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Abstract

Background: Screening for coronary artery disease (CAD) in asymptomatic diabetic patients with atherogenic risk factors is recommended by
the American College of Cardiology/American Diabetes Association. It is not clear whether these guidelines apply to the Japanese population
with a different epidemiology of CAD. This study evaluates the applicability of the U.S. guidelines to Japan, taking account of cost-
effectiveness.

Design: A cost-effectiveness analysis using a Markov model was performed to measure the clinical benefit and cost of CAD screening in
asymptomatic patients with diabetes and additional atherogenic risk factors, We evaluated cohorts of patients stratified by age. gender, and
atherogenic risks. The incremental cost-effectiveness of not screening, exercise electrocardiography, exercise echocardiography, and exercise
single-photon emission-tomography (SPECT) was calculated. The data used were obtained from the literature. Qutcomes are expressed as US
dollars per quality-adjusted life year (QALY).

Resulis: Compared with not screening, the incremental cost-effectiveness ratio (ICER) of exercise electrocardiography was $31.400/QALY for
60-year-old asymptomatic diabetic men, and 46,600 for 65-year-old women with hypertension and smoking. The ICER of exercise
echocardiography was $31,500/QALY and of SPECT was $326,000/QALY, compared with the next dominant strategy. Sensitivity analyses
found that these results varied according to age, gender, the combination of additional atherogenic risk factors, and the frequency of screening.
Conclusion: From a societal perspective the U.S. guidelines on screening for CAD in high risk diabetic patients are applicable to the Japanese
population. However, the population subjected to screening should be carefully selected to obtain greatest benefit from screening.

© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
* Corresponding author. Tel.: +81 75 753 9467; fax: +81 75 753 4644. Coronary artery disease (CAD) is not a major cause of
E-mail address: hayasino-y@umin.net (Y. Hayashino). . morbidity and mortality in the Japanese population. The

0167-5273/$ - see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
doi:10.10164.ijcard.2006.03.086



Y. Hayashino et al. / International Journal of Cardiology 118 (2007) 88-96 89

prevalence of CAD estimated from survey data is 6.3 per
1000 persons in Japan (1999) {1], which is much less than
the U.S. prevalence of 46 per 1000 persons (2004) [2].
However, in diabetic patients, CAD is a major problem even
in Japan. The 2002 Japanese survey on diabetic patients
recently released by the Ministry of Health, Labor and
Welfare estimated that the prevalence of CAD in diabetic
patients was 158 per 1000 persons (2002) [3], which is much
higher than in the general population. In diabetic patients,
CAD is usually diagnosed at an advanced stage and has a
correspondingly dismal prognosis [4,5]. The delay in
diagnosing CAD is due partly to the presence of asymptom-
atic myocardial ischemia, thus it is very important to identify
CAD in patients with asymptomatic diabetes,

Currently the Japanese Circulation Society/Japanese
Diabetes Society does not have explicit criteria on CAD
screening, while the American College of Cardiology/
American Diabetes Association recommends that cardiac
testing be done irrespective of the presence of CAD symptoms
in diabetic patients with two or more atherogenic risk factors,
due to the high prevalence of CAD in diabetic patients [6].
However, these guidelines cannot simply be applied to
Japanese patients, because the incidence and prevalence of
CAD are different in these two countries. A cost-effectiveness
analysis may be a useful method to evaluate the applicability
of guidelines to different countries with different character-
istics [7]. In a previously published study, we have shown that
screening for CAD is cost-effective in high risk diabetic
patients in the U.S. [8]. The same model with Japanese data
could also be used to compare the cost-effectiveness of CAD
screening in these two countries.

To determine whether U.S. guidelines are applicable to
Japan’s situation with regard to cost-effectiveness ratio, we
used a Markov model to perform a cost-effectiveness
analysis of different screening strategies. We then examined
the costs and benefits of CAD screening for asymptomatic
diabetic patients with two additional atherogenic risk factors
in the Japanese population.

2. Methods

We evaluated cohorts of patients stratified by age (53, 60,
65, 70 years of age), and three pairs of atherogenic risk factors
(hypertension, smoking, and low-density lipoprotein (LDL)
level > 160 mg/dl), as recommended by the American College
of Cardiology/American Diabetes Association [6]. We
excluded the high-density lipoprotein (HDL) level as a further
risk factor because we could not find enough data to estimate
its influence on the prevalence of CAD in Japan. The base
case cohort consisted of asymptomatic men with type 2
diabetes mellitus and two additional atherogenic risk factors.
Based on Cohn’s classification [9], we defined silent myo-
cardial ischemia as asymptomatic ischemia without a history
of angina/myocardial infarction (MI). Since most available
data relates to hypertensive men who are approximately
60 years old and smoke, the base-case analysis was conducted

on this group. A Markov model was used to estimate the
lifetime costs and quality-adjusted life years [10].

We used the DATA 3.5.9 software (TreeAge Software,
Inc, Williamstown, MA, USA) to calculate costs and
outcomes. Costs were estimated from a societal perspective,
and outcomes were measured in quality-adjusted life years
(QALYs). We then calculated the incremental cost-effec-
tiveness for all competing strategies.

2.1. Decision-analytic model
To compare the situations in the U.S. and Japan, we used the

model that we used to evaluate the cost-effectiveness of
screening in the U.S. [8], but with Japanese data. Here, we

Table 1
Bascline values and ranges in sensitivity analysis
Variables Baseline  Lower Upper Reference
value range range
Prevalence of 0.32 0.22 0.42 [15,16,26,63]
asymptomatic
ischemia
in base-case
(estimated)®
Annual incidence 13.7 9.6 17.8  [13,14]

of CAD in base-case,
per 1000 (estimated)®

Proportion of silent 0.4 0.38 0.62 [18]
ischemia in patients
with myocardial
ischemia®
Costs ($2003)"
Exercise 54 38 70
electrocardiography
Exercise 104 73 135
echocardiography
Exercise SPECT 731 511 950
Coronary 578 405 751
angiography
PTCA 18713 13099 24327
CABG 32685 22879 42490
Annual cost
Symptomatic 1845 1291 2398
myocardial
ischemia
History of Ml 1766 1236 2296
Conventional diabetes 1934 1354 2514
care
Patient time cost 2169 1518 2819 [1.44]
Aspirin 18 12 23
One time cost®
MI death 20002 14002 26003
MI survive 16351 11446 21257
Health utility (TTO)*
Symptomatic 0.73 0.62 0.84
myocardial
ischemia
History of M1 0.60 0.44 0.74

SPECT indicates single-photon emission-tomography: CAD, coronary
artery disease; M1, myocardial infarction; PTCA, percutaneous transluminal
coronary angioplasty; CABG. coronary artery bypass grafting.

* Ranges based on +/—30% of base-case estimates.

® Ranges based on reported proportions in literature.
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provide only an outline of the model. Table | shows the
estimates used in the current analysis including health utilities
and cost data which are different from our U.S. analysis. Our
model consisted of seven CAD states: normal, silent ischemia,
symptomatic ischemia, history of myocardial infarction, post-
percutaneous transluminal coronary angioplasty (PTCA), post-
coronary artery bypass grafting (CABG), and death [8,11]. The
prevalence of CAD for each risk state was calculated from the
prevalence of CAD in the general Japanese population and the
relative risk associated with atherogenic CAD risk factors
stratified by age and gender. The baseline prevalence of CAD in
different age and gender groups was derived from patient
survey data provided by the Ministry of Health, Labor and
Welfare in Japan [1]. The relative risks for the Japanese
population were taken from the published literature [12].
Transition probabilities of moving from the normal state to
the CAD state were determined according to demographic
and epidemiological factors. These include age, gender, and
other atherogenic risk factors such as diabetes mellitus. We
used calibrated Framingham equations as developed by
Anderson et al. [13,14]. It has been known that the overall
incidence/prevalence of CAD is very low in Japan, and it has
been stressed that the Framingham prediction equation
function should be recalibrated if it is to be used for pop-
ulations with different characteristics. Therefore, we used the
calibrated equation for the Japanese population data using the
method of D’Agostino et al. [[3,15,16]. Using data from the
published literature, we determined the probability of falling
in a particular disease category (1-, 2-, 3-vessel or left main
trunk disease) by age group. We then assigned probabilities
for myocardial ischemia or MI, and the probability that the

As well as the 10 assumptions in the U.S. model [8,20--
22], we made the following further assumptions: 1)

diagnostic test performance does not vary between countries; .

2) the benefit from interventions does not differ between two
countries [23,24]. We also assumed that a diagnostic
screening test was performed only once, at the first stage.
Screening strategies included: 1) no screening; 2) if exercise
electrocardiography was positive, it was followed by
coronary angiography (CAG); 3) if exercise echocardiogra-
phy was positive, it was followed by CAG; 4) if exercise
SPECT was positive, it was followed by CAG. The perfor-
mance of the screening tests was obtained from a meta-
analysis of the diagnostic tests, which contains original
studies from various countries including Japan [25].

2.2. Prognosis

Mortality rates were determined according to patient
characteristics using all-cause mortality from the 19th Japanese
life tables, together with: the standardized mortality ratio for
patients with diabetes, the relative mortality ratio for the specific
extent of disease from the CASS registry, and the mortality risk

We used 1.5 as the standardized mortality ratio for patients with

diabetes, derived from the U.S. population, because the mortal-
ity risk ratio for diabetes mellitus varies very little between
seven different countries, including Japan [29,30].

The mortality risk ratio for the extent of CAD, and the
mortality risk reduction by CABG, PTCA, aspirin, and
simvastatin were derived from the published literature; these
have been discussed in detail in our previous work
[8.20,21,27,28,31-34]. We allowed the rates of nonfatal
myocardial infarction and revascularization to vary depending
on the initial treatment, and assumed that the risks of subsequent

~ nonfatal myocardial infarction, PTCA or CABG depend on the

extent of the CAD and the type of initial treatment [10]).

We made the following assumptions concerning short-
term intervention sequelae. CAG was associated with 2 0.1%
probability of death and a 0.06% probability of nonfatal
myocardial infarction, regardless of the extent of the CAD
[35]. PTCA was associated with mortality rates of 0.2% in
1-vessel disease and 0.9% in 2-vessel disease; the mortality
rate of nonfatal myocardial infarction was 3.5% in one-
vessel disease and 5.2% in 2-vessel disease [36]. CABG was
associated with a mortality rate of 3.2%, and the probability
of nonfatal myocardial infarction was 7.0% [37-39].

2.3. Costs and discounting

When doing a cost-effectiveness analysis it is important to
relate: medical charges/reimbursement to medical cost,
because the two are different [40]. However, in Japan, for
the cost of CAD care the cost/charge ratio is close to one
[41]. Since the data are readily available, we therefore used
medical charges based on the reimbursement schedule as a
substitute for medical costs [42,43]. Data on other thera-
peutic procedures for CAD and the cost of conventional
diabetes were derived from the reimbursement data of a
public teaching hospital (Shimane Prefectural Central
Hospital, Japan). We did not assign any CAD related costs
for silent myocardial ischemia. The opportunity cost was
estimated by including patient travel, waiting time, and
treatment time associated with office visits, which were
themselves estimated using survey data [1] and average
hourly eamings of employed persons (average monthly
eamnings/monthly working hours) reported by the Ministry of
Health, Labor and Welfare in 2003 [44]. All costs were
adjusted to 2003 Japanese Yen using the medical care com-
ponent of the Consumer Price Index [{45], and converted to
U.8. dollars using the OECD Purchasing Power Parity rate in
2003 (130.3 yen/dollar). All costs and years of life were
discounted at 3% per year to reflect time preference [46].

2.4. Health utility

Health utility values, between 1 for perfect health and O for
death, were used to calculate QALY's [47,48]. The utilities for
symptomatic myocardial ischemia and myocardial infarction
were derived from 10 patients with uncomplicated diabetes
who were taking a diabetes educational course in a teaching
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hospital (Tenri Hospital, Nara, Japan). We used the time trade-
off method based on hypothetical clinical vignettes. Scenarios
and example of time trade-off method we used to derive
utilities were shown in Appendixes 1 and 2. A health utility of
1 was set for all other levels of being alive.

2.5. Sensitivity analysis

We performed one-way sensitivity analyses on all the
variables within clinically plausible ranges. Table | shows
the ranges used. Where applicable, 95% confidence intervals
(CI) were used as the range of the variables in the sensitivity
analysis; otherwise a =30% range was used. There were two
exceptions: we used the range of sensitivities and specifi-
cities of the diagnostic tests reported in the meta-analysis,
since the 93% Cls reported in the meta-analysis were
extremely narrow [25,49]; and we set the lower range of risk
reduction for late myocardial infarction with PTCA at 0%,
because in diabetic patients with asymptomatic {- or 2-vessel
disease there is not enough evidence to support a PTCA
effect. The incidence of CAD in Japanese women increased
by 36% over these 14 years, but has changed less in Japanese
men. We therefore conducted a sensitivity analysis for
women by increasing both the incidence and prevalence of
CAD by 40%. We also conducted a two-way sensitivity
analysis dealing with diagnostic performance [8].

Table 2

In our base-case analysis, screening was performed only
once, at the time of initial screening. To see if there was an
optimal screening frequency, we performed sensitivity
analyses for the most cost-effective strategy in the base case
for screening occurring at intervals of every 3 years, every
5 years and every 10 years. Analyses were also conducted for
cohorts of different ages and/or different pairs of additional
atherogenic risk factors. We also evaluated the effect of
varying the discount rate from 0% to 5% [46].

3. Results
3.1. Baseline analysis

Table 2 shows the quality-adjusted life expectancy, lifetime
cost, and incremental cost-effectiveness ratio in asymptomatic
55- and 60-vear-old diabetic men with hypertension and
smoking. In 55-year-old men, compared to a no-screening
strategy, the incremental cost-effectiveness ratio of exercise
electrocardiography was $61,300/QALY, and that of exercise
echocardiography was $61,100/QALY. In 60-year-old men,
compared to not screening, the incremental cost-effectiveness
ratio of exercise electrocardiography was $31,400/QALY.
Compared with electrocardiography, exercise echocardiogra-
phy cost $31,500 per QALY saved. The exercise SPECT
strategy had a higher cost and small incremental benefit, and

Quality-adjusted life years, cost, and cost-cfiectiveness ratios for asymptomatic men and women with hypertension and smoking*

Screening strategy Expected value
4 LY P!

Incremental
cost-effectiveness ratio*

Incremental value

Cost QALYs Cost QALYs

s Y $ y $y
55-year-old men
No screening 150,545 13.2311
Exercise electrocardiography 154,086 13.2889 (3541) (0.0578) (61.,300)
Exercise echocardiography 154,989 13.3038 4444 0.0727 61,100
Exercise SPECT 155,770 13.3042 781 0.0004 - 195,000
60-year-old men
No screening 135,332 11.2402
Exercise electrocardiography 138,986 11.3566 3654 0.1164 31,400
Exercise echocardiography 139,917 11.3862 931 0.0296 31,500
Exercise SPECT 140,699 11.3886 782 0.0024 326,000
65-year-old women
No screening 105,275 11.6932
Exercise electrocardiography 108,519 11.7628 (3244) (0.0696) (46,600)
Exercise echocardiography 109,348 11.7808 4073 0.0876 46,500
Exercise SPECT 110,119 11.7817 771 0.0009 857,000
70-year-old women
No screening 87.166 9.0992
Exercise electrocardiography 91.207 9.2498 4041 0.1506 26,300
Exercise echocardiography 92.236 9.2878 1029 0.0380 27,100
Exercise SPECT 93.025 9.2914 789 0.0036 219,000

*Incremental cost-effectiveness ratios for each strategy are calculated compared with the next strategy other than dominated strategy shown in the table, and are
rounded to the nearest $100. (Note: Cost-effectiveness ratios calculated directly by quality-adjusted lifc expectancies and costs from the table may differ due to

rounding.)
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consequently cost $326,000 per QALY saved, compared with
echocardiography.

3.2. Patients with different characteristics

The incremental cost-effectiveness varied with age,
gender, and the pairing of additional atherogenic risk factors.
The cost-effectiveness of exercise echocardiography relative
to a no-screening strategy was sensitive to the age of patients
at the time of screening. It fell from $61,100/QALY to
$17,600/QALY as the age at initial screening rose from 55 to
70 years. In regard to gender, the incremental cost-
effectiveness of echocardiography was $46,600/QALY in
65-year-old women with HTN and smoking, falling to
$26,800 in 70-year-old women (Table 2). These results were
stable even when the incidence and the prevalence both
increased by 40%. Fig. |1 shows incremental cost-effective-
ness ratios for exercise echocardiography and exercise
electrocardiography compared with the next dominant
strategy for 60-year-old men and 65-year-old women, with
three possible pairs of additional atherogenic risk factors.
Our model was not sensitive to the differences in the pairs of
risk factors; depending on the additional atherogenic risk

L R
50,000 ®

40,000

" Incremental Cost-Effectiveness Ratio, $/QALY

30,000 ! : /
HTN & Smoking HTN&LDL Smoking&LDL

Type/Set of Additonal Risk Factors

AExcersice ECG (60-year—old men) 4 Stress UCG (60-year—old men)
OExcersice ECG (65~year—old women) X Stress UCG (65-year—old women)

Fig. 1. Cost-effectiveness ratio for alternative patient cohorts. Triangles (A)
represent exercise electrocardiography compared with no screening in 60~
year-old men; plus signs (+) represent exercise echocardiography compared
with exercise electrocardiography in 60-year-old men; circles (O) represent
exercise electrocardiography compared with no screening in 65-year-old
women; asterisks (*) represent exercise echocardiography compared with no
testing in 65-year-old women. SPECT indicates single-photon emission-
tomography: QALY, quality-adjusted life expectancy; LDL. low-density
lipoprotein: HTN, hypertension; ECG, electrocardiography; UCG,
echocardiography.

Table 3
Incremental cost-effectiveness of exercise echocardiography vs. no
screening at different frequencies of screening®

60-year-old men Expected value  Incremental  Incremental
value cost-
Cost QALYs Cost QALYs cﬁ'f:c:wcness
‘ratio
$ Y $ y Sty

Screening strategies

No screening 135,332 11.2402

Only at initial screening 139,917 11.3862 4385 0.144 31,800
Every 10 years 145,155 11.3912 5238 0.005 1,047,600
Every 3 years 152,983 11.3986 7828 0.0074 1,057,800
Every 3 years 162.792 11.4040 9814 0.0054 1817,400

*Incremental cost-effectiveness ratios for each strategy are calculated
compared with the next strategy other than dominated strategy shown in the
table, and are rounded to the nearest $100. (Note: Cost-effectiveness ratios
calculated directly by quality-adjusted life years and costs from the table
may differ due to rounding.)

factors, the incremental cost-effectiveness ratio of exercise
echocardiography compared with electrocardiography in 60-
year-old men ranged from $31,200/QALY (high LDL/
hypertension) to $31,400/QALY (hypertension/smoking).

3.3. Sensitivitv analysis

The incremental cost-effective ratios of exercise electro-
cardiography or echocardiography, compared in 60-year-old
men, did not exceed $50,000/QALY in the sensitivity analyses
to the following variables: mortality risk reduction by CABG
or PTCA,; risk reduction of myocardial infarction by CABG or
PTCA; the cost of CABG; the cost of screening tests; the
proportion of patients with silent myocardial ischemia;
diagnostic test performance; or the health utility of CAD.

For 60-year-old men with diabetes and two atherogenic
nisk factors, the incremental cost-effectiveness ratio for
echocardiography increased as the interval of screening
became shorter (Table 3). The incremental cost-effectiveness
ratio increased from $31,800 in the base case to $1,060,000/
QALY if screening was done every 5 years, and to
$1,820,000/QALY if screening was done every 3 years.

4. Discussion

We have shown that the U.S. guidelines for screening for
CAD in high risk asymptomatic diabetic patients may be
applicable to the Japanese population in cost-effectiveness
terms. We also found that implementation of any screening
should take into account patient age, gender, and the
frequency of the tests. In our previous study, screening for
CAD with exercise echocardiography was cost-effective in
men over 60 years of age in the U.S., with an incremental
cost-effectiveness ratio of $40,800/QALY [8]; this fell to
$31,500 in Japanese men of the same age with the same pair
of risk factors. Our results might be affected by the incidence/
prevalence of CAD in the Japanese population. There is
known to be international variation in the incidence/
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prevalence of CAD. The overall prevalence of CAD in Japan
has been estimated at 6.3 per 1000 persons, which is much
lower than the value of 46 per 1000 in the U.S. [2,26]. The
main reason for the difference could be the lower prevalence
of obesity and dyslipidemia in the Japanese population.
However, the incidence/prevalence of CAD in Japanese
diabetic patients is only slightly below that in American
diabetic patients with similar risk factors, which could explain

the higher cost per QALY saved in Japan. Cost may be a-

further influence; the lower average cost of diagnostic tests
and other medical costs in Japan may explain why screening
for CAD costs less per QALY in Japan than in the U.S.

Not surprisingly, the incremental cost-effectiveness ratio
of screening for CAD in women was much higher than in
men of the same age. The incremental cost-effectiveness of
screening with echocardiography in 60-year-old women was
$62,600/QALY, compared to $31,500 in men of the same
age. The main reason for this cost differential is that, in
Japan, the incidence and prevalence of CAD is much lower
in women than in men having the same pair of risk factors.
Also, the life expectancy of Japanese women is the world’s
greatest at 85.3 years, so that their baseline mortality rate is
also lower than for men [50]. The mortality risk for invasive
diagnostic tests and therapeutic procedures was therefore
likely to exceed the benefit derived from screening.
Furthermore, a sensitivity analysis found that these results
were not sensitive to changes in incidence and prevalence
liable to occur in the next 10 to 15 years. Consequently, we
recommend screening for CAD in high risk diabetic women
over the age of 65--70 years.

An incremental cost-effectiveness ratio higher than
$50,000/QALY generally exceeds the currently accepted
level for health technologies. However, the actual criteria for
acceptable cost-effectiveness ratio appear to depend strongly
on social circumstances, so that the $50,000/QALY
threshold should not be necessarily applied to our results.
The incremental cost-effectiveness ratio for gastric cancer
screening in men was $5800 per life expectancy (LE), and in
women it was $14,800/LE [51]; it was found to be $26,800/
LE for breast cancer screening by physical examination and
mammography [52]. These screening programs have already
been accepted and implemented across Japan for many
years, so that the incremental cost-effectiveness of CAD
screening seems to be within the acceptable range.

Application of evidence-based guidelines from one
country within another country demands careful consider-
ation. A tenet of evidenced-based medicine (EBM) is to do
the right things right for the right people at the right time
[53]. However, finding out what is right is influenced not
only by scientific fact, but also by political, economic, and
sociocultural factors. These may influence when care can or
should be delivered to a particular population, and what type
of care. We may draw two conclusions from the present

results. First, when dealing with screening strategies for a’

high risk population, country-specific factors appear to play
less of a role. However, U.S. guidelines on the use of aspirin

for the primary prevention of CAD were of limited use in
Japan where there was a high incidence of hemorrhagic
stroke and gastrointestinal bleeding [54]. Since screening
tests generally do less harm than therapeutic agents, fewer
factors should limit the applicability of screening guidelines.
Also, after controlling for the baseline risks of the target
population, cost became an influential factor on the cost-
effectiveness of applying the guidelines, and should
therefore be taken into account when considering the
adoption of foreign guidelines.

When determining optimal screening frequencies, it is
necessary to consider both the clinical benefits that patients
may gain and the added cost [55)]. In general, increasing the
frequency of screening results in an unfavorable incremental
cost-effective ratio. For example, when screening individuals
with neither hypertension nor diabetes for proteinuria, the
incremental cost-effectiveness ratio increased from $80,700/
QALY to $120,727/QALY as the screening frequency
increased from every 10 years to every S years [56]. Similar
patterns are visible for diabetic retinopathy screening or
abdominal aortic aneurysm screening [55,57]. In our model,
individuals who had not been detected at the initial screening
and were re-screened had a lower risk of CAD than those
identified in the initial cohort. The cost-benefit ratio of

“screening might thereby have increased despite an expected

higher incidence rate with increased age. Guidelines have not
explicitly mentioned the frequency of screening, but groups
making recommendations on the frequency of screening
should decide whether the clinical benefit of screening CAD
outweighs the added cost of more frequent screening.
Conducting clinical studies in differing countries is a
costly and time-consuming way to evaluate how health
resources should be invested so as to maximize clinical
benefits and minimize costs. A mathematical simulation
model can be a useful tool for evaluating the applicability of
diagnostic/therapeutic strategies to different economic/cul-
tural situations, by extending the knowledge already gained
from local studies. An example was a study conducted to
determine the optimal screening strategy for cervical cancer
in South Africa, which demonstrated how mathematical
methods could connect research and health policy [7]. Cost-
effectiveness analyses are seldom used for these purposes,
but are a promising way to save on investment.
Cost-effectiveness analyses assist both in assessing the
economic impact of a significant intervention, such as
screening for CAD in patients with diabetes, and in iden-
tifying areas of uncertainty so as to improve decision making
[62]. The present analysis has revealed uncertainty surround-
ing probability estimates. The main area of uncertainty lay in
the data dealing with the incidence and prevalence of CAD;
these data are still sparse in Japan, especially data stratified
by gender, age, or other atherogenic risk factors. This lack of
data could have been a limiting factor in our study. Further-
more, the size of the cohort that we used to recalibrate the
Framingham prediction equation was very small, which
could have biased our estimates. We also had to calculate the
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prevalence of CAD based on the relative risk estimated from
a cohort of employees [12]. Since the subjects of this study
were relatively young, our estimate of the prevalence of
CAD in higher age groups might have been biased. More
detailed data should be made publicly available in order to
improve the quality of cost-effectiveness analysis in Japan.

A limitation of this study is that we derived some estimates
from the studies published more than ten years ago, but we
believe that our analyses nevertheless remain valid for the
following reasons. First, over these ten years, for single or
two-vessel disease, a metal stent has come into use, and the
revascularization rate at one year of 26.4% in a recent study is
lower than the estimate used for the current analysis (36%);
this value of 26.4% is nevertheless within the range of
sensitivity analysis. Second, with regard to drug eluting stent,
this has recently been approved in Japan by the Ministry of
Health and Welfare; this modality is not yet used widely in
Japan, so that there is insufficient cost of data for deployment
in the present analysis. Third, for multivessel or left main
trunk disease, several old studies comparing CABG vs. PTCA
in subgroups of diabetic patients demonstrated a survival
advantage and fewer repeat revascularization procedures with
an initial surgical strategy. Advances in medical therapy (e.g.,
drug eluting stent) and surgical techniques need to be included
in the analysis; however, no reliable clinical trial has been
done. Two current RCTs sponsored by the National Heart,
Lung, and Blood institutes of Health compare PC1 and CABG
surgery in diabetic patients (BARI 2 Diabetes, FREEDOM),
and their results could cause us to modify the present modef if
the effect size of these interventions proves to be out of range
in our sensitivity analyses.

Finally, few patients with diabetes (~ 6%) were included
in the Framingham cohort [58&], so that this equation is not
specifically designed for patients with diabetes; it also does
not take into account the duration of diabetes or glycemic
control. The UKPDS risk engine is a diabetes-specific CAD
risk assessment tool, with the duration of diabetes and
glycemic control incorporated {59]. We nevertheless used the
Framingham risk equation to estimate the CAD risk, for the
following reasons. First, it was validated and calibrated for
the Japanese population in previous studies, unlike the
UKPDS risk engine. Second, it has been reported that these
two methods are comparable in identifying those at high risk
of CAD [60]. Third, the mean duration of diabetes in the
Framingham cohort was 7.8 years [61], and our results could
be applicable to those with a similar duration of diabetes. It
would still be useful to validate the UKPDS risk engine for
the Japanese population, and a group with a clear potential
benefit, e.g. duration of diabetes or glycemic control, could
be specified.

In conclusion, from a societal perspective, U.S. guidelines
on screening for CAD in high risk diabetic patients are
applicable to the Japanese population. However, the actual
population that could benefit from these strategies depends
on the patient characteristics and the diagnostic performance
of the screening tests. It is therefore still necessary to select

carefully the target population for screening by considering
gender, age, type of atherogenic risk factors, and the
frequency of tests.

Acknowledgements

Hayashino Y. received fellowship grants from St. Luke’s
Life Science Institute, Tokyo.

Appendix A. Clinical scenarios used to derive utilities in
the time trade-off method

A.1. Symptomatic myocardial ischemia

From about 6 months ago, you began to feel chest
oppression every time you did exercise. The chest pain was
relieved when you stopped doing exercise. You consulted
your primary care physician, and he referred you to a
cardiologist. because the symptom was consistent with
ischemic heart disease. The cardiologist recommended your
admittance, and you underwent coronary angiography. This
is an invasive diagnostic procedure, in which a very small
gauge tube is inserted from the femoral artery to your heart. It
can test whether or not your coronary arteries, which supply
oxygen to your heart muscles and are critical to your heart
function, are occlusive. You doctor explained to you that one
of your three coronary arteries which supplies your heart
muscle was narrowed, and explaining your chest oppression
when you did exercise. You therefore decided to undertake
therapy to expand the occluded vessels by inserting a small
balloon into the vessel. After you were discharged, you no
longer felt chest oppression even you do exercise. But after
around 6 months after discharge, you began to feel the same
symptom again when you did exercise. Your cardiologist told
you that your vessel may be narrowed again, and prescribed
medication to expand your vessels and to stop your blood
from clotting. You do not feel any constraint in everyday life,
but you sometimes feel chest oppression when you do
exercise or if you feel tense, or on very cold days. It is not
perfectly bothersome, but you feel uneasy because you do not
know when it will occur. Your cardiologist advised you that
you may be admitted and undergo cardiac catheterization if
you are bothered by your chest pain, but you feel that your
chest pain is not so bad that have you make that choice.

A.2. History of myocardial infarction

One month ago, while reading a book at home, you
suffered the sudden onset of chest pain, which was the
strongest you had experienced. You next felt dyspnea soon
after the onset of chest pain, and you had your family call
emergency medical service to visit ER. You underwent on
initial evaluation including blood test, electrocardiography,
and chest X-ray testing, which revealed that you had acute
myocardial infarction and congestive heart failure. You
underwent coronary angiography. This is an invasive
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diagnostic procedure, in which a very small gauge tube is
inserted from the femoral artery to your heart. It can test
whether or not your coronary arteries, which supply oxygen
to your heart muscles and are critical to your heart function,
are occlusive. Coronary angiography revealed that one of the
three coronary arteries was completely occlusive, and that as
a result one-third of your heart muscle was going to die and
the function of the heart as a pump would deteriorate, which
was why you felt dyspnea. You therefore undertook therapy
to expand the occluded vessels by inserting small balloon
into the vessel. Your chest pain was relieved by the
therapeutic procedure, but your heart function remained
reduced after suffering from myocardial infarction. After
several days, you were discharged from the hospital. You
periodically see a cardiologist, and are taking drugs
including aspirin and nitrate which prevent your coronary
vessels from occluding. At usual daily life, you do not feel
chest pain or dyspnea, but you feel slight dyspnea when you
walk longer distances.

Appendix B. Example of the time trade-off method used
for the current study

Assume that your natural life expectancy is 10 years with
chronic stable angina. Now imagine that someone who has
supernatural power offers you a different magic pill. If you
take this pill, you will be relieved of your chronic stable
angina forever, but you live only 5 years, instead of 10.
Would you take this pili? If your answer is no, would you
take the pill if it would relieve your chronic stable angina and
you would live 8 more years? If your answer is yes, would
you take the pill if it would relieve your heart disease and you
would live 6 years?
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Impact of improvement in speciﬁcity of primary screening test on
total cost of prostate cancer mass screening

Takashi Kobayashi,'? Rei Goto,® Tsuguya Fukui® and Osamu Ogawa'

'Department of Urology, Kyoto University Graduate School of Medicine, Kyoto, *Japan Society for the Promotion of Science (JSPS), Tokyo, *Faculty of
Economics, Konan University, Kobe, and “St. Luke’s International Hospital, Tokyo, Japan

Objectives: Improvement in the specificity of primary screening tests, without significant cost elevation of the assay, provides cost savings in
prostate cancer screening programs by reducing unnecessary secondary screening procedures. The purpose of this study was to evaluate the
economic impact of improvement in the specificity of primary screening tests and to estimate the socially acceptable cost elevation for improved
specificity. )

Methods: A decision-analytic model was designed to evaluate the total costs of prostate cancer mass screening according to the changes in
the specificity and the cost of the primary screening test. All assumed factors were tested by three-way sensitivity analyses incorporating cost
and specificity.

Results: The base case analysis showed that a 1% improvement in the specificity of the primary screening test provides a $1.19 cost reduction
per participant. Sensitivity analyses showed that an acceptable cost elevation for a 1% improvement in the specificity ranged from 0.68 to

2.90 $/% with respect to changes in several factors in the screening program.
Canclusions: The specificity and cost of the primary screening test has a significant economical impact on prostate cancer mass screening.
For each screening program, it should be taken into consideration whether the cost of the new test deserves the specificity.

Key words: decision-analytic model, prostate-specific antigen, sensitivity analysis.

Introduction

Worldwide, prostate cancer is the third most common cancer and the
cause of 6% of all cancer deaths in men.' 1t is the most frequently
diagnosed cancer and the second leading cause of cancer deaths in men
in Western countries.”® Since treatment outcome of prostate cancer
depends highly on the disease stage, early detection is an important
strategy in reducing prostate cancer mortality. On the strength of
prostate-specific antigen (PSA) testing, a convenient and less invasive
method for screening patients who need further diagnostic examina-
tion, prostate cancer is considered one of the most suitable cancers for
mass screening. Although some investigators strike a note of warning
against the current popularization of prostate cancer mass screening
without definitive evidence of reducing prostate cancer mortality,* a
recent report demonstrated that early detection of prostate cancer by
PSA-based serial screening effectively decreases prostate cancer-
specific mortality.’

Although PSA is one of the most useful tumor markers, the speci-
ficity in primary screening of prostate cancer is not sufficiently high.
One of the most serious concerns about PSA-based screening is that
widespread use of a less specific primary screening results in an
increased number of false positives and consequent unnecessary biop-
sies in men without cancer. It has been an urgent problem to improve
the specificity of the primary screening by incorporating additional
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information including age, molecular forms, prostate volume and
digital examination findings, or developing a new assay replaceable for
conventional PSA. In the recent studies the relative merits of primary
screening measures for prostate cancer detection were determined by
their specificity at sensitivity levels of 80-95%.°

The less specific nature of PSA resulting in increased false positive
results and unnecessary secondary screening procedures can also cause
an increased cost burden as well as impaired quality of life for partici-
pants. On the contrary, the cost of secondary screening procedures
(biopsy) would be saved if a new primary screening measure with
higher specificity were introduced. However, the impact of the increase
in cost of primary screening should be also considered if the new
primary screening measure is more expensive than the conventional
one. The cost elevation of the primary screening should be kept under
an acceptable degree that does not overbalance the reduction in cost of
secondary screening provided by the improved specificity. Eventually, a
new primary screening measure could be introduced to the screening
program if the reduced cost of secondary screening yielded from the
improved specificity exceeds the increase in primary screening cost,
whereas less specific or more expensive screening measurcs cannot
be used.

Theoretically, there must be a threshold of acceptable cost elevation
for a certain degree of improvement in the specificity and this can be
determined by analysing the impact of the specificity improvement on
the total screening cost. It would be helpful for both promoters of
screening programs and developers of primary screening measures.
However, there has been little evidence on the concept of acceptable
cost elevation for primary screening measures for prostate cancer
detection. Here, using a simple decision-analytic model for prostate
cancer mass screening, we simulated the cost function for evaluating
the impact of the improvement in the specificity with the
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Fig. 1 Decision-analytic mode! of prostate cancer screening program. CaP: prostate cancer; cost_PSA: cost of prostate-specific antigen; cost_biopsy: cost of

prostate biopsy; cost_complication: cost of the management of complication from prostate bicpsy.

- Table 1 Large scale prostate cancer screening programs

Program PLCO? PLCO’ Prostate cancer  Prostate cancer  PSA-2 ERSPC Tyrol Gunma
awareness awareness study” Rotterdam study"* Study'
week? week® section’®

" Period 1993~2001 1993-2001 1993~1994 19931994 1991-1996  1993-2001 19931994 19941999
" Age 55-74 55-74 '50-93 50-93 50-95 55-74 45-79 60~

; Country USA USA USA USA USA the Netherlands  Austria Japan

; Number of 34 285 34050 31953 31953 19421 11411 21078 15 407

" participants i " ’

--Primary PSA’ PSA, DRE PSA PSA, DRE PSA, DRE PSA PSA PSA, DRE,
[, screeningtest . . L, e s P L TRUS

['% Pasitive 79 1 4k T T o7 4167 110 80 82
V screening test’ . s ‘ / ‘

Biopsy 40.9 315 24.9 213 77.6 93.0 48.0 59.5

compliance (%)

Positive 0.44 0.368 0.316 0.246 0.248 0.280 0.253 0.214

: predictive value
- Qverall cancer 1.4 1.4 0.9 1.8

36 47 32 3
detection rate o

T

. % Posmve screenmg test: Proportlon of men: with a positive result to a primary screening test of ali participants. Biopsy compliance: Proportion of men
undergomg biopsy to fmen with-4 positive primary screening test. Positive: predictive value: Proportion of men: with a positive biopsy result to men
undergonng biopsy. Overalt cancer detection rate: Proportion of menwith a positive biopsy result to-all participants. DRE, dlglta! rectal examination; ERSPC,
. European Randomized Study of Screening for Prostate Cancer- PLCO Prostate Lung, Co\orectaI and Ovanan PSA prostate specaﬁc antigen; TRUS,
, transrectal 1trasonography o . :

gy

adjusted sensitivity of the primary screening on‘the total screening . Table 2 Assumption of clinical variables used in the base case and

cost. ; sensitivity analyses of the decision-analytic model

5 Value Reference
Methods e

; Biopsy compliance (%) 70 Table 1
A decision-analytic model of a prostate cancer screening program was - % Complications of buopsy 5 13-15
created (Fig. 1). Outcomes for the decision-analytic model were : Cost of biopsy ($} 150 16
expressed in the expected total screening cost for each participant. In | Cost of management for 500 17
the model, participants undergo primary screening first, and secondary 1 : "compli;ation of biopsy {$) '
screening (biopsy) is recommended if the participants have a positive ; Sensitivity of primary 95.0 6
result of primary screening. The number of participants having second- ' screening tests {%)
ary screening procedures after a positive primary screening result  Specificity of primary 100 6
depends on disease prevalence, the sensitivity and specificity of the screening tests (]

. Prostate cancer prevalence 0.03 18,19, Table 1

primary screening test, compliance of participants and other factors.
Probabilities were assumed based on the results of practical prostate
cancer screening programs worldwide (Table 1) and the published
reports (Table 2). In the base case, the proportion of men undergoing
biopsy to men with positive primary screening tests (biopsy compli-
ance) was assumed to be 70% according to reports on prostate cancer
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