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About this research

apanis facing a demographic transition that would see its workforce shrinkin both absolute and
J relative terms. Low birth rates, limited immigration and world-leading longevity have created a
silver-haired population: over a quarter are older than 65 years of age?, with this rising to a third within
10 years?. These numbers have led some to describe Japan as a “hyper-aging” society. The potential
implications of this demographic shiftinclude a shrinking labour market and spiralling healthcare
costs.

In this environment, it is necessary for Japan to make important decisions around how and where
toinvestanincreasingly limited budgetin order to maximise outcomes, especially in Japan’s already-
stretched healthcare system. Part of this discussion will naturally centre on investmentin medical
technologies, in the form of devices and diagnostics. Policy makers face a difficult challenge when
weighing the cost-benefit of various medical technologies, as direct healthcare costs are easily
obtainable, but the gainsin both direct avoided downstream healthcare spend and indirect economic
contributions are much harder to tease out.

Itis with this challenge in mind that the EIU were commissioned by AdvaMed to investigate the total
economicimpact that medical technology has on Japan. The research was to examine the economic
burden of diseases in Japan and, for a range of screening and treatment technologies, quantify their
direct and indirect costs compared to non-technology using control groups —in short, do the savings
offered by medical technologies outweigh the costs?

The research was conducted in four phases. The first phase was a literature review to quantify the
diseases that have the greatest burden on Japanese society, and to identify approaches to model
the direct and indirect costs of technologies on the healthcare system and wider society. The second
phase consisted of prioritising the specific diseases and medical technologies locally relevant to the
Japanese setting. The third phase developed a framework to measure the economic costs and savings
of the selected devices versus not using devices, while the final, fourth phase quantified the economic
effects to assess the impact of medical technology in Japan.

Our approach used the example of four diseases and eight medical devices to derive findings
regarding the impact of medical technologies. While different technologies will offer their own specific
costs and benefits, we believe that this broad-based approach of looking at a range of technologies
across the most burdensome diseases in Japan will offer fresh insights. The report offers a timely
opportunity to illuminate the role medical technology has played in supporting Japan’s healthcare
service and in harnessing its constrained labour force.

© The Economist Intelligence Unit Limited 2017
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Executive summary

Across many mature economies in Europe and Asia, socioeconomic trends have resulted in aging
populations, with profound impact on healthcare systems, workforce, and budget. Japan presents
one of the mostinteresting markets in this regard, as its ‘hyper-aging’ population — more than 30%
ofits populationis over 60 - is accompanied by population decreases of a million over the previous

5 years. This has resulted in a net workforce decline in both absolute and relative terms, acting as a
constraint to its productive capacity, to potential GDP growth, and ultimately to continued economic
prosperity. At the same time, anincreasing burden of care falls on a disproportionally smaller
population.

To mitigate the impact of this second demographic transition, Japan is increasingly looking for ways
to better harness the potential of its existing workforce via initiatives that promote healthy aging,
increase workforce participation, and retain skilled labour. Healthcare innovations that allow for
preventive interventions, early diagnosis, and improved patient mobility and independence arein line
with these goals. While there are many pre-emptive levers that can be pulled to enable this - such as
diet, exercise and management of mental health - this whitepaper seeks to investigate the impact of
medical technology in achieving these goals.

Attention is naturally concentrated around the question of how to investin health in a way that
improves outcomes in a cost-effective manner and increases labour productivity. As such, itis
important to consider the impact that medical technology will have on direct and indirect costs to the
healthcare system, and to the economy at large. For example, advances in treatment or early diagnosis
may impact direct healthcare costs via a reduction in length of hospitalisation, while the indirect
impact to the wider economy may arise from patients being able to return to the workforce and a
reductionin the burden on informal caregivers.

To study the impact of medical technologies on the Japanese economy, this study focused on four
disease areas that have a large burden on Japan: cerebrovascular disease, lung cancer, diabetes
mellitus and musculoskeletal disorders. For each disease area, two technologies were assessed—one
for screening or early diagnosis, and one for management of the disease. The devices were selected
based on the Japanese standard of care and depth of data available around economic contribution per
medical device.

3“Japan Statistical Yearbook
2017, Chapter 2: Population
and Households”, Ministry
of Internal Affairs and
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Table 1: Medical Devices Investigated

Disease Medical Technology (Screening) Medical Technology (Treatment)
Cerebrovascular disease Carotid Angiography with catheter Metal mesh cages: Stent retrievers
Musculoskeletal disorders  Dual-energy X-ray absorptiometry Hip replacement surgery-hip implants
Diabetes mellitus HbA1c test kit Insulin pump

Lung cancer Low-dose Spiral CT scan (CT scanners)  Linear accelerators for external beam therapy

Models were developed for each technology to assess its economicimpact, in terms of a) direct
healthcare costs and b) indirect wider societal costs. The quantification of relevant costs and the
impact of the technology were based on published literature on medical, occupational health and
health economics. Where possible, costs were taken from Japanese sources or case studies. Where
these were not available, data from non-Japanese sources were used. In-depth interviews with
Japanese expertsin the relevant disease field were used to validate the cost and impact assumptions.
The principal findings, specific to the context of Japan, are as follows:

Medtech interventions for screening and treatment provide overall net savings to the
system despite their high up-front costs, with significant savings arising from:

® Greater labour force participation and workforce productivity: Many advances in treatment or early
diagnosis allows for a reduction in hospital stays, reduction in disability and/or faster recovery.
This allows patients to return to workforce, or it prevents labour force drop-out due to disability.

® Decreased mortality and morbidity rates: The primary goal of any medicalinterventionis to
improve the quality of life and/or to prolong life. This would also resultin more productive years,
and moreintangible benefits such as better mental health.

® Reduced downstream healthcare costs — Technology can facilitate earlier disease detection and
provide effective treatments with the potential to reduce the economic burden of disease and the
cost of care.

® (Greaterindependent living - Many medical advances allow patients to gain mobility and motility,
reducing the need for long-term care. This reduces the need for formaland informal care and
releases caregivers into the workforce.

Early diagnosis of stroke, the most common form of cerebrovascular disease, provides
net savings of ~¥83k, mostly from avoided healthcare costs and reduced absenteeism.

® Quick diagnosis of stroke reduced the need for acute care totalling ¥85,607 ($820), as speed
and accuracy inidentifying the location of a bleed or clotincreased the favourable outcomes and
prognosis of a patient, reducing further healthcare expenditure.

® Better prognosis also allowed patients to return to normal life, reducing absenteeism in the
working population and overall average savings of ¥20,159 ($193) across the patient population.

© The Economist Intelligence Unit Limited 2017
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Table 2: Average impact per patient per year, 2016

Disease Medical Technology Average savings per patient (JPY | USD)
Carotid Angiography with catheter ¥83,935 | $804
Cerebrovascular disease
Metal mesh cages: Stent retrievers ¥649,378 | $6,217
Dual-energy X-ray absorptiometry ¥24,347 | $233
Musculoskeletal disorders
Hip replacement surgery-hip implants ¥2,932,054 | $28,071
HbA1c test kit ¥113,123 | $1,083
Diabetes mellitus
Insulin pump ¥65,115 | $623
Low-dose Spiral CT scan (CT scanners) ¥40,299 | $385
Lung cancer
Linear accelerators (LINAC) for stereotactic body radiation therapy (SBRT) ¥448,967 | $4,298

1USD = 104.45 JPY
EIU Analysis and Primary Research

® This more than offsets the direct costs to the healthcare system of ¥21,830 ($209) per patient,
as the long lifetime and quick throughput allows the investment in the capital equipment to be
spread across a wide patient pool.

Using mechanical thrombectomy (with stent retrievers) in the treatment of strokes sees
annual savings of ~¥650k due to increased independence and reduced absenteeism.

® Patients who receive surgicalintervention post-stroke are more likely to be independent, reducing
their need for caregivers. GDP gains from returning these caregivers to the wider workforce is
estimated to be ~¥688,117 ($6,588) annually, a net gain compared to treatment with tissue
plasminogen activators (tPA), the universal standard forischemic stroke.

® Additionally, for working-age patients, they are more likely to return to work, resultingin an
increased GDP contribution of ~¥33,381 ($320) annually across the patient pool.

® These gains are only slightly moderated by the additional cost of ¥72,201($691) to the health
system for a mechanical thrombectomy annually, spread across the average remaining life span of
the patient.

Screening using Dual Energy X-Ray Absorptiometry (DXA) allows early diagnosis of
osteoporosis and reduces the incidence of hip fracture, saving an average of ~¥24k.

® DXAscanner allows for early diagnosis of osteoporosis, allowing patients to better manage their
disease, reduce the risk of hip fracture and avoid the associated costs of surgery, hospitalisation,
and follow-up consultations, resulting in an overall net savings of ¥66,666 ($638) across the
patient population.

® This more than mitigates the direct healthcare costs of DXA screening of ¥42,001 ($402).

© The Economist Intelligence Unit Limited 2017 5
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® (GDP contributionsin this caseis negligible, as most of the patient population are above retirement
age.

Hip replacements for patients with chronic musculoskeletal issues allows for increased
mobility and reduced reliance on caregivers, which offset direct healthcare costs,
resulting in cost savings of ~¥2,900k.

® Hipreplacement surgery, as an alternative to pain killers, allow patients to retain mobility and
independence, reducing their need for caregivers and allowing them to retain work. This has an
estimated netimpact of caregivers to GDP of ¥5,572,616 ($53,352) annually per patient.

® Working-age patients are also able to continue to lead more productive lives, resulting in a net GDP
contribution of ¥1,350,343 ($12,928).

® However, asin all surgeries, there are GDP losses from hospitalisation and from the inherent
mortality risk. This has been estimated to resultin a net loss of ¥2,850,401 ($27,290).

® Hip replacements also has a higher treatment expenditure per person of ¥1,140,505 ($10,919),
with the cost of the implant spread across the remaining years of the patient.

Early confirmation of diabetes saved ~¥113k, due to reduced absenteeism from better
disease management.

® The HbAlcblood testis used to confirm diagnosis of diabetes, allowing patients to be educated
about diabetes, reducing sick-days due to disease mismanagement. This will resultin an estimated
¥123,568 ($1,183) GDP gain, as patients do not miss work due to bladder infections, joint pains,
and dizziness, all symptoms of mismanaged disease.

® Thesavings of additional follow-up consultations to diagnose the disease total ¥20,890 ($200)
and more than offset the direct cost to the healthcare system of ¥10,445 ($100) from the cost of
conducting the test.

For the patient population that require insulin, using an insulin pump results in a net
average saving of ~¥65k per patient due to reduced absenteeism and reduced caregiver
requirement.

® Fordiabetics, insulin pumps allow better and more accurate insulin administration through both
pre-programmed continuous doses and calculated injections based on immediate requirements.
Working-age patients are able to manage their disease better and reduce their number of sick days,
benefiting the economy by an estimated ¥91,957 ($880) per patient across the patient population
annually.

® Risk of early mortality will also decrease in diabetics using pumps as compared to patients
managing their disease using syringes, resultingin a net GDP gain of ¥15,332 ($147) across the
patient population.

© The Economist Intelligence Unit Limited 2017
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Additionally, because aninsulin pump is meant to be user-friendly, it reduces the need for care.
Thisis an estimated net gain to GDP of ¥78,823 ($755).

These figures offset higher cost of intervention and long-term care related to insulin pumps
compared to traditional vial and syringe method of administration, estimated at¥120,997 ($1,158).

Early detection of lung cancer saves ~¥40k, mostly from avoided costs of more-
advanced cancers.

The use of low dose CT scans can be used to identify non-symptomatic early-stage lung cancers

in high-risk populations (e.g. smokers), allowing for early treatment in roughly 20% of patients
who test positive for lung cancer. This avoids the higher costs of later-stage treatment, averaging
¥83,602 ($800) across the screened population.

Early detection avoids absenteeism that would otherwise result from the developing cancer. As
lung cancer progresses, patients are more likely to miss work as a result of debilitating non-specific
symptoms, such as worsening coughs and chest discomfort which results in average overall net
cost to the economy of only ¥1,523 ($15).

The cost of the procedure itself is ¥41,780 ($400) per patient, with the long working life and
relatively quick throughput moderating the high fixed-capital requirements of the device.

Rescue therapy using linear accelerators (LINAC) in stereotactic body radiation therapy
(SBRT) results in a net saving of ~¥450k, mostly from reduced need for palliative care.

SBRTis used as a salvage therapy forinoperable non-small cell lung cancers, where the alternative
is palliative care. This reduces the need for palliative care, saving ¥924,225 ($8,848) annually.

The reduced mortality also results in continued estimated contribution to GDP of ¥113,004
($1,082) annually across the patient pool.

These gains offset the direct costs of LINAC for SBRT to the healthcare system, estimated at
¥588,262 ($5,632) per patient due to high capital costs, multiple consultations and long inpatient
recovery.

The results show that for the devices studied, the wider societal and economic benefits in the medium

to long term outweigh the direct cost impact on healthcare systems.

© The Economist Intelligence Unit Limited 2017
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1. Introduction: Aging population, stretched
healthcare spending

overnments and healthcare providers across the globe are engaged in a persistent contest

between competing priorities: to meet the increasing demand for healthcare services, while
managing the rising cost of those services, without compromising on quality. This has become an
increasingly difficult balance for OECD countries, as healthcare expenditure continues to increase
relative to GDP growth, driven by the combination of an aging population, increased prevalence of
complex chronic diseases, and expensive technological advances. This places a significant pressure on
payers, and in the case of single-payer markets like Japan, the public treasury.

In many ways, Japan is at the forefront of this issue. In addition to the factors above, it has also
had to contend with sluggish economic growth and a rapidly shrinking society. After the ‘lost decade’
inthe 1990s, the promise of economic growth in the 2000s has been waylaid by the global financial
crisis and by the 2011 earthquake and tsunami. This economic malaise has also been blamed for the
historically low birth rate. Coupled with Japan’s famed longevity and its strictimmigration policies,
this has resulted in the shrinking, ‘hyper-aging” population of today: 26% of its population is over 65¢,
with this increasing to 30% by 2024°. Meanwhile, its population is forecasted to decline from 127m in
2015 to 121m over the same time period4, 5. This has amplified the difficulties its healthcare system
faces, as it needs to meet the challenge of not only continuing to finance the healthcare system to
meet growing demand, but also a potentially dwindling tax base as its workforce shrinks. As a result,
initiatives to promote healthy aging, increase female participation in the workforce, and retain skilled
labour have gained traction in an effort to harness the thin labour markets in Japan.

Novel medical treatments and innovative technologies offer a way to mitigate the effects of this
second demographic transition. Many of these new advancements are aimed at enabling preventative
early diagnosis, better disease management, and improving post-procedure independence. While the
up-front costs are substantialin many cases, the adoption of these technologies allows the avoidance
of even larger costs further down the line. In the interest of the wider economy and society, uptake
of cost-effective medical technologies can provide long-term savings and benefits through improved
health outcomes, quality of life, and participation in society such thatindividuals are also able to
contribute to their society longer, and do not require caregivers to drop out of formal employment.

© The Economist Intelligence Unit Limited 2017
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What is medtech? paper, the scope of this term encompasses devices used to diagnose,
monitor and treat medical conditions, and includes big-ticket capital
investments (e.g. MRI machines), single-use diagnostic tools (e.g.

Medical technology, frequently referred to as ‘medtech’, inan blood sugar monitors), interventional devices (e.qg. radiotherapy

umbrella term that describes a wide spectrum of healthcare devices. devices) and implants, amongst others.

While the definition of this term can be fluid, for the purpose of this

Modelling the impact of medtech

Japan has one of the most developed and advanced healthcare systemsin the world. Consistently
ranking highly in multi-country surveys to determine the ‘best” healthcare system, including topping
EIU’s own report on Health Outcomes and Costs®, Japan has many reasons to be proud of the excellent
outcomes and high efficiency.

Reflecting its status as a mature economy, the disease burden in Japan is primarily due to non-
communicable diseases, colloquially known as lifestyle diseases. This is a result of several feedback
loops: significant healthcare investments in the 20th century to combat infectious diseases, increased
longevity and aging populations, and changes in Japanese lifestyle habits. To build a representative
model of Japan’s healthcare burden the following criteria were used to select four diseases that have a
large impact on the Japanese population:

® Large social burden: Diseases with a large prevalence and/orincidence rate, that contribute
high population Disability Adjusted Life Years (DALYs) and are significant contributors to the total
disease burden in Japan

® Large economic burden: Along with large prevalence and incidence, diseases should be a large
cause of spending for the healthcare system, and require significant resources and investment

® Publicinterest: All diseases should have significant government attention, and are important
pillarsin future healthcare plans.

Using these criteria, the following diseases were selected: cerebrovascular disease, lung cancer,
diabetes mellitus and musculoskeletal disorders. More details about the selection of the four disease
areas, and a briefintroduction to their epidemiological profile in Japan, can be found in the Appendix.

Because ‘medical technologies’ encompasses a wide variety of devices, from large-scale scanners, to
one-off diagnostic tools, to surgical implants, each disease area has been investigated via two devices,
one for ‘screening’, and one for “treatment’. The models estimate the direct and indirect costs of each
device compared to either no care or care delivered without a medical technology. Taken together, the
eight models offer an illustrative estimate of the net impact medtech has on Japan. Table 3 shows the

medical technologies that were chosen to be covered in the cost models.
6 “Health outcomes and

cost: a 166-country
comparison”, Economist
Intelligence Unit, 2014.
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Table 3: Medical technologies used in model
Disease Medical Technology Use

To diagnose stroke and identify source of the

Carotid Angiography with catheter stroke

Cerebrovascular disease
To treatischemic strokes by retrieving and

Metal mesh cages: Stent retrievers .
removing clots

Dual-energy X-ray absorptiometry To diagnose early-stage osteoporosis
Musculoskeletal disorders
Hip replacement surgery-hip implants  To treat chronic hip pain

To diagnose early-stage lung cancer, before

Low-dose Spiral CT scan (CT scanners) e

Lung cancer
Linear accelerators (LINAC) for stereo-  To treat non-operable non-small cell lung
tactic body radiation therapy (SBRT) cancers, where the alternative is palliative care
HbA1c test kit To diagnose early-onset diabetes

Diabetes mellitus

To manage diabetes by administering timed,

Insuli
L small doses of insulin

For additional details on the methodology, refer to the Appendix.

To maximize this model’s ability to offer representative findings from which wider illustrative
conclusions can be drawn, devices were selected to mirror the diversity of possible contributions
medtech can offer to the healthcare system. Thus, the selection included existing standards of care,
newly introduced technologies, diagnostic and treatment tools, fixed capital equipment, single-use
devices, and implants. The devices were also screened to ensure applicability to the Japanese context.
More details of device selection can be found in the Appendix.

These devices were then assessed based on their potential beneficialimpact on the following domains:

Directimpact on the healthcare system

1. Decreased mortality and morbidity rates: The primary goal of any medicalintervention is to
improve quality of life and/or to prolong life. This would also result in more productive years, and
moreintangible benefits such as better mental health.

2. Reduced downstream healthcare costs — Technology can facilitate earlier disease detection and
provide effective treatments with the potential to reduce the economic burden of disease and the
cost of care.

© The Economist Intelligence Unit Limited 2017
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Indirect impact to the economy

3. Greater labour force participation and workforce productivity. Many advances in treatment of
early diagnosis allows for a reduction in hospital stays, reduction in disability and/or faster

recovery. This allows patients to return to the workforce, or it prevents labour force drop out due
to disability

4. Greaterindependent living - Many medical advances allow patients to gain mobility and motility,
reducing the need for long-term care. This reduces the need for formaland informal care and
releases caregivers into the workforce.

These were then contrasted against the direct and indirect costs of using the medical technology to
arrive at the totalimpact.

While the direct costs of medical technology to the healthcare system are easily measured, indirect
costs such as workforce participation, avoided emergency admissions and reduced length of stayin
hospital can be difficult to identify and measure. To assess the impact of each of the devices, a research
program was executed that used both primary and secondary sources to develop a model specific to
Japan. More details about the research program can be found in the Appendix.

© The Economist Intelligence Unit Limited 2017 11
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2. Economicimpact of screening

any medical devices can be considered ‘screening’ tools, used for both identifying propensity

for developing a certain disease in high-risk populations (low dose CT scanners for lung cancer),
or for confirming diagnosis in suspected patients (CT angiography for stroke). The types of medical
devices used to screen encompass large capital equipment (e.g. DXA scanners for osteoporosis) and
single-use test-kits (HbAlc tests for diabetes). By modelling the net impact of these four devices, this
representative sample aims to provide inferable findings across the wider domain of screening devices.

These four devices have resulted in an estimated net positive of between ¥24k for DXA screening for
osteoporosis to ¥113k for HbA1c testing for diabetes per person annually. Most of these gains are seen
in two areas:

® Avoided downstream healthcare costs: Many devices resultin earlier disease detection and
diagnosis. This allows preventative measures and earlier treatments, which typically have a lower-
cost to the healthcare system than treatments for more advanced disease. This is a direct gain, as it
results in savings to the healthcare system.

® Reduced patient absenteeism: Early diagnosis allows for a reduction in hospital stays, reduction
in disability and/or faster recovery. This allows patients to return to the workforce, or it prevents
labour force drop-out due to disability. Thisis anindirect gain, as it projects GDP gains based on
workforce contribution.

Table 4: Average impact per patient per year, 2016

Disease Medical Technology Average savings per patient
Cerebrovascular disease Carotid Angiography with catheter ¥83,935 | $804
Musculoskeletal disorders Dual-energy X-ray absorptiometry ¥24,347 | $233

Diabetes mellitus HbA1c test kit ¥113,123 | $1,083

Lung cancer Low-dose Spiral CT scan (CT scanners) ¥40,299 | $385

1USD=104.45JPY
EIU Analysis and Primary Research

As Japan formulates its strategy on how to effectively deploy its healthcare dollars, itis important
to keep in mind the direction of these findings. Most of the conversation thus far has focused on
the direct costs, but attention must also be paid to the avoided costs and net contributions these
interventions have to the healthcare system and the economy as a whole.

12 © The Economist Intelligence Unit Limited 2017
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We describe below the details of the models used for each of the four disease areas.

Modelling methodology

For a measure of directimpact of using the screening technology, the study considered the total cost
(and savings) to the healthcare system on an annual basis. This included the cost of device spread
over its number of uses, costs of GP and specialist consultations and on-going medication costs. In
addition, this also included avoided medical costs associated with earlier diagnosis and treatment. In
Japan, such a database of costitems is available and to validate the data, interviews were conducted

with specialists.

For the indirect impact, which considers the costs or savings incurred by the overall economy,
the study split the typical patient poolinto working and non-working based on an age cut-off of 65
years. The benefits (and costs) accrued to the working population due to reduced absenteeism and
productivity foregone were modelled based on the GDP per working population, and averaged across
the total patient population to arrive at the average impact.

Figure 1: Elements of screening model

Directimpact Definition IndirectImpact Definition
Cost of purchasing the device, spread over . .
. . s . g . GDP loss due to the initial consultation
-Screening its number of uses - Time cost to O N
costs Cost of other costs: reagents, physician screen PP g

consultations associated with the screening population]

Additional workdays gained from
diagnosed diesase (either via better
disease management, or reduced
hospitalization) x GDP [not applicable for
non-working population]

+ Avoided o Early diagnosis resulting in avoided + Avoided
treatment downstream treatments absenteeism

 Avoided cost of longer diagnosis period,
preventing disease progression
o Any additional consultations for diagnosis

+ Earlier
diagnosis

Modelling the four devices

Computed Tomography Angiography (CTA) for cerebrovascular disease (ischemic
stroke)

Cerebrovascular disease is an umbrella term used to describe conditions related to issues with the
blood supply to the brain. While there are a few different types of cerebrovascular disease, the most
common are transientischemic attacks (TIA), haemorrhagic stroke, and ischemic stroke. To accurately
model the impact of a specific medical device, this study narrowed the field of focus to ischemic stroke.

© The Economist Intelligence Unit Limited 2017 13
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A stroke — both haemorrhagic and ischemic- occurs when the blood supply to part of the brain is
either restricted or completely blocked. This lack of blood to the brain results in the death of brain cells
which can lead to brain damage and in some cases can be fatal. Ischemic stroke - strokes caused by
blood clots — are the most common type of stroke, accounting for 87% of all cases. Most stroke cases
areinindividuals over the age of 60, but 20-25% are observed in the working age population between
the ages of 40 and 60.

Computed Tomography Angiography (CTA) is considered the gold standard technique for the
diagnosis of stroke in Japan. Patients tend to undergo this procedure in the emergency setting,
having presented with symptoms such as numbness or weakness, especially on one side of the body.
The CTA allows neurologists to quickly identify the location of the blood clot or aneurysmin order to
then identify the most effective treatment. Timing is crucialin the diagnosis of a stroke as the window
between diagnosis and timely management could be the difference between a patient recovering their
ability to live independently or facing a lifetime of paralysis and disability. The procedure takes about
30-40 minutes with patients being directed straight to treatment after diagnosis.

The average annual net benefits associated with the CT angiogram (CTA) are ¥399,521 ($3,825) in
the working-age population versus ¥63,818 ($611) for the non-working population, resulting in a total
savings per person of ¥83,935 ($804) when using CTA.

Table 5: Benefits (costs) of CTA (2016)

Per Patient / Per year Description Working age Non-working age
Screening costs Cost of device, staff time to perform the screening, (¥21,830)
g consultation ($209)
.U A . . . ¥
B ot voided additional acute care costs due to timely and 85,607
a accurate treatment $820
+ Avoided
consultation None - emergency procedure ¥0
= oC Time cost toscreen  None - emergency procedure ¥0 ¥0
(]
E + Avoided Additional workdays gained from better prognosis due to ¥335,702 Y0
absenteeism better treatment x GDP/day $3,214
. ¥399,521 ¥63,819
TOTAL per patient $3,825 5611

TOTAL Average benefit per patient ¥83,935 | $804

1USD = 104.45 JPY
EIU Analysis and Primary Research

As stroke patients would be treated immediately in the emergency department rather thanin
primary care, there were no costs associated with consultations or outpatient services. For the same
reason, thereis no GDPimpact related to screening time.
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Early diagnosis achieved through using CTA is estimated to resultin 80-90% of patients going on to
beindependent. Thus, further treatment costs are avoided due to early diagnosis, and GDP gained from
additional workdays due to a better prognosis. Additionally, the different outcomes achieved through
early diagnosis versus late diagnosis were incorporated in the model - data from scientific literature
was used to show that a greater proportion of individuals returned to independence following early
diagnosis than those who experienced a delay in diagnosis.

Dual-energy X-ray absorptiometry (DXA) for musculoskeletal disorder (osteoporosis)
Musculoskeletal disorder (MSD) is an umbrella term used to describe chronic conditions that affects
muscles, bones and joints and include conditions such as rheumatoid arthritis, osteoarthritis,
osteoporosis, major limb trauma, and spinal disorders. In this study, to isolate the benefits of a specific
medical technology — the dual-energy X-ray absorptiometry (DXA) - this report will be investigating
osteoporosis, which poses a significant burden on the Japanese economy.

Typically, patients with osteoporosis are asymptomatic unless a fracture has occurred. Hip fracture is
the most serious complication of osteoporosis and has been recognized as a major cause of becoming
bedridden in Japan. The DXAis regarded as the gold standard technique for osteoporosis diagnosis
according to multiple guidelines, including the Japanese Guidelines for Osteoporosis. It allows for
pre-diagnosis, early diagnosis and fracture risk prediction. Patients identified as high-risk - typically
women above 50 - receive screening during their routine medical check-ups or when they suffer pain
intheirjoints. They are alerted when their results indicate they are at risk of developing, or have
developed osteoporosis. Those who have been identified as at risk will be prescribed non-medical
preventative interventions such as weight-bearing exercise and to increase calcium and vitamin
Dintake. In some cases, pharmaceuticalinterventions may be prescribed, but this has not been
accounted forin our model.

The net annual benefit from DXA scanner technology was ¥19,637 ($188) per working age
patientand ¥24,650 ($236) per non-working age patient, averaging to ¥24,347 ($233) across both
populations. As is evident, the screening technology studied generated economic returns that were
substantially greater than their costs.

Prior to screening using DXA scanner, an appointment needs to be booked with an osteoporosis
specialistin Japan. The average cost to the healthcare system per consultation is ¥20,890 ($200)
which includes physical examination and blood tests for bone biomarkers. Along with the cost of the
device over its lifetime use, the directimpact of screening technology as compared to the control group
is¥42,001 ($402) per patient per year as compared to the control group who do notincur any costs.
The average length of procedure from patient presentation until dischargei.e. collection of results is
approximately 3 hours. Therefore, the costs associated with screening time is ¥8,460 ($81) per patient
per year as compared to patients who do not undergo screening.
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Table 6: Benefits (costs) of DXA Screening (2016)

Per Patient / Per year Description Working age Non-working age
Sereening costs Cost of device per use (total cost divided by total uses), (¥42,001)
g physical examination, blood test for biomarkers (%402)

g . . o ep . ¥4,000
£ +Avoided treatment  Avoided probability of hip fracture and associated cost 538
[}

+Avoided . . . . ¥62,670

consultation Avoided follow-up consultations before diagnosis $600

¥8,461

g -Timecosttoscreen 3 hours lost due to screening x GDP/hours (¥8,461) ¥0
o (%81)
E + Avoided Additional workdays gained from prevented hip fractures ¥3,447 Y0

absenteeism x GDP/day $33

. ¥19,637 ¥24,650
TOTAL per patient 5188 $236

TOTAL Average benefit per patient ¥24,347 | $233

1USD = 104.45 JPY
EIU Analysis and Primary Research
Early diagnosis of osteoporosis and appropriate intervention, as well as timely and appropriate

rehabilitation allow people to keep theirjobs, improves management of the disorder and reduces
the burden of chronic disease on the wider economy and society. This is highlighted in the reduced
absenteeism impact which resulted in a net positive value of ¥3,447 ($33) per patient per year.
Through early intervention with DXA, patients who have a high incidence of hip fracture, can benefit
from the avoided cost of hip replacement surgery, thus resulting in savings of ¥4,000 ($38).

HbA1c tests for diabetes

In recent years there has been rapid growth in diabetes mellitus, especially Type 2 diabetes in Japan,
owing largely toincreased longevity and lifestyle changes. Many patients with Type 2 diabetes are
asymptomatic, and their disease remains undiagnosed for many years. Prevention, timely diagnosis,
and treatment are important in diabetic patients. Many of the complications associated with diabetes,
such as nephropathy, retinopathy, neuropathy, cardiovascular disease, stroke, and death, can be
delayed with early intervention.

The HbA1c blood testis regarded as the gold standard technique for diagnosing diabetes according
to guidelines from the Japan Diabetes Society (JDS). Patients who report symptoms that are consistent
with the onset of diabetes, including fatigue, blurry vision or weight loss, are tested for their plasma
glucose level and given the HbA1c test. Results from these are sufficient to diagnose borderline or
onset of diabetes during the examination. Those who have a borderline diagnosis are given lifestyle
advice to reduce their chance of developing diabetes. The HbA1cis also used to monitor existing
diabetic patients, to ensure good disease management, but this is not within the scope of our study.
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From our model, the net annual benefit from confirmatory diagnosis using the HbAlc test was
¥232,088 ($2,222) per working age patientand net annual cost of HbAlc test was ¥10,445 ($100) per
non-working age patient, averaging to ¥113,123 ($1,083) across the patient population.

Table 7: Benefits (costs) of HbA1c blood test (2016)

Per Patient / Per year Description Working age Non-working age
¥31,
- Screening costs Cost of single-use device, physical examination (bEFER)
($300)
B : i
B o N/A: f’rudent model, as downstream costs is dependent on ¥0
a multiple factors
+Avoided ¥20,890
Avoided . . fore di . b
consultation voided follow-up consultations before diagnosis $200
. . (¥5,640)
g Time costtoscreen 2 hours lost due to screening x GDP/hour ($54) ¥0
E + Avoided Additional workdays gained better managed disease x ¥248,173 Y0
absenteeism GDP/day $2,376
. ¥232,088 (¥10,445)
TOTAL per patient $2,022 ($100)

TOTAL Average benefit per patient ¥113,123 | $1,083

1USD = 104.45 JPY
EIU Analysis and Primary Research

Along with the cost of the device over its lifetime use, the direct impact of screening technology as
compared to the control group is ¥31,335 ($300) per patient per year. The average length of procedure
from patient presentation until discharge is approximately 2 hours. Therefore, the costs associated
with screening time is ¥5,640 ($54) per patient per year versus the control group.

Early diagnosis of diabetes and appropriate intervention reduces complications, allows people to
retain theirjobs, help better management of disease, and reduces the burden of disease on the wider
economy and society. This is highlighted in the reduced absenteeism impact which resulted in a net
positive value of ¥248,173 ($2,376) per patient per year. Through early intervention, patients who
have a high risk of diabetes, can benefit from the avoided cost of treatment. Overall the indirect impact
per working-age patient was ¥263,423 ($2,522) and the indirect impact of earlier diagnosis per non-
working age patient was ¥20,890 ($200).

Computed tomography (CT) scanners for lung cancer Nawa T., Nakagawa .,
Low dose computed tomography (CT) scanners, also known as a helical CT scan, are non-invasive MizoueT., Endo K., “Low-
medicalimaging tests that have been used for early detection of lung cancerin high-risk populations dose computed tomography
in Japan since 1993". The use of low dose CT scanners has steadily increased in Japan since its screening in Japan”, J

Thorac Imaging, 2015;
introduction, even though itis not officially recommended. The number of certified physicians and 30(2): 108-14.
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radiologic technologists specifically for CT screening has also increased over the years. Low dose CT
scans can be used to identify non-symptomatic early lung cancers in high-risk patients (particularly
smokers), thus allowing early treatment and so reducing lung cancer mortality. Currently, several
hundred thousand low-dose CT screenings are performed annually in Japan.

The model estimates the net one year annual benefit from low dose CT screening for people with
suspected lung cancer to be ¥31,648 ($303) per working age patient and ¥41,780 ($400) per non-
working age patient, averaging out to ¥40,299 ($385) per patient.

Table 8: Benefits (costs) of Low-dose spiral CT scanner (2016)

Per Patient / Per year Description Working age Non-working age
Screening costs Cost of device, staff time to perform the screening, (¥41,780)
g consultation (3400)
-U . . .
2 4 Avoided treatment Avoided additional cost of late-stage (stage 3) cancer, ¥83,602
a compared to stage 1 cancer $800
+ Avoided
N ¥
consultation one 0
5 . (¥33,842)
g Time costtoscreen 12 hours lost due to screening x GDP/hour ($324) ¥0
E + Avoided Additional workdays gained better managed disease x ¥23,690 Y0
absenteeism GDP/day $227
. ¥31,648 ¥41,780
TOTAL per patient $303 5400

TOTAL Average benefit per patient ¥40,299 | 3385

1USD = 104.45 JPY
EIU Analysis and Primary Research

Experts consulted for the report stated that low dose scanning is offered to high-riskindividuals
- most patients are between 60 to 80 years of age, about 15-20% of patients are of working age, and
1-2% are seen in their thirties. The actual scan takes less than a minute. This high throughput, along
with the 5 year lifespan of the device, allows the cost of the device to be spread across 5,000 uses,
resulting in a fairly low cost/use. In addition, while, the scan can be performed, analysed and the
results known within a day for urgent cases, for most patients the process tends to involve three or four
trips to the clinic: once to agree on the need for a scan and arrange a time, once for the scan itself, and
once to discuss the results. This results in a total average of 12 hours of work across all appointments.
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As the testis only performed for high-risk individuals, roughly 20% of the screened population
test positive for asymptomatic lung cancer. Early diagnosed cancer (asymptomatic stage one) may be
treated by surgery alone, while lung cancer diagnosed at a later stage will typically require courses
of both chemotherapy and radiotherapy. The model assumes that patients undergoing screening will
have their cancers diagnosed at stage one; while if they are not screened, diagnosis tends to occur at
stage three, with associated costs of ¥548,885 ($5,255) for stage one therapy, and ¥966,894 ($9,257)
for stage three therapy?.

Early diagnosis of lung cancer not only improves outcomes but also benefits the healthcare system
and wider society in two other ways. Firstly, people with undiagnosed lung cancer are often burdened
with symptoms as their cancer develops, meaning that they suffer and miss time at work until they are
finally diagnosed with lung cancer. Also, when they are finally treated at a later stage they have to take
more time off work. Based on expertinterviews and secondary sources, it is estimated that people with
undiagnosed lung cancer will miss on average 35 days of work due to poorly managed or mismanaged
symptoms —including time taken off work to visit healthcare services, time spent on sick leave and
time for treatment and recovery when they are finally treated.

© The Economist Intelligence Unit Limited 2017

8 Cipriano L.E., Romanus
D., Earle C.C. etal.,

“Lung cancer treatment
costs, including patient
responsibility, by stage
of disease and treatment
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Value Health, 2011; 14(1):
41-52.
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3. Economicimpact of treatment

n addition to screening, discussed in the previous chapter, many medical devices can be considered
Iinterventional tools for treatment. Similarly, the types of medical devices used include capital-
intensive fixed assets (e.qg. linear accelerators for lung cancer) and single-use devices (stent retrievers
for stroke). Medical devices can also be implants (hip replacements for musculoskeletal disorders)

or externally worn devices (insulin pumps for diabetes). By modelling the net impact of these four
devices, this representative sample aims to provide inferable findings across the wider domain of
interventional devices.

These four devices have resulted in an estimated net positive of between ¥65k for insulin pumps for
diabetes, to ¥2,932k for hip implants per person annually. Most of these gains are seen in two areas:

® Reduced need for caregivers: Medical device interventions typically allow patients a higher chance
of returning to independence. This requires them to rely less on caregivers, and allow caregivers to
be released back into the wider economy.

® Reduced absenteeism: Similarly to above, medical device intervention allows patients to return
toindependence, allowing them to return to work. The netimpact of absenteeism for the patient
is smaller than that for the caregiver because many patients are elderly and above the age of
retirement - they do not have formal employment to return to.

Table 9: Average impact per patient per year, 2016

Disease
Cerebrovascular disease
Musculoskeletal disorder

Diabetes mellitus
Lung cancer

1USD = 104.45 JPY

Medical Technology Average savings across patient population
Metal mesh cages: Stent retrievers ¥649,378 | $6,217

Hip replacement surgery-hip implants ¥2,932,054 | $28,071

Insulin pump ¥65,115 | $623

Linear accelerators (LINAC) for stereotactic body radiation

¥448, 4,2
therapy (SBRT) 448,967 | $4,298

EIU Analysis and Primary Research
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In contrast to screening, the bulk of the positive impact is due to indirect gains. However, the net
impact of these gains are substantial, especially as Japan deals with the thin labour markets that
are the result of the demographic transition. The idea that investing in medical devices as a method
to continue to harnessits existing labour pool has some merit, and should be considered as Japan
formulates its strategy on how to effectively deploy its healthcare budget.
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Details of each model are described below.

Modelling methodology

To model the economicimpact of treatment, in contrast to the screening model, the impact of

the medical device was modelled against a control group, i.e. pharmacological treatment for
cerebrovascular disease and musculoskeletal disorders, no intervention for lung cancer and alternative
form of intervention for diabetes. This is because while there are scenarios where screening does not
occur, itis highly unlikely that a patient, once diagnosed, would not seek some form of treatment.

To ensure the impact of medtech was captured, instances where the treatment choices are between
medtech versus alternative interventions, such as pharmaceuticals were chosen. The devices selected
and their controls are listed below:

Table 10: Modelling technologies vs. control

Disease Treatment technology Baseline/Control Group
. Stent retrievers for mechanical Clot-dissolving medicine (tissue
Cerebrovascular disease . .
thrombectomy plasminogen activators, tPA)
. . . Pain-relievi dicati h
Musculoskeletal disorder Hip replacementimplants ain-reueving medicahions stich as
NSAIDs
Diabetes mellitus Insulin pump Vialand syringe
Linear accelerators for external heam . .
Lung cancer No intervention

therapy

The direct and indirect impact for treatment intervention were modelled against the control group
to calculate the annual net benefit per patient for a period of one year.

Fora model of the direct healthcare costs (and benefits) of medtech intervention, the study
considered the cost of the intervention over the patient’s remaining life, costs of GP and specialist
consultations, medical cost of the procedure and the associated hospitalization costs. The longer term
costs of recovery was also included in the model, as were the costs of any complications.

Similar to the screening model, the indirect costs were also broken up into working and non-working
populations, with lost productivity due to hospitalisation, early mortality and continued absenteeism
as a result of the disease included in the model. This model also includes caregiver absenteeism across
both working and non-working populations, to capture the impact an intervention has on limiting
independence, impacting the overall economy.

© The Economist Intelligence Unit Limited 2017 21



22

Medtech and a Vibrant Japan
The role of medical technology in healthcare spending, workforce productivity and economic growth

Figure 2: Elements of treatment model

Direct Impact Definition Indirect Impact Definition

e Cost of intervention e Costof device/uses over e Lost productivitydueto  Time needed for surgery and
lifetime hospitalization recovery x GDP per working
e Cost of physician day [not applicable for non-
consultations associated working population]
with the device

* Cost of recovery and ¢ No. of rehab sessions * Absenteeism % who take sick leave due

complications per month x months rehab to disease x no. of days of
needed x cost per session sick leave x GDP per working
¢ Costs associated with day [not applicable for non-
complication from more working population]
invasive treatments

e Caregiver absenteeism % of family member that
needs to give up work x

average number of working
days perannum x GDP per
working day

* Early mortality Years GDP lost due to disease
vs healthy population [not
applicable for non-working
population]

Modelling the four devices

Mechanical thrombectomy using stent retrievers, for cerebrovascular disease
(ischemic stroke)

There are generally two treatments for ischemic stroke where a blood clot has been identified as the
root cause of the problem: medical management using thrombolysis and mechanical thrombectomy,
using stent retrievers. Thrombolysis with tissue plasminogen activators (tPA) has long been used as a
treatment for ischemic stroke, acting by dissolving the blood clot. However, mechanical thrombectomy
has been shown to have better outcomes than medical management as a greater proportion of patients
return to independence.

Stent retrievers used in mechanical thrombectomy are used to treat patients after the location of
the blood clot has been identified during diagnosis. The device is inserted via a catheterinto the blood
vessels to retrieve the clot and therefore allow blood to start flowing to the brain once again. Evidence
shows that the first few hours between presenting at the emergency department and receiving
treatment are vitalin the outcome and prognosis for an individual. Mechanical thrombectomy needs to
be performed within 6 hours, whereas medical management allows a window of 4 hours for the hope of
a successful outcome.
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The net annual benefit associated with the mechanical thrombectomy using stent retrievers is
¥1,173,628 ($11,236) in the working-age population versus ¥615,915 ($5,897) for the non-working
population, with a net overall gain of ¥649,378 ($6,217). Most of these gains are from the reduced
need for caregivers, and reduced absenteeism. The findings show that although up-front treatment
expenditure may be greater when using mechanical technology, the benefits gained from indirect
costs far outweigh those seen following medical management. In addition, this model does notinclude
otherintangible benefits such as quality of life and better mental health - this would likely increase
the benefits associated with greaterindependence seen with mechanical thrombectomy.

Table 11: Net benefits (costs) of mechanical thrombectomy vs tissue plasminogen activators (tPA) (2016)

Per Patient / Per year Description Working age Non-working age
. . . . . ¥105,582

Cost of intervention Higher cost of stent retriever surgery vs. clot dissolvers ( )
S ($1,011)
S  (ostof d . ¥33,381

08 o. rec.overy an Includes acute care costs, and outpatient drugs

complications $320

Loss productivitydue  No differencein hospitalisation period, with longer Y0 Y0

to hospitalisation outpatient recovery modelled under absenteeism
o Absenteeism Workdays missed due to outpatient care, additional sick ¥557,713 Yo
15 days $5,340
E Caregiver absenteeism Greaterindependence from stent retrievers, reducing ¥688,117

g need for caregivers $6,588

Inconclusive evidence on differencesin all-cause
E M i ¥ ¥
arly Mortality mortality between the two interventions 0 0
¥1,173,628 ¥615,915

$11,236 $5,897

TOTAL Average benefit per patient ¥649,378 | $6,217

1USD =104.45 JPY
EIU Analysis and Primary Research

TOTAL per patient

In terms of direct healthcare costs, mechanical thrombectomy was ¥72,201 ($691) higher
compared to medicalintervention. This is because the cost of intervention -i.e. the surgery - is
significantly higher than using clot dissolvers. This is slightly offset by the lower cost of complications.
Mechanical thrombectomy results in better outcomes, with a higher ratio of patients able to return
toindependence, and fewer suffer a fatal stroke. Thus, there is some difference in healthcare
expenditure for acute care. There was no significant difference in healthcare use for recovery, as
patients take approximately 9 days of hospitalisation and 7 weeks of immediate rehabilitation for both
interventions.
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Forindirect costs to the economy, most of the difference is due to absenteeism and caregiver
absenteeism, as there are no significant difference in the hospitalisation requirement between the
two interventions. To model absenteeism, the costs for the 6% of patients who are of working age were
modelled. Working-age patients who make a full recovery after a mechanical thrombectomy typically
take an additional 2 weeks to recover to independence, whereas those who have medical management
take 4 weeks. In contrast, patients who make a partial recovery —i.e. who recover, but remain
dependent - recover on average after 3.5 months and 5 months respectively. This results in a net cost
of¥557,713 ($5,340) in the working-age population, and a net cost of ¥33,381 ($320) when averaged
across the patient population.

The greatest burden felt as a result of stroke is not mortality, but rather the level of disability. A
significant portion of patient make a partial recovery, where they are in a dependent state following
a stroke. This results in a higher requirement for caregivers — both formaland informal - where the
patient has to be looked after by a full-time caregiver, in many cases a family member. This has a
negative impact on GDP, as these individuals could have participated in the wider economy.

Hip replacement implants for musculoskeletal disorder

Around 15% of the Japanese population suffers from moderate to severe chronic musculoskeletal pain
persisting for at least 6 months®. Treatment for musculoskeletal pain is generally based on a biomedical
model that has been used for many years i.e. treatment with non-steroidal anti-inflammatory drugs
(NSAIDs), channel blockers and opioid analgesics to alleviate chronic pain. These medications are
widely used for their anti-inflammatory and analgesic effects.

Medical devices, on the other hand, allow for better disease management and cure. In particular,
hip replacement surgery for chronic pain can dramatically reduce sick days and raise productivity. This
technology often improves the chances of curing a patient’s condition, can extend his or her survival and
can boost the economy through expanded workforce participation and stronger performance on the job.

The estimated annual net health system costs and additional impact on GDP from hip replacement
implants was ¥2,338,883 ($22,392) per working-age patient and ¥4,432,112 ($42,433) per non-
working age patient, with an average benefit of ¥2,932,054 ($28,071).

A patient presenting with hip pain will undergo physician consultations before undergoing hip
replacement surgery. Due to surgery, the patient would spend on an average 23 days in hospitaland
cost the healthcare system ¥13,474 ($129) per hospitalization day, followed by approximately 12
sessions of rehabilitation over a period of 3 months. The cost of hip replacement procedure is around
¥731,150 ($7000) per patient with additional medical cost of hip implant device (¥292,982 / $2,805)
and cost of physician consultations (¥62,670 / $600) both pre- and post-surgery. On the other hand,
a patient underdoing pharmacological treatment for chronic hip pain onlyincurs the cost of pain-and
inflammation-relieving medications such as NSAIDs and COX-2 inhibitors (¥376,020 / $3,600) with the
additional medical cost of consulting a physician every quarter. Upon summation of the costs, the annual
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Table 12: Net benefits (costs) of hip replacement vs. pain relievers (2016)

Per Patient / Per year Description Working age Non-working age
Cost of intervention Co.st of1.mplantand surgery, including hospitalisation vs. (¥715,602)
8 pain relievers (%6,851)
S Costof recovery and . . (¥424,903)
Reh forh
s ehab required for hip replacements (54,068)
Loss productivitydue _. . (¥1,015,254)
T Time taken for radiotherapy and recovery ($9,720) ¥0
. . . - . ¥1,884,311
g Absenteeism Workdays missed due to outpatient care, additional sick days 518,040 ¥0
k= . . : : : . ¥5,572,616
Caregiver absenteeism Cost of end-of-life care, included caregiver absenteeism $53.352
. . (¥2,962,286)
Early Mortality One year survival (528,361) ¥0
. ¥2,338,883 ¥4,432,112
TOTAL per patient 522,392 $42,433

TOTAL Average benefit per patient ¥2,932,054 | $28,071

1USD =104.45 JPY
EIU Analysis and Primary Research

directimpact for hip replacement surgery for working and non-working age population was ¥1,600,090
($15,319) per patient to the healthcare system. The annual direct impact for pharmacological treatment
for working and non-working age population was ¥459,580 ($4,400) per patient.

Forindirect costs, lost productivity due to hospitalization of ¥1,015,254 ($9,720) was modelled
only for the treatment scenario since undergoing pharmacological treatment does not require
hospitalization. The number of days needed for surgery and recovery were assumed to be 45 days on
average. Theindirect impact of absenteeism resulted in a net negative value of ¥1,353,672 ($12,960)
per patient per year. On the other hand, the impact of absenteeism for control group resulted in a
higher negative value of ¥3,237,981 ($31,000). Early diagnosis and intervention, as well as timely and
appropriate rehabilitation allow people to keep their jobs, help better management of disease and
reduce the burden of chronic disease on the wider economy and society.

Theindirect costs of ill-health extend beyond lost productivity and foregone income of the individual,
often impacting the labour participation of family members. Employees who had a family member
undergoing hip replacement surgery, experienced reduced productivity of ¥11,145,233 ($106,704), as
many have had to give up work to take care of the patients. On the other hand, employees with a family
members on pharmacological treatment for hip joint disorder experienced a higher lost productivity of
¥16,717,849 ($160,056) due to extra reliance needed by patients with chronic pain.
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Insulin pumps for diabetes

Approximately 13.5% of the Japanese population has either Type 2 diabetes or impaired glucose
tolerance™ with highest prevalence within the working age population (54-65 years). Variations

in blood glucose have been implicated in causing complications which can lead to a number of
comorbidities and mortality in diabetics. Insulin is generally administered using multiple daily
injections with the dose adjusted according to eating, physical activity and blood glucose levels.
Medical devices such asinsulin pump, on the other hand, allow for better disease management as the
device allows the ability to easily administer multiple insulin boluses without the need for injections,
thus allowing for more accurate insulin dosing. Moreover, the insulin pump predicts the amount of

1 Neville S.E., Boye K.S., active insulin thereby avoiding “insulin stacking’.
Montgomery W.S. etal.,
“Diabetesin Japan: a review The overall economicimpact from insulin pumps is presented as an average net gain of ¥65,115
approaches to treatment.” ($623) per per.son inoneyear— thls was ach.1eved by combining the gains of ¥168,407 ($1,612) for
Digbetes Metab Res Rev., the 51% of patients who are working-age, with the net annual costs of ¥42,198 ($404) for the 49% of

2009 Nov;25(8):705-16. patient who are not of working age.

of disease burden and

Table 13: Net benefits (costs) of insulin pumps vs syringe and vial (2016)

Per Patient / Per year Description Working age Non-working age
. . Higher cost of insulin pumps, spread over lifetime of use, vs. (¥123,260)
Cost of int ti . . c .
8 ostotintervention syringe and vial. Includes care and examination fees ($1,180)
S Costof recovery and Chance of complications, and associated cost of ¥2,263
complications complications $22
Loss pr(?du?tlw.ty due No hospitalisation required for eitherinterventions ¥0 ¥0
to hospitalisation
. . o\ . ¥180,
x5 Absenteeism Workdays missed due to outpatient care, additional sick days $8107:§0 ¥0
(<] 7
E . . Greaterindependence from insulin pumps, reducing need for ¥78,823
Caregiver absenteeism .
caregivers $755
. . . ¥30,092
Early Mortality Lower all-cause mortality for patients on insulin pumps 4288 ¥0
. ¥168,407 (¥42,198)
TOTAL
OTAL per patient $1,612 (3404)

TOTAL Average benefit per patient ¥65,115 | $623

1USD =104.45 JPY
EIU Analysis and Primary Research

This higher up-front costs and associated care fees are the key barriers to wider insulin pump
adoption when compared to syringe and vial administration. However, the cost of complications
arising from use of insulin pump are significantly lower as compared to insulin injection due to
better management of disease. Upon summation of the costs, the per patient annual direct cost to
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the healthcare system for insulin pumps totalled ¥249,976 ($2,393), in contrast to vial and syringe
treatment, which amounted to ¥128,979 ($1,235). This net cost to the healthcare system of ¥120,997
($1,158) is more than offset by the indirect benefits of the medical device. In both cases, in-patient
care or hospitalisation was not required, but patients may need to spend up to a dayin a healthcare
facility to understand how to best use theirinsulin pump and how to administer insulin via a syringe.

Due to the degree of control and feedback from the insulin pump, patients typically reduce the
number of work days missed. Working-age patients on insulin pumps typically miss only 3 days of work
per year, versus 11 days for those on syringe and vial. This results in a gain from absenteeism from
insulin pumps of ¥180,490 ($1,728) per year. Moreover, the productivity lost due to early mortality
was higher for patients using self-injection approach as compared to insulin pumps. Insulin pump can
dramatically reduce the cost of complications and risk of early mortality, thus boosting the economy
through expanded workforce participation and stronger performance on the job.

Theindirect costs of the additional effort to administerinsulin via a syringe extend beyond lost
productivity and foregone income of the individual, often impacting on the labour participation
of family members. Employees with a family member undergoing treatment using insulin pump
experienced reduced productivity of ¥185,148 ($1,773). In contrast, employees with a family member
onvialand syringe treatment for diabetes experienced a higher lost productivity of ¥263,966
($2,527), due to extra care needed by patients.

Overall theindirect impact of using technology per working-age patient was ¥282,362 ($2,703) and
theindirect impact of caregiver absenteeism per non-working age patient was ¥185,143 ($1,772). On
the other hand, the indirectimpact of vial and syringe treatment per working-age patient was ¥571,767
($5,474) and the indirect impact of caregiver absenteeism per non-working age patient was ¥263,966
($2,527). To conclude, technology did not reduce the cost of medical care. However, improved quality
of life and reduced early mortality rate contributed to significant economic gains generated by higher
workplace productivity.

Linear accelerators (LINAC) for stereotactic body radiation therapy (SBRT), for
inoperable lung cancer

Treatment for lung canceris complex and multifaceted, depending on a range of factors including
stage, the age and fragility of the patient, the site of the cancer and patient preference. Linear
accelerators are a relatively new technology that are used to deliver stereotactic body radiation
therapy (SBRT). Thisis a therapy that consists of focussed, high-energy radiotherapy that can destroy
the cancer cells while sparing the surrounding normal tissue. SBRT can be used with or without surgery
and chemotherapy. This study investigates a specific use of SBRT: that of salvage therapy for early
stage cancers that are inoperable, either because of the morphology of the tumour or perhaps because
the patientis unable to undergo surgery (for example because they are too fragile) or chooses not to
undergo surgery. Chemotherapy alone tends not to be used for this patient pool, so the control group
in thisinstance receives no treatment.
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The estimated net annual benefit during the first year after treatment from SBRT as a stand-alone
salvage therapy for early stage non-small cell canceris ¥1,298,209 ($12,429) per working-age patient,
and a benefit of ¥544,811 ($5,216) per non-working age patient. Benefits come from the significant
reduction in mortality resulting in reduced lost GDP and reduced need for end-of-life care.

Table 14: Net benefits (costs) of SBRT vs palliative care (2016)

Per Patient / Per year Description Working age Non-working age

Cost of intervention Additional cost of device use and consultations for six (¥483,812)
B SBRT sessions and in-patient care vs. no intervention ($4,632)
S Costofrecovery and Additional follow-up consultations for first year post- (¥104,450)

complications treatmentvs. nointervention ($1,000)

Loss productivity due . . ¥261,710

to hol:pital:.isavtjia . Time taken for radiotherapy and recovery ( (2,506) ) ¥0

. Workd issed due to outpatient care, additional sick ¥224,254
. Absenteeism orkdays missed due to outpatient care, additional sic ( ) Y0
e days (%$2,147)
E
X . . . . . ¥924,225
S Caregiver absenteeism Cost of end-of-life care, included caregiver absenteeism $8 848
. . ¥1,239,330
Early Mortality One year survival $11,865 ¥0
. ¥1,298,209 ¥544,811
TOTAL per patient $12,429 $5,216

TOTAL Average benefit per patient ¥448,967 | $4,298

1USD =104.45 JPY

EIU Analysis and Primary Research

17Zheng X., Schipper M.,
KidwellK. etal. “Survival
Outcome After Stereotactic
Body Radiation Therapy and
Surgery for Stage I Non-
Small Cell Lung Cancer: A
Meta-Analysis.” Int J Radiat
Oncol Biol Phys., 2014;
90(3): 603-11.
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Patients undergoing stereotactic body radiation therapy for stage one lung cancer can be treated
either as aninpatient or outpatient. About 40% of patients are treated as inpatients, 60% as outpatients.
Both groups of patients will typically attend six radiotherapy sessions. Inpatients will receive those
sessions over a hospitalised period of on average 20 days, the cost of which are assumed at ¥107,792
($1,032). All patients typically receive five follow-up consultations during the first year post-treatment,
ata cost to the healthcare system of ¥104,450 ($1000). The sum of the direct cost to the healthcare
system, taking into account the mix of inpatients and outpatients, calculated as ¥588,262 ($5,632).

Interms of theindirect costs and benefits of stereotactic body radiation therapy, the model
considered absenteeism, early mortality and end of life care. Itis assumed that absenteeism can be
caused by a) time taken for treatment and initial recovery (the six sessions described above, and the
twenty days in hospital forinpatients), b) the time taken off work for the five follow-up consultations,
and c) time off work because of complications arising from the treatment. For complications off-work,
an estimated 2% of patients are unable to return to work because of complications. For early mortality,
the one year survival rate for patients undergoing treatment is 97%, while for those receiving no
treatment have a one year survival of 53%".

© The Economist Intelligence Unit Limited 2017



Medtech and a Vibrant Japan
The role of medical technology in healthcare spending, workforce productivity and economic growth

4. Conclusions

Asigm’ﬁcant proportion of working-age peoplein Japan are affected by one or more of the diseases
outlined in this study. This can have significant social and economic consequences for these
individuals, their family caregivers and can impede the productive capacity of the overall workforce and
the Japanese economy.

A number of medical technologies have been developed to support people with long-term chronic
conditions. The technologies and devices highlighted in this report have all been found to offer savings
to the Japanese economy when comparing direct and indirect costs to the costs of the alternative
without the use of a medical technology. The savings witnessed have come through the following:

® Avoided downstream healthcare costs

Improved quality of life and healthy, active aging

Reduced need forinformaland social care and reduced burden on family caregivers
Increased labour market participation and reduced absenteeism

Improved work productivity and reduced lost work days

Effective disease management and reduced mortality

Much of the conversation in Japan and elsewhere about medical technology has focused on the
short-term affordability of devices. Our research and the wider literature suggests that attention
should also be focused on the savings these interventions may make 1) to the wider economy as a
whole, and 2) over the medium to longer-term. Our findings indicate that short-term savings made by
notinvesting in medical technologies may be a false economy.

Comparison to the literature

The results of our broad-based modelling approach echo those of other modelling studies looking
attechnologies. We describe here four studies that have modelled the economicimpact of health
technologies across national economies.

A report by the Milken Institute reviewed a range of technologies in diabetes, heart disease,
musculoskeletal disease and colorectal cancer®?. The modelling approach not only investigated
current costs and benefits of medical technologies but also modelled the likely impact of future tax
and regulatory scenarios. The authors concluded that the medical technologies studied generated
economic returns that were substantially greater than their costs. The gains were found through the
avoidance of side-effects of uncontrolled disease, reducing hospital stay, and improving survival,

2 Milken Institute, “Healthy
Savings: Medical Technology
and the Economic Burden
workforce participation and productivity. of Disease”. Santa Monica
(CA): Milken Institute, 2014.
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The Work Foundation, part of Lancaster University, also set out to review the overallimpact of
medical technologies®. The first part of their research was a literature review of quantitative studies
that assessed the costs and benefits of individual technologies; they then went on to perform
qualitative interviews, workshops and focus groups with experts and stakeholders. The Foundation
researched a range of technologies, including artificial hip/knee replacements, implantable
cardioverter-defibrillators and insulin-pump therapy. The researchers concluded that there were three
overall areas that saw benefits from medical technologies 1) improvements in health care, 2) improving
quality of life and independent living, and 3) labour market participation and productivity. The authors
suggest that the long-term effects of medicalinterventions are rarely recognised by policymakers,
hampering their update.

A working paper from the National Bureau of Economic Research took a different approach to
estimating the lifetime costs and benefits of medical technology. The author collected US Medicare
data for patients treated for a heart attackin the late 1980s, and followed their outcomes for 17
years after the intervention. The results show that revascularization technology gave over a year of
additional life expectancy at a cost of about $40,000. While the author did not quantify the potential
economic benefits of that additional year of life, it was noted that medical technology might be a good
deal “if it extends the length or quality of life or otherwise results in positive social returns”.

Finally, a review of case studies on medical technologyin the journal Health Affairs looked at the
impact of medical technology in five disease areas™. Medical technology costs were identified through
the assessment of current and future cost of each disease under study. Future costs were discounted
at 3%, though the author reported that the qualitative results were not very sensitive to this discount
rate. In four of the five disease areas—heart attacks, low birth-weight infants, depression, and
cataracts—the benefits of using technology were found to outweigh the costs. Benefits were calculated
to have come from factors such as increased longevity, improved quality of life, and less time absent
from work. In the case of the fifth condition, breast cancer, costs and benefits were about even.

The Milken and Work Foundation reports were both at least partly funded by AdvaMed (the sponsors
of this report). Nevertheless, the methods used for both reports incorporated reasonable assumptions
and cost estimates, and the overall direction of results is consistent with the themes identified in the
academic reports. Taken together, the literature and our results support the argument that targeted
investmentin medical technology offers the opportunities for substantial savings across the wider
economy.
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Study limitations

All modelling studies necessarily make assumptions and simplifications. While the EIU is confident that
the modelling approach used in this study provides fair and illustrative figures of the economicimpact
of medical technologies in Japan, there remain some limitations. These are outlined below, mapped
against the report’s mitigating strategies:

® Onlyfour diseases and eight medical devices were modelled. A fully comprehensive study of the
entirety of medtech would be both time- and cost-prohibitive. Instead, four diseases were chosen

based on carefully screened criteria to ensure significant disease burdens, and the selection of
the eight devices was done with broad applicability in mind. The rationale and methodology is
explored furtherin the Appendix.

® Models are non-exhaustive in terms of cost items, externalities or clinical outcome. Similarly,
an exhaustive accounting of all the components would be time- and cost-prohibitive. Instead, a
comprehensive literature review was conducted to identify key cost components. Details of this is
included in the Appendix

® Data was notsolely from Japanese sources: While all efforts were made to extract data from peer-
reviewed articles using Japanese case studies where possible, a number of line items required
the use of international sources. These international sources, primarily from studies from other
OECD nations, were validated and localised to the Japanese context via interviews with practicing
clinicians and Japanese health economists.

® Selective choice of models. As the objective of the study was to investigate the costs and savings
of using medtech, the selection of devices required scenarios where there was a non-medtech
alternative. This required a careful additional screening of devices to meet these requirements,
and contributed to the narrow scope of some case studies (e.g. the model for the HbAlctest only
considered screening, not monitoring)

As a result, the EIU believes that that the approach used in this study offers a valuable assessment
of the potential savings, as well as the costs, of medtech in Japan.
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Appendix

Disease selection

In order to build a representative model of Japan’s healthcare burden using only four diseases, it is
imperative that the selection of these four diseases be via filters that ensure they have a large impact on
the Japanese population — while there is significant medtech investment in rare diseases, using these is
unlikely to provide a broad view of the overallimpact of medtech. As a result, the following four diseases
were chosen - cerebrovascular disease, lung cancer, diabetes mellitus and musculoskeletal disorders.

To ensure the diseases were representative we used three criteria: large social burden, large
economic burden, and publicinterest. Disability Adjusted Life Years (DALYs) were used to assess the
first criteria. DALYs are a time-based summary measure of population health combining the years of life
lost (YLLs) from early death and the years of life lost due to the time living with disability (YLDs).

Figure 3: DALYs, YLLs and YLDs

Years of Life Lost
Disability-Adjusted Life Year (DALY) _ (YLLs) + Years lived with Disability (YLD)
Burden of disability associated with disease ~  Total average years of life lost Totalyears lived with disability

due to disease

Table 15: Top 15 diseases / disability by DALY

2013 DALY YLDs YLLs
1. Low back and neck pain 2,312,466 2,312,466
2. Cerebrovascular disease 2,084,506 256,951 1,827,555
3. Ischemic heart disease 1,720,158 357,781 1,362,377
4. Lower respiratory infections 1,192,792 7,868 1,184,924
5. Tracheal, bronchus & lung cancer 1,114,777 23,251 1,091,526
6. Diabetes mellitus 1,009,618 895,085 114,533
7. Depressive disorders 985,255 985,255
8. Stomach cancer 952,322 25,738 926,584
9. Chronic obstructive pulmonary disease 872,544 383,464 489,079
10.  Alzheimer disease and other dementias 859,838 489,137 370,701
11.  Colonand rectum cancer 806,768 56,805 749,963
12.  Skinand subcutaneous diseases 785,595 768,479 17,116
13. Liver cancer 743,183 10,179 733,005
14.  Falls 722,592 584,403 138,189
15.  Chronic kidney disease 615496 241,764 374,182

Source: Institute for Health Metrics and Evaluation (Global burden of disease) - Japan (2013)
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Cerebrovascular Diseases
Lung Cancer

Diabetes Mellitus
Musculoskeletal

While burden of disease is a good proxy of the overall impact of disease on a society, this was
supplemented by the second criteria: a consideration of the economic burden of disease. This criteria
was assessed based on top diseases by healthcare expenditure as well as top diseases by hospital
discharges. This ensures the cost models incorporated diseases that have a significant impact on the
healthcare budget and captures a significant portion of the healthcare infrastructure.

Table 16: Top 15 diseases / disability by expenditure (JPY m)

Inpatient Outpatient Total
1.  Diseases of the circulatory system 3,159,900 2,500,300 5,660,200
2. Neoplasms 2,341,300 1,133,800 3,475,100
3.  Diseases of the respiratory system 855,400 1,258,600 2,114,000
4. Diseases of musculoskeletal system and connective tissue 852,100 1,174,200 2,026,300
5.  Endocrine, nutritionaland metabolic diseases 505,900 1,476,900 1,982,800
6.  Mentaland behavioural disorders 1,459,300 499,800 1,959,100
7. Diseases of the genitourinary system 548,000 1,391,000 1,939,000
8.  Injury, poisoning and other consequences of external causes 1,293,200 502,600 1,795,800
9.  Diseases of the digestive system 857,900 792,400 1,650,300
10. Diseases of the nervous system 805,600 361,000 1,166,600
11. Diseases of the eye and adnexa 246,200 710,900 957,100
12. Infectious and parasitic diseases 265,300 409,000 674,300
13. Diseases of the skin and subcutaneous tissue 93,800 370,400 464,200
14.  Symptoms, signs and abnormal clinical and laboratory findings 194,400 213,800 408,200
15. Diseases of the blood and bloodforming organs 122,900 98,500 221,400

Source: OECD.Stat, using System of Health Accounts (SHA) Fframework

Allfour of the disease areas chosen are well represented amongst the metrics above and are classified
as non-communicable diseases. Commonly known as ‘lifestyle diseases’, these afflictions have become
the chief cause of mortality and morbidity in Japan. Thisisin part due to aging population, as the
burden of chronic health conditions increases steadily with age, and in part due to the greater adoption
of a‘Western’ diet, and of health-damaging habits such as smoking. Combating these lifestyle diseases
has become a key priority of the Ministry of Health, Welfare and Labour, as laid out in its “Health Japan
21 (second term)’ plan, which covers 2013 until the present. Three of the four diseases chosen for the
model are targeted by the MHLW as key action areas for prevention of both onset and progression.
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Table 17: Top 15 diseases / disability by hospital discharges (2016)

No. of hospital discharges

1. Cerebrovascular diseases 692,500
2. Single spontaneous delivery (birth) 542,000
3. Pneumonia 481,100
4. Cataract 452,200
5. Malignant neoplasm of colon, rectum and anus 404,200
6. Malignant neoplasm of trachea, bronchus and lung 362,900
7. Angina pectoris 343,200
8. Complications of pregnancy in the antenatal period 272,300
9. Fracture of femur 267,500
10. Heart failure 256,300
11. Deforming dorsopathies and spondylopathies 238,400
12. Diabetes mellitus 218,900
13. Cholelithiasis 206,300
14. Renal failure 186,800
15. Conduction disorders and cardiac arrhythmias 174,700

Source: OECD.Stat, using System of Health Accounts (SHA) Framework

This approach of using three criteria resulted in the four selected disease areas that we believe are
a representative cross-sampling of the disease burden in Japan, and should serve as proxies to model
out the overall economicimpact from medtech. We describe below a brief epidemiologicalintroduction
to the four disease areas in Japan.

Cerebrovascular disease

According to the World Health Organisation (WHO), stroke is the leading cause of disability and the
second leading cause of death for people over the age of 60 worldwide. Stroke is not just a major
public healthissue, butitalso putsincreasing strain on healthcare systems, quality of life and the
wider economy. Although most prevalentin individuals over the age of 60, anyone can suffer from a
stroke. As well as producing a high mortality burden, strokes also resultin a high disability burden.
Stroke patients that survive the acute episode are often left with some degree of disability, with many
remaining dependent on care-givers because of it.

In Japan specifically, stroke poses a huge burden on the healthcare system. Recent evidence shows
that:

® Itisthe second leading cause of disability in the country which resulted in 256,951 years lived with
disability (YLD) in 2013

® Inthesameyear, it was also responsible for 1,827,555 years of life lost (YLL)

® Tt coststhe Japanese government approximately ¥5,600,200 per annum
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Figure 4: Health Japan 21 (the second term) targets

Health Japan 21 (the second term)

List of targets

A list of all targets for Health Japan 21 (the second term) has been published

Table 1: Targets for acheiving extension of healthy life expectancy and reduction of health disparities
Table 2: Targets for the prevention of onset and progression of life-style related diseases

(1) Cancer

(2) Cardiovascular disease

(3) Diabetes

(4) COPD

Table 3: Targets for maintenance and improvement of functions necessary for engaging in social life
(1) Mental health

(2) Children’s health

(3) Health of elderly people

Table 4: Targets for putting in place a social environment to support and protect health

Table 5: Targets forimprovement of everyday habits and social environment relating to nutrition and dietary habits,
physical activity and exercise, rest, alcohol, and smoking, and dentaland oral health

(1) Nutrition and dietary habits
(2) Physical activity and exercise
(3) Rest

(4) Alcohol drinking

(5) Tobacco smoking

(6) Dentaland Oral health

(1) Cancer

Indicators Current data Target

1 Reduction in age-adjusted mortality rate

of cancer under age 75 (per 100,000) 84.3(2010) 73.9(2015)

Gastric cancer

Male 36.6% Female 28.3%

Lung cancer

Male 26.4% Female 23.0% 50%
2 Increasein participation rate of cancer Colorectal cancer (40% for gastric, lung, and
screenings Male 28.1% Female 23.9% colorectal cancer)

Cervical cancer (2016)

Female 37.7%

Breast cancer

Female 39.1% (2010)

Note: These rates representindividuals who are between 40 and 69 years old (for cervical cancer age of individuals is
between 20 and 69 years).

Source: Ministry of Health, labour and Welfare. “Health Japan 21 (the second term).” Available at: http://www.mhlw.
go.jp/seisakunitsuite/bunya/kenkou_iryou/kenkou/kenkounippon21/en/kenkounippon21/mokuhyou02.html
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® Although the highest prevalence of stroke in Japanisinindividuals over the age of 70; 651,621 in
2015, stroke affects almost 600,000 individuals a year between the ages of 15 and 69

Japan’s aging population combined with the rising prevalence of conditions such as obesity and
diabetes mean that these numbers are only set to increase over the next few years.

Diabetes

Diabetes mellitus is a medical condition that is caused by high blood glucose (blood sugar), either due
toinadequateinsulin production, or that a person’s body cells do not respond properly to insulin, or

a combination of both. Diabetes mellitus constitutes a major health burden in terms of mortality and
impaired quality of life, and the prevalence of diabetes continues to increase globally.

In recent years there has been rapid growth in diabetes in Japan. It is now one of the nations most
affected by the worldwide diabetes epidemic. The rapidly increasing prevalence of type 2 diabetes,
particularly due to population aging and sedentary lifestyle, hasimportant consequences. Evidence
suggests:

® Approximately 13.5% of the Japanese population has either type 2 diabetes orimpaired glucose
tolerance with highest prevalence within the working age population (54-65 years)

® 7.2 million Japanese were diagnosed with diabetesin 2015
® C(osttothe national health insuranceis ~ $4,000 per patient per year

® Diabetes accounts for up to 6% of the total healthcare budget

Lung cancer

Lung canceris one of the most prevalent and also one of the most serious types of cancer. There are
two main types of primary lung cancer: non-small-cell and small-cell. Non-small-cell lung canceris the
more common of the two, responsible for 80% of lung cancer cases. Although less common, small-cell
lung cancer tends to be a more aggressive form and spreads faster than non-small-cell cases. This
model concentrates on the more common non-small cell form.

Itis well documented that smoking is the principal risk factor for lung cancer, said to be responsible
for 85% of cases. Evidence suggests that:
® InJapan,in 2010, lung cancer was the fourth leading cause of death
® In 2015, the lung cancerincidence stood at 137,135
® |ung cancer mainly affects the older population; itis rareinindividuals below the age of 40 and

the ratesincrease sharply with age. The most commonly diagnosed age group is 70-74.

However, Japan boasts good outcomes for lung cancer. The Japan Foundation for Promotion of
Cancer Research recently reported that the five-year survival rate for lung cancer was, by comparison
with other countries, one of the best.
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Musculoskeletal Disorder

Musculoskeletal disorder (MSD) is an umbrella term used to describe chronic conditions that affects
muscles, bones and joints all over the body. MSDs include rheumatoid arthritis, osteoarthritis,
osteoporosis, major limb trauma, and spinal disorders. Diseases of the joints resulting in low back,
neck, hip and knee pain, are among the leading causes of disability and the prevalence of MSDs
increases with age®®. Given that the population in Japanis aging, this means that the number of
Japanese with MSDs will keep increasing. Not only will this impose a substantial burden on an
individuals’ ability to live independently and continue productive working lives, the increased
prevalence of musculoskeletal disorders will also be costly to the economy, detracting from future
productivity.

Evidence suggests that:

® MSDs account for more than 10% of years lost to disability globally®

® 1.2 millionindividuals of working age are physically disabled in Japan®

® 1In 2011, the prevalence of chronic musculoskeletal pain in Japan was 15.4%?%

® Prevalence was highestin peoplein their 40s (18.6%), followed by those in their 30s (18.3%) and
50s (17%)

As MSDs encompass a wide variety of ailments, with multiple treatments, for the purpose of this
report, the model will focus in on osteoporosis and hip pain.

Osteoporosis is a medical condition characterized by a systemic impairment of bone mass, decrease
in bone mineral content and microarchitecture that results in fragility fractures. Disorders of the hip
joint especially hip fracture is the most serious complication of osteoporosis and has been recognized
as a major cause of becoming bedridden in Japan. While osteoporosis is the leading cause of hip pain
and hip fractures, other diseases such as rheumatoid arthritis, tendinitis and bursitis can also lead to
hip pain. Evidence suggests:

® Number of peoplein Japan who need supportin daily life and long-term care due to Osteoporosis is
about 5.5 million, and the number has been increasing steadily®

® 13 million peoplein Japan were affected due to hip fractures
® Incidence rate of hip fracture in Japan were 5.11in 10,000 men and 18.1in 10,000 women

® Hipfractures are also associated with a high mortality ratei.e. 15% during one year after the
fracture
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Device selection

In addition to disease selection, itis also necessary to ensure that the selection of devices is
representative. As ‘medtech’is an umbrella term thatincorporates a large — and growing - category of
interventions, devices were selected that reflect the diversity of medical technology. When selecting
devices we considered the following:

® (Common vs rare: Commonly used international (and Japanese) standard of care vs. technologies
where Japan has set the gold standard of care

® Established vs new: Devices that have withstood the test of time vs. new technologies recently
introduced to the Japanese market

® Screeningvs treatment: Screening / diagnostic tools vs. intervention / treatment devices
® largevssmall: Large scale capital equipment vs. disposable, single-use devices vs. long-term

implants

In addition to the above requirements, due to the approach of the study, another consideration
when choosing devices was depth of data. As this study is primarily driven from secondary research,
supported by in-field primary research, availability of published literature (English & Japanese) with
respect to the economic contribution per medical device was a key requirement for inclusion.

Table 18: Medical Devices Investigated

Disease Medical Technology (Screening) Medical Technology (Treatment)
Cerebrovascular disease Carotid Angiography with catheter Metal mesh cages: Stent retrievers
. Linear accelerators for external beam
Lung Cancer Low-dose Spiral CT scan (CT scanners) mneara é arbea
therapy
Diabetes Mellitus HbA1c test kit Insulin pump

Hip replacement surgery-hip

Musculoskeletal disorders Dual-energy X-ray absorptiometry ks

Research program

To assess the impact of each of the devices, a research program that utilised both primary and
secondary sources to develop a Japan-specific model was executed. This research program followed a
three-phased approach, with the following components:

A. In-depth literature review to build the modelling framework

B. Secondary research of existing international and Japanese-specific literature to complete the
model and identify data gaps

C. Primary research to validate findings and to localize international sources
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A literature review was conducted to evaluate different modelling approaches which could be
used to build the model used in this study. The review used a range of pragmatic and iterative search

methods including searching databases, grey literature searches and reference harvesting. There were

no search limits on language.

Itidentified key data inputs to use when modelling the economic costs.

Table 19: Literature review data inputs

Direct medical costs:

Treatment expenditure

Disease management and long-term care

Indirect costs:

Lost work output and productivity (absenteeism)

Changes in life expectancy (early mortality)

Foregone GDP

Chatterjee 2014%
Cutler 2001
Skinner 2006
Orlando 20132¢
Bevan 20117
Baker 20082

Chatterjee 2014
Cutler 2001
Skinner 2006

Chatterjee 2014
Cutler 2001
Skinner 2006
Bevan 2008

Cutler 2001
Skinner 2006
Orlando 2013

Chatterjee 2014
Cutler 2001
Skinner 2006

Using the key data inputs identified in the literature review, potential parameters were chosen to

measure economic costs and benefits. The approach used a tailored model to establish the economic
contributions of medical technologies on direct and indirect costs and benefits.

Once the data points for the model were finalised, quantification of relevant costs and benefits were
based on existing published research. For some data points, international data was identified through
desk research. In these cases, in-depth interviews with Japanese experts were used to validate
findings. Japanese experts were recruited using a variety of screener questions to identify specialists
in the field who would be most useful for insight and validation of costs in Japan.
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Figure 5: Parameters in modelling framework

e Cost of screening
e Cost of diagnosis
Impact on the healthcare system (direct costs) o Cost of treatment
o Cost of hospitalisation
e Cost of recovery (long-term care)

e Reduced absenteeism

o Costs avoided from earlier diagnosis

e Lost work productivity (disability, mortality)
e Impact oninformal care

Impact on the economy (Indirect costs)

The economic evaluation was undertaken from two perspectives: healthcare system (direct costs)
and societal (indirect costs). The societal perspective (indirect costs) was taken into accountin order
to understand the impact of the intervention on the welfare of society as a whole.

Cost models considered the patient pathways involved in each disease to measure both the direct
and indirect impact of each medical technology on the Japanese healthcare system. The model
incorporated costs and benefits per device to calculate the economicimpact as well as average savings.

The timing of costs and consequences is an important consideration in economic evaluations,
especially for health-care programs for which most of the costs are incurred at the present moment
and health benefits occurin the future. However, for this study the analytic horizon is of one year and
therefore discounting calculations were not undertaken.
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