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Abstract

Objectives—We present the rationale for and design of a randomized controlled superiority
trial comparing two vaginal surgical approaches for the treatment of uterovaginal prolapse. The
Study of Uterine Prolapse Procedures-Randomized Trial (SUPeR) trial compares the efficacy and
safety of native tissue repair with vaginal hysterectomy and suture apical suspension versus uterine
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conservation with mesh hysteropexy through 36 to 60 months postoperatively for primary repair of
uterovaginal prolapse.

Methods—The selection of the primary outcome measure, timing of randomization, patient
and evaluator masking to surgical intervention, collection and adjudication of adverse events, cost
effectiveness evaluations, partnering with industry, and surgeon certification of competency to
perform the two procedures is described. A composite primary outcome of success defined as no
prolapse symptoms, no objective prolapse beyond the hymen, and no retreatment of prolapse, with
a minimum of 36 months post-surgery follow-up using survival analyses is planned. Secondary
outcomes measured at baseline and every 6 months post-surgery include validated condition-
specific and general quality of life assessments, global impression of improvement, body image,
and sexual function measures. Unique challenges during the trial design include maintenance of
patient masking to the intervention with routine gynecologic health maintenance and maintenance
of evaluator masking.

Results—Recruitment and randomization of 180 participants is complete and participants are
currently in the follow-up phase.

Conclusions—This trial will provide information to help surgeons counsel patients and
contribute evidence-based information regarding risks and benefits of two approaches for the
treatment of uterovaginal prolapse.

Introduction

Uterovaginal prolapse is common and makes up a substantial proportion of the 300,000
surgeries for pelvic organ prolapse performed in the U.S. each year.! While uterovaginal
prolapse surgery can be performed by either a vaginal or abdominal route, most of the
surgeries for this condition are performed using the vaginal approach.2 3 Traditionally,
surgical correction of uterovaginal prolapse has included hysterectomy, despite beliefs that
the uterus is a passive structure in the disease process.* Increased interest has developed in
prolapse procedures that preserve the uterus while suspending the vaginal apex and uterus
(hysteropexy). Uterine preservation at the time of prolapse repair has evolved from simply a
desire to maintain fertility to avoidance of the added surgical risk and costs of hysterectomy,
and a common perception among patients that hysterectomy may negatively impact sexual
function or body image*-5 despite much evidence that hysterectomy does not negatively
impact sexual function.

Vaginal hysteropexies can be performed with suture techniques (usually sacrospinous
hysteropexy) or with mesh techniques but there is limited comparative data and the results
are not definitive.* A small randomized controlled trial comparing sacrospinous hysteropexy
demonstrated a higher prolapse recurrence rate with sacrospinous hysteropexy especially
with advanced prolapse, but shorter hospitalizations and quicker recovery.’, Transvaginal
mesh systems were introduced with the goal of improving long-term success rates over
native tissue repair with suture fixation. In studies with trocar mesh kits for hysteropexy;,
which were mostly retrospective and non-comparative, 86% average success rates were
obtained with 9% average erosion rates. 4 Newer trocarless transvaginal mesh Kits with
lightweight mesh are being promoted for hysteropexy and limited preliminary non-
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comparative data suggest high success rates with mesh exposure rates of approximately 2—
7% at 1 year.8:°

The relative risks and benefits of hysterectomy versus uterine preservation at time of vaginal
prolapse repair for uterovaginal prolapse are currently ill-defined. High quality clinical trials
are needed that compare mesh hysteropexy to native tissue repairs with long-term follow-up
in order to better clarify the benefits and risks of uterine preservation including risk of
subsequent uterine pathology and recurrent prolapse. The primary aim of the Study of
Uterine Prolapse Procedures-Randomized Trial (SUPeR Trial) is to compare the
effectiveness and safety of two transvaginal apical suspension strategies for women with
symptomatic uterovaginal prolapse beyond the introitus. The purpose of this manuscript is to
describe trial design, including selection and measurement of the primary and secondary
outcomes, the plans to evaluate cost effectiveness, unusual challenges with patient and
evaluator masking, and study conduct.

Methods

A. Study design overview

SUPeR is conducted by the NICHD sponsored Pelvic Floor Disorders Network, a team of
clinical researchers who work in conjunction with a data coordinating center, representatives
from the NICHD sponsor, and a steering committee chair to design and conduct high impact
randomized clinical trials at 8 clinical sites. The primary aim of SUPeR is to determine
whether treatment success in women with symptomatic uterovaginal prolapse beyond the
introitus undergoing transvaginal mesh augmented hysteropexy (using the Uphold® LITE
transvaginal mesh kit) differs from women undergoing vaginal hysterectomy and native
tissue cuff suspension with suture at time points for a minimum of 3 years post-surgery. The
study will test the null hypothesis that risk of treatment failure is not different between the
two groups. Our primary outcome, treatment failure, includes anatomic and patient reported
symptoms.

The secondary aims of the study address detailed anatomic and comprehensive functional
outcomes such as prolapse, urinary, bowel and health related quality of life (HRQOL);
safety including adverse events (such as mesh erosion and exposure), pain, and
complications requiring subsequent procedures for the two treatments. POPQ measures are
recorded every 6 months for the duration of the study and POPQ points Ba, Bp, and C will
be compared in both groups. In addition, the study is designed to evaluate whether advanced
prolapse, age, obesity, smoking, menopausal status, exogenous estrogen use, previous
prolapse surgery, and physical activity levels, alone or in combination, predict higher
treatment failure rates. The study will provide data to compare the cost effectiveness of the
two surgical approaches and assess the relationship between the cost of care and health
utilities and health quality of life. Finally, we also aim to determine if the surgeries result in
significant changes in body image and if these changes are related to altered sexual function.
SUPeR is registered with Clinicaltrials.gov: NCT01802281.
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B. Study Population

The study population comprises adult women (=21 years of age) with symptomatic
uterovaginal prolapse beyond the hymen with uterine prolapse at least into the lower half of
the vagina who desire vaginal surgical management. Table 1 describes the inclusion and
exclusion criteria. This study was intended for women who have completed child-bearing
and have a uterus with inactive endometrium, defined as amenorrhea for 1 year. Therefore,
participants are postmenopausal or have undergone an endometrial ablation and have
amenorrhea. Amenorrhea caused from exogenous steroids, or hypothalamic disorders are
excluded. This protocol adheres to the CONSORT guidelines for performing and reporting
randomized controlled trials.19 Women who are eligible but decline enrollment will be
characterized in a manner consistent with the CONSORT recommendations.

C. Baseline Assessments and Certification

Once eligibility was confirmed, baseline information was obtained which included age, race/
ethnicity, marital status, education, obstetric history, prior pelvic surgeries, menopause/
estrogen status, medical history, prior treatment of pelvic organ prolapse or urinary
incontinence, smoking, diabetes, urinary tract infection history and current medication use.
A detailed physical examination included height and weight, and pelvic organ prolapse
quantification (POPQ)! measurements. Since hysteropexy and mesh procedures could be
associated with postoperative cervical elongation, the study group developed a novel
measurement to capture possible cervical elongation. At each POPQ exam, the evaluators
recorded the posterior cervical vaginal junction (PCVJ which was described as the point
where the cervix merges with the vagina posteriorly. We would then define cervical length as
point C minus PCVJ.

To reduce bias related to surgical experience, surgeons were required to have adequate
experience with both procedures being performed in this study. Because vaginal
hysterectomies and uterosacral ligament suspension (TVH/ULS) procedures have been
commonly performed for decades, while the Uphold® mesh hysteropexy procedures are less
than 10 years old and not universally adopted, it was acknowledged that most surgeons in
this study had more experience with the TVH/ULS arm. All participating surgeons in this
study are Board-eligible or board- certified Female Pelvic Medicine and Reconstructive
Surgery specialists. The primary skills required to do the Uphold® procedure (e.g. anterior
vaginal dissection to the sacrospinous ligament and the use of a Capio® device) were
familiar to urogynecologic surgeons participating in the trial and experience with these
techniques was felt to be transferrable to the Uphold® LITE procedure. Certification criteria
for the Uphold® LITE procedure required that all surgeons had previously performed a
minimum of 20 sacrospinous ligament dissections with performance of at least 10 anterior
vaginal dissections to the sacrospinous ligament, at least 10 Capio® suture applications, and
five Uphold Lite procedures independently. Surgeons who had not met these criteria were
required to have a certified surgeon perform the apical suspension. We felt that these criteria
ensured that all study surgeries would be performed by surgeons who were well trained on
procedures for both arms to assure study validity, while at the same time establishing
standards for the trial that would allow results to be generalized to the population of
urogynecologic surgeons likely to perform these surgeries in the future. Surgeon certification
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required an attestation by the surgeon, affirmed by the site Principal Investigator (PI). A
more detailed description of the certification is described in Table 2.

D. Randomization

After eligibility was determined and consent was obtained, surgery was scheduled and
performed within 4 months of enrollment. The participant was randomized to one of the two
treatment arms in the operating room (after anesthesia induction) by the surgeon telephoning
an automated randomization center at the Data Coordinating Center (DCC). The 1:1
randomization system used permuted blocks, with a block size that was known only to the
DCC, stratified by site. Additional surgeries that were allowed in the study were native
tissue vaginal wall prolapse repairs (e.g. anterior colporrhaphy, posterior colporrhaphy,
perineorrhaphy) and anti-incontinence procedures.

E. Standardization of the Surgical Procedures

Uterosacral Ligament Suspension (ULS)—The ULS procedure used in this
protocol (Table 3) is a modification of the technique described by Shull 12 and was used in a
previous surgical trial performed by the PFDN.13 With considerations of mesh load, future
availability of devices, familiarity with the delivery system, and recently published favorable
results,8 the SUPeR protocol committee decided by consensus to standardize the mesh
hysteropexy procedure to a single standardized mesh kit (Boston Scientific, Uphold® LITE).
The Uphold® LITE procedure used in this protocol is a modification of the technique
described by Vu and Goldberg.8 The procedures are illustrated in Figure 1 and the specific
steps of the procedure that were standardized across sites are described in Table 3.

F. Other Measures

After surgery, participants are seen at 6 weeks and then every 6 months for the duration of
the study (36 to 60 months with follow-up for each participant ending when the last
participant randomized reaches 36 months). Every 6 months, participants will undergo a
POPQ exam, an exam for mesh exposure, an adverse event survey, and a review of bulge
symptoms (PFDI4- Question 3) Other study measures are reported in Table 4. Adverse
event categorization and standardization is performed by a blinded adjudication committee.

G. Masking of the Randomized Intervention

Although the primary anatomic outcome does not depend on masked patients, and anatomic
evaluators cannot be masked, several important patient-reported secondary aims were
subject to patient reporting bias if the participant was aware of her group assignment. For
example, in this current era of multi-district litigation against mesh manufacturers, many
urinary, bowel, and sexual complaints are being attributed to transvaginal mesh, raising
concerns participants’ knowledge about mesh-augmented repair might lead to biased adverse
events reporting. On the other hand, internet testimonials attest that hysterectomy worsens
sexual function and a patient’s knowledge of having or not having a uterus could bias her
reports on sexual function and body image. For these reasons, the ideal study design
encourages masking to treatment assignment. Other trials have achieved patient and
evaluator masking of supracervical and total hysterectomies.1> 16,
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Since the study surgeon provides clinical care to enrolled participants; masking the surgeon
to treatment allocation or participant symptoms is not practical or feasible, other than the
allocation concealment prior to surgical randomization. To improve objectivity in the
primary outcome and eliminate potential ascertainment bias, the study surgeon is not
involved in any postoperative anatomic outcome assessments. The anatomic outcome
evaluator cannot be masked because they will need to know if the participant has a cervix or
not to properly record POPQ values, but the study is designed so that this evaluator was not
involved in the surgery in order to limit bias. To minimize biases, subjective and all objective
outcomes (except for the POPQ exam) were obtained by study nurses or coordinators
masked to the procedure. Thus, when feasible and ethical, all outcomes assessors (except for
the POPQ exam) and the participant are masked to treatment allocation.

At the time of enrollment, participants were asked to remain masked to their treatment group
for the duration of the study, although we recognize that unintentional unmasking may
occur. In order to minimize unmasking due to details of their operation disclosed on a
pathology payment bill, the study covered the costs for pathologic assessment of the uterus
in those women randomized to native tissue repair.

Consistent with other regulatory bodies, current American Congress of Obstetrics and
Gynecology (ACOG) guidelines have recommended women age 30 years or older with
known recent negative cervical cytology and negative HPV testing be screened no sooner
than every 3 years.1” Current US Preventative Services Task Force, American Cancer
Society, American Society for Colposcopy and Cervical Pathology, and American Society
for Clinical Pathology recommendations allow no screening for women age <21, every 3
year screening for ages 21-29, every 5 year screening ages 30-65, and no screening for
women older than 65. 18 Therefore, based on age, all participants in this study would likely
at least be able to space screening to 3 years and the overwhelming majority would qualify
for screening intervals every 5 years. Unmasking did occur for an eligible amenorrheic 21—
30 year old woman with a uterus who in the opinion of the study surgeon needed screening
during the study. We recognize that women may still have pelvic exams for reasons other
than cervical screening. We requested that the patient undergoing an exam remind her
provider not to tell her of the absence or presence of her uterus. Participants have been
encouraged to see the study team for any gynecologic problems or evaluations during the
course of the study. It is possible that participants may be unblinded if they examine
themselves and feel a cervix. In addition, there may be health situations where it is necessary
for them to know if they have a cervix and if so, they will be informed by their study
surgeon.

At every 6 month visit the participants are queried about whether they have remained
masked, and if not, what caused the unmasking and which randomized surgical treatment
they believe they have received. This is done in a manner that reaffirms that masking is
preferred for the duration of the study. If a patient has an anatomic failure requiring
reoperation and reoperation counselling requires unmasking, then unmasking is allowed.
After the study is completed (maximum 60 months), participants will be queried as to what
randomization arm they think they received and will then be notified of their uterine and
mesh status
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H. Primary outcome measure

A participant is considered a treatment failure if any ONE of the following criteria is met:

1 Report of bothersome vaginal bulge symptoms (see definition below), or

2. Re-treatment for prolapse (surgery or pessary), or

3. Any prolapse measure (POPQ measures Ba, C, Bp) beyond the hymen (i.e. >0
cm) 19

Bothersome vaginal bulge symptoms is measured by a positive response to Question 3 of the
Pelvic Floor Distress Inventory short form (PFDI-20)4: “Do you usually have a bulge or
something falling out that you can see or feel in your vaginal area?” and patient report of any
degree of bother associated with this symptom. An affirmative answer to this question was
96% sensitive (95% CI 92-100) and 79% specific (95% CI 77-92) for prolapse beyond the
hymen. The 1-week test-retest reliability was good (kappa 0.84).2° Participants not meeting
criteria for a treatment failure for the primary outcome are considered a treatment success.

|. Statistical Design

Sample Size/Power Calculations—Power and sample size calculations were
generated to determine the sample size needed to test for treatment difference favoring the
mesh augmented strategy (i.e., a superiority trial) across the study arms for a variety of
assumptions about effect size and study follow-up time. For all power analyses, we assumed
that failure in both arms follows an exponential survival model and that the native tissue
repair has a success rate of 80% at 24 months. This 80% calculation is based on an assumed
85% anatomic success rate for uterosacral ligament suspension and an additional 5% failure
rate based on symptom failure.13 In the only published Uphold® series a 98 % 12 month
anatomic success rate was reported.® Although no 2-year outcome data are available for the
Uphold® procedure, under an assumption of a constant hazard, the 1-year success rate of
98% yields an estimated 2-year anatomic success rate of 96%; combining this estimate with
a similar 5% rate for symptom failure yields a 91% composite (anatomic and symptom)
success rate. All analyses also assumed that statistical tests would be conducted with a Type
I error rate of 0.05 with no adjustment for multiple comparisons. Sample size estimates
assumed that the 2-year success rate in the mesh-augmented arm is in the range of 90% to
93% at 24 months (Note: this represents a hazard ratio in the range of 0.33 to 0.47 under the
assumed exponential survival model), that the enrollment time for the study is 2 years, the
loss-to-follow-up on both arms is no more than 5% per year, and the total study duration
from last participant enrolled to stopping the study for final analysis is 36 months with one
interim analyses for efficacy when the last participant reaches the 24-month follow-up.
Based on these calculations, a total of 180 participants will be randomized at a 1:1 ratio to
the two treatment arms. This sample size will provide a power of 0.89 to detect an additive
difference of 10% in the 2-year success rate (i.e. a hazard ration 0f 0.472) and a power of
0.95 to detect additive differences of 11% or greater in the 2-year success rate (hazard ratios
of 0.423 or less).

Data analysis—Surgical failure rates will be compared using survival analysis
approaches appropriate for interval censored data (classic log-rank tests and survival models
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using a generalized linear model approach with a complementary log-log link) and
secondary outcomes will be reported as rates in each group or as group means and evaluated
with the appropriate parametric or nonparametric statistical tests. For the primary analysis,
we first generate a standard log-rank test to provide an overall test of difference of the two
treatment regimens. We will then conduct model based analyses using a generalized linear
model with a complementary log-log link that examines failure risk as a function of
treatment controlling for appropriate design variables (site and age cohort). The model-based
analyses will be used to generate an overall test of treatment difference using a two-sided
hypothesis test with an overall Type | error rate of 0.05, and point and interval estimates of
12-, 24- and 36-month surgical success rates on each treatment arm as well as well as
differences in these rates on the two arms. The study has been designed for a single interim
analysis when the last participant enrolled reaches the 24-month follow-up time using a Lan-
DeMets alpha spending function with O’Brien-Fleming type boundaries.

A number of secondary outcome measures that include both continuous and binary measures
will be collected periodically across the study. To account for the correlation among the
multiple measures on each study and to account for missing data associated with differential
follow-up time associated with the primary design, appropriate model-based approaches
(linear mixed models for continuous outcomes and generalized linear models for binary
measures) will be used to compare the effects of treatment.

J. Study Design Concerns

Physician preference against using transvaginal mesh—Physicians may be
reluctant to perform a mesh-augmented procedure instead of the traditional vaginal
hysterectomy and sutured apical suspension. Some physicians and patients have strong
beliefs against the use of mesh, especially in light of the July 2011 FDA safety
communication and current litigation.2 However, the superiority of either native tissue or
mesh-augmented apical suspension in terms of efficacy or safety remains unclear as
discussed in the Background section. Furthermore, a survey of American Urogynecologic
Society (AUGS) members suggests that many pelvic surgeons are still performing mesh-
augmented procedures,?! highlighting that this study addresses a timely and challenging
clinical question. To balance potential ethical concerns about the use of transvaginal mesh,
the study team made several key decisions. First, we chose the Uphold® LITE device which
minimizes mesh load and utilizes a wide pore light weight polypropylene mesh which is
knitted. Meshes with these characteristics have been shown to have less of a negative impact
on the vagina in a primate model than their heavier weight, less porous counterparts. 22-24
Second, all additional prolapse repairs performed in this trial will be native tissue further
minimizing possible mesh-load and possible mesh-related complications

Participant preference—Women may have strong preferences regarding removing or
conserving their uterus, which could result in recruitment difficulty and/or a skewed study
population limiting the external validity of the study. We believed that evidence-based
counseling on the potential known and unknown pros and cons of both options with
emphasis on the importance of studying the issue would help minimize this potential
problem. Indeed, previous randomized trials have similarly encountered and overcome this
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issue, specifically trials evaluating supracervical vs. total hysterectomy.8: 15 Similarly, a
previous successful trial examined hysterectomy compared with endometrial ablation of
dysfunctional uterine bleeding. (ClinicalTrials.gov Identifier NCT00114088). Though we
were concerned about the prospect of not meeting recruitment goals and frequently
discussed contingency plans, the protocol committee rejected a patient preference arm or
trial design due to serious concerns about participant bias regarding pelvic symptoms, body
image and sexual function after surgery if they were unmasked to their surgery.

Perception of commercial bias—NIH-funded networks have studied specific
products in randomized trials including, Botox®25, Interstim®2% in the PFDN; Gynecare
TVT®, TVT-O® and AMS Monarc® in the Urinary Incontinence Treatment Network
TOMUS study?7). The team considered the use of a mesh bridge configured from a surgeon-
tailored piece of commercially available mesh but felt that if this proved to be inferior, there
could be potential concern that the findings were due to surgical variability of a non-
standardized device and that our study would lack generalizability as this is not typically
done in clinical practice. For this reason we favored a hysteropexy kit that lends itself to
standardization across centers. After the protocol team decided on this product, the Boston
Scientific Company who produces Uphold LITE® was approached for a possible public-
private partnership. The company did review the protocol through its usual research program
procedures and provide comments that were discussed by the protocol team, but the study
protocol was finalized independently by the protocol team and approved by the PFDN
Steering Committee, Advisory Board, and Data and Safety Monitoring Board. The company
partially supported the study through their independent research program both with funding
and agreements for device deliveries to participants so that this cost would not appear on the
procedure billing paperwork. The company also worked separately with the DCC to use the
study to address FDA requirements for studies to address a change in device classification.
Reports from the clinical sites and the reports to the FDA were reviewed on a regular basis
by the DSMB. Boston Scientific did not participate in study design, choice of outcome
measures or data collection, and will not participate in data analysis, or manuscript
preparation.

K. Data and Safety Monitoring Board

The PFDN has an established Data Safety Monitoring Board (DSMB) to oversee all studies
in the network. Members of the DSMB are independent of the study and clinical site
investigators and include representatives with urology, urogynecology, and biostatistics
expertise and a lay member. The DSMB meets every three months or more frequently if
requested by the Chair, either in person or by teleconference. The DSMB monitors study
progress, reviews reports sent to the FDA by Boston Scientific, and has the ability to
recommend to NICHD that the trial be stopped for safety, futility, or efficacy.

Discussion

Uterovaginal prolapse is the most common indication for hysterectomy in postmenopausal
women.28 Most uterovaginal prolapse is managed with vaginal hysterectomy in combination
with colporrhaphy and apical suspension. Historically, justification for concomitant
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hysterectomy has included: improved visualization of apical support ligaments, concern for
cervical elongation, future development of uterine or cervical pathology, creating a sufficient
wound to facilitate fibrosis and scarring of the apex-ligament approximation, and almost all
prolapse surgery outcome data came from studies where hysterectomy was routinely
performed. The majority of uteri extirpated for prolapse are devoid of uterine

pathology. 2% 30 It is not clear that removal of the uterus enhances durability of prolapse
repairs and it may be deleterious as it disrupts the natural uterosacral attachments. It has also
been associated with a 2-fold risk of accelerated ovarian failure. 31

As with other benign gynecologic conditions historically addressed by hysterectomy,
alternative uterine sparing approaches have been described for management of uterovaginal
prolapse. Native tissue, suture suspension of the uterus to the sacrospinous ligament has
limited outcome data and has not been broadly adopted. More recently, transvaginal mesh
systems for uterovaginal prolapse repair have been FDA approved since 2004. Systematic
reviews of vaginal mesh kits for apical repair concluded that they may be more effective than
native tissue repairs in restoring apical support in the short-term; however, reoperations for
complications in the initial mesh kits were higher when compared with vaginal native tissue
and abdominal repairs. 32: 33 Several transvaginal mesh systems included in the systematic
reviews are no longer commercially available in the United States while those still utilized
are under-represented in these previous analyses limiting their use in contemporary surgical
planning.

In a survey of preferences regarding hysterectomy for the treatment of uterovaginal prolapse,
60% of women indicated they would decline hysterectomy if presented with an equally
efficacious alternative to a hysterectomy-based prolapse repair.6 Their decision would be
informed by their doctor’s opinion and knowledge of the risks of surgical complications and
malignancy. To date, no comparative effectiveness trials have been conducted comparing the
traditional approach of vaginal hysterectomy and native tissue apical suspension with
transvaginal mesh hysteropexy.

Our goal in designing this study was to contribute meaningfully to the literature on
transvaginal mesh and hysteropexy by generating high level evidence through a randomized
trial. Review of existing literature leads us to conclude that either treatment group could
plausibly demonstrate superiority. For this reason, we designed a superiority trial rather than
a study to test for non-inferiority or equivalence.

This study was designed and implemented in the aftermath of the July, 2011 FDA
notification® on risks associated with transvaginal mesh for prolapse. Several important
patient-reported secondary aims are subject to potential patient reporting bias if the
participant is aware of her group assignment. This was considered particularly important as
the study was being conducted during a period of aggressive media recruitment of patients
for multi-district litigation against mesh manufacturers and bias against hysterectomy by
certain patient advocacy groups. We took extraordinary measures in masking our study
population to reduce the likelihood that they would become aware of the presence or
absence of their uterus or mesh for the duration of the study.
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There is concern that short-term gain in anatomic support as described by cohort studies of
transvaginal mesh repairs are offset by the need for surgical management of subsequent
surgery for complications. The comprehensive acquisition of office, emergency room,
hospital admission visits and procedures for our planned cost-effectiveness analysis will
shed light on the long-term outcomes of each surgical strategy and will specifically quantify
the impact of mesh complications on costs.

There are limitations to our study. This study design will not allow us to tease out whether
the results are due to the hysteropexy procedure itself or the mesh component of the
hysteropexy. We considered a four arm trial with native tissue hysteropexy and hysterectomy
with vaginal mesh apical suspension but felt the former option did not provide equipoise due
to very limited and generally unfavorable outcome data, as well as lack of experience
amongst the investigator surgeons. Additionally, a growing body of evidence suggests that
concomitant hysterectomy with transvaginal mesh predisposes to mesh exposure at the
vaginal cuff. 34 Another limitation is that our findings will only be applicable to this
restricted population of non-menstruating women most of whom will be post-menopausal
limiting the applicability of this trial to a younger population of women who may be more
interested in uterine preservation.

The strengths of this study include that participants and primary outcomes assessors will
remain masked. This will help to minimize potential bias and is critical during this time
period when there can be strong opinions about both transvaginal mesh use and uterine
preservation. Also, because the surgical procedures are standardized and described here in
detail, they can be more easily adopted in the future by practicing experienced pelvic
surgeons, depending on our findings.

In conclusion, we present the design of a randomized controlled trial comparing two very
different approaches to surgical repair of uterovaginal prolapse. Our study design is intended
to limit bias and provide robust data to inform decision making by women and their
surgeons regarding uterovaginal prolapse repair.
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Figure A. hysterectomy with uterosacral igament  Figure B. uterine sparing apical mesh suspension

suspension (hysteropexy)
Figure 1.
A drawing depicting the 2 surgical procedures being compared in the SUPeR randomized
trial.
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Table 1

Inclusion and Exclusion criteria in the SUPeR study.

1

A oW N

o N o O

Inclusion Criteria

Women aged 21 or older who have completed child -bearing
Prolapse beyond the hymen (defined as POPQ! point Ba, Bp, or C > 0 cm)
Uterine descent into at least the lower half of the vagina (defined as point C> -TVL/2)

Bothersome bulge symptoms as indicated on question 3 of the Pelvic Floor Distress Inventory-20 (PFDI-20) relating to
‘sensation of bulging’ or ‘something falling out’

Desires vaginal surgical treatment for uterovaginal prolapse
Available for up to 60 month follow-up
Amenorrhea for the past 12 months from either menopause or endometrial ablation

Not pregnant, not at risk for pregnancy or agree to contraception if at risk for pregnancy (only applicable to the rare
endometrial ablation patient)

Eligible for no cervical cancer screening for at least 3 years based on current recommendations from national organizations.

10

Exclusion Criteria

Previous synthetic material (placed vaginally or abdominally) to augment pelvic organ prolapse (POP) repair
Known previous uterosacral or sacrospinous uterine suspension

Known adverse reaction to synthetic mesh or biological grafts; these complications include but are not limited to erosion,
fistula, or abscess

Chronic pelvic pain
Pelvic radiation

Cervical elongation- defined as an expectation that the C point would be Stage 2 or greater postoperatively if a hysteropexy
was performed. (Note: cervical shortening or trachelectomy is not an allowed intraoperative procedure within the hysteropexy
treatment group).

Women at increased risk of cervical dysplasia requiring cervical cancer screening more often than every 3 years (e.g. HIV+
status, immunosuppression because of transplant related medications, Diethylstilbestrol (DES) exposure in utero, or previous
treatment for cervical intraepithelial neoplasia (CIN)2, CIN3, or cervical cancer

Uterine abnormalities such as symptomatic uterine fibroids, polyps, endometrial hyperplasia, endometrial cancer, or any
uterine disease that precluded prolapse repair with uterine preservation in the opinion of the surgeon

Indication for ovarian removal (adnexal mass, BRCA 1or BRCA 2 positivity, family history of ovarian cancer)

Current condition of amenorrhea caused by exogenous sex steroids or hypothalamic conditions.

Female Pelvic Med Reconstr Surg. Author manuscript; available in PMC 2017 July 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Nager et al. Page 16

Table 2

Surgeon Certification Processes for the Two Surgical Procedures in the SUPeR study

FOR TVH/USLS CERTIFICATION
1 All surgeons viewed a DVD illustrating essential components of the uterosacral vault suspension technique.

2 All certified surgeons performed a minimum of 20 vaginal hysterectomies, 20 uterosacral procedures, with at least 5 of these
apical procedures in the 12 months prior to beginning participant enroliment.

FOR UPHOLD® CERTIFICATION
1 All surgeons viewed a DVD illustrating essential components of the Uphold® technique.

2 All certified surgeons performed a minimum of 20 sacrospinous ligament dissections with performance of at least 10 anterior
vaginal dissections to the sacrospinous ligament and at least 10 Capio® suture applications

3 Performance of, or had received hands on proctoring on at least 5 Uphold® LITE procedures for uterovaginal prolapse or
cuff-vaginal prolapse.

4 Prior to signing off on certification for each site’s surgeon, the site PI reviewed these 5 cases for any Uphold® LITE
procedure related complications and could request additional procedures if skills were not well demonstrated.
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Table 3

Standardized Procedures for the Two Surgeries in the SUPeR study

TVH/ULS
1
2
3

ULS is performed through the vaginal incision after the vaginal hysterectomy.
The placement of uterosacral ligament stitches is performed in such a way as to avoid neurovascular and ureteral compromise.

One permanent and one delayed absorbable 0 or 2-0 monofilament suture (2 sutures per side; 4 sutures total) are placed in
each ligament, extending to the ipsilateral anterior and posterior fibromuscular wall of the vaginal apex. The permanent
sutures are placed near full thickness, excluding vaginal epithelium. The delayed absorbable sutures are placed full thickness
through the vaginal walls. The type of suture material is recorded.

No plication of the uterosacral ligaments across the midline or culdoplasty is allowed.

1

Uphold® LITE Procedure

Hydrodissection of the vaginal walls is performed with at least 30 cc of 0.25% bupivicaine with epinephrine or dilute
vasopressin (20 Units/50-100 cc)

A 4 cm transverse vaginal incision is made in the anterior vaginal wall between the bladder neck and the cervix but at least 3
cm from the cervix so that the suture line will not overlap with the mesh.

Blunt or sharp dissection is allowed to approach the sacrospinous ligament extraperitoneally.

After confirmation of the location of the ischial spine, the tapered lead and mesh assembly is delivered into the sacrospinous
ligament 1-2 fingerbreadths medial to the ischial spine.

The most cephalic edge of the mesh is attached to the cervix with sutures.

Mesh modifications (e.g. cutting) are strongly discouraged; any exceptions will be documented on operative case report
forms.

Tensioning is performed to re-suspend the apex without tense mesh arms.
Vaginal closure is performed with 2-0 polyglactin suture.

A vaginal pack and indwelling urethral catheter are placed and removed on postoperative day 1.
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Table 4

Other Study Measures Captured in the SUPeR Study

10
11

12

Urinary function including: duration of post-op catheterization, de novo voiding dysfunction rates. A post void residual (PVR)
was assessed by catheterization or bladder scan at the 6 week visit and an elevated PVR was defined as a volume > 150 ml
that was not present preoperatively.

De novo incontinence rates and severity- assessed by the Urogenital Distress Inventory-6 (UDI-6)14, Incontinence Severity
Index (1S1)%, and Adverse Event survey.

Quality of life measured in terms of functional activity by administration of the Functional Activity Assessment Scale3,
general quality of life as measured by the Short Form -12(SF-12)37, and pelvic function-specific quality of life as measured by
the Pelvic Floor Impact Questionnaire Short Form.20

Mesh-related complications: mesh exposure in the vagina or mesh erosion into another organ and the classification of the
intervention: a) None or non-surgical medical intervention only, b) Minor or intra-office surgical intervention, c) Outpatient
surgery, d) Inpatient surgery

Rates, location, and severity of pelvic pain- using the modified Surgical Pain instrument®8, pain medication use, AE survey,
and a pain mapping instrument

Pelvic infection

a. Perioperative infections- defined as requiring antibiotics.
b. Urinary tract infections- defined as culture proven or antibiotics given
c. Vaginal infections with flora uncommon to the vaginal canal

Neuromuscular problems (including groin and leg pain) with the use of a pain mapping instrument
Vaginal scarring, Vaginal shortening, de novo dyspareunia, and worsening dyspareunia with AE survey.

Sexual function measured by the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire, [IUGA-Revised (PISQ-
|R)39

Body image measured by a modified body image scale®

Cost effectiveness analysis - conducted from a payer perspective and expressed as incremental cost required to produce one
additional unit of quality-adjusted life year (QALY) based on data collected on: 1) each participant’s use of medical and non-
medical resources related to urologic or gynecologic conditions, 2) direct and indirect costs of the treatment of each of the
study surgeries, and 3) participants preference for health states for improvement in pelvic organ prolapse.

Post-operative bowel function as measured by the colorectal subscale of the Pelvic Floor Distress Inventory.14
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