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ACCURACY OF FIT

abStract
Objective: Fecal immunochemical testing (FIT) is increasingly used for colorectal cancer (CRC) 

screening. We aimed to estimate its diagnostic accuracy in invitational population screening 

measured against colonoscopy.

Methods: Participants (50-75 years) in an invitational primary colonoscopy screening program 

were asked to complete one sample FIT before colonoscopy. We estimated FIT sensitivity, 

specificity and predictive values in detecting CRC and advanced neoplasia (carcinomas and 

advanced adenomas) for cut-off levels of 50 (FIT50), 75 (FIT75) and 100 (FIT100) ng Hb/ml, 

corresponding with, respectively, 10, 15 and 20 microgram hemoglobin per gram feces. 

Results: A total of 1,256 participants underwent a FIT and screening colonoscopy. Advanced 

neoplasia was detected by colonoscopy in 119 (9%); 8 (0.6%) of them had CRC. At FIT50, 121 (10%) 

had a positive test result; 45 (37%) had advanced neoplasia and 7 (6%) had CRC. A total of 74 of 

1,135 FIT50 negatives (7%) had advanced neoplasia including 1 (0.1%) CRC. FIT50 had a sensitivity 

of 38% (95% CI: 29-47) for advanced neoplasia and 88% (95% CI: 37-99) for CRC at a specificity of 

93% (95% CI: 92-95) and 91% (95% CI: 89-92), respectively. The positive and negative predictive 

values for FIT50 were 6% (95% CI: 3-12) and almost 100% (95% CI: 99-100) for CRC, and 37% 

(95% CI: 29-46) and 93% (95% CI: 92-95) for advanced neoplasia. The sensitivity and specificity 

of FIT75 for advanced neoplasia were 33% (95% CI: 25-42) and 96% (95% CI: 94-97). At FIT100, 

71 screenees (6%) had a positive test result. The sensitivity and specificity of FIT100 were for 

advanced neoplasia 31% (95% CI: 23-40) and 97% (95% CI: 96-98), and for CRC 75% (95% CI: 

36-96) and 95% (95% CI: 93-96). The area under curve for detecting advanced neoplasia was 

0.70 (95% CI: 0.64-0.76). FIT had a similar sensitivity for proximal and distal advanced neoplasia 

at cutoffs of 50 (38% versus 37%; p=0.99), 75 (33% versus 31%; p=0.85) and 100 (33% versus 29%; 

p=0.68) ng Hb/ml. 

Discussion: Nine out of ten screening participants with colorectal cancer and four out of 

ten with advanced neoplasia will be detected using one single FIT at low cutoff. Sensitivity in 

detecting proximal and distal advanced neoplasia is comparable.

Study HigHligHtS

What is current knowledge

•	 Population screening for colorectal cancer (CRC) with guaiac FOBT leads to a reduction in 

CRC-related mortality. 

•	 Fecal Immunochemical Testing (FIT) is preferred over guaiac-FOBT because of the higher 

participation and detection rate at equal specificity in population screening. 

•	 Solid data evaluating FIT (OC-Sensor) against colonoscopy are scarce. 

What is new here

•	 Within an invitational colonoscopy screening program, nine out of ten screening 

participants with CRC and four out of ten screening participants with advanced neoplasia 

will be detected using one single FIT.

•	 Sensitivity of FIT for the detection of proximal and distal neoplasia is equal.
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introduction
Colorectal cancer (CRC) is a major health problem worldwide.(1) The prognosis of patients is 

largely determined by the clinical and pathological stage at the time of diagnosis.(2) Population 

screening for CRC has shown to be beneficial which is explained by the high prevalence of 

disease, the slow progression from adenoma to clinically invasive cancer and its recognizable 

precursor lesions.(3-5) 

All U.S. CRC screening guidelines include Fecal Immunochemical Testing (FIT) as one of 

the recommended screening tests.(6;7) The noninvasive character of FIT benefits adherence, 

although participation rates widely vary between countries.(8-11) Guaiac-FOBT (gFOBT) has 

shown to decrease CRC-related mortality by 16% and in a very cost-effective way.(4;12) FIT 

gains preference over gFOBT because of the higher acceptance and detection rates at equal 

specificity.(10;11) Furthermore, the quantitative measurement of hemoglobin (Hb) allows 

adaptation of the cutoff level for referral for colonoscopy to optimize cost-effectiveness or 

to account for the available colonoscopy capacity in a certain region.(13;14) Although FIT 

screening is implemented worldwide, solid data evaluating FIT against colonoscopy as the 

reference standard are scarce as most studies to date have only performed colonoscopy in 

subjects with a positive FIT, but not in those with a negative FIT. 

In addition, the debate regarding miss-rates of right-sided neoplasia in CRC screening 

programs is also relevant for FIT. FIT aims to detect blood in stool but hemoglobin from 

proximal neoplasia may degrade on passage to the anus which could affect the accuracy of FIT. 

Second, a positive FIT-result is followed by a colonoscopy. Undetected right-sided neoplasia by 

colonoscopy will result in a lower sensitivity for detecting colorectal neoplasia in FIT screening.

We aimed to estimate the sensitivity, specificity, positive and negative predictive values of 

FIT in screening naïve participants within a population-based invitational primary colonoscopy 

screening trial, using colonoscopy as the reference test. In addition, we aimed to evaluate FIT 

sensitivity in detecting right-sided and left-sided advanced neoplasia. 

MetHodS

Study population

Between June 2009 and July 2010, a total of 6,600 asymptomatic individuals of the Amsterdam 

and Rotterdam region were randomly selected from the regional municipal administration 

registrations and invited for colonoscopy screening. The protocol of this population-based 

screening pilot (COCOS-trial) has been described in detail previously.(15) The results on 

participation and diagnostic yield of this trial were published recently.(16) The trial was 

registered in the Dutch Trial Register: NTR1829 (http://www.trialregister.nl). At the time of 

the trial, the Netherlands did not have a population-based CRC screening program. Invitees 

who had had a full colonic examination in the previous 5 years (complete colonoscopy, CT 

colonography and/or double contrast barium enema) were excluded from the screening 

program. Invitees planned for surveillance colonoscopy (personal history of CRC, colonic 

adenomas or inflammatory bowel disease) and individuals with an end-stage disease and a life-
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expectancy of less than 5 years were also excluded. Ethical approval was obtained from the 

Dutch National Health Council (2009/03WBO, The Hague, The Netherlands). 

fit
Screening participants allocated to the colonoscopy arm of the COCOS-trial and willing to 

undergo colonoscopy were informed about this study and invited to complete one sample 

FIT (OC-Sensor, Eiken Chemical Co., LTD., Japan) prior to their screening colonoscopy. 

Participants were verbally instructed at the screening center or at home. Screenees who agreed 

to participate gave written informed consent. 

Consenting screening participants were provided with a study kit. The study kit contained 

a plastic collection container, a holder to position the container for collection, a FIT, a 

plastic bag to seal the FIT and written instructions on how to perform the FIT. No dietary or 

medication restrictions were advised. After emptying the bladder, but before having a bowel 

movement, participants were instructed to place the collection container into the holder, to 

avoid contamination with water or urine. After collection of one bowel movement they were 

instructed to sweep the tip of the probe several times through the feces and to insert the probe 

in the collection tube. The collection tube contained 2.0 ml of buffer designed to minimize 

the degradation of hemoglobin. Afterwards, the FIT was sealed in a plastic bag and temporary 

stored in a sealed envelope at room temperature. 

Participants were instructed to perform the FIT at home, within 48 hours before the 

colonoscopy, but before starting the bowel preparation, and were asked to bring the FIT 

to the screening center. Another option for FIT collection was to call the screening center 

immediately after performing the FIT, so that the research staff could collect the FIT within 

48 hours at home. 

Afterwards, the FIT was directly stored in a -20°C freezer at the laboratory. The samples 

were automatically processed and analyzed within 6 weeks after storage to avoid degradation 

of hemoglobin at the Laboratory Clinical Chemistry of the Academic Medical Center in 

Amsterdam, which is certified according to CCKL (ISO 9001). FIT was only analyzed in the 

presence of written informed consent for both colonoscopy and FIT. FIT yielded a quantitative 

hemoglobin (Hb) concentration defined per milliliter test kit buffer (ng/ml). For the test used, 

an Hb concentration of 50, 75 and 100 ng/ml in the test buffer corresponds to, respectively, 10, 

15 and 20 µg Hb/g faeces.

Colonoscopy

All colonoscopies were performed according to the standard quality indicators defined by 

the Society of Gastrointestinal Endoscopy and recorded on DVD (17). Research staff attended 

all colonoscopies and prospectively recorded colonoscopy quality indicators and data on 

polyp detection. Participants received a standard bowel preparation including a low-fiber 

diet and oral intake of 2 L of hypertonic polyethylene glycol solution (Moviprep, Norgine bv, 

Amsterdam, The Netherlands) and of 2 L of transparent fluid. Colonoscopies were performed 

under conscious sedation using intravenous midazolam (Dormicum, Actavis, Baarn, The 

Netherlands) and fentanyl (Bipharma, Weesp, The Netherlands) if desired. Endoscopists were 
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highly experienced and had performed at least 1000 colonoscopies before the start of the 

study. Endoscopists were blinded from the result of FIT. 

Bowel preparation was scored using the validated Ottawa bowel preparation score ranging 

from 0 (an excellent bowel preparation in all three colonic segments) to 14 (a very poor bowel 

preparation).(18) In case of insufficient bowel preparation, as much fluid and fecal residue as 

possible was suctioned out during intubation to inspect the colon as properly as possible. 

Subsequently, colonoscopy was rescheduled if considered necessary. 

Cecal intubation was confirmed by documentation of cecal landmarks (cecal valve and 

appendix orifice or intubation of terminal ileum). During withdrawal of the colonoscope the 

colonic mucosa was carefully inspected. Minimal withdrawal time was at least six minutes. Size, 

morphology, localization and macroscopic aspect of all detected polyps were noted on a case 

record form. The size of all polyps was measured during endoscopy using a biopsy forceps 

with a 7 mm span. Localization was considered proximal when proximal to the splenic flexure. 

Morphology was assessed as sessile, pedunculated, flat or depressed. All detected polyps were 

directly removed and obtained for histological assessment. If immediate endoscopic treatment 

was not possible, biopsies were obtained to provide a histopathological diagnosis. 

Histology 

Removed lesions were assessed by one of two expert gastro-intestinal pathologists, one in 

each center. Lesions were classified as non-neoplastic, serrated polyp (hyperplastic, traditional 

serrated adenoma or sessile serrated lesion), adenoma (tubular, tubulovillous or villous) or 

carcinoma.(19) Dysplasia was defined as either low-grade or high-grade. Advanced adenoma 

was defined as an adenoma ≥ 10 mm, an adenoma with villous histology (≥25% villous), and/or an 

adenoma with high grade dysplasia. Advanced neoplasia included an advanced adenoma and/

or carcinoma. All advanced neoplasia and a random selection of 10% of all other neoplasia was 

re-examined by the pathologist of the other center. In case of inconsistency, the slides were 

reviewed together to provide a definitive diagnosis. 

Outcome measures and statistical analysis

All screening participants who completed a FIT and underwent a screening colonoscopy were 

included in the analysis. A participant was considered screen positive if one or more advanced 

neoplasia were detected at the specified cut-off level. In addition, sensitivity, specificity and 

likelihood ratios were also estimated for detecting at least one advanced adenoma and a colorectal 

carcinoma. Sensitivity, specificity and likelihood ratios were estimated for FIT cut-off levels 50, 

75 and 100 ng/mL. The number needed to screen (NNS) describes the number of FITs needed 

to detect one advanced adenoma, CRC or advanced neoplasia. Overall performance of FIT was 

evaluated by estimating the corresponding area under the Receiver Operating Characteristic 

(ROC) curve. The ROC curve was represented by plotting the sensitivity versus 1 minus specificity.

Sensitivity in detecting proximal and distal advanced neoplasia was estimated in participants 

with isolated proximal and isolated distal advanced neoplasia (i.e. participants with advanced 

neoplasia in both proximal and distal colon were excluded) and compared using Chi square 

statistic. Results were reported according to the standards for reporting diagnostic accuracy 

(STARD).(20) 
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reSultS
Figure 1 shows the study flow. Of the 6,600 people invited for a screening colonoscopy, 1,616 

(24%) responded and received a prior consultation. Thirty-four invitees had to be excluded 

from colonoscopy screening because of a complete bowel examination in the previous 5 years 

(n=26), planned surveillance colonoscopy (n=4), or end-stage disease (n=4). Another 156 

invitees did not undergo colonoscopy after the prior consultation, leaving 1,426 participants 

who underwent a screening colonoscopy. Of these, 1,256 (88%) colonoscopy participants had 

consented to be included in this study and to perform a FIT. Population demographics are 

summarized in Table 1. 

Figure 1: Study Flow. Flow-chart according to STARD. Participant and endoscopist were blinded from the 
FIT-result. FIT was not analyzed in absence of written informed consent for colonoscopy or FIT.

Colonoscopy results

Of all FIT participants, the cecum was reached in 1,239 (99%). Inspection time during withdrawal 

was more than 6 minutes in almost all colonoscopies (99.8%). Median Ottawa bowel preparation 

score was 5 (IQR 3 to 8). At discretion of the endoscopist, 21 colonoscopies were considered 

incomplete (1.6%). Seven participants had persistent insufficient bowel preparation after 

additional endoscopic cleaning. It was not possible to intubate the cecum in 14 participants 

because of bowel anatomy or experienced pain.
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No polyps were detected in 633 participants (50%). A total of 51 participants (4%) were 

detected with only non-neoplastic lesions, 192 (15%) with only serrated polyps and 261 (21%) with 

only non-advanced adenomas. Overall, adenomas (non-advanced and advanced altogether) 

were detected in 377 participants (30%) and advanced adenomas in 113 (9%). Eight participants 

(0.6%) had a carcinoma. Of the latter group, six were diagnosed with Dukes’ stage A, 1 with 

Dukes’ stage B and 1 with Dukes’ stage C. Advanced neoplasia were detected in 119 participants 

(9%), i.e. two participants with CRC in addition had one or more advanced adenomas.

FIT results

Of 1,256 participants, 121 (10%) had a positive FIT result at a cut-off level of 50 ng/mL (FIT50), 

while 88 (7%) and 71 (6%) had a positive FIT result at a cut-off level of 75 ng/mL (FIT75) 

and 100 ng/mL (FIT100), respectively. In the FIT50 group of screen positives, advanced 

adenomas were detected in 40 participants, CRC in 7 participants, and advanced neoplasia 

in 45 participants. In the 1,135 FIT50 negatives, 73 (6%) participants had advanced adenomas 

detected at colonoscopy, 1 (0.1%) CRC (Dukes A; 7 mm located in rectum) and 74 (7%) 

advanced neoplasia. In this population, raising the cut-off from 50 to 75 ng/mL would have 

missed a Dukes A carcinoma of 10 mm located in the rectum, an advanced adenoma of 20 mm 

in the ascending colon and four advanced adenomas of respectively 10, 12, 20 and 50 mm 

located in the rectum. Raising the cut-off from 75 ng/mL to 100 ng/mL would have missed a 

further two advanced adenomas of 7 and 10 mm in size located in the sigmoid and descending 

colon (Appendix).

Table 1: Population demographics

Age (years, median, IQR) 60 (55-65)

Male (n, %) 726 (51%)

Social economic status
Very low (n,%)
Low (n,%)
Average (n,%)
High (n,%)
Very high (n,%)

171 (14%)
260 (21%)
259 (21%)
250 (20%)
303 (24%)

Ethnicity*
Caucasian (n,%)
Other (n,%)

998 (96%)
37 (4%)

Education*
Elementary (n,%)
Secondary (n,%)
Tertiairy and postgraduate (n,%)

42 (4%)
711 (68%)
273 (26%)

Family history CRC
One first-degree relative < 50 years (n, %)
One first-degree relative ≥ 50 years (n, %)
Two first-degree relatives ≥ 50 years (n, %)

20 (2%)
158 (13%)
15 (1%)

*As not all participants completed the questions on their ethnicity and education, the percentages mentioned for these items 
are based on the participants who answered those questions.
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FIT sensitivity, specificity, PPV, NPV and NNS 

The accuracy of FIT in detecting advanced adenomas, CRC, and advanced neoplasia at the 

respective cut-off levels is summarized in Table 2. At a 50 ng/mL positivity cutoff, FIT had a 

sensitivity of 38% (95% CI: 29 to 47) for advanced neoplasia at a specificity of 93% (95% CI: 92 to 

95). Using a 75 ng/mL cutoff, sensitivity and specificity in detecting advanced neoplasia were 

estimated at 33% (95% CI: 25 to 42) and 96% (95% CI: 94 to 97) respectively. Corresponding 

numbers for the 100 ng/mL threshold were 31% (95% CI: 23 to 40) and 97% (95% CI: 96 to 98). 

At the 50 ng/mL cut-off level, the positive predictive value for advanced adenoma, CRC, 

and advanced neoplasia was 33%, 6% and 37%, respectively. Corresponding negative predictive 

values at this threshold were 94%, almost 100% and 93%, respectively. Figure 2 shows the 

ROC-curve of FIT for detecting advanced neoplasia. The area-under-curve (AUC) for detecting 

advanced neoplasia was 0.70 (95% CI: 0.64 to 0.76). Exclusion of participants with an incomplete 

colonoscopy provided similar results (data not shown).

At a cut-off level of 50 ng/mL, the number needed to screen to detect one participant 

with advanced adenoma, CRC and advanced neoplasia was 31, 179 and 28, respectively. 

Corresponding numbers at 75 ng/mL were 36, 209, and 32 versus 38, 209 and 34 at 100 ng/mL. 

Table 2: Accuracy of FIT at different cut-off levels for different disease outcomes

Sensitivity 
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

LR+
(95% CI)

LR-
(95% CI)

FIT ≥ 50

AA 35 (27-45) 93 (91-94) 33 (25-42) 94 (92-95) 5.0 (3.6-6.9) 0.70 (0.61-0.80)

CRC 88 (47-99) 91 (89-92) 6 (3-12) 100 (99-100) 9.6 (7.0-13.1) 0.14 (0.02-0.86)

AN 38 (29-47) 93 (92-95) 37 (29-46) 93 (92-95) 5.7 (4.1-7.8) 0.67 (0.58-0.77)

FIT ≥ 75

AA 31 (23-40) 95 (94-96) 40 (30-51) 93 (92-95) 6.7 (4.6-9.8) 0.72 (0.64-0.82)

CRC 75 (36-96) 93 (92-95) 7 (3-15) 100 (99-100) 11.4 (7.3-17.4) 0.27 (0.08-0.89)

AN 33 (25-42) 96 (94-97) 44 (34-55) 93 (92-95) 7.6 (5.2-11.1) 0.70 (0.62-0.80)

FIT ≥ 100

AA 29 (21-39) 97 (95-98) 46 (35-59) 93 (92-95) 8.8 (5.7-13.4) 0.73 (0.65-0.82)

CRC 75 (36-96) 95 (93-96) 8 (3-18) 100 (99-100) 14.4 (9.0-22.9) 0.26 (0.08-0.88)

AN 31 (23-40) 97 (96-98) 52 (40-64) 93 (91-94) 10.4 (6.8-15.9) 0.71 (0.63-0.80)

AA = advanced adenoma; AN = advanced neoplasia; CI = confidence interval; CRC = colorectal carcinoma; FIT = fecal 
immunochemical testing; PPV = positive predictive value; NPV = negative predictive value; LR+ = likelihoodratio positive;  
LR- = likelihoodratio negative

Sensitivity proximal versus distal neoplasia

Eight participants were detected with CRC: two CRCs were detected in the proximal colon and 

six in the distal colon. The two proximal CRCs were detected at all respective cut-off levels. In 

contrast, five of six distally located CRCs (83%) were detected at the 50 ng/mL cut-off level and 

four at 75 and 100 ng/mL (67%). 
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Twenty-nine participants had proximally located advanced adenomas and 84 participants 

had distal advanced adenomas. Of the 119 participants with advanced neoplasia (advanced 

adenoma and CRC together), 31 participants had proximal advanced neoplasia and 88 distal 

advanced neoplasia. Twelve participants had both proximally and distally located advanced 

neoplasia. Isolated proximal advanced neoplasias were detected in 24 of 1,256 participants 

(1.9%). Of these, 9 (38%) were positive at a cut-off level of 50 ng/mL. Of the 83 participants with 

isolated distal advanced neoplasia, 31 (37%) were detected at a cut-off level of 50 ng/mL (p=0.99 

for sensitivities proximal versus distal). At a cut-off level of 75 ng/mL, the sensitivity in detecting 

proximal and distal advanced neoplasia was 33% and 31%, respectively (p=0.85). At a cut-off 

level of 100 ng/mL these numbers were 33% and 29%, respectively (p=0.68).

diScuSSion
We estimated the sensitivity, specificity and predictive values of a FIT (OC-Sensor) in detecting 

CRC, advanced adenomas and advanced neoplasia at different cut-off levels measured against 

colonoscopy within a randomized invitational population-based colonoscopy screening 

program. Almost 9 out of 10 screenees with CRC, 3 to 4 out of 10 with advanced adenoma, and 4 

out of 10 with advanced neoplasia were detected using a single FIT at a low cut-off of 50 ng/ml. 

One out of twenty participants with a positive test result had CRC while a negative test result 

almost ruled out CRC. The sensitivity in detecting proximal advanced neoplasia was found to 

be similar to the sensitivity for distal advanced neoplasia. The importance of these data lies in 

particular in the sensitivity and negative predictive values of FIT for CRC and advanced adenoma. 

This study has several strengths. All participants in this accuracy study were screening-naïve 

participants within a randomized invitational population-based primary colonoscopy screening 

Figure 2: ROC-curve of FIT for detecting advanced neoplasia. ROC-curve at different cut-off levels 
including confidence intervals for sensitivity and specificity. FIT50 = FIT at a cut-off level of 50 ng Hb/ml; 
FIT75 = FIT at a cut-off level of 75 ng Hb/ml; FIT100 = FIT at a cut-off level of 100 ng Hb/ml
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trial. They were consecutively invited to perform FIT. This way, we were able to estimate accuracy 

of FIT measured against colonoscopy. This setting in a screening-naïve population is relevant 

as previous screening is likely to lower the prevalence of advanced lesions in a screening 

population, which may interfere with test performance and in particular yield lower positive 

predictive values.(21) The detection rates in our screening-naïve population may be higher 

than in a population who had received previous screening. Detection rates for CRC (0.6%) 

and advanced neoplasia (9%) were similar to those reported in previous studies performed 

in asymptomatic European populations.(22-24) Endoscopists were blinded for the FIT result, 

which prevented investigator bias. Research staff attended all colonoscopies and prospectively 

recorded all data on colonoscopy quality indicators and polyp detection ensuring accurate and 

optimal data-collection. Polyps were evaluated by two expert gastro-intestinal pathologists to 

minimize inter-observer bias. All FITs were collected and adequately processed within 48 hours 

after performing the test, minimizing but not eliminating the risk of hemoglobin degradation. 

Some limitations should be acknowledged. Our study population consisted of participants 

who participated in primary colonoscopy screening. Only 22% of all invitees decided to participate 

in colonoscopy screening.(16) This low participation rate mirrors other studies and programs in 

Europe.(24;25) This limits the accuracy of FIT compared to a FIT based invitational population 

screening program. Participation in FIT-screening is higher than in colonoscopy screening: 60 to 

62% in pilot studies.(10;11) This limited participation rate may have resulted in a study group with 

a different CRC risk-profile compared to FIT-screening. It is possible that participants in more 

invasive screening programs are more likely to have unreported CRC symptoms, which would 

increase the positive predictive value of FIT. The majority of our study group was caucasian. The 

prevalence of colonic polyps seems to differ between ethnic populations which could affect FIT 

accuracy.(26) Next, our reference standard, colonoscopy, is not infallible. A meta-analysis of 

back-to back colonoscopies has shown that approximately 2% of large adenomas will be missed 

during colonoscopy.(27) Colonoscopy has also shown to miss right-sided neoplasia.(28;29) Both 

could have had a positive (missed lesions in FIT-negatives) or negative (missed lesions in FIT-

positives) impact on the observed FIT performance. Lastly, we estimated FIT accuracy in only 

one round of FIT-screening. We therefore underestimate the sensitivity of FIT compared to FIT-

sensitivity of an entire annual or biannual FIT screening program. 

We decided not to exclude participants with an incomplete colonoscopy, as such exclusion 

can introduce bias. Colorectal neoplasia can still be detected in patients with an incomplete 

colonoscopy and exclusion should then be erroneous (7 out of 21 participants with an 

incomplete colonoscopy were detected with an adenoma and received subsequent follow-up 

or surveillance by colonoscopy or CT-colonography). Our results reflect daily practice and we 

demonstrated high standard colonoscopy quality parameters. Besides, an additional analysis 

among participants with a complete colonoscopy provided similar FIT accuracy results.

Study participants brought the FIT to their scheduled screening colonoscopy or our 

research staff collected it at home. In a common screening setting, the FIT is returned by 

mail which may cause delay. This could affect test accuracy, in particular with higher ambient 

temperatures.(30) Our strategy, ensuring rapid FIT sample return, may have affected test 

accuracy in a positive way. 
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Although a significant number of advanced lesions were identified, we only detected 

8 screenees with CRC and 24 and 83 screenees with isolated proximal and distal advanced 

neoplasia. This limits the precision of our estimates of FIT sensitivity in CRC detection, and our 

comparison of FIT sensitivities in detecting proximal and distal advanced neoplasia. 

To our knowledge, this is the first study evaluating the accuracy of FIT within an invitational 

population-based colonoscopy screening program. Other studies comparing FIT and 

colonoscopy included participants of non-invitational screening programs. In such programs, 

the proportion of participants with a positive CRC family history was higher compared to our 

study (13-14% versus 3%).(22;31) This implies that participation may have been triggered by other 

factors, such as abdominal symptoms or a positive CRC family history. We estimated a sensitivity 

of 38% in detecting advanced neoplasia and 88% for CRC at the lowest cut-off level. Two German 

studies reported on the performance of several FITs in non-invitational colonoscopy screening.

(23;32) At 95% specificity, they reported a sensitivity of 33% for detecting advanced adenomas 

using an ELISA-based (Ridascreen) quantitative FIT.(32) They also showed that this type of FIT 

had a similar sensitivity compared to six qualitative FITs at defined levels of specificity.(23) Other 

studies that also compared FIT with colonoscopy findings reported on non-population based 

average-risk cohorts and used other FIT types including qualitative tests.(33;34) A Korean study 

reported on 770 subjects, who performed three FITs (OC-Sensa Micro; Eiken Chemical, Tokyo, 

Japan) from three consecutive bowel movements prior to colonoscopy.(35) They reported a 

relatively high positivity rate (12%), a high sensitivity in detecting advanced neoplasia (47%) 

but a low specificity (91%) compared to our study. Taking only the first FIT into account, the 

observed sensitivities and specificities were similar to our study. We asked participants to 

perform one sample of FIT which ruled out possible confusion over different FIT samples. Our 

design rather mimicks a FIT screening program as one sample is advised in most population-

based screening programs. However we know from previous experience that repeat FIT testing 

increases diagnostic yield of advanced lesions.(36) 

We estimated similar sensitivities for detecting proximal and distal advanced neoplasia: 

38% versus 37%. This implicates that FIT may be a good screening strategy for preventing both 

proximal and distal CRC. In contrast, two other studies reported a lower sensitivity in detecting 

proximal advanced neoplasia than for distal advanced neoplasia: 20% versus 33% and 16% versus 

31%, respectively.(33;37) These contrasting results may be explained by the fact that the study 

population in our invitational population-based screening differed from the Japanese hospital-

based screening and from the German non-invitational population based study. We also used 

another type of FIT (OC-Sensor) compared to the other studies (respectively Magstream and 

Ridascreen).(33;37) It is conceivable that the type of FIT we used was relatively more capable 

of detecting proximal advanced neoplasia than other types. The different cut-off levels may 

be postulated as a potential explanation for the different results, but this is not supported by 

the literature. The German group reported significant differences in detecting proximal and 

distal advanced neoplasia at cut-off levels of 2, 8 and 15 microgram hemoglobin per gram feces. 

At a cut-off level of 15 microgram hemoglobin per gram feces, the one with which we can 

compare, we found a similar FIT sensitivity in detecting proximal and distal advanced neoplasia. 

The differences could also to some extent be influenced by the quality of the follow-up 
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colonoscopy, In recent years, attention for missed neoplasia in the proximal colon has grown 

which increases awareness among endoscopists for adequate inspection of the proximal colon. 

If proximal advanced neoplasias had predominantly been missed in FIT-positives, this could 

be an explanation for the lower sensitivity in detecting proximal advanced neoplasia in these 

studies. Comparable sensitivity in detecting proximal and distal advanced neoplasia indicates 

that hemoglobin degradation on passage to the anus only has a minimal effect on the accuracy 

of FIT.

In most cost-effectiveness analyses, FIT sensitivity was simulated in the absence of 

population-based data on colonoscopy in FIT-negatives. In a recent cost-effectiveness analysis, 

a distinction was made between sensitivity in detecting CRC long before it became clinical 

and shortly before it became clinical.(38) FIT sensitivity in detecting CRC long before clinical 

was assumed to be 61%, 56% and 51% at a cut-off level of 50, 75 and 100 ng/mL, respectively. 

FIT sensitivity in detecting CRC shortly before clinical was assumed to be 88%, 86% and 83% 

respectively. We detected 5 CRCs Dukes A, 1 Dukes B and 1 Dukes C and found FIT sensitivities 

for detecting CRC of 88% (50 ng/mL) and 75% (75 and 100 ng/mL). Assuming that most subjects 

with Dukes A carcinoma may be detected by colonoscopy screening long before they become 

symptomatic, our results indicate a higher FIT sensitivity than previously assumed. Per-lesion 

sensitivities for detecting advanced adenomas were assumed to be 16.7%, 15.2% en 13.0% at 

cut-off levels of 50, 75 and 10 ng/mL, respectively, which is substantially lower compared to the 

results in this study. Our results can be used as input in cost-effectiveness analyses.

This study provides further significant evidence to overturn the general belief that FIT tests 

like gFOBT only detect colorectal cancer, but not advanced adenomas under the assumption 

that these do not bleed. In a previous study comparing gFOBT and FIT screening, we found 

that gFOBT led to detection of 6 subjects with advanced neoplasia per 1000 screenees invited, 

whereas FIT screening led to detection of 21 per 1000.(11) The increased yield in particular 

comprised of screenees with an advanced adenoma. This is supported by our current finding 

that FIT screening in particular at low cut-off detects a sizeable proportion of subjects with 

advanced adenoma. Repeated screening rounds are then necessary to increase this proportion 

as well as population coverage as subjects who did not participate in the first round may 

participate with repeat screening. On the other hand, other studies suggested that adenomas 

that did not bleed at the time of a screening round and were missed, may have a higher than 

average probability of not bleeding in a next screening round and therefore remain undetected.

(38;39) More data of follow up rounds are necessary to quantify such an expected effect.

We showed that raising the cut-off level from 50 to 75 ng/mL or even to 100 ng/mL resulted 

as expected in a lower sensitivity, but in a higher specificity in detecting CRC or advanced 

neoplasia. Although a higher cut-off value would result in a higher number of missed lesions, it 

may be necessary to adapt the cut-off level to the available colonoscopy capacity and investment 

resources in a certain region. A recent study showed that adapting the cut-off level was the most 

optimal strategy to meet decreasing colonoscopy capacity.(14) Though, the cost-effectiveness 

analysis by Wilschut et al. showed that a cut-off level of 50 ng/mL is most cost-effective.(38) 

The lower specificity at a cut-off level of 50 ng/mL (compared to higher cut-off levels) was 

outweighed by the fact that fewer screening rounds were sufficient to be equally effective. 
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Depending on colonoscopy capacity and costs, it is also possible to perform more than one 

sample of FIT. The Korean study showed that the sensitivity of FIT rose from 33% to 47% by using 

three FITs instead of one FIT sample.(35) A Dutch randomized trial showed that the positivity 

rate of FIT increased from 8% to 13% by adding a second FIT sample, although the detection 

rate did not differ significantly.(36) Lowering the cut-off level or raising the number of tests 

will result in a higher sensitivity and a lower specificity of FIT. Although a higher proportion 

of participants with advanced neoplasia will be detected by FIT, it will yield a higher number 

of positive screenees and require more colonoscopies. The corresponding higher number of 

false positives may burden screening participants by conducting unnecessary colonoscopies. 

We report on the accuracy of a once-only FIT with colonoscopy as the clinical reference 

standard. Repeated screening rounds will increase the yield of FIT. A recent two-round FIT 

study looking at intervals of 1, 2, and 3 years, showed that the yield at the second screening 

round was not influenced by the interval length within this one to three year range.(40) Further 

studies need to be done to find the optimal interval for repeat FIT screening.

In conclusion, this study shows that FIT has a high sensitivity in the detection of CRC and 

a moderate sensitivity in detecting advanced neoplasia within an invitational colonoscopy 

screening program. In contrast to previous findings, the sensitivity of FIT in detecting proximal 

and distal advanced neoplasia is equal. 
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aPPendiceS

Appendix 1: Colonoscopy findings at different FIT cut-off levels

All FIT ≥ 50 FIT < 50 FIT ≥ 75 FIT < 75 FIT ≥ 100 FIT < 100

n=1,256 n=121 n=1,135 n=88 n=1,168 n=71 n=1,185

≥ 1 AA* 113
9%

40
33%

73
6%

35
40%

78
7%

33
47%

80
7%

≥ 1 CRC 8
0.6%

7
6%

1
0.1%

6
7%

2
0.2%

6
9%

2
0.2%

≥ 1 AN* 119
9%

45
37%

74
7%

39
44%

80
7%

37
52%

82
7%

AA = advanced adenoma; CRC = colorectal carcinoma; AN = advanced neoplasia
Cells contain number of participants and percentages 
FIT ≥ [50,75,100] = Percentage and number of participants with FIT cut-off level equal or higher than [50,75,100]
FIT < [50,75,100] = Percentage and number of participants with FIT cut-off level lower than [50,75,100] 
* 2 participants with CRC in addition had one or more advanced adenomas
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