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ABSTRACT

Objectives: To assess the cost-effectiveness of computed tomography
colonography (CTC) for a colorectal cancer screening program in a
working population (aged 40-60 years) from a health care payer’s
perspective in Japan. Methods: A Markov model for colorectal cancer
was constructed to estimate the long-term (10-year, 20-year, and 30-
year) effect of introducing CTC for three different strategies in the
cohort aged 40 years on April 1, 2011. Strategy 1 (the current strategy
in Japan): fecal occult blood test (FOBT) followed by optical colono-
scopy (OC). In this case, 41.8% of those who were FOBT-positive did
not undergo OC (uptake 58.2%). Strategy 2: All FOBT-positive cases
would be offered CTC (uptake 79.1%) followed by OC. Strategy 3: Only
those FOBT-positive cases who were reluctant to undergo OC (41.8%)
would be offered CTC (assumed uptake 50.0%) followed by OC.
Epidemiological data were obtained mainly from statistics published
by the Japanese National Cancer Center. We set quality-adjusted life-
year (QALY) as the primary outcome and colorectal cancer death and
expected life-years as secondary ones. The discount rate for both costs

and outcomes was set at 3%. Results: In the base-case (20-year)
analysis, total cost was increased from Japanese yen (JPY) 65,614
million (strategy 1) to JPY 69,405 million (strategy 2) but was decreased
to JPY 63,878 million (strategy 3). The total QALY increased
from 28,156,046 QALYs (strategy 1) to 28,158,349 (strategy 2) and
28,159,058 QALYs (strategy 3). Therefore, the incremental cost-
effectiveness ratio was JPY 1,646,000 per QALY gained for strategy 2
and strategy 3 was dominant against strategy 1, both of which were
well below the Japanese threshold (JPY 5-6 million per QALY gained).
Conclusion: Adding CTC into the current colorectal cancer screening
program for the working population seems to be a cost-effective
option.

Keywords: colorectal cancer, cost-effectiveness analysis, computed
tomography colonography (CTC), Japan, Markov model.

Copyright © 2014, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.

Introduction

Epidemiology of Colorectal Cancer in Japan

The 5-year observed survival rates of colorectal cancer in the
member hospitals of the Association of Clinical Cancer Centers
(diagnosed in 2000-2004) were 89% for stage 1, 80% for stage 2,
67% for stage 3, and 15% for stage 4 [1]; therefore, if patients with
stage 4 colorectal cancer were diagnosed at an earlier stage,
deaths from colorectal cancer would be expected to decrease
dramatically. In reality, however, the incidence rate and mortality
of colorectal cancer have been increasing year by year, with
colorectal cancer being the most common and the third most
common cause of cancer-related death in women (30.8/100,000
persons) and men (37.4/100,000 persons), respectively [2,3]. Fur-
thermore, according to the report titled “Estimates of National
Medical Care Expenditures 2010,” colorectal cancer consumed
Japanese yen (JPY) 499.8 billion (US $1 = JPY 85) in 2010, which
was the biggest among all cancers [4].

Current Situation and Issues Regarding Colorectal Cancer
Screening in Japan

Current colorectal cancer screening situation
Currently, cancer screening is available for only five sites: the
stomach, uterine cervix, breasts, lungs, and colon [5,6]. In Japan,
people older than 40 years were recommended to undergo fecal
occult blood test (FOBT) annually, followed by optical colonoscopy
(OC) in those who were FOBT-positive [6]. The Basic Plan to
Promote Cancer Control Program, which was set on the basis of
the Cancer Control Act 2006, aims to raise the uptake in each
cancer screening program to 50% [7]. As a means of early detection
and reducing mortality, colorectal cancer screening by FOBT and
OC, with relevant interventions, has been shown to be effective in
the research project funded by the Ministry of Health, Welfare and
Labor [8]. Improvement in the colorectal cancer screening uptake
may be linked to reducing the incidence rate and mortality.

The uptake of colorectal cancer screening for working age
people, or between 40 and 60 years, in Japan was only 24.8% in
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2010 [9,10], which was as low as a half of the government’s target
figure (50%). Moreover, about 40% of those who were FOBT-
positive did not undergo OC for various reasons [10,11]. Although
some already had colorectal cancer, it would not be detected until
a later stage.

The major reasons why people avoid screening were as
follows: “inconvenient,” “too busy to go to hospital,” and “no
screening institution local to me.” There was also insufficient
understanding about the test, for example, “reluctant to undergo
a painful test” and “unfamiliar with the test” [11].

Future policies and expected issues

In an attempt to increase the uptake of colorectal cancer screen-
ing to 50% among the working age population, the government
has provided FOBT test kits free to those who become 40, 45, 50,
55, or 60 years old since 2011 [11].

Under the assumption that the uptake of the tests was
unaffected by subjects’ colorectal cancer status, if the uptake of
FOBT reached 50% and all subjects who were FOBT-positive
agreed to OC, 64,466 patients with colorectal cancer would be
detected [10]. If the OC screening uptake remained at its current
level (58.2%), however, 26,560 of the 64,466 patients with color-
ectal cancer would not be identified. The uptake of FOBT and OC
is crucial for both increasing the number of early detected
patients and to reduce the number of colorectal cancer deaths.

Computed tomography colonography

Computed tomography colonography (CTC) is a noninvasive
testing method that diagnoses colorectal cancer by dilating the
colon with gas and taking a three-dimensional image of the colon
using an advanced multislice computed tomography scanner [12].
CTC is less invasive and requires a shorter time for diagnosis than
does conventional OC. Therefore, it is expected to improve the
uptake of colorectal cancer screening. CTC is widely used as a
colorectal cancer screening method in Europe and the United
States. For example, according to the guideline for cancer screen-
ing dispatched by the American Cancer Society in 2008, CTC is
recommended every 5 years for detecting adenomatous polyps
and cancers [13,14]. In Japan, it has been used mainly as a
preoperative diagnostic method for colorectal cancer. The
National Cancer Center of Japan began CTC-based colorectal
cancer screening in November 2010 [12], and this drew attention
to CTC as a screening method. CTC-based colorectal cancer
screening is expected to expand in the future.

Economic Evaluations of CTC for Colorectal Cancer Screening
(Literature Review)

Economic evaluations of CTC in colorectal cancer screening have
already been carried out in the United Kingdom [15,16]. Both
studies chose the same target population (people aged 60-69
years), the same control (current colorectal cancer screening
program in the United Kingdom), and the same perspective (UK
National Health Service). In the United Kingdom, individuals aged
60 to 69 years were offered FOBT every 2 years, followed by OC in
those who were FOBT-positive [15-17].

Lee et al. [15] found that adding CTC to the existing program as
a secondary screening program to triage FOBT-positive patients
was less costly than OC, but increased the number of deaths from
colorectal cancer by 2 people for every 100,000 cases over 10 years.
In contrast, using CTC as a primary screening program every 5
years was more expensive than biennial FOBT screening but
resulted in fewer deaths.

Sweet et al. [16] found that CTC screening offered every 10
years was cost saving compared with the current UK program of
biennial FOBT screening followed by OC. In addition, this strategy
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yielded greater health benefits (quality-adjusted life-years
[QALYs] and life-years) than did biennial FOBT screening. The
authors suggested, however, that the generalizability of their
results from the UK setting to other countries may not be
appropriate in light of the difference in cost setting, approaches
to using OC in screening, or the age range of the target
population.

In Japan, there has been no economic analysis of CTC for the
colorectal cancer screening program; however, under the situa-
tion that using CTC as a cancer screening method would improve
cost-effectiveness, decision makers needed a study that reveals
an improvement in outcomes and an increase in cost as a result
of introducing CTC as a cancer screening method.

Objective

In this study, we aimed to assess the cost-effectiveness of CTC for
the colorectal cancer screening program for the working age
population in Japan. We conducted a cost-effectiveness analysis
of CTC introduction, including its long-term effect, in people aged
40 years on April 1, 2011, from a health care payer’s perspective.
We set QALY as the primary outcome and colorectal cancer death
and expected life-years as secondary ones.

Methods

How to Introduce CTC Into the Japanese Colorectal Cancer
Screening Program

We designed the following three colorectal cancer screening
strategies for this study. These strategies are illustrated in
Figure 1. In the explanation below, the numbers in parentheses
indicate the average uptake among people aged 40 to 60 years
based on data from 2010 [9,10]. The uptake for FOBT was 24.8% in
people aged 40 to 60 years and that for OC in FOBT-positive
people aged 40 to 60 years was 58.2%. Because no data were
available for CTC screening, we assumed that half of the patients
who were reluctant to undergo OC would agree to CTC screening
and that all CTC-positive people would agree to OC.

Strategy 1: Current program (without CTC), comparator
Strategy 1 reflected the current colorectal cancer screening pro-
gram in Japan. FOBT was performed in those who were eligible for
colorectal cancer screening (uptake 24.8%), and OC was per-
formed in FOBT-positive persons who were willing to undergo
OC (58.2%). CTC was not used.

Strategy 2: Broad implementation of CTC

FOBT was performed in those who are eligible for colorectal
cancer screening (uptake 24.8%). CTC was performed in FOBT-
positive persons who were willing to undergo CTC (79.1%). OC
was performed in all CTC-positive persons (100%). Because 53.2%
of the FOBT-positive persons were thought to be willing to
undergo OC, we assumed that all of them were also willing to
undergo CTC. Among the others (41.8%), we assumed that a half
of them would undergo CTC. Therefore, the overall uptake of CTC
was calculated to be 58.2% + (0.5 x 41.8%) = 79.1%.

Strategy 3: Limited implementation of CTC

FOBT was performed in those who were eligible for colorectal
cancer screening (uptake 24.8%). OC was performed in FOBT-
positive persons who were willing to undergo OC (58.2%). In this
strategy, unlike strategy 2, the candidates for CTC were not all
FOBT-positive persons but only those who were FOBT-positive
and also reluctant to undergo OC. We assumed that a half of



