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Abstract

Background: Colorectal cancer screening (CRCS) needs to be pandemic-resilient
to avoid long-lasting shutdowns; however, realistic participation target remains
unelucidated. This study aimed to identify the lowest acceptable participation
rate in CRCS during a pandemic, focusing on vulnerable older populations who
require urgent intervention.

Methods: This nationwide cross-sectional study included 80,946 inpatients aged
70-85years who were first diagnosed with colorectal cancer (CRC) after 70years
of age, between April 1, 2014 and March 31, 2019, in Japan. To evaluate the asso-
ciation between area-level CRCS participation rate and individual early CRC de-
tection, a multilevel logistic regression model was constructed. The mandatorily
implemented screening rates were converted to the total screening rate equiva-
lents (TSREs), which reflect the remaining contributions of voluntarily provided
screenings.

Results: Early detections during stages 0-I were significantly observed when pri-
mary screening rate was >38% (TSRE) and combined follow-up rate was >85%.
For early detection during Tis-T1, primary screening rate>38% (TSRE) and com-
bined follow-up rate>90% were necessary. For follow-up rates >70% or >75%,
there were cases where missed detection of Tis—T1 were observed.

Conclusion: The results indicate that, even during pandemic, CRCS should
achieve a primary screening rate of 38% and follow-up rate of 85% for vulnerable
older populations. These values, lower than the current desirable rates, suggest
the maximum possible compromise in balancing the resources between cancer
screening and pandemic measures. Moreover, they also indicate the minimum
target for shifting to fecal immunochemical test-focused program. Further explo-
rations with varied CRCS settings are necessary for verification.
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LAY SUMMARY

« Colorectal cancer screening requires
resilience to avoid long-lasting shutdown.

« This study revealed that, for pandemic-vulnerable
older populations, participation rates >38% for the pri-
mary screening and>85% for the follow-up should be
achieved, even during pandemics, to sustain early de-
tection of colorectal cancer.

« This can help pandemic-resilient target setting by serv-
ing as a foundation for balancing the resources between
cancer screening and pandemic measures, or a mini-
mum target for shifting to a stool test focused program.

pandemic-

1 | INTRODUCTION

Colorectal cancer screening (CRCS) was disrupted during
the COVID-19 pandemic in 2020.173 Globally, the decline
in screening rates ranged from 28% to 100%.* The impacts
appeared greater for regions where screening programs
were paused for longer periods of time, and for pandemic-
vulnerable segments of society, such as older populations.’
Given that colorectal cancer (CRC) is the second most
deadly cancer worldwide, it is vital to build pandemic-
resilient CRCS, especially for vulnerable populations.

Our approach was to clarify the lowest acceptable limit
for the screening rate. It was expected that the lowest limit
screening rate indicates what percentage of screening rate
should be achieved (to what extent screening rate can be
compromised) during pandemic. The lowest limit for
screening rate by fecal immunochemical test (FIT) can
also suggest what level of screening rate is necessary for
shifting to FIT-focused program effectively. In addition,
we recognize that the older population is the segment re-
quiring urgent intervention. This is because: (1) healthcare
access is disproportionately affected in this population (the
COVID-19 case fatality rate of 9.7% in those aged >70years®
could have led to a 5-year low per capita medical expen-
diture specifically for those aged >75years in Japan’); (2)
CRCS backlogs for those aged >70years increased consider-
ably during the 2020 pandemic. In the municipal-run CRCS
program in Japan alone, the screening completion fell by
405,571 from 2019 to 20208 (3) delayed CRC diagnosis is
more critical in them’; (4) the importance of cancer pre-
vention is still insufficiently focused in this group'®"" (those
aged >76years are beyond the CRCS eligibility limits in most
countries, despite the recommendation of up to 85years in
the United States'? and the full eligibility in Japan); and (5)
the impacts on CRC incidence (and, hence, medical expen-
diture) is substantial in this age group (those aged >70years
account for 58.9% of CRC incidence in Japan'®).

To clarify the lowest limit, a threshold screening rate
needs to be identified, above which early detection of

CRC is achieved at the area level. However, no studies
have specifically examined a threshold screening rate
owing to the limited attention of this viewpoint, until the
COVID-19 pandemic. Among a few related studies, Smith
et al.'"* reported that a screening rate of 25.04% did not
differ in stage distribution (stage I-II vs. III-IV) between
screening and clinically detected patients with CRC aged
50-74years. Levin et al.'® reported that a rise in stool test
screening rate of up to 32.0% resulted in a peak of early de-
tection of CRC (earlier than stage III-IV) in patients aged
51-75years. Although these findings imply the existence
of a threshold screening rate for area-level early detection
at stage I-II, the exact value remains unclear and is al-
most unknown for stage 0-I or for those aged >75years.
Therefore, this study aimed to identify the threshold for
CRCS rate that achieves early detection during stage 0-1,
focusing on the pandemic-vulnerable older population as
our initial target. To our knowledge, this is the first study
to examine pandemic-resilient target setting for CRCS.

2 | MATERIALS AND METHODS

2.1 | Study design

In this nationwide cross-sectional study, we analyzed the
association between area-level CRCS rates and individual
stages at diagnosis. We regarded that the CRCS process
has worked as expected when the combined participation
in primary screening and diagnostic follow-up leads to
the early detection of CRC during stages 0-I at the area
level. Based on this recognition, the threshold participa-
tion rate (TPR) was identified as the combination of the
lowest screening and follow-up rates that are significantly
associated with early detection.

2.2 | CRCS program

Japan's population-based two-step CRCS program recom-
mends primary screening by a two-sample annual FIT for
healthy, asymptomatic individuals aged >40years (no age
limit), and diagnostic follow-up by colonoscopy for those
with a positive FIT result.'® CRCS is provided under two
types of schemes: mandatory (municipal-run) and vol-
untary (employment-based and private). Municipal-run
CRCS is provided free of charge, employment-based CRCS
is delivered in line with employee welfare benefits, and pri-
vate CRCS is provided as a for-profit service. A key chal-
lenge in CRCS in Japan is the unachieved target rate, a
major cause of the unreduced mortality rate.® As of 2016,
among those aged 40-69years, the primary screening rate
was 41.4% compared to the desired level of 50%,"” and the
follow-up rate was 69.5% compared to the target of 90%."
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Data accessibility is a key issue; complete statistical data
are available only for municipality-managed programs.
Therefore, the primary screening rate is not an aggregated
value calculated by statistical data but an estimated value
based on the national sampling survey.'” Data access is
even more limited for the follow-up; there are no accessible
national statistical data for voluntarily provided follow-ups.

2.3 | Total screening rate equivalent
A linear regression model was constructed to translate
the municipal-run screening rate to the total screening
rate equivalent (TSRE), by comparing the municipal-
run screening rate'® and the survey-based total screening
rate'” by sex, age group, and prefecture (Figure 1).

2.4 | Study population

We used an anonymized dataset extracted from the
Diagnosis Procedure Combination/Per-Diem Payment
System (DPC/PDPS) database, a medical claim-based
national database.'” The DPC/PDPS database includes
information on individual patients, such as age, sex,
International Statistical Classification of Diseases, Tenth
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FIGURE 1 Total screening rate in relation to municipal-run
screening rate. The total screening rates are based on the national
sampling survey covering all types of colorectal cancer screening
(municipal-run, employment-based, and private) for 46 prefectures
(excluding Kumamoto, due to an earthquake) by sex and age group
(70-79 or>80years). Municipal-run screening rates (by sex and
age group) are aggregated by prefecture using the municipality
statistical data. A linear relationship is assumed between these two
prefectural-level screening rates (184 observations in total).
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Revision (ICD-10) code, stage at diagnosis, medical proce-
dures, insurance type, and postal code. As of April 1, 2018,
the DPC/PDPS covered 1730 hospitals and 488,563 beds,
and Japan's acute inpatients were regarded as almost fully
accommodated.”® This study included 1165 DPC/PDPS
member and 98 nonmember hospitals.

A total of 174,469 inpatients were identified through
DPC/PDPS dataset who (1) were aged 70—85years;12 2)
completed hospitalization between April 1, 2014 and
March 31, 2019; (3) were first diagnosed with CRC (ICD10
codes: C18.0-C18.9 and C26.0 for colon, and C19.9 and
C20.9 for rectal cancer™); (4) had not been hospitalized
for cancers until 70 years of age as an acute admission; and
(5) not partaking in a clinical trial. Excluded patients were
those with (1) unavailable data for body mass index (BMI)
and Brinkman index (BI); (2) unmatched municipal codes
and missing screening or follow-up rate; and (3) were from
municipalities with small population sizes (the number of
follow-up candidates by sex and age group was estimated
to be <30). Consequently, 80,946 records (468 municipal-
ities or administrative districts*?) were extracted for our
main analyses (Figure 2).

Selection bias was tested for the stage distribution
between the study and excluded populations, because
multiple imputation could not be performed, since the pro-
portion of excluded records appeared to exceed the appli-
cability limit.>* The sample representativeness of the study
population was also evaluated by comparison with the
national averages. Upon validation, chi-square tests were
applied to assess the significance of stage distribution.

2.5 | Primary outcome

The primary outcome of this study was early detection of
CRC during stages 0-I. This was mainly because the de-
tection of CRC during stages 0-I, where the survival rate
remains over 90% (91.6-94%),%* is crucial for mortality re-
duction. Besides, as the probability of main lymph node
metastases remains <1% for these earlier stages,** first-
line therapies (endoscopic or surgical treatment) are less
invasive and hence, less costly. Cancer staging was based
on the Japanese Classification of Colorectal, Appendiceal,
and Anal Carcinoma® developed consistent with the
Union Internationale Contre le Cancer staging system.*®

2.6 | Variables

The main explanatory variable was the combined primary
screening and follow-up participation rate. The combined
participation rate was dichotomized at the candidate
TPRs: 10%, 15%, 20%, and 25% for municipal-run primary
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Identified a total of 174,469 inpatients through the

DPC/PDPS database:

» aged 70-85 years

» completed hospitalization during the period from April 1,
2014 and March 31, 2019 (the most recent 5 years
before the COVID-19 pandemic)

+ with an acute admission

* not for clinical trial

first diagnosed with CRC (ICD-10 code: C18—C20 and

C26.0) with known cancer stage (stage 0-1V)

» had not been hospitalized for cancers until 70 years of
age (potentially CRCS eligible populations)

Records with missing or error data for
body mass index and Brinkman index
(18,088)

y

Records with unmatched municipal
code (7,444)

\

Records with missing screening or
follow-up rate (33,992)

\A

Records with municipality with small
population size (33,999)

A4

A
Study population (stage 0-1V): n=80,946

_| Records with missing or error UICC
TNM classification (6,779)

Y

Study population (Tis—T4): n=74,167

FIGURE 2 The flowchart of inclusion and exclusion criteria.
CRC indicates colorectal cancer; CRCS, colorectal cancer screening;
DPC/PDPS, Diagnosis Procedure Combination/Per-Diem Payment
System; ICD-10, International Statistical Classification of Diseases,
Tenth Revision; UICC, Union Internationale Contre le Cancer.

screening and 70%, 75%, 80%, 85%, and 90% for follow-up
(Figure 3). Independent variables included age, sex, can-
cer site, BML,*"*® BL,* and Charlson comorbidity index
(CCD).**3! Other risk factors, such as diet, alcohol con-
sumption, genetic polymorphisms, family history, and past
screening behavior and test results were not available in
the DPC/PDPS database. As a socioeconomic predictor of
health disparity,32 individual income level was also used.

2.7 | Statistical analyses

A multilevel multivariate logistic regression model was
used to evaluate the odds ratios (ORs) of the combined
participation rate for early detection of CRC at stages 0-1
and Tis-T1 (intraclass correlation coefficients were 0.023
and 0.031, respectively). ORs and 95% confidence intervals

Municipal-run
follow-up rate

A
> 90% |-------- et RIS beeeooaes s
i Screéning rate 21 5%
21> 85% |-------- SCERELEE AND
= ; Follow-up rate 280%
Q ! i ]
§ —> 80%» E E E
o i i i
S : : :
O[> 75% [~ Screening rate <15% ~17"""""7" T
or o
LS 70% }-- Follow-up rate <80% - .______ (N
A | i i

A —>
10% 15% 20% 259 Municipal-run
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FIGURE 3 Candidate threshold participation rates (TPRs) and
the patterns of combined participation rates in colorectal cancer
screening. For identifying the TPR above which early detection is
sustained, a spectrum of candidate TPRs are explored, with 10%,
15%, 20%, and 25% for municipal-run screening rate; and 70%, 75%,
80%, 85%, and 90% for municipal-run follow-up rate. Combined
participation rate is defined as a binary variable of whether both
screening and follow-up rates are higher than the candidate

TPRs, or either of the screening or follow-up rate is lower than

the candidate TPR (illustrated is the case of the candidate TPR

for the screening at 15% and for the follow-up at 80%). A total of
20 patterns of combined participation rates are analyzed. TPR
indicates threshold participation rate.

(CIs) were adjusted for age group, sex, cancer site, BMI,
BI, CCI, and income level. We regarded the interaction
term (i.e., combined participation rate) to be significant
if P for interaction <0.2. The model was tested through
sensitivity analyses with assumed area-level confound-
ers, such as regional healthcare access and employment.
Statistical analyses were conducted using R version 4.1.2
and EZR version 1.54.> The dataset was made mainly by
Tableau Prep Builder version 2020.3.3.

3 | RESULTS

31 | TSRE

A linear regression model was constructed to esti-
mate TSRE with an intercept of 0.138 (95% CI [0.117-
0.159], p<0.001); coefficient of 1.22 (95% CI [1.10-1.34],
p<0.001); and an adjusted R* = 0.68. By adapting this
model, the examined TPRs for the primary screening of
10%, 15%, 20%, and 25% were converted to the TSRE-based
values of 26%, 32%, 38%, and 44%, respectively.
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3.2 | Patient demographics

Municipalities with a population>70,000 (77% of the total
population) were included in the study population, which
corresponded to an estimated number of follow-up candi-
dates>30, using a linear regression model with an inter-
cept: 0, coefficient: 0.435 (95% CI [0.433-0.437], p<0.001),
and adjusted R* = 0.59. In testing for selection bias, the
differences in the proportion of early-stage cases were
<0.6 percentage points between the study and excluded
populations (Table S1). Regarding sample representative-
ness, the average screening rate of the study population
was 36.9% (TSRE; 70-85years) against the national aver-
age of 37.0% (70-84 years). Likewise, the obtained average
follow-up rate was 71.1% (70-85 years) compared with the
national average of 67.7% (>70years). Chi-square tests
applied to the stage distributions (Table 1) showed that
higher percentages of stages 0-I cases were constantly ob-
served, when combined participation rates were higher
than the TPRs: 38% or 44% for primary screening and
70%, 80%, and 90% for combined follow-up (32.8-36.0%),
compared with the overall percentage of stages 0-I cases
(30.9%).

3.3 | TPR

With the candidate TPRs of screening rate > 38% and fol-
low-up rate>90% (the case with the lowest P for inter-
action), multilevel logistic regression models (Table 2)
revealed that the combined higher participation rates
were significantly associated with earlier detection at
stages 0-I (OR: 0.84, 80% CI [0.71-0.99], p = 0.003) and
Tis-T1 (OR: 0.79, 80% CI [0.66-0.96], p = 0.002). The
analyses for seeking the TPR revealed that the com-
bination of the lowest screening and follow-up rates
that were significantly associated with early detection
at stages 0-1 was 38% (TSRE) for primary screening
and 85% for follow-up (Figure 4; the data are provided
in Table S2). In the sensitivity analyses (Table S3),
we obtained the same results with a nonhierarchical
model with a 95% confidence level (Figure S1). Further,
a similar tendency was observed in the analyses
adjusted for the potential confounders, except for some
cases, such as those adjusted for municipal population
size and income per capita. In the analyses of Tis-T1/
T2-4, the significance of early detection at Tis-T1 per-
sisted only when the primary screening rate was >38%
(TSRE) and follow-up rate was >90%. Moreover, in-
creased ORs (later detection at T2-4) were observed for
some cases with the candidate TPR for follow-up rate at
70% or 75%.
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4 | DISCUSSION

By defining the older population as a segment requiring
urgent intervention in the ongoing COVID-19 pandemic,
we reported here that the screening rate>38% and com-
bined follow-up rate>85% are necessary to sustain the
area-level early detection of CRC (stage 0-I). Below these
threshold values, the two-step CRCS may not perform as
expected. Therefore, importantly, it is suggested that the
screening rate of 38% and combined follow-up rate of 85%
be regarded as the lowest acceptable limits to be achieved,
even during pandemics.

The lowest acceptable limits present a reasonable fit
with the currently set target rates. The primary screening
rate of 38% was found to be moderately lower than the de-
sired rate in Japan (50%), and considerably lower than the
EU and Canadian desirable levels (65% and 60%, respec-
tively).>**> An 85% follow-up rate lies below the common
desirable level in Japan and the EU (90%). These relation-
ships imply that the lowest acceptable limits can help
pandemic-resilient target setting because the participation
targets can be made more flexible with a clear, maximum
compromise of 12-27% for the primary screening rate and
5% for the combined follow-up rate to optimize balanced
pandemic measures.

Unexpected issues were observed in comparisons with
the current screening rates. The threshold screening rate
of 38% is comparable with Japan's current screening rate
for those aged 70-84years (37.0%). Also, the 38% rate has
not been achieved in some regions, such as France (34.3%,
2008-2009), Czech Republic (22.7%, 2000-2011), Croatia
(19.9%, 2007-2011) in the EU,* and Prince Edward Island
(33%), New Brunswick (30%), and Newfoundland and
Labrador (20.4%) in Canada (2017).*> These facts pri-
marily indicate that the lowest acceptable limits might
serve as immediate targets for regions where current
screening rates are not sufficiently high. Regarding the
follow-up rate, the results require more careful interpre-
tation. Despite the decreased colonoscopy capacity during
the pandemic for safety reasons,” the threshold follow-up
rate (85%) is, for some regions, considerably higher than
the currently used acceptable level (e.g., 70% in Japan).
Although it may be unlikely for follow-up rates to be
higher during a pandemic than in normal times, it is im-
plied that follow-up rate should not be easily compromised
even in such an extraordinary situation. Therefore, feasi-
ble approaches should be considered, such as focusing on
people with higher risk of advanced CRC (e.g., higher FIT
level) or with lower risk of COVID-19 fatality (e.g., no or
few basic diseases). Alternatively, a more rational inter-
pretation might be that follow-up compliance should be
sufficiently enhanced during normal times. Some of the
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Stage 0, I vs. II, III, IV
(n = 80,946)

Tis, T1 (N0, MO0) vs.
T2, 3, 4 (n = 74,167)

OR

Ageb

70-79years [ref.]
80-85years 1.15
Sex
Male 0.92
Female [ref.]
Cancer site
Colon 0.93
Rectum [ref.]
BMI, kg/m?
<21.5 1.33
21.5-24.9° [ref.]
>24.9 0.89
BI, cigarette years
<800 [ref.]
>800¢ 1.03
CCI
<3 [ref.]
>3 4.10
Income level
>Average® 0.86
<Average [ref.]
Screening rate (TSRE)'
>38% 0.90
<38% [ref.]
Follow-up rate
>90% 1.04
<90% [ref.]
Combined rate® (TSRE)
>38% and >90% 0.84
<38% or <90% [ref.]

cr?

1.10-1.19

0.89-0.95

0.90-0.96

1.29-1.38

0.84-0.91

0.99-1.08

3.90-4.32

0.82-0.91

0.86-0.94

0.96-1.13

0.71-0.99

<0.001

<0.001

<0.001

<0.001

<0.001

0.159

<0.001

<0.001

<0.001

0.306

0.003

OR

1.22

0.86

0.82

1.30

0.88

1.01

3.72

0.87

0.91

1.04

0.79

cr?

1.17-1.27

0.82-0.89

0.79-0.86

1.25-1.35

0.84-0.92

0.96-1.07

3.50-3.96

0.82-0.93

0.86-0.96

0.95-1.15

0.66-0.96

p

<0.001

<0.001

<0.001

<0.001

<0.001

0.642

<0.001

<0.001

<0.001

0.371

0.002

Abbreviations: BI, Brinkman index; BMI, body mass index; CCI, Charlson comorbidity index; CRC,

colorectal cancer; TPR, threshold participation rate; TSRE, total screening rate equivalent.

#80% CI was used for the interaction term (i.e., combined rate) and 95% CI for the others.

®Dichotomized according to cancer screening behavior (screening rate decreased for aged >80years).

“Defined as the desirable range for aged >65years by the Japanese government.
4Dichotomized according to the risk of CRC incidence.

°The average income level for couple household of active generation estimated by the Japanese

government.

"Municipal-run primary screening rates of 20% is converted to TSRE-based values of 38%.

8Two-way interaction between primary screening and follow-up rate, both Dichotomized at the candidate
TPRs: 44% for primary screening and 90% for follow-up.

currently used acceptable levels, which might serve not as
literal values but as viable milestones toward the desirable
rates, might have to be replaced by the lowest acceptable

limits.

TABLE 2 Multilevel logistic
regression model for the risk of advanced
CRC

Interestingly, if our methods are verified and scaled
to wider age groups, evidence regarding where the miss-
ing true acceptable level should lie may be achieved. EU
guidelines® recommend CRCS to achieve a favorable
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FIGURE 4 The lowest acceptable (A) stage 0, | versus I, lll, IV
limit of the combined participation rates. 07 - 80% Cl
The association between the combined A
higher participation rates and the early Early I
detection of colorectal cancer (CRC) detection L
was evaluated using multilevel logistic oR 10 + + { + + + + +_ i + + *
regression analysis. An odds ratio (OR) <1 ) * +
indicates the early detection of CRC at Late r
(A) stage 0-I over II-IV or (B) Tis-T1 detection |
over T2-4. The lowest acceptable limit is '
identified as the combination of minimum 3"
rimary screening and follow-up rates [240%] L
’ v ioni & i P i sc':(l:le—;]t;s;i:te -
that are significantly associated with early e S O o0
detection of CRC. OR indicates odds ratio; :®:
FIT, fecal immunochemical test; TSRE - B & B
’ 4 > Colonoscopy- . — [ =
total screening rate equivalent. ‘based = = = =
diagnostic
follow-up rate O O O O
%] O O | O
Combined P T SR TR S T S R S PR SR W S S T W T T
participation rates * % *
(*Significance) 4/]\

Lowest acceptable limit

(B) Tis, T1 (NO, MO) versus T2, T3, T4

06 80% Cl
AL
Early |
detection
OR 1.0 —-}-'+'+"{'*""}“+"+'+"*““{'}“+'+'—--——-*—+-+-* _____
Late |
detection
v
14 -
> 44% OOoOoO0
FIT-based |[S3a%] I
screening rate
(on TSRE basis) I
C I I
= O = =
Colonoscopy- | | [} (]
di:ga:ci:tic B = = =
follow-up rate O (. (] ]
270% | - [ [ [ 0
Combined P S S T S S SR SR S P TR TR TR T TR T T N1
participation rates * * % * *

(*Significance)

stage distribution in screening-detected cancers compared
with clinically diagnosed cancers. However, the threshold
screening rates are not identified. Also, Japan's acceptable
screening rates are based more on macro benchmarks,
such as actual screening rates in the reference countries,
than their influence on stage distribution.

In the discussion of a pandemic-resilient CRCS, our re-
sults may suggest new fundamental elements. Currently
examined solutions are mainly regarding: (1) enhancing
the participation rate (mailed FIT program®’ and shift
toward a more FIT-focused CRCS*®); and (2) improving
efficiency for an increased yield (readjustment of the
cutoff value of FIT and risk-stratified colonoscopy based

on FIT result39). However, solutions for avoiding a shut-
down of cancer screening are not explicitly discussed.
The lowest acceptable limits might address this missing
point. Moreover, for regions with screening colonoscopy-
centered CRCS, such as the United States, the lowest ac-
ceptable FIT screening rate might serve as a minimum
target in shifting to a FIT-focused program.

Our findings appeared consistent with, or did not con-
tradict, previous findings. First, regarding stage distribu-
tion, the proportion of patients at stage 0-II in this study
was 55.6% (70-85years), whereas in situ and local cancers
accounted for 61.6% (=65years; 2012-2014) in a cancer
registry-based study by Toyoda et al. (Osaka, Japan).*
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These values appear roughly consistent, considering the
differences in datasets and target regions. Second, given
that diagnosis at stages 0-I or Tis-T1 was significantly
associated with combined colonoscopy (Table 2), FIT
appeared less sensitive for those earlier stages. This ob-
servation is supported by previous works.*"** Third, the
obtained TPR of 38% (TSRE) for screening and 85% for
follow-up (Figure 4) appeared within the limits of related
studies. Evidently, the screening rate of 25.04%, which
did not affect the stage distribution in the work by Smith
etal.,'* is expectedly lower than the TPR of 38%. It is seem-
ingly discrepant that Levin et al. found a peak of early de-
tection when the FIT-centered screening rate increased to
32.0% (still <38%) with a follow-up colonoscopy rate of
72.2% (also lower than the 85%).'> Nevertheless, this can
be explained by the difference in the definition of early
stage. The definition by Levin et al. included stage II, for
which FIT has a higher sensitivity. Finally, male sex and
higher income level were associated with early detection,
consistent with previously reported findings.*>** Because
municipal-run CRCS is free of charge, the association be-
tween CRC stage at diagnosis and individual income level
is thought to be due to differences in patients’ health be-
haviors rather than a disparity in CRCS access. For further
verification, it is expected that our methods are applied
to the CRCS eligible population aged <70years or other
cancers using an integrated dataset of area-level screen-
ing rates and individual stage at diagnosis data and that
comparisons are made between obtained TPRs and cur-
rent metrics.

4.1 | Limitations

This study had some limitations. First, it was a cross-
sectional study; thus, we could not evaluate timeline fac-
tors, such as the effect of delayed follow-up after a positive
FIT result.*** Second, some predictors for CRC incidence
were not included, such as diet, alcohol consumption, ge-
netic polymorphisms, family history, and past screening
behavior and test results. Third, outpatients were not in-
cluded, hence a considerable number of potential early-
stage cases could have been omitted in our study, given
that endoscopic mucosal resections in outpatient settings
accounted for 64.4% and 25.7% for adenomatous polyps
<2 and >2 cm, respectively (2018).* Underestimated ORs
for early detection might have raised the bar for the low-
est acceptable screening rates. Fourth, CRCS false positive
cases could act as a confounder for the analysis of stages
0-1, because it was not possible to fully exclude TO cancer,
which is regarded as non-invasive, due to missing TNM
classification data. However, since the analyses were fo-
cused on inpatients for whom CRC was a main disease

in terms of resources utilization, the influence of poten-
tial TO case is thought to be limited. Fifth, our model used
area-level variables along with latent confounders. Based
on the findings when adjusted for the assumed area-level
confounders in the sensitivity analyses (Table S3), the
model appeared robust for municipal-level healthcare
access indicators (density of hospital, clinic, and gastro-
enterologist). The model appeared more affected by the
variation of municipal population size (>120,000) and in-
come per capita, indicating that these factors are associ-
ated with a higher share of employment-based or private
CRCS, which could undermine the applicability of TSRE.
For practical use by public health administrators, further
verification is needed. Finally, access to the statistical data
of voluntarily provided CRCS was limited. TSRE did not
reflect municipal-level variations of voluntarily provided
CRCS. Furthermore, the follow-up rate remained un-
translated because no statistical data were available for
estimating TSRE.

5 | CONCLUSION

CRCS needs to have a pandemic-resilient target setting op-
tion to avoid the long-lasting shutdown. Our results sug-
gest that, even during a pandemic, CRCS should achieve
a primary screening rate>38% and follow-up rate>85%
to sustain the early detection of CRC (stages 0-I) in the
pandemic-vulnerable older population. For policymak-
ers, these values suggest the extent to which the CRCS
rate can be compromised to balance cancer screening
and implementation of pandemic measures and serve as
evidence for securing continuity of CRCS during pandem-
ics. The obtained screening rates can also be used as an
immediate target or an acceptable level for regions with
insufficient screening rates or as the minimum target for
shifting to FIT-focused CRCS in regions with screening
colonoscopy-centered programs. To verify our findings,
future studies in varied CRCS settings and eligible popu-
lations are warranted.
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PRECIS

Colorectal cancer screening requires pandemic-resilience
to avoid a long-lasting shutdown. This nationwide study,
focusing on pandemic-vulnerable older population, in-
dicates that colorectal cancer screening should achieve
a primary screening rate>38% and follow-up rate>85%,
which serves as a foundation for balancing the resources
between cancer screening and pandemic measures or as
the minimum target for shifting to fecal immunochemical
test focused program.
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