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Abstract

Purpose of Review Colorectal cancer (CRC) is increasing in
Asia, especially in regions with higher levels of economic
development. Several Asian countries have launched popula-
tion CRC screening programs to combat this devastating dis-
ease because previous studies have demonstrated that either
fecal occult blood test or lower gastrointestinal endoscopy can
effectively reduce CRC mortality.

Recent Findings Screening includes engaging the population,
testing, administering a confirmation examination, and
treating screening-detected neoplasms; thus, monitoring the
whole process using measurable indicators over time is of
utmost importance. Only when the quality of every step is
secured can the effectiveness of CRC screening be maxi-
mized. Screening and verification examination rates remain
low in Asian countries, and important infrastructure, including
cancer or death registry systems, colonoscopy capacity, and
reasonable subsidization for screening, is lacking or
insufficient.

Summary Future research should identify potential local bar-
riers to screening. Good communication and dialog among
screening organizers, clinicians, professional societies, and
public health workers are indispensible for successful screen-
ing programs.
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Introduction

According to data from the World Health Organization, colo-
rectal cancer (CRC) is currently the fourth leading cause of
cancer death worldwide and is prevalent in Asia, where > 40%
of the world’s cases of CRCs are found [1]. CRC is nowadays
not only an important problem in clinical practice but also is a
critical challenge for public health. Screening is one of the
most efficient ways to prevent CRC death, and previous ran-
domized trials (RCT) with a guaiac fecal occult blood test
(gFOBT) have proven effective in reducing death from CRC
[2, 3]. Nevertheless, the epidemiology of CRC, in terms of
CRC incidence and mortality, differs remarkably across Asian
countries because of ethnic diversity, dietary habits, lifestyles,
and the level of economic development [4¢]. It is generally
accepted that when the age-standardized CRC incidence rate
exceeds 30 per 100,000, then implementation of population
screening is justified [5¢]. In Asian countries where CRC in-
cidence and mortality is high, including Japan, Korea,
Singapore, and Taiwan, population-based screening programs
have been launched to combat this devastating disease [6].
Other regions in Asia are also encountering increasing rates
of CRC, especially in economically developing urban areas,
and the demand for screening is increasing. Screening, how-
ever, is not a single test or examination; rather, it involves a
process of population engagement, diagnostic examinations,
treatment of detected neoplasms, and periodic surveillance.
Moreover, screening programs with measurable indicators
are indispensible for ensuring its quality and maximizing the
effectiveness of the entire program. In this review, we update
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the current status of CRC screening activity in Asia and also
discuss its future prospects and challenges.

Epidemiology of CRC in Asia

Ethnic group and status of economic development are risk
factors associated with CRC. In Asia, Chinese, Japanese,
and Korean ethnic groups present higher risks of CRC, where-
as Indians and Malays have a lower risk [1]. Even within an
ethnic group, those who live in coastal cities have higher rates
of CRC mortality and incidence compared with residents of
inland cities in China, and Chinese people living in Singapore,
Hong Kong, or Taiwan have even higher rates that are asso-
ciated with their higher level of economic development and
their longer duration of exposure to Western lifestyles [7].

According to the data from I[ARC (GLOBOCAN 2012)
and regional health statistics, the age-adjusted incidence (per
100,000) of CRC is 48.1 (male) and 30.7 (female) in Hong
Kong, 42.1(male) and 23.5 (female) in Japan, 58.7 (male) and
33.3 (female) in South Korea, 40.1(male) and 28.0 (female) in
Singapore, and 53.7 (male) and 37.3 (female) in Taiwan, and
most of these rates exceed those in North America or Western
Europe [1, 8, 9]. A recent research in China showed a signif-
icant increase in CRC incidence (12.8 per 100,000 in 2003
and 16.8 per 100,000 in 2011) and mortality (5.9 to 7.8 per
100,000 during the same period) during the past decade and
also showed a discrepancy among regions with different levels
of urbanization; the highest rates were found in the eastern
coastal provinces [7]. The CRC disease burden is expected
to increase in Asia, especially in urbanized regions where
screening programs are not in place or have only low levels
of screening rate. In addition, the high smoking rates and
increasing prevalence of obesity—both of which are signifi-
cant risk factors associated with CRC—in Asian countries are
also of concern [10, 11]. Further action for both primary and
secondary prevention of CRC is urgently needed.

Selection of Screening Modality

Both the effectiveness and also the cost-effectiveness are
equally important when public health officials select an opti-
mal screening modality for organized screening because pub-
lic health resource allocation is important.

The effectiveness of sigmoidoscopy in reducing both inci-
dence of and mortality from CRC has been proved by previ-
ous RCTs, but its protective effect was confined to the distal
colon and rectum because of limitations in the extent to which
this examination can reach [12]. Colonoscopy has the advan-
tages of higher performance in detecting colorectal neoplasms
(> 95% for invasive cancers and 90% for advanced adenoma)
and also of being able to resect noninvasive neoplasms [13].
Although RCTs are lacking, several cohort studies have re-
ported the effectiveness of colonoscopy for reducing CRC
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incidence and mortality. The results from the US National
Polyp Study demonstrated that colonoscopy could reduce
CRC incidence of 76-90% and mortality of 53% [14, 15].
Nishihara et al. also reported that colonoscopy was associated
with a 56% lower incidence of CRC (after negative colonos-
copy) and 68% lower mortality [16]. Despite colonoscopy’s
greater effectiveness in reducing CRC mortality and inci-
dence, its high cost and invasiveness, staffing and facilities
requirements, lower screening uptake levels, and questionable
public acceptance, especially among Asian populations, have
limited its use as a primary screening modality in this region
[17, 18].

Screening with a gFOBT has proven effective in reducing
CRC mortality of 15% according to a pooled analysis of pre-
vious RCTs [2]. Avoiding the need for dietary restriction with
a more user-friendly stool collection device, the fecal immu-
nochemical test (FIT) has demonstrated a better ability than
gFOBT to detect early CRC and advanced adenoma, and its
effectiveness in reducing CRC mortality has recently also
been demonstrated in Taiwanese programs [19, 20e, 21e¢].
FIT is currently the most widely used primary screening test
in population screening programs in Asia [22ee, 23].
Approaches to screening intervals and the number of stool
samples required for FIT screening, however, vary among
programs and should be further investigated and standardized
(Table 1).

Postcolonoscopy Surveillance in Asia

Surveillance colonoscopy provides additional protection
against CRC after previous colonoscopy by detecting missed
or incident neoplasms. Current evidence from Asian countries
shows that the risk of advanced neoplasm after baseline colo-
noscopy in opportunistic colonoscopy screening population is
similar compared with that in Western populations [24, 25].
Japan and Korea have national surveillance guidelines, where-
as other countries typically follow major US or European
guidelines [26]. Although we lack empirical data regarding
the use of surveillance colonoscopy in Asian countries, the
formulation of surveillance guidelines is of utmost importance
to ensure the most efficient use of resources for colonoscopy.
The diagnostic yield of early surveillance colonoscopy (sur-
veillance much earlier than the recommended interval) is,
however, usually lower than that in the colonoscopy per-
formed for prevalent screening. In addition, early surveillance
colonoscopy may consume large portions of existing endos-
copy capacity, place additional stress on already overstretched
staff, and further prolong the waiting time for colonoscopy
following positive FITs. Taken together, these factors may
compromise the effectiveness of the screening program [27].
On the other hand, delayed surveillance or noncompliance
with recommendations following surveillance colonoscopy
may also lead to an increased risk of incident CRC [28].
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Table 1  Organized population colorectal cancer screening program in Asia

Country Agerange  Primary screening  Screening Verification exam Subsidization Start year
modality interval (year)

Japan > 40 FIT, 1 CSY or DCBE Yes (but not for endoscopic sedation) 1992

Korea >50 FIT, 1 CSY or DCBE Total subsidy for low-income population 2004

and 90% subsidy for others

Singapore > 50 FIT, 1 CSY No 2009
CSY 10 -

Taiwan 50-75 FIT, CSY or DCBE plus FS  Yes (but not for endoscopic sedation) 2004

CSY colonoscopy, FS flexible sigmoidoscopy, DCBE double-contrast barium enema, FI7; one-sample FIT, FIT, two-sample FIT

In addition, the optimal surveillance interval after baseline
colonoscopy in FIT screening programs has yet to be deter-
mined and may be different from that in colonoscopy-based
screening scenario. A study from Taiwan has shown that the
incidence of colorectal cancer after baseline colonoscopy in a
FIT screening program was higher than that observed in the
colonoscopy-based screening studies [29]. Insufficient colo-
noscopy quality, which is reflected by cecal intubation rates or
adenoma detection rates, may have played an important role in
the occurrence of cancer after colonoscopy, FIT-positive pa-
tients theoretically have a much higher likelihood of having
advanced adenoma (5 times) and invasive cancers (20 times)
as compared with general population thus may benefit from a
shorter surveillance interval, especially for those with negative
colonoscopy results, for whom a 10-year surveillance interval
is usually recommended. Further study is necessary.

Piloting, Infrastructure Development, and Monitoring
the Screening Program

Screening is not a single test but rather is a continuous process.
FIT screening, for example, includes invitation (engagement)
of the target population for FIT screening, reporting and noti-
fying patients about FIT results, referral of FIT-positive pa-
tients for verification colonoscopy, treatment of detected ade-
nomas or cancers, and subsequent surveillance. Accordingly,
setting up an invitation or screening test delivery system, es-
tablishing a laboratory for FIT testing, securing sufficient co-
lonoscopy capacity and staff resources, and developing a
healthcare team for disease treatment are indispensible steps
to ensure the success of a program. Moreover, monitoring and
evaluation of the screening program are of utmost importance
for securing good quality at every step so that screening orga-
nizers can maximize the effectiveness of the program.
(Table 2) Ideally, a pilot program should be conducted before
the implementation of the full screening program so that those
who organize the screening can test the feasibility of screening
in the community, identify potential problems, improve infra-
structure, or allocate resources beforehand.

In Taiwan, a pilot CRC screening program was con-
ducted in Keelung City in 1999 before the implementation

of the national screening program, which was launched in
2004. In this pilot program, we observed good public
acceptance of FIT (82% screening uptake) and acceptable
compliance with colonoscopy in FIT-positive subjects
(80% colonoscopy rate). The positivity rate of 4% among
subjects screened also confirmed the affordable level of
colonoscopy required following FIT screening [30]. Using
the empirical data from this pilot program, the optimal
cutoff level for FIT (20 pg hemoglobin/g of feces), which
is currently applied in the national program, was then
determined based on the results of the receiver operating
curve analysis and cost-effectiveness analysis taking into
account the clinical scenario and medical costs in Taiwan
[31]. We can also use the empirical data from the pilot
program in a Markov natural history model to simulate
the long-term effectiveness of the screening program.
[30] Currently some Asian regions, such as Thailand
and Hong Kong, have started pilot programs in prepara-
tion for the full program [32-34].

In organized CRC screening programs, several screening
indicators should be implemented and regularly monitored
[23]. Theoretically, CRC mortality or incidence is the most
robust outcome to represent the effectiveness of the screening
program. However, mortality or incidence rates require long-
term follow-up before healthcare providers can observe sig-
nificant changes; therefore, implementation of corrective ac-
tions based on indictors that are relevant to those outcomes is
mandatory [35].

Early Indicators

For organized FIT screening programs, early indicators in-
clude screening participation rates, FIT positivity rates, colo-
noscopy rates after positive FIT, detection rate for neoplasms
(invasive cancer, advanced adenoma, or non-advanced adeno-
ma), and the positive predictive value of various categories of
neoplasms in FIT-positive patients [23]. Regarding the safety
of the screening, it is also important to monitor the rate of
significant complications, including perforation and bleeding
that require hemostasis or transfusion.
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Table 2

Indicators and relevant infrastructures that are necessary for quality assurance and evaluation of organized population CRC screening program

Period Indicators

Infrastructures

Short-term indicators
o FIT positivity rate

e Verification exam rate (colonoscopy or other exam for FIT-positive

subjects)

e Detection rate for cancers, advanced adenoma and non-advanced

adenoma (for those who received FIT kits)

e Positive predictive values for cancers, advanced adenoma and
non-advanced adenoma (for those who received colonoscopy)

o Indicators relevant to colonoscopy quality (complete rate,
adenoma detection rate, bowel cleansing rate, etc.)

o Severe complication rate (bleeding and perforation)

Mid-term indicators o Interval cancers (FIT IC or colonoscopy IC)
o Stage shifting
e CRC incidence

o CRC mortality

Long-term indicators

o FIT screening rate (uptake rate/coverage rate of eligible population)

e Legislation or development of laws to ensure
cancer screening

e Household registry system (to identify eligible
population or to generate invitation list)

e Screening test (FIT) kit delivery system

e Laboratory for FIT testing and pathology

e Colonoscopy capacity (facility and manpower)

e Competency to manage screening-detected
neoplasms

o Standardized colonoscopy reporting format

® Public health professionals/workers

e Reasonable subsidization and payment systems

o Territory-wide cancer registry system
e Expert committee to judge IC cases

e Territory-wide cancer registry system
o Territory-wide death registry system

Intermediate Indicators

Intermediate indicators include stage shift (changes in the
proportion of early- or advanced-stage cancers in
screening-detected cancers compared with non-screening-
detected cancers) and interval cancer rate [including “FIT
interval cancers (FIT IC)” that occur within the inter-
screening interval after a negative FIT and “colonoscopy
interval cancers (Colonoscopy IC)” that occur after a ver-
ification colonoscopy but before the next recommended
surveillance examination] [36¢¢]. The former (stage shift)
is an early surrogate endpoint of mortality reduction, the
latter (interval cancer rate) is an indicator of program sen-
sitivity, and both are closely associated with screening ef-
fectiveness. Ascertainment of cancer stage or interval can-
cer, however, requires a comprehensive cancer registry
system with a high coverage rate.

Long-Term Indicators

As for long-term indicators, changes in CRC mortality and
incidence are the ultimate endpoints to observe, and both can-
cer and death registry systems are required for such an analy-
sis. Because of the slow natural history of colorectal neo-
plasms, it usually requires 5 to 10 years before we can observe
changes in CRC mortality and incidence. Moreover, adjust-
ment for changing CRC epidemiology is also necessary to
yield a more precise estimate of screening effectiveness. In
addition, population service screening is different from RCT
and self-selection bias (e.g., those who sought screening may
have more healthful lifestyles or dietary habits) may exist and
may affect the estimate of effectiveness that is actually attrib-
utable to screening.

@ Springer

Colonoscopy Quality Assurance

Colonoscopy plays a pivotal role in a CRC screening program
as a final verification examination, and its quality is closely
associated with the effectiveness of the screening program.
Several colonoscopy quality indicators have been proposed,
including cecal intubation rate (complete colonoscopy rate),
adenoma detection rate (ADR), and bowel cleansing level.
Previous studies have demonstrated that some of those indi-
cators are closely associated with future risk of colonoscopy
IC (or postcolonoscopy CRC) or even mortality associated
with CRC [37e, 38e, 39].

Of these, ADR is probably the most important and is con-
sidered to be a surrogate of other quality indicators. Kaminski
et al. first demonstrated that ADR is inversely associated with
the risk of interval CRC [37¢]. Corley et al. further reported
that not only was ADR inversely associated with the inci-
dence of CRC, but it also was inversely associated with the
risk of advanced-stage CRC and CRC mortality: Each 1%
increase in ADR was associated with a 3% decrease in
CRC incidence and a 5% decrease in CRC mortality [38¢].
The only report from a FIT-based screening program in
Taiwan demonstrated that ADR, together with cecal intuba-
tion rate, was associated with colonoscopy IC [29]. Although
the American Society for Gastrointestinal Endoscopy/
American College of Gastroenterology Task Force on
Quality in Endoscopy has recommended a benchmark thresh-
old of ADR for screening colonoscopy (30% for males and
20% for females), the optimal ADR for the FIT-positive pop-
ulation remains to be elucidated, because FIT-positive pa-
tients actually represent a high-risk population with a much
higher prevalence of significant neoplasms compared with
the general average-risk population [40, 41]. Here, too, fur-
ther study is necessary.
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Implementation of a standardized colonoscopy reporting
format is indispensible for monitoring colonoscopy quality
indicators [42, 43]. The Dutch Bowel Cancer Screening
Program was launched in 2014, and at the mean time, they
implemented a standardized colonoscopy reporting system.
All items that are relevant to colonoscopy quality indicators
are included in this system, and thereby, the screening orga-
nizer can monitor the quality of colonoscopy either at the
endoscopist, hospital, regional, or national level [44]. In
Asia, Taiwan and Japan are now constructing similar systems
to ensure the quality of colonoscopy. In Japan, the Japan
Endoscopy Database project was launched in 2015 under the
supervision of the Japanese Gastroenterological Endoscopy
Society. Colonoscopy data for all purposes, including screen-
ing, diagnostic, and therapeutic, were collected in this pro-
ject’s database, which included a total of 16,799 total colonos-
copies conducted from July to December 2015, as the first
period of this project [45]. In Taiwan, the colonoscopy quality
assurance project has been in operation since 2011 within the
framework of a national screening program. Since 2015,
endoscopists performing verification colonoscopy for FIT-
positive patients have been asked to record the endoscopic
findings using a standardized format, and currently, 89,645
procedures (colonoscopies only for FIT-positive patients from
January 2015 to February 2017) have been documented in this
database. In the future, via this platform, individual endoscopy
units or even individual endoscopists can periodically obtain
feedback regarding their own cecal intubation rates, bowel
cleansing levels, and adenoma or cancer detection rates that
can be used for further quality improvement.

Challenges and Future Perspectives

Nevertheless, the increasing incidence of CRC in Asia, many
people in this region still are not aware of the threat of CRC.
Currently, the screening rate in Asian programs is still low,
and the verification examination rate (colonoscopy or other) is
also unsatisfactory in comparison with Western programs
(Table 3). The Asia-Pacific working group on CRC previously
conducted a survey in the Asia-Pacific region and demonstrat-
ed that the public awareness of CRC and the perceived need
for CRC screening are lacking, and some potential barriers are
present, including financial and access barriers [49]. This

study in the Asia-Pacific region also revealed that a physi-
cian’s recommendation was the most significant factor that
motivated people to seek screening; therefore, educational in-
terventions for both the public and physicians are important to
improve screening uptake. In this respect, several approaches
can be considered. First, in areas without population screening
services, risk stratification is important to identify the popula-
tion at risk of CRC or advanced adenoma. The Asia-Pacific
risk score is a useful and validated tool that uses simple pop-
ulation demographics such as age, sex, smoking status, and
family history of CRC to triage people who may require early
colonoscopy [50]. In areas without a population screening
program but with an increasing trend of CRC, clinicians can
use this tool to make the most efficient use of available colo-
noscopy resources, whereas in areas with a screening program
but insufficient screening uptake, such a risk scoring system is
also expected to enhance public awareness [51]. Second, ed-
ucational interventions to enhance public awareness and phy-
sician knowledge about CRC and CRC screening may also be
helpful. Currently, studies of such interventions are very lim-
ited in Asia.

Another barrier to CRC screening in Asia is the subsidiza-
tion system, because lack of financial support has been studied
and now is recognized as an important barrier to screening
[52, 53]. In Korea, previously only 50% of the cost of CRC
screening is subsidized by the government (initial 2 years
since the launch of the national program), except for low-
income patients for whom the screening cost is totally subsi-
dized but later subsidizes most of the screening fee (80% from
2006 to 2009 and 90% since 2010) for the sake of improving
screening rate. In Taiwan, although the cost for screening,
including FIT and colonoscopy after positive FIT, is subsi-
dized by the government, the fee for conscious sedation is
not subsidized and thus is considered to be one of the contrib-
uting factors in unsatisfactory colonoscopy compliance (ap-
proximately 70% in 2016). The level of reimbursement for
colonoscopy per se in some Asian countries is obviously too
low (US$60 in Korea, US$75 in Taiwan, and US$134 in
Japan), especially when compared with that in Western coun-
tries, even taking into account the level of economic develop-
ment, the standard of living, and the similar or even higher
payments for other noninvasive procedure in the same coun-
try. Low levels of medical coverage or reimbursement for

Table 3  Current status of Asian colorectal cancer screening programs
Country Screening rate Verification rate Surveillance Cancer registry system Reference
guidelines (population-based)
Japan Male: 41.4% (2013) = 70% Yes Yes (since 2016) [46]
Female: 34.5%
Korea 35.7% (2016) 47.1% (2016) Yes Yes (since 2004) [47]
Taiwan 38% (2-year rate, 2015-2016) 68% (2016) No Yes (since 1979) [6, 48]
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colonoscopy may also hinder the willingness of the physician
to spend time on persuading FIT-positive patients who are
reluctant to receive colonoscopy to receive exam because the
procedure time is expected to be much longer (because of
more likely to have multiple adenoma or advanced adenoma)
but the payment is equivalent to ordinary colonoscopy.

Finally, all organized screening programs must determine if
their programs have really reduced CRC-related mortality. In
this regard, some important infrastructure, such as territory-
wide cancer and death registries, is indispensible for a popu-
lation screening program. Japan started a nationwide cancer
registry in January 2016. Before that, Japan was not able to
evaluate the effectiveness of the national screening program
even though Japan has the oldest FIT CRC screening program
not only in Asia but also in the world, which was launched in
1992. Obtaining consensus among major stakeholders,
screening organizers, and professional bodies is mandatory
for the sake of legislative support and setting up the needed
infrastructure. Moreover, good communication and joint co-
operative efforts among professional societies, public health
workers, regional or central governments, and other stake-
holders are also important and play a pivotal role in the suc-
cess of an organized screening program.

Finally, sharing experiences among Asian countries and
joining the international screening network are probably the
most efficient ways to learn from successful programs world-
wide and to orient and improve national screening programs.
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