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Table 3. Factor loadings and Cronbach alpha coefficients.

Cronbach
alpha
Average SD  Factorl Factor2 Factor3 Factord Factor5S coefficients
1 Perceived barrier ¢=.916 0.829
It is difficult to undergo an FOBT because the time that the medical institution is ~ 2.36 1.07  0.98
available is inconvenient
Having to wait for a long time makes it difficult to undergo an FOBT 242 1.06  0.93
Time and effort required for an appointment making makes it difficult to undergo ~ 2.37 1.01  0.89 %
an FOBT ]
Inconvenient transportation to medical institutions makes it difficult to undergo 2.20 0.97  0.80 =
an FOBT : 8~
Not knowing when and where to do an FOBT 2.55 1.27 0.59 =
It costs money to do an FOBT 2.92 1.18  0.51 3
2 Subjective norms a=.929 Y
I have been recommended to do an FOBT by family members (brother, sister, 1.96 1.03 0.96 &
son, and daughter) o
I have been recommended to do an FOBT by friends and acquaintances 1.91 0.99 0.90 &
I have been recommended to do an FOBT by my superior at work 1.90 1.01 0.89 s
I have been recommended to do an FOBT by a partner 2.10 1.11 0.79 g.
I have been recommended to do an FOBT by my primary care doctor 2.07 10.7 0.74 S
3 Low importance o= .826 8
Undergoing a FOBT is not as important as dealing with other health issues 2.23 0.92 0.78 =
There is no need to do an FOBT for a few years after undergoing FOBT once 2.20 0.95 0.77 S
There is no need to do an FOBT because I have been consulting my primary care ~ 1.99 0.86 0.64 g:
doctor ®
I can self-check my health status without doing an FOBT 2.23 0.89 0.61
4 Descriptive norms o= .858
I think women of my age have done FOBT 2.85 0.98 0.95
I think men of my age have done FOBT 2.95 1.01 0.93
I think the acquaintances in the workplace or close friends have done FOBT 2.64 1.13 0.52
5 Uncertainty a=.611
A positive result of the FOBT does not always indicate that there is a cancer 2.86 0.86 0.70
I think there is still a possibility that the colon cancer is overlooked even if 1 3.17 0.98 0.63

undergo an FOBT
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Table 4. Logistic regression of FOBT screening behavior (rn =592).

Bivariate analyses Multivariate analyses
Crude Adjusted”
Range or % or mean
Variables category (SD) OR (95% CL) pvalue OR (95% CL) pvalue
FOBT screening Yes 449
rate”
Perceived risk 2-106 30.2(19.5) 1.01(1.00-1.015)  0.115 - -
Perceived 2-10 54(1.8)  0.92(0.84-1.01) 0.07 - -
severity
Belief of FOBT
Barrier 5-30 14.8(5.5) 0.83(0.80-0.86)  <0.001 0.87(0.84-0.92) <0.001
Subjective 5-25 8.7(2.9) 1.07(1.03-1.11)  <0.001 - -
norms
Low 5-20 6.0(1.6) 0.75(0.70-0.80)  <0.001 0.91(0.84-0.99)  0.03
importance
Objective 5-15 9.9(4.6) 1.31(1.22-1.41)  <0.001 1.18(1.09-1.28) <0.001
Norms
Uncertainty 5-10 8.4(2.8) 0.9(0.82-1.00) 0.058 - -
CRC worry 4-20 20.1(3.4) 1.00(0.95-1.05) 0.936 - -
Self-efficacy of 840 21.8(8.8) 0.98(0.95-1.01) 0.189 - -
health
Knowledge of 0-13 5.9(3.4) 1.06 (1.01-1.11)  0.015 - -
CRC

*Rate of participants undergoing FOBT in the past year.
"Adjusted for age, gender, cancer insurance, drinking habits, exercising habits, exposed CRC information.

which many previous studies indicated as obstructive factors for intention for or compliance with
CRC screening (James, Campbell, & Hudson, 2002; Jones, Woolf, et al., 2010; Kiviniemi,
Bennett, Zaiter, & Marshall, 2011; Power, Miles, von Wagner, Robb, & Wardle, 2009). Moreover,
we consider this indicative of an association between perceived barrier and FOBT screening that
is reasonable given that prior Japanese cancer screening studies for gastric and breast cancer have
also shown this to be a factor with a negative correlation (Seki et al., 2011; Tsubono et al., 1993).
The questions included in Low importance related to ideas that FOBT is less important than the
screening of other illnesses, and that regular visits to the primary care doctor and self-examination

» are sufficient for prevention of CRC. For these items related to the importance of FOBT, attitu-

dinal barriers such as ‘I am in good health’ and ‘I do not undergo FOBT because there is no
health problem (especially in the stomach)’ were considered as a part of Perceived barrier or
Cons (Beeker, Kraft, Southwell, & Jorgensen, 2000; Jones, Devers, et al., 2010; Klabunde
et al., 2005; Liang et al., 2006; Matsuda et al., 2012). Kandula, Wen, Jacobs, and Lauderdale
(2006) investigated cultural influences on cancer screening behavior based on the fact that
Asian Americans have lower rates of CRC screening compared to non-Hispanic whites. He
observed a trend of thinking in cancer screening that affects the low FOBT screening rate
among Asian Americans, which considers cancer screening as a reaction to certain perceivable
symptoms and not as a proactive measure to prevent cancer when the subjects are asymptomatic.
Moreover, recent research in Japan revealed that ‘not having time to get screened’ (Cabinet
Office, Government of Japan, 2013) is the most common reason for not receiving cancer
screening.

In our study, only Descriptive norms was identified as a promoting factor of CRC screening.
Honda and Kagawa-Singer (2006) conducted research on the associated factors of CRC screening
adherence, targeting Japanese people living in the USA. The result of this research discussed that
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Subjective norms (family or friends) are the strongest predictive factors because sharing of value
and attitude is enhanced by the influence of Japanese culture. However, this research measured
only the Subjective norms and not the Objective norms. The three previously conducted meta-
analyses on Social norms (Armitage & Conner, 2001; Manning, 2009; Rivis & Sheeran, 2003)
indicated that the Descriptive norms are strongly associated with behavior and intention, and it
revealed that Subjective norms and Injunctive norms (the perception that others will approve
or disapprove of what one dose) are less influential than Descriptive norms. Therefore, it is
reasonable for Descriptive norms to remain in the present study, which employed both Subjective
and Descriptive variables. Our study indicates that Descriptive norms influence health risk beha-
viors more strongly than health-promoting behaviors. Since cancer screening is considered to be
secondary prevention (risk behavior), the result of Descriptive norms being significant is reason-
able. However, among the studies on Normative factors in cancer screening, some studies have
not shown an association between Descriptive norms and intention in CRC screening (Smith-
McLallen & Fishbein, 2008). In addition, studies acknowledging the significant association
between Subjective norms and intention report a possibility that Subjective norms become a pre-
dictable factor in certain subgroups (Sieverding et al., 2010). For example, subjective norms may
function as a trigger of a behavior in a culture that strongly recognizes the value of cancer screen-
ing, such as that in the USA (Schwartz, Woloshin, Fowler, & Welch, 2004) where Honda con-
ducted research. On the other hand, the Descriptive norms represent a behavior in line with
others rather than the value of cancer screening, which could be caused by the influences of col-
lectivism in Japanese culture. Caution is necessary before interpreting cultural differences
because there have been researchers that deny the influence of cultural differences such as collec-
tivism and individualism on human behavior (Takano & Sogon, 2009). However, we consider that
future studies are necessary, which bear in mind these cultural differences and Social norms.

Based on these results, we believe that providing the public with messages and information
about cancer screening, particularly stressing the following concepts, will be effective in order
to improve the CRC screening rate: (1) everyone should be regularly screened for cancer, (2)
ease of obtaining FOBT, and (3) the importance of FOBT. Furthermore, knowledge of CRC
screening is perceived to be a precognition in an effort to effectively intervene in behavioral
change (Kiviniemi et al., 2011). The knowledge of CRC and CRC screening has been identified
as a predictor of CRC screening (Ng et al., 2007; Sieverding et al., 2010; Takano & Sogon, 2009).
However, an association between knowledge and behavior has yet to be identified (Liang et al.,
2006; Ng et al., 2007; Subramanian et al., 2004; Weinberg et al., 2009). This study revealed an
unawareness of both the CRC incidence rate increase in Japan and the link between CRC and
lifestyle. We would also like to make reference to the necessity for dissemination of appropriate
knowledge regarding the results of this study.

In conclusion, we would d like to discuss the limitations of this study and the challenges for
the future. First, we determined whether a patient completed FOBT test or not while depending on
the self-report submitted by a patient. Therefore, a research in cooperation with an institution
which conducts the screening will be required in the future studies as we have not confirmed
who actually underwent FOBT this time. Second, we should consider the possibility of sample
bias. The FOBT screening rate in the year preceding the survey was 44.9%, which was signifi-
cantly higher than the FOBT screening rate previously reported in Japan (Tomotaka et al.,
2005). Behind these differences lies the fact that the FOBT is performed not only in medical
checkups by municipalities targeting their citizens, but also in the complete medical checkups
conducted by companies for their employees. However, because this study was conducted
through the internet, there is inherent sampling bias, which indicates the interests of participants
in cancer screening. We believe that the study participants readily undergo FOBT screening. As
for our metrics, we modified the items used in a separate study of the beliefs of breast cancer
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screening in Japan. For this reason, the items cited as perceived barriers such as a feeling of dis-
comfort towards collecting stool samples and embarrassment (Cabinet Office, Government of
Japan, 2013; Jones, Devers, et al., 2010; Kandula et al., 2006) were not included in the items relat-
ing to a specific belief regarding FOBT. We consider that we can extract barriers that are more
influential to CRC screening in the future by adding the items specific to CRC screening.

Despite these limitations, this study is important in terms of revealing the psychological
factors influencing CRC screening behavior, particularly in a Japanese population. Based on
the results of this study, cancer screening rates of people between the ages of 40 and 60 can be
increased by eliminating the barriers to CRC screening, acknowledging the importance of
CRC screening, and becoming aware that CRC screening is very common among healthy
people. Development of specific messages reflecting the factors outlined in this study and an inter-
vention study testing whether the actual interventions changes screening behavior are conceivable
for the future.

5. Informed consent

All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards.
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Abstract

Objective: There have been few cost-effectiveness analyses of population-based colorectal cancer
screening in Japan, and there is no consensus on the optimal use of total colonoscopy and the
fecal immunochemical test for colorectal cancer screening with regard to cost-effectiveness and
total colonoscopy workload. The present study aimed to examine the cost-effectiveness of colorectal
cancer screening using Japanese data to identify the optimal use of total colonoscopy and fecal
immunochemical test.

Methods: We developed a Markov model to assess the cost-effectiveness of colorectal cancer
screening offered to an average-risk population aged 40 years or over. The cost, quality-adjusted
life-years and number of total colonoscopy procedures required were evaluated for three screening
strategies: (i) a fecal immunochemical test-based strategy; (ii) a total colonoscopy-based strategy;
(iii) a strategy of adding population-wide total colonoscopy at 50 years to a fecal immunochemical
test-based strategy.

Results: All three strategies dominated no screening. Among the three, Strategy 1 was dominated
by Strategy 3, and the incremental cost per quality-adjusted life-years gained for Strategy 2 against
Strategies 1 and 3 were JPY 293 616 and JPY 781 342, respectively. Within the Japanese threshold
(JPY 5-6 million per QALY gained), Strategy 2 was the most cost-effective, followed by Strategy 3;
however, Strategy 2 required more than double the number of total colonoscopy procedures than
the other strategies.

Conclusions: The total colonoscopy-based strategy could be the most cost-effective for population-
based colorectal cancer screening in Japan. However, it requires more total colonoscopyprocedures
than the other strategies. Depending on total colonoscopy capacity, the strategy of adding total

© The Author 2015. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com
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colonoscopy for individuals at a specified age to a fecal immunochemical test-based screening may

be an optimal solution.

Key words: colorectal cancer screening, cost-effectiveness analysis, fecal immunochemical test, total colonoscopy

introduction

Colorectal cancer (CRC) has markedly increased and is now the se-
cond most commonly diagnosed cancer and the third leading cause
of cancer-related mortality in Japan (1). For the secondary prevention
of CRC, a Japanese population-based CRC screening system has used
the 2-day fecal immunochemical test (FIT) as a primary screening pro-
cedure on the basis of the evidence regarding its effectiveness for CRC
screening (2). The effectiveness of the fecal occult blood test (FOBT)
for reducing CRC-associated mortality has been clearly shown in sev-
eral randomized controlled trials (3-7), whereas other case-control or
cohort studies have shown the effectiveness of FIT for CRC screening
and the superior sensitivity of FIT for CRC compared with that of
FOBT (8-14). Japanese population-based CRC screening is offered
to the entire population aged 40 years and over, and total colonoscopy
(TCS) is performed for those with a positive FIT result. Recently, how-
ever, it has been reported that TCS-based CRC screening, in which
TCS is performed as a primary screening procedure, is effective for re-
ducing CRC incidence and mortality, based on long-term follow-up
data in cohort studies (15,16). In this context, an analysis of the opti-
mal combination of TCS and FIT for population-based CRC screening
is required because there is yet no consensus regarding the issue.

Cost-effectiveness analysis is an essential part of the evaluation
of screening strategies. Several cost-effectiveness analyses of CRC
screening have been reported from the USA and several other countries
(17-24). In Japan, however, there have been only limited analyses
(25,26). Recently, by analyzing the TCS screening database of our in-
stitution’s cancer screening division and the Japanese nationwide sur-
vey data of CRC screening, we reported that not only FIT but also TCS
might be cost-effective for primary screening (27). However, the study
retrospectively evaluated only the cost of identifying a CRC patient;
further study using a Markov model analysis is necessary to evaluate
the true cost-effectiveness of Japanese CRC screening.

In the present study, we aimed to identify the optimal combination
of TCS and FIT for population-based CRC screening in the Japanese
setting from the perspective of cost-effectiveness. To evaluate cost-
effectiveness, we performed a Markov model analysis using Japanese
clinical and cost data. To determine the optimal screening strategy, we
also considered the number of TCS procedures required.

Patients and methods

Decision analytic model

We developed a state-transition Markov model that simulated the nat-
ural history of CRC development, and the actual cost-effectiveness
was analyzed by Monte Carlo simulation using Tree Age Pro 2014
(TreeAge Software Inc., Williamstown, MA, USA) (28). In a Markov
model, clinical situations are described in terms of discrete health
states, ‘Markov states,” that individuals can be in; an individual is al-
ways in one of these states, and all events of interest are modeled as
transitions from one state to another. In this study, the natural history
of CRC development was simulated as a transition from normal epi-
thelium to low-risk adenomatous polyps sized 1-4 and 5-9 mm, to
high-risk polyps, to CRC (from Dukes’ A to Dukes’ D), and ultimately

to death from CRC, with reference to previous studies (17-24). There-
fore, the Markov states were set as shown in Fig. 1. In addition, the
detection status of colorectal polyps and CRC (‘detected’ or ‘undetect-
ed’) was considered, with CRC screening affecting the transition from
‘undetected’ to ‘detected.” CRC was defined, according to the inter-
national classification, as a malignant epithelial tumor originating in
the large bowel with invasion beyond the muscularis mucosae (29).
High-risk polyps included intramucosal cancers and adenomas with
a diameter >10 mm, with high-grade dysplasia, or with villous hist-
ology (>25%) (30). The study setting was Japan and the initial popu-
lation comprised 100 000 individuals aged 40 years who were at an
average risk of CRC. The screening and analysis continued through
the lifetime of the cohort. The time frame of the analysis was divided
into 1 year, during which individuals were in the same health state be-
fore having the opportunity to transition to another state. The transi-
tion was governed by transition probability values mostly estimated
from Japanese literature as described later. Japanese data for age-
specific CRC incidence rates was the basis for determining the number
of individuals in the population would develop CRC without any
screening or intervention (1).

The validity of the model was assessed by comparing the lifetime
cumulative risks for CRC incidence and mortality for the 40-year-old
Japanese population estimated from the model of this study with those
estimated from Japan’s Cancer Registry and Statistics (http:/gdb.
ganjoho.jp/graph_db/gdb1?smTypes=67, Cancer Information Ser-
vice, National Cancer Center, Japan) (1). When estimating these
risks using the model, CRC screening with FIT (primary screening)
and TCS (for those with a positive FIT) were considered with uptake
rates set at 37 and 55% for FIT and TCS, respectively, based on the
data of current Japanese uptake rates (31,32).

CRC screening strategies
To evaluate the optimal use of TCS and FIT for CRC screening, a total
of three CRC screening strategies with TCS and/or FIT, including a

-risk polyp i

i /’“

Dukes BCRC  Wo-d!  Dukes CORC mm@

Dukes' ACRC |

i CRC deuth

Figure 1. The natural history model of colorectal cancer. CRC, colorectal
cancer.
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FIT-based strategy which mostly corresponded to the current strategy
of Japanese population-based CRC screening and other two strategies
which used TCS more actively than the current strategy, were exam-
ined in this study (Fig. 2).

Strategy 1: a FIT-based screening strategy

The population is offered FIT at the age of 40 years. When the test is
negative, it is repeated annually. Individuals with a positive FIT result
are invited for TCS examination; any polyps found are removed and
surveillance TCS is repeated every 3 years until no more polyps are
found. When the results on TCS are normal, FIT is resumed S years
after the TCS (Fig. 2a).

Strategy 2: a TCS-based screening strategy

The population is offered TCS as primary screening at the age of 40
years. When the test is negative, TCS is repeated 10 years later. If
polyps are found, they are removed and surveillance TCS is repeated
every 3 years until no more polyps are found. When the TCS results
are normal, TCS is resumed 10 years later (Fig. 2b).

Strategy 3: a strategy of adding population-wide TCS for 50-year-old
individuals to a FIT-based screening

This screening strategy is the same as Strategy 1 for individuals aged
40-49 years. The difference is that at the age of 50 years the whole
population undergoes TCS, apart from those who underwent TCS
in their 40s. After TCS, the screening continues according to the
TCS results as with Strategy 1 (Fig. 2c).

Model parameters

Model parameters, including transition probabilities, test characteris-
tics and cost, are summarized in Table 1. Most data were based on Ja-
panese data (1,33-38), except for some data that were only available
from foreign studies (20,39). The disease progression parameters from
normal epithelium to colorectal polyps and cancer were calculated on
the basis of the CRC incidence data from a study of 25 population-
based cancer registries for the Monitoring of Cancer Incidence in
Japan project (1), and the polyp prevalence data at Cancer Screening
Division, Research Center for Cancer Prevention and Screening, Na-
tional Cancer Center, Tokyo, Japan (33). The possibility of new
polyps developing after endoscopic removal of polyps was estimated
with reference to the data from the Japan polyp study (34). The refer-
ences for the data regarding other transition probabilities are provided
in Table 1 (20,38,39).

With regard to the parameters of test characteristics, the sensitiv-
ities and specificities of FIT for colorectal polyps and cancer were set
on the basis of data from detailed previous studies by Morikawa et al.
(35,36). The sensitivities and specificities of TCS for colorectal polyps
and cancer were set according to the data from the Japan polyp study
(34). The possibility of complication (perforation and bleeding) fol-
lowing TCS were estimated from the nationwide report from the
Japan Gastroenterological Endoscopy Society (37).

The cost included the screening-related cost and CRC treatment-
related cost. The screening-related cost was set on the basis of Japanese
national reimbursement tables. The CRC treatment-related cost was
calculated from the cost of the treatment procedure, hospitalization, ad-
juvant chemotherapy and follow-up care on the basis of Japanese na-
tional reimbursement tables and expert discussion.

The uptake rate of each test (FIT and TCS) was also built into this
analysis. The CRC screening uptake rate in Japan has been increasing,
but the current rate (~30-40%) is lower than the Japanese govern-
ment’s target values (50%) and the cut-off value for the desirable
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level of the uptake rate (65%) provided in the European guidelines
(31,40). These guidelines based their evidence on performance indica-
tors for FIT on data with a FIT uptake rate of 61.5% (41). From this, it
ideally appears that an uptake rate of at least 60% is required for
population-based CRC screening. Thus, in the present study, all
uptake rates were first set at 60% in the base case analysis and then
changed in the sensitivity analyses.

Cost-effectiveness analysis
The cost-effectiveness analysis was performed from a healthcare
payer’s perspective. The effectiveness of screening was measured in
terms of the quality-adjusted life-years (QALYs) gained. Costs and
QALYs were discounted at an annual rate of 3% (42). Strategies
that were more costly and less effective than other strategies were
ruled out by simple dominance. Among the remaining strategies, the
incremental cost-effectiveness ratio (ICER) was evaluated. ICER was
determined for a strategy by comparing the additional cost and effect-
iveness of the strategy with those of a less costly and less effective strat-
egy; ICER was calculated as the difference in costs divided by the
difference in effectiveness.

To compare the demand for endoscopic resources between differ-
ent screening strategies, the number of TCS procedures performed in
each strategy was also calculated.

Sensitivity analyses

In addition to the base case analysis, scenario analyses were performed
with regard to the uptake rates (10% and 100%), the initial age of
screening (50 years), and the age for population-wide TCS in Strategy
3 (40-60 years). A probabilistic sensitivity analysis was performed for
the parameters of transition probabilities, costs, test characteristics,
uptake rates and quality of life scales. In a probabilistic sensitivity
analysis, these multiple parameters were varied simultaneously. We
used B distributions for the parameters for which we could acquire
raw data (the denominator and numerator of parameters), including
the sensitivities of FIT and TCS, the probability of perforation after
TCS, and that of new polyps developing after polyp resection, and
gamma distributions for the other variables with a range of 25%.
A cost-effectiveness acceptability curve was drawn to show the cor-
relation between the probability of being chosen as the most cost-
effective scenario for each strategy and the willingness-to-pay (WTP)
values for one additional QALY gained. The WTP value is the max-
imum cost that an individual is willing to pay to gain one additional
QALY, and the value varies according to country; the Japanese thresh-
old is reported to be JPY 5-6 million per QALY gained (43).

Results
Validity of the model

The cumulative risks for CRC incidence and mortality for the Japa-
nese 40-year-old population estimated from the Cancer Registry and
Statistics and those estimated from the model are shown in Fig. 3. The
risks estimated from the model generally matched those from the Can-
cer Registry and Statistics, particularly <65 years of age. After the age
of 65 years, the risks estimated from the model were slightly lower
than those estimated from the Cancer Registry and Statistics.

Base case analysis
The outcomes for the three screening strategies and for no screening in
the base case analysis are summarized in Table 2. Without any
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Figure 2. Three screening strategies analyzed in this study. (a) Strategy 1: A fecal immunochemical test-based screening strategy. FIT, fecal immunochemical test;
TCS, total colonoscopy. (b) Strategy 2: A total colonoscopy-based screening strategy. {c} Strategy 3: A strategy of adding population-wide total colonoscopy for
50-year-old individuals to a fecal immunochemical test-based screening. During the first 10 years (40-49 years), individuals follow Strategy 1. All of those who
did not undergo total colonoscopy during the first 10 years undergo total colonoscopy at the age of 50 years.
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Table 1. Model parameters in the cost-effectiveness analysis

Model parameters Baseline value References

Transition probabilities ( per year)
Probability of progression to CRC

From normal epithelium to 1-4 mm sized low-risk polyp 3.4-6.6% (different by age) 33
From 1-4 mm low-risk polyp to 5-9 mm low-risk polyp 1.4-5.6% (different by age) 33
From 5-9 mm low-risk polyp to high-risk polyp 1.3-5.6% (different by age) 33
From high-risk polyp to Dukes’ A CRC 3.4% 20, 39
From Dukes’ A CRC to Dukes’ B CRC 58.3% 20, 39
From Dukes’ B CRC to Dukes’ C CRC 65.6% 20, 39
From Dukes’ C CRC to Dukes’ D CRC 86.5% 20, 39
Probability of death from CRC
Dukes” A 1.7% 38
Dukes’ B 3.2% 38
Dukes’ C 7.2% 38
Dukes’ D 28.4% 38
Probability of symptomatic presentation of CRC 9
Dukes” A 6.5% 20, 39 g
Dukes’ B 26.0% 20, 39 8
Dukes’ C 46.0% 20,39 e
Dukes’ D 92.0% 20, 39 g’
Probability of developing polyps following endoscopic polyp resection 3
Developing low-risk polyp (1-4 mm) after endoscopic polyp resection 10.0% 34 g
Developing low-risk polyp (5~9 mm) after endoscopic polyp resection 5.3% 34 ;
Developing high-risk polyp after endoscopic polyp resection 0.7% 34 ‘é
Probability of recurrence after treatment of colorectal cancer )
Dukes” A 0.8% 38 =3
Dukes’ B 2.8% 38 &
Dukes’ C 71% 38 E
Test characteristics ES
FIT 2
Sensitivity for 1-4 mm low-risk polyp 6.3% 35, 36 o
Sensitivity for 5-9 mm low-risk polyp 7.9% 35, 36 %
Sensitivity for high-risk polyp 26.5% 35,36 gr.
Sensitivity for Dukes” A CRC 52.8% 35, 36 ]
Sensitivity for Dukes’ B CRC 70.0% 35,36 o
Sensitivity for Dukes” C and D CRC 78.3% 35,36 %
Specificity for colorectal polyp and CRC 94.6% 35,36 2
TCS &
Sensitivity for 1-4 mm low-risk polyp : 74.1% 34 =4
Sensitivity for 5-9 mm low-risk polyp 86.5% 34 =
Sensitivity for high-risk polyp 97.6% 34 E
Sensitivity for CRC (Dukes’ A-D) 99.9% 34 &
Specificity for colorectal polyp and CRC 100.0% 34 g
Probability of perforation after TCS without endoscopic polyp resection 0.01% 37 §
Probability of perforation after TCS with endoscopic polyp resection 0.06% 37 §_
Probability of death following perforation 6.7% 37 N
Probability of bleeding after TCS with endoscopic polyp resection 0.5% 37 IS
Cost (JPY) Japanese national §
reimbursement tables
FIT 1600
TCS 15500
Endoscopic resection of low-risk polyp 50000
Endoscopic resection of high-risk polyp 157114
Annual cost of CRC management by Dukes classification
Dukes’ A (1 year) 1319816
Dukes’ A (2-5 years) ) 35570
Dukes’ B (1 year) 1399034
Dukes’ B (2-5 years) 35570
Dukes’ C (1 year) 2340416
Dukes’ C (2-5 years) 44972
Dukes’ D (1 year) 2687125
Dukes’ D (2-5 years) 2544972

CRGC, colorectal cancer; FIT, fecal immunochemical test; TCS, total colonoscopy.
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screening, there would be 9541 CRC cases among the cohort of
100 000 individuals, and the calculated QALY and total cost per per-
son were 22.8 and JPY 156 125, respectively. Compared with no
screening, all three screening strategies (Strategies 1, 2 and 3) experi-
enced fewer CRC cases, gained more QALYs, and were less costly; i.e.
all three strategies dominated no screening.

Among the three strategies, simple dominance of Strategy 3 over
Strategy 1 was observed: Strategy 3 resulted in more QALYs and
less cost than Strategy 1. Compared with Strategies 1 and 3, Strategy
2 yielded more QALYs, but involved greater cost. The ICERs per
QALY gained for Strategy 2 against Strategies 1 and 3 were JPY
293 616 and JPY 781 342, respectively.

With regard to the number of TCS procedures, Strategy 2 required
the most procedures (294 322 procedures per 100 000 population),
followed by Strategy 3 (126 171 procedures per 100 000), and Strat-
egy 1 (100 740 procedures per 100 000).

Scenario analyses
When the uptake rates decreased to 10%, Strategy 2 showed simple
dominance over no screening and the other two screening strategies,

1.6

e Encidence risk (moded)

6.0 - g fncidenee tisk (Cancor Registry snd
Swatisties}
v Mortastiny risk (model}

50 A
~w Maortality risk (Caneer Regisiry and
Swatistics)
4.0
3.0
2.0
1.0

45 30 55 60 [ 70 kN 80 85
Age (vears)
Figure 3. Comparison between cumulative risks for colorectal cancer incidence

and mortality estimated from the study model and those estimated from the
Cancer Registry and Statistics.

Table 2. Results of the base case analysis

whereas the ICER per QALY gained for no screening against Strategy
3 was JPY 218 464 (Table 3). When the uptake rates increased to
100%, all three screening strategies showed simple dominance over
no screening, and the ICERs per QALY gained for Strategy 2 against
Strategies 1 and 3 were JPY 126 810 and JPY 19475, respectively
(Table 3).

‘When the initial age of screening changed to 50 years, all three
screening strategies dominated no screening, and the ICERs were
JPY 87804 and JPY 125 953 per QALY gained for Strategy 2 against
Strategies 1 and 3 (Table 3).

The results for QALYs, costs and required number of TCS proce-
dures when the age for population-wide TCS in Strategy 3 was chan-
ged between 40 and 60 years are shown in Table 4. Compared with the
base case scenario of Strategy 3 with TCS at 50 years, the strategy with
population-wide TCS at the age of 40 years resulted in fewer QALY's
and higher cost. In contrast, when the population-wide TCS was per-
formed at 55 years, more QALYs were gained with lower cost than
when the TCS was performed at 50 years. The ICER per QALY gained
for the strategy with TCS at 55 years against the strategy with TCS at
60 years was JPY 206 113. Against the strategy with TCS at 55 years,
the ICER per QALY gained for the strategy with TCS at 45 years was
JPY 782 013. The strategy with TCS at 45 years yielded more QALY
and was less costly than Strategy 2, and the ICER per QALY gained
for this strategy against Strategy 1 was JPY 151 856. The required
number of TCS procedures decreased as the age for population-wide
TCS increased.

Probabilistic sensitivity analysis

The probabilistic sensitivity analysis performed for no screening and
the three strategies (Strategies 1, 2 and 3) and the cost-effectiveness
acceptability curve showed a correlation between the probability
of being chosen as the most cost-effective scenario for each strategy
and the WTP values (Fig. 4). In the figure, the horizontal axis repre-
sents the WTP value for one additional QALY, with a range of JPY
0-10 000 000, and the vertical axis represents the probability of
being chosen as the most cost-effective scenario for each strategy.
When the WTP value was set at JPY 5000 000, the probability of
being chosen as the most cost-effective scenario was 2.2% for no
screening, 21.0% for Strategy 1, 48.7% for Strategy 2 and 28.1%
for Strategy 3. When the age for population-wide TCS was changed
to 45 years in Strategy 3, the probability resulted in 2.4% for no
screening, 21.8% for Strategy 1, 5§3.2% for Strategy 2, and 22.6%
for Strategy 3.

No screening Strategy 1 Strategy 2 Strategy 3
Cost (per person, JPY) 156125 94733 99930 93523
QALYs (per person) 22.7986 23.0001 23.0178 23.0096
CRC cases (per 100 000 persons) 9541 3926 2989 3625
TCS procedures (per 100 000 persons) — 100 740 294322 126171
Incremental cost per QALY gained (JPY)
vs. No screening — Dominates® Dominates Dominates®
vs. Strategy 1 Dominated® — 293616 Dominates®
vs. Strategy 2 Dominated® see Strategy 2 vs. 1 — see Strategy 2 vs. 3
vs. Strategy 3 Dominated® Dominated® 781342 —

“Dominates’ denotes a strategy (column) that is less costly and more effective than its comparator (row).
>Dominated’ denotes a strategy (column) that is more costly and less effective than its comparator (row).

QALY, quality-adjusted life-years.
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Table 3. Results of the scenario analyses on the uptake rates and initial age of screening

No screening Strategy 1 Strategy 2 Strategy 3
Uptake rates: 100%
Cost (per person, JPY) 154 694 99382 104 961 103789
QALYs (per person) 22.8026 23.0770 23.1210 23.0608
Incremental cost per QALY gained (JPY)
vs. No screening - Dominates® Dominates® Dominates®
vs. Strategy 1 Dominated® — 126 810 Dominated®
vs. Strategy 2 Dominated® see Strategy 2 vs. 1 — see Strategy 2 vs. 3
vs. Strategy 3 Dominated® Dominates® 19475 —
Uptake rates: 10%
Cost (per person, JPY) 153653 152928 137289 151710
QALYs (per person) 22.8209 22.8278 22.8753 22.8120
Incremental cost per QALY gained (JPY)
vs. No screening — Dominates® Dominates® See No screening vs. 3
vs. Strategy 1 Dominated? — Dominates® see Strategy 1 vs. 3
vs. Strategy 2 Dominated® Dominated® — Dominated®
vs. Strategy 3 218 464 77010 Dominates® —
Starting age: 50 years
Cost (per person, JPY) 154107 99793 104069 99 043
QALYs (per person) 22.8194 23.0845 23.1332 23.0933
Incremental cost per QALY gained (JPY)
vs. No screening - Dominates® Dominates® Dominates®
vs. Strategy 1 Dominated® — 87804 Dominates®
vs. Strategy 2 Dominated® see Strategy 2 vs. 1 — see Strategy 2 vs. 3
vs. Strategy 3 Dominated® Dominated® 125953 —

#Dominates’ denotes a strategy (column) that is less costly and more effective than its comparator (row).

>Dominated’ denotes a strategy (column) that is more costly and less effective than its comparator (row).

Table 4. Results of the scenario analyses on the age for population-wide total colonoscopy in Strategy 3

40 years 45 years 50 years 55 years 60 years

Cost (per person, JPY) 99602 97679 93523 92049 91142

QALY (per person) 22.9979 23.0195 23.0096 23.0123 23.0079

TCS procedures (per 100 000 persons) 138 687 133193 126171 123659 123106

Incremental cost per QALY gained (JPY)
vs. 40 years — Dominates Dominates® Dominates® Dominates®
vs. 45 years Dominated® — see 45 years vs. 50 years  see 45 years vs. 55 years  see 45 years vs. 60 years
vs. 50 years Dominated® 420284 — Dominates® see 50 years vs. 60 years
vs. 55 years Dominated® 782013 Dominated® — see 55 years vs. 60 years
vs. 60 years Dominated® 564055 1.400 462 206113 —

*Dominates’ denotes a strategy (column) that is less costly and more effective than its comparator (row).
>Dominated’ denotes a strategy (column) that is more costly and less effective than its comparator (row).
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Figure 4. Probabilistic sensitivity analysis performed for the three strategies
(1, 2 and 3) and no screening.
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Discussion

This study examined in detail the cost-effectiveness of CRC screen-
ing with FIT and/or TCS in the Japanese settings by performing a
simulation model analysis. For this analysis, we constructed a
model of CRC using Japanese clinical data. The validity of the
model was indicated by the finding that the cumulative risks for
CRC incidence and mortality estimated from the model and the
Cancer Registry and Statistics matched mostly, particularly for peo-
ple <65 years of age. Although these risk estimates differed slightly
after the age of 65 years, we believe that it does not matter in this
study. On the contrary, the difference strengthens the evidence for
the favorable cost-effectiveness of CRC screening indicated by the
model analysis because the lower CRC incidence and mortality es-
timated from the model means that it may be more difficult to prove
the (cost-)effectiveness of screening using the model than with real-
life data.
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Our results indicate that CRC screening with FIT and/or TCS was
superior to no screening from the perspective of cost-effectiveness in
most cases. This finding agrees with previous foreign cost-effectiveness
studies on CRC screening (17-24). However, when the uptake rates
decreased to 10%, the ICER per QALY gained for no screening
against Strategy 3 was well below JPY 5-6 million. Considering that
this amount is the upper limit of the WTP value for one additional
QALY in Japan (43), it is postulated that the superiority of CRC
screening to no screening in terms of cost-effectiveness will be more
difficult to maintain when uptakes rates are low. To maintain the su-
perior cost-effectiveness of CRC screening, it will be essential to
achieve high screening uptake rates.

Despite a number of previous cost-effectiveness studies on CRC
screening, there has been no consensus on the optimal use in terms
of cost-effectiveness of FIT and TCS for population-based CRC
screening (17-26). In the base case analysis of this study, the ICER
per QALY gained for Strategy 2 against Strategy 1 was lower than
the upper limit of the WTP value in Japan and Strategy 3 showed sim-
ple dominance over Strategy 1, which suggests that the strategies that
use TCS more actively (Strategies 2 and 3) could be more cost-effective
than the FIT-based screening strategy (Strategy 1). Furthermore, the
sensitivity analyses showed that the strategies with greater use of
TCS (Strategies 2 and 3) could be more cost-effective than the FIT-
based screening strategy (Strategy 1) in most cases. This finding may
largely be due to the much lower fee per TCS procedure in Japan than
in other countries. Comparing cost-effectiveness between Strategies 2
and 3, the base case and sensitivity analyses showed that Strategy 2
was more cost-effective than Strategy 3 in many cases. However, the
sensitivity analyses showed that the superiority of Strategy 2 against
Strategy 3 with regard to cost-effectiveness was not always the case
and that Strategy 3 could be more cost-effective than Strategy 2
under certain sets of model parameters and the age for population-
wide TCS in Strategy 3.

If TCS is to be used more actively for population-based CRC
screening, its safety and the availability of TCS resources require dis-
cussion. First, with regard to the safety of TCS, recent foreign studies
have reported that the perforation rate of TCS without polypectomy
was 0.01-0.03%, which is a very low rate that indicates the safety
of screening TCS (44-48). Similarly, in Japan, the corresponding
rate has been reported to be low, as shown in Table 1 (37). Given
the safety of screening TCS, it may be possible to use it more actively
than the currently performed FIT-based CRC screening. However, the
risk of perforation associated with TCS cannot be completely ignored
at present, particularly for the elderly population (44-48). Second, the
capacity for screening TCS in Japan has not been clarified, with some
surveys currently in progress, including the Japan endoscopy database
project (UMIN000016093). Nevertheless, it is obvious that TCS cap-
acity is limited in Japan and that we must arrange the CRC screening
system to meet this limitation. Considering the limited TCS capacity,
the TCS-based screening (Strategy 2), which requires more than
double the number of TCS procedures than the other strategies in
this study (Strategies 1 and 3), is likely to be the most difficult to
implement.

From the cost-effectiveness aspect only, the TCS-based strategy
may be the best; however, considering cost-effectiveness, safety,
and the TCS capacity issue together, we postulate that the strategy
of adding population-wide TCS at a specific age to the FIT-based
strategy (Strategy 3) may be an optimal option for population-based
CRC screening in Japan. With regard to the optimal age for
population-wide TCS in Strategy 3, TCS at 45 years was the most
cost-effective under the condition of the upper limit of WTP being
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JPY 5-6 million, according to the scenario analyses in this study.
Considering that it is necessary to set the age for population-wide
TCS as a range rather than one specific age to achieve a higher
uptake rate, it appears that TCS within the age range 45-55 years
would be acceptable from the perspective of cost-effectiveness on
the basis of the study results. This would also be expected to improve
the safety of the procedure because of the relatively younger age.
With regard to the TCS capacity, although more TCS procedures
may be required than with the FIT-based strategy, the increase is con-
sidered not to be too great; the number of TCS procedures required in
Strategy 3 (TCS at 45-55 years) compared with those required
in Strategy 1 was 123 659-133 193 vs. 100 740 per 100 000 indivi-
duals, whereas Strategy 2 required 294 322 TCS procedures per
100 000 individuals.

This study had several limitations. First, the natural history model
of CRC in this study was based on currently available Japanese
data; as a result, it was completely based on the concept of the
adenoma-carcinoma sequence on which the previously reported
cost-effectiveness analyses were based (17-24). However, other
CRC pathways, such as the serrated pathway and the de novo path-
way, have been reported, and it may be necessary to include these in
the natural history model of CRC in future analyses, after the collec-
tion of a sufficiently large body of data on serrated polyps or de novo
cancers (49,50). Second, the values of model parameters set in the base
case analysis could vary case by case in the real world. However,
sensitivity analyses, including probabilistic sensitivity analyses, were
performed for the parameters. Third, indirect costs such as productiv-
ity loss cost due to CRC treatment were not considered in this study.
Because limited data are available on indirect costs in Japan at present,
it is currently difficult to include these costs in the cost-effective ana-
lysis. However, the cost-effective analyses in this study were performed
form the healthcare payer’s perspective in Japan, and thus we believe
that no inclusion of indirect cost was appropriate for the analyses.
For future cost-effectiveness analyses that include other perspectives,
inclusion of data on the indirect costs associated with CRC in Japan
would be warranted.

In conclusion, the present study examined the cost-effectiveness
of population-based CRC screening in Japan. The CRC screening
strategies with more active use of TCS could be more cost-effective
than the FIT-based screening strategy. The TCS-based screening
strategy could be the most cost-effective; however, considering the
safety and limited capacity of TCS resources in addition to cost-
effectiveness, the strategy of adding population-wide TCS for indivi-
duals in the age range 45-55 years to the FIT-based screening may
be an optimal solution.
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INTRODUCTION

New tests to screen for colorectal cancer (CRC) continue
to emerge and are based on new biomarkers, new imaging
modalities, or variations of existing methods. Efficient
evaluation of these options presents a challenge. It has
been observed that new diagnostic tests frequently enter
practice without evidence of improved outcomes. For
screening tests, the requirement for evidence is more
demanding, because more than clinical test accuracy (ie,
sensitivity and specificity) is required to justify adop-
tion."? Safety, public acceptability, and cost effectiveness
need to be assessed even more carefully for tests that are to
be applied to ostensibly healthy individuals.

The intention of a cancer screening program, or sec-
ondary prevention, is to significantly reduce the cancer
site-specific mortality and burden of that disease in the
target population® through programmatic use of a test
that detects neoplasia at a stage early enough for treatment
to be successful and/or for incidence to be reduced.’

It has been demonstrated that certain screening tests
reduce cancer site-specific mortality and/or incidence by
randomized, population-based evaluation on an intention-
to-screen basis,* 2 thereby limiting biases, such as lead-
time, length, and self-selection, that are often present in
simpler studies that use surrogate measures of mortality or
intermediate endpoints. Evaluation of every new CRC

screening test to the endpoint of mortality would be a huge
and expensive undertaking and would markedly slow—if
not prohibit—the implementation of promising new tech-
nologies. Fortunately, simpler studies using surrogate meas-
ures or intermediate endpoints can be used to evaluate new
tests’ provided that a carefully validated reference standard
is used and biases are minimized. To define what is justifi-
ably required to support the use of a new test for CRC
screening, we propose an efficient and rigorous method for
how to compare the alternative/new (hereafter “new”) with
the proven/established screening tests.

METHODS

To establish the guiding principles for comparative evalu-
ation, including the informative endpoints and the appro-
priate study design, we established a consensus based on
the Glaser and Delphi approaches.'® The membership was
chosen from experts because of their knowledge or experi-
ence in practice or research relevant to screening for CRC.
The problem was defined by using the consensus process
to agree on the goal. To support the consensus process,
systematic literature searches were undertaken using Med-
line and other relevant databases. One search string was
optimized for diagnosis and screening with the inclusion
of measures like sensitivity, another was optimized for
cancer, and a third attempted to identify articles focused

BOX 1: These are the guiding principles that underpin a strategy for comparing screening tests that emerged
from the consensus approach and the literature review (a discussion of each is provided in Supporting Table 1;
see online supporting information):

Principle 1. Screening aims to reduce the burden of disease in the targeted population, without adversely affecting the
health status of those who participate in screening, through early detection and treatment of cancer and/or through
detection of precancer lesions, which reduces incidence.

Principle 2. The screening test is just 1 event in a process that includes engagement of the public, testing, validation,
communication, and treatment.

Principle 3. Population randomized controlled trials with mortality as the primary outcome set the standard for the
evaluation of new tests.

Principle 4. New tests can be assessed in parallel with an existing test all the way through the screening process, from
population engagement to population outcomes/measures.

Principle 5. New screening tests might detect a different neoplasia-dependent biology; as a consequence, the value of
treatment and benefit to mortality reduction might not be the same.

Principle 6. In 2-step screening, the screening test selects participants who proceed to diagnostic verification by colono-
scopy, because a positive test increases the likelihood of neoplasia being present.

Principle 7. It is not ethically justifiable to proceed to study a test in the screening environment, including acceptability
to invitees or other screening program outcomes, without studies indicating that the new test is of acceptable accuracy
compared with a proven comparator test.

Principle 8. New tests must be clearly defined with provision of adequate technical details, quality-assurance proce-
dures, and performance standards.
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TABLE 1. Characteristics of Established Screening Tests Known to Reduce Colorectal Cancer Mortality and
the Type of Evidence Supporting Their Value

Detection Goal

Technology

Strongest Evidence

for Benefit

Test Objective

Sensitivity
Determinant

Specificity
Determinants

Fecal blood

Endoscopic
visualization of
lesion

Guaiac-based FOBT
(gFOBT)

Fecal immunochemi-
cal test for hemo-
globin (FIT)

Colonoscopy

Sigmoidoscopy
(flexible)

Population RCTs—
reduced incidence
and mortality

Case-control and
cohort studies—
reduced incidence
and mortality;
comparative
screening cohorts
(randomized)—
higher detection
rates and
participation com-
pared with gFOBT

Case-control and
cohort studies—
reduced incidence
and mortality

Population RCTs -
reduced incidence

Heme component of
hemoglobin

Globin component of
human hemoglobin

Visually apparent
lesions (ulcerative,
polypoid, or flat/
depressed)
suspicious of
neoplasia

Visually apparent
lesions within reach

Amount of fecal heme
exceeds that
needed to generate
a positive result
(fixed by
manufacturer)

Amount of fecal
hemogilobin
exceeding selected
cutoff concentration
(may be fixed by
manufacturer or
selected by end
user)

Quality of procedure;
ability to negotiate
the colonic lumen
with adequate
views; nature of the
lesion

Quality of procedure;
depth of insertion;

Dietary peroxidases;
agents interfering with
peroxidase reaction;
bleeding
nonneoplastic lesions;
amount of stool in
sample.

Bleeding nonneoplastic
colonic lesions;
amount of stool in
sample.

Histopathologic
clarification

Histopathologic
clarification

and mortality

ability to negotiate
the colonic lumen
with adequate
views; nature of the
lesion

Abbreviations: FOBT, fecal occult blood test; RCTs, randomized controlled trials.

2 This information is derived from several publications.58:14-1°

on comparison of tests. We also searched for review
articles that addressed the evidence supporting screening
for CRC.

A series of specific questions that focused on the defi-
nition of appropriate study designs and outcomes for the
comparison of different screening tests were established
by agreement. The answers to these questions were
reached by consensus (requiring 75% agreement) based
on dissemination of summaries of the literature searches,
detailed examination of methodological articles, a series
of semistructured discussions with dissemination of deci-
sions after each critique, followed by consultation with
external advisors. On the basis of these processes, progres-
sive drafts of the recommendations were then prepared,
circulated, and critiqued.

In this report, we present: 1) the underlying guiding
principles that emerged from the consensus; 2) an expert
opinion on the methods appropriate for evaluating a new
test compared with a proven comparator test (what is
needed), 3) practical guidance on how to apply these

828
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methods in a 4-step, phased evaluation (how to do it); and
4) examples of published research that exemplify these
phases (how it has been done). Therefore, it will guide
researchers and enable practitioners to decide whether a
new test is suitable for the context in which they practice.

GUIDING PRINCIPLES

The guiding principles that emerged from the consensus
approach and the literature review are outlined in Box 1,
together with their key consequences for test comparison.
A presentation of the reasoning underlying these princi-
ples is presented in Supporting Table 1 (see online sup-
porting information).

With regard to Principle 3, which states that
“Population randomized controlled trials (RCTs) set the
standard for evaluation of new tests,” Table 1 outlines the
characteristics of major screening tests known to reduce
CRC mortality and/or incidence together with the type of
evidence supporting their value. Such tests are ideal as a
reference point against which to compare a new test.

Cancer  March 15, 2016



Colon Cancer Screening Test Evaluation/Young et al

Population:
(Paired testing or separate cohorts)

N

Proven existing New screening test
screening test

! 1 I l

Negative Positive Positive Negative

Seel NS T
‘s”ws """"
~—~—.. NS e
‘~~*‘ el

Diagnostic verification

H
Further endpoints in screening
pathway (see “Phased evaluation”

Figure 1. This is a conceptualization of the design for testing
a new test relative to an existing (comparator) test. Solid
lines represent essential paths in the process, and dashed
lines represent discretionary paths that are not essential in
some phases of evaluation.

Table 1 also describes the test target (which serves as an in-
formative outcome for comparison), as discussed in Prin-

ciple 5.

A FRAMEWORK FOR EVALUATING A NEW
SCREENING TEST

With these principles in mind, a practical framework for
evaluating a “new” test against a proven test can be built.
The test of effectiveness for the proven test demands proof
at the population level—hence, the context for evaluation
must eventually include population outcomes and not
just the testing of capacity to detect lesions.

When an RCT establishes that a test is effective in
reducing mortality, then a new test does not need to be
evaluated with such rigor provided it is compared with the
proven test." This is true provided that Principle 5 (Box 1)
applies; namely, that the value of treatment and benefit in
mortality are not compromised because of potential dif-
ferences in the biology of detected lesions.

In applying this view, other than effects on CRC
mortality and disease stage, there are 3 types of readily
determined outcomes that inform the value of a new test:
accuracy, acceptability, and impact on other screening
program outcomes when applied in a screening context
(see Phased Evaluation, below). Such intermediate/surro-
gate outcomes facilitate the prediction of benefit pro-
vided that the new test is directly compared with a test
that has been proven to be effective on an intention-to-
treat basis, ie, based on an approach that, among other
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things, takes into account imperfect adherence and over-
comes other sources of bias.}2%?!

STUDY DESIGN FOR COMPARING TESTS
Accuracy can be assessed through case-control and cohort
studies using the framework illustrated in Figure 1. This
framework can be adapted to any phase of evaluation,
from prescreening assessment to mass population
application.

Choice of Comparator Test

The first and well characterized, noninvasive test (in
terms of effectiveness) is the guaiac-based fecal occult
blood test (gFOBT) Hemoccult (and variants, particu-
larly Hemoccult II; Beckman Coulter Inc, Pasadena,
Calif). The screening outcomes achieved with this
gFOBT represent the minimum that needs to be
achieved, because the effect of gFOBT on mortality is
modest. The more advanced technology provided by fecal
immunochemical tests for hemoglobin (FIT) provides
better accuracy, including improved sensitivity for adeno-
mas as well as CRCs and better acceptability when eval-
uated on an intention-to-screen basis. Population-based
and case-control studies support the value of this technol-
ogy.?>® Further studies from the Netherlands'® confirm
the value of FIT in a population RCT when analyzed on
an intention-to-screen basis relative to the gFOBT
Hemoccult IT. This evidence has led to recommendations
that FIT replace gFOBT‘ls’ao Therefore, a well studied
FIT sets a new standard against which new tests can be
judged.®! FIT technology tends to have a better capacity
to detect adenomas than gFOBT, and repeated testing
improves detection.”>?’

Because population screening trials with flexible sig-
moidoscopy (FS) have now been reported,” this screening
test will serve as a useful comparator for the detection of
preinvasive lesions.

The experts concluded that colonoscopy serves to
estimate the accuracy of a new test; however, without
RCT intention-to-screen evidence of effectiveness, the
effectiveness of a new noninvasive test cannot be deduced
if it is assessed relative to colonoscopy only. However, as
results emerge from the currently underway population
screening trials evaluating colonoscopy, we will be able to
use colonoscopy as a comparator knowing its benefit to
mortality in an unbiased setting.

EVALUATION OF ACCURACY
Clinical accuracy (sensitivity, specificity, and predictive
values) is crucial to whether a new test is fully evaluated in
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