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Abstract
Purpose of Review Stress urinary incontinence (SUI) remains a strikingly common condition faced by women with substantial
economic and quality of life impact. Embarking upon treatment for incontinence often culminates with invasive surgical
procedures with recognized complication profiles. Innovative directions for SUI therapeutics are on the horizon, including the
utilization of adult autologous muscle-derived cells for urinary sphincter regeneration (AMDC-USR).
Recent Findings Current published literature presents safety and efficacy data regarding AMDC-USR injection in 80 patients at
12-month follow-up. No adverse events attributed to the cellular product were reported. Compared to lower dose groups, the
higher dose groups demonstrated enhanced percentages of patients with at least 50% reduction in stress leaks and pad weight at
12-month follow-up. All dose groups had statistically significant improvement in patient-reported incontinence-specific quality
of life scores at 12-month follow-up. Conclusions from the pooled analyses indicate that injection of AMDC-USR across a range
of dosages appears safe. Efficacy data suggests a dose response with more patients responsive to the higher doses of AMDC-
USR.
Summary Promising technologies for utilization of autologous cellular therapies for treatment of SUI, and conceivably multiple
additional indications, are approaching fruition. Multiple phase III randomized, placebo-controlled studies for AMDC-USR are
ongoing to bring this regenerative option forth for the millions of patients who may ultimately benefit.
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Introduction

Stress urinary incontinence (SUI), defined by the International
Continence Society (ICS) as the involuntary loss of urine on
effort or exertion, remains an astonishingly common urologic
condition associated with striking clinical and economic se-
quelae. Despite increasing public recognition, as well as ap-
preciation by the medical community of the impact of SUI, the
projected prevalence between 26 and 44% of adult women is
likely substantially underestimated secondary to social factors
such as embarrassment and fear that preclude open discussion

of incontinence symptoms [1•]. Although a diverse suite of
pathophysiologic processes contributes to the manifestation of
the symptoms of SUI, loss of pelvic floor anatomic support
combined with dysfunction of the external urethral sphincter
due to both structural and neuromuscular compromise often
represents primary etiologies [2, 3].

Strategies for treatment of stress urinary incontinence are
currently experiencing a judicious re-evaluation. Our very
concepts of the pathologies resultant in SUI symptoms, in
addition to the intricacies patients have experienced with re-
gard to treatments, have propagated massive efforts to both
revisit the past and define novel technologies to drive future
innovations.

Historical Management of SUI

With regard to contemporary management of SUI, a vari-
ety of non-surgical interventions including bulking agents
are available which generally provide modest improve-
ment and frequently mandate repeat procedures [4••, 5].

This article is part of the Topical Collection on Stress Incontinence and
Prolapse

* Melissa R. Kaufman
melissa.kaufman@vumc.org

1 Department of Urology, Vanderbilt Medical Center, A-1302 Medical
Center North, Nashville, TN 37232, USA

Current Bladder Dysfunction Reports (2018) 13:252–256
https://doi.org/10.1007/s11884-018-0486-z

STRESS INCONTINENCE AND PROLAPSE (S REYNOLDS, SECTION EDITOR)

Autologous Muscle-Derived Cells for Urinary Sphincter Regeneration:
Where are we now?

http://crossmark.crossref.org/dialog/?doi=10.1007/s11884-018-0486-z&domain=pdf
mailto:melissa.kaufman@vumc.org


Due to the relatively short operative time, generally lim-
ited morbidity, rapid convalescence, and long-term effica-
cy, the synthetic mid-urethral sling (MUS) remains the
most widely employed procedure for surgical correction
of female SUI [6]. Joint position statements from the
Society of Urodynamics, the Female Pelvic Medicine
and Urogenital Reconstruction (SUFU), and the
American Urogynecologic Society (AUGS) strongly sup-
port standard of care use of polypropylene mesh MUS for
the treatment of female SUI [7]. However, as previously
alluded, surgical management of SUI is undergoing a crit-
ical metamorphosis. The current climate of mesh litigation
drives both initial patient presentation and clinician man-
agement of MUS complications [8]. Although, over the
past decade, MUS has overwhelmingly emerged at the
primary surgical treatment option for SUI, the autologous
fascia pubovaginal sling has experienced resurgence due
to the complex environment encompassing MUS compli-
cations [9]. Indeed, several countries around the globe are
currently prohibiting the use of any transvaginal mesh
product, including MUS, until further clarity regarding
the long-term risk/benefit profile is established. What is
not in question is the mandate that an innovative alterna-
tive will be essential to provide durable and safe treatment
options for patients with SUI.

Regenerative Technologies for SUI

In the era of regenerative medicine, a novel paradigm shift
is underway to substantially modify treatment strategies
for SUI. As opposed to our current therapies designed to
mask the symptoms of a dysfunctional urethral sphincter
closure mechanism, regenerative medicine offers the
promise of reversal of the primary pathophysiology of
intrinsic urinary sphincter deficiency (ISD) [10, 3].
Indeed, regenerative technologies hold immense promise
to create functional tissue to repair or replace damaged
organs of many body systems, including myriad of as-
pects of the genitourinary system [11]. By virtue of their
ability to proliferate, self-renew, and regenerate tissues,
stem cells encompass ideal attributes for urethral sphincter
regeneration. Although continued debate exists regarding
pluripotent embryonic stem cells capable of differentiation
into an array of cell types, most current therapies utilize
somatic multipotent stem cells derived from adult tissues.
Such adult stem cells are present in a variety of tissue
types and are necessary for local tissue renewal while
unable to transdifferentiate into cell types outside their
native environment. With regard to SUI, studies have
employed adult stem cells which have been commonly
isolated from adipose tissue, skeletal muscle, total nucle-
ated cells and platelets, and bone marrow mesenchymal
stromal cells [12, 11].

Autologous Muscle-Derived Cells for Urinary
Sphincter Regeneration

Augmentation of urethral sphincter function with adult autol-
ogous muscle-derived cells (AMDC) represents the most ma-
ture potential therapeutic option with data suggesting tissue
integration with neuroregeneration, neovascularization, and
ultimately improved sphincter function [13]. Proposed mech-
anisms of action include direct incorporation into the sphincter
complex, secretion of chemokines and growth factors, and
additionally paracrine effects from adjacent tissues [10]. As
will be outlined in the following section, regeneration of the
sphincter complex has been demonstrated in animal models
and evidence for clinical efficacy and safety continues to be
investigated in ongoing randomized phase III trials.

In selected animal models of SUI, intrasphincteric injection
of muscle-derived cells displays multiple qualities which pro-
vide advantage for treatment of ISD [14]. Unlike bulking
agents, AMDC implantation displays durability when com-
pared to collagen implants [15]. Isolated and expanded popu-
lations of AMDCs retain the capacity to fuse and form post-
mitotic multinucleated myotubes, a distinct advantage over
cellular therapies employing muscle-derived fibroblasts
[ 1 6 – 1 8 ] . AMDCs ma y a d d i t i o n a l l y u n d e r g o
neuroregeneration and have revealed capability in animal
models to improve urethral sphincter function [19]. Indeed,
in a cauterization animal model of SUI, incorporation of
AMDCs was verified to incorporate into damaged striated
muscle and, more critically, improved leak point pressures
on urodynamic analysis [20–22].

Initial description of clinical efforts for utilization of autol-
ogous myoblasts and fibroblasts for treatment of SUI was
originally published in The Lancet in 2007, although regretta-
bly, the manuscript was ultimately retracted due to ethical
concerns [23].

Pioneering concurrent clinical studies on AMDC for uri-
nary sphincter repair (AMDC-USR) in North America intro-
duced the first iteration of contemporary technology. Eight
courageous patients underwent muscle biopsy and AMDC
expansion to the desired cell number, purity, and sterility prior
to reinjection into their external urethral sphincter [24].
Although principally designed to evaluate safety, at median
17-month follow-up, five remaining subjects reported im-
provement with one subject displaying total continence. Due
to the presumed mechanisms of action to augment the sphinc-
ter, such improvements manifested between 3 and 8 months
following cellular injection. Most notably in these early eval-
uations, no serious adverse events were reported with all
events consistent with transient complications expected for
biopsy and urethral injection. Overall, this preliminary study
was strongly encouraging and suggested intrasphincteric in-
jection of autologous muscle progenitor cells has an accept-
able safety profile and reveals clinical efficacy.
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A subsequent randomized, blinded feasibility study of 38
female patients ensued with inclusion of a small portion of
patients receiving two injections [25•]. Dose ranges were ex-
plored in this analysis including use of doses up to six times
greater than the primary pilot study. Additionally, patients
could elect a second treatment of the same dose after their 3-
month follow-up. Quantitative measures included pad tests
and incontinence diaries which were combined with quality
of life measures to assess outcomes. Of the 33 patients who
completed the analysis at 18 months, higher cell dosages were
associated with improved incontinence with 88.9% of this
group experiencing a 50% or greater reduction in baseline
pad weight and 77.8% reporting similar reduction in diary-
reported stress leaks. Although chosen by relatively few par-
ticipants, women who underwent two AMDC treatments also
established a statistically significant reduction in both pad
weight and stress leak frequency. Concomitant improvement
trends were demonstrated in quality of life assessments. In
addition to the acceptable safety profile, there was a remark-
able dose-dependent profile for AMDC-USR.

Subsequent expanded analyses were conducted at the
higher dose of AMDC to include additional patients in
Canada and US investigative sites [26].

Pooled data in two phase I/II studies with identical selec-
tion criteria and outcome measures were analyzed. Enrolled
patients displayed SUI refractory to prior treatment with stable
symptoms over the past 6 months. Patients received
intrasphincteric injection of 10 (n = 16), 50 (n = 16), 100
(n = 24), or 200 × 106 (n = 24) AMDC-USR, derived from
biopsies of each patient’s vastus lateralis. The primary out-
come measure was safety, determined by incidence and sever-
ity of adverse events. Efficacy was measured by changes in 3-
day voiding diaries, 24-h pad tests, and patient-reported qual-
ity of life measures including the Urogenital Distress
Inventory (UDI-6) and the Incont inence Impact
Questionnaire (IIQ-7) scores.

In the pooled analysis, 80 patients underwent AMDC-USR
injection, with 72 completing diary and pad test data at 12-
month follow-up. No adverse events attributed to the product
were reported. Compared to lower dose groups, the 100 and
200 × 106 dose groups demonstrated higher percentages of
patients with at least 50% reduction in stress leaks and pad
weight at 12-month follow-up. All dose groups had statistical-
ly significant improvement in UDI-6 and IIQ-7 scores at 12-
month follow-up.

Conclusions from the pooled analyses indicate that injec-
tion of AMDC-USR at doses of 10, 50, 100, and 200 × 106

cells appears safe. Efficacy data again suggested a dose re-
sponse with more patients responsive to the higher doses of
100 and 200 × 106 AMDC-USR.

Two subsequent studies were designed to determine
AMDC-USR efficacy via double-blind, randomized,
placebo-controlled trials (ClinicalTrials.gov Identifiers

NCT01382602 and NCT01893138). The first study was
conducted at 10 investigative sites within Canada, the UK,
and Germany with planned enrollment of 246 subjects
randomized 2:1 to receive AMDC-USR or placebo and 1:1
to receive one treatment or two treatments [27]. Although
AMDC-USR were again confirmed to be safe and well-toler-
ated, enrollment was halted due to an unusually high placebo
rate using a composite primary outcome. Post hoc analysis
employing higher stringency endpoints demonstrated reduc-
tion in stress episodes with effective decrease of placebo re-
sponder rates [28]. Most interestingly, analysis of a small sub-
population with recurrent or persistent SUI after prior surgical
therapy treated with AMDC-USR indicated potential en-
hanced effect for these women [29]. Overall, this randomized
study allowed an exceptional opportunity to enhance our un-
derstanding the challenges of progressing from early clinical
studies to randomized, controlled trials of a novel treatment
paradigm. Multiple lessons from this initiative have allowed
subsequent study designs to include more robust inclusion/
exclusion criteria and more rigorous efficacy endpoints.
Indeed, employing the experiences from this primary study,
a second randomized, placebo-controlled phase III study con-
ducted at 29 sites in the USA, Belgium, and Germany just
completed enrollment of 311 patients. A confirmatory adap-
tive, two-stage, double-blind, stratified, randomized, con-
trolled trial with proposed enrollment of 320 patients has re-
cently been accepted by the FDA to complete the data series
for final submission for regulatory approval and commercial
use of AMDC-USR (ClinicalTrials.gov Identifiers
NCT03104517).

Multiple similar initiatives to investigate use of muscle-
derived cells have been published, although wide variations
in isolation techniques, dosing, and measured efficacy param-
eters prevent adequate comparison to AMDC-USR [30–35].

Conclusions

Accumulating evidence suggests that with the demonstrated
safety and efficacy profiles, AMDC-USR represents the next
generation of treatments for SUI. Future initiatives for AMDC
in the realm of urology include treatment of post-
prostatectomy incontinence, fecal incontinence, and detrusor
underactivity [36, 37]. With regard to understanding of the
mechanism of action, it will be critical to develop strategies
to monitor the fate of implanted cells with regard to survival,
proliferation, migration, differentiation, and formation of
functional muscle. Appreciation of the role of the neuromus-
cular continence mechanism including the pudendal nerve
will undoubtedly prove pivotal [3]. Many questions remain
regarding the paracrine role of the implanted AMDC as well
as the capacity to augment survival and efficacy with in vitro
and in vivo addition of exogenous factors [10]. Additional
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parameters for continuing consideration for ADMC-USR in-
clude durability of treatment response and most prominently,
enduring safety.
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