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Abstract

:

Simple Summary


Fecal occult blood tests (FOBTs) detect colorectal cancer (CRC) at high levels of sensitivity and specificity. However, the detection of early-stage cancers is highly important to reduce CRC mortality. We aimed to assess the sensitivity of a large number of different FOBTs according to various tumor characteristics. We observed among all FOBTs consistently lower sensitivities for UICC stage I cancers in comparison to more advanced cancer stages. An even stronger gradient was found according to T status, with substantially lower sensitivities for T1 than for T2–T4 cancers. Furthermore, sensitivities for T1 cancers were even lower than sensitivities for detection of multiple advanced adenomas. Further research should focus on improving the sensitivity of non-invasive tests for detection of UICC stage I and T1 cancers.




Abstract


Background: Fecal immunochemical tests (FITs) are widely used for colorectal cancer (CRC) screening. The detection of early-stage cancer and advanced adenoma (AA), the most important premalignant lesion, is highly relevant to reducing CRC-related deaths. We aimed to assess sensitivity for the detection of CRC and AA stratified by tumor stage; number; size; histology of AA; and by location, age, sex, and body mass index (BMI). Methods: Participants of screening colonoscopy (n = 2043) and newly diagnosed CRC patients (n = 184) provided a stool sample before bowel preparation or CRC surgery. Fecal hemoglobin concentration was determined in parallel by nine different quantitative FITs among 94 CRC patients, 200 AA cases, and 300 participants free of advanced neoplasm. Sensitivities were calculated at original cutoffs and at adjusted cutoffs, yielding 93% specificity among all FITs. Results: At adjusted cutoffs, UICC stage I cancers yielded consistently lower sensitivities (range: 62–68%) compared to stage II–IV cancers (range: 73–89%). An even stronger gradient was observed according to T status, with substantially lower sensitivities for T1 (range: 39–57%) than for T2–T4 cancers (range: 71–100%). Sensitivities for the detection of participants with multiple AAs ranged from 55% to 64% and were by up to 25% points higher than sensitivities for T1 cancers. Conclusions: FITs detect stage I cancers and especially T1 cancers at substantially lower sensitivities than more advanced cancer stages. Participants with multiple AAs were detected with slightly lower sensitivities than stage I cancers and with even higher sensitivities than T1 cancers. Further research should focus on improving the detection of early-stage cancers.
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1. Introduction


Fecal immunochemical tests (FITs) for hemoglobin are widely used for colorectal cancer (CRC) screening [1,2,3]. FITs achieve overall high sensitivities for the detection of CRC, in the range of 70–80% at very high specificities of 90–95% [4,5,6]. Detection of advanced adenoma (AA), the most important precursor, and early-stage cancers is highly relevant for the reduction of CRC mortality [7,8]. However little is known with respect to the detection of CRC and AA stratified by various characteristics.



Two recent publications [9,10] reported that sensitivities for CRC detection tended to be higher with more advanced UICC stage and differences were suggested to be particularly strong according to T status. However, previous comparisons of stage-specific FIT-performance were all performed using one FIT brand each, and specificities as well as sensitivities for the detection of subgroup-specific CRCs and AAs varied widely between the different studies [9]. It is not clear to what extent these variations reflect differences between the various FITs or relate to differences in populations and designs of the studies.



In this study, we simultaneously assessed the sensitivity of nine different FIT brands according to tumor stage (UICC stage or T status) and location; size; histology; and number of AAs; and sex, age, and body mass index (BMI) among participants of screening colonoscopy and newly diagnosed CRC cases.




2. Methods


We followed the Standards for the Reporting of Diagnostic Accuracy Studies (STARD) [11] and the guideline for Faecal Immunochemical Tests for Haemoglobin Evaluation Reporting (FITTER) [12].



2.1. Study Design and Population


This study is based on the BLITZ and DACHSplus studies. Detailed information about both studies has been provided elsewhere [13,14,15,16]. Briefly, the BLITZ study is an ongoing prospective study among participants of screening colonoscopy, who are recruited before their scheduled colonoscopy appointment. The recruitment of study participants was conducted by 20 cooperating study sites and operated under the strict quality assurance criteria of the German screening colonoscopy program. Because of the low CRC prevalence in a screening setting, additional CRC cases from the DACHSplus study were included. In the DACHSplus study, newly diagnosed CRC patients were recruited in 4 cooperating hospitals before their treatment.



Written informed consent was obtained from each study participant. Both studies were approved by the ethics committee of the Medical Faculty Heidelberg of the University of Heidelberg (BLITZ study (178/2005): 13 June 2005 and DACHSplus study (310/2001): 27 March 2006) and by the ethics committees of the State Chambers of Physicians of Baden-Wuerttemberg, Rhineland-Palatinate and Hesse.




2.2. Sample and Data Collection


Study participants recruited from 2005 through 2010 were asked to fill a sample cup (60 mL) with feces from a single bowel movement without any dietary or medicinal restrictions before starting bowel preparation for colonoscopy (BLITZ) or surgery (DACHSplus). Furthermore, they were instructed to store the stool-filled cups in a freezer and bring them to their colonoscopy appointment (BLITZ) or hospital admission (DACHSplus). After arrival, the samples were kept frozen at −20 °C and transported after an initial fecal hemoglobin measurement on dry ice to the German Cancer Research Center (DKFZ) for final storage at −80 °C.



Colonoscopy and histology reports, as well as medical and histological surgery reports were collected, and relevant data were independently extracted by two medical data managers in a blinded manner (unaware of the FIT results).




2.3. Selection of Study Participants


Study participants, who were recruited from 2005 through 2010 and who provided a stool sample were eligible for this study (Figure 1). After excluding participants due to the criteria shown in Figure 1, 1667 BLITZ study participants (screening setting) and 94 clinical CRC cases (clinical setting) were eligible. From both studies, all advanced neoplasm cases (CRC or AA) with enough stool material for the evaluation of 9 FITs were included. One screen-detected CRC case with UICC stage 0 was excluded. Therefore, 15 CRC cases and 200 AA cases from BLITZ and 79 CRC cases from DACHSplus were finally included. For analysis of specificity, 300 randomly selected participants free of CRC and AA, who provided enough stool material, were included. The random selection was performed using the SURVEYSELECT procedure in SAS.



More than 95% of the FIT measurements were conducted in the context of a previously reported study [17]. For the 29 CRC cases included in the final analysis, parallel FIT measurements were conducted in the context of another previously reported study [18], in which two (Eurolyser FOB test, OC-Sensor) of the previous nine FITs were not evaluated. Therefore, for these two FITs, the final analysis is based on 65 CRC cases (15 CRC cases from BLITZ + 50 CRC cases from DACHSplus).




2.4. Laboratory Analysis


Detailed information about the FITs are shown in Table 1. FIT measurements were performed at the DKFZ in Heidelberg or in nearby located laboratories of the manufacturers as previously reported in detail [17,18]. Briefly, each FIT has a brand-specific fecal sampling tube, which is filled with a hemoglobin stabilizing buffer and contains an extricable serrated stick for the collection of a defined amount of feces (range: 9.5–20 mg). The stick was inserted multiple times into different areas of the stool sample until the serrations (which transfer the defined amount of feces) were completely filled with stool and then pushed back into the tube once. To ensure equal pre-analytic conditions, all FIT tubes were filled in parallel after thawing of stool samples and stored at room temperature (range: 17–25 °C) until parallel FIT measurements on the next day. The externally evaluated FIT tubes were packed in a temperature-isolated manner and immediately sent to the cooperating companies via a special courier service. Test calibrators and test controls were performed according to the manufacturers’ instructions. All test measurements were conducted in a blinded manner.




2.5. Statistical Analysis


All quantitative FIT measurements were converted to the same and directly comparable unit of µg Hb/g feces [19].



Sensitivities were calculated for CRC according to UICC stage, T status, tumor location (proximal colon (caecum, ascending colon, hepatic flexure, transverse colon, splenic flexure), distal colon (descending colon, sigmoid colon, rectosigmoid junction), and rectum), sex, age group (50–59, 60–69, 70–79 years), and BMI group (normal weight: 18.5–24.9 kg/m2; overweight: 25.0–29.9 kg/m2, obesity: ≥30 kg/m2). UICC stage definitions followed the AJCC Cancer Staging Manual (7th edition) and are provided in Table S1. Sensitivities for the detection of AA were calculated according to size, villous/tubulovillous architecture, high-grade dysplasia, by location (same definitions as above, but participants with multiple AAs were excluded from the analysis by location only, because the AAs were distributed across different colon sections), number of AAs, sex, age group (as above), and BMI group (as above). Specificities were computed among participants without CRC and AA at screening colonoscopy.



Sensitivity and specificity estimates were computed at the cutoff values recommended by the manufacturers (Table 1). Differences in overall specificities between FITs at their original cutoffs may obscure potential FIT-specific differences in associations between sensitivity and the assessed variables. In order to enhance the comparability of results among the different FIT brands, we additionally calculated sensitivities at cutoffs adjusted to yield an equal overall specificity of 93% [17]. One of the tests, QuikRead go iFOBT, could not be included in this comparison, as the cutoff value could not be lowered below 15 µg/g due to the restricted analytical working range.



The 95% confidence intervals (CIs) of sensitivities and specificities were calculated using the “exact” (Clopper–Pearson) method. The Cochran–Armitage Test for trend in proportions was used to evaluate the statistical significance of trends in sensitivities across T status, UICC stage, location, age, and BMI. Fisher’s exact test was used to test for differences in sensitivities between both sexes, AA size, architecture, dysplasia, and number of AAs.



Statistical analyses were performed using SAS Enterprise Guide, version 7.1 (SAS Institute, Cary, NC, USA). Statistical significance was indicated by two-sided p-values below 0.05.





3. Results


3.1. Study Population


Characteristics of the study population are shown in Table 2. Screening (n = 15) and clinical (n = 79) CRC cases were combined. For two tests (Eurolyser FOB test, OC-Sensor), the evaluation of CRC sensitivity is based on 65 CRC cases overall.




3.2. Sensitivities at Original Cutoffs


At original cutoff values, overall specificities ranged from 86% to 98% (median: 91%) across the nine FITs (Table 3).



Overall sensitivity for CRC ranged from 63% to 83% (median: 73%) (Figure 2A, Table 3). Sensitivities of stage I cancers ranged from 52% to 72% (median: 62%), whereas sensitivities for more advanced stages (II–IV) were consistently higher (by 8–25% points), ranging from 59% to 93% (median: 77%). However, results were not statistically significant. An even stronger gradient was observed according to T status. Sensitivities for T1 cancers ranged from 39% to 56% (median: 44%), whereas sensitivities for T2–T4 cancers were by 7–56% points higher, ranging from 57% to 100% (median: 80%). Sensitivity was the highest among T4 cancers (range: 78–100%, median: 89%). The trend towards higher sensitivities with more advanced T status was statistically significant (p < 0.05) among all seven FITs that evaluated the larger sample size (n = 94 cases).



Overall sensitivity for AA ranged from 18% to 44% (median: 31%) (Figure 2A, Table 3). Sensitivities were by 13–28% points higher for large AAs (≥1 cm) in comparison to small AAs, and statistical significance was found among all nine FITs (p < 0.05). Sensitivity of AA with high-grade dysplasia was detected at consistently higher sensitivities (by 7–16% points) than AAs without high-grade dysplasia; however, results were not statistically significant. Participants with multiple AAs (n = 33) yielded substantially higher sensitivities (range: 45–67%, median: 64%) than participants with only a single AA (range: 11–39%, median: 25%), and differences between both groups were statistically significant among all nine FITs (all p-values <0.01). Interestingly, for 7 of the 9 FITs, sensitivity for the detection of multiple AA was by 7–25% points higher than sensitivity for the detection of T1 cancers.



Looking at the tumor location (Table 3), the highest sensitivity was consistently observed for rectum cancers, followed by proximal and distal colon cancers. Furthermore, sensitivities for CRC were consistently higher among men than among women. Younger individuals yielded generally higher sensitivities than older ones, and overweight or obese patients yielded generally higher sensitivities than normal-weighted individuals. However, none of these observed differences in sensitivities according to location, sex, age, and BMI reached statistical significance.



Furthermore, sensitivities for AA were consistently higher for males than for females, for older participants than for younger participants, and for obese participants than for over- or normal-weighted participants, even though most of these differences did not reach statistical significance (Table 3).




3.3. Sensitivities at Cutoffs Yielding 93% Overall Specificity


In general, overall and subgroup-specific sensitivities became very similar between the different FIT brands when cutoff values were adjusted to yield the same overall specificity (Figure 2B, Table 4).



Very similar to the results obtained at original cutoffs, strong variations of sensitivity of CRC detection by tumor stage were seen (Figure 2B, Table 4). Sensitivities for stage I were by up to 27% points lower in comparison to more advanced stages II–IV; however, the results were not statistically significant for 7 of the 8 FITs. Again, an even stronger gradient in sensitivities was observed according to T status. Sensitivities were by 14–61% points lower for T1 cancers in comparison to T2–T4, and for 7 of the 8 FITs included in this analysis, trends towards higher sensitivities by T status were statistically significant (p < 0.05).



Overall sensitivity for AA ranged from 27% to 32% (median: 30%) (Figure 2B, Table 4). Sensitivities were consistently higher for large AAs (≥1 cm) than for small AAs, and for 7 of the 8 FITs, these differences were statistically significant (p < 0.05). Furthermore, we found in an ancillary analysis that sensitivities for AA increased statistically significantly (p < 0.05) from <0.5 cm to ≥0.5–1 cm, ≥1–3 cm, and ≥3 cm (Table S2). AA with high-grade dysplasia showed by up to 17% points higher sensitivities in comparison to AA without high-grade dysplasia; however, results were not statistically significant. Among participants with a single AA (n = 167), AAs located in the distal colon showed higher sensitivities than AAs located in the rectum or proximal colon, but a statistically significant difference was not found. Again, sensitivities were much higher (by 28–41% points) among participants with multiple AAs than among participants with a single AA, and this difference was statistically significant for all eight FITs (p < 0.005). Additionally, sensitivities for multiple AAs were again higher (by up to 25% points) for 7 of the 8 FITs than for T1 cancers.



In line with results at original cutoffs, highest sensitivities were consistently observed for rectum cancers, whereas sensitivities were even slightly lower for cancers in the distal than for cancers in the proximal colon (Table 4). Furthermore, consistently higher sensitivities for CRC were found for men vs. women; generally slightly higher sensitivities for younger than for older individuals; and for overweight or obese patients, the sensitivities were slightly higher than for normal-weighted individuals. Again, however, none of the differences according to location, sex, age, and BMI reached statistical significance.



Furthermore, sensitivities for AA tended to be higher for men than for women even though differences did not reach statistical significance (Table 4). Sensitivities increased consistently from younger to older participants, and for half of the FITs, this trend towards higher sensitivities by age was statistically significant (p < 0.05).





4. Discussion


In this study, we evaluated for the first time the sensitivity for CRC and AA detection of a large number of different quantitative FITs according to tumor stage (overall stage and T status), histological characteristics of AA, location, sex, age, and BMI, using fecal samples of participants of screening colonoscopy enriched with newly diagnosed clinical CRC cases. Strong associations between more advanced tumor stage and higher sensitivity were observed. These associations were particularly strong and statistically significant by T status (differences between T1 and T2–T4 by up to ~60% points) but also notable among overall UICC stages (differences between stage I and II-IV by up to ~25% points). Participants with multiple AAs yielded only slightly lower sensitivities than those with UICC stage I cancer and by up to 25% points higher sensitivities than those with T1 cancers.



The observed gradient in sensitivities with increasing UICC stage was even stronger than the gradient estimated in a previous meta-analysis [9] where pooled sensitivity for more advanced cancer stage was by up to ~15% points higher than for stage I cancers. However, in a recent study [10] including 435 newly diagnosed CRC cases, a similarly strong difference in sensitivity by up to ~35% points between stage I and more advanced stages (II-IV) was observed. Furthermore, two previous studies [20,21] found an even stronger difference (by ~50% points) in sensitivity between stage I and more advanced cancer stages. With respect to T status, in the aforementioned meta-analysis [9], the observed difference between pooled sensitivity for T1 and T2–T4 cancers (by up to ~40% points) was also less pronounced than in our analysis (by up to ~60% points). However, FIT sensitivities varied widely across the included studies [9], which possibly affected the observed differences. Yet, Hirata et al. [22] and Kim et al. [23] also found a similarly strong difference in sensitivity between T1 and more advanced T statuses (by ~60–70% points), and in a recent publication [10], the difference between T1 and T2–T4 cancers ranged up to ~50% points. Furthermore, we found that sensitivity was the highest among T4 cancers. Even though larger tumors tend to bleed stronger, a previous study [10] found lower sensitivities in T4 compared to T3 cancers and hypothesized that clinically manifest anemia lowered FIT sensitivity in T4 compared to T3 tumors. Future studies might consider stool and blood hemoglobin levels to investigate this topic in detail. Previous studies suggested consistently higher sensitivities of FIT for distal CRC compared to proximal colon cancers [24]. However, those studies did not differentiate between tumors in the distal colon and tumors in the rectum. To our knowledge, only one previous study [10] reported sensitivities for distal colon cancer and rectal cancer separately. In our study, we evaluated for the first time the sensitivities for distal colon and rectal cancer separately for a large number of different FITs and found a consistently (albeit not statistically significantly) higher sensitivity for rectal cancer compared to distal colon cancers for all FITs, although there was no participant with T4 cancer among the rectal cancer cases. Interestingly, among participants with a single AA, sensitivities were highest for distal AA cases and lowest for proximal AA cases, although statistical significance was not reached. Future studies reporting on sensitivity according to location should thus consider additional stratification of distal advanced neoplasms into those located in the distal colon and rectum.



In line with findings from previous studies [5,25,26,27,28], we observed consistently (albeit in the vast majority not statistically significantly) higher sensitivities among men than among women across all nine FITs. A potential explanation for this observation might be the higher proportion of T1 and lower proportion of T4 cancers among women than among men (32% vs. 11% and 5% vs. 13%, respectively). For AA detection, men showed a higher proportion of multiple AAs (20% vs. 9%) and a higher proportion of large AAs (75% vs. 66%) compared to women. Future studies might consider investigating FIT accuracy in multivariate analysis if case numbers allow it. Moreover, we found lower sensitivities among elderly CRC participants, which goes in line with the results of Selby et al. [5] For the detection of AA, we found a non-statistically significant trend towards higher sensitivities with higher age, which has also been shown in previous studies [26,28] and might be explained by the rising proportion of multiple AAs with age (from 9% to 17% and 27% in age groups 50–59, 60–69, and 70–79 years, respectively).



Our study has a number of strengths. To our knowledge, this is the first study to directly compare sensitivities of different FITs among the same study participants with additional consideration of tumor stage, AA characteristics, location, sex, age, and BMI. This increases comparability to other studies using only one FIT and precludes the potential influence of the different study designs, as an additional reason for varying sensitivities according to the different patient characteristics. Furthermore, we investigated the FITs at different cutoffs: the original cutoffs and at cutoffs adjusted to yield the same overall specificity of 93%. Sensitivities for all FITs were reported stratified by a range of potentially influential factors, such as tumor stage (overall UICC and T status) and location; number; size; histology; and location of AA, by age, sex, and BMI. Ours is also the first study to our knowledge that compared the sensitivity of T1 and UICC stage I cancers with sensitivity of AA with various characteristics and found that sensitivities for multiple AAs were particularly high and exceeded sensitivity for T1 cancers by up to 25% points. Furthermore, several exclusion criteria were applied to the recruited study participants: Of the screening participants, we excluded those not in the relevant age for screening (<50 or >79 years), those at elevated risk (IBD [29] or history of colorectal neoplasms), or decreased risk of CRC (colonoscopy in the past 5 years [30]), and participants with potentially inadequate gold-standard exam (colonoscopy) to verify FIT findings (incomplete colonoscopy or inadequate bowel cleansing). Of the participants recruited after confirmed CRC diagnosis, we also excluded those not in the relevant age for screening or not representative for average-risk participants who developed CRC (prior diagnosis of IBD or history of CRC), and those who had neoadjuvant therapy before stool collection, because chemotherapy might influence FIT results.



Our study also has limitations. Despite the large overall number of FIT measurements (n > 5000), the limited number of CRC and AA cases resulted in wide confidence intervals of subgroup-specific sensitivities and limited power for detecting differences across subgroups. Furthermore, stool samples were frozen and thawed before analysis, which differs from the recommended procedure of sample processing (transferring the fresh stool material directly into the fecal sampling tubes, which are filled with a hemoglobin stabilizing buffer and analyzing the FITs within a short period without any freezing and thawing). However, we found very similar diagnostic performance between both above-mentioned fecal sampling procedures [31] and repeated freezing and thawing as well as long-term frozen storage at −80 °C had only very little effect on measurable hemoglobin concentrations and resulting FIT performance [32].




5. Conclusions


In conclusion, this study found strong differences in sensitivity according to tumor stage, AA size, and number of AAs. Across different FITs, particularly low sensitivities were observed for T1 cancers, and sensitivities were even higher for multiple AAs than for T1 cancers. By contrast, differences in sensitivity were small across the FIT brands when comparing them at equal specificity. These findings warrant further research to investigate causes of false-negative FITs and to assess the potential for improving sensitivity for early-stage CRCs (UICC stage I) and T1 cancers in particular.








Supplementary Materials


The following are available online at https://www.mdpi.com/2072-6694/13/4/644/s1, Table S1: T staging definitions for colorectal cancer according to the AJCC Cancer Staging Manual, Seventh Edition (2010) and resulting TNM classifications; Table S2: Sensitivity (% (95%CI)) for AA by size at cutoffs yielding 93% specificity.





Author Contributions


A.G. planned and conducted the analyses, collected and interpreted the data, drafted the manuscript, contributed important intellectual content, and critically revised the manuscript. T.N. interpreted the data, drafted the manuscript, contributed important intellectual content, and critically revised the manuscript. L.F.G., T.H. and P.S.-K. interpreted the data, contributed important intellectual content, and critically revised the manuscript. H.B. designed, led, and supervised the study; interpreted the data; contributed important intellectual content; and critically revised the manuscript. All authors approved the final draft submitted. All authors have read and agreed to the published version of the manuscript.




Funding


This study was partly funded by the German Federal Ministry of Education and Research (BMBF), grant no. 01GL1712.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of the Medical Faculty Heidelberg of the University of Heidelberg (BLITZ study (178/2005): 13 June 2005 and DACHSplus study (310/2001): 27 March 2006) and by the ethics committees of the State Chambers of Physicians of Baden-Wuerttemberg, Rhineland-Palatinate and Hesse.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are not publicly available, but data transfers with scientists signing a data transfer agreement for a specific research project can be granted by the last author.




Acknowledgments


The authors thank Katarina Cuk and Katja Butterbach for their excellent help in planning the project. They also thank Sabine Eichenherr, Romana Kimmel, Ulrike Schlesselmann, and Mariya Genova for their excellent work in laboratory preparation of the stool samples, and Volker Herrmann for his help in preparing the project.




Conflicts of Interest


The authors disclose no conflict of interest.




References


	



Schreuders, E.H.; Ruco, A.; Rabeneck, L.; Schoen, R.E.; Sung, J.J.; Young, G.P.; Kuipers, E.J. Colorectal cancer screening: A global overview of existing programmes. Gut 2015, 64, 1637–1649. [Google Scholar] [CrossRef] [PubMed]

	



Navarro, M.; Nicolas, A.; Ferrandez, A.; Lanas, A. Colorectal cancer population screening programs worldwide in 2016: An update. World J. Gastroenterol. 2017, 23, 3632–3642. [Google Scholar] [CrossRef] [PubMed]

	



Senore, C.; Basu, P.; Anttila, A.; Ponti, A.; Tomatis, M.; Vale, D.B.; Ronco, G.; Soerjomataram, I.; Primic-Zakelj, M.; Riggi, E.; et al. Performance of colorectal cancer screening in the european union member states: Data from the second european screening report. Gut 2019, 68, 1232–1244. [Google Scholar] [CrossRef]

	



Gies, A.; Bhardwaj, M.; Stock, C.; Schrotz-King, P.; Brenner, H. Quantitative fecal immunochemical tests for colorectal cancer screening. Int. J. Cancer 2018, 143, 234–244. [Google Scholar] [CrossRef]

	



Selby, K.; Levine, E.H.; Doan, C.; Gies, A.; Brenner, H.; Quesenberry, C.P.; Lee, J.K.; Corley, D.A. Effect of sex, age and positivity threshold on fecal immunochemical test accuracy: A systematic review and meta-analysis. Gastroenterology 2019, 157, 1494–1505. [Google Scholar] [CrossRef] [PubMed]

	



Imperiale, T.F.; Gruber, R.N.; Stump, T.E.; Emmett, T.W.; Monahan, P.O. Performance characteristics of fecal immunochemical tests for colorectal cancer and advanced adenomatous polyps: A systematic review and meta-analysis. Ann. Intern. Med. 2019, 170, 319–329. [Google Scholar] [CrossRef]

	



Miller, K.D.; Nogueira, L.; Mariotto, A.B.; Rowland, J.H.; Yabroff, K.R.; Alfano, C.M.; Jemal, A.; Kramer, J.L.; Siegel, R.L. Cancer treatment and survivorship statistics, 2019. CA Cancer J. Clin. 2019, 69, 363–385. [Google Scholar] [CrossRef] [PubMed]

	



Shaukat, A.; Mongin, S.J.; Geisser, M.S.; Lederle, F.A.; Bond, J.H.; Mandel, J.S.; Church, T.R. Long-term mortality after screening for colorectal cancer. N. Engl. J. Med. 2013, 369, 1106–1114. [Google Scholar] [CrossRef] [PubMed]

	



Niedermaier, T.; Balavarca, Y.; Brenner, H. Stage-specific sensitivity of fecal immunochemical tests for detecting colorectal cancer: Systematic review and meta-analysis. Am. J. Gastroenterol. 2020, 115, 56–69. [Google Scholar] [CrossRef]

	



Niedermaier, T.; Tikk, K.; Gies, A.; Bieck, S.; Brenner, H. Sensitivity of fecal immunochemical test for colorectal cancer detection differs according to stage and location. Clin. Gastroenterol. Hepatol. 2020. [Google Scholar] [CrossRef]

	



Bossuyt, P.M.; Reitsma, J.B.; Bruns, D.E.; Gatsonis, C.A.; Glasziou, P.P.; Irwig, L.; Lijmer, J.G.; Moher, D.; Rennie, D.; de Vet, H.C.; et al. Stard 2015: An updated list of essential items for reporting diagnostic accuracy studies. BMJ 2015, 351, h5527. [Google Scholar] [CrossRef] [PubMed]

	



Fraser, C.G.; Allison, J.E.; Young, G.P.; Halloran, S.P.; Seaman, H.E. Improving the reporting of evaluations of faecal immunochemical tests for haemoglobin: The fitter standard and checklist. Eur. J. Cancer Prev. 2015, 24, 24–26. [Google Scholar] [CrossRef] [PubMed]

	



Hundt, S.; Haug, U.; Brenner, H. Comparative evaluation of immunochemical fecal occult blood tests for colorectal adenoma detection. Ann. Intern. Med. 2009, 150, 162–169. [Google Scholar] [CrossRef]

	



Haug, U.; Kuntz, K.M.; Knudsen, A.B.; Hundt, S.; Brenner, H. Sensitivity of immunochemical faecal occult blood testing for detecting left- vs right-sided colorectal neoplasia. Br. J. Cancer 2011, 104, 1779–1785. [Google Scholar] [CrossRef]

	



Brenner, H.; Tao, S. Superior diagnostic performance of faecal immunochemical tests for haemoglobin in a head-to-head comparison with guaiac based faecal occult blood test among 2235 participants of screening colonoscopy. Eur. J. Cancer 2013, 49, 3049–3054. [Google Scholar] [CrossRef] [PubMed]

	



Tao, S.; Seiler, C.M.; Ronellenfitsch, U.; Brenner, H. Comparative evaluation of nine faecal immunochemical tests for the detection of colorectal cancer. Acta Oncol. 2013, 52, 1667–1675. [Google Scholar] [CrossRef] [PubMed]

	



Gies, A.; Cuk, K.; Schrotz-King, P.; Brenner, H. Direct comparison of diagnostic performance of 9 quantitative fecal immunochemical tests for colorectal cancer screening. Gastroenterology 2018, 154, 93–104. [Google Scholar] [CrossRef]

	



Gies, A.; Gruner, L.F.; Schrotz-King, P.; Brenner, H. Effect of imperfect compliance with instructions for fecal sample collection on diagnostic performance of 9 fecal immunochemical tests. Clin. Gastroenterol. Hepatol. 2019, 17, 1829–1839. [Google Scholar] [CrossRef]

	



Fraser, C.G.; Allison, J.E.; Halloran, S.P.; Young, G.P.; on behalf of the Expert Working Group on Fecal Immunochemical Tests for Hemoglobin Colorectal Cancer Screening Committee; World Endoscopy Organization. A proposal to standardize reporting units for fecal immunochemical tests for hemoglobin. J. Natl. Cancer Inst. 2012, 104, 810–814. [Google Scholar] [CrossRef]

	



Tao, S.; Haug, U.; Kuhn, K.; Brenner, H. Comparison and combination of blood-based inflammatory markers with faecal occult blood tests for non-invasive colorectal cancer screening. Br. J. Cancer 2012, 106, 1424–1430. [Google Scholar] [CrossRef] [PubMed]

	



Elsafi, S.H.; Alqahtani, N.I.; Zakary, N.Y.; Al Zahrani, E.M. The sensitivity, specificity, predictive values, and likelihood ratios of fecal occult blood test for the detection of colorectal cancer in hospital settings. Clin. Exp. Gastroenterol. 2015, 8, 279–284. [Google Scholar] [CrossRef] [PubMed]

	



Hirata, I.; Hoshimoto, M.; Saito, O.; Kayazawa, M.; Nishikawa, T.; Murano, M.; Toshina, K.; Wang, F.Y.; Matsuse, R. Usefulness of fecal lactoferrin and hemoglobin in diagnosis of colorectal diseases. World J. Gastroenterol. 2007, 13, 1569–1574. [Google Scholar] [CrossRef] [PubMed]

	



Kim, B.C.; Joo, J.; Chang, H.J.; Yeo, H.Y.; Yoo, B.C.; Park, B.; Park, J.W.; Sohn, D.K.; Hong, C.W.; Han, K.S. A predictive model combining fecal calgranulin b and fecal occult blood tests can improve the diagnosis of colorectal cancer. PLoS ONE 2014, 9, e106182. [Google Scholar] [CrossRef]

	



Niedermaier, T.; Weigl, K.; Hoffmeister, M.; Brenner, H. Diagnostic performance of flexible sigmoidoscopy combined with fecal immunochemical test in colorectal cancer screening: Meta-analysis and modeling. Eur. J. Epidemiol. 2017, 32, 481–493. [Google Scholar] [CrossRef] [PubMed]

	



Brenner, H.; Haug, U.; Hundt, S. Sex differences in performance of fecal occult blood testing. Am. J. Gastroenterol. 2010, 105, 2457–2464. [Google Scholar] [CrossRef]

	



Khalid-de Bakker, C.A.; Jonkers, D.M.; Sanduleanu, S.; de Bruine, A.P.; Meijer, G.A.; Janssen, J.B.; van Engeland, M.; Stockbrugger, R.W.; Masclee, A.A. Test performance of immunologic fecal occult blood testing and sigmoidoscopy compared with primary colonoscopy screening for colorectal advanced adenomas. Cancer Prev. Res. Phila. 2011, 4, 1563–1571. [Google Scholar] [CrossRef]

	



Grobbee, E.J.; Wieten, E.; Hansen, B.E.; Stoop, E.M.; de Wijkerslooth, T.R.; Lansdorp-Vogelaar, I.; Bossuyt, P.M.; Dekker, E.; Kuipers, E.J.; Spaander, M.C. Fecal immunochemical test-based colorectal cancer screening: The gender dilemma. United Eur. Gastroenterol. J. 2017, 5, 448–454. [Google Scholar] [CrossRef]

	



Brenner, H.; Qian, J.; Werner, S. Variation of diagnostic performance of fecal immunochemical testing for hemoglobin by sex and age: Results from a large screening cohort. Clin. Epidemiol. 2018, 10, 381–389. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, C.M.; Wei, C.; Ensor, J.E.; Smolenski, D.J.; Amos, C.I.; Levin, B.; Berry, D.A. Meta-analyses of colorectal cancer risk factors. Cancer Causes Control 2013, 24, 1207–1222. [Google Scholar] [CrossRef] [PubMed]

	



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. BMJ 2014, 348, g2467. [Google Scholar] [CrossRef]

	



Chen, H.; Werner, S.; Brenner, H. Fresh vs frozen samples and ambient temperature have little effect on detection of colorectal cancer or adenomas by a fecal immunochemical test in a colorectal cancer screening cohort in germany. Clin. Gastroenterol. Hepatol. 2017, 15, 1547–1556. [Google Scholar] [CrossRef] [PubMed]

	



Gies, A.; Niedermaier, T.; Weigl, K.; Schrotz-King, P.; Hoffmeister, M.; Brenner, H. Effect of long-term frozen storage and thawing of stool samples on faecal haemoglobin concentration and diagnostic performance of faecal immunochemical tests. Clin. Chem. Lab. Med. 2019, 58, 390–398. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 13 00644 g001 550] 





Figure 1. Flow diagram of study participants. (A), BLITZ study (screening setting); (B), DACHSplus study (clinical setting); * for two FITs (Eurolyser FOB test and OC-Sensor), only 50 CRC cases from DACHSplus were included in the final analysis. Abbreviations: AA, advanced adenoma; CRC, colorectal cancer. 
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Figure 2. Box plots of sensitivities at original cutoffs (A) and at adjusted cutoffs (B) across the FITs. AA, Advanced adenoma. 
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Table 1. Characteristics of the nine fecal immunochemical tests (FITs) (sorted by specificity value at original cutoffs).
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	FIT Brand
	Manufacturer, City, Country
	Fecal Sampling Tube

(Fecal Mass/Buffer Volume)
	Analytical Instrument
	Analytical Reading Technique
	Analytical Working Range (µg Hb/g Feces)





	IDK Hb ELISA
	Immundiagnostik,

Bensheim, Germany
	IDK Extract

(15 mg/1.5 mL)
	DSX by Dynex Technologies
	Enzyme-linked immunosorbent assay (ELISA)
	0.086 to 50



	QuantOn Hem
	Immundiagnostik,

Bensheim, Germany
	QuantOn Hem TUBE

(15 mg/1.5 mL)
	QuantOn Hem test cassette and Smartphone *
	Immunoaffinity chromatography and Photometry
	0.3 to 100



	immoCARE-C
	CARE diagnostica,

Möllersdorf, Austria
	Sample Collection Tube

(20 mg/2.5 mL)
	immoCARE-C test cassette and CAREcube
	Immunoaffinity chromatography and Photometry
	3.75 to 250



	RIDASCREEN Hb
	R-Biopharm,

Darmstadt, Germany
	RIDA TUBE Hb

(10 mg/2.5 mL)
	DSX by Dynex Technologies
	Enzyme-linked immunosorbent assay (ELISA)
	0.65 to 50



	CAREprime
	Alfresa Pharma,

Osaka, Japan
	Specimen Collection Container A

(9.5 mg/1.9 mL)
	CAREprime
	Immunoturbidimetry
	1.6 to 240



	SENTiFIT-FOB Gold
	Sentinel Diagnostics,

Milan, Italy
	SENTiFIT pierceTube

(10 mg/1.7 mL)
	SENTiFIT 270 analyzer
	Immunoturbidimetry
	1.7 to 129.88



	QuikRead go iFOBT
	Orion Diagnostica,

Espoo, Finland
	QuikRead go iFOBT Sampling Set

(10 mg/2.0 mL)
	QuikRead go
	Immunoturbidimetry
	15 to 200



	Eurolyser FOB test
	Eurolyser Diagnostica, Salzburg, Austria
	Eurolyser FOB Sample

Collector (19.9 mg/1.6 mL)
	Eurolyser CUBE
	Immunoturbidimetry
	2.01 to 80.4



	OC-Sensor
	Eiken Chemical,

Tokyo, Japan
	OC Auto-Sampling Bottle 3

(10 mg/2.0 mL)
	OC Sensor io
	Immunoturbidimetry
	10 to 200
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Table 2. Study population.
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Screening and Clinical CRC Cases Combined (n (%))

	
Screening AA Cases (n (%))

	
Screening Participants Free of CRC and AA (n (%))






	
Total

	
94 (100)

	
65 (100) *

	
Total

	
200 (100)

	
Total

	
300 (100)




	
Sex

	

	

	
Sex

	

	
Sex

	




	
Women

	
38 (40.4)

	
26 (40.0)

	
Women

	
68 (34.0)

	
Women

	
155 (51.7)




	
Men

	
56 (59.6)

	
39 (60.0)

	
Men

	
132 (66.0)

	
Men

	
145 (48.3)




	
Age (years)

	

	

	
Age (years)

	

	
Age (years)

	




	
50–59

	
15 (16.0)

	
13 (20.0)

	
50–59

	
67 (33.5)

	
50–59

	
119 (39.7)




	
60–69

	
42 (44.7)

	
28 (43.1)

	
60–69

	
88 (44.9)

	
60–69

	
140 (46.7)




	
70–79

	
37 (39.4)

	
24 (36.9)

	
70–79

	
45 (22.5)

	
70–79

	
41 (13.7)




	
BMI (kg/m2)

	

	

	
BMI (kg/m2)

	

	
BMI (kg/m2)

	




	
<18.5 (underweight)

	
1 (1.1)

	
-

	
<18.5 (underweight)

	
2 (1.0)

	
<18.5 (underweight)

	
1 (0.3)




	
18.5 to <25 (normal)

	
31 (33.0)

	
21 (32.3)

	
18.5 to <25 (normal)

	
54 (27.0)

	
18.5 to <25 (normal)

	
105 (35.0)




	
25 to <30 (overweight)

	
42 (44.7)

	
31 (47.7)

	
25 to <30 (overweight)

	
89 (44.5)

	
25 to <30 (overweight)

	
124 (41.3)




	
≥30 (obesity)

	
18 (19.2)

	
11 (16.9)

	
≥30 (obesity)

	
51 (25.5)

	
≥30 (obesity)

	
64 (21.3)




	
Missing

	
2 (2.1)

	
2 (3.1)

	
Missing

	
4 (2.0)

	
Missing

	
6 (2.0)




	
Location

	

	

	
Location

	

	

	




	
Proximal colon

	
32 (34.0)

	
22 (33.9)

	
Proximal colon

	
52 (26.0)

	

	




	
Distal colon

	
30 (31.9)

	
22 (33.9)

	
Distal colon

	
70 (35.0)

	

	




	
Rectum

	
31 (33.0)

	
20 (30.8)

	
Rectum

	
45 (22.5)

	

	




	
Missing

	
1 (1.1)

	
1 (1.5)

	
Multiple AAs

	
33 (16.5)

	

	




	
UICC Stage

	

	

	
Size ≥ 1 cm

	

	

	




	
I

	
29 (30.9)

	
22 (33.9)

	
No

	
56 (28.0)

	

	




	
II

	
26 (27.7)

	
16 (24.6)

	
Yes

	
144 (72.0)

	

	




	
III

	
27 (28.7)

	
22 (33.9)

	

	

	

	




	
IV

	
11 (11.7)

	
4 (6.2)

	
Tubulovillous/villous

	

	

	




	
Missing

	
1 (1.1)

	
1 (1.5)

	
No

	
62 (31.0)

	

	




	

	

	

	
Yes

	
138 (69.0)

	

	




	
T status

	

	

	

	

	

	




	
T1

	
18 (19.2)

	
14 (21.5)

	
High-grade dysplasia

	

	

	




	
T2

	
18 (19.2)

	
14 (21.5)

	
No

	
184 (92.0)

	

	




	
T3

	
47 (50.0)

	
32 (49.2)

	
Yes

	
16 (8.0)

	

	




	
T4

	
9 (9.6)

	
5 (7.7)

	

	

	

	




	
Missing

	
2 (2.1)

	
-

	
Number of AAs

	

	

	




	

	

	

	
Single AA

	
167 (83.5)

	

	




	

	

	

	
Multiple AAs

	
33 (16.5)

	

	








* For two FITs (Eurolyser FOB test and OC-Sensor) the analyses for detection of CRC were based on 65 CRC cases. Abbreviations: AA, advanced adenoma; BMI, body mass index; CRC, Colorectal cancer; UICC, Union for International Cancer Control.
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Table 3. Sensitivity (% (95%CI)) at original cutoffs.
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Variable

	
IDK Hb ELISA

	
QuantOn Hem

	
immoCARE-C

	
RIDASCREEN Hb

	
CAREprime

	
SENTiFIT-FOB Gold

	
QuikRead go iFOBT

	
Eurolyser FOB test

	
OC-Sensor






	
Cutoff

	
2.0 µg/g

	
3.7 µg/g

	
6.25 µg/g

	
8.0 µg/g

	
6.3 µg/g

	
17.0 µg/g

	
15.0 µg/g

	
8.04 µg/g

	
10 µg/g




	
Specificity

	
85.7 (81.2–89.4)

	
85.7 (81.2–89.4)

	
90.0 (86.0–93.2)

	
90.7 (86.8–93.7)

	
91.3 (87.6–94.3)

	
96.3 (94.2–98.2)

	
96.7 (94.0–98.4)

	
97.0 (94.4–98.6)

	
97.7 (95.3–99.1)




	

	
Sensitivity for CRC detection




	
Overall

	
83.0 (73.8–90.0)

	
83.0 (73.8–90.0)

	
76.6 (66.7–84.7)

	
74.5 (64.4–82.9)

	
73.4 (63.3–82.0)

	
70.2 (79.2–62.8)

	
62.8 (52.2–72.5)

	
66.2 (53.4–77.4) *

	
69.2 (56.6–80.1) *




	
by UICC stage

	

	

	

	

	

	

	

	

	




	
I

	
72.4 (52.8–87.3)

	
69.0 (49.2–84.7)

	
65.5 (45.7–82.1)

	
62.1 (42.3–79.3)

	
62.1 (42.3–79.3)

	
58.6 (38.9–76.5)

	
51.7 (32.5–70.6)

	
54.6 (32.2–75.6)

	
59.1 (36.–79.3)




	
II

	
84.6 (65.1–95.6)

	
88.5 (69.9–97.6)

	
80.8 (60.7–93.5)

	
76.9 (56.4–91.0)

	
76.9 (56.4–91.0)

	
76.9 (56.4–91.0)

	
76.9 (56.4–91.0)

	
75.0 (47.6–92.7)

	
75.0 (47.6–92.7)




	
III

	
92.6 (75.7–99.1)

	
92.6 (75.7–99.1)

	
81.5 (61.9–93.7)

	
85.2 (66.3–95.8)

	
81.5 (61.9–93.7)

	
74.1 (53.7–88.9)

	
59.3 (38.8–77.6)

	
68.2 (45.1–86.1)

	
72.7 (49.8–89.3)




	
IV

	
81.8 (48.2–97.7)

	
81.8 (48.2–97.7)

	
81.8 (48.2–97.7)

	
72.7 (39.0–94.0)

	
72.7 (39.0–94.0)

	
72.7 (39.0–94.0)

	
63.6 (30.8–89.1)

	
75.0 (19.4–99.4)

	
75.0 (19.4–99.4)




	
p (trend)

	
0.1785

	
0.1054

	
0.1897

	
0.1649

	
0.2526

	
0.2716

	
0.6030

	
0.3438

	
0.4048




	
by T stage

	

	

	

	

	

	

	

	

	




	
T1

	
55.6 (30.8–78.5)

	
55.6 (30.8–78.5)

	
38.9 (17.3–64.3)

	
44.4 (21.5–69.2)

	
44.4 (21.5–69.2)

	
44.4 (21.5–69.2)

	
44.4 (21.5–69.2)

	
50.0 (23.0–77.0)

	
50.0 (23.0–77.0)




	
T2

	
94.4 (72.7–99.9)

	
83.3 (58.6–96.4)

	
88.9 (65.3–98.6)

	
83.3 (58.6–96.4)

	
77.8 (52.4–93.6)

	
72.2 (46.5–90.3)

	
61.1 (35.8–82.7)

	
57.1 (28.9–82.3)

	
64.3 (35.1–87.2)




	
T3

	
87.2 (74.3–95.2)

	
91.5 (79.6–97.6)

	
85.1 (71.7–93.8)

	
78.7 (64.3–89.3)

	
78.7 (64.3–89.3)

	
76.6 (62.0–87.7)

	
70.2 (55.1–82.7)

	
75.0 (56.6–88.5)

	
78.1 (60.0–90.7)




	
T4

	
100 (66.4–100)

	
100 (66.4–100)

	
88.9 (51.8–99.7)

	
100 (66.4–100)

	
100 (66.4–100)

	
88.9 (51.8–99.7)

	
77.8 (40.0–97.2)

	
80.0 (28.4–99.5)

	
80.0 (28.4–99.5)




	
p (trend)

	
0.0033

	
0.0004

	
0.0006

	
0.0023

	
0.0017

	
0.0083

	
0.0437

	
0.0856

	
0.0573




	
by location

	

	

	

	

	

	

	

	

	




	
Proximal only

	
81.3 (63.6–92.8)

	
81.3 (63.6–92.8)

	
75.0 (56.6–88.5)

	
75.0 (56.6–88.5)

	
71.9 (53.3–86.3)

	
65.6 (46.8–81.4)

	
56.3 (37.7–73.6)

	
63.6 (40.7–82.8)

	
63.6 (40.7–82.8)




	
Distal only

	
76.7 (57.7–90.1)

	
76.7 (57.7–90.1)

	
66.7 (47.2–82.7)

	
66.7 (47.2–82.7)

	
70.0 (50.6–85.3)

	
63.3 (43.9–80.1)

	
56.7 (37.4–74.5)

	
50.0 (28.2–71.8)

	
54.6 (32.2–75.6)




	
Rectum only

	
90.3 (74.3–98.0)

	
90.3 (74.3–98.0)

	
87.1 (70.2–96.4)

	
80.7 (62.5–92.6)

	
77.4 (58.9–90.4)

	
80.7 (62.5–92.6)

	
74.2 (55.4–88.1)

	
85.0 (62.1–96.8)

	
90.0 (68.3–98.8)




	
p (trend)

	
0.4089

	
0.4089

	
0.3037

	
0.6692

	
0.6733

	
0.2204

	
0.1563

	
0.1973

	
0.0974




	
by sex

	

	

	

	

	

	

	

	

	




	
Women

	
73.7 (56.9–86.6)

	
79.0 (62.7–90.5)

	
68.4 (51.4–82.5)

	
65.8 (48.7–80.4)

	
68.4 (51.4–82.5)

	
63.2 (46.0–78.2)

	
55.3 (38.3–71.4)

	
57.7 (36.9–76.7)

	
61.5 (40.6–79.8)




	
Men

	
89.3 (78.1–96.0)

	
85.7 (73.8–93.6)

	
82.1 (69.6–91.1)

	
80.4 (67.6–89.8)

	
76.8 (63.6–87.0)

	
75.0 (61.6–85.6)

	
67.9 (54.0–79.7)

	
71.8 (55.1–85.0)

	
74.4 (57.9–87.0)




	
p-value

	
0.0563

	
0.4146

	
0.1422

	
0.1488

	
0.4762

	
0.2547

	
0.2778

	
0.2898

	
0.2885




	
by age (years)

	

	

	

	

	

	

	

	

	




	
50–59

	
86.7 (59.5–98.3)

	
93.3 (68.1–99.8)

	
86.7 (59.5–98.3)

	
80.0 (51.9–95.7)

	
73.3 (44.9–92.2)

	
80.0 (51.9–95.7)

	
73.3 (44.9–92.2)

	
76.9 (46.2–95.0)

	
76.9 (46.2–95.0)




	
60–69

	
83.3 (68.6–93.0)

	
81.0 (65.9–91.4)

	
73.8 (58.0–86.1)

	
73.8 (58.0–86.1)

	
73.8 (58.0–86.1)

	
69.1 (52.9–82.4)

	
61.9 (45.6–76.4)

	
57.1 (37.2–75.5)

	
64.3 (44.1–81.4)




	
70–79

	
81.1 (64.8–92.0)

	
81.1 (64.8–92.0)

	
75.7 (58.8–88.2)

	
73.0 (55.9–86.2)

	
73.0 (55.9–86.2)

	
67.6 (50.2–82.0)

	
59.5 (42.1–75.3)

	
70.8 (48.9–87.4)

	
70.8 (48.9–87.4)




	
p (trend)

	
0.7022

	
0.4435

	
0.6084

	
0.7400

	
1.00

	
0.5260

	
0.4538

	
1.00

	
0.8582




	
by BMI

	

	

	

	

	

	

	

	

	




	
Normal

	
80.7 (62.5–92.6)

	
83.9 (66.3–94.6)

	
74.2 (55.4–88.1)

	
71.0 (52.0–85.8)

	
71.0 (52.0–85.8)

	
64.5 (45.4–80.8)

	
54.8 (36.0–72.7)

	
61.9 (38.4–81.9)

	
66.7 (43.0–85.4)




	
Overweight

	
88.1 (74.4–96.0)

	
81.0 (65.9–91.4)

	
81.0 (65.9–91.4)

	
81.0 (65.9–91.4)

	
78.6 (63.2–89.7)

	
76.2 (60.6–88.0)

	
69.1 (52.9–82.4)

	
64.5 (45.4–80.8)

	
67.7 (48.6–83.3)




	
Obesity

	
83.3 (58.6–96.4)

	
88.9 (65.3–98.6)

	
77.8 (52.4–93.6)

	
72.2 (46.5–90.3)

	
72.2 (46.5–90.3)

	
72.2 (46.5–90.3)

	
66.7 (41.0–86.7)

	
81.8 (48.2–97.7)

	
81.8 (48.2–97.7)




	
p (trend)

	
0.8417

	
0.8463

	
0.7298

	
0.8663

	
0.8688

	
0.5233

	
0.3675

	
0.3447

	
0.5576




	

	
Sensitivity for AA detection




	
Overall

	
43.5 (36.5–50.7)

	
41.5 (34.6–48.7)

	
35.2 (28.6–42.2) **

	
36.0 (29.4–43.1)

	
31.0 (24.7–37.9)

	
18.0 (12.9–24.0)

	
18.5 (13.4–24.6)

	
19.5 (14.3–25.7)

	
18.0 (12.9–24.0)




	
by size ≥ 1 cm

	

	

	

	

	

	

	

	

	




	
No

	
23.2 (13.0–36.4)

	
26.8 (15.8–40.3)

	
23.2 (13.0–36.4)

	
17.9 (8.9–30.4)

	
17.9 (8.9–30.4)

	
8.9 (3.0–19.6)

	
8.9 (3.0–19.6)

	
5.4 (1.1–14.9)

	
5.4 (1.1–14.9)




	
Yes

	
51.4 (42.9–59.8)

	
47.2 (38.9–55.7)

	
39.9 (31.8–48.4) **

	
43.1 (34.8–51.6)

	
36.1 (28.3–44.5)

	
21.5 (15.1–29.1)

	
22.2 (15.7–29.9)

	
25.0 (18.2–32.9)

	
22.9 (16.3–30.7)




	
p-value

	
0.0004

	
0.0104

	
0.0319

	
0.0009

	
0.0165

	
0.0410

	
0.0411

	
0.0012

	
0.0035




	
by tubulo/-villous histology

	

	

	

	

	

	

	

	




	
No

	
46.8 (34.0–59.9)

	
43.6 (31.0–56.7)

	
38.7 (26.6–51.9)

	
40.3 (28.1–53.6)

	
33.9 (22.3–47.0)

	
19.4 (10.4–31.4)

	
19.4 (10.4–31.4)

	
24.2 (14.2–36.7)

	
19.4 (10.4–31.4)




	
Yes

	
42.0 (33.7–50.7)

	
40.6 (32.3–49.3)

	
33.6 (25.7–42.1) **

	
34.1 (26.2–42.6)

	
29.7 (22.2–38.1)

	
17.4 (11.5–24.8)

	
18.1 (12.1–25.6)

	
17.4 (11.5–24.8)

	
17.4 (11.5–24.8)




	
p-value

	
0.5414

	
0.7569

	
0.5231

	
0.4278

	
0.6206

	
0.8425

	
0.8455

	
0.3344

	
0.8425




	
by high-grade dysplasia

	

	

	

	

	

	

	

	




	
No

	
42.9 (35.7–50.4)

	
40.2 (33.1–47.7)

	
34.4 (27.6–41.8) **

	
35.3 (28.4–42.7)

	
29.9 (23.4–37.1)

	
16.9 (11.7–23.1)

	
17.4 (12.2–23.7)

	
18.5 (13.2–24.9)

	
16.9 (11.7–23.1)




	
Yes

	
50.0 (24.7–75.4)

	
56.3 (29.9–80.3)

	
43.8 (19.8–70.1)

	
43.8 (19.8–70.1)

	
43.8 (19.8–70.1)

	
31.3 (11.0–58.7)

	
31.3 (11.0–58.7)

	
31.3 (11.0–58.7)

	
31.3 (11.0–58.7)




	
p-value

	
0.6084

	
0.2903

	
0.5859

	
0.5892

	
0.2676

	
0.1732

	
0.1830

	
0.2053

	
0.1732




	
by location

	

	

	

	

	

	

	

	

	




	
Proximal only

	
34.6 (22.0–49.1)

	
30.8 (18.7–45.1)

	
23.1 (12.5–36.8)

	
25.0 (14.0–39.0)

	
19.2 (9.6–32.5)

	
7.7 (2.1–18.5)

	
11.5 (4.4–23.4)

	
11.5 (4.4–23.4)

	
9.6 (3.2–21.0)




	
Distal only

	
48.6 (36.4–60.8)

	
44.3 (32.4–56.7)

	
36.2 (25.0–48.7) **

	
37.1 (25.9–49.5)

	
30.0 (19.6–42.1)

	
14.3 (7.1–24.7)

	
14.3 (7.1–24.7)

	
14.3 (7.1–24.7)

	
17.1 (9.2–28.0)




	
Rectum only

	
28.9 (16.4–44.3)

	
31.1 (18.2–46.7)

	
26.7 (14.6–41.9)

	
26.7 (14.6–41.9)

	
22.2 (11.2–37.1)

	
8.9 (2.5–21.2)

	
8.9 (2.5–21.2)

	
11.1 (3.7–24.1)

	
8.9 (2.5–21.2)




	
p (trend)

	
0.6781

	
0.9166

	
0.6584

	
0.8265

	
0.7247

	
0.8711

	
0.7572

	
1.00

	
1.00




	
by number of AAs

	

	

	

	

	

	

	

	




	
Single

	
38.9 (31.5–46.8)

	
36.5 (29.2–44.3)

	
29.5 (22.7–37.1) **

	
30.5 (23.7–38.1)

	
24.6 (18.2–31.8)

	
10.8 (6.5–16.5)

	
12.0 (7.5–17.9)

	
14.4 (9.4–20.6)

	
12.6 (8.0–18.6)




	
Multiple

	
66.7 (48.2–82.0)

	
66.7 (48.2–82.0)

	
63.6 (45.1–79.6)

	
63.6 (45.1–79.6)

	
63.6 (45.1–79.6)

	
54.6 (36.4–71.9)

	
51.5 (33.5–69.2)

	
45.5 (28.1–63.7)

	
45.5 (28.1–63.7)




	
p-value

	
0.0040

	
0.0018

	
0.0003

	
0.0006

	
<0.0001

	
<0.0001

	
<0.0001

	
0.0002

	
<0.0001




	
by sex

	

	

	

	

	

	

	

	

	




	
Women

	
36.8 (25.4–49.3)

	
30.9 (20.2–43.3)

	
29.4 (19.0–41.7)

	
28.0 (17.7–40.2)

	
23.5 (14.1–35.4)

	
13.2 (6.2–23.6)

	
11.8 (5.2–21.9)

	
14.7 (7.3–25.4)

	
13.2 (6.2–23.6)




	
Men

	
47.0 (38.2–55.9)

	
47.0 (38.2–55.9)

	
38.2 (29.8–47.1) **

	
40.2 (31.7–49.0)

	
34.9 (26.8–43.6)

	
20.5 (13.9–28.4)

	
22.0 (15.2–30.0)

	
22.0 (15.2–30.0)

	
20.5 (13.9–28.4)




	
p-value

	
0.1788

	
0.0341

	
0.2735

	
0.1196

	
0.1094

	
0.2468

	
0.0865

	
0.2609

	
0.2468




	
by age (years)

	

	

	

	

	

	

	

	

	




	
50–59

	
34.3 (23.2–46.9)

	
35.8 (24.5–48.5)

	
28.8 (18.3–41.3) **

	
28.4 (18.0–40.7)

	
28.4 (18.0–40.7)

	
13.4 (6.3–24.0)

	
14.9 (7.4–25.7)

	
13.4 (6.3–24.0)

	
11.9 (5.3–22.2)




	
60–69

	
48.9 (38.1–59.8)

	
42.1 (31.6–53.1)

	
34.1 (24.3–45.0)

	
35.2 (25.3–46.1)

	
27.3 (18.3–37.8)

	
18.2 (10.8–27.8)

	
19.3 (11.7–29.1)

	
20.5 (12.6–30.4)

	
18.2 (10.8–27.8)




	
70–79

	
46.7 (31.7–62.1)

	
48.9 (33.7–64.2)

	
46.7 (31.7–62.1)

	
48.9 (33.7–64.2)

	
42.2 (27.7–57.9)

	
24.4 (12.9–39.5)

	
22.2 (11.2–37.1)

	
26.7 (14.6–41.9)

	
26.7 (14.6–41.9)




	
p (trend)

	
0.1505

	
0.1766

	
0.0710

	
0.0366

	
0.1805

	
0.1721

	
0.3288

	
0.0919

	
0.0620




	
by BMI

	

	

	

	

	

	

	

	

	




	
Normal

	
37.0 (24.3–51.3)

	
35.2 (22.7–49.4)

	
33.3 (21.1–47.5)

	
29.6 (18.0–43.6)

	
31.5 (19.5–45.6)

	
16.7 (7.9–29.3)

	
16.7 (7.9–29.3)

	
16.7 (7.9–29.3)

	
16.7 (7.9–29.3)




	
Overweight

	
41.6 (31.2–52.5)

	
37.1 (27.1–48.0)

	
34.8 (25.0–45.7)

	
37.1 (27.1–48.0)

	
31.5 (22.0–42.2)

	
14.6 (8.0–23.7)

	
15.7 (8.9–25.0)

	
19.1 (11.5–28.8)

	
16.9 (9.8–26.3)




	
Obesity

	
54.9 (40.3–68.9)

	
58.8 (44.2–72.4)

	
40.0 (26.4–54.8) **

	
43.1 (29.4–57.8)

	
33.3 (20.8–47.9)

	
27.5 (15.9–41.7)

	
27.5 (15.9–41.7)

	
25.5 (14.3–39.6)

	
23.5 (12.8–37.5)




	
p (trend)

	
0.0771

	
0.0177

	
0.5405

	
0.1581

	
0.9169

	
0.1706

	
0.1749

	
0.2765

	
0.3839








* Analysis based on 65 CRC cases only. ** Analysis based on one less AA case. Abbreviations: AA, advanced adenoma; BMI, body mass index; CI, confidence interval; CRC colorectal cancer; UICC, Union for International Cancer Control. In bold statistical significant results.
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Table 4. Sensitivity (% (95%CI)) at adjusted cutoffs yielding 93% specificity.






Table 4. Sensitivity (% (95%CI)) at adjusted cutoffs yielding 93% specificity.





	
Variable

	
IDK Hb ELISA

	
QuantOn Hem

	
immoCARE-C

	
RIDASCREEN Hb

	
CAREprime

	
SENTiFIT-FOB Gold

	
Eurolyser FOB Test

	
OC-Sensor






	
Cutoff

	
4.8 µg/g

	
9.59 µg/g

	
9.2 µg/g

	
12.27 µg/g

	
6.65 µg/g

	
1.7 µg/g

	
2.01 µg/g

	
3.6 µg/g




	
Specificity

	
93.0 (89.5–95.6)

	
93.0 (89.5–95.6)

	
93.0 (89.5–95.6)

	
93.0 (89.5–95.6)

	
93.0 (89.5–95.6)

	
93.3 (89.9–95.9)

	
93.0 (89.5–95.6)

	
93.0 (89.5–95.6)




	

	
Sensitivity for CRC detection




	
Overall

	
76.6 (66.7–84.7)

	
78.7 (69.1–86.5)

	
73.4 (63.3–82.0)

	
73.4 (63.3–82.0)

	
73.4 (63.3–82.0)

	
75.5 (65.6–83.8)

	
75.4 (63.1–85.2) *

	
73.9 (61.5–84.0) *




	
by UICC stage

	

	

	

	

	

	

	

	




	
I

	
62.1 (42.3–79.3)

	
65.5 (45.7–82.1)

	
62.1 (42.3–79.3)

	
62.1 (42.3–79.3)

	
62.1 (42.3–79.3)

	
62.1 (42.3–79.3)

	
68.2 (45.1–86.1)

	
63.6 (40.7–82.8)




	
II

	
76.9 (56.4–91.0)

	
84.6 (65.1–95.6)

	
80.8 (60.7–93.5)

	
76.9 (56.4–91.0)

	
76.9 (56.4–91.0)

	
76.9 (56.4–91.0)

	
81.3 (54.4–96.0)

	
81.3 (54.4–96.0)




	
III

	
88.9 (70.8–97.7)

	
85.2 (66.3–95.8)

	
77.8 (57.7–91.4)

	
81.5 (61.9–93.7)

	
81.3 (54.4–96.0)

	
85.2 (66.3–95.8)

	
77.3 (54.6–92.2)

	
77.3 (54.6–92.2)




	
IV

	
81.8 (48.2–97.7)

	
81.8 (48.2–97.7)

	
72.7 (39.0–94.0)

	
72.7 (39.0–94.0)

	
72.7 (39.0–94.0)

	
81.8 (48.2–97.7)

	
75.0 (19.4–99.4)

	
75.0 (19.4–99.4)




	
p (trend)

	
0.0412

	
0.1380

	
0.3607

	
0.2526

	
0.2526

	
0.0764

	
0.6565

	
0.3854




	
by T status

	

	

	

	

	

	

	

	




	
T1

	
44.4 (21.5–69.2)

	
50.0 (26.0–74.0)

	
38.9 (17.3–64.3)

	
38.9 (17.3–64.3)

	
44.4 (21.5–69.2)

	
50.0 (26.0–74.0)

	
57.1 (28.9–82.3)

	
50.0 (23.0–77.0)




	
T2

	
83.3 (58.6–96.4)

	
77.8 (52.4–93.6)

	
83.3 (58.6–96.4)

	
83.3 (58.6–96.4)

	
77.8 (52.4–93.6)

	
72.2 (46.5–90.3)

	
71.4 (41.9–91.6)

	
71.4 (41.9–91.6)




	
T3

	
83.0 (69.2–92.4)

	
87.2 (74.3–95.2)

	
80.9 (66.7–90.9)

	
78.7 (64.3–89.3)

	
78.7 (64.3–89.3)

	
83.0 (69.2–92.4)

	
84.4 (67.2–94.7)

	
84.4 (67.2–94.7)




	
T4

	
100 (66.4–100)

	
100 (66.4–100)

	
88.9 (51.8–99.7)

	
100 (66.4–100)

	
100 (66.4–100)

	
100 (66.4–100)

	
80.0 (28.4–99.5)

	
80.0 (28.4–99.5)




	
p (trend)

	
0.0006

	
0.0004

	
0.0017

	
0.0006

	
0.0017

	
0.0012

	
0.0833

	
0.0300




	
by location

	

	

	

	

	

	

	

	




	
Proximal only

	
78.1 (60.0–90.7)

	
78.1 (60.0–90.7)

	
68.8 (50.0–83.9)

	
71.9 (53.3–86.3)

	
71.9 (53.3–86.3)

	
71.9 (53.3–86.3)

	
63.6 (40.7–82.8)

	
68.2 (45.1–86.1)




	
Distal only

	
66.7 (47.2–82.7)

	
70.0 (50.6–85.3)

	
66.7 (47.2–82.7)

	
66.7 (47.2–82.7)

	
70.0 (50.6–85.3)

	
66.7 (47.2–82.7)

	
72.7 (49.8–89.3)

	
63.6 (40.7–82.8)




	
Rectum only

	
83.9 (66.3–94.6)

	
87.1 (70.2–96.4)

	
83.9 (66.3–94.6)

	
80.7 (62.5–92.6)

	
77.4 (58.9–90.4)

	
87.1 (70.2–96.4)

	
90.0 (68.3–98.8)

	
90.0 (68.3–98.8)




	
p (trend)

	
0.6600

	
0.4479

	
0.2045

	
0.4819

	
0.6733

	
0.1921

	
0.0752

	
0.1646




	
by sex

	

	

	

	

	

	

	

	




	
Women

	
68.4 (51.4–82.5)

	
76.3 (59.8–88.6)

	
65.8 (48.7–80.4)

	
65.8 (48.7–80.4)

	
68.4 (51.4–82.5)

	
71.1 (54.1–84.6)

	
69.2 (48.2–85.7)

	
69.2 (48.2–85.7)




	
Men

	
82.1 (69.6–91.1)

	
80.4 (67.6–89.8)

	
78.6 (65.6–88.4)

	
78.6 (65.6–88.4)

	
76.8 (63.6–87.0)

	
78.6 (65.6–88.4)

	
79.5 (63.5–90.7)

	
76.9 (60.7–88.9)




	
p-value

	
0.1422

	
0.7979

	
0.2343

	
0.2343

	
0.4762

	
0.4673

	
0.3889

	
0.5695




	
by age (years)

	

	

	

	

	

	

	

	




	
50–59

	
80.0 (51.9–95.7)

	
86.7 (59.5–98.3)

	
80.0 (51.9–95.7)

	
80.0 (51.9–95.7)

	
73.3 (44.9–92.2)

	
80.0 (51.9–95.7)

	
76.9 (46.2–95.0)

	
76.9 (46.2–95.0)




	
60–69

	
73.8 (58.0–86.1)

	
73.8 (58.0–86.1)

	
73.8 (58.0–86.1)

	
71.4 (55.4–84.3)

	
73.8 (58.0–86.1)

	
73.8 (58.0–86.1)

	
75.0 (55.1–89.3)

	
71.4 (51.3–86.8)




	
70–79

	
78.4 (61.8–90.2)

	
81.1 (64.8–92.0)

	
70.3 (53.0–84.1)

	
73.0 (55.9–86.2)

	
73.0 (55.9–86.2)

	
75.7 (58.8–88.2)

	
75.0 (53.3–90.2)

	
75.0 (53.3–90.2)




	
p (trend)

	
1.00

	
1.00

	
0.5151

	
0.7451

	
1.00

	
0.8677

	
1.00

	
1.00




	
by BMI

	

	

	

	

	

	

	

	




	
Normal

	
74.2 (55.4–88.1)

	
80.7 (62.5–92.6)

	
67.7 (48.6–83.3)

	
71.0 (52.0–85.8)

	
71.0 (52.0–85.8)

	
74.2 (55.4–88.1)

	
66.7 (43.0–85.4)

	
71.4 (47.8–88.7)




	
Overweight

	
81.0 (65.9–91.4)

	
78.6 (63.2–89.7)

	
81.0 (65.9–91.4)

	
78.6 (63.2–89.7)

	
78.6 (63.2–89.7)

	
78.6 (63.2–89.7)

	
80.7 (62.5–92.6)

	
74.2 (55.4–88.1)




	
Obesity

	
77.8 (52.4–93.6)

	
83.3 (58.6–96.4)

	
72.2 (46.5–90.3)

	
72.2 (46.5–90.3)

	
72.2 (46.5–90.3)

	
77.8 (52.4–93.6)

	
81.8 (48.2–97.7)

	
81.8 (48.2–97.7)




	
p (trend)

	
0.7298

	
1.00

	
0.6199

	
0.8688

	
0.8688

	
0.8639

	
0.2981

	
0.6806




	

	
Sensitivity for AA detection




	
Overall

	
31.5 (25.1–38.4)

	
28.0 (21.9–34.8)

	
29.7 (23.4–36.5) **

	
31.0 (24.7–37.9)

	
29.5 (23.3–36.3)

	
28.5 (22.4–35.3)

	
31.0 (24.7–37.9)

	
26.5 (20.5–33.2)




	
by size ≥ 1 cm

	

	

	

	

	

	

	

	




	
No

	
17.9 (8.9–30.4)

	
12.5 (5.2–24.1)

	
19.6 (10.2–32.4)

	
16.1 (7.6–28.3)

	
16.1 (7.6–28.3)

	
17.9 (8.9–30.4)

	
19.6 (10.2–32.4)

	
14.3 (6.4–26.2)




	
Yes

	
36.8 (28.9–45.2)

	
34.0 (26.4–42.4)

	
33.6 (25.9–41.9) **

	
36.8 (28.9–45.2)

	
34.7 (27.0–43.1)

	
32.6 (25.1–40.9)

	
35.4 (27.6–43.8)

	
31.3 (23.8–39.5)




	
p-value

	
0.0108

	
0.0026

	
0.0589

	
0.0040

	
0.0096

	
0.0383

	
0.0404

	
0.0196




	
by tubulo/-villous histology

	

	

	

	

	

	

	




	
No

	
32.3 (20.9–45.3)

	
24.2 (14.2–36.7)

	
32.3 (20.9–45.3)

	
37.1 (25.2–50.3)

	
32.3 (20.9–45.3)

	
29.0 (18.2–42.0)

	
33.9 (22.3–47.0)

	
27.4 (16.9–40.2)




	
Yes

	
31.2 (23.6–39.6)

	
29.7 (22.2–38.1)

	
28.5 (21.1–36.8) **

	
28.3 (20.9–36.6)

	
28.3 (20.9–36.6)

	
28.3 (20.9–36.6)

	
29.7 (22.2–38.1)

	
26.1 (19.0–34.2)




	
p-value

	
0.8709

	
0.4971

	
0.6173

	
0.2478

	
0.6162

	
1.00

	
0.6206

	
0.8635




	
by high-grade dysplasia

	

	

	

	

	

	

	




	
No

	
30.4 (23.9–37.6)

	
26.6 (20.4–33.6)

	
29.0 (22.5–36.1) **

	
29.9 (23.4–37.1)

	
28.3 (21.9–35.4)

	
27.2 (20.9–34.2)

	
30.4 (23.9–37.6)

	
25.5 (19.4–32.5)




	
Yes

	
43.8 (19.8–70.1)

	
43.8 (19.8–70.1)

	
37.5 (15.2–64.6)

	
43.8 (19.8–70.1)

	
43.8 (19.8–70.1)

	
43.8 (19.8–70.1)

	
37.5 (15.2–64.6)

	
37.5 (15.2–64.6)




	
p-value

	
0.2746

	
0.1545

	
0.5688

	
0.2676

	
0.2516

	
0.1618

	
0.5792

	
0.3746




	
by location

	

	

	

	

	

	

	

	




	
Proximal only

	
15.4 (6.9–28.1)

	
15.4 (6.9–28.1)

	
15.4 (6.9–28.1)

	
17.3 (8.2–30.3)

	
17.3 (8.2–30.3)

	
17.3 (8.2–30.3)

	
19.2 (9.6–32.5)

	
13.5 (5.6–25.8)




	
Distal only

	
32.9 (22.1–45.1)

	
31.4 (20.9–43.6)

	
30.4 (19.9–42.7) **

	
31.4 (20.9–43.6)

	
28.6 (18.4–40.6)

	
28.6 (18.4–40.6)

	
32.9 (22.1–45.1)

	
25.7 (16.0–37.6)




	
Rectum only

	
26.7 (14.6–41.9)

	
17.8 (8.0–32.1)

	
24.4 (12.9–39.5)

	
22.2 (11.2–37.1)

	
20.0 (9.6–34.6)

	
20.0 (9.6–34.6)

	
24.4 (12.9–39.5)

	
17.8 (8.0–32.1)




	
p (trend)

	
0.2024

	
0.7185

	
0.2874

	
0.5572

	
0.7185

	
0.7185

	
0.5657

	
0.6113




	
by number of AAs

	

	

	

	

	

	

	




	
Single

	
25.8 (19.3–33.1)

	
22.8 (16.6–29.9)

	
24.1 (17.8–31.3) **

	
24.6 (18.2–31.8)

	
22.8 (16.6–29.9)

	
22.8 (16.6–29.9)

	
26.4 (19.8–33.7)

	
19.8 (14.0–26.6)




	
Multiple

	
60.6 (42.1–77.1)

	
54.6 (36.4–71.9)

	
57.6 (39.2–74.5)

	
63.6 (45.1–79.6)

	
63.6 (45.1–79.6)

	
57.6 (39.2–74.5)

	
54.6 (36.4–71.9)

	
60.6 (42.1–77.1)




	
p-value

	
0.0002

	
0.0005

	
0.0003

	
<0.0001

	
<0.0001

	
0.0002

	
0.0033

	
<0.0001




	
by sex

	

	

	

	

	

	

	

	




	
Women

	
22.1 (12.9–33.8)

	
25.0 (15.3–37.0)

	
26.5 (16.5–38.6)

	
22.1 (12.9–33.8)

	
20.6 (11.7–32.1)

	
20.6 (11.7–32.1)

	
22.1 (12.9–33.8)

	
20.6 (11.7–32.1)




	
Men

	
36.4 (28.2–45.2)

	
29.6 (21.9–38.1)

	
31.3 (23.5–40.0) **

	
35.6 (27.5–44.4)

	
34.1 (26.1–42.8)

	
32.6 (24.7–41.3)

	
35.6 (27.5–44.4)

	
29.6 (21.9–38.1)




	
p-value

	
0.0533

	
0.6182

	
0.5164

	
0.0542

	
0.0511

	
0.0979

	
0.0542

	
0.2362




	
by age (years)

	

	

	

	

	

	

	

	




	
50–59

	
25.4 (15.5–37.5)

	
22.4 (13.1–34.2)

	
21.2 (12.1–33.0) **

	
25.4 (15.5–37.5)

	
25.4 (15.5–37.5)

	
20.9 (11.9–32.6)

	
25.4 (15.5–37.5)

	
20.9 (11.9–32.6)




	
60–69

	
31.8 (22.3–42.6)

	
28.4 (19.3–39.0)

	
30.7 (21.3–41.4)

	
28.4 (19.3–39.0)

	
27.3 (18.3–37.8)

	
27.3 (18.3–37.8)

	
31.8 (22.3–42.6)

	
23.9 (15.4–34.1)




	
70–79

	
40.0 (25.7–55.7)

	
35.6 (21.9–51.2)

	
40.0 (25.7–55.7)

	
44.4 (29.6–60.0)

	
40.0 (25.7–55.7)

	
42.2 (27.7–57.9)

	
37.8 (23.8–53.5)

	
40.0 (25.7–55.7)




	
p (trend)

	
0.1235

	
0.1379

	
0.0360

	
0.0499

	
0.1432

	
0.0199

	
0.1805

	
0.0398




	
by BMI

	

	

	

	

	

	

	

	




	
Normal

	
27.8 (16.5–41.6)

	
25.9 (15.0–39.7)

	
29.6 (18.0–43.6)

	
27.8 (16.5–41.6)

	
27.8 (16.5–41.6)

	
27.8 (16.5–41.6)

	
27.8 (16.5–41.6)

	
25.9 (15.0–39.7)




	
Overweight

	
31.5 (22.0–42.2)

	
23.6 (15.2–33.8)

	
28.1 (19.1–38.6)

	
33.7 (24.0–44.5)

	
30.3 (21.0–41.0)

	
28.1 (19.1–38.6)

	
33.7 (24.0–44.5)

	
27.0 (18.1–37.4)




	
Obesity

	
37.3 (24.1–52.0)

	
39.2 (25.8–53.9)

	
34.0 (21.2–48.8) **

	
33.3 (20.8–47.9)

	
33.3 (20.8–47.9)

	
31.4 (19.1–45.9)

	
31.4 (19.1–45.9)

	
29.4 (17.5–43.8)




	
p (trend)

	
0.3476

	
0.1601

	
0.6704

	
0.6020

	
0.5971

	
0.7476

	
0.7534

	
0.7436








* Analysis based on 65 CRC cases only. ** Analysis based on one less AA case. QuikRead go iFOBT was excluded from the analysis at 93% specificity, because the cutoff value could not be set below 15 µg/g. Abbreviations: AA, advanced adenoma; BMI, body mass index; CI, confidence interval; CRC, colorectal cancer; UICC, Union for International Cancer Control. In bold statistical significant results.
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