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Abstract
Owing to the uprising colorectal cancer (CRC) incidence and mortality in Taiwan, the
Taiwanese government launched the fecal immunochemical test (FIT) - based
nationwide CRC screening program, which offers FIT screening for people aged 50 to
74 (upper age limit was 69 till 2012). This program was launched in 2004, soon after
the enactment of the Cancer Prevention Act in 2003, which provided the legislative
framework for strengthening the cancer prevention and control system covering
cancer research, cancer patient registry, and provision of screening, diagnosis and
treatment services, and aims to reduce CRC mortality and incidence in the long run.
After the success in outreach screening service using regional health bureau and
health centers as the screening hubs in the initial five years (2004 to 2009), in-reach
screening service was made available in the hospitals and clinics in 2010, which
remarkably increased the FIT uptake number and screening rate. We evaluated the
effectiveness of this FIT screening by comparing the screened and non-screened
population during the initial 10 years of this program and it was demonstrated that
CRC mortality and advanced-stage CRC incidence were significantly reduced by 35%
and 29%, respectively. Further improvement of screening uptake and diagnostic
colonoscopy rate, improvement of colonoscopy quality, and tackling the young-onset

CRC issue are some of the emerging future challenges of this program.
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Introduction

The Colorectal cancer (CRC) in the world, especially for developed countries, is
dramatically increasing in this decade. Two population-based randomized controlled
trial from UK (Hardcastle et al., 1996) and Demark (Kronborg, et al., 1996) have
demonstrated the efficacy of screening using guaiac fecal occult blood test (gFOBT).
From the viewpoint of public health, considering natural history of CRC, the mortality
and incidence rate of CRC would be reduced through early detection and
polyptectomy based on fecal occult blood test respectively; therefore, the efficacy of
CRC screening can be expected to have significant impact on health policy. To
improve the sensitivity and specificity for CRC screening, the Fecal immunochemical
testing (FIT) was developed and widely used for population-based screening since
2000s instead of gFOBT (Allison et al., 2007).

Based on the evidence-based scientific research reports, the polit program for
CRC using FIT in Taiwan was launched in Keelung City since 1999 (Chen et al.,
2004), which is the northern city of Taiwan island. The preliminary results showed the
significant increasing proportion of early CRC (70%) based on 26,008 participants
aged 50-79 between 1999 and 2003 (Yang, et al., 2006). In light of this promising
achievement, the nationwide CRC screening program using FIT kits was initiated
since 2004 by Health Promotion Administration, Ministry of Health and Welfare,
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Taiwan and supervised by Nationwide Colorectal Cancer Screening (NCCS) Policy
Committee in Taiwan. Those who were aged 50-69 residents were offered biennial
screening using FIT (Chiu, et al., 2015) and the upper bound age was extended to 75
since 2013 (Wang, et al., 2018). To enhance the coverage rate of CRC screening, the
Taiwanese government expanded the screening program from official Public Health
Center to hospitals in every county to increase the screening accessibility for eligible
population since 2010 (Chou et al., 2016; Wang, et al., 2018).

It is tough task to evaluate the health policy of intervention on population which
is hard to achieve by using randomized controlled trial (RCT). Regarding the
scientific approach for intervention evaluation, the RCT was known as standard study
design for outcome assessment; however, those efficacy of intervention by using RCT
evaluation might be various by different situations of culture, health care system and
quality, etc., especially for intervention on population-based level rather than clinical
trial. The observational cohort study is common design for evaluation instead of RCT
due to full-scale implementation. However, those biases might be potentially affecting
the estimation deviating from true outcome, i.e. selection-bias, lead-time bias, etc.
Therefore, conducting the evaluation approach with different statistical methods for
adjustment is commonly used for cohort study based on nationwide official database.
Our paper aims to, first, demonstrate the current result of effectiveness on CRC
screening in Taiwan, which conducted and combined different databases in Taiwan;
second, discuss some challenges for nationwide CRC screening program which we

met but need to conquer in the future.

Materials and methods
Taiwanese National Registry Databases

First, the population-based household registry system was with long history and
well- established system, which provides birth, death, immigration, and emigration
information using individual and household unit for management. The unique
identification (ID) number was generated by algorithm that initiated by Taiwanese
official government, which also used in every registry system in Taiwan. Therefore,
those data linkage between different registry databases was authorized by
government. The eligible population for specific cancer screening would be provided
by this system. Second, Taiwanese Mortality Registry System was built for date,
location, and causes of death management in Taiwan based on individual ID
information. The causes of death were coded by well-trained physicians and verified
by Ministry of Health and Welfare following International Classification of Disease
(ICD) 9 (before 2009) and 10 (After 2009) versions. Third, Taiwanese Cancer
Registry System was established since 1979. For those hospital providing cancer
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diagnosis and treatment or having bed more than 50, they should report those cancer
cases to system and verified by task group of Ministry of Health and Welfare, Taiwan,
which was issued and regulated by Cancer Control Act in Taiwan. Fourth, Taiwan
Screening Registry System was established for four cancers screening in Taiwan. The
fees for these cancer screening and referral were paid by National Health Insurance.
Therefore, the date of screening, results, colonoscopy confirmation, and repeated
screening were systematically collected by using personal ID. Linking with
population-based registry, cancer registry, and mortality registry, the evaluation can
report the coverage rate, positive rate, referral rate and stage proportion of CRC
detection, and mortality rate, etc. The databases system in Taiwan demonstrates the
paragon for cancer screening management and evaluation (Chiu and Chen, Chapter 6,
2021). The cross linkage and ascertainment from these databases also can provide the
information for screening quality control, such as interval cancer of FIT or post-

polyptectomy (Chiu et al., 2017).

CRC screening tools used in Taiwan and confirmation

Both OC-Sensor (Eiken Chemical Co. Ltd, Tokyo, Japan) and HM-JACK
(Kyowa Medex Co. Ltd, Tokyo, Japan) were issued and employed for this program.
The new generation of Kyowa is imported and implemented since 2021. Samples in
kits were delivered to laboratory in each county that was accredited and qualified
laboratory by official accreditation. Those results were also uploaded to screening
registry system for further management, including quantitative level of FIT, referral,
and confirmation management. The cutoff points were issued as 100 ng/mL and 8
ng/mL for Eiken and Kyowa, respectively, which was based on the evidence of cost-
effectiveness analysis from Keelung polit program (Chen et al., 2007). For those who
had positive results (larger than cutoff point), they would be informed and referred to
hospitals for further colonoscopy confirmation and uploaded the findings by each
hospital administration, including date of checking, adenoma, CRC, pathological

report, etc., which also can be verified by Taiwanese Cancer Registry System.

Endpoints for evaluation on CRC screening intervention

According to the theory of CRC screening and natural history, both advanced
CRC and CRC mortality are expected to define as primary endpoint of evaluation. But
the endpoint of specific CRC death would need longer follow-up period to ascertain
this information. Therefore, the proportion change on advanced CRC of screening
exposed compared with no screening data is efficient for screening program
evaluation, which is common calculate the increasing proportion on non-advanced

CRC, named stage shifting that is also named “surrogate endpoint”. Those advanced
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and non-advanced stage was based on American Joint Committee on Cancer staging
system (AJCC) which was collected from both Taiwanese National Screening
Registry System and Cancer Registry System. The latter system (Cancer Registry)
plays the important role for information providing for those outcomes ascertainment
of non-participants. The advanced CRC is defined as those who having stage II+ CRC
subjects, otherwise as non-advanced. In terms of CRC screening evaluation, both
stage shifting and mortality reduction are conducted for short-term and long-term

effectiveness/efficacy evaluation.

Results

In 2014, Chiu et al. published the first paper regarding the effectiveness of
population-based CRC screening program in Taiwan, this study employed the
screening database between 2004 and 2009, which was period of in-reach approach
and implemented by Public Health Center. Based on the coverage rate of 21.4%, this
evaluation revealed the impact of CRC screening on CRC mortality reached 10%
reduction after adjustment for selection-bias and increasing incidence bias (Chiu et
al., 2014) (Table 1). According to the preliminary results from Taiwanese nationwide
CRC screening program and the scenario of demographics, the CRC mortality
reduction were expected to reach 23% and 36% if the coverage rate achieved 40% and
60% respectively and 30% repeated participating rate using the simulating approach
(Chiu et al., 2015).

The program of CRC screening is continuously implemented and expanded to
out-reach model for residents’ convenient access, which showed the higher coverage
rate with 56.6% compared with previous result. In 2021, Chiu et al. extended the
database that was conducted from 2004 to 2014. Using this screening cohort,
however, those factors (demographics, health behavior, compliance, confirmation
method, etc.) would be not balance between participants and non-participants.
Therefore, the regression method was applied for potential biases adjustment. The
Bayesian Poisson regression considering the time of follow-up in person-year was
employed to adjust age, gender, attendance, referral after positive result, selection of
diagnostic examination, modality, and completeness for colonoscopy. The result
reported the significant mortality reduction was reached 40% after regression
adjustment (Chiu et al., 2021). This result demonstrated that the effectiveness for
population-based screening program was highly associated with screening coverage
rate, named participating rate (Table 1) compared with the previous report in 2015
with 21.4% CRC mortality reduction. On the other hand, based on this program
finding, the outcome with staging shifting was also considered to evaluate for

screening intervention. According to the AJCC classification as endpoint for

25



evaluation, the proportion of non-advanced staging CRC of screening exposed group
was significantly higher than unexposed, which demonstrated 34% reduction (Table
1) on advanced CRC cases (Chiu et al., 2021).

Discussion

In light of effectiveness evaluation for nationwide CRC screening program in
Taiwan, given on the 5-year and 10-year follow-up, the results showed 10% and 40%
CRC mortality based on the prospective cohort using bias adjustment approach.
Furthermore, the surrogate endpoint using stage-shifting method was also revealed the
higher proportion of non-advanced CRC of exposed population compared with
unexposed. Both primary endpoint and surrogate endpoints were demonstrated the
achievement of nationwide CRC screening program in Taiwan. Besides the supports
and organization from clinical and public health, those National Registry Databases in
Taiwan which were comprehensively and systematically established in Taiwan play
the important roles for screening evaluation. Nevertheless, we still have some key
indicators or scenarios which are required to improve and to enhance this
effectiveness for nationwide screening program. It is also the challenge for Taiwanese
screening program implementation in the future.

First, the coverage rate of FIT screening still has room to improve. The 10-year
way we went just reached 56.6% coverage rate only. According to the natural history
of CRC, those early or non-advanced CRC are absolutely silent killers because there
is not any symptom then people would be aware with CRC progression till severe
stage. It is obviously that only screening can pick up those early cases to prevent CRC
progressively worse. On the other hand, the western eating style are dominant the
major population which might causes the increasing incidence of CRC. It is that FIT
screening covers for all eligible population is required and imperative.

Second, the referral rate of colonoscopy for positive cases are still needed to
catch up with more than 90% which is recommended by screening guideline. So far,
the referral rate for colonoscopy confirmation just reached about 70% in Taiwan. In
2017, Lee et al. conducted the FIT positive cases from 2004-2009 Taiwanese CRC
screening program to assess the impact of non-complier for colonoscopy
confirmation. Compared with those who of being completed colonoscopy
confirmation, those who of non-complier of colonoscopy had significant risk with
1.64-fold (95%CI: 1.32, 2.04) of being CRC death (Lee et al., 2017). The research
indicated that we will loss the chance to pick up early CRC and take appropriate
treatment for them when those participants were detected positive from FIT.
Regarding the current situation of referral for colonoscopy confirmation, it is

challengeable to persuade those who were positive FIT submit for colonoscopy. From
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the research recommendation, we might conduct the psychological aids or
consultation, sharing experience of colonoscopy from family/friends to reduce the
unconformity, etc.

Third, we need to keep improve the quality of colonoscopy confirmation that
includes bowel cleansing by patients, cecum reaching and polyptectomy by
physicians. The well preparation for bowel cleansing before colonoscopy is the basic
requirement for high-quality of colonoscopy, which should be educated for PEG
solution preparation and intake procedure by specific guidance. And the optimal
interval between bowel cleansing and colonoscopy is less 6-8 hours. On the other
hand, besides those factors from patients, the implementation of colonoscopy is varied
by doctors or hospital-level, such as doctors’ training or numbers of scopes
experienced.

Fourth, the double contrast barium enema (DCBE) was conducted for CRC
clinical diagnosis in early 1980s. However, from the accuracy of CRC or polyp
detection, the technical use of colonoscopy makes great improvement on the accuracy
to detect more lesions of small polyps (Ramos et al., 2009) and to take procedure of
polyptectomy simultaneously, therefore, it’s another advantage is to avoid repetition
for bowel preparation and confirmation. Obviously, for those who of being with FIT
positive result, the higher risk of being polyp or CRC was noted for this population.
The colonoscopy must be required for referral procedure to enhance effectiveness of
CRC screening. Within 5 years, the DCBE was eliminated as soon as possible by
technical training and data auditing. The referral proportion of DCBE was reduced
less than 5% by the end of 2020. But we try to diminish the BE use for nationwide
screening program in recent years.

As those empirical data demonstrate the result of Taiwanese nationwide CRC
screening program, it has reached the first goal of screening, but remain some points

to starve and overcome to reach program task.
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Table 1. The results of effectiveness of CRC screening evaluation in Taiwan

e Adjusted RR for
Year and authors Duration of data Age Participants rate CRC mortality Evaluation and adjustment approach
reduction
2015, Chiu et al. 2004-2009 50-69 1T6C()(,:SS§5 21.4%  0.90(0.84, 0.95) lsneclf;;‘l’ggsfézfge‘i:ltﬁn q
Bayesian Poisson regression:
NCCS: age, gender, attendance, referral,
2021, Chiu et al. 2004-2014 50-69 3067.8 5'3 56.6%  0.65(0.62,0.69)  selection of diagnostic examination
’ modality and completeness for
colonoscopy
. . Csvemnme Adjusted RR for . .
Year and authors Duration of data Age Participants cate advanced CRC Evaluation and adjustment approach
reduction
Bayesian Poisson regression:
NCCS: age, gender, attendance, referral,
2021, Chiu et al. 2004-2014 50-69 30678 5'3 56.6%  0.71(0.68, 0.75) selection of diagnostic examination

modality and completeness for
colonoscopy

NCCS: Nationwide Colorectal Cancer Screening
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