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A cost-effectiveness analysis of intrauterine spacers used to prevent the
formation of intrauterine adhesions following endometrial cavity surgery
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lan Feldberg®, Malcolm G. Munro® and Won Chan Lee?
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ABSTRACT ARTICLE HISTORY
Aim: To assess, from a United States (US) payer’s perspective, the cost-effectiveness of gels designed to Received 26 October 2023
separate the endometrial surfaces (intrauterine spacers) placed following intrauterine surgery. Revised 19 December 2023

Materials and methods: A decision tree model was developed to estimate the cost-effectiveness of ~ Accepted 20 December 2023
intrauterine spacers used to facilitate endometrial repair and prevent the formation (primary prevention)
and reformation (secondary prevention) of intrauterine adhesions (IUAs) and associated pregnancy- and | ) I

X N ) i ntrauterine adhesions;
birth-related adverse outcomes. Event rates and costs were extrapolated from data available in the exist- decision tree; cost-
ing literature. Sensitivity analyses were conducted to corroborate the base case results. effectiveness; budget
Results: In this model, using intrauterine spacers for adhesion prevention led to net cost savings for impact; incidence;
US payers of $2,905 per patient over a 3.5-year time horizon. These savings were driven by the direct recurrence; pregnancy; lysis
benefit of preventing procedures associated with IUA formation ($2,162 net savings) and the indirect of adhesions; intrauterine
benefit of preventing pregnancy-related complications often associated with IUA formation ($3,002). surgery
These factors offset the incremental cost of intrauterine spacer use of $1,539 based on an assumed
price of $1,800 and the related increase in normal deliveries of $931. Model outcomes were sensitive
to the probability of preterm and normal deliveries. Budget impact analyses show overall cost savings ~ JEL CLASSIFICATION
of $19.96 per initial member within a US healthcare plan, translating to $20 million over a 5-year time ﬁ?lesl 110: 118: H51: H
horizon for a one-million-member plan. P R e
Limitations: There are no available data on the effects of intrauterine spacers or IUAs on patients’
quality of life. Resultingly, the model could not evaluate patients’ utility related to treatment with or
without intrauterine spacers and instead focused on costs and events avoided.
Conclusion: This analysis robustly demonstrated that intrauterine spacers would be cost-saving to
healthcare payers, including both per-patient and per-plan member, through a reduction in IUAs and
improvements to patients’ pregnancy-related outcomes.

KEYWORDS

PLAIN LANGUAGE SUMMARY

Every year, women in the United States (US) undergo surgery to treat intrauterine abnormalities to
maintain or improve the uterus’ ability to support fetal development and result in a term delivery.
Despite the benefits of these procedures, damage caused to the endometrium (uterine lining) is asso-
ciated with a risk of adherence of the endometrial cavity surfaces with scar tissue known as intrauter-
ine adhesions (IUAs).

Damage to the endometrium and the resulting IUAs may be associated with infertility, light or absent
menstruation, pregnancy loss, and other pregnancy-related complications. Treating these conditions
within the US healthcare system consumes resources and adds costs for healthcare payers (public and
private insurance providers).

To facilitate endometrial repair and to reduce or prevent IUAs, researchers have developed materials
to place within the endometrial cavity following surgery to separate the endometrial surfaces during
the early healing period. These intrauterine “spacers” are intended to improve patients’ subsequent
clinical outcomes and save money for healthcare payers. It is unknown whether these improved clin-
ical outcomes offset the cost of the routine use of spacers following “at-risk” procedures that involve
the endometrial cavity.

We developed a model designed to determine the cost-effectiveness of an intrauterine spacer by
quantifying improvements in clinical outcomes and the resultant cost savings for patients undergoing
uterine surgeries with or without spacers. Our model predicted that routinely using such spacers fol-
lowing at-risk procedures would improve patient outcomes and reduce costs to US payers.
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Introduction

Surgical procedures involving the endometrial cavity can
damage the basal layers of the endothelial linings, leading to
scar formation, including the development of endocervical
and/or intrauterine adhesions (IUAs). These adhesions joining
the opposing epithelial surfaces, the endometrium in the
endometrial cavity, and the columnar layer in the cervix con-
tribute to developing a spectrum of symptoms and findings
collectively known as Asherman Syndrome'™. The terms
used to describe the uterine anatomy, and its potential disor-
ders and treatments are defined in Supplementary Table 1
and the uterine anatomy is shown in Figure 1.

Different IUA phenotypes are associated with various con-
ditions, the most common of which are amenorrhea, light or
irregular menstruation, infertility, recurrent miscarriages, and
pregnancy-related  complications®*>.  Among infertile
patients, the prevalence of IUAs is estimated to be approxi-
mately 4.6%°. Hooker et al. reported an IUA incidence of
21.2% of those who had undergone surgical termination of
pregnancy in the first trimester, while the rate following
second-trimester termination was 16.1%’.

When adhesions form in the endometrial cavity following
surgical procedures, they are known as primary IUAs. The
standard treatment for IUAs is hysteroscopic lysis of adhe-
sions (LOA), a surgical procedure conducted within the endo-
metrial cavity and occasionally the cervical canal involving
transection of the adhesions under direct visualization with
the goal of restoring a normal configuration®. When adhe-
sions reform in the endometrial cavity after LOA, they are
known as secondary IUAs. The rate of secondary IUAs has
been reported to range from 3% to 62.5%%**%°,
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Studies have demonstrated a considerable economic bur-
den associated with LOA. Sikirica et al. reported 351,777 hos-
pitalizations in the United States (US) in 2005 for LOA,
accounting for 967,332 hospital days'®. The estimated num-
ber of inpatient days attributed to LOA as a secondary pro-
cedure was 270,245'°. The burden related to IUAs likely
extends significantly beyond this estimate, which covers LOA
alone, without considering pregnancy-related costs.

There are no currently approved products validated for safe
and effective prevention of IUAs in the US. To reduce the risk
or severity of IUA formation after at-risk procedures, researchers
have investigated systemic pharmacologic agents and agents
for placement within the endometrial cavity following surgery,
including medical devices, gels, and biologic agents. Medical
devices used to prevent adhesion formation include intrauter-
ine contraceptive devices (IUDs) and modified Foley catheter
balloons, each of which have all been used off-label. Gel-based
intrauterine spacers are often composed of physically cross-
linked hyaluronic acid. Intrauterine biologics described include
amnion grafts, stem cells, and platelet-rich plasma. These
approaches aim to facilitate endometrial repair and prevention
of adhesions by separating the damaged endometrial surfaces
or to facilitate the generation of endometrial cells during the
healing process''™'. Pharmacologic agents, primarily estrogens,
often combined with progestins but also including antibiotics,
are also intended to prevent or reduce the severity of adhe-
sions without physically separating the endometrial cavity
surfaces®' >,

Modified Foley catheter balloons have been placed within
the endometrial cavity to act as spacers during the early
post-operative healing stage. These spherical balloons have
limitations as they will not conform to the roughly triangular
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Figure 1. Simplified uterine anatomy and physiology. Depicted is the normally pear-shaped uterus situated anterior to (in front of) the colon, posterior to (behind)
the bladder, and attached to the vagina. The hollow organ includes a corpus, primarily comprising specialized muscle (myometrium), lined by a layer of tissue
called the endometrium, and a cervix, connecting the endometrial cavity to the vagina via the cervical canal. After conception, the embryo is transferred via the fal-
lopian tube to the endometrial cavity, where it attaches to and is then enveloped by the endometrium, where, as a fetus, it develops until reaching maturity. At
that point, in the process of labor, it is expelled from the endometrial cavity by dilation of the cervical canal and contractions of the muscular uterine corpus. If a
pregnancy does not occur, the superficial portion of the endometrium, the functionalis, is discharged during menstruation.
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shape of the endometrial cavity and must be removed in a
subsequent procedure. Compared with Foley balloons, gel-
based intrauterine spacers conform to the endometrial cavity
to act as a “conforming spacer” to prevent the formation of
IUAs in areas that are not separated using balloons (e.g.
ostial and fundal regions as well as the lower segment'”).
Figure 2 displays a hypothetical mechanism of adhesion for-
mation and the postulated mechanism of adhesion preven-
tion through the introduction of a gel-based intrauterine
spacer.

The intrauterine instillation of hyaluronic acid-derived
auto-cross-linked polysaccharide (ACP) gel as a physically
cross-linked conforming spacer following LOA demonstrated
a significant reduction of secondary IUAs compared with
those who received no intrauterine spacer (14% vs. 32%,
p < .05)'°. Additionally, a meta-analysis by Fei et al. demon-
strated that immediate post-procedure instillation of hyalur-
onic acid gel after the evacuation of retained products of
conception reduced the incidence of postoperative [UAs (risk

ratio [RR]: 0.44, p=.0001)"". This study also corroborated the
effectiveness of a conforming hyaluronic acid gel spacer in
significantly increasing subsequent pregnancy rates (RR: 1.94,
p=.00001)"". Similarly, Mao et al. found that 26% of women
experienced spontaneous pregnancy after receiving ACP gel
post-adhesiolysis, compared with 15% of women who under-
went LOA without an intrauterine spacer'®. Following dila-
tion and curettage (D&C), the rates of miscarriage were 17%
lower with the use of ACPs of hyaluronic acid compared to
those without gel (21% vs. 38%, p=.081)"°.

Despite the evidence demonstrating the efficacy of adju-
vant treatments like intrauterine spacers, to date, none have
been approved by the US Food and Drug Administration
(FDA) for preventing IUA formation following procedures
involving the endometrial cavity?®?'. The real-world use and
cost-effectiveness of these adjuvants in the US health system
is undocumented.

Ideally, an intrauterine spacer should conform to the vari-
ous sizes and irregular shapes of the patient’s endometrial
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Figure 2. Conceptualized genesis and prevention of intrauterine adhesions following hysteroscopic multiple myomectomy. The hysteroscopic myomectomy is
depicted in the top center image with dissection into the pseudocapsule between the leiomyoma and the myometrium. (Left) The two leiomyomas have been
removed with overlapping defects that facilitate the formation of intrauterine adhesions (IUAs) while preventing healing of the endometrial basalis. (Right) A
hydrogel instilled into the endometrial cavity acts as a conforming “spacer,” separating the defects in a way and for a duration of time that facilitates healing of

the endometrium’s basal layer, thereby preventing the formation of IUAs.



cavity, and it should remain in place long enough to facili-
tate independent post-surgical healing of the endometrial
surfaces, the latter which can be referred to as “residence
time”. The use of Foley balloons is reported for a planned
residence time of 7-10 days before removal. The residence
time of physically cross-linked gels following an intrauterine
procedure is unknown due to the nature of physically cross-
linked gels to not solidify and can be rapidly expelled from
the endometrial cavity.

Recent novel covalently cross-linked hydrogel spacers
have been developed that combine the conforming proper-
ties of gels and a known residence time of 2-3 weeks, which
is specifically aligned with known tissue healing processes?’.
Clinical trials are underway to evaluate the efficacy of such a
covalently cross-linked conforming hydrogel intrauterine spa-
cer intended for the prevention/minimization of IUAs, which
may ultimately support the FDA’s approval®'. In the absence
of available data regarding this novel hydrogel spacer, in the
design of this model, we opted to focus on in-situ forming
physically cross-linked conforming gel spacers, regardless of
their unknown residence time, as the data for these conform-
ing intrauterine spacers represent an effective strategy for
preventing the formation of IUAs following surgery'®'”.

The primary objective of this analysis was to estimate the
cost-effectiveness of conforming spacers if used within the
US healthcare system. The clinical outcome estimation was
based on the available literature regarding the impact of
conforming spacers on the incidence and recurrence of IUAs
and fertility and pregnancy-related outcomes. Consequently,
such an analysis compares predicted patient expenditures
with and without routine use of endometrial cavity spacers
in at-risk procedures. The outcomes of interest included the
predicted number of events experienced and projected costs
associated with subsequent LOA due to IUA formation and
the potential impact of intrauterine trauma as reflected by
IUA on fertility and pregnancy outcomes. Whereas a cost-
minimization approach would assume equal efficacy of treat-
ment with or without intrauterine spacers, this analysis used
data from the available literature to inform different effica-
cies for each treatment approach. Therefore, this cost-effect-
iveness analysis (CEA) is designed to aid healthcare payers’
and providers’ decisions regarding the reimbursement of
conforming intrauterine spacers should they come to market.
Additionally, the model evaluates the potential clinical bene-
fit of using conforming intrauterine spacers with extended
residence time that can be used to establish these as a
breakthrough intervention in the IUA disease paradigm.

Methods
Model overview

The economic model was designed to assess the cost-effect-
iveness of conforming intrauterine spacers among patients at
risk of developing IUAs following primary intrauterine proce-
dures (e.g. without prior adhesions). We utilized a decision
tree model framework, an algorithm that analyzes different
clinical pathways for patients undergoing primary proce-
dures. A decision tree is defined by three different types of
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nodes: chance node (risk of developing IUA), decision node
(choice of treatment), and end node (clinical outcomes). This
framework allowed a direct comparison between the inter-
vention and the comparator arms. Further, our model esti-
mated the clinical benefits of the intervention arm.

The analysis was conducted from a US payer perspective
over a simulated three-and-a-half-year timeframe. This time
horizon was considered sufficient to capture the majority of
costs and events related to IUAs, including those pertaining
to follow-up treatments, multiple pregnancy attempts, and
risks of miscarriage and pregnancy-related complications'®.
No discounting was applied to the costs nor health out-
comes, as the short time horizon of this analysis was thought
to render this adjustment unmeaningful. This analysis consid-
ered direct healthcare costs associated with IUA treatment,
including gel acquisition, procedure, diagnostic, and preg-
nancy-related costs. All cost inputs were determined using
the existing literature and online databases. Costs were
inflated to 2022 United States Dollars (USD), the latest year
for which complete data were available, using the medical
care component of the consumer price index®2. The model
was run using a specific set of inputs and settings in the
base case, and alternate settings were explored via scenario
and sensitivity analysis. As described in the Scenario and
Sensitivity Analysis section, these settings included an alter-
nate time horizon, treatment population, and other factors
affecting costs.

Model structure

To capture the relevant clinical pathways and health out-
comes for patients undergoing primary and secondary proce-
dures, we utilized a decision tree model framework that
evaluates patients who receive one of the following two
treatments: procedures that affect the endometrial cavity
with a conforming intrauterine spacer intervention (interven-
tion arm), or procedures that affect the endometrial cavity
without a conforming spacer intervention (comparator arm).
All assumptions related to patient treatment pathways were
validated using a survey of multiple physician subject matter
experts. This survey was designed to be geographically rep-
resentative of the US and therefore selected eight physicians
with direct experience in diagnosing and treating patients
with fertility issues and 1UAs.

As shown in Figure 3, patients modeled not to develop
clinically significant IUAs after a primary procedure within
the endometrial cavity pursue pregnancy and non-preg-
nancy-related clinical outcomes. Conversely, patients mod-
eled with IUA-related infertility after a primary procedure
were postulated to undergo one or more (up to 3) rounds of
secondary LOA procedures to restore the baseline configur-
ation of the endometrial cavity and functionality of the
endometrium.

The model assumes equal randomization at each decision
node. This assumption allows patients who would or would
not receive conforming intrauterine spacers following the pri-
mary procedure to have a chance of receiving them follow-
ing the secondary procedure. As presented in Figure 3, the
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Figure 3. Decision tree model framework. Abbreviations. [UA, intrauterine adhesion; LOA, lysis of adhesions

decision tree culminates in two broad clinical outcomes:
pregnancy and no pregnancy. The modeled pregnant
patients could experience miscarriage, a successful term live
birth with a normal peri-delivery experience, a live birth from
preterm delivery, and/or other pregnancy-related complica-
tions such as placenta accreta spectrum (PAS) and peripar-
tum hemorrhage, as seen in Figure 3. Consequently, results
in our analysis are measured in terms of total incremental
costs and the number of events experienced by patients in
each treatment arm.

Study population

The model study population included premenopausal
women (aged 18-44) undergoing a primary procedure. This
group, the primary prevention population, represents those
at risk of developing IUAs without any prior incidence of
IUA. Additionally, we report outcomes for a modeled sub-
group of patients previously diagnosed with IUA who would
undergo LOA with or without conforming intrauterine
spacers. This subgroup of patients is referred to as the sec-
ondary prevention population as they would be at risk of
reoccurrence of IUA.

Intervention and comparator

Model outcomes were calculated for the intervention and
the comparator arms. The intervention arm included patients
undergoing transcervical procedures receiving adjuvant treat-
ment with an intrauterine spacer following surgery. In con-
trast, patients within the comparator arm were modeled to
undergo transcervical procedures without adjuvant therapy.

Patient outcomes

Considering the study population of premenopausal women,
the model evaluated pregnancy-related outcomes, such as
the likelihood of a viable pregnancy and live birth. The
model time horizon of three-and-a-half-years allowed each

modeled patient to experience multiple pregnancy-related
outcomes. Therefore, the outcomes were non-mutually exclu-
sive and measured in terms of events per patient. Live birth
as an outcome was further stratified into normal delivery,
defined as full-term birth without complications, and preterm
birth, defined as delivery before 37 weeks of gestation. The
analysis also included the risk of a miscarriage, wherein a
patient could undergo multiple attempts before achieving a
successful pregnancy and delivery.

The model also included other critical clinical events that
could occur during and around parturition that are poten-
tially reduced with the routine use of intrauterine spacers.
These events include preterm births (defined as occurring
before), peripartum hemorrhage (defined as blood loss of
greater than 500 ml for a vaginal delivery and greater than
1000ml for cesarean delivery”®) and PAS®*. PAS is an
umbrella term for various degrees of abnormal placental
attachment to the myometrium related to trauma-related
defects in the integrity of the endometrium, a circumstance
highly correlated to peripartum hemorrhage®*. Patients with
PAS were considered to include those with placenta previa, a
condition in which the placenta implants over or near the
cervix, impeding normal delivery and posing a risk of peri-
partum hemorrhage.

Efficacy-related inputs

The efficacy inputs utilized in our analysis were derived
through a meta-analysis of randomized control trials (RCTs),
identified using a systematic literature review (SLR). The
search component of this SLR was conducted using terms
for the patient population, intervention, and outcomes of
interest. This led to the identification of 2,214 unique articles
reporting on outcomes of patients undergoing intrauterine
surgeries. Two independent reviewers subsequently screened
these articles according to guidelines laid out by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) organization®®. A subset of the SLR-
identified articles included following screening (8 studies)



was deemed suitable to inform efficacy inputs of this study,
which assessed the incidence and recurrence of IUAs follow-
ing transcervical surgeries and LOA, respectively, and com-
pared patients treated with conforming intrauterine spacers
to those treated without adjuvants, using an RCT design.

We then applied meta-analyses to derive the efficacy of
these spacers compared to no treatment for the primary and
secondary prevention of IUAs. The available literature on
conforming intrauterine spacers comprised six studies of hya-
luronic acid gels, which were included in the primary preven-
tion analysis®®>". Two studies were included for the
secondary prevention analysis that compared the efficacy of
hyaluronic acid gel with no adjuvant therapy'®'®. General
details regarding the included studies are presented in
Supplementary Table 2.

After selecting sufficiently homogenous RCTs in terms of
study design, patient population, and outcomes evaluated,
meta-analyses were applied. First, a proportional meta-ana-
lysis was conducted to derive a pooled incidence and recur-
rence rate of IUAs for the comparator arm (without an
intrauterine spacer). In contrast, the efficacy of conforming
intrauterine spacers was estimated using the relative risk
ratio obtained via a comparative meta-analysis of the
included studies. The analysis was conducted in R Studio ver-
sion 4.2.2. The probability inputs used in the model are pre-
sented in Table 1 below.

Pregnancy-related efficacy inputs

Pregnancy-related efficacy inputs were sought to inform
the number of events per patient for each event described in
the Patient Outcomes section. Pregnancy-related parameters
are presented in Table 1 and were informed by a long-
term follow-up study of patients who underwent D&C
post-miscarriage conducted by Hooker et al.'. That study was
identified through the SLR above and was selected for use in
this model due to the investigators’ long-term follow-up and

JOURNAL OF MEDICAL ECONOMICS . 175

since they reflect the use or non-use of a conforming intrauter-
ine spacer in a relevant population of women aged 18-44'°,

Patients in the Hooker et al. study underwent a follow-up
hysteroscopy 8-12 weeks after their primary procedure, D&C,
to assess whether IUAs were present. Patients diagnosed
with IUAs then underwent LOA procedures to improve the
chance of conception and normal pregnancy. Over the fol-
lowing three and a half years, pregnancy outcomes (such as
miscarriages, premature births, normal delivery, and peripar-
tum hemorrhage) were evaluated. Due to the similarity
between this real-world clinical practice and the model
described herein, the results published by Hooker et al. were
used directly as inputs for the current analysis'®.

Cost inputs

In alignment with the US payer perspective, the model con-
sidered direct healthcare costs to US payers that could be
influenced by intrauterine spacers, patients’ subsequent
probability of developing IUAs, and costs associated with
pregnancy-related outcomes. This analysis assumed that
each patient’s payer would cover the cost of each spacer.
Resource use estimates and assumptions related to patient
treatment pathways were validated by multiple physician
subject matter experts with direct experience in diagnosing
and treating patients with [UAs.

Patients modeled to develop clinically significant IUAs fol-
lowing a primary transcervical procedure were assumed to
experience infertility and would undergo several diagnostic
tests before discovering IUAs. Multiple physician subject mat-
ter experts informed these to include a visit to a reproduct-
ive endocrinology and infertility specialist for all patients
with IUAs, as well as other tests that may be conducted in
some cases, with the proportion of patients undergoing each
of these tests informed by the survey mentioned above of
subject matter experts. These additional tests include hyster-

reporting of pregnancy. These outcomes interest US payers osalpingogram, sonohysterography, hysteroscopy, and a

Table 1. Probability inputs.

Procedure/Event Risk ratio (spacer vs. Intrauterine No spacer Sources

No spacer) spacer device
Risk of IUA occurrence
Primary intrauterine procedures 0.36 10.9% 30.3% Meta-analysis of RCTs evaluating spacers
(incidence of 1UA) used in primary intrauterine surgeries:

Di Spiezio et al. 2011%;
Guida et al. 2004”7; Tafti et al. 2021%%;
Huang et al. 2020%°; Hooker et al. 2017%%;
Vatanatara et al. 2021°"

Hysteroscopic LOA (recurrence 0.77 41.1% 53.4% Meta-analysis of: Acunzo et al. 2003%

of IUA) Mao et al. 2020'®

Pregnancy-related clinical outcomes (events per patient)

Miscarriage(s) - 0.21 0.38 Hooker et al. 2020'%?

Placenta accreta spectrum - 0.06 0.06 Hooker et al. 2020"°?: Tavcar et al. 20232

Preterm delivery - 0.04 0.08 Hooker et al. 20202

Peripartum hemorrhage - 0.10 0.1

Normal delivery - 0.78 0.70

No pregnancy - 0.22 0.08

Abbreviations. IUA, intrauterine adhesion; vs. versus; LOA, lysis of adhesions; RCT, randomized controlled trial.
*Hooker et al. (2020) is an RCT wherein a conforming intrauterine spacer device was evaluated for effects on pregnancy outcomes following primary intrauterine

procedures.
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large variety of laboratory tests. The complete list of these
tests and their unit costs are included in Table 2.

Any identified IUAs would then be treated with LOA, after
which the patients undergo hysteroscopy to assess whether
IUAs were stably eliminated or had recurred. If IUAs were
modeled to recur, repeat LOA could be performed to a max-
imum of three LOA procedures (if IUAs recur repetitively),
after which all I1UAs were considered to be fully transected
with a normal appearing endometrial cavity.

Patients within the conforming spacer group were mod-
eled to incur the cost of using a spacer, as did any patients
who received a spacer in subsequent LOA procedures.
Finally, the model included pregnancy-related costs associ-
ated with each of the pregnancy-related events included in
the model. A key cost input, the cost of preterm delivery,
was calculated as the sum of a normal delivery, published by
Rae et al>3, and the additional costs of newborns within
their first six months of life, based on a claims data analysis
by Beam et al.3*. The cost of PAS was calculated according
to the costs reported by Han et al. for PAS with and without
placenta previa®®, based on the proportion of patients with
placenta previa (3/23) reported by Tavcar et al.*. The cost of
peripartum hemorrhage was calculated to be $28,438 per
occurrence. It included the cost for the required procedure
(extravasation)®®, anesthesia (for one surgery)®’, blood transfu-
sion (4 units)*®, and an ICU stay of 3days®®, each inflated to
2022 values. It was assumed that patients without pregnancy
did not incur any pregnancy-related costs. The inputs related
to unit costs and resource use are presented in Table 2.

Sensitivity and scenario analysis

The model was also used to conduct additional analyses to
corroborate the findings from the base case results, including
one-way sensitivity analysis (OWSA) and several scenario
analyses. For the OWSA, each model parameter was varied
by + 20% of the corresponding base case value to estimate
the lower and upper bound values of the model inputs. The
model was then run using these values to obtain the lower
and upper bounds of the model results, respectively. The top
10 model parameters that yielded the greatest variation from
the base case results are presented using a tornado diagram
in the Model outcomes section.

Additionally, through scenario analyses, alternate model
inputs and settings were used to estimate the cost-effective-
ness of conforming intrauterine spacers for US payers in dif-
ferent scenarios applicable in the real world. Several
scenarios were implemented in the model and are presented
in Table 3. Finally, a pricing analysis was conducted to derive
the base case and scenario results while varying the unit
cost per spacer within the model.

Budget impact analysis

A budget impact analysis (BIA) was conducted to present the
monetary impact of conforming intrauterine spacers on the
overall cost of treating IUAs. This BIA extrapolated cost out-
comes from the CEA to a hypothetical national health plan

of one million covered persons. The analysis was run over a
time horizon of 5years. As shown in Supplementary Figure 1,
the model assumed a plan population of 1,000,000 patients,
and the population was set to grow at 0.51% per year to
approximate the growth rate of the US population®®. The
study population of premenopausal women undergoing
transcervical procedures mirrored that of the CEA, as did the
treatment options: transcervical procedures conducted with
and without post-procedure placement of intrauterine
spacers.

Relevant costs of the spacer, procedure, diagnostics, and
pregnancy-related costs were included and were derived
from the per-patient CEA results. These modeled costs were
then calculated over five years and measured per one-million
initial member plan and initially enrolled plan member,
assuming that the plan would continue to treat the same
proportion of its members each year and that plan growth
would mirror that of the general US population.

Costs were calculated separately for the scenarios in
which patients did or did not use a conforming intrauterine
spacer, and the difference was reported as the budget
impact. The former scenario assumed the routine use of
intrauterine spacers following at-risk intrauterine procedures.
In contrast, the latter assumed no primary usage of intrauter-
ine spacers, although patients in both scenarios were
assumed to receive the spacers in 50% of LOA procedures
after their initial transcervical procedure. As the total costs in
each scenario were calculated based on these 100% or 0%
market shares, the results herein represent the maximum
possible budget impact given the parameter values used.
Epidemiological and cost inputs used for the BIA are pre-
sented in Supplementary Table 3 and 4, respectively.

Model outcomes
Base case analysis

The base case analysis demonstrates that post-procedure use
of a conforming intrauterine spacer improved various patient
outcomes. This could be expected from greater efficacy val-
ues for spacers compared with no adjuvant treatments
(Table 4). Following intrauterine procedures, patients mod-
eled to have an intrauterine spacer positioned had substan-
tially fewer miscarriages (166 fewer per 1000 patients) and
certain pregnancy-related complications (5 and 33 fewer for
peripartum hemorrhage and preterm delivery, respectively).
Conversely, patients treated with post-procedure spacers
experienced more normal deliveries and live births than
those without such spacers (73 and 40 more, respectively).
Intrauterine spacers in the primary prevention population
resulted in an overall cost savings of $2,905 per patient
(Table 4). These cost savings were primarily driven by the dir-
ect benefit of preventing IUAs ($2,162 net savings) and the
indirect benefit of preventing preterm births ($3,002). These
factors offset the incremental cost associated with more nor-
mal deliveries in the intrauterine spacer arm ($931) and the
incremental cost of the spacers ($1,539). As patients in each
arm could use intrauterine spacers in LOA procedures
beyond their primary transcervical procedure ($1,800 per
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Unit cost inputs Cost (2022 USD)*  Source Resource use Source
Prevention and treatment of IUAs
Acquisition cost of intrauterine spacer $1,800 Assumption Patients randomized to Assumption
treatment with spacers
Lysis of adhesions $3,937 Medicare* Once per detected case of  Survey of Subject Matter
IUAs Experts
Pregnancy-related events
Miscarriage(s) $2,512 Medicare®' 28% of patients with Nanda et. al. 2012
diagnosed miscarriage
require surgery
Placenta accreta spectrum $10,342 Han et al. 2022%; Tavcar et al. 202332 Each patient with the Assumption: event rates
Preterm delivery $90,016 Beam et al. 2020>*, Rae et al. 2020* respective events informed by Hooker
Peripartum hemorrhage $28,438 Boston Scientific>®; Forbes et al. 199138, et al. 2020"
Dasta et al. 2005 Mulkey, 2017%”
Normal delivery $12,759 Rae et al. 2020°3
No pregnancy $0 Assumption
Diagnostic tests used to discover incident IUAs
Hysteroscopy $2,383 Medicare™ 0.47 Survey of Subject Matter
Sonohysterography $213 Medicare** 0.61 Experts
Hysterosalpingogram $245 Medicare® 0.95
Transvaginal ultrasound $114 Medicare*® 1
Semen analysis $175 Larsen 2020% 1.00
Complete blood count $6 Find-a-Code*® 0.73
Blood type (two tests) %6 Find-a-Code*® 0.73
Consultation with REI $330 Machlin, 2001* 1.00
Estradiol $28 Find-a-Code™® 0.63
Luteal phase progesterone $21 Find-a-Code”’ 0.60
Thyroid-stimulating hormone $17 Find-a-Code>? 0.75
Prolactin $19 Find-a-Code®* 0.78
Testosterone $26 Find-a-Code™* 0.08
Follicle-stimulating hormone $19 Find-a-Code™ 0.54
Luteinizing hormone $19 Find-a-Code®® 0.54
Anti-Miillerian hormone $49 LabCorp Manual®’ 0.75
Infectious disease assessments 0.87
Chlamydia $154 MDsave®® 0.87
Gonorrhea $154 MDsave®
Syphilis $18 MDsave®®
HIV $84 LabCorp Manual®’
Hepatitis B $44 MDsave®?
Hepatitis C $24 STDcheck®®
Diagnostics tests used to evaluate IUA reformation
Hysteroscopy $2,383 Medicare™ 0.40 Survey of Subject Matter
Sonohysterography $213 Medicare** 0.60 Experts

Abbreviations. HIV, Human immunodeficiency viruses; IUA, intrauterine adhesions; REIl, reproductive endocrinology and infertility specialist.
*When reported for a different year by the respective source, costs were inflated to 2022 values.

Table 3. Scenario analysis description.

Scenario

Scenario details

Base case details

Short time horizon

Secondary prevention

Secondary prevention — similar
efficacy across treatment arms

Preterm delivery —alternate cost
input

Proportion of patients receiving
miscarriage surgery

Inconsistent insurance coverage of
newborns

The model was run for a shorter time horizon of 6 months,
wherein patients could not experience any births or
birth-related complications and could experience a
maximum of one miscarriage

The analysis was conducted for the subgroup population of
patients with recurrent adhesions, with pregnancy-
related outcomes assumed to differ between treatment
arms precisely as in the base case analysis.

In the secondary prevention analysis, the probability of
pregnancy-related outcomes was assumed to be the
same for the intrauterine spacer device and no spacer
arms, as the source did not inform differences in these
outcomes originating from secondary prevention'®.

Relevant costs from Waitzman et al., 2021%* such as
medical care for affected children, maternal delivery
costs, and early intervention, were included.

50% of patients experiencing miscarriage were assumed to
undergo surgery.

90% of the additional costs of preterm newborns were
assumed to be covered by the mother’s insurance plan.

The model was run for a 3.5-year time horizon and
included all pregnancy and birth-related outcomes.

The model was run for the primary prevention
population of patients undergoing transcervical
procedures.

As informed by Hooker et al, 2020", the pregnancy-
related efficacy varied between the two treatment arms
and focused on the primary prevention population.

Preterm delivery costs were derived from Beam et al.,
2020** and Rae et al., 2020%.

28% of patients experiencing miscarriage were assumed
to undergo surgery

100% of the additional costs of preterm newborns were
assumed to be covered by the mother’s insurance plan.
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Base Case Results: -$2,905

-$4,900 -$4,400 -$3,900 -$3,400 -$2,900 -$2,400 -$1,900 -$1,400
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Total Incremental Costs

-$900

Number of Normal Deliveries with Intrauterine Spacer Device
Number of Normal Deliveries without Intrauterine Spacer Device
Number of Pre-Term Deliveries without Intrauterine Spacer Device

Number of Pre-Term Deliveries with Intrauterine Spacer Device

Risk of IUA Occurrence After Receiving Primary Procedure without
Intrauterine Spacer Device

Number of Peripartum Hemorrhage without Intrauterine Spacer Device
Cost Related to Pre-Term Deliveries
Number of Peripartum Hemorrhage with Intrauterine Spacer Device

Cost of Intrauterine Spacer Device (with Intrauterine Catheter)

Risk of IUA Occurrence After Receiving Primary Procedure without
Intrauterine Spacer Device

Figure 4. One-way sensitivity analysis.

Table 5. Scenario analyses.

Lower Bound Results (- 20%
variation in the base case
input)

W Upper Bound Results (+ 20%
variation in the base case

input)

Scenario Model results by cost of intrauterine spacer device

$1,200 $1,500 $1,800 (Base Case) $2,100 $2,400
Base case (42 months) —$3,418 —$3,162 —$2,905 —$2,649 —-$2,392
Short time horizon (6 months) -$1,218 —%961 —$705 —$449 -$192
Secondary prevention - (equal efficacy to primary prevention) —$2,254 -$1,973 —$1,691 —5$1,409 —-$1,128
Secondary prevention — (equal efficacy across the treatment arms) $27 $309 $590 $872 $1,154
Preterm delivery cost alternative —-$2,174 —-$1,918 —$1,662 —$1,405 —-$1,149
High proportion of miscarriage surgery —$3,510 —$3,253 —$2,997 —$2,740 —$2,484
Inconsistent insurance coverage of newborns —$3,155 —-$2,899 —$2,642 —$2,386 —-$2,129

Budget impact analysis outcomes

The calculation of the number of patients undergoing pri-
mary procedures eligible for treatment with a conforming
intrauterine spacer in 2024 is presented in Supplementary
Figure 1, which estimated 1,360 patients within a hypothet-
ical one-million-member plan to undergo primary procedures
in the first year, with the treated population growing slightly
in each subsequent year. Based on the number of treated
patients within a plan and a cost savings of $2,905 per
patient derived from the CEA, the BIA results predict that the
routine use of an intrauterine spacer following primary pro-
cedures would lead to a five-year overall cost savings of
$19.96 per initial plan member (Supplementary Table 5). This
translates to a cost savings of approximately $20 million over
a 5-year time horizon for a plan that begins in 2024 (the first
year of the BIA) with one million members, based on the
assumptions described in the corresponding Methods sec-
tion. The relatively low budget impact associated with the
per-plan member measurement is expected as most plan
members do not undergo intrauterine procedures.

As these results extrapolate the cost-effectiveness results,
cost savings originate from the same factors identified within
the CEA. Namely, treatment with intrauterine spacers was
associated with a predicted reduced cost of LOA and diag-
nostics (by $1,295 and $867 per treated patient in the first
year, respectively), as well as a reduced cost associated with
lower incidence of preterm births ($3,002 per treated patient

in the first year) when compared to primary intrauterine sur-
gery without intrauterine spacers. These savings to US payers
are predicted to grow slightly each year in alignment with
the predicted US population growth, to an expected savings
of $2,905 per current patient in the fifth year, compared with
a first-year savings of $2,965 per current patient.

Discussion

IUAs are a major contributor to recurrent pregnancy loss,
infertility, and pregnancy-related complications®. They are
commonly caused by intrauterine surgical trauma, which
may lead to partial or complete closure of the endometrial
cavity. Patients undergoing procedures involving the endo-
metrial cavity, such as myomectomy, septum transection, sur-
gical removal of retained products of conception, and D&C,
among others, are at a high risk of developing IUAs, which
can have substantial effects on women's reproductive health.
Although post-surgical adhesions are commonly treated with
LOA, recurrence of these adhesions remains a significant
problem. A patient may require repeat LOA before the endo-
metrial cavity is adhesion-free®. The average recurrence rate
post-LOA is 28.7%° which in severe IUAs can be as high as
62.5%"°°.

The prevention of adhesions appears to be an ideal treat-
ment strategy. As described earlier, various adjuvant thera-
pies have been used following surgical procedures to
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prevent the occurrence and recurrence of IUAs. Several stud-
ies combining the findings from RCTs have demonstrated
the efficacy of adhesion spacers in preventing IUAs (RR: 0.68,
95% ClI: 0.53-0.86 p=.03) and improving pregnancy-related
outcomes in patients (RR: 0.99, 95% ClI: 0.46-2.13, p = .98)%"°°,
However, the evidence from these studies were derived from
RCTs conducted with relatively small sample sizes and there-
fore additional evidence is necessary to validate these con-
clusions. This analysis assesses the effectiveness of
intrauterine spacers from an economic perspective, consider-
ing both the cost and improvements to health-related out-
comes associated with intrauterine spacers compared with
no treatment, thereby evaluating their cost-effectiveness in
treating IUAs from a payer’s perspective. As this model-based
analysis predicted that the use of conforming spacers facili-
tates the reduction of costs and detrimental clinical out-
comes, these events were reported separately only, rather
than in the conventional mode, as a ratio of cost per event
averted.

The base case analysis revealed that the use of conform-
ing intrauterine spacers resulted in an estimated cost-savings
of $2,905 per patient, which is primarily attributable to a
reduced cost of preterm deliveries, with additional savings
from reduced costs of miscarriage and peripartum hemor-
rhage. The model also demonstrated improved pregnancy
outcomes for patients in the intrauterine spacer arm with
more live births and normal deliveries (40 and 73 per 1000
patients treated with and without intrauterine spacers,
respectively). Patients undergoing transcervical surgeries with
spacers also tend to avoid pregnancy-related complica-
tions'®'?, which could significantly reduce the overall eco-
nomic burden of IUAs on the healthcare system, as
evidenced by the results of the present analysis.

Sensitivity analyses revealed that the model results are
most sensitive to the number of preterm and normal deliv-
eries in each treatment arm, the incidence of IUAs following
transcervical procedures, and the cost of preterm deliveries.
This outcome can be expected, as the cost of preterm deliv-
eries is far higher than that of any other outcome evaluated
in the model (590,016 per preterm delivery, compared with
$28,438 per peripartum hemorrhage, the next most costly
outcome).

Additional scenarios were implemented in the model to
evaluate the outcomes using alternate model settings, which
help to represent alternative real-world scenarios or methods
of determining cost-effectiveness for payers. Using a short-
term, six-month time horizon, the analysis determined that
the cost savings associated with intrauterine spacers in pri-
mary procedures would be $705 per patient. This is primarily
due to the short follow-up time, which did not include the
costs incurred for birth-related outcomes such as preterm
delivery, which are favorable for patients treated with intra-
uterine spacers compared to those treated without spacers.

The scenario evaluating the secondary prevention popula-
tion had a cost savings of $1,691 per patient, supporting the
clinical viability of intrauterine spacers in the secondary pre-
vention of IUAs. However, a limitation of this scenario was
that pregnancy-related outcomes were informed by the

same study used to inform these outcomes following pri-
mary procedures wherein an intrauterine spacer (or no spa-
cer) was used. This was necessary, as no study was found
comparing patients who underwent LOA with or without
intrauterine spacers and also reported on pregnancy-related
outcomes. To assess the impact of this assumption, an alter-
native version of the secondary prevention scenario was
implemented, wherein patients had identical pregnancy out-
comes on each arm (intrauterine spacer vs. no spacer). In
this case, cost differences were reduced in comparison to the
base case or the prior secondary prevention scenario, and
the scenario resulted in an incremental cost of $590.

The model outcomes were consistent when considering
variability in unit cost per intrauterine spacer. Even at the
highest unit cost tested, the model yielded overall cost sav-
ings. Based on the BIA, the addition of intrauterine spacers
in the treatment mix of IUAs is estimated to yield cost sav-
ings of $14,674 over five years per currently enrolled insur-
ance plan patient undergoing a primary procedure, assuming
growth proportional to the US population. As observed in
the CEA, the greater costs of spacers are offset by the cost
savings associated with improved pregnancy-related out-
comes and lower recurrence rates of IUAs, leading to savings
at the US payer level.

This analysis faced several limitations, including a lack of
data within the literature about the impact of IUAs on the
patient’s quality of life (QoL). IUAs are not life-threatening
but may significantly impact a patient’s QoL from pain, preg-
nancy loss, and menstrual abnormalities. However, multiple
factors (such as in vitro fertilization treatment, partner fertil-
ity, etc.) may impact clinical outcomes, which cannot be con-
trolled for in a clinical study; hence, there is a shortage of
studies evaluating adhesions in this domain. Further research
is needed to quantify the effects of adjuvant therapies, IUAs,
and the clinical outcomes captured by this model on
patients’ QoL.

Given the lack of approved products in the US, the effect-
iveness of the spacers was derived from a meta-analysis of
RCTs conducted in other geographical settings (primarily in
Europe and Asia). The model does not compare intrauterine
spacers with other adjuvant therapies, such as nonconform-
ing spacers (balloons), 1UDs, hormone therapy, cell therapy,
and amniotic tissues. Future analyses could be undertaken to
evaluate the effectiveness of intrauterine spacers relative to
alternative therapies, which may help guide clinicians and
payers as to which adjuvant therapies should be applied.
This study was conducted only from a payer's perspective
and therefore included only direct healthcare costs borne by
the payer. Including indirect costs, such as those related to
productivity losses, would help to determine the overall eco-
nomic burden of IUAs on society.

Strengths of this analysis include the holistic model
design, which includes all relevant costs and clinical out-
comes related to IUAs and the use of intrauterine spacers to
accurately capture the disease burden from a payer's per-
spective. The model structure effectively includes several
subsequent events and consequences to ensure the disease
was well captured, and that patient treatment pathways



within the model apply to the real world. The efficacy
parameters related to the risk of adhesions and recurrence
were derived using meta-analyses by combining the findings
from multiple RCTs, thus improving the robustness of our
estimation of efficacy parameter values and reducing the
potential for bias in the model outcomes stemming from
these efficacies.

Sensitivity analyses were conducted to analyze the con-
sistency of model outcomes by varying the model inputs at
their respective lower- and upper-bound values. To incorpor-
ate alternate settings applicable in the real world and further
corroborate the model findings, scenario analyses were
implemented, most of which resulted in little change to
model results, demonstrating their robustness across differ-
ent circumstances. Finally, the assumptions related to deter-
mining model inputs were informed using a thorough survey
of practicing surgeons to ensure these were aligned with the
clinical practice.

This model is the first published analysis of the potential
cost-effectiveness of conforming intrauterine spacers. Overall,
the findings herein support the cost-effectiveness of such
spacers for primary and secondary prevention of IUAs and
related complications in the US from a payer perspective.
However, further research is needed to verify the applicabil-
ity of the results to other countries. This can be achieved by
using location-specific model inputs and settings. Given the
disease burden and lack of approved therapies with estab-
lished efficacy, there is a clear unmet need for effective treat-
ments that reduce the risk of IUAs following surgeries
conducted within the endometrial cavity, including LOA for
existing IUAs.

In the US, there is a single ongoing, randomized con-
trolled study designed to evaluate the effectiveness of a
novel gel adjuvant in reducing the incidence/recurrence and
severity of IUA?". The application of this model to the trial
above and other future trials will rely upon similarity in effi-
cacy to hyaluronic acid gels evaluated herein. Assumptions
are also required to connect trial results reporting reduction
in IUA formation to improvement in pregnancy- and birth-
related outcomes. As the strongest driver of cost savings in
the model described herein, a reduction in the number of
preterm births is a key factor in the ability of a spacer to
achieve cost-effectiveness. Long-term clinical trials or real-
world evidence studies will be necessary to demonstrate this
connection and verify the cost-effectiveness predicted by this
model. If approved, this will be the first adjuvant therapy for
IUA prevention available in the US. Assuming similar or
improved efficacy to previously published compared data on
gels containing hyaluronic acid (the subject of the current
analysis), the model and resulting predictions described
herein suggest that approving and adopting such adjuvant
therapies may lead to substantial cost savings and a benefi-
cial budget impact for US payers.

Conclusion

A cost-effectiveness model was developed to evaluate con-
forming intrauterine spacers for preventing IUAs from a US
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payer perspective over a 3.5-year time horizon. The model
results presented herein suggest that the routine use of con-
forming intrauterine spacers following at-risk intrauterine
procedures would be associated with an overall cost savings
of $2,905 per patient, primarily due to reduced occurrence of
IUAs and preterm births. The analysis also demonstrated
improved patient outcomes for those treated with spacers,
reflected in more pregnancies and full-term live births with-
out complications. These findings were robust to variations
applied through OWSA and several scenario analyses.
Overall, conforming intrauterine spacers are likely to be a
cost-effective option for the prevention of IUAs and prepar-
ation for conception and ongoing healthy pregnancies.
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