the two groups similar and recruited from the same population?
	Were the exposures measured similarly to assign people
to both exposed and unexposed groups?
	Was the exposure measured in a valid and reliable way?
	Were confounding factors identified?
	Were strategies to deal with confounding factors
stated?
	Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
	Were the outcomes measured in a valid and reliable way?
	Was the follow up time reported and sufficient to be long enough for outcomes to occur?
	Was follow up complete, and if not, were the reasons to loss to follow up described and explored?
	Were strategies to address incomplete follow up
utilized?
	Was appropriate statistical analysis used?
	

	Surcel et al.
2012 24
	NO
	YES
	YES
	NO
	NO
	YES
	YES
	YES
	YES
	NO
	YES
	INCLUDE




6.3. Table 3- Population characteristics in studies of stem cell therapy for stress urinary incontinence
	Lead Author
& Year
	n
	Age 
	BMI/Weight
	Other risk factors & medical history

	Sharifiaghdas et al.,
2019 65
	20
	Mean: 51.5
Range: 30-70
	Mean weight: 74.2
	Race, number of deliveries

	Jankowski et al.,
2018 23
	143
(93 MDSCs, 
50 Placebo)
	Mean: 51.5
Range: 24-81
	Mean BMI: 26.5
Range: 18.7-34.9
	Race, post menopause, hysterectomy, stage 1/2 of pelvic organ prolapse, vaginal prolapse surgery, prior childbirth, mode of delivery, smoking 

	Arjmand et al.,
2017 66
	10
	Mean: 45.8
	Mean Weight: 71.8
	Past history of UI, pelvic organ prolapse, hysterectomy

	Stangel-Wojcikiewicz et al.
2016 67
	16
	X
	X
	Demographical characteristics, previous medical treatments for SUI and past medical history 

	Cornu et al.
2013 27
	11
	X
	X
	Surgical history, SUI evolution from first study 

	Gras et al.
2014 68
	35 
	Mean: 52
Range: 34-80
	Mean BMI: 24 
Range: 20-39
	Parity, premenopausal, topical estrogen

	Stangel-Wojcikiewicz et al.
201325
	16
	Mean: 56.7
	Mean BMI: 46
	Time of SUI, grade of SUI, time to estrogen exposure, SUI followed event, number of deliveries, number of infants>4000 g, menstruation, menopausal symptoms (hot flushes), replacement hormones, lower abdominal surgery

	Peters et al.
2014 69
	80
	Mean: 55
Range: 35-80
	Mean BMI: 27.8
Range: 20.6-43.9
	Race, post menopause, LUTS, prior incontinence therapies

	Kuismanen  et al.
2014 70
	5
	Mean: 59.2
Range: 45-81
	Mean BMI: 30.2 
Range: 25-41
	Previous incontinence procedures (TVT, Bulkamid)

	Carr et al.
2013 26
	38
	Mean: 50
Range: 30-73
	Mean BMI: 25.9 
Range: 19-34.4
	Race, mild vaginal prolapse, hysterectomy, prior SUI therapy 

	Blaganje et al. 
201271
	38
	Median: 52
Range: 18-75
	Mean BMI: 26.6
	Parity

	Surcel et al.
2012 24
	86 
(8 MDSCs, 
78 other treatments)
	Mean: 54.9
Range: 46-78
	X
	Medical history

	Shirvan et al.
2013 72
	9
	Mean: 48.9
Range: 30-65
	Mean Weight: 70.9
Range: range 58-90
	Gravidity, parity, mode of delivery, past medical history

	Peters et al.
2011 33
	64
	X 
	 X
	 X

	Sèbe et al.
2011 73
	12
	Mean: 58
Range: 35-75
	Mean BMI: 27.6 
Range: 19.2-34.3
	Severity of SUI, number of physiotherapy sessions, medical or surgical treatment for SUI, past medical history

	[bookmark: _Hlk31047281]Lee et al.
2009 74
	39
	Mean: 51.5
	X
	Parity, previous incontinence surgery

	Carr et al.
2008 75
	8
	Mean: 54
Range: 42–65
	BMI: less than 30 
(6 Pt. less than 25)
	X

	Mitterberger et al.
2007 76
	123
	Mean: 62.8
Range: 36-84
	X
	Previous surgery (TVT, hysterectomy, colposuspension)

	Mitterberger et al.
200777


	20
	Mean: 49.8
	X
	Multipara, abdominal or vaginal hysterectomy



Abbreviations:
X- Not mention
MDSCs- Muscle derived stem cells
UI- Urinary incontinence
SUI- Stress urinary incontinence
TVT- tension-free vaginal tape
LUTS - lower urinary tract symptoms


6.4. Table 4- Intervention characteristics in studies of stem cell therapy for treatment of women with stress urinary incontinence 
	Lead Author
& Year
	Cell type
	Tissue origin
	Trans or Peri-urethral
& Number of positions
	Number of treatments
	Number of doses compared 
& Number of cells injected
	Anesthesia
	Additional treatment
(Before or after)

	Sharifiaghdas et al.,
2019 65
	MDSCs
	Quadriceps femoris muscle
	Trans-urethral
Two positions
	Single
	Single dose-
≥50 × 10^6 
	Local
	X

	Jankowski et al.,
2018 23
	MDSCs/
Placebo
	Vastus lateralis muscle
	Trans-urethral
Three positions
	Single-Two
	Single dose-
150 × 10^6
	 X
	X

	Arjmand et al.,
2017 66
	ASCs
	Abdominal subcutaneous
adipose tissue
	Trans & peri-urethral 
Two positions
	Single
	Single dose-
1,180,000 cells/ml, 10 ml
	Local 
	Antibiotic 
(Before & after)

	Stangel-Wojcikiewicz et al.
2016 67
	MDSCs
	Deltoid muscle
	Trans-urethral
Three positions
	Single
	Single dose-
 0.6 -25 x 10^6
	Local 
	X

	Cornu et al.
2013 27
	MDSCs
	Deltoid muscle 
(Nondominant hand)
	Peri-urethral
Two positions
	Single
	Three doses-
1/2.5/5 x 10^7
	Local 
	X

	Gras et al.
2014 68
	Minced autologous skeletal muscle tissue
	Vastus lateralis muscle
	Peri-urethral
Three positions
	Single 

	Two doses-
1/2 ml suspension
	General or combination of general & local
	X

	Stangel-Wojcikiewicz et al.
201325
	MDSCs
	Deltoid muscle
	Trans-urethral
Three positions
	Single
	Single dose-
0.6 -25 x 10^6
	Local
	X

	Peters et al.
2014 69
	MDSCs
	Quadriceps femoris muscle
	Trans or Peri-urethral 

	Single
	Four doses-
10/50/100/200 x 10^6
	Local 
	X

	Kuismanen  et al.
2014 70
	ASCs
	Lower abdominal subcutaneous
adipose tissue
	Trans-urethral
Two positions
	Single
	Single dose-
2.5 - 8.5 x 10^6
2.4-4 ml 
	Local 
	X

	Carr et al.
2013 26
	MDSCs
	Quadriceps femoris muscle
	Peri-urethral 

	Single-Two
(Patient's choice)
	Several doses-
1/2/4/8/16/32/64/128 x 10^6  
	Local
	X

	Blaganje et al. 
201271
	MDSCs
	Biceps muscle
(Nondominant hand)
	Trans-urethral
Two levels
	Single 
	Single dose-
1 × 10^6 - 5 × 10^7
	General or local
	ES intravaginally
(After)

	Surcel et al.
2012 24
	MDSCs
	Pectoral muscle
	Peri-urethral 
	Single
	 X
	 X
	X

	Shirvan et al.
2013 72
	Platelets & TNCs
	Peripheral blood
	Trans-urethral
Nine positions
	Single
	Single dose-
10 ml 
	General 
	Antibiotic 
(Before & after)

	Peters et al.
2011 33
	MDSCs
	Lateral thigh muscle
	X
	Single
	Four doses-
10/50/100/200 x 10^6
	X 
	X

	Sèbe et al.
2011 73
	MDSCs
	Deltoid muscle 
(Nondominant hand)
	Peri-urethral
Two positions
	Single
	Three doses-
1/2.5/5 x 10^7
	Local 
	X

	Lee et al.
2009 74
	Human UCBSC
	Umbilical cord vein
	Peri-urethral
Two positions
	Single
	Single dose-
4.3 ± 1.9 × 10^8 per 2 ml
	Local 
	Antibiotic 
(Before)

	Carr et al.
2008 75
	MDSCs
	Thigh muscle
	Trans or peri-urethral 
Two or four positions
	Single-Two

	Single dose-
18 - 22 × 10^6
	Local
	X

	Mitterberger et al.
2007 76
	Myoblasts &
Fibroblasts
	Biceps muscle
	Trans-urethral
Fibroblasts- Three levels 
Myoblasts- Two levels

	Single
	Single dose-
Myoblasts- Mean: 2.8 × 10^7 
(5.1 × 10^6 - 3.6 × 10^7)
Fibroblasts- Mean: 3.8 × 10^7 (5.4 × 10^6 - 6 × 10^7) 
	 X
	Pelvic-floor exercises
(Before & after)
ES intravaginally (After)

	Mitterberger et al.
200777


	Fibroblasts & Myoblasts
	Left upper arm muscle
	Trans-urethral
Fibroblasts- Three levels 
Myoblasts- Two levels
	Single
	Single dose-
Myoblasts: 1 - 3 x 10^7
Fibroblasts: 1.4 - 6.06 x 10^7
	X
	Pelvic-floor exercises
(Before & after)
ES intravaginally (After)



Abbreviations:
X- Not mentioned
ASCs- Adipose stem cells
ES- Electrical stimulation
MDSCs- Muscle derived stem cells
[bookmark: _Hlk32176652]TNCs- Total Nucleated Cells
UCBSC- Umbilical cord blood stem cells


6.5. Table 5- Follow up duration, evaluation tools and outcomes of stem cell therapy studies for women with stress urinary incontinence
	Lead Author
& Year
	Follow up duration*
	Outcome tests**
	Efficacy outcomes***

	Sharifiaghdas et al.,
2019 65
	24 months
	Validated questionnaires (IIQ-7, UDI-6)
Cough test 
1-h pad test 
Urodynamic tests (Qmax, MUCP)
	n=20
Three pt.- withdrawn
Five pt.- complete response
12 pt.- treatment failure

	Jankowski et al.,
2018 23
	12 months
(The blinded phase)



	Validated questionnaires (UDI-6, IIQ-7, IQOL, GQOL, ISI)
3-d voiding diary
24-h in-home & in-office pad tests  


	n=143 (93 MDSCs, 50 Placebo)
Two pt.- withdrawn
Similar response rate for the MDSCs & Placebo groups 
Similar response rate for pt. with & with no prior surgery
Similar response rate for 1 or 2 administrations

	Arjmand et al.,
2017 66
	24 weeks
	Validated questionnaires (ICIQ)
24-h pad test 

	n=10
An overall decrease of UI in pt.-
Decrease of approximately 20 g in Pad tests.

	Stangel-Wojcikiewicz et al.
2016 67
	4 years
	[bookmark: _Hlk31110167]Validated questionnaire (I-QOL)
	n=16
An overall improvement in quality of life-
The total I-QoL score increased from 49 to 63.

	Cornu et al.
2013 27
	6 years
	Validated questionnaires (PGI-I, USP)
1-d pad test


	11 pt. from the 12 pt. of the previous study (at 24 months) were evaluated: 
The two pt. which were considered maximal responders reminded dry
The five pt. which were considered improved had a recurrence of SUI
(However, some remained satisfied according to the subjective tests)
The four pt. which were considered as primary failure underwent further treatments

	Gras et al.
2014 68
	12 months

	Validated questionnaires (ICIQ)
3-d voiding diary

	n=35
7-25% pt.- cure
57-63% pt.- Improvement
The results included complicated and uncomplicated pt. groups




	Stangel-Wojcikiewicz et al.
201325
	24 months

	Validated questionnaires
Cough & Valsalva tests  
Urodynamic studies (MUCP) 
	n=16
Eight pt.- continent
Four pt.- some improvement
Four pt.- no improvement
The success rate reached 75%, with 50% of patients cured and 25% improvement

	Peters et al.
2014 69
	12 months
	Validated questionnaires (UDI-6, IIQ-7)
3-d voiding diary
24-h pad tests

	n=80
Six pt. withdrawn
Two pt. completed only the subjective evaluation tests.
A dose response effect with a higher rate of pt. with at least a 50% reduction in stress leaks and pad weight demonstrated with increasing cell concentrations (53%, 69%, 85%, 77% in the 10, 50, 100, 200 x 10^6 groups respectively in the pad weight test). 
All dose groups had statistically significant improvement in subjective scores

	Kuismanen  et al.
2014 70
	12 months 
	Standardized questionnaires (IIQ-7, UDI-6, VAS)
Cough test
24-h pad test
Urodynamic evaluations (MUCP, urethral stress profile)
	n=5
Three pt.- improvement in objective tests 
(negative cough test and reduction in pad tests)
All Five pt.- some subjective improvement in questionnaires

	Carr et al.
2013 26
	12 months for single treatment & 18 months for two treatments
	Validated questionnaires (UDI-6, IIQ-7)
3-d voiding diary 
1-h pad test

	n=38
Five pt. withdrawn
16/22 pt.- ≥50% reduction in pad test of pt.- with two administrations after 18 months
Similar results in low & high dose groups (more prominent in higher doses)
One/four pt.- ≥50% reduction in pad test of pt.- with a single administration after 12 months

	Blaganje et al. 
201271
	 6 weeks
	Validated questionnaires (PGI-I, I-QOL , VAS)
3-d voiding diary (UIA, NOV)
Pad test
	n=38
29 pt.- negative stress test
29, five and three pt.- improved, cure and unchanged respectively according to the PGI-I scale

	Surcel et al.
2012 24
	12 months
	Urodynamic evaluations (Qmax, Pves at Qmax, PVR)
	n=86 (8 MDSCs, 78 other treatments)
Significant decrease of Qmax & increase of Pves at Qmax in other procedures and not in the MDSCs group

	Shirvan et al.
2013 72
	6 months
	Validated questionnaires (ICIQ, QOL)
Cough test
1-h pad test
Urodynamic evaluations (PVR)
UTU, UFL
	n=9
Nine pt.- negative pad test
Eight pt.- negative cough test.
Eight pt.- and One pt.- cured and marked improvement respectively in questionnaires 

	Peters et al.
2011 33
	12 months
	Validated questionnaires (UDI-6, IIQ-7)
3-d voiding diary
24-h pad test


	n=64
All dose groups demonstrated improvement in subjective and objective tests
Higher doses associated with greater improvement in the objective test-
Pad weight decreased in 10.5, 10.1, 34.7 g in 10, 50, 100 x 10^6 doses respectively. 
UDI-6 score improved in 22, 31, 5 in 10, 50, 100 x 10^6 doses respectively.

	Sèbe et al.
2011 73
	12 months
	Validated questionnaires
7-d voiding diary 
1-h pad test
	n=12
Three pt.- cure (one from each dose group)
Seven pt.- improvement
Two pt.- worse
Quality of life was improved in half of pt.
The doses comparation focused in safety parameters outcomes.

	Lee et al.
2009 74
	12 months
	Validated questionnaires
Voiding diary 
	n=39
Three pt.- withdrawn
26 pt. were ≥50% satisfied (cure & improvement) according to questionnaires

	Carr et al.
2008 75
	12 months
	Validated questionnaires
Voiding diary 
Pad test
	n=8
Three pt.- withdrawn
Five pt.- improvement in symptoms- One pt.- total continence
Two pt.- continued to have stress episodes and positive pad weight tests

	Mitterberger et al.
2007 76
	12 months


	The Incontinence Score:
Validated questionnaires (I-QOL)
24-h voiding diary 
24-h Pad test
Urodynamic tests 
TUUS 
Kinesiological electromyography (EMG)
	n=123
Four pt.- withdrawn
94 pt.- completely continent
16 pt.- substantial improvement
Nine pt.- slight improvement
0 pt.- deterioration of incontinence
The I-QOL scores were significantly improved




	Mitterberger et al.
200777


	24 months

	Validated questionnaires (I-QOL)
24-h voiding diary 
24-h Pad test
Urodynamic tests including cystometry, pressure-flow studies, urethral pressure profiles & EMG
	n=20
Two pt.- withdrawn
16 pt.- cure
Two pt.- improved
Incontinence and quality-of-life scores were significantly improved




*The duration shown is the overall duration follow up of each study. Interim follow up time points are not shown. 
**The tests shown are final ones that measured outcomes. Tests that were conducted before and during the follow up period are not shown.
***The results shown are the summary of the findings that were presented in each study at the end of follow up. In studies that lacked a summary of the results and in those that presented different objective and subjective results, we chose to summarize the conclusion and present the reported objective findings. 
****Patients who did not complete the follow up for any reason were considered as withdrawn.  



Abbreviations:
X- Not mention
d- Day
h- Hour
GQOL- Global quality of life assessment
ICIQ-UI-Incontinence Questionnaire-Urinary incontinence
IIQ-7- Incontinence impact questionnaire-7
I-QOL - Incontinence quality of life scale
ISI-Severity index for urinary incontinence in women
MUCP-Maximal urethra closure pressure
PGI-I-Patient Global Impression of Improvement scale
pt.- Patient
Pves-Vesicular pressure 
PVR- Post voiding residual
QMAX- Maximum urinary flow rate
TUUS- Trans urethral ultrasound 
UDI-6- Urogenital distress inventory-6 scoring
UIE- Urinary incontinence episodes
UFL- Uroflowmetry
NOV- Number of voids
USP- Urinary Symptom Profile questionnaire
UTU- Ultrasonography




7. Figures
7.1. Figure 1- Selections process of studies of stem cell therapy for women with stress urinary incontinence
[image: ]



8. Appendix 
8.1. Appendix S1- Search strategy of studies of stem cell therapy for women with stress urinary incontinence

PubMed/Medline
	Results
	Query
	Search #

	27083
	 (((((((("Urethral sphincter") OR "Stress Urinary Incontinence") OR "Urodynamic stress incontinence") OR "Urethral hypermobility") OR "Intrinsic sphincter deficiency") OR "Intrinsic sphincter dysfunction") OR (("Urinary Incontinence, Stress"[Mesh]) OR "Urodynamics"[Mesh])))

	#1

	943135
	 ((((((((((((((((((((((("Regenerative Medicine"[Mesh]) OR "Regeneration"[Mesh:noexp]) OR "Biomedical Engineering"[Mesh]) OR "Tissue Engineering"[Mesh]) OR "Artificial Organs"[Mesh:noexp]) OR "Bioartificial Organs"[Mesh]) OR "Urinary Sphincter, Artificial"[Mesh]) OR "Cell- and Tissue-Based Therapy"[Mesh:noexp]) OR "Cell Transplantation"[Mesh:noexp]) OR "Stem Cell Transplantation"[Mesh:noexp]) OR "Mesenchymal Stem Cell Transplantation"[Mesh]) OR "Stem Cells"[Mesh:noexp]) OR "Stem Cell Niche"[Mesh]) OR "Fetal Stem Cells"[Mesh]) OR "Embryonic Stem Cells"[Mesh]) OR "Pluripotent Stem Cells"[Mesh]) OR "Induced Pluripotent Stem Cells"[Mesh]) OR "Multipotent Stem Cells"[Mesh]) OR "Mesenchymal Stem Cells"[Mesh]) OR "Neural Stem Cells"[Mesh:noexp]) OR "innervation"[Subheading])))) OR ((((((((((((((((((((((((((((((((((((((((((("Muscle regeneration") OR "Regenerative medicine*") OR "Biomedical Engineering") OR "Clinical Engineering") OR "Tissue engineering") OR "Artifical organ*") OR "Bioartificial organ*") OR ("Cell and Tissue Based Therapy")) OR "Tissue Based Therapy") OR "Tissue Therapy Cell*") OR "injection techniqu*") OR "Cell* transplantation") OR "Stem Cell* Transplantation") OR "Mesenchymal Stem Cell Transplantation") OR "Stem Cell* ") OR "Stem Cell Niche") OR "Fetal stem cell*") OR "Embryonic stem cells") OR "Adult stem cells") OR "Stromal stem cells") OR "Multipotent Stem Cells") OR "Pluripotent Stem Cells") OR "Induced Pluripotent Stem Cells ") OR "Mesenchymal stem cells") OR "Mesenchymal stromal cells") OR "Mesenchymal Progenitor Cell*") OR "Wharton Jelly Cell*") OR "Bone Marrow Stromal Stem Cell*") OR "Bone Marrow Mesenchymal Stem Cell*") OR "Bone Marrow Stromal Cell* ") OR "Adipose stem cell*") OR "Adipose-Derived Mesenchymal Stem Cell*") OR "Adipose-Tissue Derived Mesenchymal Stem Cell* ") OR "Myogenic stem cell*") OR "Muscle Stem cell* ") OR "Neural Stem Cell* ") OR "Hematopoietic Stem Cells ") OR "Hematopoietic progenitor Stem Cell") OR Innervation))))

	#2

	1489
	Search ((((((((((((((((((((((((("Regenerative Medicine"[Mesh]) OR "Regeneration"[Mesh:noexp]) OR "Biomedical Engineering"[Mesh]) OR "Tissue Engineering"[Mesh]) OR "Artificial Organs"[Mesh:noexp]) OR "Bioartificial Organs"[Mesh]) OR "Urinary Sphincter, Artificial"[Mesh]) OR "Cell- and Tissue-Based Therapy"[Mesh:noexp]) OR "Cell Transplantation"[Mesh:noexp]) OR "Stem Cell Transplantation"[Mesh:noexp]) OR "Mesenchymal Stem Cell Transplantation"[Mesh]) OR "Stem Cells"[Mesh:noexp]) OR "Stem Cell Niche"[Mesh]) OR "Fetal Stem Cells"[Mesh]) OR "Embryonic Stem Cells"[Mesh]) OR "Pluripotent Stem Cells"[Mesh]) OR "Induced Pluripotent Stem Cells"[Mesh]) OR "Multipotent Stem Cells"[Mesh]) OR "Mesenchymal Stem Cells"[Mesh]) OR "Neural Stem Cells"[Mesh:noexp]) OR "innervation"[Subheading])))) OR ((((((((((((((((((((((((((((((((((((((((((("Muscle regeneration") OR "Regenerative medicine*") OR "Biomedical Engineering") OR "Clinical Engineering") OR "Tissue engineering") OR "Artifical organ*") OR "Bioartificial organ*") OR ("Cell and Tissue Based Therapy")) OR "Tissue Based Therapy") OR "Tissue Therapy Cell*") OR "injection techniqu*") OR "Cell* transplantation") OR "Stem Cell* Transplantation") OR "Mesenchymal Stem Cell Transplantation") OR "Stem Cell* ") OR "Stem Cell Niche") OR "Fetal stem cell*") OR "Embryonic stem cells") OR "Adult stem cells") OR "Stromal stem cells") OR "Multipotent Stem Cells") OR "Pluripotent Stem Cells") OR "Induced Pluripotent Stem Cells ") OR "Mesenchymal stem cells") OR "Mesenchymal stromal cells") OR "Mesenchymal Progenitor Cell*") OR "Wharton Jelly Cell*") OR "Bone Marrow Stromal Stem Cell*") OR "Bone Marrow Mesenchymal Stem Cell*") OR "Bone Marrow Stromal Cell* ") OR "Adipose stem cell*") OR "Adipose-Derived Mesenchymal Stem Cell*") OR "Adipose-Tissue Derived Mesenchymal Stem Cell* ") OR "Myogenic stem cell*") OR "Muscle Stem cell* ") OR "Neural Stem Cell* ") OR "Hematopoietic Stem Cells ") OR "Hematopoietic progenitor Stem Cell") OR Innervation)))))) AND ((((((((("Urethral sphincter") OR "Stress Urinary Incontinence") OR "Urodynamic stress incontinence") OR "Urethral hypermobility") OR "Intrinsic sphincter deficiency") OR "Intrinsic sphincter dysfunction") OR (("Urinary Incontinence, Stress"[Mesh]) OR "Urodynamics"[Mesh])))) Filters: Humans; English

	#3





Embase
	Results
	Query
	Search #

	640
	('stress incontinence'/exp OR 'urodynamics'/exp OR 'urine voiding dynamics' OR 'urodynamics' OR 'bladder sphincter'/exp OR 'bladder sphincter' OR 'external bladder sphincter' OR 'external urethra sphincter' OR 'external urethral sphincter' OR 'external urinary sphincter' OR 'internal urinary sphincter' OR 'muscle, sphincter urethrae' OR 'musculus sphincter urethrae' OR 'sphincter urethrae muscle' OR 'sphincter, bladder' OR 'sphincter, urethra' OR 'urether sphincter' OR 'urethra sphincter' OR 'urethra sphincter muscle' OR 'urethral sphincter' OR 'urinary bladder sphincter' OR 'urinary sphincter, external' OR 'urine bladder sphincter' OR 'intrinsic sphincter dysfunction' OR 'intrinsic sphincter deficiency'/exp OR 'urethral hypermobility'/exp OR 'urodynamic stress incontinence'/exp OR 'urinary stress incontinence') AND ('regenerative medicine'/exp OR 'regenerative medicine' OR 'biomedical engineering'/exp OR 'biomedical engineering' OR 'clinical engineer' OR 'clinical engineering' OR 'engineering, biomedical' OR 'engineering, medical' OR 'medical engineering' OR 'tissue engineering'/exp OR 'artificial organs, tissues and cells'/exp OR 'artificial organs, tissues and cells' OR 'bioartificial organ'/exp OR 'biological therapy'/exp OR 'biologic therapies' OR 'biologic therapy' OR 'biological therapies' OR 'biological therapy' OR 'biotherapies' OR 'cell- and tissue-based therapy' OR 'tissue therapy' OR 'tissue therapy, historical' OR 'cell transplantation'/exp OR 'cell transplantation' OR 'transplantation, cell' OR 'stem cell transplantation'/exp OR 'stem cell based therapy' OR 'stem cell therapy' OR 'stem cell transplantation' OR 'transplantation, stem cell' OR 'mesenchymal stem cell transplantation'/exp OR 'mesenchymal stem cell therapy' OR 'mesenchymal stem cell transplantation' OR 'stem cell transplantation, mesenchymal' OR 'stem cell'/exp OR 'cell, stem' OR 'precursor cell' OR 'progenitor cell' OR 'stem cell' OR 'stem cells' OR 'stem cell niche'/exp OR 'stem cell niche' OR 'fetal stem cell'/exp OR 'fetal stem cell' OR 'fetal stem cells' OR 'foetal stem cell' OR 'foetal stem cells' OR 'embryonic stem cell'/exp OR 'es cell' OR 'embryonic stem cell' OR 'embryonic stem cells' OR 'pluripotent stem cell'/exp OR 'pluripotent cell' OR 'pluripotent precursor cell' OR 'pluripotent progenitor cell' OR 'pluripotent stem cell' OR 'pluripotent stem cells' OR 'induced pluripotent stem cell'/exp OR 'ips cell' OR 'induced pluripotent stem cell' OR 'induced pluripotent stem cells' OR 'multipotent stem cell'/exp OR 'mesenchymal stem cell'/exp OR 'mesenchymal progenitor cell' OR 'mesenchymal stem cell' OR 'mesenchymal stem cells' OR 'stem cell, mesenchymal' OR 'neural stem cell'/exp OR 'cns stem cell' OR 'cortical progenitor cell' OR 'cortical stem cell' OR 'nerve stem cell' OR 'neural progenitor cell' OR 'neural stem cell' OR 'neural stem cells' OR 'neural stem/progenitor cell' OR 'neuronal progenitor cell' OR 'neuronal stem cell' OR 'neuronal stem/progenitor cell' OR 'innervation'/exp OR 'innervation' OR 'nerve supply' OR 'neurotization') AND ('efficacy parameters'/exp OR 'efficacy parameters' OR 'treatment outcome'/exp OR 'therapy'/exp OR 'cost effectiveness analysis'/exp OR 'cost effectiveness' OR 'cost effectiveness analysis' OR 'cost effectiveness ratio' OR 'cost efficiency analysis')
	#1





Scopus
	Results
	Query
	Search #

	1,434
	"stress incontinence"  OR  "urodynamics"  OR  "urine voiding dynamics"  OR  "urodynamics"  OR  "bladder sphincter"  OR  "bladder sphincter"  OR  "external bladder sphincter"  OR  "external urethra sphincter"  OR  "external urethral sphincter"  OR  "external urinary sphincter"  OR  "internal urinary sphincter"  OR  "muscle sphincter urethrae"  OR  "musculus sphincter urethrae"  OR  "sphincter urethrae muscle"  OR  "sphincter, bladder"  OR  "sphincter urethra"  OR  "urether sphincter"  OR  "urethra sphincter"  OR  "urethra sphincter muscle"  OR  "urethral sphincter"  OR  "urinary bladder sphincter"  OR  "urinary sphincter external"  OR  "urine bladder sphincter"  OR  "intrinsic sphincter dysfunction"  OR  "intrinsic sphincter deficiency"  OR  "urethral hypermobility"  OR  "urodynamic stress incontinence"  OR  "urinary stress incontinence"
	#1

	248,285
	"regenerative medicine"  OR  "regenerative medicine"  OR  "biomedical engineering"  "medical engineering"  OR  "tissue engineering"  OR  "artificial organs tissues and cells"  OR  "artificial organs tissues and cells"  OR  "bioartificial organ"  OR  "biological therapy"  OR  "biologic therapies"  OR  "biologic therapy"  OR  "biological therapies"  OR  "biotherapies"  OR  "cell tissue based therapy"  OR  "tissue therapy"  OR  "tissue therapy"  OR  "cell transplantation"  OR  "stem cell transplantation"  OR  "stem cell based therapy"  OR  "stem cell therapy"  OR  "mesenchymal stem cell transplantation"  OR  "mesenchymal stem cell therapy"  OR  "stem cell transplantation mesenchymal"  OR  "stem cell"  OR  "precursor cell"  OR  "progenitor cell"  OR  "stem cell"  OR  "stem cells"  OR  "stem cell niche"  OR  "fetal stem cell"  OR  "foetal stem cell"  OR  "foetal stem cells"  OR  "embryonic stem cell"  OR  "es cell"  OR  "embryonic stem cell"  OR  "pluripotent stem cell"  OR  "pluripotent precursor cell"  OR  "pluripotent progenitor cell"  OR  "pluripotent stem cell"  OR  "pluripotent stem cells"  OR  "induced pluripotent stem cell"  OR  "induced pluripotent stem cell"  OR  "induced pluripotent stem cells"  OR  "multipotent stem cell"  OR  "mesenchymal stem cell"  OR  "mesenchymal progenitor cell"  OR  "mesenchymal stem cell"  OR  "neural stem cell'"  OR  "innervation"
	#2

	70,098
	( "regenerative medicine"  OR  "regenerative medicine"  OR  "biomedical engineering"  "medical engineering"  OR  "tissue engineering"  OR  "artificial organs tissues and cells"  OR  "artificial organs tissues and cells"  OR  "bioartificial organ"  OR  "biological therapy"  OR  "biologic therapies"  OR  "biologic therapy"  OR  "biological therapies"  OR  "biotherapies"  OR  "cell tissue based therapy"  OR  "tissue therapy"  OR  "tissue therapy"  OR  "cell transplantation"  OR  "stem cell transplantation"  OR  "stem cell based therapy"  OR  "stem cell therapy"  OR  "mesenchymal stem cell transplantation"  OR  "mesenchymal stem cell therapy"  OR  "stem cell transplantation mesenchymal"  OR  "stem cell"  OR  "precursor cell"  OR  "progenitor cell"  OR  "stem cell"  OR  "stem cells"  OR  "stem cell niche"  OR  "fetal stem cell"  OR  "foetal stem cell"  OR  "foetal stem cells"  OR  "embryonic stem cell"  OR  "es cell"  OR  "embryonic stem cell"  OR  "pluripotent stem cell"  OR  "pluripotent precursor cell"  OR  "pluripotent progenitor cell"  OR  "pluripotent stem cell"  OR  "pluripotent stem cells"  OR  "induced pluripotent stem cell"  OR  "induced pluripotent stem cell"  OR  "induced pluripotent stem cells"  OR  "multipotent stem cell"  OR  "mesenchymal stem cell"  OR  "mesenchymal progenitor cell"  OR  "mesenchymal stem cell"  OR  "neural stem cell'"  OR  "innervation" )  AND  ( "stress incontinence"  OR  "urodynamics"  OR  "urine voiding dynamics"  OR  "urodynamics"  OR  "bladder sphincter"  OR  "bladder sphincter"  OR  "external bladder sphincter"  OR  "external urethra sphincter"  OR  "external urethral sphincter"  OR  "external urinary sphincter"  OR  "internal urinary sphincter"  OR  "muscle sphincter urethrae"  OR  "musculus sphincter urethrae"  OR  "sphincter urethrae muscle"  OR  "sphincter, bladder"  OR  "sphincter urethra"  OR  "urether sphincter"  OR  "urethra sphincter"  OR  "urethra sphincter muscle"  OR  "urethral sphincter"  OR  "urinary bladder sphincter"  OR  "urinary sphincter external"  OR  "urine bladder sphincter"  OR  "intrinsic sphincter dysfunction"  OR  "intrinsic sphincter deficiency"  OR  "urethral hypermobility"  OR  "urodynamic stress incontinence"  OR  "urinary stress incontinence" )
	#3





Cochrane 
	Results
	Query
	Search #

	24287
	"regenerative medicine" OR "regenerative medicine" OR "biomedical engineering" OR "biomedical engineering" OR "clinical engineer" OR "clinical engineering" OR "engineering, biomedical" OR "engineering medical" OR "medical engineering" OR "tissue engineering" OR "artificial organs tissues and cells" OR "artificial organs tissues and cells" OR "bioartificial organ" OR "biological therapy" OR "biologic therapies" OR "biologic therapy" OR "biological therapies" OR "biological therapy" OR "biotherapies" OR "cell tissue based therapy" OR "tissue therapy" OR "tissue therapy" OR "cell transplantation" OR "stem cell transplantation" OR "stem cell based therapy" OR "stem cell therapy" OR "mesenchymal stem cell transplantation" OR "mesenchymal stem cell therapy" OR "stem cell transplantation mesenchymal" OR "stem cell"  OR "precursor cell" OR "progenitor cell" OR "stem cell" OR "stem cells" OR "stem cell niche" OR "fetal stem cell"  OR "foetal stem cell" OR "foetal stem cells" OR "embryonic stem cell" OR "es cell" OR "embryonic stem cell" OR 'embryonic OR "pluripotent stem cell"  OR "pluripotent precursor cell" OR "pluripotent progenitor cell" OR "pluripotent stem cell" OR "pluripotent stem cells" OR "induced pluripotent stem cell" OR "ips cell" OR "induced pluripotent stem cell" OR "induced pluripotent stem cells" OR "multipotent stem cell" OR "mesenchymal stem cell" OR "mesenchymal progenitor cell" OR "mesenchymal stem cell" OR "neural stem cell'" OR  "innervation"
	#1

	4363
	"stress incontinence" OR "urodynamics" OR "urine voiding dynamics" OR "urodynamics" OR "bladder sphincter" OR "bladder sphincter" OR "external bladder sphincter" OR "external urethra sphincter" OR "external urethral sphincter" OR "external urinary sphincter" OR "internal urinary sphincter" OR "muscle sphincter urethrae" OR "musculus sphincter urethrae" OR "sphincter urethrae muscle" OR "sphincter, bladder" OR "sphincter urethra" OR "urether sphincter" OR "urethra sphincter" OR "urethra sphincter muscle" OR "urethral sphincter" OR "urinary bladder sphincter" OR "urinary sphincter external" OR "urine bladder sphincter" OR "intrinsic sphincter dysfunction" OR "intrinsic sphincter deficiency" OR "urethral hypermobility" OR "urodynamic stress incontinence" OR "urinary stress incontinence"
	#2

	76
	#1 AND #2
	#3
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Figure 1- Selection process of studies of stem cell therapy for women with stress urinary incontinence
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1The searchwas carried out using the following databases: PubMed, Cochrane Library, Scopus and Embase.

2 The additional search included: Urology and urogynecology related theses & dissertations, proceeding
from urology & urogynecology conferences and references cited of the identified studies.

3 The records excluded in accordance with the exclusion criteria: Preclinical studies, editorials and research
letters, non-English studies, retracted studies and unpublished studies with only a published abstract.

4 The records excluded in accordance with exclusion and inclusion criteria: women, aged > 18 years, diagnosis of

SUI, stem cell therapy.





