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Background/Aims: Knowledge regarding the quality metrics 
of fecal immunochemical test (FIT)-based colorectal cancer 
screening programs is limited. The aim of this study was to 
investigate the performance and quality metrics of a FIT-
based screening program. Methods: In our screening pro-
gram, asymptomatic subjects aged ≥50 years underwent an 
annual FIT, and subjects with positive FIT results underwent 
a subsequent colonoscopy. The performance of the FIT and 
colonoscopy was analyzed in individuals with a positive FIT 
who completed the program between 2009 and 2015 at a 
university hospital. Results: Among the 51,439 screened 
participants, 75.1% completed the FIT. The positive rate was 
1.1%, and the colonoscopy completion rate in these patients 
was 68.6%. The positive predictive values of cancer and 
advanced neoplasia were 5.5% and 19.1%, respectively. 
The adenoma detection rate in the patients who underwent 
colonoscopy after a positive FIT was 48.2% (60.0% for men 
and 33.6% for women). The group with the highest tertile 
quantitative FIT level showed a significantly higher detec-
tion rate of advanced neoplasia than the group with the 
lowest tertile (odds ratio, 2.6; 95% confidence interval, 1.4 
to 5.1; p<0.001). Conclusions: The quality metrics used in 
the United States and Europe may be directly introduced to 
other countries, including Korea. However, the optimal qual-
ity metrics should be established in each country. (Gut Liver 
2018;12:183-189)
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INTRODUCTION

 The incidence of colorectal cancer (CRC) has increased rap-
idly in many Asian countries, including Korea.1 The National 
Cancer Screening Program (NCSP) of Korea provides a single 
annual fecal immunochemical test (FIT) as a primary screening 
tool for adults aged ≥50 years, and a confirmatory colonoscopy 
as a second step for those with a positive FIT result.2,3 The ef-
ficacy of a FIT-based population screening program may ulti-
mately depend on the completion rate of FIT and colonoscopy. 
Furthermore, the adoption of quality improvement measures 
and continuous quality assessment is essential to improve the 
current effectiveness of this screening program.4 However, little 
is known about the quality indicators of the FIT-based CRC 
screening program. Recently, quality metrics for FIT were rec-
ommended in the United States,5 however, few studies that used 
these recommended measures are available. In addition, quality 
indicators for colonoscopy were revised in the United States and 
Europe,4,6,7 but updated quality indicators were focused on pri-
mary screening colonoscopy and not on secondary colonoscopy 
after FIT positive results. Therefore, measurement of quality 
indicators for a FIT-based CRC screening program may help us 
identify areas for quality improvement of this program.

The aim of this study was to investigate the performance and 
quality metrics of the FIT-based CRC screening program. To the 
best of our knowledge, this is the first study to assess this issue.

MATERIALS AND METHODS

1. Patients

In this study, asymptomatic subjects aged ≥50 years who per-
formed an annual FIT in the CRC screening program in a uni-
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versity hospital were included. Subjects with a positive FIT result 
were offered colonoscopy. All participants were notified of their 
FIT results via mailings, and only participants with a positive 
FIT result were invited for a colonoscopy. All information for 
demographics, colonoscopy, and histopathology was extracted 
from participants who completed the NCSP between 2009 and 
2015 at our center. Subjects were excluded from the analysis 
if they were aged less than 50 years, were currently hospital-
ized, refused to participate in this program, or had symptoms 
or signs indicating the need for a colonoscopy. Subjects were 
also excluded if they had been diagnosed with inflammatory 
bowel disease, CRC, or had a history of bowel resection. The 
Institutional Review Board of Kyung Hee University Hospital at 
Gangdong reviewed and approved our study protocol (KHNMC 
IRB number: 2016-11-012) and performed in accordance with 
the principles of the Declaration of Helsinki. Informed consent 
was waived for this retrospective study.

2. Fecal immunochemical test

FIT samples were collected by visit under NCSP. All partici-
pants were invited to our center and made an appointment to 
revisit the hospital for returning of fecal sample. Participants 
were instructed to perform sampling for the FIT test on the day 
of revisit. Most fecal samples were collected on the day of revisit 
under rapid return system in Korea. 

The quantitative FIT was performed using the OC-Sensor 
DIANA Micro desktop analyzer (Eiken Chemical Co., Tokyo, Ja-
pan).8 According to the manufacturer instructions, a cutoff val-
ue of 20 µg Hb/g feces (100 ng Hb/mL buffer) was used as the 
criterion of positive FIT. This value was used in the majority of 
previous studies.9-11 The FIT result was expressed in µg of hemo-
globin (Hb) per gram of feces rather than nanogram of Hb per 
milliliter of buffer in this study.12 During the study period, there 
was no change in the quantitative FIT analyzer, examination 
methods or cutoff values. Participants were instructed to sample 
their stool before the contact of stool with water or urine; how-
ever, no restrictions in the diet or use of medication before stool 
sampling were imposed. Participants were instructed to return 
the sample as soon as possible.

3. Colonoscopy

Under NCSP, a confirmatory colonoscopy was provided as a 
second step for subjects with a positive FIT result. Colonoscopy 
was performed by gastroenterologists using a standard video 
colonoscope (CF-H260AI; Olympus Optical, Tokyo, Japan). All 
participants underwent a 3-day dietary restriction and bowel 
preparation with split regimen using 4 L of polyethylene glycol 
solution (Taejoon Co., Seoul, Korea) or 90 mL of sodium phos-
phate (Unimed Co., Seoul, Korea). An established accreditation 
program was mandatory for endoscopists to practice in the 
NCSP. A complete colonoscopy was defined as an intubation 
of the cecum with identification of the ileocecal valve and ap-

pendiceal orifice or intubation up to an obstructing neoplasm. 
A neoplastic lesion located in the proximal colon (including the 
cecum, ascending colon, transverse colon, and splenic flexure) 
was defined as proximal colonic neoplasia.13-15 

4. Performance measures

Participation rate of FIT in this study was calculated as the 
numbers of screenee who submitted stool specimens divided 
by the numbers of screenee who visited our hospital and re-
ceived any of the NCSP program. Individual FIT data routinely 
included the following information: patient demographics, FIT 
completion rate, positive rate and quantitative value of FIT, 
colonoscopy completion rate after a positive FIT, and perfor-
mance of FIT for CRC and advanced neoplasia. For subjects with 
a positive FIT, individual colonoscopy data also included the 
following information: patient demographics, colonoscopist’s 
data (staff/fellow status and annual number of performed colo-
noscopies), waiting time for colonoscopy appointment, qual-
ity of bowel preparation, conscious sedation, cecal intubation, 
withdrawal time, polyp-retrieval rate, polyp detection rate (PDR), 
adenoma detection rate (ADR), and complications. We consid-
ered bowel preparation quality as adequate if the Boston Bowel 
Preparation Scale ≥6 points (i.e., Boston Bowel Preparation 
Scale scores of 2 or 3 for all colon segments) as it was adequate 
for the detection of polyps >5 mm in size.16 Histopathological 
data included the number and characteristics of diagnosed pol-
yps/masses, including morphology, location, size, and histology. 
Based on the most advanced detected lesion, colonoscopic data 
were classified as normal, any neoplasia, or advanced neoplasia. 
Advanced neoplasia included all cases of advanced adenomas 
(an adenoma with high-grade dysplasia, a diameter ≥10 mm, 
or containing >25% villous features) or carcinomas.17,18 We 
examined the FIT rate of positive results, detection of CRC, and 
positive predictive value (PPV) for CRC or advanced neoplasia. 
PPV of FIT was determined as the number of patients with CRC 
or advanced neoplasia per the number of patients with positive 
FIT results. Detection rate of FIT was determined as the number 
of patients with CRC or advanced neoplasia per the number of 
patients who received colonoscopy.

5. Statistical analysis

Data were expressed as means±standard deviation or num-
bers (percentage). The relation between the FIT quantitative 
value and advanced neoplasia was evaluated by binary logistic 
regression with odds ratios (OR) and 95% confidence intervals 
(CI). A two-tailed p-value <0.05 was considered statistically 
significant. Statistical analysis was performed using the SPSS 
version 18.0 for Windows (SPSS Inc., Chicago, IL, USA). 

RESULTS

Table 1 shows the demographic characteristics of the study 
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population included in the NCSP. During the study period, 
51,439 individuals were invited to participate in the NCSP at 
our center. Among them, 38,631 individuals (75.1%) participat-
ed in the FIT: their mean age was 61.3 years, and 36.9% were 
male. Among 439 patients with positive FIT results, 301 patients 
(68.6%) underwent colonoscopy examination (mean age, 63.2 
years; 53.5% male). During the study period, annual FIT com-
pletion rate was above 80% (80.5% to 86.7%), and colonoscopy 
completion rate ranged between 61.4% and 92.2%.

1. Performance of fecal immunochemical tests 

The performances of FIT for participants who completed the 
NCSP are outlined in Table 2. The positive rate of the FIT was 

1.1%, and mean quantitative value of the positive FIT was 68.7 
µg Hb/g. Among 439 patients who had a positive FIT result, 301 
patients (68.6%) underwent colonoscopy examinations. For FIT 
performance analysis, PPV of CRC and advanced neoplasia were 
5.5% and 19.1%, respectively. 

2. Performance of colonoscopy

The performance of colonoscopy for patients with positive 
FIT results in NCSP is outlined in Table 3. Of 301 colonoscopies, 
71.1% colonoscopies were performed by fellow endoscopists, 
and 29.2% colonoscopies were performed by endoscopists who 
had an annual colonoscopy volume ≥200 colonoscopies. Mean 
waiting time from FIT result mailing to colonoscopy was 39.7 

Table 1. Demographic Characteristics of the Study Population Who 
Underwent the National Cancer Screening Program

Characteristic Result

Invited persons

    No. of invited persons   51,439

    Age, yr 61.0±7.7

    Male sex 17,965 (34.9)

Participants who performed FIT

    FIT completion rate 38,631 (75.1)

    Age, yr 61.3±7.8

    Male sex 14,235 (36.9)

Colonoscopy participants

    Colonoscopy completion rate  301 (68.6)

    Age, yr 63.2±8.0

    Male sex  161 (53.5)

Data are presented as mean±SD or number (%).
FIT, fecal immunochemical test.

Table 2. Performance of the Fecal Immunochemical Test in Partici-
pants Who Underwent the National Cancer Screening Program

Performance of FIT Result

No. of invited persons   51,439

    Completion rate of FIT 38,631 (75.1)

        Positive rate of FIT   439 (1.1)

            Sex (men vs women) 220 (50.0) vs 219 (50.0)

            Age (50–64 yr vs ≥65 yr) 240 (54.7) vs 199 (45.3)

Quantitative values, µg Hb/g 68.7±54.5

Colonoscopy completion rate after FIT positive 301 (68.6)

Performance of FIT

    Detection rate of CRC 24 (0.1)

    PPV of FIT for CRC, %   5.5 

    Detection rate of advanced neoplasia 84 (0.2)

    PPV of FIT for advanced neoplasia, % 19.1

Data are presented as number (%) or mean±SD.
FIT, fecal immunochemical test; Hb, hemoglobin; CRC, colorectal 
cancer; PPV, positive predictive value.

Table 3. Performance of Colonoscopy in Participants with a Positive 
Fecal Immunochemical Test in the National Cancer Screening Pro-
gram

Performance of colonoscopy Result

Data of colonoscopists

    Status (staff) 87 (28.9)

    No. of colonoscopies ≥200/yr 88 (29.2)

Quality indicators of colonoscopy

    Colonoscopy completion rate 301 (68.6)

    Waiting time (day) to colonoscopy 39.7±46.8

        ≤30 day 195 (64.8)

        ≤6 mo 290 (96.3)

    Information and consent 301 (100)

    Adequate bowel preparation 273 (90.7)

    Withdrawal time 13.3±7.0

        ≥6 min 282 (93.7)

    Cecal intubation rate 295 (98.0)

    Conscious sedation 186 (61.8)

Performance of colonoscopy after FIT positive

    Polyp-retrieval rate 157 (100)

    Polyp detection rate 194 (64.5)

    Adenoma detection rate, % 48.2

        Sex (men vs women) 60.0 vs 33.6

        Specialty (staff vs fellow) 69.6 vs 39.7

    Detection rate of CRC, %   8.0

        Sex (men vs women) 4.0 vs 4.0

        Age (50–64 yr vs ≥65 yr) 4.7 vs 3.3

    Detection rate of advanced neoplasia, % 27.9

        Sex (men vs women) 19.3 vs 8.6

        Age (50–64 yr vs ≥65 yr) 14.6 vs 13.3

Complication rate

    Major complications (bleeding, perforation) 0 

    Minor complications* 3 (1.0)

Data are presented as number (%) or mean±SD.
FIT, fecal immunochemical test; CRC, colorectal cancer.
*Minor complications include three cases of transient hypoxia. 
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days, and 96.3% of subjects underwent colonoscopy within 6 
months. Quality indicators of colonoscopy were generally excel-
lent in NCSP and were reflected by 100% consent rate, 90.7% 
adequate preparation, 93.7% optimal (≥6 minutes) withdrawal 
time, and 98.0% cecal intubation rate. Additionally, the perfor-
mance of colonoscopy was generally good and was reflected by 
100% polyp-retrieval rate, 64.5% rate of PDR, and 48.2% rate 
of ADR. ADRs were significantly higher in men than in women 
(60.0% vs 33.6%, p=0.000), and in staff endoscopist group than 
in fellow endoscopist group (69.6% vs 39.7%, p=0.000), respec-
tively. During the colonoscopy, no subject experienced major 
complications, such as bleeding or perforation. However, three 
patients (1.0%) experienced transient hypoxia during conscious 
endoscopy. 

3. Histopathological characteristics

Histopathological characteristics detected in the NCSP are 
summarized in Table 4. The analysis of FIT results showed that 
the detection rate of CRC and advanced neoplasia was 0.1% and 
0.2%, respectively. The colonoscopy analysis showed that the 
detection rate of CRC and advanced neoplasia was 8.0% and 
27.9%, respectively. The most common advanced neoplasia lo-
cation detected in the NCSP was distal location (70.2%) and the 
most common shape was polypoid (89.3%).

4. Performance of CRC screening according to quantitative 
FIT 

Table 5 shows the performance of NCSP according to quanti-
tative value of FIT. We focused on the data of advanced neopla-
sia as only advanced neoplasia was regarded as a clinically rele-
vant finding and the most appropriate target for CRC screening. 
When quantitative value of FIT was divided into three groups, 
highest tertile group showed significantly higher detection rate 
of advanced neoplasia than lowest tertile group (OR, 2.6; 95% 

CI, 1.4 to 5.1; p<0.001).

DISCUSSION

The U.S. Multi-Society Task Force (USMSTF) on CRC sug-
gested key quality metrics for FIT screening: ≥60% FIT comple-
tion rate, ≥80% colonoscopy completion rate for those with a 
positive FIT, and positive rate of FIT.5 In the present study, we 
proposed detection rate and PPV of CRC or advanced neoplasia 
as well as completion rate of FIT and colonoscopy as quality 
metrics in the FIT-based CRC screening program. The USMSTF 
recommended quantitative FIT rather than qualitative FIT with 
a low cutoff (<20 µg Hb/g),5 which was consistent with our 
program. FIT completion rate of USMSTF was based on 48.2% 
to 62.6% FIT completion rate in previous studies.19-26 However, 
FIT completion rates were variable in each country: for ex-
ample, 62.6% in the Netherlands,21 48.2% in California (USA),26 
40.7% in Texas (USA),27 34.2% in Spain,28 and 32.3% in Italy.29 
Furthermore, FIT completion rates were also variable through 
different strategies of CRC screening.30 Considering low FIT 
completion rate reported during 2009 to 2013 in Korea,31 our 
high FIT completion rate may be reflected by recent quality im-
provement in NCSP. Therefore, the optimal level of FIT comple-
tion rate should be settled in each country. 

The USMSTF guideline suggested a “positive rate of FIT” as a 
potential quality metrics.5 Positive rate of FIT ranged between 
4.3% and 10.1% in previous studies.19-26 The positive rate of FIT 
was 10.1% in a biennial FIT with postal invitations in Ireland22 

and 4.3% in a prospective cohort study in Italy.19 In NCSP of 
Korea, the reported positive rates of FIT ranged between 7.1% 
and 7.9%, which were mixed results of qualitative and quantita-
tive tests.32 However, positive rate of quantitative FIT was only 
2.0% in a prospective NCSP setting in Korea.33 In our previous 
study, quantitative FIT positive rate was only 1.3%, which was 
similar to the results (1.1%) of the current study. Considering 
the higher accuracy of quantitative FIT and different positive 
rates between the quantitative and qualitative tests,34 the opti-
mal target of quantitative FIT positive rate should be suggested 
for FIT-based screening program. 

USMSTF also suggested quality metrics for FIT-based colo-
noscopy: ≥80% colonoscopy completion rate after positive FIT 

Table 4. Histopathological Characteristics Detected in the National 
Cancer Screening Program

Histopathological characteristic Result

FIT analysis (n=38,631)

    Advanced neoplasia 84 (0.2)

    Colorectal cancer 24 (0.1)

Colonoscopy analysis (n=301)

    Advanced neoplasia  84 (27.9)

    Colorectal cancer 24 (8.0)

Advanced neoplasia analysis (n=84) 

    Location (proximal) 25 (29.8)

    Size, mm 15 (3–70)

    No. of concurrent adenomas 3.1±3.6

    Shape (polypoid) 75 (89.3)

Data are presented as number (%), median (range), or mean±SD. 
FIT, fecal immunochemical test.

Table 5. Performance of the Screening Program according to the 
Quantitative Value of Fecal Immunochemical Test

FIT value, µg Hb/g
Advanced neoplasia

No. (%)
OR  

(95% CI)
p-value

Lowest tertile (20–35.8) 18 (21.4) Reference -

Middle tertile (35.9–90.6) 29 (34.5) 1.9 (1.0–3.6) 0.07

Highest tertile (≥90.7) 37 (44.0) 2.6 (1.4–5.1) <0.001

FIT, fecal immunochemical test; OR, odds ratio; CI, confidence inter-
val; Hb, hemoglobin. 
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results and >35% to 45% ADR (>45% in men and >35% in 
women) on colonoscopy after FIT positive.5 In our study, we 
also suggested additional quality metrics for colonoscopy after a 
positive FIT: colonoscopist’s specialty and waiting time between 
the notification of a positive FIT result and the colonoscopy 
(Table 3). European Society of Gastrointestinal Endoscopy (ESGE) 
suggested a minimum annual number of screening colonosco-
pies for the specialty of screening colonoscopists.4 The English 
Bowel Cancer Screening Program requires a minimum annual 
number of 150 screening colonoscopies,35 which was based on 
the findings a threefold increased risk of complications if colo-
noscopists performed fewer than 300 colonoscopies per year.36 
Spanish Society of Gastrointestinal Endoscopy (SSGE) working 
group also recommends a minimum experience in colonos-
copy (at least 200 supervised colonoscopies) and continuous 
dedication of colonoscopists (at least 200 colonoscopies per 
year) for the specialty of screening colonoscopists.7 Therefore, 
a minimum annual number of screening colonoscopies for the 
specialty of screening colonoscopists should be suggested in the 
further studies. The U.S. and European guidelines did not sug-
gest the optimal waiting time between a FIT positive result and 
colonoscopy.4,5 However, SSGE working group recommends an 
optimal waiting time for a colonoscopy <6 weeks.7 In a study 
on U.S. health care system, waiting time to colonoscopy was 
less than 6 months in most patients.37 Using a microsimulation 
model of an average-risk U.S. screening cohort, waiting time up 
to 12 months can produce a proportional decrease of up to 10% 
in overall screening benefit.38 In 231 patients with positive FIT, 
longer waiting time to colonoscopy was associated with higher 
OR of neoplasia (OR=1.10 for additional 30-day waiting time).39 
In our study, average waiting time to colonoscopy was only 
39.7 days, which was shorter than those reported in previous 
studies and recommendation.7,38,39 Considering the importance 
of timely follow-up colonoscopy after a positive FIT, an opti-
mal waiting time for colonoscopy, such as 6 months, should be 
included as a quality metrics of FIT-based screening. From the 
perspective of quality indicators of screening colonoscopy, some 
quality metrics such as >95% adequate preparation,40 ≥95% ce-
cal intubation,40 ≥6 minutes withdrawal time,40 perforation rate 
<1:1,000 and post-polypectomy bleeding <1:100–2004,7,40 may 
be equally adopted for FIT-based colonoscopy as well as pri-
mary screening colonoscopy. 

The most important measure of a FIT-based screening is neo-
plasia detection rate. However, this parameter was not suggested 
as quality metrics by USMSTF due to low likelihood of those 
findings and the progressive reduction of those findings with 
subsequent round of FIT testing.5 In this study, we suggested 
PDR, ADR, and detection rate of CRC or advanced neoplasia as 
quality metrics for a FIT-based screening as they are target out-
comes of CRC screening program. In previous studies, PPV of 
CRC ranged between 2.9% and 7.8% and PPV of advanced neo-
plasia ranged between 32.9% and 54.0%.19-26 Our study showed 

similar PPV of CRC (5.5%), but lower PPV (19.1%) of advanced 
neoplasia, compared with those of previous studies.19-26 In terms 
of detection rate of neoplasia, a prospective, multicenter study 
showed a detection rate of CRC and advanced neoplasia of 8.1% 
and 40.1%, respectively.30 Our study showed similar detection 
rate of CRC (8.0%), but lower (27.9%) detection rate of advanced 
neoplasia, compared with this study.30 The USMSTF suggested 
>35%–45% ADR (>45% in men and >35% in women) and the 
SSGE working group recommended >40% ADR on colonos-
copy after positive FIT results.5,7 The ADR by colonoscopy after 
a positive FIT result was 35% in an Irish cohort,22 51.5% in a 
U.S. study,26 and 48.2% in our study. Therefore, >40% ADR 
on colonoscopy after a positive FIT result seems to be optimal. 
Our study showed that highest tertile of FIT level can predict 
higher detection rate of advanced neoplasia than lowest tertile 
level (OR, 2.6; 95% CI, 1.4 to 5.1; p<0.001). Our findings can be 
confirmed by the fact that patients with CRC or advanced neo-
plasia had significantly higher FIT levels (p<0.001) than patients 
without these lesions.41 In a Taiwan CRC screening program,42 a 
significant log-linear relationship was found between the level 
of FIT and PPV for colorectal tumors. Considering only 68.6% 
colonoscopy completion rate in the present study, colonoscopy 
should be strongly recommended in patients with a high FIT 
level in order to detect a potential advanced neoplasia.43

Our study has some advantages. Our current study is the first 
study to evaluate the performance and quality metrics of FIT-
based CRC screening program in Korea. Our study may support 
the fact that some quality metrics used in the United States and 
Europe4,6,7 may be directly introduced to other countries, includ-
ing Korea. Furthermore, our study was based on accurate, reli-
able, manually collected data involving high-quality colonos-
copy. Nonetheless, this study also had some limitations. First, an 
inherent limitation of our study is the possibility of a selection 
bias from observational, retrospective design from a single uni-
versity hospital. Higher participation of fellow colonoscopists in 
our study may also influence the performance of colonoscopy. 
Second, we could not calculate the sensitivity and specificity 
of FIT-based screening and the performance of FIT in the par-
ticipants with negative FIT results, as only participants with a 
positive FIT result were invited back for a colonoscopy. Third, 
our low positive rate of FIT, PPV of advanced neoplasia and low 
colonoscopy completion rate may be explained because par-
ticipants who recently received colonoscopy were not excluded 
from the NCSP of Korea. In addition, low colonoscopy comple-
tion rate may be caused by some colonoscopy data was missed 
from NCSP database as some patients with a positive FIT result 
underwent colonoscopy at their own expense as accessibility 
of colonoscopy is excellent with low cost in Korea. Fourth, the 
proportion of unacceptable samples for FIT test by the labora-
tory, which was suggested as <5% by USMSTF,5 was not evalu-
ated in this study. However, it may be extremely rare in NCSP, 
as all subjects returned their fecal samples by visit on the day 
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of revisit. For example, the number of unacceptable samples for 
FIT test was 0 in 1,191 fecal samples in December 2016. Finally, 
we could not examine the relationship between quality metrics 
of FIT-based screening and the clinical outcomes, such as mor-
tality of CRC or risk of interval cancer. 

In conclusion, quality metrics used in the United States and 
Europe may be directly introduced to other countries, including 
Korea. However, the optimal quality metrics should be settled 
in each country and future studies on this issue should be war-
ranted. 
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