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Abstract

Objective: Integration of risk stratification into fecal immunochemical test (FIT) might aid in the suboptimal
detection of advanced neoplasms by FIT in colorectal cancer (CRC) screening. A comparative study was conducted
to evaluate the participation and diagnostic yield of the parallel combination of questionnaire-based risk assessment
(QRA) and FIT, FIT-only and QRA-only strategies in a CRC screening program in China.

Methods: The study included 29,626 individuals aged 40—74 years and invited to participate in a CRC screening
program in China. Participants were first invited to undertake QRA and one-time FIT (OC-sensor). Participants
with positive QRA or FIT were deemed to be high-risk individuals who were recommended for subsequent
colonoscopy. Participation, detection rate, and resource demand for colonoscopy were calculated and compared.
Results: Of the 29,626 invitees, 20,203 completed the parallel combination, 8,592 completed the QRA-only, and
11 completed the FIT-only strategy. For the parallel combination, FIT-only, and QRA-only strategies, the overall
positivity rates were 10.2% (2,928/28,806), 5.4% (1,096/20,214), and 6.8% (1,944/28,795), respectively; the yield of
advanced neoplasm per 10,000 invitees were 46.9 [95% confidence interval (95% CI): 39.8-55.4], 36.8 (95% CI:
30.5-44.4), and 12.2 (95% CI: 8.8-16.8), respectively; the positive predictive values for detecting advanced
neoplasms among participants who completed colonoscopy were 4.7% (95% CI: 4.0%-5.6%), 9.9% (95% CIL:
8.3%-11.9%), and 1.9% (95% CI: 1.3%~-2.6%), respectively; the number of colonoscopies required to detect one
advanced neoplasm was 11.4 (95% CIL: 9.8-13.4), 5.7 (95% CI: 4.8-6.7), and 28.4 (95% CI: 20.7-39.2),
respectively.

Conclusions: The parallel combination of QRA and FIT did not show superior efficacy for detecting advanced

neoplasm compared with FIT alone in this CRC screening program.
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Introduction

Colorectal cancer (CRC) emerged as the third most
frequently diagnosed cancer worldwide in 2018 (1).
Recently, a rapid increase in the incidence and mortality
rates of CRC has been observed in many countries with
medium or high human development index, particularly in
East Europe, Asia, and South America, possibly due to the
wide adoption of westernized lifestyles (2). Given the long
sojourn time and relatively high survival rate for patients
with localized tumor stage, studies have demonstrated
screening as the most effective strategy to reduce the
mortality in colorectal cancer patients (3-5). Although the
benefits of CRC screening are well acknowledged,
designing risk-adapted CRC screening strategies to
improve their yield and cost-effectiveness is still a major
challenge.

Among the well-established CRC screening modalities,
fecal immunochemical test (FIT) is the most widely used
tool and has been widely adopted in nationwide CRC
screening programs (6,7). A recently published meta-
analysis demonstrated that the sensitivities of FIT for CRC
and advanced adenoma were 0.91 [95% confidence interval
(95% CI): 0.84-0.95] and 0.40 (95% CI: 0.33-0.47),
respectively, at a positivity threshold of 10 ug Hb/g (8).
Although FIT has strengths such as low cost, ease of use,
and high compliance rate, its low sensitivity for detecting
advanced adenoma may limit its potential to reduce the
incidence of CRC (9). To further improve its diagnostic
efficacy, researchers have investigated the potential
combination of FIT and other biomarkers, such as fecal
DNA and fecal microbial markers (10-12). However, only a
tew significant biomarkers have been successfully translated
into clinical use because of high cost, technical barrier, or
deficiency of prospective validation using a large sample
size (12).

The potential use of risk stratification models based on
established risk factors in CRC screening has been
proposed (13,14). In a previous study, the most common
risk factors were age, sex, family history in first-degree
relatives, body mass index, smoking, and the models
generally yielded modest discriminative efficacy with the
area under the receiver operating characteristics curves
(ROC) ranging from 0.61 to 0.70 (13). To optimize the
screening yield, the risk-stratification scoring was
recommended for selecting high-risk patients by
colonoscopy, and was especially suitable for countries with
intermediate disease burden and limited health resources
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(15,16). Previous retrospective studies have demonstrated
that the combined use of FIT and risk-stratification scores
could enhance the sensitivity for detecting advanced
neoplasm without significantly increasing the workload in
colonoscopy (17,18). However, the evidence of such
combined strategy in the true screening settings is sparse
and needs to be further validated to guide its clinical
application.

For this study, we used an up-to-date data from a
population-based CRC screening program conducted in
China, in which the strategy of parallel combination of FIT
and a questionnaire-based risk assessment (QRA) was
adopted to select high-risk participants for further
colonoscopy examination. In this study, we aimed to
evaluate the participation and screening yield of such a
parallel combination in detecting CRC and its precursors
and to compare it with the results of simulated FIT-only
and QRA-only strategies. We anticipated that the results
would provide timely evidence in designing effective CRC
screening strategies for future CRC screening programs.

Materials and methods
Study design and study population

In this study, the population-based CRC screening
program was conducted in the Haining county of Zhejiang
province in China. This population-based organized CRC
screening program was a part of the public health service
program in which the screening service was provided to
eligible inhabitants free of charge. For the present study, a
total of 17 villages were selected through cluster random
sampling of the whole study population in Haining City.
Individuals meeting one of the following criteria were
excluded: 1) history of CRC; 2) severe cardiac, pulmonary,
brain, or renal dysfunction; 3) psychiatric illnesses; 4) acute
phase of enteritis, dysentery, or perianal abscess; 5)
diagnosis of lumen stenosis because of peritonitis,
enterobrosis, or abdominal adhesion; 6) diagnosis of
hepatocirrhosis ascites, mesenteric inflammation, and
celianeurysm; or 7) pregnant women. Potential participants
were recruited in the selected communities and were
checked for eligibility by trained study staft.

For the screening scheme, briefly, a two-step screening
process was adopted. Eligible individuals aged 40—74 years
were firstly invited to undertake FIT and QRA by trained
staff, and participants tested either positive by FIT or
evaluated to be high risk by QRA were recommended to
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undertake subsequent colonoscopy examination at Haining
Hospital of Traditional Chinese Medicine. The study was
approved by the Ethics Committee of Haining Hospital of
Traditional Chinese Medicine (Approval No. 2019-4). All
participants provided written informed consent. From
August 2019 to February 2020, 29,626 eligible inhabitants
from Haining county were invited to participate in this
CRC screening program. There were 820 individuals who
declined the invitation, and the remaining 28,806
underwent FI'T, QRA, or both. A detailed flow diagram of
the study participants is shown in Figure 1.

Intervention

FIT procedure

A quantitative FIT (OC-sensor, Eiken Chemical Company,
Japan) was used by following the standard operating
procedure. Briefly, one fecal sample collection tube
containing 2.0 mL of stabilization buffer designed to
minimize hemoglobin degradation was distributed to the
participants along with an operation brochure. Participants
were instructed to collect fecal sample from one bowel
movement, and the fecal collection material was sealed in a
plastic bag. No medical or dietary restriction was required
before

conducting the test. The participants were

instructed to return the sample collection tube to the

Chen et al. Colorectal cancer screening

community healthcare center in 72 h, where the laboratory
tests were performed by the trained staff. For this study, a
positivity threshold of 100 ng Hb/mL buffer (equivalent to
20 pg Hb/g feces) was used. The specimens having values
>20 pg Hb/g feces were classified as positive, and the
participants were further recommended to undertake the
colonoscopy examination.

QRA procedure

Participants were interviewed wusing a standardized
epidemiological questionnaire by the study staff to collect
information including basic demographic factors, lifestyle,
risk factor exposure, and disease history. An established
CRC risk assessment scoring system recommended by the
Chinese consensus of early colorectal cancer screening
(2019, Shanghai) was used (19). Briefly, participants
meeting one of the following criteria were categorized as
potentially high-risk participants for CRC: 1) having a
family history of CRC among first-degree relatives; 2)
having history of malignancy; 3) having history of polyps;
or4) having >2 of the following conditions: chronic
constipation, chronic diarrhea, mucous bloody stool,
chronic appendicitis or history of appendectomy, history of
chronic biliary tract disease, or history of cholecystectomy.

Participants assessed to be at high risk for CRC were

[ 29,626 invitees aged 40 to 74 years ]

—{ 820 declined invitation ]

[28,806 participants accepted CRC screening]

l

l

[ 20,203 completed FIT & QRA J [8,592 comple

ted QRA only ]

[ 11 completed FIT only J

l

2,769 positive by FIT or QRA

« 112 FIT (+) & QRA (+)
- 982 FIT (+) & QRA (-)

[ 157 positive by QRA ]

[ 2 positive by FIT ]

+ 1,675 FIT (<) & QRA (+)

|

1,544 undertook colonoscopy
« 55 after FIT (+) & QRA (+)
* 562 after FIT (+) & QRA (-)

[ 42 undertook colonoscopy ]

[ 1 undertook colonoscopy J

« 927 after FIT (-) & QRA (+)

[ 1,587 undertook colonoscopy ]

Figure 1 Flow diagram of study participants. CRC, colorectal cancer; FIT, fecal immunochemical test; QRA, questionnaire-based risk

assessment.
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informed of the results and were further recommended to
undertake the colonoscopy examination.

Colonoscopy and pathology

All  colonoscopy examinations were conducted by
experienced endoscopists. Abnormal findings during
colonoscopy were carefully checked under standard clinical
procedures and biopsies were collected for further
pathology diagnosis. Clinical data such as morphological
feature, location (distance from the anus and segment),
macroscopic diagnosis, and size were collected from
standardized forms. The diagnosis of CRC was made
according to the Chinese Protocol of Diagnosis and
Treatment of Colorectal Cancer (2020 edition) (20).
Advanced adenomas were defined as at least one adenoma
>10 mm, at least one adenoma with villous components, or
high-grade dysplasia. Advanced neoplasms refer to CRC
and advanced adenoma.

Data collection and statistical analysis

Paper-based standardized documentation forms were
collected from the trained staff and physicians. Validity of
forms was checked by an independent specialist, and any
mistakes or inconsistencies were corrected by retrieving the
original records. A research database was then constructed
in statistical software R for further analysis (21).
Descriptive analysis was performed to summarize the
clinical characteristics of the study population. Chi-squared
tests were used to analyze the categorical data. Overall and
group-specific compliance rates of colonoscopy by age and
sex were calculated. To further explore the potential
variation of compliance rates among risk, age, and sex
groups, multivariate logistic regression models were
applied, and odds ratios (OR) along with 95% CIs were
calculated and reported. Regarding the evaluation of the
diagnostic yield, the yield of advanced neoplasm (CRC and
advanced adenoma) or any neoplasm (CRC, advanced
adenoma, and non-advanced adenoma) per 10,000 invitees
was calculated for three different screening strategies, such
as, parallel combination, simulated FIT-only, and
simulated QRA-only strategies. The detection rates for
positive participants at the one-round screening for three
different screening strategies were calculated and
compared. In addition, the positive predictive values (PPV)
for detecting colorectal neoplasm among participants who
completed colonoscopy after undergoing one of the three
different screening strategies were calculated and
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compared. Furthermore, to assess the resource requirement
of colonoscopy in the three different screening strategies,
we calculated the number of colonoscopies needed to be
performed to detect one advanced neoplasm or one any
other neoplasm.

Results
Study population characteristics

Of the 28,806 participants, 20,203 completed both FIT and
QRA, 8,592 completed QRA-only, and 11 completed FIT-
only strategy. Apart from the limited number of
participants who underwent FIT only (n=11), the other
subgroups had a balanced proportion of both sexes.
Approximately 67.5% of the participants were 50—69 years
old, 21.4% were 40—49 years old, and only 11.1% were
70—74 years old. Regarding the education background, the
majority had completed primary or middle school. Detailed
population characteristics in this study are shown in
Supplementary Table S1.

Characteristics of bigh-risk population

Figure 1 shows the flow diagram of the study participants.
Of the 20,214 participants who completed FIT, 1,096
(5.4%) were tested positive at a cut-off of 20 pg Hb/g feces.
Of the 28,795 participants who completed QRA, 1,944
(6.8%) were assessed to be high risk. Notably, of those who
completed both FIT and QRA (n=20,203), co-positive
results were found in only a small proportion of
participants (112/2,769, 4.0%). Among individuals having
positive results either by FIT or QRA, the proportions of
patients in the age groups of 40—49 years, 50-59 years,
60—69 years, and 70-74 years were 10.9%, 36.0%, 39.9%,
and 13.1%, respectively, and the distribution was similar
for FIT and QRA (Figure 24). The number of males tested
positive was slightly greater than that of females for both
FIT and QRA (Figure 2B).

We further categorized the quantitative FIT values
(Figure 2C). Overall, 87.6% of the participants had FIT
values <10 pg Hb/g feces. In the positive cases, the
proportions of participants with FIT values in the range of
20.0-29.9, 30.0-39.9, and >40.0 pg Hb/g feces were 1.6%,
0.7%, and 3.1%, respectively. According to the criteria of
QRA, 67.8% (1,319/1,944) had history of polyp, 17.7% had
history of CRC among first-degree relatives, 13.0% had
history of malignancies, and 10.8% had >2 conditions
related to elevated risk of CRC. Detailed information is
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Figure 2 Characteristics of participants conducting FIT or QRA. (A) Age distribution for subjects with positive FIT results or assessed to

be high risk; (B) Sex distribution for subjects with positive FIT results or assessed to be high risk; (C) Distribution of quantitative FIT values

for subjects who completed FIT; (D) Condition of criteria for subjects who assessed to be high risk of CRC. FIT, fecal immunochemical

test; QRA, questionnaire-based risk assessment; CRC, colorectal cancer.

shown in Figure 2C,D.
Compliance of colonoscopy

QRA  were
recommended for subsequent diagnostic colonoscopy. Of
the 2,928 positive participants, 1,587 (54.2%) finished
colonoscopy as per the study protocol at the designated

Participants  having positive FIT or

hospital, and 866 individuals with abnormal colonoscopy
findings received biopsy check for further pathological
diagnosis. We further explored the variations in the
compliance rate of colonoscopy between subgroups. By
applying multivariate logistic regression, the results showed
that, compared with participants having positive-QRA and
negative-FIT results, participants having positive-FI'T and
negative-QRA  results were more willing to accept
colonoscopy, with OR of 1.25 (95% CI: 1.07-1.47;
P=0.006). In addition, the compliance rates increased with
age, and no significant difference was found between males
and females. Detailed results are shown in Figure I,
Supplementary Table S2.

Screening yield of different screening strategies

Table 1 and Figure 3 present results of the screening yield
of three screening strategies. The combined strategy

© Chinese Journal of Cancer Research. All rights reserved.

included participants who completed either FIT, QRA, or
both. The number of eligible participants included in the
combined, FIT-only, and QRA-only strategies was 28,806,
20,214, and 28,795, respectively, yielding the participation
rate of 97.2% (95% CI: 97.0%—-97.4%), 68.2% (95% CI:
67.7%—68.8%), and 97.2% (95% CI. 97.0%-97.4%),
respectively. The positivity rate of the combined strategy
was significantly higher than that of the FIT-only and
QRA-only  strategies (10.2%, 5.4%, and 6.8%,
respectively). With respect to the screening yield, the yield
of advanced neoplasm per 10,000 for the
combined, FIT-only, and QRA-only strategies were 46.9
95% CI. 39.8-55.4), 36.8 (95% CI: 30.5-44.4), and 12.2
95% CI: 8.8-16.8), respectively; and the yield of any
neoplasm per 10,000 invitees for the combined, FIT-only,
and QRA-only strategies were 101.6 (95% CI: 90.8-113.7),
61.4 (95% CI: 53.2-71.0), and 43.9 (95% CI: 37.0-52.1),
respectively.

invitees

For participants who actually underwent different
screening strategies, PPV of advanced neoplasm at
colonoscopy for the FIT-only strategy (9.9%, 95% CI:
8.3%—11.9%) was significantly higher than that for both
combined (4.7%, 95% CI: 4.0%—5.6%) and the QRA-only
strategy (1.9%, 95% CI: 1.3%—2.6%) (Table I). However,
compared with the FIT-only strategy, the combined

WWW.cjcren.org
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Table 1 Detection rates and positive predictive values of colorectal neoplasms in different screening scenarios

Combined strategy FIT-only strategy QRA-only strategy
Npositive/N Rate [% (95% CI)] Npositive/N Rate [% (95% CI)] Npositive/N Rate [% (95% CI)]

Outcomes

Detection rate at colonoscopy

Advanced neoplasm 139/1,587 8.8 (7.5-10.3)  109/618  17.6(14.8-20.8)  36/1,024 3.5 (2.6-4.8)"
CRC 15/1,587 0.9 (0.6-1.6) 15/618 2.4 (1.5-4.0)" 0/1,024 0 (0-0.4)*
Advanced adenoma 124/1,587 7.8 (6.6-9.2) 94/618 152 (12.6-18.3)"  36/1,024 3.5(2.6-4.8)"

Non-advanced lesions 727/1,587 45.8 (43.4-48.3) 243/618  39.3 (35.5-43.2) 509/1,024 49.7 (46.7-52.8)
Non-advanced adenoma  162/1,587 10.2 (8.8-11.8) 73/618  11.8(9.5-14.6) 94/1,024 9.2 (7.6-11.1)
Other benign lesiont 565/1,587 35.6(33.3-38.0) 170/618  27.5(24.1-31.2) 415/1,024 40.5 (37.6-43.6)"
No findings 721/1,587 45.4 (43.0-47.9) 266/618  43.0 (39.2-47.0)  479/1,024 46.8 (43.7-49.8)

PPV

Advanced neoplasm 139/2,928 4.7 (4.0-5.6) 109/1,096 9.9 (8.3-11.9)* 36/1,944 1.9 (1.3-2.6)

Any neoplasm 866/2,928 29.6 (28.0-31.3) 352/1,096 32.1 (29.4-34.9)  509/1,944 26.2 (24.3-28.2)"

CRC, colorectal cancer; PPV, positive predictive value; FIT, fecal immunochemical test; QRA, questionnaire-based risk assessment;
95% Cl, 95% confidence interval; T, Other benign lesions included hyperplastic polyps, inflammatory polyp and chronic
inflammation; *, Significant differences of detection rate or positive predictive values were observed when compared to the
combined strategy.

{ 29,626 invitees aged 40 to 74 years for CRC screening ]

FIT-only strategy

Participation rate
(68.2%)

Parallel combination

QRA-only strategy

strategy

Participation rate
(97.2%)
N=28,806

Participation rate
(97.2%)
N=28,795

N=20,214

Positivity rate Positivity rate Positivity rate
(10.2%) (5.4%) (6.8%)
N=2,928 N=1,096 N=1,944

Compliance rate of Compliance rate of

Compliance rate of

colonoscopy colonoscopy colonoscopy
(54.2%) (56.4%) (52.7%)
N=1,587 N=618 N=1,024

Yield of advanced Yield of any Yield of advanced Yield of any Yield of advanced Yield of any
neoplasia neoplasia neoplasia neoplasia neoplasia neoplasia
(per 10,000 invitees) (per 10,000 invitees) | | (per 10,000 invitees) || (per 10,000 invitees) (per 10,000 invitees) || (per 10,000 invitees)
46.9 (39.8-55.4) 101.6 (90.8-113.7) 36.8 (30.5-44.4) 61.4 (53.2-71.0) 12.2 (8.8-16.8) 43.9 (37.0-52.1)

Figure 3 Screening yield of different screening strategies. CRC, colorectal cancer; QRA, questionnaire-based risk assessment.

strategy identified more patients with non-advanced significantly higher than that of the combined strategy and
lesions. This observation was further strengthened in the the QRA-only strategy. For instance, PPV for detecting
subgroup of participants finishing both FIT and QRA, as advanced neoplasm for the FIT-only, combination, and

shown in Supplementary Table S3. Approximately 40% of QRA-only strategies was 9.9% (95% ClI, 8.3%~11.9%),
4.7% (95% CI, 4.0%-5.6%), and 1.9% (95% CI,

1.3%—2.3%), respectively.

the abnormal findings identified by QRA were benign
lesions such as inflammatory polyps and chronic
infl ion. Taki h li i .
m ?mma.tlon 2 mg the compliance rate 1nto Resource load of colonoscopy to detect one colorectal lesion
consideration, the detection rates for advanced neoplasm

and any neoplasm in the FIT-only strategy were Compared with the FIT-only strategy, the combined
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strategy additionally detected 30 advanced adenomas, 89
non-advanced adenomas, and 395 other benign lesions, at a
cost of 969 additional colonoscopies. Regarding the
number of colonoscopies needed to detect one advanced
neoplasm, the FI'T-only strategy was the most cost-efficient
compared with other two strategies with 5.7 (95% CI,
4.8-6.7), 11.4 (95% CI, 9.8-13.4), and 284 (95% CI,
20.7-39.2) colonoscopies required for the FIT-only,
combined, and QRA-only strategies, respectively. Detailed
results are shown in Table 2.

Discussion

In this population-based CRC screening program in China,
we comparatively evaluated the participation and screening
yield of the parallel combination of FIT and QRA,
simulated FIT-only, and simulated QRA-only strategies.
The FIT-only
participation rate than the other two strategies. However,

strategy had  considerably lower
in terms of screening yield, the FIT-only strategy had
superior detection rate and PPV for detecting advanced
neoplasms than the other two strategies. The FIT-only
strategy was more cost-efficient than the combination
strategy in terms of significantly lower resource demand for
colonoscopy. Our study therefore provided important
empirical evidence regarding the feasibility and efficacy of
the parallel combination of FIT and QRA in a real-world
CRC screening setting.

Accurate risk stratification is essential for CRC screening
in the era of precise medicine. Taking feasibility and
practicality into consideration, most risk prediction models
were constructed based on easy-to-collect risk factors
associated with CRC; however, such models had the
modest diagnostic performance in detecting CRC and
advanced adenoma (13). Peng et al. conducted a head-to-
head comparison of 17 risk prediction models for advanced
neoplasms in two German cohorts and found that the areas
under ROC curves ranged from 0.57 to 0.65 (22).

Chen et al. Colorectal cancer screening

Similarly, in our study, the detection rate of advanced
neoplasm was suboptimal for the QRA, and most patients
having abnormal findings were actually diagnosed with
non-advanced adenoma or other benign lesions in
subsequent colonoscopy examination. One potential
explanation is that nearly 70% of the high-risk population
had a history of polyps. Removal of such lesions yielded a
reduced risk of CRC and advanced adenomas as
demonstrated by previous studies, and the 5-year
recurrence rate of advanced adenoma after polypectomy
was relatively low (4). In addition, having symptoms of
digestive tract disorders such as chronic diarrhea and
constipation may not reflect the presence of advanced
neoplasm in the single round of screening, which should,
however, be monitored in the long term.

Some previous studies have tried to construct
multivariate risk prediction models by including FIT and
CRC-related risk factors, the results of which showed that
adding risk-based stratification increased the accuracy for
detecting advanced neoplasms in FIT-based screening
(17,23,24). However, such combined risk prediction models
lacked prospective validation in a true screening setting.
Another simple approach was combining risk assessment
and FIT in parallel, as demonstrated in the present study.
The significant findings of our study are in line with a
recently published study by Roos et al. who evaluated an
online family history questionnaire in addition to the FIT
in 6,000 Dutch screening-naive individuals and
demonstrated that the addition of the questionnaire
assessment to one round of FIT screening did not increase
the detection rate of advanced neoplasm compared with the
FIT-only approach (25). However, unlike the study by
Roos et al., who evaluated the risk assessment in individuals
qualifying for suspected Lynch syndrome or familial CRC
syndrome, the QRA used in the present study covered
more high-risk populations without the restriction of
family history. Therefore, our study provided an essential
evidence of the real-world application of parallel
combination from a different aspect. Our analysis also

Table 2 Number of colonoscopies needed to be performed to detect one colorectal lesion for different screening scenarios

Number of colonoscopies needed to be performed to detect [n (95% Cl)]

Screening scenarios

One advanced neoplasm

One any neoplasm

Combined strategy
FIT-only strategy*
QAR-only strategy

11.4 (9.8-13.4)
5.7 (4.8-6.7)
28.4 (20.7-39.2)

1.8 (1.8-1.9)
1.8 (1.6-1.9)
7.9 (6.7-9.3)

FIT, fecal immunochemical test; QRA, questionnaire-based risk assessment; 95% CI, 95% confidence interval; *, Quantitative FIT
(OC-sensor, Eiken, Japan) was used in the present study, and the positivity threshold used was 20 pg Hb/g feces.

© Chinese Journal of Cancer Research. All rights reserved.
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showed that the co-positivity rate between QRA and FIT
was low in our study population. Further studies comparing
the positivity rates between other established risk
prediction models and FIT are necessary in the future.

Recently, researchers also proposed risk-adapted
screening, that is, to provide appropriate CRC screening
technique based on the risk stratification, to optimize the
efficiency of CRC screening in terms of performance and
cost. For instance, high-risk patients were recommended to
undertake colonoscopy, and intermediate- or low-risk
patients were recommended to undertake FIT screening
(17,26,27). Chiu et al. evaluated the risk-adapted approach
combining the Asia-Pacific Colorectal Screening (APCS)
score and FIT in 5,657 participants from 12 Asia-Pacific
regions, and the results showed that the APCS score-based
algorithm was effective in triaging participants for FIT or
colonoscopy and could substantially reduce colonoscopy
workload (17). Recently, our research team also conducted
a large-scale randomized controlled trial to comparatively
evaluate the effectiveness of colonoscopy, FIT, and a novel
risk-adapted screening approach in CRC screening (26).
The interim baseline results demonstrated that the risk-
adapted screening approach had a high participation rate,
and its diagnostic yield was superior to that of FIT at a
similarly low load of colonoscopy (28). Therefore,
exploration of personalized screening strategies based on
effective risk stratification deserves further attention in the
future.

Our study also provided up-to-date data regarding the
feasibility and effectiveness of FIT-based screening in
China, which could be referenced for other countries with
a similar CRC burden. This study used the quantitative
FIT (OC-sensor), which has been widely used in previous
studies. The positivity rate in our study population was
5.4% at the positivity threshold of 20 ug Hb/g feces, and
the positivity rate could be further increased to 7.1% or
12.4% if the positivity threshold was lowered to 15 pg
Hb/g feces or 10 pg Hb/g feces, respectively. For other
screening programs, the optimal positivity threshold should
be determined based on the targeted positivity rate and
resource load of colonoscopy (29-31). Variation regarding
the detection rate for colorectal neoplasm needs to be
explored further. The PPV for detecting advanced
neoplasm in our study was lower than that described in
previous studies conducted in western countries, possibly
due to the relatively low prevalence of colorectal neoplasm
in China (29,31).

Specific strengths and limitations should be taken into
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consideration when interpreting the results. As major
strengths, the study was prospectively conducted in a true
clinical screening setting to comparatively evaluate three
different strategies in CRC screening. In addition, rigorous
standards were adopted to ensure the quality of research
data. There are also several limitations. First, our study
only included results of single round of screening.
However, considering the unfavorable results of the
combined strategy, we did not anticipate that the
conclusion would change if repeated screening was
performed. Second, the compliance rate of colonoscopy for
positive participants (either FIT or QRA) was suboptimal,
which may affect the overall detection rates. For instance,
the compliance rate of colonoscopy for participants with
positive QRA but negative FI'T was slightly lower than that
for participants with positive FI'T but negative QRA, such
differences may underestimate the overall screening
efficacy of QRA-based strategy. Although we observed that
the compliance rates were similar among the three
strategies in a simulated approach, the true participation
rates and screening yield of the proposed strategies should
be prospectively evaluated in further studies from a true
screening setting. Third, the FIT-only and QRA-only
strategies were simulated among participants undertaking
FIT or QRA, meaning that the FIT-only approach may
also have participants having available QRA, and vice versa.
However, we postulated such simulation might have little
bias when estimating the participation rate of FIT, given
that most participants having strong willingness to accept
QRA in this population-based screening program. Fourth,
the positivity rate of FI'T depends on characteristics of the
study population. Therefore, the positivity rate of FIT
among participants in other populations with different
characteristics needed to be further evaluated.

Conclusions

The parallel combination of QRA and FIT showed
improved screening yield for advanced neoplasm than FIT-
only and QRA-only strategies. However, the parallel
combination was not efficient than the FIT-only strategy in
terms of resource demand for colonoscopy. Novel risk-
adapted screening approaches that are both effective and
cost-effective need to be developed in the future.

Acknowledgements

None.

WWW.cjcren.org Chin J Cancer Res 2021;33(4):512-521



520

Footnote

Conflicts of Interest: The authors have no conflicts of
interest to declare.

References

1. BrayF, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2018;68:394-424.

2.  Arnold M, Sierra MS, Laversanne M, et al. Global
patterns and trends in colorectal cancer incidence and
mortality. Gut 2017;66:683-91.

3. Dekker E, Tanis PJ, Vleugels JLA, et al. Colorectal
cancer. Lancet 2019;394:1467-80.

4.  Brenner H, Stock C, Hoffmeister M. Effect of
screening sigmoidoscopy and screening colonoscopy
on colorectal cancer incidence and mortality:
systematic review and meta-analysis of randomised
controlled trials and observational studies. BM]J
2014;348:g2467.

5. Levin TR, Corley DA, Jensen CD, et al. Effects of
organized colorectal cancer screening on cancer
incidence and mortality in a large community-based
population. Gastroenterology 2018;155:1383-91.e5.

6. Schreuders EH, Ruco A, Rabeneck L, et al.
Colorectal cancer screening: a global overview of
existing programmes. Gut 2015;64:1637-49.

7. Robertson DJ, Lee JK, Boland CR, et al.
Recommendations on fecal immunochemical testing
to screen for colorectal neoplasia: A consensus
statement by the US multi-society task force on
colorectal cancer. Gastroenterology 2017;152:1217-37.

8. Imperiale TF, Gruber RN, Stump TE, et al.
Performance characteristics of fecal immunochemical
tests for colorectal cancer and advanced adenomatous
polyps: A systematic review and meta-analysis. Ann
Intern Med 2019;170:319-29.

9. Tinmouth J, Lansdorp-Vogelaar I, Allison JE. Faecal
immunochemical tests versus guaiac faecal occult
blood tests: what clinicians and colorectal cancer
screening programme organisers need to know. Gut
2015;64:1327-37.

10. Baxter NT, Ruffin MT 4th, Rogers MA, et al.
Microbiota-based model improves the sensitivity of
fecal immunochemical test for detecting colonic

© Chinese Journal of Cancer Research. All rights reserved.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chen et al. Colorectal cancer screening

lesions. Genome Med 2016;8:37.

Imperiale TF, Ransohoff DF, Itzkowitz SH, et al.
Multitarget stool DNA testing for colorectal-cancer
screening. N Engl ] Med 2014;370:1287-97.
Dickinson BT, Kisiel J, Ahlquist DA, et al. Molecular
markers for colorectal cancer screening. Gut
2015;64:1485-94.

Peng L, Weigl K, Boakye D, et al. Risk scores for
predicting advanced colorectal neoplasia in the average-
risk population: A systematic review and meta-
analysis. Am J Gastroenterol 2018;113:1788-800.

Guo L, Chen H, Wang G, et al. Development of a
risk score for colorectal cancer in Chinese males: A
prospective cohort study. Cancer Med 2020;9:816-23.
Sung JJ, Ng SC, Chan FK, et al. An updated Asia
Pacific Consensus Recommendations on colorectal
cancer screening. Gut 2015;64:121-32.

Ma GK, Ladabaum U. Personalizing colorectal cancer
screening: a systematic review of models to predict
risk of colorectal neoplasia. Clin Gastroenterol
Hepatol 2014;12:1624-34.el.

Chiu HM, Ching JY, Wu KC, et al. A risk-scoring
system combined with a fecal immunochemical test is
effective in screening high-risk subjects for early
colonoscopy to detect advanced colorectal neoplasms.
Gastroenterology 2016;150:617-25.e3.

Aniwan S, Rerknimitr R, Kongkam P, et al. A
combination of clinical risk stratification and fecal
immunochemical test results to prioritize colonoscopy
screening in asymptomatic participants. Gastrointest
Endosc 2015;81:719-27.

National Clinical Research Center for Digestive
Diseases (Shanghai), National Early Gastrointestinal-
Cancer Prevention & Treatment Center Alliance
(GECA), Chinese Society of Digestive Endoscopy, et al.
Chinese Consensus of Early Colorectal Cancer
Screening (2019, Shanghai). Zhonghua Nei Ke Za
Zhi (in Chinese) 2019;58:736-44.

National Health Commission of the People’s
Republic of China. Chinese Protocol of Diagnosis and
Treatment of Colorectal Cancer (2020 edition).
Zhonghua Wai Ke Za Zhi (in Chinese) 2020;58:561-
85.

R Core Team (2018). R: A language and environment
for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. Available online:

WWW.cjcren.org Chin J Cancer Res 2021;33(4):512-521



Chinese Journal of Cancer Research, Vol 33, No 4 August 2021

22.

23.

24.

25.

26.

27.

https://www.R-project.org/

Peng L, Balavarca Y, Weigl K, et al. Head-to-head
comparison of the performance of 17 risk models for
predicting presence of advanced neoplasms in
colorectal cancer screening. Am J Gastroenterol
2019;114:1520-30.

Park CH, Jung YS, Kim NH, et al. Usefulness of risk
stratification models for colorectal cancer based on
fecal hemoglobin concentration and clinical risk
factors. Gastrointest Endosc 2019;89:1204-11.
Cooper JA, Parsons N, Stinton C, et al. Risk-adjusted
colorectal cancer screening using the FIT and routine
screening data: development of a risk prediction
model. Br J Cancer 2018;118:285-93.

Roos VH, Kallenberg FGJ, van der Vlugt M, et al.
Addition of an online, validated family history
questionnaire to the Dutch FIT-based screening
programme did not improve its diagnostic yield. Br J
Cancer 2020;122:1865-71.

Chen H, Li N, Shi J, et al. Comparative evaluation of
novel screening strategies for colorectal cancer
screening in China (TARGET-C): a study protocol
for a multicentre randomised controlled trial. BM]J
Open 2019;9:¢025935.

Robertson DJ, Ladabaum U. Opportunities and

challenges in moving from current guidelines to

Cite this article as: Chen H, Wang L, Lu M, Zhu C, Zhu Y,
Ma W, Chen X, Du L, Chen W. Comparative yield and
efficiency of strategies based on risk assessment and fecal
immunochemical test in colorectal cancer screening: A cross-
sectional population-based analysis. Chin J Cancer Res
2021;33(4):512-521. doi: 10.21147/j.issn.1000-9604.2021.
04.08

© Chinese Journal of Cancer Research. All rights reserved.

28.

29.

30.

31.

WWW.cjcren.org

521

personalized colorectal cancer screening.
Gastroenterology 2019;156:904-17.

Chen H, Lu M, Liu C, et al. Comparative evaluation
of participation and diagnostic yield of colonoscopy
vs. fecal immunochemical test vs. risk-adapted
screening in colorectal cancer screening: interim
analysis of a multicenter randomized controlled trial
(TARGET-C). Am J Gastroenterol 2020;115:
1264-74.

Passamonti B, Malaspina M, Fraser CG, et al. A
comparative effectiveness trial of two faecal
immunochemical tests for haemoglobin (FIT).
Assessment of test performance and adherence in a
single round of a population-based screening
programme for colorectal cancer. Gut 2018;67:
485-96.

Gies A, Cuk K, Schrotz-King P, et al. Direct
comparison of diagnostic performance of 9
quantitative fecal immunochemical tests for colorectal
cancer screening. Gastroenterology 2018;154:93-104.

Moss S, Mathews C, Day T]J, et al. Increased uptake
and improved outcomes of bowel cancer screening
with a faecal immunochemical test: results from a
pilot study within the national screening programme
in England. Gut 2017;66:1631-44.

Chin J Cancer Res 2021;33(4):512-521


https://www.R-project.org/
https://www.R-project.org/
https://www.R-project.org/

Table S1 Study population characteristics

n (%)
Characteristics Invitees accepted  Participants conducted FIT  Participants conducted Participants conducted
screening (N=28,806) & QRA (N=20,203) QRA only (N=8,592) FIT only (N=11)
Age (year)
40-49 6,162 (21.4) 3,386 (16.8) 2,775 (32.3) 1(9.1)
50-59 10,749 (37.3) 7,662 (37.9) 3,082 (35.9) 5 (45.5)
60-69 8,707 (30.2) 6,826 (33.8) 1,877 (21.8) 4 (36.4)
70-74 3,188 (11.1) 2,329 (11.5) 858 (10.0) 19.1)
Sex
Male 14,417 (50.0) 9,694 (48.0) 4,715 (54.9) 8 (72.7)
Female 14,389 (50.0) 10,509 (52.0) 3,877 (45.1) 3(27.3)
Education background*
Uneducated 2,500 (13.5) 2,267 (14.3) 233 (8.9) 19.1)
ri?g:j‘?’sz; ool 14,703 (79.6) 12,581 (79.3) 2,121 (81.4) 8 (72.7)
High school 1,272 (6.9) 1,020 (6.4) 252 (9.7) 2(18.2)
or above

FIT, fecal immunochemical test; QRA, questionnaire-based risk assessment; *, the percent was calculated after excluding
participants with missing information.

Table S2 Comparison of compliance rates of colonoscopy for different scenarios of FIT and QRA (N=2,928)

Groups n Completed colonoscopy (n) Compliance rate (%) OR (95% Cl) P*
Risk assessment

QAR (+) and FIT () 1,832 969 52.9 Ref

QAR (-) and FIT (+) 984 563 57.2 1.25 (1.07-1.47) 0.006

Both QAR (+) & FIT (+) 112 55 491 0.87 (0.59-1.27) 0.467
Age (year)

40-49 320 127 39.7 Ref

50-59 1,055 572 54.2 1.86 (1.44-2.41) <0.001

60-69 1,169 685 58.6 2.23 (1.73-2.88) <0.001

70-74 384 203 52.9 1.75 (1.30-2.37) <0.001
Sex

Male 1,520 826 54.3 Ref

Female 1,408 761 54.0 1.01 (0.88-1.17) 0.849

FIT, fecal immunochemical test; QRA, questionnaire-based risk assessment; OR, odds ratio; 95% CI, 95% confidence interval; *,
logistic regression models were applied to calculate OR, 95% CI and P.



Table S3 Detection of colorectal neoplasms for subgroup of individuals who finished both FIT and QRA

Detection rate at colonoscopy examination [n (%)]

Groups No. of participants having No. of Advanced Non-advanced  Other benign
positive results colonoscopies  CRC |
adenoma adenoma lesions
FIT (+) & QRA (+)
All 112 55 0(0) 6 (10.91) 5(9.09) 20 (36.36)
Male 62 31 0(0) 5(16.13) 3(9.68) 9 (29.03)
Female 50 24 0(0) 14.17) 2(8.33) 11 (45.83)
FIT (+) & QRA (-)*
All 982 562 15(2.67) 87 (15.48) 68 (12.10) 150 (26.69)
Male 519 300 7(2.33) 67 (22.33) 38 (12.67) 68 (22.67)
Female 463 262 8(3.05) 20(7.63) 30 (11.45) 82 (31.30)
FIT (-) & QRA (+)*
All 1,675 927 0(0) 29 (3.13) 87 (9.39) 378 (40.78)
Male 839 471 0(0) 18 (3.82) 49 (10.40) 178 (37.79)
Female 836 456 0(0) 11 (2.41) 38 (8.33) 200 (43.86)

FIT, fecal immunochemical test; QRA, questionnaire-based risk assessment; CRC, colorectal cancer; *, Quantitative FIT (OC-sensor,
Eiken, Japan) was used in the present study, and the positivity threshold used was 100 ng Hb/mL. High-risk or low-risk individuals
were assessed by QRA.



