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Introduction 27 

Population screening programmes for colorectal cancer (CRC) vary 28 

worldwide[1], although the commonest approach is to test stool samples for 29 

small amounts of blood (or its degradation products) – fecal occult blood 30 

testing (FOBt)[2]. Meta-analysis of 4 randomized trials which enrolled over 31 

300,000 participants estimated the reduction in CRC mortality at 32 

approximately 16%[3]. Individuals who test FOBt-positive require further 33 

testing to confirm or refute the presence of neoplasia: Approximately 50% will 34 

have CRC or adenoma(s)[4]. The main target lesion of screening is termed 35 

advanced neoplasia, corresponding to CRC or an “advanced adenoma” 36 

(which itself is defined as an adenoma measuring ≥10mm or demonstrating 37 

high-grade dysplasia or >20% villous histology)[5]. When screening with 38 

FOBt, it is common practice to use a test kit with two separate windows in 39 

which to place the stool sample and to repeat the test on three occasions, 40 

yielding six separate results[6]. A “positive test” may therefore vary from only 41 

a single window to all six being positive. This variability influences the positive 42 

predictive value (PPV) for CRC, which ranged from 1% to 6% in the 43 

Minnesota randomised trial of FOBt screening, increasing with each additional 44 

positive window[7]. More recent observational studies have confirmed this, 45 

although generally with higher rates of CRC for a given number of positive 46 

FOBt windows[8,9]. 47 

 48 

 49 

For most screenees, colonoscopy is the preferred test following positive FOBt, 50 

since it combines diagnosis with treatment by excision biopsy for smaller 51 



cancers and adenomas. However, a proportion of screening participants are 52 

unable to undergo total colonoscopy due to frailty, refusal or technical failure. 53 

CT colonography (CTC) is a well-tolerated alternative, with sensitivity for 54 

≥6mm adenomas or CRC estimated at 89% by meta-analysis[10]. CTC 55 

diagnostic yield of CRC and adenomas has rarely been reported following a 56 

positive FOBt result on a population level, with one retrospective 57 

observational study reporting detection rates of 4.5% for CRC and 13.9% for 58 

advanced adenomas in patients judged relatively unsuitable for 59 

colonoscopy[11]. These detection rates were approximately 50% lower than 60 

for colonoscopy, although whether this was due to selection bias (i.e. higher 61 

incidence of false positive FOBt in patients undergoing CTC) or lower 62 

sensitivity of CTC is unknown. Furthermore, the outcome of CTC according to 63 

the number of positive FOBt windows was not reported. We are not aware of 64 

any data regarding this for CTC. Here, we report detection rates of CRC and 65 

advanced neoplasia at CTC stratified by FOBt positivity. 66 

 67 

 68 

Materials and Methods 69 

A waiver to publish anonymized data was obtained from our institution’s 70 

research office. Data were collated from the English national Bowel Cancer 71 

Screening Programme (BCSP)[4]. English residents aged 60-74 years are 72 

invited to complete and return a postal guaiac FOBt kit to one of five regional 73 

laboratories (“screening hubs”). Individuals testing positive are invited for 74 

consultation at one of 58 “screening centres”. Positive FOBt results can be 75 

stratified by the number of positive windows. If the initial test kit shows 5-6 76 



positive windows, the result is deemed a “strong positive” and further colonic 77 

testing is immediately recommended. Alternatively, if 1-4 windows are 78 

positive, the test is repeated twice: If either subsequent kit shows any positive 79 

windows, the patient is categorized as having a “weak positive” FOBt result 80 

overall (irrespective of the number of positive windows on the follow-up kits). 81 

In either case (weak or strong positive), consenting individuals are referred for 82 

colonoscopy: Those deemed unsuitable are either discharged from the 83 

programme or referred for CTC. Two consecutive kits, each with six negative 84 

windows, are required to “over-rule” an initial FOBt kit with 1-4 positive 85 

windows and obviate the need for further colonic testing. 86 

 87 

Data selection 88 

Test results within the BCSP are recorded on a database termed the “Bowel 89 

Cancer Screening System” (BCSS). Using anonymised data from BCSS, we 90 

identified screenees undergoing CTC as their first colonic investigation 91 

following a positive FOBt between April 2006 and December 2013 inclusive. 92 

For each screenee, the following were extracted: (a) age, (b) sex, (c) 93 

screening centre attended, (d) screening hub processing the FOBt kit, (e) 94 

number of positive FOBt windows on the initial test kit (and, if required, any 95 

subsequent follow-up test kits for those with a weak positive initial result), (f) 96 

CTC result (including size, location and morphology of any polyp(s) 97 

diagnosed), (g) result of subsequent endoscopy (again including size, location 98 

and morphology of polyp(s) found), (h) histological type and degree of 99 

dysplasia of resected polyp(s) and (i) staging information for confirmed 100 

carcinomas. A proportion of the patients we selected (2731 of 4601, 59.4%) 101 



have had their screening result published previously[11], although not 102 

stratified by FOBt status, which is the aim of the current study. 103 

 104 

Statistical analysis 105 

Data were collated using Microsoft Excel for Mac 2011 (Microsoft Corp, 106 

Redmond, WA, USA) and analyzed with R version 2.15.1 (R Foundation for 107 

Statistical Computing, Vienna, Austria). As histological endpoints, we 108 

analyzed the proportion of screenees with either histologically-confirmed 109 

cancer or advanced neoplasia according to the number of positive FOBt 110 

windows. For patients who returned more than one FOBt kit, we used the 111 

average number of positive windows across all FOBt kits, rounded to the 112 

nearest integer. Advanced neoplasia was defined as either CRC or an 113 

advanced adenoma (diameter ≥10mm, >20% villous features, and/or high-114 

grade dysplasia[5]). We also analyzed the proportion of screenees with CRC 115 

or any polyp ≥6mm suspected at CTC as a radiological endpoint, to account 116 

for the fact that not all screenees with abnormal CTC will undergo 117 

confirmatory colonoscopy. Analyses used the most advanced lesion in a given 118 

individual for the histological endpoints and the largest lesion for the 119 

radiological endpoint. Per-patient positive predictive value (PPV) of CTC for 120 

advanced neoplasia was calculated as the number of screenees with 121 

advanced neoplasia divided by the number in whom CTC diagnosed a ≥6mm 122 

lesion (on the basis that this is the standard referral threshold for colonoscopy 123 

in the BCSP); binomial 95% confidence intervals were derived using the 124 

Wilson method[12].  125 

 126 



To test whether detection rates were affected by the number of positive FOBt 127 

windows on the initial test kit, we performed multilevel binary logistic 128 

regression. The model accounted for the fact that screenees are grouped 129 

within screening centres, which themselves are grouped into screening hubs: 130 

Such clustering means there may be greater correlation between individuals 131 

within each group than those drawn from other groups. Separate models were 132 

built for the two histological endpoints and the radiological endpoint. The 133 

number of positive FOBt windows was entered as a screenee-level 134 

explanatory variable. For those screenees who required more than one FOBt 135 

kit (i.e. those testing weakly positive on their initial kit), we used the average 136 

number of positive FOBt windows across all screening kits returned, rounded 137 

to the nearest integer. Covariates were age and sex; screening centre and 138 

screening hub were entered as nested random effects terms[13]. Since the 139 

effect of FOBt positivity might not be linear, we also grouped the FOBt result 140 

into “weakly positive” (1-4 windows) and “strongly positive” (5-6 windows) as 141 

per current BCSP practice. Between-group comparisons were by the chi-142 

squared test or Mann-Whitney U-test, as appropriate. Results were 143 

considered significant at the 5% threshold. 144 

 145 

Results 146 

Screenee characteristics and FOBt results 147 

4601 screenees were included, 2109 females (45.8%) and 2492 males. Mean 148 

age was 66.7 years and was not significantly different between males (mean 149 

66.8 years) and females (mean 66.7 years, p=0.33). The majority of 150 



individuals who underwent CTC did so following a weakly positive result i.e. 1-151 

4 positive windows (3788 of 4601 screenees, 82.3%). The most common 152 

FOBt result precipitating CTC was 2 positive windows (1423 of 4601 153 

screenees, 30.9%) followed by a single positive window (1201 screenes, 154 

26.1%). The proportion of individuals undergoing CTC who had tested weakly 155 

positive showed no significant variation by gender (females: 1749 of 2109, 156 

82.9%; males: 2039 of 2492, 81.8%, p=0.35, Table 1). However, there was 157 

significant variation by screening hub, with the proportion of individuals testing 158 

weakly positive ranging from 78.9% (436 of 552 screenees) to 84.4% (1489 of 159 

1765, p<0.004). 160 

 161 

Variation in detection rates and PPV according to gender and FOBt 162 

result 163 

 164 

Histologically confirmed lesions  165 

Overall, 228 participants were diagnosed with cancer (5.0%) and 836 (18.2%) 166 

with either cancer or advanced adenoma (i.e. advanced neoplasia). Males 167 

had higher rates of cancer than females (155 of 2492 males, 6.2% vs 73 of 168 

2109 females, 3.5%; Χ2=17.9, p<0.001). Rates of advanced neoplasia were 169 

also significantly higher in males (both p<0.001, Table 2).  170 

 171 

Screenees with strongly positive FOBt had higher rates of cancer (78 of 813, 172 

9.6%) and advanced neoplasia (195 of 813, 24.0%) than those with weakly 173 

positive FOBt (cancer: 150 of 3788, 4.0%, Χ2=43.9, p<0.001; advanced 174 



neoplasia: 641 of 3788, 16.9%, Χ2=22.0, p<0.001; Table 2). Furthermore, 175 

there was a progressive increase in rates of cancer and advanced neoplasia 176 

as the number of positive FOBt windows increased (Table 2, Figure). These 177 

increases were statistically significant in the multilevel logistic regression 178 

model, with the odds ratio for the detection of advanced neoplasia being 1.17 179 

(95%CI 1.12-1.23, p<0.001); i.e. for each additional positive FOBt window, the 180 

odds of advanced neoplasia increased by 1.17. This effect was even stronger 181 

for the detection of colorectal cancer (OR 1.41, 95%CI 1.31-1.52, p<0.001). 182 

When considering FOBt as either weakly or strongly positive, the odds ratio 183 

for a strongly positive result (versus a weakly positive test) was 1.56 (95%CI 184 

1.29-1.87, p<0.0001) for advanced neoplasia and 2.56 (95%CI 2.21-2.96, 185 

p<0.0001) for colorectal cancer (Table 3). 186 

 187 

Radiologically detected abnormality 188 

Consistent with endpoints based on histological confirmation, the magnitude 189 

of FOBt positivity was significantly associated with the proportion of 190 

screenees harboring a ≥6mm lesion at CTC. Of the 813 individuals testing 191 

strongly positive, 243 (29.9%) had a ≥6mm lesion reported at CTC, compared 192 

to 883 of 3788 (23.3%) screenees who had tested weakly positive (Χ2=16.8, 193 

p<0.001). This difference remained significant in the regression models, 194 

whether FOBt status was treated as a linear variable (OR 1.16, 95%CI 1.11-195 

1.21, p<0.001) or categorized as strongly vs weakly positive (OR 1.42, 95%CI 196 

1.19-1.68, p<0.001, Table 3).    197 

 198 



Per-patient positive predictive value for advanced neoplasia (PPV) increased 199 

with stronger FOBt positivity. Overall, 1126 individuals had a ≥6mm lesion 200 

suspected at CTC and 836 had advanced neoplasia confirmed, a PPV of 201 

74.2% (95%CI 71.6-76.7%). This figure was significantly greater for those with 202 

a strongly positive FOBt result (195 advanced neoplasms from 243 positive 203 

CTC examinations, 80.2%, 95%CI 74.8-84.8%) than a weakly positive FOBt 204 

(641 advanced neoplasms from 883 positive CTC examinations, 72.6%, 205 

95%CI 70.0-75.4%, p=0.020, Figure). PPV was significantly higher in males 206 

(566 advanced neoplasms from 696 positive scans, 81.3%, 95%CI 78.3-84.0) 207 

than females (270 advanced neoplasms from 430 positive scans, 62.8%, 208 

95%CI 58.1-67.2%, p<0.001).   209 

 210 

Stage and location of cancers detected according to FOBt result 211 

Of the 228 cancers detected, both staging and FOBt results were available for 212 

164 (71.9%). Overall, the stage distribution of cancers detected following 213 

strongly- and weakly positive FOBt results were similar (Table 4). There was 214 

no evidence to suggest that Dukes’ stage was related to either the strength of 215 

test positivity (p=0.30) or the number of positive windows, although numbers 216 

in each category were small (Table 4). 217 

 218 

Locations of screen-detected cancers were available in 216 cases (95.6% of 219 

all cancers): 53 (23.5%) cancers were right-sided (proximal to the splenic 220 

flexure) and 163 (72.1%) were left-sided (at or distal to the splenic flexure). 221 

The median number of positive windows for patients with right-sided cancers 222 

was 4 out of a possible 6 (interquartile range 2 to 6); for those with left-sided 223 



cancers it was 3 (interquartile range 2 to 5); this difference was not statistically 224 

significant (p=0.20).   225 

 226 

Discussion 227 

 228 

CTC is intuitively attractive as an alternative to colonoscopy following positive 229 

FOBt, as it is highly sensitive and moderately specific for advanced 230 

neoplasia[10]. However, unselected use of CTC for FOBt-positive individuals 231 

(triaging those with normal results to routine screening, and those with 232 

positive CTC to colonoscopy) is unlikely to be cost-effective overall – the high 233 

prevalence of advanced neoplasia means that relatively few colonoscopies 234 

are avoided[14,15]. One cost-effectiveness study assessing CTC after 235 

positive FOBt[16] estimated only small savings (£776,283 over 10 years for 236 

100,000 screening invitations), which would be significantly outweighed by the 237 

costs of implementing such large-scale CTC infrastructure and training. 238 

Accordingly, CTC is generally reserved for individuals who are unable or 239 

unwilling to undergo total colonoscopy after positive FOBt[17]. 240 

 241 

We found that screenees with an average of only one positive FOBt window 242 

had relatively low rates of cancer (30 of 1201 individuals, 2.5%) and advanced 243 

neoplasia (174 of 1201, 14.5%). Recent colonoscopic data from the English 244 

BCSP has confirmed that low levels of FOBt positivity are also associated 245 

with lower detection rates of CRC, confirming our result using CTC[18]. So, 246 

although CTC is a relatively ineffective follow-up colonic test when employed 247 

for all FOBt-positive patients, it is possible that in the scenario of very weak 248 



positivity, CTC could become attractive because subsequent colonoscopic 249 

referral would be uncommon. CTC has been shown to boost compliance 250 

when targeted at FOBt-positive individuals who refuse colonoscopy[19] and in 251 

a randomised screening trial the compliance with CTC was significantly 252 

greater at 34% than that for colonoscopy (22%). In theory, such strategies 253 

might increase acceptability of the programme as a whole while also reducing 254 

overall costs. Health economic modeling studies or large prospective trials 255 

would be required to determine if substituting CTC for colonoscopy in 256 

screenes with small amounts of fecal occult blood is likely to be a net cost 257 

saving. 258 

 259 

The positive predictive value (PPV) of CTC for advanced neoplasia also 260 

increased in line with the number of positive FOBt windows, presumably partly 261 

because cancers and large adenomas bleed more[20] and partly because of 262 

higher disease prevalence. The anatomical location of detected cancers (i.e. 263 

just over 70% left-sided) was very similar to that described in prior reports of 264 

FOBt screening[4,21]. We found there was no difference in FOBt-positivity for 265 

left- and right-sided cancers, contrasting with a colonoscopy report 266 

documenting greater FOBt-positivity for right-sided cancers[9]. There are 267 

many possible explanations for this, including differences in populations under 268 

investigation, variable sensitivity of CTC and colonoscopy for right- and left-269 

sided lesions and underpowering due to the relatively small number of 270 

cancers included.  271 

 272 



The main limitation of our study is the fact that the true disease status of 273 

screenees who underwent CTC alone is unknown, since those having 274 

negative CTC were not investigated further. Theoretically, any bias might be 275 

greater in screenees with weakly positive FOBt results, since they may have 276 

more subtle, early stage lesions, perhaps more easily missed by CTC. 277 

However, since our findings are consistent with the colonoscopy literature[7], 278 

it seems unlikely that this is the sole explanation for detection varying 279 

according to FOBt positivity. Nonetheless, given prior concerns regarding the 280 

low detection rate of CTC compared to colonoscopy in the English BCSP[11], 281 

we would caution against concluding that the true rate of cancer in those with 282 

a single FOBt-positive window is as low as reported here: We do not know the 283 

rate of missed cancers. Even so, irrespective of the absolute rates of cancer 284 

and advanced neoplasia, the fact that there is a considerably lower 285 

prevalence of these significant lesions in screenees with small amounts of 286 

FOBt positivity supports the hypothesis that specifically targeting CTC to 287 

these individuals may be beneficial; this area should be the subject of further 288 

study. An additional limitation is sample size: Although this is (to our 289 

knowledge) the largest reported series of CTC in FOBt-positive patients, the 290 

absolute number of cancers is relatively small at 228, meaning differences in 291 

cancer location or stage according to number of positive FOBt windows may 292 

be undetected due to low statistical power. Although data regarding FOBt 293 

status and location of cancers were almost complete, cancer staging 294 

information was frequently missing from the BCSP database. Finally, as with 295 

any central database, conclusions are dependent on the accuracy of the data 296 



recorded: Although audit suggests accuracy of data input exceeds 90%, this 297 

may not be universal. 298 

 299 

In summary, we found that both the detection rate of CTC and its positive 300 

predictive value for advanced neoplasia increase in line with the number 301 

of positive windows in screenees testing positive for FOBt. In contrast, 302 

cancer stage and location were unrelated to the magnitude of FOBt 303 

positivity. Future studies should consider the effect on compliance and 304 

screening cost-effectiveness of CTC for lower risk patients, who are relatively 305 

less likely to harbor advanced neoplasia. 306 

307 



Figure Legend 308 

 309 

Figure: Left vertical axis: Percentage of screenees with cancer (triangle) or 310 

advanced neoplasia (circle). Right vertical axis: Postive predictive value of 311 

CTC for advanced neoplasia (diamond) 312 

313 
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Table 1 – Demographics and overall FOBt result for included participants 
 
 

  Average number of positive FOBt windows Overall Total 
(any 
positive 
FOBt 
result) 
 

Number of 
screened 
individuals 

 
 
1 

 
 
2 

 
 
3 

 
 

4 

 
 

5 

 
 
6 

 
 

Unknown 

Weakly 
positive 
(1-4 
windows) 

Strongly 
positive 
(5 or 6 
windows) 

 
Males 
(% of all 
males) 
 

 
667 

(26.8) 

 
734 

(29.5) 

 
394 

(15.8) 

 
162 
(6.5) 

 
210 
(8.4) 

 
317 

(12.7) 

 
8 

(0.32) 

 
2039 
(81.8) 

 
453 

(18.2) 

 
2492 

Females 
(% of all 
females) 
 

534 
(25.3) 

689 
(32.7) 

318 
(15.1) 

147 
(7.0) 

178 
(8.4) 

238 
(11.3) 

5 
(0.24) 

1749 
(82.9) 

360 
(17.1) 

2109 

 
Both 
sexes (% 
of total) 

 
1201 
(26.1) 

 
1423 
(30.9) 

 
712 

(15.5) 

 
309 
(6.7) 

 
388 
(8.4) 

 
555 

(12.1) 

 
13 

(0.28) 

 
3788 
(82.3) 

 
813 

(17.7) 

 
4601 

 

Tables



 
Table 2 – Detection rates of cancer, advanced neoplasia, ≥6mm 
radiologically-suspected lesions and per-patient positive predictive value 
(PPV) according to gender and average number of positive FOBt windows. 
Percentages use the number of screenees of the relevant gender and FOBt 
result as the denominator (see Table 1). 
 
 

 Average number of positive FOBt windows  Overall Total 
(any 
positive 
FOBt 
result) 

  
 
1 

 
 
2 

 
 
3 

 
 
4 
 

 
 
5 

 
 
6 

Weakly 
positive  
(1-4 
windows) 

Strongly 
positive 
(5 or 6 
windows) 

Both sexes          
Cancer (%) 30 

(2.5) 
 

37 
(2.6) 

30 
(4.2) 

34 
(11.0) 

38 
(9.8) 

58 
(10.5) 

150 
(4.0) 

78 
(9.6) 

228 
(5.0) 

Advanced 
neoplasia 
(%) 
 

174 
(14.5) 

206 
(14.5) 

146 
(20.5) 

78 
(25.2) 

96 
(24.7) 

135 
(24.3) 

641 
(16.9) 

195 
(24.0) 

836 
(18.2) 

Any 
radiology 
lesion 
≥6mm (%) 
 

226 
(18.8) 

309 
(21.7) 

197 
(27.7) 

110 
(35.6) 

109 
(28.1) 

174 
(31.4) 

883 
(23.3) 

243 
(29.9) 

1126 
(24.5) 

PPV for 
advanced 
neoplasia 
(95% CI) 
 

77.0 
(71.1-
82.0) 

66.7 
(61.2-
71.7) 

74.1 
(67.6-
80.0) 

70.9 
(61.8-
78.6) 

88.1 
(80.6-
92.9) 

77.6 
(70.8-
83.1) 

72.6 
(70.0-
75.4) 

80.2 
(74.8-
84.8) 

74.2 
(71.6-
76.7) 

Males          
Cancer (%) 24 

(3.6) 
 

19 
(2.6) 

19 
(4.8) 

22 
(13.6) 

24 
(11.4) 

46 
(14.5) 

98 
(4.8) 

57 
(12.6) 

155 
(6.2) 

Advanced 
neoplasia 
(%) 
 

125 
(18.7) 

133 
(18.1) 

97 
(24.6) 

45 
(27.8) 

63 
(30.0) 

102 
(32.2) 

426 
(20.9) 

140 
(30.9) 

566 
(22.7) 

Any 
radiology 
lesion 
≥6mm (%) 
 

140 
(21.0) 

182 
(24.8) 

128 
(32.5) 

59 
(36.4) 

68 
(32.4) 

118 
(37.2) 

536 
(26.3) 

160 
(35.3) 

696 
(27.9) 

PPV for 
advanced 
neoplasia 
(95%CI) 
 

89.3 
(83.1-
93.4) 

73.1 
(66.2-
79.0) 

75.8 
(67.7-
82.4) 

76.3 
(64.0-
85.3) 

92.6 
(83.9-
96.8) 

86.4 
(79.1-
91.5) 

79.5 
(75.9-
82.7) 

87.5 
(81.5-
91.8) 

81.3 
(78.3-
84.0) 

Females          
Cancer (%) 6 

(1.1) 
18 
(2.6) 

11 
(3.5) 

12 
(8.2) 

14 
(7.9) 

12 
(5.0) 

52 
(3.0) 

21 
(5.8) 
 

73 
(3.5) 

Advanced 
neoplasia 
(%) 
 

49 
(9.2) 

73 
(10.6) 

49 
(15.4) 

33 
(22.4) 

33 
(18.5) 

33 
(13.9) 

215 
(12.3) 

55 
(15.3) 

270 
(12.8) 

Any 86 127 69 51 41 56 347 83 430 



radiology 
lesion 
≥6mm (%) 
 

(16.1) (18.4) (21.7) (34.7) (23.0) (23.5) (19.8) (23.1) (20.4) 

PPV for 
advanced 
neoplasia 
(95%CI) 
 

57.0 
(46.4-
66.9) 

57.5 
(48.8-
65.7) 

71.0 
(59.4-
80.0) 

64.7 
(51.0-
76.4) 

80.5 
(66.0-
90.0) 

58.9 
(45.9-
70.8) 

62.0 
(56.7-
66.9) 

66.3 
(55.6-
75.5) 

62.8 
(58.1-
67.2) 

 
 



 
Table 3 – Factors associated with diagnosis of cancer, advanced neoplasia 
and any ≥6mm radiologically-diagnosed lesion following a positive FOBt 
result, derived by logistic regression and expressed as odds ratios.  
 
 
  Cancer 

(95%CI) 
p Advanced 

neoplasia 
(95%CI) 

p Any 
≥6mm 
radiology 
lesion 
(95%CI) 
 

p 

Considering the FOBt result as a linear variable (i.e. 1 to 6 positive windows) 
 

Age (per year 
increase) 

1.06 (1.03-
1.09) 

<0.001 1.03 (1.01-
1.05) 

<0.001 1.04 (1.03-
1.06 

<0.001 

Male sex (vs 
female) 
 

1.82 (1.37-
2.43) 

<0.001 2.00 (1.71-
2.35) 

<0.001 1.52 (1.32-
1.74) 

<0.001 

Number of 
positive FOBt 
windows (per 
additional positive 
window) 
 

1.41 (1.31-
1.52) 

<0.001 1.17 (1.12-
1.23) 

<0.001 1.16 (1.11-
1.21) 

<0.001 

Considering the FOBt result as a binary variable (i.e. weakly or strongly positive) 
 

Age (per year 
increase) 

1.06 (1.03-
1.09) 
 

<0.001 1.03 (1.01-
1.05) 

<0.001 1.04 (1.03-
1.06) 

<0.001 

Male sex (vs 
female) 

1.83 (1.37-
2.43) 
 

<0.001 2.00 (1.70-
2.34) 

<0.001 1.52 (1.32-
1.74) 

<0.001 

Strongly positive 
FOBt result (vs 
weakly positive) 
 

2.56 (2.21-
2.96) 

<0.001 1.56 (1.29-
1.87) 

<0.001 1.42 (1.19-
1.68) 

<0.001 

 



Table 4 – Number (percentage) of patients with cancer of each Duke’s stage, 
according to degree of FOBt positivity. Percentages use the total number of 
patients with a given FOBt result as the denominator. 
 
  

 Average number of positive FOBt windows Overall FOBt result Total 
Duke’s 
stage 

1 2 3 4 5 6 Weakly 
positive 

Strongly 
positive 

 

A 
(%) 

9 
(26.5) 

9 
(24.3) 

6 
(20.0) 

9 
(26.5) 

11 
(28.9) 

8 
(13.8) 

37 
(24.7) 

15 
(19.2) 

52 
(22.8) 

B 
(%) 

7 
(20.6) 

8 
(21.6) 

7 
(23.3) 

9 
(26.5) 

9 
(23.7) 

21 
(36.2) 

36 
(24.0) 

25 
(32.1) 

61 
(26.8) 

C 
(%) 

3 
(8.8) 

8 
(21.6) 

6 
(20.0) 

7 
(20.6) 

4 
(11.5) 

12 
(20.7) 

26 
(17.3) 

14 
(17.9) 

40 
(17.5) 

D 
(%) 

2 
(5.9) 

0 
(0.0) 

0 
(0.0) 

2 
(5.9) 

2 
(5.3) 

5 
(8.6) 

5 
(3.3) 

6 
(7.7) 

11 
(4.8) 

Missing 
(%) 

10 
(29.4) 

12 
(32.4) 

11 
(36.7) 

7 
(20.6) 

12 
(31.6) 

12 
(20.7) 

46 
(30.7) 

18 
(23.1) 

64 
(28.1) 

Total 
(%) 

31 
(100) 

37 
(100) 

30 
(100) 

34 
(100) 

38 
(100) 

58 
(100) 

150 
(100) 

78 
(100) 

228 
(100) 

 
 



Highlights: 
1. Detection rates at CTC increase with higher levels of fecal occult blood 

(FOB) 

2. Positive predictive value of CTC increases with greater FOB positivity 

3. Stage and location of cancers are not affected by magnitude of FOB 

positivity. 

4. CTC may be valuable for otherwise low-risk patients with small amounts of 

FOB. 

 

Highlights


