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ABSTRACT
Objective Subjects with a positive faecal 
immunochemical test (FIT) have a much higher likelihood 
of advanced neoplasms than the general population. 
Whether FIT- positive subjects with negative colonoscopy 
should receive subsequent FIT screening remain unclear.
Design Subjects with a negative colonoscopy after 
positive FIT in the first screening in the Taiwanese 
Colorectal Cancer (CRC) Screening Program 2004–2009 
were followed until the end of 2014. CRC incidence 
was compared between those who did and did not 
receive subsequent FIT screening. Cox regression analysis 
was conducted, adjusting for major confounders to 
investigate whether subsequent FIT was associated with 
lower risk of incident CRC.
Results The study cohort was comprised of 9179 
subjects who had negative diagnostic colonoscopy after 
positive FIT in 2004–2009, of whom 6195 received 
subsequent FIT during the study period. The CRC 
incidence (per 1000 person years) was 1.34 in those 
who received subsequent FIT and 2.69 in those who 
did not, with corresponding adjusted HR (aHR) of 0.47 
(95% CI 0.31 to 0.71). Lower adenoma detection rate 
of diagnostic colonoscopy was associated with higher 
risk of incident CRC but became non- significant in 
multivariable analysis after adjustment for subsequent 
FIT. Higher baseline faecal haemoglobin concentration 
(FHbC, μg haemoglobin/g faeces) was associated with 
increased risk of incident CRC (reference: FHbC=20–39; 
aHR=1.93 (1.04–3.56), 0.95 (0.45–2.00), 2.26 
(1.16–4.43) and 2.44 (1.44–4.12) for FHbC=40–59, 
60–99, 100–149 and ≥150, respectively).
Conclusion Subsequent FIT should be scheduled 
after negative colonoscopy to detect missed neoplasms 
and reduce the risk of incident CRC in a national FIT 
screening programme.

INTRODUCTION
Screening has proven effective in reducing mortality 
from and the incidence of colorectal cancer (CRC), 
so that population CRC screening programmes 
have been launched in recent decades in many 
regions with moderate- to- high CRC incidence.1–6 
The faecal immunochemical test (FIT) is currently 

one of the most popular tests for population CRC 
screening, especially in regions where colonoscopy 
capacity or workforce is constrained. Its effective-
ness in reducing CRC mortality or incidence has 
been demonstrated in several cohort studies from 
those existent programmes.7–10

The currently recommended surveillance interval 
after negative colonoscopy is 10 years, based 
mainly on the findings from colonoscopy- based 
screening studies. Those studies include cohort 

Significance of this study

What is already known on this subject?
 ► Faecal immunochemical test (FIT) positive 
subjects have higher likelihood of having 
advanced adenoma or invasive cancer.

 ► Whether those with negative colonoscopy after 
FIT screening should receive subsequent FIT 
screening or go for surveillance colonoscopy 10 
years later remain unclear.

What are the new findings?
 ► Those who received subsequent FIT after 
negative colonoscopy had significantly lower 
risk of incident colorectal cancers (CRCs) 
compared with those who did not.

 ► Incident CRCs that occurred in those who 
received subsequent FIT were at a much lower 
in stage than CRCs diagnosed in those who 
did not, and baseline faecal haemoglobin 
concentration was associated with the risk of 
incident CRC.

 ► Subsequent FIT could offset the risk of incident 
CRC caused by inadequate colonoscopy quality.

How might it impact on clinical practice in the 
foreseeable future?

 ► Risk of incident CRC after negative colonoscopy 
(colonoscopy interval cancer) can be reduced by 
subsequent FIT in a FIT screening programme.

 ► Baseline faecal haemoglobin concentration can 
help tailor subsequent FIT screening for those 
with a higher likelihood of developing incident 
CRC.
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or case–control studies that found that a negative colonoscopy 
was associated with a substantially reduced risk of developing 
CRC within 10 years or even longer among low- to- moderate 
risk individuals.3 11 12 Whether subjects with a negative colonos-
copy in a FIT- based screening programme can also be advised 
to go for surveillance colonoscopy at 10- year intervals, whether 
the time should be shorter or whether to advise subsequent FIT 
screening remains controversial.13 14 FIT- positive subjects repre-
sent a population with a very high- risk profile of CRC; data from 
the Taiwanese CRC Screening Program revealed that the prev-
alence of CRC and advanced adenoma in FIT- positive subjects 
was 5% and 14%, respectively, equivalent to a 20- fold to 30- fold 
higher risk of CRC and a 4- fold to 5- fold higher risk of advanced 
adenoma, as compared with the general population. It is therefore 
reasonable to speculate that any lesion missed by colonoscopy in 
a FIT- positive subject is more likely to have advanced histology, 
including invasive cancer. Accordingly, it is questionable whether 
it is appropriate to deem negative colonoscopy in FIT screening 
programmes as equivalent to negative findings in the primary 
screening colonoscopy setting. Providing FIT after negative colo-
noscopy may be a simple and feasible approach enabling detec-
tion of advanced neoplasms, thereby avoiding incident CRC or 
detecting CRC at an lower stage. The aim of this study was to 
compare the risk of incident CRC in subsets of populations that 
did and did not receive subsequent FIT screening after negative 
colonoscopy in the Taiwanese CRC Screening Program.

MATERIALS AND METHODS
Taiwanese CRC Screening Program and study population
The Taiwanese CRC Screening Program was launched in 2004 
and biennial FIT was offered to the population aged 50–75 years 
(initial upper age limit was 69 years, but this was extended to 
75 in 2013). Screening kits were delivered either via regional 
health bureaus and health centres (outreach screening service) 
or via clinics or hospitals (inreach screening service). The details 
of this programme have been described elsewhere.7 15 The rele-
vant data for this nationwide screening programme, including 
participation in FIT screening, results of FIT and the findings of 
diagnostic colonoscopy, are all stored in a central screening data-
base at the Health Promotion Administration of the Taiwanese 
government, which is linked to the Taiwan Cancer Registry, from 
which the events of incident CRC could be ascertained and veri-
fied. The coverage rate of this registry is reported to be 98.6%, 
with accuracy greater than 99%.16

In our programme, those who have neoplasms detected at 
colonoscopy are recommended to receive follow- up colonos-
copy at different surveillance intervals based on the endoscopic 
finding, as recommended by major guidelines.13 For those with 
negative colonoscopy, no strict surveillance guidance is provided 
and people could either choose to receive 10- year colonoscopy 
surveillance or to continue biennial FIT screening. The current 
study cohort included subjects who had a positive FIT at their 
first screening with negative findings at diagnostic colonoscopy, 
after excluding those with incomplete colonoscopy, during the 
period of 2004–2009. This study cohort was followed up until 
the end of 2014 no matter whether the age of the study subjects 
had already exceeded the upper age limit of our programme. 
We ascertained the number, diagnosis year and stage of incident 
CRC via the linkage of the central screening database to the 
Taiwan Cancer Registry. This study was approved by the Health 
Promotion Administration of the Ministry of Health and Welfare 
of the Taiwanese government, and informed consent was waived 
for the deidentified data.

Faecal immunochemical test
One of two FIT kits (OC- SENSOR, Eiken Chemical, Tokyo, 
Japan and HM- JACK, Kyowa Medex, Tokyo, Japan) was 
provided based on the purchasing policy of the individual munic-
ipality or hospital, and a single- spot stool sample was used for 
testing in this screening programme. A positive test was defined 
as a result above the defined cut- off of 20 µg haemoglobin (Hb)/g 
faeces. Test results of FIT, including the measurements of faecal 
Hb concentration (FHbC), were stored in the screening data-
base of the regional and central governments and all participants 
were notified of the results by mail and telephone. Participants 
with positive tests were then referred for colonoscopy as a diag-
nostic examination within 6 months. The cut- off and number 
of FIT used for first screening, subsequent screenings and after 
negative colonoscopy were completely the same.

Definitions
Negative colonoscopy in this study refers to a colonoscopy 
without the finding of any neoplastic lesion, including invasive 
cancer, advanced or non- advanced adenoma and traditional or 
sessile serrated adenoma.

Only invasive cancers were counted as CRC in this study and 
American Joint Committee on Cancer (AJCC) seventh system 
was used for staging. As for incident CRC, only those occurred 
1.5 years or longer after colonoscopy was counted because some-
times biennial FIT screening might have happened earlier than 2 
years, which was dependent on the timing of screening activities 
that took place in individual municipalities or screening sites.

The adenoma detection rate (ADR) was defined as the number 
of subjects who had neoplastic findings per 100 colonoscopies 
performed after a positive FIT. In the current study, we used 
hospital- level ADR as a measure of adenoma detection, because 
endoscopist- level ADR could not be ascertained. Colonoscopy 
was defined as complete if the landmarks of the cecum could be 
visualised by the colonoscope. In this study, interval cancer refers 
to colonoscopy interval cancer (IC), as defined by World Endos-
copy Organization, which refers to CRC that occurred within 
10 years after index- negative colonoscopy, excluding those that 
were detected by subsequent FIT screening.17 All subjects were 
traced until the end of 2014, even though they have exceeded 
the age range of our screening programme.

Statistical analysis
Descriptive data were reported as proportions or means with 
±SD. The incidence of CRC was calculated and reported as the 
number of events per 1000 person years. Timing of subsequent 
FIT screening was stratified to five time windows based on the 
interval between baseline- negative colonoscopy and subsequent 
FIT: 1.5–3 years, 3–5 years and >5 years. ADR was categorised 
as three groups, with hospital- based ADR below first quantile 
(<42%), between first and third quantile (42%–49%), and 
above third quantile (>49%). Subjects were censored at the end 
of study period if no incident CRC occurred.

Two Cox proportional HR models were created to estimate 
HR, adjusting for major confounders to investigate whether 
subsequent FIT was associated with lower risk of incident CRC 
and to identify the other risk factors. In the univariate analysis, 
the risk of incident CRC in relation to age, gender, the interval 
between negative colonoscopy and subsequent FIT (1.5–3 years, 
3–5 years,>5 years, no subsequent FIT), hospital- level ADR 
(<42%, 42%–49%, >49%) and FHbC (20–39, 40–59, 60–99, 
100–149, >150 µg Hb/g faeces), family history of CRC in first- 
degree relatives, FIT brand was investigated; factors with a p 
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value <0.1 were then included in the multivariable analyses. 
Model 1, in addition to the presence of subsequent FIT, was 
adjusted for other confounders such as age at colonoscopy, 
gender, completeness of colonoscopy, hospital- level ADR and 
FHbC. In model 2, subsequent FIT was stratified into different 
time windows and adjusted together with those confounders that 
were included in model 1. All statistical analyses were performed 
with SAS V.9.4 (SAS Institute).

RESULTS
During the period from January 2004 to December 2009, 32 
137 subjects received complete colonoscopy after positive FIT 
at first screening. After excluding those with neoplastic lesions 
being detected at colonoscopy, incomplete colonoscopy, CRC 
occurred prior to subsequent FIT round, death from causes 
other than CRC within 2 years, or missing demographic or 
FHbC data, a total of 9179 subjects who had no neoplastic 
finding comprised the study cohort (figure 1). Of them, 6195 
subjects received subsequent FIT after colonoscopy during the 
study period. The demographics, the number of subjects who 
received subsequent FIT at different time windows, the number 
of incident CRCs and hospital- level ADR are shown in table 1.

The number of positive FITs, the positivity rate and the number 
and incidence rate of CRC in those who did and did not receive 
subsequent FIT are shown in table 2. The incidence of CRC was 
1.34 (95% CI 1.31 to 1.37) and 2.69 (95% CI 2.61 to 2.77) per 
1000 person years in those who did and did not receive subse-
quent FIT, respectively. Of those who received subsequent FIT, 
the incidence was 1.46 (95% CI 1.40 to 1.53) at <3 years, 1.35 
(95% CI 1.30 to 1.40) at 3–5 years and 1.08 (95% CI 1.03 to 
1.13) at >5 years. The number of incident CRCs in relation to 
time and cancer stage is shown in figure 2 and table 3.

The results of univariate and multivariable analyses are 
given in table 4. In model 1, the adjusted HR (aHR) of inci-
dent CRC was 0.47 (95% CI=0.31 to 0.71) in subjects who 
received subsequent FIT screening compare with those with no 

subsequent FIT. In model 2, the aHR of incident CRC was 0.53 
(95% CI=0.32 to 0.88) for those who received a subsequent 
FIT in 1.5–3 years, 0.45 (95% CI 0.26 to 0.79) in 3–5 years and 
0.37 (95% CI 0.18 to 0.77) in >5 years. Although lower ADR 
was significantly associated with increased risk of developing 

Figure 1 Flow diagram demonstrating the process of identifying study cohort. CRC, colorectal cancer; FIT, faecal immunochemical test.

Table 1 Demographics of the study cohort

Characteristics

Age, mean (SD) 58.0 (5.8)

Male gender, n (%) 3640 (39.7)

Subjects with negative colonoscopy, n 9179

Time windows that subjects received subsequent FIT after negative 
colonoscopy, n

6195

  <3 years 2875

  3–5 years 2114

  >5 years 1206

Incident CRC after negative colonoscopy, n 119

Adenoma detection rate

  <42% 2605

  42%–49% 3276

  ≥50% 3298

CRC family history in first- degree relatives

  Yes 155

  No 9024

FIT brands

  Initial round

   OC- Sensor 6749

   HM- JACK 2430

Subsequent FIT after colonoscopy

  OC- Sensor 4118

  HM- JACK 2036

  Missing brand info 41

CRC, colorectal cancer; FIT, faecal immunochemical test.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2020-320761 on 28 S

eptem
ber 2020. D

ow
nloaded from

 

http://gut.bmj.com/


1321Peng S- M, et al. Gut 2021;70:1318–1324. doi:10.1136/gutjnl-2020-320761

Colon

incident CRC in univariate analysis, with an HR of 1.66 (95% 
CI 1.01 to 2.72) for ADR of 42%–49% and 1.96 (95% CI 1.19 
to 3.23) for ADR of <42%, it became non- significant or less 
significant in multivariable analysis. Higher FHbC was also asso-
ciated with increased risk of incident CRC, with an aHR of 1.93 
(95% CI 1.04 to 3.56) for FHbC of 40–59, 0.95 (95% CI 0.45 
to 2.00) for 60–99, 2.26 (95% CI 1.16 to 4.43) for 100–140 and 
2.44 (95% CI 1.44 to 4.12) for FHbC of ≥150 µg Hb/g faeces, 
compared with those having an FHbC of 20–39 µg Hb/g faeces.

DISCUSSION
Incident CRCs occurring after negative colonoscopy may affect 
the effectiveness of a screening programme. In the current study, 

we demonstrated that subsequent FIT after negative colonos-
copy remarkably reduced the risk of incident CRC with a HR of 
0.47 in a population receiving FIT- based screening. The stage of 
incident CRC was much lower in those who received subsequent 
FIT screening (CRC lower than stage 2: 52.7% vs 23.7%) than 
in those who did not, implying that offering FIT after negative 
colonoscopy may enhance early detection, thereby improving 
the effectiveness of the entire screening programme. The data 
demonstrated herein provide new insight into optimising a FIT 
screening programme.

Previous studies have demonstrated that missed neoplasms, 
especially missed cancers or advanced adenoma, were respon-
sible for the majority of colonoscopy interval cancers or 

Table 2 Incidence of colorectal cancer after negative colonoscopy in relation to the interval between negative colonoscopy and subsequent FIT 
screening

Subject 
number

Positive test at 
subsequent FIT, n

Positivity rate at subsequent 
FIT (%) CRC cases, n Person- year

Incidence per 1000 person- year
(95% CI)

Subjects who received subsequent FIT

  Overall 6195 703 11.3 61 45 580.98 1.34 (1.31 to 1.37)

  1.5–3 years 2875 290 10.1 29 19 800.10 1.46 (1.40 to 1.53)

  3–5 years 2114 240 11.4 21 15 575.80 1.35 (1.30 to 1.40)

  >5 years 1206 173 14.3 11 10 205.08 1.08 (1.03 to 1.13)

No subsequent FIT 2984 – – 58 21 561.52 2.69 (2.61 to 2.77)

By FIT brand

OC- Sensor 4118 424 10.3 43 30 315.31 1.42 (1.35 to 1.49)

  HM- Jack 2036 275 13.5 18 14 865.74 1.21 (1.15 to 1.27)

  Missing brand info 41 4 9.8 0 399.93 0

CRC, colorectal cancer; FIT, faecal immunochemical test.

Figure 2 Incidence of CRC in relation to time after negative colonoscopy. (A) Whole cohort. (B) Stratified with subsequent FIT screening and CRC 
stage. CRC, colorectal cancer; FIT, faecal immunochemical test.
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postcolonoscopy CRCs.15 18 19 In this context, the main purpose 
of subsequent FIT is to reveal overlooked significant neoplasms, 
and partially to detect newly developed ones. In the current 
study, the risk of incident CRC was lower in the group that 
received FIT during 3–5 years after a negative colonoscopy, as 
compared with those who received FIT at 1.5–3 years, and the 
risk was lowest in those who received subsequent FIT at 5 years 
or later. Such findings are not difficult to explain if the natural 
course of colorectal neoplasms is taken into consideration. For 
example, if an advanced adenoma was previously missed by 
colonoscopy, then offering FIT within 3 years after colonoscopy 
might have helped to prevent the occurrence of CRC, but when 
the duration is longer than 3 years, then a higher proportion 
of advanced adenomas may transform into invasive cancers, 
leading to a higher incidence of CRC. Such a finding is consis-
tent with previous studies estimating the sojourn time of 3 years 
for an advanced adenoma to become an invasive cancer.20 21 We 
also found that the risk of incident CRC was lowest in those 
who received subsequent FIT at the fifth year or later. Such a 

finding should not be misinterpreted as meaning that later 
timing of subsequent FIT is more effective in reducing incident 
CRC. Rather, it should indicate that those whose asymptomatic 
invasive cancers were missed at baseline colonoscopy might have 
already progressed into an advanced stage and be diagnosed 
as having symptomatic CRC (colonoscopy interval cancers) at 
that timing and were categorised as CRC occurring in the ‘no 
subsequent FIT screening’ group. Such speculation is supported 
by previous studies showing that about one- fifth of early stage 
CRCs will progress into advanced stage CRCs annually; there-
fore, they are more likely to become symptomatic and diagnosed 
clinically rather than being detected by the screening programme 
within such a timeframe.22 We therefore propose that 2 years 
after colonoscopy would be the optimal time to offer a subse-
quent FIT, if the main purpose is to detect both missed cancers 
and advanced adenomas.

Another important finding of this study is that subsequent 
FIT was able to ameliorate the effect of inadequate colonoscopy 
quality. Several studies have demonstrated that ADR is one of the 
most important quality measurements for colonoscopy, and some 
have shown its strong association with incident CRC, advanced 
stage CRC or even CRC death.15 23 24 In this study, the overall 
ADR during the study period was 45.5%, which was above the 
benchmark threshold for FIT- positive subjects.25 Nevertheless 
it was evident that a lower hospital- level ADR was associated 
with the risk of developing incident CRC as demonstrated by 
the univariate analysis (table 4). The effect of hospital- level ADR 
was offset by subsequent FIT screening, a result supported by 
the finding of non- significant or less significant effect of low 
ADR on incident CRC risk in the fully adjusted multivariable 

Table 3 Number of CRC in relation with stage and detection mode in 
those who did and did not receive subsequent FIT

CRC stage

Subsequent FIT

No Yes

Stage 1 Stage 2–4 NA Stage 1 Stage 2–4 NA

Overall, n 12 (23.1%) 40 (76.9%) 6 29 (52.7%) 26 (47.3%) 6

  Screen detected, n – – – 22 (57.9%) 16 (42.1%) 5

  Interval cancer, n 12 (23.1%) 40 (76.9%) 6 7 (41.2%) 10 (58.8%) 1

CRC, colorectal cancer; FIT, faecal immunochemical test; NA, non applicable.

Table 4 Multivariable analyses on the risk of incident CRC in relation to subsequent FIT with different time windows and other factors

Crude HR (95% CI)

Adjusted HR (95% CI)

Model 1 Model 2

Age 1.02 (0.99 to 1.06) 1.00 (0.96 to 1.03) 1.00 (0.96 to 1.03)

Gender

  Male vs female 1.37 (0.93 to 2.01) 1.23 (0.83 to 1.81) 1.23 (0.84 to 1.81)

Subsequent FIT

  No 1 Ref 1

  Yes 0.44 (0.30 to 0.64) 0.47 (0.31 to 0.71) –

  1.5–3 years 0.48 (0.29 to 0.77) – 0.53 (0.32 to 0.88)

  3–5 years 0.43 (0.25 to 0.74) – 0.45 (0.26 to 0.79)

  >5 years 0.36 (0.18 to 0.74) – 0.37 (0.18 to 0.77)

Adenoma detection rate

  >49% Ref ref ref

  42%–49% 1.66 (1.01 to 2.72) 1.42 (0.86 to 2.34) 1.47 (0.89 to 2.43)

  <42% 1.96 (1.19 to 3.23) 1.61 (0.97 to 2.67) 1.66 (1.00 to 2.77)

FHbC of baseline FIT (μg hemoglobin/g faeces)

  20–39 Ref Ref Ref

  40–59 1.98 (1.07 to 3.66) 1.94 (1.05 to 3.58) 1.93 (1.04 to 3.56)

  60–99 1.00 (0.47 to 2.11) 0.95 (0.45 to 2.01) 0.95 (0.45 to 2.00)

  100–149 2.40 (1.23 to 4.70) 2.28 (1.17 to 4.46) 2.26 (1.16 to 4.43)

  ≥150 2.59 (1.54 to 4.37) 2.46 (1.45 to 4.15) 2.44 (1.44 to 4.12)

CRC family history in first- degree relatives

  No Ref – –

  Yes 1.11 (0.27 to 4.50) – –

FIT kit

  HM- JACK Ref – –

  OC- Sensor 1.15 (0.63 to 2.10) – –

CRC, colorectal cancer; FHbC, faecal haemoglobin concentration; ; FIT, faecal immunochemical test.
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models. This result implies that subsequent FIT may be used to 
compensate for the compromised screening effectiveness caused 
by inadequate colonoscopy quality. The positivity rate of 11.3% 
of subsequent FIT was rather high, but the positive predictive 
value of 8.68%, translated to a ‘number needed to FIT’ of 102 
and an affordable ‘number needed to scope’ of 12 to detect one 
CRC, justifies such an approach. In this study, we also observed 
an association of higher FHbC with an increased risk of incident 
CRC. Such a finding also gives new insight into the future devel-
opment of a tailored or risk- based surveillance strategy in a nega-
tive colonoscopy population based on their baseline FHbC, and 
therefore enables us to further target the population who would 
be most likely benefit from the subsequent FIT. To which extent 
that such a subsequent FIT screening approach can contribute 
to the effectiveness of screening (episode or programme sensi-
tivity) is another intriguing issue.26 A rough estimate from the 
magnitude of reducing incident CRC in this study, the propor-
tion that colonoscopy IC account for non- screening detected 
CRC (including FIT IC, colonoscopy IC, CRC in non- complier 
to colonoscopy) in our programme and the proportion of colo-
noscopy IC that occurred in subjects with negative colonoscopy, 
1%–2% improvement of episode sensitivity could be expected, 
but its magnitude is also dependent on the compliance to colo-
noscopy and its quality.

This study has several strengths. First, the large population size 
of this screening programme allowed for more comprehensive 
analyses by adjusting for major factors that might have affected 
the risk of incident CRC and allowed us to make more precise 
estimations of risk. Second, we linked our screening database to 
the National Cancer Registry, which has a very high coverage 
rate and accuracy and increased the validity of our study.16 
Third, enrolling subjects who received screening during 2004–
2009 and tracking them until 2014 enabled us to follow- up 
this cohort for a sufficiently long period, which is necessary for 
outcome events (incident CRC) to occur if the progression rate 
or sojourn time of colorectal neoplasms is taken into consid-
eration.21 27 Nevertheless, this study is not without limitations. 
First, this is not a randomised trial; thus, some confounders and 
self- selection might exist. In other words, those who presented 
at a subsequent FIT screening might have a healthier lifestyle, 
a better diet or greater awareness of CRC screening, any of 
which might have affected those results, leading to the lower 
risk for incident CRC and overestimation of the effect of subse-
quent FIT screening. Second, although our results showed that 
offering a FIT during the surveillance interval may help in 
detecting significant neoplasms that were missed by a previous 
colonoscopy, our results may not be completely applicable to 
the colonoscopy- based screening setting, because FIT positivity 
actually represents a very high- risk population at much higher 
risk of advanced adenoma and CRC than the general popula-
tion.15 Lane et al reported on subjects who had a family history 
of CRC or past neoplasms. Those who had repeated FIT had an 
almost twofold decrease in their risk for cancer and advanced 
adenoma compared with patients who were not tested. The 
researchers concluded that interval FIT can be used to detect 
missed or rapidly developing lesions in surveillance programmes 
sooner than surveillance colonoscopy can.28 Further study in the 
primary colonoscopy screening setting is warranted. Third, we 
used hospital- level rather than endoscopist- level ADR in this 
study, which may have underestimated the effect of low ADR. 
Fourth, we did not explore whether more than one subsequent 
FITs would provide even better protection against incident CRC. 
Owing to the limited number of incident CRC cases, further 
stratification is not feasible and may increase the uncertainty of 

risk estimations. Fourth, whether subsequent FIT is really able to 
reduce CRC mortality could not be elucidated by the findings of 
the current study because of the paucity of incident CRC cases, 
the low fatality rate of CRC and the short period of the study. 
Further study is necessary.

In conclusion, we demonstrated that subsequent FIT could 
effectively reduce the risk of incident CRC after negative colo-
noscopy in an FIT screening programme, mainly by detection 
of missed significant neoplasms. Further exploration is manda-
tory to further elucidate the appropriate timing and frequency of 
subsequent FIT and to identify the population such an approach 
may benefit, based on the level of FHbC.
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