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Cost-effectiveness analysis of minimally invasive surgical treatments for benign
prostatic hyperplasia: implications for Japan’s public healthcare system
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ABSTRACT ARTICLE HISTORY

Aims: Benign prostatic hyperplasia (BPH) represents a significant public health issue in Japan. This Received 22 November 2023
study evaluated the lifetime cost-effectiveness of water vapor energy therapy (WAVE) versus prostatic Accepted 29 February 2024
urethral lift (PUL) for men with moderate-to-severe BPH from a public healthcare payer’s perspective

in Japan. KEYWORDS

9 . - . . Benign prostatic
Materials and methods: A decision analytic model compared WAVE to PUL among males in Japan. hyperplasia; water vapor

Clinical effectiveness and adverse event (AE) inputs were obtained from a systematic literature review. energy therapy; prostatic
Resource utilization and cost inputs were derived from the Medical Data Vision database and medical urethral lift; cost-
service fee national data in Japan. Experts reviewed and validated model input parameters. One-way effectiveness; Japan
and probabilistic sensitivity analyses were conducted to determine how changes in the values of

uncertain parameters affect the model results.

Results: Throughout patients’ lifetimes, WAVE was associated with higher quality-adjusted life years JEL CLASSIFICATION CODES
(0.920 vs. 0.911year 1; 15.564 vs. 15.388 lifetime) and lower total costs (¥734,134 vs. ¥888,110year 1; 118; 11; I; 110

¥961,595 vs. ¥1,429,458 lifetime) compared to PUL, indicating that WAVE is a more effective and less

costly (i.e. dominant) treatment strategy across all time horizons. Lifetime cost-savings for the

Japanese healthcare system per patient treated with WAVE instead of PUL were ¥467,863. The 32.7%

cost difference between WAVE and PUL was predominantly driven by lower WAVE surgical retreat-

ment rates (4.9% vs. 19.2% for WAVE vs PUL, respectively, at 5years) and AE rates (hematuria 11.8%

vs. 25.7%, dysuria 16.9% vs. 34.3%, pelvic pain 2.9% vs. 17.9%, and urinary incontinence 0.4% vs. 1.3%

for WAVE vs PUL, respectively, at 3 months). Model findings were robust to changes in parameter

input values.

Limitations: The model represents a simplification of complex factors involved in resource allocation

decision-making.

Conclusions: Driven by lower retreatment and AE rates, WAVE was a cost-effective and cost-saving

treatment for moderate-to-severe BPH in Japan compared to PUL, providing better outcomes at lower

costs to the healthcare system.

PLAIN LANGUAGE SUMMARY

Benign prostatic hyperplasia (BPH) is an important public health issue in Japan, given its high preva-
lence and potential morbidity in a rapidly aging population. This study compared the clinical and eco-
nomic outcomes of two minimally invasive surgical treatments for BPH (water vapor energy therapy
[WAVE] vs. prostatic urethral lift [PUL]) for patients in Japan. Clinical effectiveness and adverse event
(AE) information from published medical literature, and real-world health services and cost data from
Japan, were used to estimate the impact of the two treatments. Compared to PUL, WAVE was found
to provide better clinical outcomes and quality-of-life for patients whilst costing less to the Japanese
healthcare system. Patients treated with WAVE had higher lifetime quality-adjusted life years vs.
patients treated with PUL (15.564 vs. 15.388). Lifetime cost-savings for the Japanese healthcare system
per patient treated with WAVE instead of PUL were estimated to be ¥467,863. The 32.7% cost differ-
ence between WAVE and PUL was predominantly driven by lower retreatment rates for WAVE (surgical
retreatment rate was 4.9% vs. 19.2% for WAVE vs. PUL, respectively, at 5years) and AE rates (AE rates
at 3 months for WAVE vs. PUL, respectively, were: hematuria 11.8% vs. 25.7%, dysuria 16.9% vs. 34.3%,
pelvic pain 2.9% vs. 17.9%, and urinary incontinence 0.4% vs. 1.3%). These findings provide evidence-
based insights for clinicians, payers, and health policymakers to further define the role of WAVE for
BPH in Japan.
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Introduction

Benign prostatic hyperplasia (BPH) is an important public
health issue in Japan, given its high prevalence and potential
morbidity in a rapidly aging population'™>. BPH affects over
56 million men in Asia®, with close to 200,000 men over the
age of 60 estimated to suffer from symptomatic BPH in
Japan each year>®. It is estimated that half of men aged 51-
60 have histological BPH and >25% have moderate-to-severe
lower urinary tract symptoms (LUTS)’. By age 70, approxi-
mately 70% of men have histological BPH and the preva-
lence is approximately 90% by age 85’. Since 27.7% of the
population in Japan was 65years of age or older in 2017,
and this proportion is expected to grow to 38.4% by 2065,
the number of men with BPH requiring treatment will con-
tinue to rise’.

BPH is associated with progressive LUTS®, which affects
patients, their partners, their caregivers, and society. BPH
negatively affects patient quality-of-life’®, and chronic LUTS
due to BPH are associated with serious medical morbidities
and can result in sleep loss, increased risk of falls, reduced
productivity, impaired sexual life, social isolation, and clinical
depression”®"". Men in the general population diagnosed
with BPH are approximately 1.5-2-times more likely than
other men of the same age to rate their current health as
only fair or poor'>. Men with moderate-to-severe BPH
reported that their condition caused problems in their mar-
riage, including lack of physical intimacy, avoidance or with-
drawal, a feeling of isolation or distance, anger or conflict,
and lack of communication®. Further, untreated BPH may
result in serious complications, including acute and chronic
urinary retention, hematuria, urinary tract infection, bladder
stones, bladder wall damage, renal dysfunction, incontinence,
and erectile dysfunction (ED)">*.

The goals of BPH treatments are to (1) improve LUTS; and
(2) prevent disease progression that would diminish health
and result in the need for invasive surgical procedures'®.
Medication therapy has been considered the dominant first-
line treatment of BPH, but long-term clinical utility may be
limited since many patients discontinue treatment due to
medication intolerance, side-effects, or inadequate symptom
relief'®'”. Surgical treatment is an option for men with clinic-
ally significant LUTS attributable to BPH for whom the side-
effects of medical treatment are intolerable or where medical
treatment has not provided adequate symptom relief.
Transurethral resection of the prostate (TURP) is considered
the standard method for the surgical treatment of BPH'Z,
The key benefits of TURP, however, may be offset by the
need for general anesthesia and longer hospitalization,
increased risk in older patients with comorbidities, and post-
operative adverse events (AEs) and sexual dysfunction'’.

Minimally invasive surgical therapy (MIST) for BPH is an
alternative to more invasive surgery and is intended to
deliver an effective treatment, reduce lifetime complications
and morbidity, and improve the overall patient experi-
ence'®?'. Novel MIST techniques, including Rezim' Water
Vapor Therapy and the UroLift' System, have been gaining
favor as contemporary therapies that do not require general
anesthesia and that preserve sexual function®>?3. Evidence
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from clinical trials, real-world data analyses, and systematic
reviews demonstrates the transformative clinical and patient-
centered benefits of MISTs for BPH**. Managing men with
symptomatic BPH requires consideration of patient and sur-
geon preferences, patient-specific factors, and the economic
impact that different BPH therapies confer®°,

To date, much of the health economic research evaluating
MIST treatments for BPH has been conducted in the United
States. Cost-effectiveness and budget impact models have
previously been developed from a US Medicare perspective
to compare water vapor energy therapy (WAVE) to prostatic
urethral lift (PUL) over 4- and 5-year time horizons®’28,
However, it is known that the clinical and economic implica-
tions and cost-effectiveness of new technologies differs by
the patient populations evaluated and by the country of ana-
lysis. To our knowledge, data regarding the real-world clinical
and economic implications and cost-effectiveness outcomes
associated with WAVE and PUL in Japan is absent. Against
the backdrop of a rapidly aging population and healthcare
budget considerations, cost-effectiveness is an increasingly
important factor in funding decision-making and product
adoption in Japan. Treatment strategies that improve BPH
outcomes, whilst reducing healthcare expenditure, can pro-
vide significant benefit to Japanese patients and the health-
care system. The objective of this study was to evaluate the
lifetime cost-effectiveness of WAVE versus PUL for men with
moderate-to-severe BPH from a public healthcare payer's
perspective in Japan.

Methods
Study design and model structure

A Markov model evaluated the cost-effectiveness of WAVE
relative to PUL from a Japan public healthcare payer per-
spective. Clinical inputs in the model were derived from both
global and local sources; healthcare resource use and cost
inputs in the model were derived from local sources. The
model time horizon was the patients’ lifetime given the
chronicity of BPH and the relevance of this time horizon for
a public healthcare system. Patients treated with WAVE or
PUL could experience BPH improvement, stabilization, or
worsening (assessed with International Prostate Symptom
Score [IPSS] relative to baseline), and could experience
adverse events (AEs), retreatment, or die from other causes
in each model cycle. Patients entering the model started at
age 63.0 with an IPSS score of 22.0, similar to the baseline
characteristics of patients in the MIST pivotal randomized
controlled trials (RCTs)?*3°. The inclusion criteria for patients
in the WAVE pivotal trial includes having had no prior inva-
sive prostate intervention or surgery of the prostate and the
requirement to undergo a washout period for a number of
medications®’. The inclusion criteria in the PUL pivotal trial
includes having had no prior surgical treatment for BPH and
the requirement to undergo washouts of selected medica-
tions°. Three-month cycles (quarterly) were utilized for the
first year, followed by annual cycles for subsequent years. AE
and retreatment rates were considered over the first 5years
and mortality was considered over the entire simulation
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Figure 1. Markov state transition.

time. The Markov state transition diagram, which represents
each health state, is depicted in Figure 1. A comprehensive
patient pathway, encompassing common adverse events and
retreatment options, was previously published in Chughtai
et al.?”?8,

Model input parameters

Clinical inputs — effectiveness and health state utilities
The model inputs were derived using published literature
and real-world health services data from Japan, and model
input and validation was attained from local clinical and
health economic experts. Safety and efficacy data were
extracted from the Rezum 11°2%%3732 and LIFT?*3 RCTs iden-
tified from a previous systematic literature review of WAVE
and PUL**. The trials compared WAVE or PUL to either an
active or sham surgery control in subjects with symptomatic
benign prostatic obstruction.

A random-effects network meta-analysis (NMA), based on
the controlled indirect treatment comparison approach used
by Bucher et al.**, was carried out to obtain adjusted IPSS
changes for each treatment?”?%, This was combined with an
aggregate regression model to conduct the indirect compari-
son. Baseline age and IPSS were used to account for the het-
erogeneity between trials and the difference in the
distribution of baseline characteristics between comparators.
At 1year, results showed that patients with a mean age of
63 years and a baseline IPSS score of 22 who were treated
with WAVE had a greater 1-year IPSS improvement (—A11.7)
compared to those treated with PUL (Table 1). The IPSS
improvements of WAVE and PUL were mostly sustained
throughout the 5-year time period (Table 1).

AEs and recurrence were modeled as a risk of experienc-
ing the event in each model cycle. Table 2 presents the AE
rates utilized in the model?*?*?°3133, Since the RCTs of
WAVE and PUL contain AE rates for both short- and long-
term durations, the reported rates were utilized in the ana-
lysis without pooling AEs from multiple data sources. For AEs
directly related to the surgical procedure, three-month data
is presented as these AEs are most likely to occur within the
immediate postoperative period. The durability of thera-
peutic outcomes was evaluated through the proportion of
cases requiring surgical retreatment, from 3 months to 5
years (Table 3). The reintervention rate for WAVE is based on
the surgical retreatment rates reported for the 1-5-year

Table 1. IPSS change from baseline to year 5 from the random-effects NMA
model?” %%,

Baseline 3 months 6 months 1 year 2 years 3 years 4 years 5 years

WAVE 22,0 10.6 9.8 103 10.2 10.5 1.4 1.1
+ SD 4.8 6.4 6.2 6.7 6.2 6.1 74 7.8
PUL 22.0 10.9 10.5 16 115 1.8 12.7 124
+SD 4.8 6.4 6.2 7.0 6.5 6.4 7.7 8.1

Abbreviations. IPSS, International Prostate Symptom Score; NMA, network
meta-analysis; PUL, prostatic urethral lift; WAVE, water vapor energy therapy.

postoperative period?’. The cumulative retreatment rate for
PUL is derived from the surgical retreatment events reported
over a 5-year postoperative period®. This timeframe is most
appropriate for evaluating the durability of treatment effects.
The same proportion of retreatment was applied to patients
who were lost to follow-up. Age-dependent general mortality
(mortality due to other causes) was addressed using an
abridged life table sourced from Japan’s 2019 data®’.

Utility and disutility were used in the model to capture
changes in quality-of-life as a consequence of treatment
(Table 4). The utility decrement of each periprocedural and
short-term AE was applied for a finite time period corre-
sponding to the condition. The utility values were summed
over the model time horizon to obtain overall quality-
adjusted life years (QALYs). Utility inputs were derived from
published evidence and were verified by clinical experts.

Economic inputs - healthcare resource utilization and
unit costs

The model evaluated all relevant costs to the Japanese pub-
lic healthcare system including procedural costs, hospital
costs, follow-up costs, and AE costs. In the Japanese setting,
the procedures in this study are undertaken in hospital.
Following the initial procedure, it was assumed that patients
would need four office visits within the first year. In subse-
quent years, a single visit annually was assumed for patients
with mild-to-moderate LUTS, while those with severe LUTS
were assumed to require two clinic visits per year. Regardless
of the index surgery type, it was assumed that all patients
would require catheterization. In Japan, patients are typically
discharged after catheter removal, thus the model does not
account for any follow-up Vvisits for catheter removal.
Patients requiring retreatment could undergo either the
same initial treatment or TURP. With respect to retreatment,
it was assumed that 61.0% of patients who underwent WAVE
were retreated with TURP, while 39.0% were retreated with a



13-60 months
NA
13-60 months
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
13-60 months
1.3%

NA
0.2%
0.2%
0.0%
0.5%
1.8%
10-12 months
1.3%

0.2%
0.2%

10-12 months
10-12 months
0.2%
0.7%

7-9 months
NA

7-9 months
0.2%
0.2%
0.0%
0.5%
0.2%
0.2%
0.2%
0.7%
1.8%

7-9 months
1.3%

PUL AEs
4-6 months
NA
4-6 months
0.2%
0.2%
0.0%
0.5%
0.2%
0.2%
0.2%
0.7%
1.8%
4-6 months
1.3%

0-3 months
0.7%
0-3 months
3.6%
0.7%
2.9%
17.9%
25.7%
34.3%
3.6%
7.1%
1.8%
0-3 months
1.3%

Periprocedural AEs

retention?>°

Short-term AEs
Urinary urge incontinence®

Frequency and urgency*®

Encrusted implants®

Immediate acute urinary
Long-term AEs

Urinary tract infection®
Urinary incontinence

Pelvic pain°
Hematuria®®

Urinary retention®
Dysuria

Bladder spasm*°

13-60 months
NA
13-60 months
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
13-60 months
0.0%*

10-12 months
NA
10-12 months
0.0%
0.0%
0.0%
0.0%
0.0%
0.2%
0.0%
0.0%
0.0%
10-12 months
0.4%

7-9 months
NA

7-9 months
0.0%
0.0%
0.0%
0.0%
0.0%
0.2%
0.0%
0.0%
0.0%

7-9 months
0.4%

4-6 months
NA

4-6 months
0.0%
0.0%
0.0%
0.0%
0.0%
0.2%
0.0%
0.0%
0.0%

4-6 months
0.4%

3.7%
0.0%
3.7%
3.7%
2.9%
11.8%
16.9%
0.0%
5.9%
0.0%
0-3 months

0.4%
Abbreviations. AE, adverse event; PUL, prostatic urethral lift; WAVE, water vapor energy therapy.

0-3 months
*No AE was identified from published literature; 0.0% was assumed.

0-3 months

retention?’
Short-term AEs

Urinary urge incontinence?
Frequency and urgency®
Encrusted implants [n/a]

Immediate acute urinary
Long-term AEs

Urinary tract infection®

Pelvic pain®
Hematuria?’

Dysuria®®
Urinary incontinence®’

Table 2. AE rates.
Periprocedural AEs
Bladder spasm* [n/a]
Urinary retention®

WAVE AEs
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repeat WAVE procedure. It was assumed that, of those
patients who initially underwent PUL and required retreat-
ment, 63.2% pursued TURP for retreatment, while 36.8%
opted for PUL. Retreatment type proportions were approxi-
mations informed by the current clinical landscape and
expert consensus. All assumptions regarding healthcare
resource use were reviewed and validated by experts based
on the clinical practice in Japan.

WAVE and PUL procedure cost inputs and AE cost inputs
are presented in Tables 5 and 6, respectively. Model cost
inputs were obtained from actual costs available from
Japanese real-world data (Medical Data Vision [MDV] data-
base) or national lists of Medical Fee Points in Japan. The
MDV database is a large-scale database containing claims
data from over 460 hospitals in Japan, with insights on over
40 million patients >18years, with more than 1 million cases
each month. It covers 26% of acute care hospitals. Technical
and material fees for WAVE were based on the approved
reimbursement fee (September 2022) and the technical and
material fees for PUL were based on the approved reim-
bursement fee per implant (December 2021) and the
assumption of 4.9 implants per procedure®. The drug fee
was validated by clinical experts. The anesthesia fee for
WAVE was estimated by using the ratio of each anesthesia in
the Rezum Il trial and actual costs in the MDV database. The
anesthesia fee for PUL was estimated using the ratio of each
anesthesia in the PUL Japan regulatory report** and actual
costs in the MDV database. The capital costs were not
included as the Japanese Ministry of Health, Labour and
Welfare (MHLW) does not reimburse capital systems separ-
ately. Hospital costs for WAVE and PUL were based on esti-
mated length of hospital stay for both procedures. Estimated
length of hospital stay was obtained from clinical experts
whilst the specific costs were obtained from national lists of
Medical Fee Points in Japan. Hospital costs for TURP as a
retreatment were obtained from the MDV database. Follow-
up and AE costs were based on follow-up care and AE treat-
ment type. Follow-up care and AE treatment type were
obtained from clinical experts and the specific costs for these
inputs were derived from the national lists of Medical Fee
Points in Japan. Costs are reported in 2021 Japanese Yen.

Analyses

Clinical and economic outcomes were presented in a simple,
disaggregated form to provide decision-makers with as
broad a view as possible of the outcomes of the two inter-
ventions. Clinical effectiveness was presented as retreatment
rates, AE rates, and the number of quality-adjusted life years
(QALYs) for each treatment arm. Disaggregated costs for the
two treatment arms included all medical costs to the health-
care system. Cost-effectiveness was evaluated as the incre-
mental cost per QALY (as appropriate). A willingness to pay
threshold of ¥5 million/QALY was utilized as this is the
accepted threshold in Japan®. Incremental costs and out-
comes were evaluated at years 1, 5, and over the lifetime. A
2% annual discount rate was applied to both costs and
QALYs, as recommended by experts in Japan.
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Table 3. Durability of treatment rates (proportions of patients without surgical retreatment)

22,36

Proportion of patients without surgical retreatment 3 months 6 months 9 months 1 year 2 years 3 years 4 years 5 years
WAVE 98.7% 98.2% 97.9% 97.6% 96.7% 96.1% 95.5% 95.1%
PUL 98.4% 97.1% 96.0% 94.9% 91.0% 87.4% 84.0% 80.8%
Abbreviations. PUL, prostatic urethral lift; WAVE, water vapor energy therapy.
Table 4. Health state utilities.
Source Utility Assumption

Treatment

WAVE Assumption; Ackerman®® -0.03 The disutility of transurethral microwave thermotherapy was applied

PUL Assumption; Ackerman?® —-0.03 The disutility of transurethral microwave thermotherapy was applied

TURP Bjerklund®?; Cher* -0.05 Apply the disutility score for 30 days

Catheterization Chen*' —-0.05 The disutility value was derived from utility for improved

urinary incontinence (0.92-0.87)

Health States

BPH Mild Baladi*’ 0.99 NA

BPH Moderate Baladi*’ 0.90 NA

BPH Severe Baladi*’ 0.79 NA

Death NA 0
Periprocedural AEs

Immediate acute urinary retention Ackerman®® —0.18 NA
Short-term AEs

Bladder spasm Ackerman?® —-0.06 NA

Urinary retention Ackerman3® -0.18 NA

Urinary tract infection Ackerman®® -0.07 NA

Pelvic pain Assumption; Ackerman® —-0.03 The disutility value of dysuria was used.

Hematuria Assumption; Rognoni*® —-0.20 The disutility value of urinary urge incontinence was used.

Dysuria Ackerman3® -0.03 NA

Urinary urge incontinence Ackerman®® -0.20 NA

Frequency and urgency Assumption; Ackerman>® —-0.03 The disutility value of dysuria was used

Encrusted implants Assumption; Ackerman?® —-0.03 The disutility of transurethral microwave thermotherapy was applied
Long-term AEs

Urinary incontinence Ackerman®® —0.20 NA

Abbreviations. AE, adverse event; BPH, benign prostatic hyperplasia; PUL, prostatic urethral lift; TURP, transurethral resection of the prostate; WAVE, water vapor

energy therapy.

Table 5. WAVE vs. PUL cost inputs for one procedure (in Japanese Yen).

Fee category Description of specific fees WAVE PUL with 4.97 implants
Technical fee Technical fee 123,000 123,000
Material fee used in a surgical operation 390,378 482,378
Drug fee used in a surgical operation 1,301 1,301
Sum of technical fee 514,679 606,679
Anesthesia fee General anesthesia 829 14,580
Epidural anesthesia - -
Spinal anesthesia 1,751 -
IV anesthesia 396 -
Local anesthesia 5,225 5,527
General + epidural anesthesia - -
Sum of anesthesia fee 8,201 20,107
Hospital fee Hospital fee (DPC fee) 142,474 142,474
Total fee Total treatment fee 665,354 769,260

Abbreviations. DPC, diagnosis procedure combination; IV, intravenous; PUL, prostatic urethral lift; WAVE, water vapor energy

therapy.

Sensitivity analyses were conducted to determine how
changes in the values of uncertain parameters affected the
results of the model. One-way sensitivity analyses (OWSAs)
were conducted to assess the impact of individual parame-
ters on the cost-effectiveness results by varying model inputs
associated with the two technologies by +25%. Probabilistic
sensitivity analysis (PSA) was likewise reported at intervals of
1year, 5years, and the lifetime horizon, presuming a normal
distribution of values. In the absence of an available standard
deviation, +25% values of the mean were employed as a sur-
rogate standard deviation.

Both scatter plots and cost-effectiveness acceptability
curves (CEACs) were included to represent PSA results. The

CEAC is a graphical representation that is used to show the
probability of a health intervention being cost-effective at
various willingness-to-pay (WTP) thresholds ranging from ¥0
to ¥20 million. This graph is based on the joint distribution
of incremental costs and effects, summarizing the uncertainty
in cost-effectiveness estimates. The CEAC is constructed by
plotting the proportion of cost-effect pairs deemed cost-
effective against each WTP threshold value. This is done
using the results from a probabilistic sensitivity analysis (PSA)
conducted over two different simulation periods, such as
S5years and lifetime. The Y-axis shows the probability of
WAVE and PUL being cost-effective and the X-axis shows the
WTP thresholds. The lower and upper confidence intervals
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Table 6. AE treatment cost inputs (in Japanese Yen) [Source: National lists of Medical Fee Points in Japan].

AE category AE list Costs Codes or descriptions
Periprocedural AEs Immediate acute urinary ¥76,110 DPC (110200xx02xxxx), extended length of stay 3 days
retention
Short-term AEs Bladder spasm ¥22,491 Tamsulosin tablets 0.2 mg 2 times/day for 5 days, Mirabegron tablets 25 mg once
per day for 5 days
2 times office visit, 2 times checkup/diagnosis service, one prescription/
dispensing service
Urinary retention ¥21,800 Urethral dilatation (J066)
2 times office visit, 2 times checkup/diagnosis service
Urinary tract infection ¥23,026 Clarithromycin antibiotic tablets 200 mg 2 times/day for 14 days
2 times office visit, 2 times checkup/diagnosis service, one prescription/
dispensing service
Pelvic pain ¥22,742 Paracetamol tablets 400 mg 3 times/day for 14 days
2 times office visit, 2 times checkup/diagnosis service, one prescription/
dispensing service
Hematuria ¥19,640 2 times office visit, 2 times checkup/diagnosis service
Dysuria ¥22,206 Tamsulosin tablets 0.2 mg 2 times/day for 10 days
2 times office visit, 2 times checkup/diagnosis service, one prescription/
dispensing service
Urinary urge incontinence ¥23,843 Mirabegron tablets 25 mg once per day for 14 days
2 times office visit, 2 times checkup/diagnosis service, one prescription/
dispensing service
Frequency and urgency ¥23,843 Mirabegron tablets 25 mg once per day for 14 days
2 times office visit, 2 times checkup/diagnosis service, one prescription/
dispensing service
Encrusted implants ¥230,240 DPC (11013xxx97xxxx), length of stay 4 days
Removal of debris in posterior urethra (K8152), Anesthesia (L0085)
Long-term AEs Urinary incontinence ¥112,062 Solifenacin tablets 5mg once per day for 365 days or Mirabegron tablets 25 mg

once per day for 365 days
According to expert assumption, solifenacin for urgency urinary incontinence:

mirabegron for stress urinary incontinence = 2:1

Abbreviation. AE, adverse event.

(5% and 95% Cls) of the CEAC are estimated using boot-
strapping. This method involves resampling from the simu-
lated cost and effectiveness distributions of WAVE and PUL
to quantify the uncertainty in the probability that an inter-
vention is cost-effective at different WTP thresholds. A spe-
cific number of 100 resampling iterations are performed,
which has been found to provide sufficient information
about the bounds. From these iterations, a distribution of
cost-effectiveness probabilities for each WTP threshold is pro-
duced, from which the 5% and 95% Cls are derived. These
intervals are then represented as colored dots around the
CEAC, offering a visual depiction of the uncertainty. By
incorporating confidence intervals, the CEAC offers decision-
makers a visual understanding of the certainty in the cost-
effectiveness of an intervention across various WTP
thresholds. This aids in making informed decisions about
healthcare investments.

Results
Base case

WAVE was associated with lower retreatment rates at 5years
(4.9% vs. 19.2%) and lower rates for most AEs commonly
reported across the two technologies at 3 months, including
hematuria (11.8% vs. 25.7%), dysuria (16.9% vs. 34.3%), pelvic
pain (2.9% vs. 17.9%), and urinary incontinence (0.4% vs.
1.3%). At year 1, WAVE was associated with higher QALYs
(0.920 vs. 0.911) and lower total costs (¥734,134 vs.
¥888,110) compared to PUL (Table 7). The same trend

continued through 5years (4.335 vs. 4.287; ¥791,069 vs.
¥1,022,448) and the lifetime horizon (15.564 vs. 15.388;
¥961,595 vs. ¥1,429,458), making WAVE the more effective
and least costly strategy across the short- and long-term
(Table 7).

Sensitivity analyses

Tornado diagrams illustrating the 10 most impactful model
input parameters on model results at 5years and lifetime in
descending order of influence are depicted in Figure 2. The
OWSAs demonstrated that health state utilities and proced-
ural costs for WAVE and PUL had the most impact on model
results at both the 5-year and lifetime time horizons. The
PSA demonstrated that, at 5 years, WAVE was less costly than
PUL 99% of the time and was associated with higher QALYs
80% of the time (Figure 3a). Over the lifetime time horizon,
WAVE was less costly than PUL 100% of the time and was
associated with higher QALYs 78% of the time (Figure 3b).
The results of the Cost-Effectiveness Acceptability Curves
(CEAC) for 5year (Figure 4a) and lifetime (Figure 4b) simula-
tion periods are depicted for WAVE and PUL, along with their
respective 5% and 95% confidence intervals (5% Cl and 95%
Cl). The CEACs are shown as dark blue (WAVE) and orange
(PUL) lines, indicating the probability that the health
interventions are cost-effective across a range of willingness-
to-pay (WTP) thresholds. The 95% confidence intervals are
represented by the dotted lines flanking the CEAC, illustrat-
ing the degree of uncertainty in these probabilities. The
dashed red line marks a specific WTP threshold, allowing for
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Table 7. Base case results.

Total Costs, ¥ Incremental Costs, ¥ Total QALYs Incremental QALYs ICER WAVE vs. PUL

1 Year

PUL 888,110 - 0.911 - -

WAVE 734,134 —153,976 0.920 0.009 Dominant
2 Years

PUL 926,265 - 1.797 - -

WAVE 750,874 —175,391 1.816 0.019 Dominant
3 Years

PUL 960,777 - 2.658 - -

WAVE 765,397 —195,380 2.687 0.029 Dominant
4 Years

PUL 992,463 - 3.488 - -

WAVE 778,515 —213,948 3.527 0.039 Dominant
5 Years

PUL 1,022,448 - 4.287 - -

WAVE 791,069 —231,379 4335 0.048 Dominant
Lifetime

PUL 1,429,458 - 15.388 - -

WAVE 961,595 —467,864 15.564 0.176 Dominant

Abbreviations. ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year; PUL, prostatic urethral lift; WAVE, water vapor energy therapy.

a) 5-year time horizon results

One-way sensitivity analyses: Impact of changing one parameter at a time

Health State Utility — Mild LUTS -4789,013 I 12,827,381
Health State Utility — Severe LUTS -17,232,559 [ 2720922
PUL Procedural Cost -9,046,080 NN 531,946
WAVE Procedural Cost -8,302,097 N 1275928
Health State Utility — Moderate LUTS -5,854,282 N 3364279

TURP Procedural Cost for Retreatment 5,046,589 || -4531.436
QALY Discount Rate -5,072,707 | -4,600,138
Visit Frequency After 3 Months Post-Index PUL for Moderate LUTS 4,922,130 | -4,655,895
Visit Cost After 3 Months Post-Index PUL for Moderate LUTS -4,922,130 | -4,655.895
Visit Frequency After 3 Months Post-Index WAVE for Moderate LUTS -4,917,669 | -4,660,356

-26260,000 -21.260.000 -16260,000 -11260000 -6,260.000 -1,260,000 3,740,000 8,740,000 13740000 18740000

ICER (in Yen per QALY); Base case = -4,789,013

b) Lifetime time horizon results

One-way sensitivity analyses: Impact of changing one parameter at a time

Health State Utility — Severe LUTS -18,072,213 NG 1435754

Health State Utility — Mild LUTS -2,665,369 Y 9,279,075

PUL Procedural Cost -3,995,248 [l -1335.490

WAVE Procedural Cost -3,653,072 W -1,677.667
QALY Discount Rate -3,541,315 M -2.130595
Cost Discount Rate -3,132,634 W -2,2045610
Health State Utility - Moderate LUTS -2,910,643 W -2.228348
TURP Procedural Cost for Retreatment -2,909,546 I -2.421,192
/isit Frequency After 3 Months Post-Index PUL for Moderate LUTS -2,792,950 | -2,537,788
Visit Cost After 3 Months Post-Index PUL for Moderate LUTS -2,792,950 | -2,537,788

-26280,000 -21.280.000 -162230,000  -11.280.000 -6,220.000 -1,280,000 3,720,000 8,720,000 13720,000

ICER (in Yen per QALY); Base case = -2,665,369

Figure 2. One-way sensitivity analyses (OWSAs).
Abbreviations. ICER, incremental cost-effectiveness ratio; LUTS, lower urinary tract symptoms; OWSA, one-way sensitivity analysis; PUL, prostatic urethral lift; QALY, quality-adjusted life
year; TURP, transurethral resection of the prostate; WAVE, water vapor energy therapy.
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Figure 3. Probabilistic sensitivity analyses (PSAs) scatter plots comparing WAVE versus PUL at 5-year and lifetime horizons.
Abbreviations. QALY, quality-adjusted life year; PSA, probabilistic sensitivity analysis; PUL, prostatic urethral lift, WAVE, water vapor energy therapy.

a visual assessment of the probability of cost-effectiveness at
that point. The analysis of the graphs reveals that, as the
willingness-to-pay (WTP) threshold rises, the likelihood that
intervention with WAVE is cost-effective tends to decline,
whereas the likelihood that PUL is cost-effective tends to
increase. This trend is accompanied by an expansion of the
confidence intervals, signaling a slightly increased uncer-
tainty at elevated WTP levels. With a WTP threshold of
¥5,000,000, the probability of WAVE being cost-effective in
the 5-year simulation is 93.5% (95% Cl = 92.5-94.5%) and
for PUL 6.5% (95% ClI 5.5-7.5%). For the lifetime

simulation, the probability of being cost-effective is for WAVE
89.1% (95% Cl = 87.9-90.4%) and for PUL 10.9% (95% Cl =
9.6-12.1%).

Discussion

Asia is home to 60% of the world’s population, with rapidly
aging societies in many countries including Japan®®. These
demographic features put increasing pressure on healthcare
budgets and systems. Despite having a relatively healthy
population and low-cost healthcare relative to that of the US
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a) 5-year time horizon results
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Figure 4. Cost-effectiveness acceptability curves (CEACs) at different time horizons.

Abbreviations. CEAC, cost-effectiveness acceptability curve; Cl, confidence interval; PUL, prostatic urethral lift; QALY, quality-adjusted life year; WAVE, water vapor energy therapy.

and other Organization for Economic Cooperation and
Development (OECD) member countries?’, concerns remain
about the potential inflation of national healthcare costs in
Japan®. The challenge to healthcare payers and providers is
to maximize the net benefits obtained from healthcare
expenditures. The intent of health economic research is to
help identify cost-effective medical treatments and, in turn,

achieve better value for money for prevalent illnesses such
as BPH. This change is to be achieved, in part, through the
selection of therapies that have been proven effective while
providing value for money.

The findings from this health economic evaluation of
MIST technologies provide insights into quality-of-life
impact to patients and the long-term cost impact to the



Central Social Insurance Medical Council (CSIMC) of Japan.
Results are presented from 1year post-treatment through
to lifetime. This captures the long-term economic impact of
the treatments whilst aligning with the time points at
which the most relevant clinical data were available.
Research has shown that avoiding further retreatment is
important for men with BPH when selecting a treatment
option*®. Retreatment rates at 5years were nearly four
times greater with PUL compared to WAVE (19.2% vs.
4.9%). The rates of most AEs were also greater with PUL
compared to WAVE at 3months, including hematuria
(25.7% vs. 11.8%), dysuria (34.3% vs. 16.9%), pelvic pain
(17.9% vs. 2.9%), and urinary incontinence (1.3% vs. 0.4%).
The improved clinical outcomes translated into higher
QALYs with WAVE through 1year, (0.920 vs. 0.911), 5years
(4.335 vs. 4.287), and the lifetime time horizon (15.564 vs.
15.388). The economic component of our analysis found
that WAVE resulted in cost-savings for the Japanese health-
care system of ¥467,863 per BPH patient treated with
WAVE instead of PUL over the lifetime horizon. Hence,
WAVE was found to be a more effective and less costly
treatment strategy (i.e. dominant across the short- and
long-term). A more effective, cost-saving, and durable pro-
cedure for this age-related condition has the potential to
result in significant savings for constrained healthcare sys-
tems in Asia, while simultaneously improving patient qual-
ity-of-life. Model findings were also shown to be robust in
response to changes in parameter input values.

Other comparative effectiveness evidence demonstrates
the transformative clinical and patient-centered benefits of
MISTs for BPH based on clinical trials, real-world data analy-
ses, and systematic reviews?®. Recent guidelines have ele-
vated interventional treatment for LUTS attributable to BPH
to first-line therapy for select patients, including those who
want to avoid taking a daily medication, have failed med-
ical therapy, or who have certain conditions that require
more intensive intervention®>?®, Advantages that have been
demonstrated include favorable efficacy, effectiveness, and
safety, low retreatment rates, and low rates of erectile and
ejaculatory dysfunction?®. Increased evidence in recent years
highlights the distinct advantages of WAVE and PUL includ-
ing that they can be performed in-office, do not require
general anesthesia and may better preserve ejaculatory
function?’. WAVE utilizes convective radiofrequency to cre-
ate stored thermal energy in the form of steam, which is
delivered transurethrally into the transition zone of the
prostate to ablate tissue'’. In a WAVE procedure, there is
no permanent metallic hardware left in the body, therefore
eliminating risks seen with mechanical technologies such as
mechanical device failure, device infection, or implant
migration'’.

Evidence has shown that BPH impacts health-related qual-
ity-of-life, work productivity, and healthcare use of men in
Japan, with greater impact among undiagnosed men experi-
encing LUTS and frequent nocturia'. Patients with diagnosed
and undiagnosed BPH in Japan have reduced health-related
quality-of-life, including declines in mental component (mean
>3.1 points) and physical component (mean >2.0 points)
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summary scores, as well as health utility scores (mean >0.05)
@all p<0.001)". An impact on work and non-work activity is
also seen in patients with diagnosed and undiagnosed BPH,
with mean absenteeism, work and non-work activity impair-
ment >1.4-fold greater in this group (p<0.01)". Healthcare
utilization is also significantly higher amongst diagnosed and
undiagnosed BPH patients, with more frequent healthcare pro-
vider visits and hospitalizations'.

The findings from this study are consistent with US cost-
effectiveness and budget impact models comparing WAVE to
PUL from a Medicare perspective over 4- and 5-year time
horizons?’?®, At 4years, PUL was associated with higher
retreatment rates (24.6% vs. 10.9%), lower QALYs (3.490 vs.
3.548), and higher total costs ($7,393 vs. $2,233) compared
with WAVE?. The 70% total cost difference of PUL and
WAVE was predominantly driven by higher PUL procedural
($5,617 vs. $1,689) and retreatment ($976 vs. $257) costs®’.
The 5-year analysis compared WAVE and PUL, in addition to
generic combination therapy (CT), photoselective vaporiza-
tion of the prostate (PVP), and TURP for the treatment of
BPH?8, At 5years, WAVE, PVP, and TURP were shown to have
higher QALYs than CT and PUL. Total Medicare costs at
Syears were lowest for WAVE ($2,655) and highest for PUL
($9,580)%. Again, the key cost drivers for PUL were higher
procedural and retreatment costs ($7,258 and $1,168,
respectively). Further, recent evidence from Singapore shows
the cost-effectiveness of WAVE as a first-line treatment for
moderate or severe BPH patients in Singapore™°.

To our knowledge, this study is the first cost-effectiveness
evaluation of MIST BPH procedures in the Japanese setting.
Additional strengths of this study are its use of a long-term
(lifetime) time horizon, the use of QALYs as the clinical
effectiveness outcome (which incorporates both the clinical
impact and patients’ quality-of-life), and the use of local real-
world data from Japan. Limitations of this study are mostly
those inherent to all decision analytic modeling studies.
Economic models represent a simplification of the complex
factors associated with the clinical and economic outcomes
of BPH patients and summarize only a subset of the informa-
tion needed for resource allocation decision-making. Models
do, however, provide more explicit details regarding the
potential implications of alternate decisions and therefore
can be a valuable input for the decision-making process. In
designing the decision model, we sought to achieve a bal-
ance between determining reasonable clinical treatment
pathways and creating a transparent model based on pub-
lished evidence. Nonetheless, the model was built by com-
bining data from multiple sources to identify inputs for
effectiveness, resource utilization, and costs. The process
involved a variety of assumptions regarding the disease
state, treatment patterns, and costs, and these assumptions
may not be generalizable to all patients. Where primary data
were not available for a Japanese population, inputs were
extrapolated from international sources. We recognize that
AEs and utilities may differ across geographies, particularly in
response to differing demographics, aging populations, and
life expectancies. We performed a number of sensitivity anal-
yses and engaged local clinical and economic experts in an
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effort to validate the model assumptions and inputs. There is
a need for future research to consider factors such as the
complex pathologies and functional declines prevalent in
older populations that may be more common in certain
geographies, particularly in the context of evaluating treat-
ment safety.

Conclusions

Cost-effectiveness is an increasingly important factor in
healthcare decision-making and technology adoption in
Japan. This health economic evaluation found that, com-
pared to PUL, WAVE was a cost-effective and cost-saving
MIST for moderate-to-severe BPH, providing better outcomes
at lower costs to the healthcare system in Japan. WAVE was
associated with lower retreatment rates and fewer short- and
long-term AEs compared to PUL. These findings provide evi-
dence-based insights for clinicians, payers, and health policy-
makers to further define the role of WAVE for BPH in Japan.

Notes

i. Rezum Water Vapor Therapy, Boston Scientific Corporation, Marlborough,
MA, USA.
ii. UroLift System, Teleflex Incorporated, Pleasanton, CA, USA.
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