
Bruk av test for blod i avføringen i klinikken 
og Tarmscreeningprogrammet

Øyvind Holme
Overlege Sørlandet Sykehus Kristiansand
Førsteamanuensis, Universitetet i Oslo

Nasjonal koordinator for Tarmscreeningprogrammet



Tarmkreft i verden



Tarmkreft i skandinavia

Norge

Sverige

Danmark



Risikofaktorer for tarmkreft



Tarmkreft utvikles fra polypper

www.hopkinscoloncancercenter.org



Symptomer på tarmkreft

• Magesmerter
• Blod i avføringen
• Endret avføringsmønster
• Slapphet
• Vekttap
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Positiv prediktiv verdi av symptomer
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Personer med synlig blod i avføringen

0
10
20
30
40
50
60
70
80
90

100

Med tarmkreft Med blod i avføringen

%



Pakkeforløp hos 9822 pasienter (England): 
De fleste har ingen funn!
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Bowel cancer screening

open to recruitment. Data on symptoms were extracted from 
NICE NG12 2WW and DG30 referral criteria completed on 
the referral form by primary care clinicians.1 2 Patients referred 
urgently on a 2WW pathway without meeting NICE criteria 

due to clinical concerns were classified as ‘others’ and included 
in the analysis. Since patients are often referred with multiple 
symptoms or signs, a hierarchy was created to match one crite-
rion to each patient, based on clinical estimation of positive 
predictive values (PPV). NG12 criteria were ranked in impor-
tance as follows: abdominal mass, iron- deficiency anaemia (IDA) 
(patients over 60 years), rectal bleeding, change in bowel habit 
(over 60) and abdominal pain and weight loss. DG30 criteria, 
were ranked in importance as follows: IDA (under 60), non- IDA, 
abdominal pain or weight loss, change in bowel habit (under 60).

Patients were identified by the central study team or local 
cancer research network (CRN) team once they had been 
booked for colonoscopy and contacted by post or telephone 
and invited to participate in the study. Patients were sent an FIT 
specimen collection device and asked to collect one sample of 
faeces prior to commencing bowel preparation for their colo-
noscopy. A first- class return envelope was enclosed for patients 
to post their sample directly to the study laboratory. Patients 
initially provided written consent, and after approval from the 
National Confidentiality Advisory Group, gave implied consent 
by returning an FIT sample.

Patients were not included if they did not return an FIT sample, 
did not have a complete colonoscopy unless due to CRC, were 
retriaged to another investigation (eg, flexible sigmoidoscopy or 
CT), or withdrew consent. Patients due to undergo colonoscopy 
within 3 days of identification were not invited to participate in 
the study, as there would not have been sufficient time to return 
a sample. In the original NG12 guidance,1 NICE recommended 
that patients with low risk bowel symptoms were tested with 
a guiac- based faecal occult blood test (gFOBT) prior to 2WW 
referral. In many regions, these patients were referred on 2WW 
pathways without gFOBT due to concerns over its poor sensi-
tivity for CRC,18 and therefore, were eligible for inclusion. 
During this study, NICE recommended that low risk patients, as 
defined in DG30,2 were triaged in primary care with FIT prior to 
2WW referral. This guidance was not fully implemented during 
this study, but those low- risk patients who were tested with FIT 
in primary care prior to referral were not included.

Index test and reference standard
FIT analysis was performed at one centralised laboratory 
where staff were blinded to patient clinical information. One 
HM- JACKarc analytical system (Hitachi Chemical Diagnostics 
Systems, Tokyo, Japan, supplied by Alpha Labs, Eastleigh, Hants, 
UK) was used to analyse all samples. The analytical working 
range is 7–400 µg/g. The limit of detection (LoD) of the assay 
is 2 µg/g and the limit of quantitation is 7 µg/g. NICE recom-
mended an f- Hb cut- off of 10 µg/g in the DG30 guidelines.2 In 
accordance with previous publications on FIT, we chose the LoD 
and the f- Hb cut- off recommended in NICE DG30 as cut- offs 
to investigate sensitivity. To investigate the specificity and PPV 
at higher f- Hb, we also chose a higher cut- off of 150 µg/g that 
had previously been reported to predict high rates of signifi-
cant pathology.19 FIT specimen collection and handling, quality 
management and result handling was conducted and reported 
according to recent guidelines for studies on FIT20 (see online 
supplemental appendix), using recommended analytical perfor-
mance specifications.5 FIT samples that were unsuitable for 
analysis (collection device over or underfilled, or unavailable for 
analysis for more than 14 days) or performed after the colonos-
copy were not included in the study.

Colonoscopy was chosen as the reference standard since 
it is acknowledged to be the gold- standard investigation for 

Table 1 Patient demographics
N %

Total 9822 100
Sex
  Women 5394 54.9
  Men 4428 45.1
Age (years)
  Mean 64.0
  SD 11.9
  Minimum 17
  Median 65
  Maximum 97
Age group (years)
  <40 361 3.7
  41–50 940 9.6
  51–60 2226 22.7
  61–70 3033 30.9
  >70 3262 33.2
Ethnicity
  White 7453 75.9
  Asian 614 6.3
  Black 365 3.7
  Mixed 58 0.6
  Chinese 42 0.4
  Other* 1103 11.2
Index of deprivation
  Mean 6.22
  SD 2.62
  Median 6
Symptom risk category
  High- medium (NG12) 7194 73.2
  Low (DG30) 1994 20.3
  Other† 634 6.5

*Other ethnicity: any other ethnic group, not- specified.
†Other symptoms: patients referred urgently with symptoms of suspected CRC not 
meeting existing NG12 or DG30 criteria.
CRC, colorectal cancer.

Table 2 Frequency of pathology findings at colonoscopy in 
symptomatic patients referred via 2WW pathways
Diagnosis N %

Normal 3079 31.3
Low risk adenoma 2321 23.6
Diverticular disease 2294 23.4
Perianal disease* 723 7.4
Inflammatory bowel disease 427 4.3
High- risk adenoma 421 4.3
Colorectal cancer 329 3.3
Microscopic colitis 152 1.5
Other† 53 0.5
Angiodysplasia 23 0.2

*Perianal disease: anal fissure, anal fistula, haemorrhoids or solitary rectal ulcer.
†Other: findings included melanosis Coli, parasites, lipoma.
2WW, 2 weeks wait.
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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Kan test for blod i avføringen hjelpe oss?

• Kan F-Hb hjelpe fastlegene i diagnostisk utredning og henvisning?
• Kan F-Hb hjelpe sykehuslegene til å prioritere?



F-Hb bedre enn det meste annet!

mathematical formula to calculate the COLONPRE-
DICT score is as follows: 0.789 × rectal bleeding + 0.536 ×
change in bowel habit + 2.694 × rectal mass − 1.283 × be-
nign anorectal lesions + 2.831 × f-Hb ≥20 μg/g of faeces
+ 1.561 × b-Hb <10 g/dL + 0.588 × b-Hb 10–12 g/dL +
1.511 × CEA ≥3 ng/mL + 0.040 × age (years) + 0.813 ×
sex (male) − 2.073 × previous colonoscopy (last 10 years)
− 0.849 × continuous treatment with aspirin. The intercept
of the logistic regression that the COLONPREDICT Score
is based on is −7.807. As an example, a 70-year-old man
with rectal bleeding, no change in bowel habit, haemor-
rhoids with no rectal mass on anorectal examination, no
previous colonoscopy, continuous treatment with aspirin,
serum CEA = 0.2 ng/mL, b-Hb =14 g/dL and a f-Hb of
50 μg/g of faeces would have a COLONPREDICT score
of 5.1.
The R2 of our prediction model was 0.55 and the

AUC was 0.92 (95 % CI 0.91–0.93). The AIC and BIC
were 1213 and 1220. Previously we performed several
prediction models with different combinations of vari-
ables. We show some of the prediction models evaluated
as an example: FIT and rectal mass (AUC 0.85, 95 % CI
0.80–0.85); FIT, CEA, blood haemoglobin and rectal
mass (AUC 0.88, 95 % CI 0.86–0.9); and FIT, age, sex,
CEA, blood haemoglobin, rectal mass and previous col-
onoscopy (AUC 0.90, 95 % CI 0.88–0.92). All of them

had a significantly inferior discriminatory ability when
compared with the final COLONPREDICT model. Fi-
nally, a prediction model with the same variables as the
COLONPREDICT score but with f-Hb introduced in
four strata (undetectable, between 0 and 20 μg Hb/g fae-
ces, between 20 and 200 μg Hb/g faeces, and at least
200 μg Hb/g faeces) had the same discriminatory ability
as the final model (AUC 0.92, 95 % CI 0.91–0.94).

Diagnostic accuracy of the model
We compared the discriminatory ability of our predic-
tion model with the NICE referral criteria. Overall, the
AUC of the COLONPREDICT score was significantly
higher than the NICE referral criteria (0.59, 95 % CI
0.55–0.63; p < 0.001), as shown in Fig. 3. The example
thresholds of the b-coefficient of our prediction model
with 90 % and 99 % sensitivity were 5.6 and 3.5, respect-
ively. When comparing the sensitivity and the specificity
with the NICE referral criteria, the COLONPREDICT
score had higher sensitivity at both thresholds. In con-
trast, the COLONPREDICT score was less specific than
the NICE referral criteria at the 3.5 threshold. The
diagnostic accuracy analysis for CRC detection of the
NICE referral criteria and the COLONPREDICT score
is shown in Table 2. At the example threshold with
50 % sensitivity, the sensitivity, specificity, PPV, negative

Fig. 2 Variables included in the COLONPREDICT model. The relationship with colorectal cancer risk in the multivariate logistic regression model is
expressed as the odds ratio (OR) and its 95 % confidence interval (CI). CEA carcinoembryonic antigen; Prev previous
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predictive value (NPV) and number of positives were
53.1 % (46.1–59.9), 96.5 (95.3–97.4), 71.1 % (63.3–77.8),
92.7 % (91.1–94.0) and 10.4 %. In the same way, at the ex-
ample threshold with 90 % specificity, the sensitivity, spe-
cificity, PPV, NPV and number of positives were 77.5 %
(71.1–82.8), 89.3 % (87.4–90.9), 53.9 % (48.2–59.6), 96.1 %
(94.8–97.1) and 20.0 %

We also analysed the discriminatory ability of the
COLONPREDICT score for AN and SCL detection in
symptomatic patients. The AUC of the model was 0.83
(0.80–0.85) and 0.82 (0.80–0.84), respectively. The ana-
lysis of the sensitivity and specificity at the two example
thresholds is shown in Table 3. According to these
thresholds, we divided our derivation cohort into three
risk groups: high, intermediate and low. We show the
diagnostic yield of this classification for CRC, AN and
SCL detection in Table 4. In sum, while the number
needed to endoscopy to detect a CRC or a SCL was 603
and 11.8 in the low-risk group, the number needed to
endoscopy to detect a CRC or a SCL in the high-risk
group was 2.5 and 1.6, respectively. The odds ratio (OR)
in the high-risk group for CRC detection was 17 (95 %
CI 10.5–27) when compared with the intermediate-risk
group and 413 (95 % CI 57.5–2961) when compared
with the low-risk group. In the same way, patients in the
high-risk group had more risk than intermediate- (OR
4.9, 95 % CI 3.7–6.5) and low-risk groups (OR 17.2,
95 % CI 12.3–24.3) for SCL detection.

Validation of the prediction model
The validation cohort consisted of 1481 patients referred
for colonoscopy in 11 hospitals in Spain between March
2014 and March 2015. We show the characteristics of
the validation cohort and its comparison with the deriv-
ation cohort in Table 5. The validation cohort differed
from the derivation cohort with respect to age, primary
health care referral, symptoms, treatment with aspirin,
benign anorectal lesions, a positive FIT result (≥20 μg
Hb/g of faeces), caecal intubation and CRC prevalence.
FIT was measured with a qualitative test (HEM-CHECK-2,

Fig. 3 Receiver-operating characteristic (ROC) curve of the
COLONPREDICT model and the National Institute for Health and
Care Excellence (NICE) criteria for colorectal cancer detection in the
derivation cohort. The area under the curve (AUC) of the ROC
curves are compared with the Chi-square homogeneity area test.
CI confidence interval

Table 2 Diagnostic accuracy of the National Institute for Health and Care Excellence referral criteria and its comparison with the
COLONPREDICT score at the thresholds with 90 % (5.6) and 99 % (3.5) sensitivity for colorectal cancer detection in the derivation cohort

NICE referral criteria COLONPREDICT score ≥5.6 COLONPREDICT score ≥3.5

Number positives 52.2 % 30.9 % 60.5 %

Sensitivitya 68.2 % (61.5–74.3) 90.1 % (85.1–93.6) 99.5 % (97.0–100.0)

Significanceb <0.001 <0.001

Specificitya 50.3 % (47.6–53.0) 78.7 % (76.4–80.9) 45.8 % (43.1–48.2)

Significancec <0.001 <0.001

Positive predictive valuea 17.8 % (15.3–20.6) 40.7 % (36.2–45.3) 22.9 % (20.3–25.8)

Negative predictive valuea 91.0 % (89–93) 98.0 % (96.9–98.7) 99.8 % (98.9–100.0)

Positive likelihood ratiod 1.4 (1.2–1.5) 4.2 (3.8–4.7) 1.8 (1.7–1.9)

Negative likelihood ratiod 0.6 (0.5–0.8) 0.1 (0.08–0.2) 0.01 (0.0–0.07)

Diagnostic odds ratiod 2.2 (1.6–2.9) 33.8 (21.1–54.0) 179 (25–1280)
aValues are expressed as the percentage and its 95 % confidence interval
bSignificance of the sensitivity differences when compared with the NICE referral criteria in the McNemar’s test. Differences with p < 0.05 are considered
statistically significant
cSignificance of the specificity differences when compared with the NICE referral criteria in the McNemar’s test. Differences with p < 0.05 are considered
statistically significant
dValues are expressed as the absolute number and its 95 % confidence interval
NICE National Institute for Health and Care Excellence
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Meta-analyse fra primærhelsetjenesten

• 22 studier: 69 000 pasienter med mageplager

Terskelverdi Tarmkreft

mcg Hb/g feces Sensitivitet Spesifisitet

> 10 0,87 (0,81-0,92) 0,84 (0,79-0,88)

> 20 0,84 (0,79-0,88) 0,87 (0,76-0,93)

> 150 0,64 (0,58-0,70) 0,95 (0,91-0,97)
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Kan f-Hb brukes til risiko-stratifisering?
Pasienter henvist med symptomer 

og som leverte FIT (n=1000)

F-Hb< 10
(n=904)

F-Hb>10
(n=96)

5Mowat C, et al. BMJ Open Gastro 2019;6:e000293. doi:10.1136/bmjgast-2019-000293

Open access

Figure 2 Number of faecal immunochemical test (FIT) specimens received per month and percentage with faecal 
haemoglobin concentration (f-Hb) ≥10 µg/g.

Table 1 In"uence of faecal haemoglobin concentration (f-Hb) on clinical decision-making in patients (n, (%)) with new bowel 
symptoms (n=5372)

Total n
f-Hb <10 µg/g
n (%)

f-Hb ≥10 µg/g
n (%) P value†

Patients with valid f-Hb result 5372 4197 (78.1) 1175 (21.9)
Not referred by GP 2521 2403 (95.3) 118 (4.7) <0.001

Acute admission 3 1 (33.3) 2 (66.6)

Referred to secondary care and triaged 2848 1794 (63.0) 1054 (37.0) <0.001

Referral rejected 71 57 (80.3) 14 (19.7) <0.001

Colonoscopy 1381 621 (45.0) 760 (55.0) <0.001

      Routine 345 258 (74.8) 87 (25.2) <0.001

      Urgent 617 268 (43.4) 349 (56.6) 0.0011

       Urgent suspected cancer 419 95 (22.7) 324 (77.3) <0.001

Gastroenterology clinic 672 521 (77.5) 151 (22.5) <0.001

Sigmoidoscopy 462 373 (80.7) 89 (19.3) <0.001

Upper GI endoscopy only 138 127 (92.0) 11 (8.0) <0.001

CT colonoscopy 83 62 (74.7) 21 (25.3) <0.001
Other clinic* 41 33 (80.5) 8 (19.5) <0.001

*Other clinic encompasses referrals to general surgical (25), liver (8), pelvic "oor (3), in"ammatory bowel disease (IBD, 3), paediatrics (1) and 
genetics (1) clinics.
†χ2 test.
GI, gastrointestinal; GP, general practitioner.

the consultant gastroenterologist prior to colonic inves-
tigation: 166 referrals were upgraded on the basis of the 
f-Hb ≥10 µg/g in which the yield of SBD was 33.7% (17 
CRC, 14 IBD and 25 HRA). Forty-four patients had their 
referral downgraded based on f-Hb <10 µg/g from either 
‘urgent’ or ‘urgent suspected cancer’ to ‘routine’; only 
two of these patients had SBD (both HRA). Thirty-two 
patients who had f-Hb <10 µg/g were upgraded on the 
basis of symptoms and patient history only; three had HRA 
and one patient had IBD.

The electronic patient record review of the 2521 
FIT samples not associated with an immediate referral 
revealed 95.3% recorded f-Hb <10 µg/g. Median age 63 
years (IQR: 2–99), 57.8% female. Over a median follow-up 
period of 11 months (range: 0–18), 183 (7.2%) were 
subsequently referred to the colorectal service; 27 (1.1%) 
attended the primary care OOH service with ongoing 

symptoms, but were not referred; 23 patients (0.9%) were 
admitted acutely; 9 patients tested positive on participa-
tion in the Scottish Bowel Screening Programme; 5 were 
recalled for a CRC surveillance colonoscopy, and 4 were 
referred to paediatric clinics. In total, 124 patients ulti-
mately completed bowel investigations. There were 15 
cases of SBD subsequently diagnosed (incidence: 0.6%); 
4 cases of CRC (incidence: 0.2%), 5 cases of HRA and 
6 new cases of IBD. All four CRC cases were associated 
with an initial f-Hb <10 µg/g. One 88-year-old patient 
with a progressive normocytic anaemia on rivaroxaban 
was referred 10 months later after a repeat FIT recorded 
f-Hb ≥400 µg/g: investigations revealed a Dukes C 
sigmoid cancer and locally advanced prostate cancer. 
Another patient who initially presented with abdominal 
pain was admitted 12 months later with obstructive symp-
toms with CT revealing a Dukes C CRC at the splenic 
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Kan f-Hb brukes til risiko-stratifisering?
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F-Hb< 10
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F-Hb>10
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(0,1 %)
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(10 %)
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.

Protected by copyright.
 on Septem

ber 7, 2021 at O
slo Universitetssykehus HF, M

edisinsk Bibliotek.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2020-321956 on 21 O

ctober 2020. Downloaded from
 

1133D'Souza N, et al. Gut 2021;70:1130–1138. doi:10.1136/gutjnl-2020-321956

Bowel cancer screening

colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
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95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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Figure 2 Number of faecal immunochemical test (FIT) specimens received per month and percentage with faecal 
haemoglobin concentration (f-Hb) ≥10 µg/g.

Table 1 In"uence of faecal haemoglobin concentration (f-Hb) on clinical decision-making in patients (n, (%)) with new bowel 
symptoms (n=5372)

Total n
f-Hb <10 µg/g
n (%)

f-Hb ≥10 µg/g
n (%) P value†

Patients with valid f-Hb result 5372 4197 (78.1) 1175 (21.9)
Not referred by GP 2521 2403 (95.3) 118 (4.7) <0.001

Acute admission 3 1 (33.3) 2 (66.6)

Referred to secondary care and triaged 2848 1794 (63.0) 1054 (37.0) <0.001

Referral rejected 71 57 (80.3) 14 (19.7) <0.001

Colonoscopy 1381 621 (45.0) 760 (55.0) <0.001

      Routine 345 258 (74.8) 87 (25.2) <0.001

      Urgent 617 268 (43.4) 349 (56.6) 0.0011

       Urgent suspected cancer 419 95 (22.7) 324 (77.3) <0.001

Gastroenterology clinic 672 521 (77.5) 151 (22.5) <0.001

Sigmoidoscopy 462 373 (80.7) 89 (19.3) <0.001

Upper GI endoscopy only 138 127 (92.0) 11 (8.0) <0.001

CT colonoscopy 83 62 (74.7) 21 (25.3) <0.001
Other clinic* 41 33 (80.5) 8 (19.5) <0.001

*Other clinic encompasses referrals to general surgical (25), liver (8), pelvic "oor (3), in"ammatory bowel disease (IBD, 3), paediatrics (1) and 
genetics (1) clinics.
†χ2 test.
GI, gastrointestinal; GP, general practitioner.

the consultant gastroenterologist prior to colonic inves-
tigation: 166 referrals were upgraded on the basis of the 
f-Hb ≥10 µg/g in which the yield of SBD was 33.7% (17 
CRC, 14 IBD and 25 HRA). Forty-four patients had their 
referral downgraded based on f-Hb <10 µg/g from either 
‘urgent’ or ‘urgent suspected cancer’ to ‘routine’; only 
two of these patients had SBD (both HRA). Thirty-two 
patients who had f-Hb <10 µg/g were upgraded on the 
basis of symptoms and patient history only; three had HRA 
and one patient had IBD.

The electronic patient record review of the 2521 
FIT samples not associated with an immediate referral 
revealed 95.3% recorded f-Hb <10 µg/g. Median age 63 
years (IQR: 2–99), 57.8% female. Over a median follow-up 
period of 11 months (range: 0–18), 183 (7.2%) were 
subsequently referred to the colorectal service; 27 (1.1%) 
attended the primary care OOH service with ongoing 

symptoms, but were not referred; 23 patients (0.9%) were 
admitted acutely; 9 patients tested positive on participa-
tion in the Scottish Bowel Screening Programme; 5 were 
recalled for a CRC surveillance colonoscopy, and 4 were 
referred to paediatric clinics. In total, 124 patients ulti-
mately completed bowel investigations. There were 15 
cases of SBD subsequently diagnosed (incidence: 0.6%); 
4 cases of CRC (incidence: 0.2%), 5 cases of HRA and 
6 new cases of IBD. All four CRC cases were associated 
with an initial f-Hb <10 µg/g. One 88-year-old patient 
with a progressive normocytic anaemia on rivaroxaban 
was referred 10 months later after a repeat FIT recorded 
f-Hb ≥400 µg/g: investigations revealed a Dukes C 
sigmoid cancer and locally advanced prostate cancer. 
Another patient who initially presented with abdominal 
pain was admitted 12 months later with obstructive symp-
toms with CT revealing a Dukes C CRC at the splenic 

5Mowat C, et al. BMJ Open Gastro 2019;6:e000293. doi:10.1136/bmjgast-2019-000293
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Figure 2 Number of faecal immunochemical test (FIT) specimens received per month and percentage with faecal 
haemoglobin concentration (f-Hb) ≥10 µg/g.

Table 1 In"uence of faecal haemoglobin concentration (f-Hb) on clinical decision-making in patients (n, (%)) with new bowel 
symptoms (n=5372)

Total n
f-Hb <10 µg/g
n (%)

f-Hb ≥10 µg/g
n (%) P value†

Patients with valid f-Hb result 5372 4197 (78.1) 1175 (21.9)
Not referred by GP 2521 2403 (95.3) 118 (4.7) <0.001

Acute admission 3 1 (33.3) 2 (66.6)

Referred to secondary care and triaged 2848 1794 (63.0) 1054 (37.0) <0.001

Referral rejected 71 57 (80.3) 14 (19.7) <0.001

Colonoscopy 1381 621 (45.0) 760 (55.0) <0.001

      Routine 345 258 (74.8) 87 (25.2) <0.001

      Urgent 617 268 (43.4) 349 (56.6) 0.0011

       Urgent suspected cancer 419 95 (22.7) 324 (77.3) <0.001

Gastroenterology clinic 672 521 (77.5) 151 (22.5) <0.001

Sigmoidoscopy 462 373 (80.7) 89 (19.3) <0.001

Upper GI endoscopy only 138 127 (92.0) 11 (8.0) <0.001

CT colonoscopy 83 62 (74.7) 21 (25.3) <0.001
Other clinic* 41 33 (80.5) 8 (19.5) <0.001

*Other clinic encompasses referrals to general surgical (25), liver (8), pelvic "oor (3), in"ammatory bowel disease (IBD, 3), paediatrics (1) and 
genetics (1) clinics.
†χ2 test.
GI, gastrointestinal; GP, general practitioner.

the consultant gastroenterologist prior to colonic inves-
tigation: 166 referrals were upgraded on the basis of the 
f-Hb ≥10 µg/g in which the yield of SBD was 33.7% (17 
CRC, 14 IBD and 25 HRA). Forty-four patients had their 
referral downgraded based on f-Hb <10 µg/g from either 
‘urgent’ or ‘urgent suspected cancer’ to ‘routine’; only 
two of these patients had SBD (both HRA). Thirty-two 
patients who had f-Hb <10 µg/g were upgraded on the 
basis of symptoms and patient history only; three had HRA 
and one patient had IBD.

The electronic patient record review of the 2521 
FIT samples not associated with an immediate referral 
revealed 95.3% recorded f-Hb <10 µg/g. Median age 63 
years (IQR: 2–99), 57.8% female. Over a median follow-up 
period of 11 months (range: 0–18), 183 (7.2%) were 
subsequently referred to the colorectal service; 27 (1.1%) 
attended the primary care OOH service with ongoing 

symptoms, but were not referred; 23 patients (0.9%) were 
admitted acutely; 9 patients tested positive on participa-
tion in the Scottish Bowel Screening Programme; 5 were 
recalled for a CRC surveillance colonoscopy, and 4 were 
referred to paediatric clinics. In total, 124 patients ulti-
mately completed bowel investigations. There were 15 
cases of SBD subsequently diagnosed (incidence: 0.6%); 
4 cases of CRC (incidence: 0.2%), 5 cases of HRA and 
6 new cases of IBD. All four CRC cases were associated 
with an initial f-Hb <10 µg/g. One 88-year-old patient 
with a progressive normocytic anaemia on rivaroxaban 
was referred 10 months later after a repeat FIT recorded 
f-Hb ≥400 µg/g: investigations revealed a Dukes C 
sigmoid cancer and locally advanced prostate cancer. 
Another patient who initially presented with abdominal 
pain was admitted 12 months later with obstructive symp-
toms with CT revealing a Dukes C CRC at the splenic 
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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De fleste personer med polypper har F-Hb < 10

detected (sensitivity 78.6%, 95% CI 52.4–92.4%). Because of
the much lower prevalence of CRC compared with AN, the
PPVs for CRC were substantially lower for CRC than for AN,
withmaximum levels below 15% even for cut-offs≥25 μgHb/g

feces. Despite the differences in absolute levels of PPV, the
shape of the PPV-cut-off relationship was rather simiIar to the
one seen for AN in that the increase of PPV with cut-offs was
steepest between ~ 5 and 9 μg Hb/g feces, and essentially
leveled off at cut-offs above 25 μg Hb/g feces.

DISCUSSION

In CRC screening practice, quantitative FITs are commonly
used as dichotomous tests, using cut-offs for test positivity
recommended by the manufacturers. The basis for determin-
ing such cut-offs is commonly not known to the users of
quantitative FITs, and simply adopting a specific recom-
mended cut-off may not be the best choice for application of
FITs in many situations. In this article, we provide relevant
information for selecting a cut-off using FOB Gold, a widely
used quantitative FIT.
The cut-off recommended by the manufacturer for this test,

17 μg Hb/g feces, seems to be reasonably high to ensure high
specificity (95%) and a PPV to detect at least one AN of 47% in
subsequent colonoscopy. Nevertheless, our analyses suggest
that lowering this cut-off to 9 μg Hb/g feces may be worthwhile
in screening settings where sufficient colonoscopy capacities
are available, as this would substantially increase the
sensitivity for detecting AN from 36% to almost 50%, albeit
at a modest loss of specificity and PPV. Our data also clearly
show, however, that cut-offs below 9 μg Hb/g feces may not be
meaningful, as prevalence of AN for people with fecal Hb
concentrations between 5 and 9 μgHb/g feceswas even lower
(7%) than prevalence in the entire screening population

Figure 2 Distribution of results of FOB Gold.

Figure 3 Sensitivity, specificity and positive predictive value (PPV) for detecting
participants with advanced neoplasms according to cut-off (solid lines: point
estimates; dashed lines: 95% confidence intervals).
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Selecting a Cut-off for Colorectal Cancer Screening
With a Fecal Immunochemical Test

Hermann Brenner, MD, MPH1,2,3 and Simone Werner, PhD1

OBJECTIVES: Fecal immunochemical tests (FITs) for hemoglobin (Hb) are increasingly used for colorectal cancer (CRC)
screening. However, cut-offs for defining test positivity are varying widely. We aimed to evaluate the impact of cut-off selection on
key indicators of diagnostic performance in a true screening setting.
METHODS: We evaluated diagnostic performance of FOB Gold, a widely used quantitative FIT, for detecting advanced neoplasms
(AN) across a wide range of possible cut-offs among 1822 participants of screening colonoscopy aged 50–79 years in Germany.
RESULTS: The positive predictive value (PPV) for detecting AN showed a very steep increase with increasing cut-off up to 35.2%
(95% CI 29.9–40.9%) at a cut-off of 9 μg Hb/g feces at which sensitivity and specificity were 48.8% (95% CI 42.1–55.6%) and 88.5%
(95% CI 86.8–89.9%), respectively. A further moderate increase of PPV up to 56.9% (95% CI 47.8–65.5%), along with a major
decrease in sensitivity was observed when gradually increasing the cut-off to 25 μg Hb/g feces at which sensitivity and specificity
were 31.9% (95% CI 25.9–38.5%) and 96.9% (95% CI 95.9–97.6%), respectively. Further increases of the cut-off hardly affected PPV
and specificity, but went along with further relevant decline in sensitivity.
CONCLUSIONS: Our study illustrates delineation of a range of meaningful cut-offs (here: 9–25 μg Hb/g feces) according to
expected diagnostic yield in a true screening setting. Selecting a cut-off within or beyond this range should consider
characteristics of the specific target population, such as AN prevalence or available colonoscopy capacity.
Clinical and Translational Gastroenterology (2017) 8, e111; doi:10.1038/ctg.2017.37; published online 3 August 2017
Subject Category: Colon/Small Bowel

INTRODUCTION

Colorectal cancer (CRC) accounts for ~ 700,000 deaths each
year globally.1 A large proportion of these deaths could be
prevented by screening. Randomized controlled trials (RCTs)
have demonstrated the effectiveness of fecal occult blood
testing in reducing CRC incidence and mortality.2–4 The RCTs
which were initiated decades ago had used chemical, guaiac
based fecal occult blood tests (gFOBTs). In the meantime,
fecal immunochemical tests (FITs) for hemoglobin (Hb) have
been developed that have been shown to outperform gFOBTs
in diagnostic performance5–8 and adherence.9 Another
advantage of FITs over gFOBTs is that they are specific to
human hemoglobin, and hence their application does not
require dietary restrictions.10

Given these advantages, FITs are meanwhile a broadly
recommended option for CRC screening, e.g.,11,12 and
FIT-based CRC screening has recently been introduced or is
currently being introduced or expanded in a number of
countries.13 However, a number of features of FIT testing are
subject to ongoing debate, such as the number of feces
samples to be tested,5,14 the best cut-off for positivity5,15 or the
time intervals for FIT-based screening.16,17 For example, in the
Netherlands, a cut-off of 10 μgHb per gram (g) feceswas used
in the pilot studies for FIT-based screening.14 The screening

program initiated in 2014 started with a cut-off at 15 μg Hb/g
feces which was later increased to 47 μg Hb/g feces due to
higher than predicted numbers of positive results.18 In the
United States, a cut-off of 20 μg Hb/g feces is commonly
used.15 The aim of this study was to thoroughly evaluate
diagnostic performance of a widely used quantitative FIT
according to cut-off in a large cohort of participants of
screening colonoscopy in Germany.

METHODS

Study design and study population. Our analysis is based
on data from the BLITZ study, an ongoing study among
participants of screening colonoscopy in Germany aimed to
evaluate diagnostic performance of novel noninvasive or
minimally invasive CRC screening tests (stool tests, blood
tests). Up to two screening colonoscopies 10 years apart are
offered free of charge to people aged 55 and older (no upper
age limit) in Germany since October 2002. Introduction was
accompanied by major efforts of quality assurance, and high
adenoma detection rates at low levels of complication rates
have been achieved on a national level.19,20 Some health
care plans offer a first screening colonoscopy also at younger
ages within specific programs.
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open to recruitment. Data on symptoms were extracted from 
NICE NG12 2WW and DG30 referral criteria completed on 
the referral form by primary care clinicians.1 2 Patients referred 
urgently on a 2WW pathway without meeting NICE criteria 

due to clinical concerns were classified as ‘others’ and included 
in the analysis. Since patients are often referred with multiple 
symptoms or signs, a hierarchy was created to match one crite-
rion to each patient, based on clinical estimation of positive 
predictive values (PPV). NG12 criteria were ranked in impor-
tance as follows: abdominal mass, iron- deficiency anaemia (IDA) 
(patients over 60 years), rectal bleeding, change in bowel habit 
(over 60) and abdominal pain and weight loss. DG30 criteria, 
were ranked in importance as follows: IDA (under 60), non- IDA, 
abdominal pain or weight loss, change in bowel habit (under 60).

Patients were identified by the central study team or local 
cancer research network (CRN) team once they had been 
booked for colonoscopy and contacted by post or telephone 
and invited to participate in the study. Patients were sent an FIT 
specimen collection device and asked to collect one sample of 
faeces prior to commencing bowel preparation for their colo-
noscopy. A first- class return envelope was enclosed for patients 
to post their sample directly to the study laboratory. Patients 
initially provided written consent, and after approval from the 
National Confidentiality Advisory Group, gave implied consent 
by returning an FIT sample.

Patients were not included if they did not return an FIT sample, 
did not have a complete colonoscopy unless due to CRC, were 
retriaged to another investigation (eg, flexible sigmoidoscopy or 
CT), or withdrew consent. Patients due to undergo colonoscopy 
within 3 days of identification were not invited to participate in 
the study, as there would not have been sufficient time to return 
a sample. In the original NG12 guidance,1 NICE recommended 
that patients with low risk bowel symptoms were tested with 
a guiac- based faecal occult blood test (gFOBT) prior to 2WW 
referral. In many regions, these patients were referred on 2WW 
pathways without gFOBT due to concerns over its poor sensi-
tivity for CRC,18 and therefore, were eligible for inclusion. 
During this study, NICE recommended that low risk patients, as 
defined in DG30,2 were triaged in primary care with FIT prior to 
2WW referral. This guidance was not fully implemented during 
this study, but those low- risk patients who were tested with FIT 
in primary care prior to referral were not included.

Index test and reference standard
FIT analysis was performed at one centralised laboratory 
where staff were blinded to patient clinical information. One 
HM- JACKarc analytical system (Hitachi Chemical Diagnostics 
Systems, Tokyo, Japan, supplied by Alpha Labs, Eastleigh, Hants, 
UK) was used to analyse all samples. The analytical working 
range is 7–400 µg/g. The limit of detection (LoD) of the assay 
is 2 µg/g and the limit of quantitation is 7 µg/g. NICE recom-
mended an f- Hb cut- off of 10 µg/g in the DG30 guidelines.2 In 
accordance with previous publications on FIT, we chose the LoD 
and the f- Hb cut- off recommended in NICE DG30 as cut- offs 
to investigate sensitivity. To investigate the specificity and PPV 
at higher f- Hb, we also chose a higher cut- off of 150 µg/g that 
had previously been reported to predict high rates of signifi-
cant pathology.19 FIT specimen collection and handling, quality 
management and result handling was conducted and reported 
according to recent guidelines for studies on FIT20 (see online 
supplemental appendix), using recommended analytical perfor-
mance specifications.5 FIT samples that were unsuitable for 
analysis (collection device over or underfilled, or unavailable for 
analysis for more than 14 days) or performed after the colonos-
copy were not included in the study.

Colonoscopy was chosen as the reference standard since 
it is acknowledged to be the gold- standard investigation for 

Table 1 Patient demographics
N %

Total 9822 100
Sex
  Women 5394 54.9
  Men 4428 45.1
Age (years)
  Mean 64.0
  SD 11.9
  Minimum 17
  Median 65
  Maximum 97
Age group (years)
  <40 361 3.7
  41–50 940 9.6
  51–60 2226 22.7
  61–70 3033 30.9
  >70 3262 33.2
Ethnicity
  White 7453 75.9
  Asian 614 6.3
  Black 365 3.7
  Mixed 58 0.6
  Chinese 42 0.4
  Other* 1103 11.2
Index of deprivation
  Mean 6.22
  SD 2.62
  Median 6
Symptom risk category
  High- medium (NG12) 7194 73.2
  Low (DG30) 1994 20.3
  Other† 634 6.5

*Other ethnicity: any other ethnic group, not- specified.
†Other symptoms: patients referred urgently with symptoms of suspected CRC not 
meeting existing NG12 or DG30 criteria.
CRC, colorectal cancer.

Table 2 Frequency of pathology findings at colonoscopy in 
symptomatic patients referred via 2WW pathways
Diagnosis N %

Normal 3079 31.3
Low risk adenoma 2321 23.6
Diverticular disease 2294 23.4
Perianal disease* 723 7.4
Inflammatory bowel disease 427 4.3
High- risk adenoma 421 4.3
Colorectal cancer 329 3.3
Microscopic colitis 152 1.5
Other† 53 0.5
Angiodysplasia 23 0.2

*Perianal disease: anal fissure, anal fistula, haemorrhoids or solitary rectal ulcer.
†Other: findings included melanosis Coli, parasites, lipoma.
2WW, 2 weeks wait.
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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A study flow diagram is shown in figure 1: NICE FIT study flow 
diagram (adapted from STARD) . Data were not uploaded by the 
local sites for 44 patients were excluded.

Patient demographics are summarised in table 1. The median 
patient age was 65.0 years (IQR 56.0–73.0). Women returned 
54.9% of kits. The most common ethnic groups were white 
(75.9%), other (11.2%) and Asian (6.3%). The median depriva-
tion index score was 6.0 (IQR 4.0–9.0). Patients were referred 
most commonly with high- risk symptoms meeting NG12 criteria 
(73.2%), followed by low- risk symptoms meeting DG30 criteria 
(21.4%) or other symptoms warranting urgent referral (6.4%).

Tests that were older than 14 days or sampled inadequately 
(n=330) could not be analysed. FIT analysis was performed 
within 7 days of sample collection in 94.8% of specimens, and 
within a day of receipt by the laboratory in 94.6% of specimens.

Findings at colonoscopy are reported in table 2. Overall, 
the most prevalent finding at colonoscopy was that no disease 
was detected (31.3%). SBD (CRC, HRA or IBD) was detected 
in 11.9% of patients during colonoscopy. CRC was detected in 
3.3% of patients.

The diagnostic accuracy of FIT for CRC at f- Hb cut- offs of 
2 µg/g, 10 µg/g and 150 µg/g are summarised in table 3. The 
proportion of patients that had positive FIT results at f- Hb cut- 
offs of 2, 10 and 150 µg/g, respectively, decreased significantly 
(p<0.0001) from 37.2% to 19.0% and 7.6%, respectively. At 
the same cut- offs, the PPV for CRC increased from 8.7% (95% 
CI, 7.8% to 9.7%) to 16.1% (95% CI 14.4% to 17.8%) and 
31.1% (95% CI 27.8% to 34.6%), but the sensitivity for CRC 
declined from 97.0% (95% CI 94.5% to 98.5%) to 90.9% (95% 
CI 87.2% to 93.8%) and 70.8% (95% CI 65.6% to 75.7%), 
as illustrated in figure 2. The number needed to scope,24 that 
is, number of individuals required to undergo colonoscopy 
to detect 1 CRC was 11.5, 6.2 and 3.2 at f- Hb cut- offs of 2, 
10 and 150 µg/g, compared with 29.9 for all patients referred 
on the current 2WW pathway. Some CRCs were not detected 
even a cut- off of 2 µg/g, but significantly more CRCs (30 vs 10, 
p=0.0011) were not detected at a cut- off of 10 µg/g. When f- Hb 
was undetectable (<2 µg/g), the PPV for CRC was 0.2% (0.1%–
0.3%), and 617 patients would require colonoscopy to detect 1 
CRC.

The diagnostic accuracy of FIT for SBD is summarised in 
table 4. The sensitivity of FIT for HRA and IBD are significantly 
lower than for CRC at every f- Hb cut- off. The PPV for SBD 

increases significantly at higher f- Hb cut- offs; 24.8% at 2 µg/g, 
39.6% at 10 µg/g and 64.5% at 150 µg/g.

On ROC curve analysis (figure 2), the area under the curve 
(AUC) for CRC was 0.93 (0.92–0.95). Youden’s index, which 
maximises the sum of sensitivity and specificity was 38 µg/g, but 
FIT sensitivity was still optimised at 2 µg/g.

Patients with CRC that had f- Hb <10 µg/g were analysed in 
further detail (table 5). There were no significant differences 
between patients with CRC and f- Hb greater or less than either 
cut- off of 2 µg/g or 10 µg/g with regard to age, sex, deprivation 
or ethnicity, iron and non- IDA or tumour characteristics.

DISCUSSION
This is the first powered, multicentre, double- blinded diagnostic 
accuracy study to demonstrate that FIT can be used to select 
patients with NICE 2WW symptoms for urgent investigation. 
FIT can be used to rule out CRC when f- Hb is undetectable or 
low. FIT sensitivity for CRC is significantly higher at 97% when 
using a lower f- Hb cut- off of the LoD (2 µg/g) compared with 
10 µg/g, the cut- off recommended in NICE DG30. No signifi-
cant difference was found in FIT sensitivity on subgroup analysis 
by age, sex, deprivation, ethnicity and tumour characteristics, 
suggesting FIT can be used in all symptomatic patients that meet 
2WW referral criteria. Employing a higher cut- off for inves-
tigation will result in a smaller group of FIT positive patients 
with a higher PPV or prevalence for CRC, but at the expense of 
detecting fewer CRC; this strategy may be adopted when endos-
copy capacity is restricted or paused as occurred at the height of 
the current COVID-19 pandemic.25 26 The likelihood of cancer 
increases with increasing f- Hb concentrations (above 150 µg/g), 
and consequently, FIT could be used to rule- in cancer or priori-
tise patients for investigation.

The most common finding at colonoscopy in symptom-
atic patients in our study was the absence of disease (31.3%) 
in keeping with other reports on 2WW referrals19 27; FIT can 
appropriately triage these patients off urgent pathways for 
investigation. Importantly, a negative FIT result can be used to 
reassure patients that their symptoms are unlikely to be due to 
CRC because of the high NPV; 99.8% and 99.6% at 2 µg/g and 
10 µg/g, respectively. Patients with symptoms meeting NICE 
criteria and a negative FIT result at these cut- offs have less than 
0.5% chance of CRC; a very low risk, but not no risk. In patients 
with undetectable f- Hb, 617 patients would need to undergo 

Table 4 Diagnostic accuracy of FIT for CRC and SBD at different cut- offs
Risk category FIT positivity Cut- off (µg/g) Sensitivity Specificity PPV NPV

≥2 37.2 CRC 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9)
HRA 65.8 (61.0 to 70.3) 64.1 (63.1 to 65.0) 7.6 (6.7 to 8.5) 97.7 (97.3 to 98.0)
IBD 73.1 (68.6 to 77.2) 64.4 (63.4 to 65.4) 8.5 (7.7 to 9.5) 98.1 (97.8 to 98.5)
SBD 77.1 (74.6 to 79.5) 68.2 (67.2 to 69.2) 24.8 (23.4 to 26.3) 95.6 (95.1 to 96.1)

≥10 19.0 CRC 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7)
HRA 45.4 (40.5 to 50.3) 82.2 (81.4 to 83.0) 10.3 (8.9 to 11.7) 97.1 (96.7 to 97.5)
IBD 57.8 (53.0 to 62.6) 82.8 (82.0 to 83.6) 13.3 (11.8 to 14.9) 97.7 (97.4 to 98.1)
SBD 62.6 (59.8 to 65.4) 87.0 (86.3 to 87.7) 39.6 (37.4 to 41.8) 94.5 (93.9 to 95.0)

≥150 7.6 CRC 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1)
HRA 22.1 (18.2 to 26.4) 93.0 (92.5 to 93.5) 12.4 (10.1 to 15.0) 96.4 (96.0 to 96.8)
IBD 36.8 (32.2 to 41.5) 93.7 (93.2 to 94.2) 21.0 (18.1 to 24.1) 97.0 (96.7 to 97.4)
SBD 41.0 (38.2 to 43.9) 96.9 (96.5 to 97.3) 64.5 (60.9 to 67.9) 92.4 (91.8 to 92.9)

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; HRA, high- risk adenoma; IBD, inflammatory bowel disease; NPV, negative predictive value; PPV, positive predictive value; 
SBD, serious bowel disease.
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open to recruitment. Data on symptoms were extracted from 
NICE NG12 2WW and DG30 referral criteria completed on 
the referral form by primary care clinicians.1 2 Patients referred 
urgently on a 2WW pathway without meeting NICE criteria 

due to clinical concerns were classified as ‘others’ and included 
in the analysis. Since patients are often referred with multiple 
symptoms or signs, a hierarchy was created to match one crite-
rion to each patient, based on clinical estimation of positive 
predictive values (PPV). NG12 criteria were ranked in impor-
tance as follows: abdominal mass, iron- deficiency anaemia (IDA) 
(patients over 60 years), rectal bleeding, change in bowel habit 
(over 60) and abdominal pain and weight loss. DG30 criteria, 
were ranked in importance as follows: IDA (under 60), non- IDA, 
abdominal pain or weight loss, change in bowel habit (under 60).

Patients were identified by the central study team or local 
cancer research network (CRN) team once they had been 
booked for colonoscopy and contacted by post or telephone 
and invited to participate in the study. Patients were sent an FIT 
specimen collection device and asked to collect one sample of 
faeces prior to commencing bowel preparation for their colo-
noscopy. A first- class return envelope was enclosed for patients 
to post their sample directly to the study laboratory. Patients 
initially provided written consent, and after approval from the 
National Confidentiality Advisory Group, gave implied consent 
by returning an FIT sample.

Patients were not included if they did not return an FIT sample, 
did not have a complete colonoscopy unless due to CRC, were 
retriaged to another investigation (eg, flexible sigmoidoscopy or 
CT), or withdrew consent. Patients due to undergo colonoscopy 
within 3 days of identification were not invited to participate in 
the study, as there would not have been sufficient time to return 
a sample. In the original NG12 guidance,1 NICE recommended 
that patients with low risk bowel symptoms were tested with 
a guiac- based faecal occult blood test (gFOBT) prior to 2WW 
referral. In many regions, these patients were referred on 2WW 
pathways without gFOBT due to concerns over its poor sensi-
tivity for CRC,18 and therefore, were eligible for inclusion. 
During this study, NICE recommended that low risk patients, as 
defined in DG30,2 were triaged in primary care with FIT prior to 
2WW referral. This guidance was not fully implemented during 
this study, but those low- risk patients who were tested with FIT 
in primary care prior to referral were not included.

Index test and reference standard
FIT analysis was performed at one centralised laboratory 
where staff were blinded to patient clinical information. One 
HM- JACKarc analytical system (Hitachi Chemical Diagnostics 
Systems, Tokyo, Japan, supplied by Alpha Labs, Eastleigh, Hants, 
UK) was used to analyse all samples. The analytical working 
range is 7–400 µg/g. The limit of detection (LoD) of the assay 
is 2 µg/g and the limit of quantitation is 7 µg/g. NICE recom-
mended an f- Hb cut- off of 10 µg/g in the DG30 guidelines.2 In 
accordance with previous publications on FIT, we chose the LoD 
and the f- Hb cut- off recommended in NICE DG30 as cut- offs 
to investigate sensitivity. To investigate the specificity and PPV 
at higher f- Hb, we also chose a higher cut- off of 150 µg/g that 
had previously been reported to predict high rates of signifi-
cant pathology.19 FIT specimen collection and handling, quality 
management and result handling was conducted and reported 
according to recent guidelines for studies on FIT20 (see online 
supplemental appendix), using recommended analytical perfor-
mance specifications.5 FIT samples that were unsuitable for 
analysis (collection device over or underfilled, or unavailable for 
analysis for more than 14 days) or performed after the colonos-
copy were not included in the study.

Colonoscopy was chosen as the reference standard since 
it is acknowledged to be the gold- standard investigation for 

Table 1 Patient demographics
N %

Total 9822 100
Sex
  Women 5394 54.9
  Men 4428 45.1
Age (years)
  Mean 64.0
  SD 11.9
  Minimum 17
  Median 65
  Maximum 97
Age group (years)
  <40 361 3.7
  41–50 940 9.6
  51–60 2226 22.7
  61–70 3033 30.9
  >70 3262 33.2
Ethnicity
  White 7453 75.9
  Asian 614 6.3
  Black 365 3.7
  Mixed 58 0.6
  Chinese 42 0.4
  Other* 1103 11.2
Index of deprivation
  Mean 6.22
  SD 2.62
  Median 6
Symptom risk category
  High- medium (NG12) 7194 73.2
  Low (DG30) 1994 20.3
  Other† 634 6.5

*Other ethnicity: any other ethnic group, not- specified.
†Other symptoms: patients referred urgently with symptoms of suspected CRC not 
meeting existing NG12 or DG30 criteria.
CRC, colorectal cancer.

Table 2 Frequency of pathology findings at colonoscopy in 
symptomatic patients referred via 2WW pathways
Diagnosis N %

Normal 3079 31.3
Low risk adenoma 2321 23.6
Diverticular disease 2294 23.4
Perianal disease* 723 7.4
Inflammatory bowel disease 427 4.3
High- risk adenoma 421 4.3
Colorectal cancer 329 3.3
Microscopic colitis 152 1.5
Other† 53 0.5
Angiodysplasia 23 0.2

*Perianal disease: anal fissure, anal fistula, haemorrhoids or solitary rectal ulcer.
†Other: findings included melanosis Coli, parasites, lipoma.
2WW, 2 weeks wait.
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colorectal disease. Colonoscopists were blinded to the FIT 
results. Colonoscopy results were entered onto a secured online 
database designed specifically for the study by an external clin-
ical research organisation (Hammersmith Medicines Research) 
and based on the national endoscopy logbook. Patients with 
incomplete colonoscopies (except when due to the presence of 
CRC) were excluded.

Clinical data extraction was performed initially by the local 
CRN team. A rigorous system of quality assurance was imple-
mented. All colonoscopy and pathology results, as well as 
clinical and pathological tumour staging. were checked by the 
central study team, and then again by a team of senior colorectal 
clinicians blinded to the FIT laboratory results.

Sample size
To determine the sample size, calculations were based on a 
significance level of 5%, power of 80% and prevalence of CRC 
within the NICE 2WW symptomatic population estimated at 
3.5% based on data from the RM Partners Network. To demon-
strate a lowest acceptable sensitivity of FIT for CRC of 98% 

with CI width of 2%, a total sample size of 5379 patients was 
required. Given that previous studies had reported a 50% non- 
completion rate, it was determined that at least 10 000 patients 
would need to be invited to participate in the study. The study 
was funded to over- recruit beyond this sample size to address the 
secondary endpoints and investigate the impact of other factors 
on FIT diagnostic accuracy. Accurate power calculations were 
not possible for the secondary endpoints, due to the lack of data 
on these covariates on the diagnostic accuracy of FIT for CRC in 
the symptomatic populations.

Data analysis
Patients with multiple findings at colonoscopy were recategorised 
with one diagnosis in a hierarchy; CRC ranked highest followed 
by high- risk adenoma (HRA) and then inflammatory bowel 
disease (IBD). These were grouped together as SBD. This was 
followed by low- risk adenoma (LRA) which was ranked above 
other non- malignant diagnoses, including diverticular disease, 
microscopic colitis, benign perianal disease (haemorrhoids, anal 
fissures, anal fistulas, solitary rectal ulcers), angiodysplasia, or 
rare findings such as melanosis coli, parasites or lipomas. HRA 
was defined by the NICE FIT Steering group as any polyp with 
high- grade dysplasia or polyps over 10 mm in size with low 
grade dysplasia, and serrated lesions in the right colon. Other 
polyps less than 10 mm were classified as LRA.

The indices of multiple deprivation were derived from post-
codes (1=most deprived and 10=least deprived).21 Patients were 
classified as anaemic according to WHO criteria22; blood Hb 
concentration less than 120 g/L for women or 130 g/L for men, 
based on the most recent measurement within 3 months before 
referral. IDA was defined using British Society of Gastroenter-
ology guidelines as present when serum ferritin concentration 
was less than 15 µg/L.23

Data were assessed for normality by the Shapiro test and Q- Q 
plot analysis. Mann- Whitney and Kruskal Wallis tests were used 
for non- normally distributed data. Analysis of variancewas used 
across multiple groups, with separate models for each factor; 
age was pooled for analysis. Categorical data were compared 
with χ2 tests. Sensitivity, specificity, PPV and negative predictive 
value (NPV) were reported for each f- Hb cut- off, with 95% CIs . 
Receiver operating characteristic (ROC) curves were plotted for 
f- Hb. These were done using an initial threshold of 0.1 to calcu-
late sensitivity and specificity, and then recalculated with incre-
ments of 0.1 to plot the ROC curve. In every statistical analysis, 
p<0.05 was considered significant. All analyses were performed 
using SAS V.9.4 (SAS Institute).

RESULTS
Between October 2017 and December 2019, 21 126 patients 
were sent recruitment packs, 13 219 (62.6%) returned FIT 
devices. Complete FIT and colonoscopy outcomes were avail-
able for 9 822 patients, who were included in the study results. 

Table 3 Diagnostic accuracy of FIT for CRC at different cut- offs
Cut- off (µg/g) Positivity (%) NNS Sensitivity (%) Specificity (%) PPV (%) NPV (%) TP FN FP TN

2 37.2 11.5 97.0 (94.5 to 98.5) 64.9 (63.9 to 65.8) 8.7 (7.8 to 9.7) 99.8 (99.7 to 99.9) 319 10 3336 6157
10 19.0 6.2 90.9 (87.2 to 93.8) 83.5 (82.8 to 84.3) 16.1 (14.4 to 17.8) 99.6 (99.5 to 99.7) 299 30 1563 7930

150 7.6 3.2 70.8 (65.6 to 75.7) 94.6 (94.1 to 95.0) 31.1 (27.8 to 34.6) 98.9 (98.7 to 99.1) 233 96 516 8977
<2 62.8 616.7 3 (1.5 to 5.5) 35.1 (34.2 to 36.1) 0.2 (0.1 to 0.3) 91.3 (90.3 to 92.2) 10 319 6157 3336

95% CIs within brackets.
CRC, colorectal cancer; FIT, faecal immunochemical test; FN, false negatives; FP, false positives; NNS, number needed to scope; NPV, negative predictive value; PPV, positive 
predictive value; TN, true negatives; TP, true positives.

Figure 2 ROC curve (top) and PPV/sensitivity (bottom) of FIT for CRC. 
CRC, colorectal cancer; FIT, faecal immunochemical test; PPV, positive 
predictive value; ROC, receiver operating characteristic.
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Hva skjer i tiden etter hos personer med F-Hb< 10?

While there is no other literature on the use of quantita-
tive FITbco results, a few studies did evaluate prior FITbco

results of qualitative tests. An Australian study investi-
gated the use of FIT in a colonoscopy surveillance pro-
gram and found that subjects with a FITbco had the lowest
risk of AN.20 A Chinese study compared the number of
FITbco and found no differences in outcome between
subjects with 1 FITbco vs subjects with 3 subsequent
FITbco.

21 However, because the fHb concentrations were
not reported, results could not be stratified according to
fHB concentration, and comparison of these results with
our findings is not possible.

To the best of our knowledge, we are the first to explore
the use of fHb concentrations of FITbco over consecutive

rounds as a predictive variable for AN in a population-
based CRC screening. Exploring fHb concentrations over the
course of years makes sense because it has been hypothe-
sized that during the development from adenoma to
carcinoma, in the adenoma-carcinoma sequence, adenomas
will increasingly bleed. This natural history of adenomas is
supported by our findings. Our results are further
strengthened by the finding that in screenees who partici-
pated in all 4 rounds, fHb increased among those that were
diagnosed with AN in the fourth round (Supplementary
Figure 1). A similar trend was also described by the
Taiwanese study, demonstrating that median fHb increases
over rounds among screenees that are diagnosed with AN
in a later round.12

Figure 2. Life table and
curve for AN by fHb level
per 2mg Hb/g. This figure
shows that the effect on
cumulative incidence of
AN at baseline FIT is most
prominent for fHb between
4 and 10 mg Hb/g.
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Advanced Colorectal Neoplasia
Esmée J. Grobbee,1 Eline H. Schreuders,1 Bettina E. Hansen,1 Marco J. Bruno,1

Iris Lansdorp-Vogelaar,2 Manon C. W. Spaander,1 and Ernst J. Kuipers1

1Department of Gastroenterology and Hepatology, Erasmus MC University Medical Centre, Rotterdam, The Netherlands;
2Department of Public Health, Erasmus MC University Medical Centre, Rotterdam, The Netherlands

See Covering the Cover synopsis on page 1174.

BACKGROUND & AIMS: Colorectal cancer (CRC) screening using
quantitative fecal immunochemical tests (FITs) is rapidly gaining
ground worldwide. FITs are invariably used in a dichotomous
manner using pre-specified cut-off values. To optimize FIT-based
screening programs, we investigated the association between
fecal hemoglobin (fHb) concentrations below the FIT cut-off
value and later development of colorectal advanced neoplasia
(AN). METHODS: We analyzed data collected from a population-
based study of 9561 average-risk subjects (50–74 years old) in
the Netherlands who were offered 4 rounds of FIT screening for
CRC fromNovember 2006 through December 2014.We analyzed
data from 7663 participants screened at least once and found to
have a negative FIT result at baseline (below the cut-off value of
10 mg Hb/ g feces). Participants were followed for amedian of 4.7
years (interquartile range, 2.0–6.1 years); CRCsdiagnosed outside
the screening program were identified from the Dutch
Comprehensive Cancer Centre database. Hazard ratios for AN
were determined using Cox proportional hazard regression ana-
lyses. Logistic regression techniques were used to calculate risks
of AN after consecutive fHb concentrations below the cut-off
value. RESULTS: After 8 years of follow-up, participants with
baseline concentrations of 8–10mg fHb/g had a higher cumulative
incidence of AN (33%) than participants with 0 mg fHb/g (5%)
(P < .001). Multi-variate hazard ratios increased from 1.2 for
subjects with concentrations of 0–2 mg fHb/g to 8.2 for subjects
with concentrations of 8–10 mg fHb/g (P < .001).
Participants with 2 consecutive fHb concentrations of 8 mg Hb/g
had a 14-fold increase in risk of AN compared with
participants with 2 consecutive fHb concentrations of 0 mg Hb/g
(P < .001). CONCLUSIONS: In a population-based study of
average-risk individuals with a FIT result below the cut-off
value, we associated baseline concentrations of 8–10 mg fHb/g
with an increased risk of AN compared with baseline concen-
trations of 0 mg fHb/g. Baseline and consecutive fHb concen-
trations are independent predictors for incident AN. This
information might be used in designing personalized strategies
for population-based CRC screening and reduce unnecessary
repeat tests. Trialregister.nl no: first round, NTR1096; second
round and additional invitees, NTR1512.

Keywords: Fecal Occult Blood Test; Advanced Adenoma; Colon
Neoplasms; Cohort Study.

Colorectal cancer (CRC) is among the most
common causes of cancer-related mortality.1

Population-based CRC screening can significantly
reduce disease burden. Fecal occult blood tests are widely
accepted for this purpose.2,3 A higher fecal hemoglobin (fHb)
concentration is associated with a higher risk of advanced
neoplasia (AN).4–7 Many screening programs worldwide
use fecal immunochemical tests (FIT), which can be either
qualitative (ie, providing a positive or negative test result)
or quantitative (ie, quantifying fHb concentrations in
feces).2,8 Although quantitative FITs provide exact fHb
concentrations in mg Hb/g feces, current screening
programs routinely use fHb in a dichotomized fashion. As
such, they are invariably used as qualitative tests. A test is
considered positive above a fixed threshold that is the
same for all screenees in all rounds of screening. Those
with a positive test are recommended to undergo
colonoscopy. Individuals with a negative test are offered a
renewed FIT after a predefined screening interval without
taking into account previous fHb concentrations. Most FIT
screening programs rely on annual or biennial screening,
requiring participants to repeat the test multiple times
over the course of years.

To increase screening effectiveness and impact of FIT
screening programs, it is relevant to explore if screenees
with a negative FIT, that is a fHb concentration below the
pre-defined cut-off level (FIT below cut-off; FITbco), can be
categorized according to their actual fHb concentration into
different risk groups for later development of AN. Such
tailored screening would allow for targeted variation of
screening intervals and optimize colonoscopy use. It could
also decrease the incidence of interval carcinomas.
Currently, many countries with CRC screening programs
struggle to match colonoscopy demands with limited
resources.9–11 Over the course of multiple screening rounds,
fHb concentration could then be of guidance in identifying

Abbreviations used in this paper: AN, advanced neoplasia; CI, confidence
interval; CRC, colorectal cancer; fHb, fecal hemoglobin; FIT, fecal
immunochemical test; FITbco, FIT below cut-off; HR, hazard ratio; IQR,
interquartile range.
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Table 1 Association of cumulative f-Hb values over the initial two rounds and FIT PR, AN PPV, AA and CRC DR, NNScope to detect 1 AN at the 
third round - Men and women aged 50–69 years

Sum f-Hb μg/g
FIT1 + FIT2

Examined  
N (%)*

FIT+ Colonoscopy
Advanced 
adenoma CRC

PPV AN
% (95% CI)

DR advanced 
adenoma

% (95% CI)
DR CRC

% (95% CI)
NNScope
(95% CI)N % (95% CI) N % (95% CI)

0 80 579 (49.1) 2074 2.6 (2.5 to 2.7) 1793 86.5 (84.8 to 88.0) 257 35 16.3 (16.0 to 16.5) 0.3 (0.3 to 0.4) 0.04 (0.03 to 0.06) 6.1 (6.0 to 6.2)

0.1–3.9 54 352 (33.1) 1895 3.5 (3.3 to 3.6) 1621 85.5 (83.7 to 87.2) 294 56 21.6 (21.2 to 21.9) 0.5 (0.5 to 0.6) 0.10 (0.08 to 0.13) 4.6 (4.6 to 4.7)

4–9.9 19 715 (12.0) 1247 6.3 (6.0 to 6.7) 1098 88.1 (86.0 to 89.9) 301 36 30.7 (30.0 to 31.3) 1.5 (1.4 to 1.7) 0.18 (0.13 to 0.25) 3.3 (3.2 to 3.3)

10–14.9 5336 (3.3) 516 9.7 (8.9 to 10.5) 464 89.9 (86.7 to 92.5) 161 25 40.1 (38.8 to 41.4) 3.0 (2.6 to 3.5) 0.47 (0.31 to 0.70) 2.5 (2.4 to 2.6)

15–19.9 2912 (1.8) 367 12.6 (11.4 to 13.9) 315 85.8 (81.4 to 89.4) 123 16 44.1 (42.3 to 46.0) 4.2 (3.5 to 5.0) 0.55 (0.33 to 0.90) 2.3 (2.2 to 2.4)

≥20 1129 (0.7) 292 25.9 (23.4 to 28.5) 261 89.4 (84.8 to 92.8) 111 21 50.6 (47.6 to 53.5) 9.8 (8.2 to 11.7) 1.86 (1.18 to 2.86) 2.0 (1.9 to 2.1)

Total 164 023 6391 3.9 (3.8 to 4.0) 5552 86.9 (85.9 to 87.7) 1247 189 25.9 (25.7 to 26.1) 0.8 (0.7 to 0.8) 0.12 (0.10 to 0.13) 3.9 (3.8 to 3.9)

*% calculated over the total number of subjects examined.
AA, advanced adenoma; AN, advanced neoplasia; CRC, colorectal cancer; DR, detection rate; f-Hb, faecal haemoglobin; FIT, faecal immunochemical test; NNScope, number needed to scope; PPV, positive predictive value; 
PPV, positive predictive value; PR, positivity rate.

Table 2 Predictors of the DR of CRC, advanced adenoma and AN at the third FIT
CRC Advanced adenoma AN

OR 95% CI OR 95% CI OR 95% CI

Gender Women 1 1 1
Men 1.34 1.00 to 1.79 1.63 1.46 to 1.83 1.60 1.43 to 1.78

Age
(years)

50–54 0.54 0.32 to 0.91 0.67 0.55 to 0.82 0.65 0.55 to 0.79
55–59 0.75 0.47 to 1.17 1.02 0.86 to 1.22 0.98 0.83 to 1.15
60–64 0.95 0.67 to 1.36 1.00 0.86 to 1.16 0.99 0.87 to 1.14
65–69 1 1 1

Interval since last fit
(months)

18–22 0.67 0.30 to 1.49 0.80 0.59 to 1.08 0.78 0.58 to 1.03
23–27 1 1 1
28–32 0.92 0.61 to 1.37 0.98 0.83 to 1.16 0.97 0.83 to 1.13
33–36 0.96 0.39 to 2.40 1.23 0.86 to 1.77 1.19 0.85 to 1.67
37–60 1.10 0.51 to 2.36 1.49 1.14 to 2.00 1.44 1.11 to 1.87

Cumulative f-Hb level at previous 2 FIT 
tests
(FIT1 + FIT2)
μg Hb/g faeces

0 1 1 1
0.1–3.9 2.26 1.47 to 3.46 1.75 1.47 to 2.07 1.81 1.55 to 2.12
4–9.9 4.01 2.51 to 6.39 4.64 3.93 to 5.49 4.58 3.91 to 5.36
10–14.9 10.11 6.04 to 16.93 9.13 7.48 to 11.15 9.32 7.73 to 11.23
15–19.9 11.63 6.42 to 21.07 12.84 10.32 to 16.00 12.42 10.43 to 15.76
≥20 38.92 22.50 to 67.31 30.40 24.09 to 38.38 32.52 26.19 to 40.39

AN, advanced neoplasia; CRC, colorectal cancer; DR, detection rate; FIT, faecal immunochemical test.

non detectable f-Hb at previous exams, the likelihood of being 
detected with a CRC was twice as high (OR: 2.26; 95% CI 1.47 
to 3.46) among subjects with f-Hb <4 µg/g faeces and it showed 
a 12-fold (OR: 11.63; 95% CI 6.42 to 21.07) and 39-fold (OR: 
38.92; 95% CI 22.50 to 67.31) increase among subjects with 
f-Hb levels between 15 and 19.9 µJ� +E�J� IDHFHV� DQG� ����µg 
Hb/g faeces, respectively. The corresponding ORs for AA were 
1.75 (95% CI 1.47 to 2.07), 12.84 (95% CI 10.32 to 16.00) and 
30.40 (95% CI 24.09 to 38.38).

Among subjects showing a substantial decrease of f-Hb concen-
tration at the second as compared with first FIT (from f-Hb 
>15 to f-Hb <4 µg/g faeces) the likelihood of being detected 
with AN at the third test, although reduced, remained ninefold 
higher, as compared with subjects showing f-Hb levels <4 µg/g 
faeces at both exams (data not shown).

The same trends could be observed when classifying subjects 
undergoing their third test based on the weighted average of 
the log of the two previous f-Hb determinations, as well as 
when restricting the analysis to subject with f-Hb concentration 
<15 µg/g faeces at the first FIT, simulating the adoption of a 
lower positivity cut-off (data not shown).

The proportion of SD proximal CRCs (table 3) tended to be 
higher among screenees with a positive result at the third FIT 

than among those testing positive at the second test (45.2% vs 
37.8%; OR: 1.20%; 95% CI 0.97 to 1.47) and, among screenees 
testing positive at the third FIT, it was higher among those with 
detectable cumulative f-Hb <10 µg/g faeces than among those 
ZLWK� FXPXODWLYH� I�+E�����µg/g faeces (57.1% vs 28.6%; OR: 
3.33%; 95% CI 1.09 to 11.36). No such trend could be observed 
for AA.

Union for International Cancer Control (UICC) stage classi-
fication was available for 75% of SD CRCs: the proportion of 
advanced (UICC III or IV) CRCs (29.3% of 140 classified CRCs) 
did not show an association with the cumulative f-Hb concentra-
tion, or with the interval since last negative FIT.

The predicted AN DR at the third round (figure 2), among 
subjects attending screening at the standard 2-year interval, was 
<0.5% among women with undetectable f-Hb at previous exams 
DQG� ������ DPRQJ� ROGHU�PHQ�ZLWK� FXPXODWLYH� I�+E�����µg/g 
faeces.

The cumulative f-Hb concentration over the initial two FITs 
showed the same positive association with the IC risk over the 
36 months following the second negative test as with the risk 
of being detected with a CRC at the third round (table 4). The 
cumulative incidence of CRC (IC + SD CRCs) over the 3-year 
period following the second FIT was significantly lower among 
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Table 1 Association of cumulative f-Hb values over the initial two rounds and FIT PR, AN PPV, AA and CRC DR, NNScope to detect 1 AN at the 
third round - Men and women aged 50–69 years

Sum f-Hb μg/g
FIT1 + FIT2

Examined  
N (%)*

FIT+ Colonoscopy
Advanced 
adenoma CRC

PPV AN
% (95% CI)

DR advanced 
adenoma

% (95% CI)
DR CRC

% (95% CI)
NNScope
(95% CI)N % (95% CI) N % (95% CI)

0 80 579 (49.1) 2074 2.6 (2.5 to 2.7) 1793 86.5 (84.8 to 88.0) 257 35 16.3 (16.0 to 16.5) 0.3 (0.3 to 0.4) 0.04 (0.03 to 0.06) 6.1 (6.0 to 6.2)

0.1–3.9 54 352 (33.1) 1895 3.5 (3.3 to 3.6) 1621 85.5 (83.7 to 87.2) 294 56 21.6 (21.2 to 21.9) 0.5 (0.5 to 0.6) 0.10 (0.08 to 0.13) 4.6 (4.6 to 4.7)

4–9.9 19 715 (12.0) 1247 6.3 (6.0 to 6.7) 1098 88.1 (86.0 to 89.9) 301 36 30.7 (30.0 to 31.3) 1.5 (1.4 to 1.7) 0.18 (0.13 to 0.25) 3.3 (3.2 to 3.3)

10–14.9 5336 (3.3) 516 9.7 (8.9 to 10.5) 464 89.9 (86.7 to 92.5) 161 25 40.1 (38.8 to 41.4) 3.0 (2.6 to 3.5) 0.47 (0.31 to 0.70) 2.5 (2.4 to 2.6)

15–19.9 2912 (1.8) 367 12.6 (11.4 to 13.9) 315 85.8 (81.4 to 89.4) 123 16 44.1 (42.3 to 46.0) 4.2 (3.5 to 5.0) 0.55 (0.33 to 0.90) 2.3 (2.2 to 2.4)

≥20 1129 (0.7) 292 25.9 (23.4 to 28.5) 261 89.4 (84.8 to 92.8) 111 21 50.6 (47.6 to 53.5) 9.8 (8.2 to 11.7) 1.86 (1.18 to 2.86) 2.0 (1.9 to 2.1)

Total 164 023 6391 3.9 (3.8 to 4.0) 5552 86.9 (85.9 to 87.7) 1247 189 25.9 (25.7 to 26.1) 0.8 (0.7 to 0.8) 0.12 (0.10 to 0.13) 3.9 (3.8 to 3.9)

*% calculated over the total number of subjects examined.
AA, advanced adenoma; AN, advanced neoplasia; CRC, colorectal cancer; DR, detection rate; f-Hb, faecal haemoglobin; FIT, faecal immunochemical test; NNScope, number needed to scope; PPV, positive predictive value; 
PPV, positive predictive value; PR, positivity rate.

Table 2 Predictors of the DR of CRC, advanced adenoma and AN at the third FIT
CRC Advanced adenoma AN

OR 95% CI OR 95% CI OR 95% CI

Gender Women 1 1 1
Men 1.34 1.00 to 1.79 1.63 1.46 to 1.83 1.60 1.43 to 1.78

Age
(years)

50–54 0.54 0.32 to 0.91 0.67 0.55 to 0.82 0.65 0.55 to 0.79
55–59 0.75 0.47 to 1.17 1.02 0.86 to 1.22 0.98 0.83 to 1.15
60–64 0.95 0.67 to 1.36 1.00 0.86 to 1.16 0.99 0.87 to 1.14
65–69 1 1 1

Interval since last fit
(months)

18–22 0.67 0.30 to 1.49 0.80 0.59 to 1.08 0.78 0.58 to 1.03
23–27 1 1 1
28–32 0.92 0.61 to 1.37 0.98 0.83 to 1.16 0.97 0.83 to 1.13
33–36 0.96 0.39 to 2.40 1.23 0.86 to 1.77 1.19 0.85 to 1.67
37–60 1.10 0.51 to 2.36 1.49 1.14 to 2.00 1.44 1.11 to 1.87

Cumulative f-Hb level at previous 2 FIT 
tests
(FIT1 + FIT2)
μg Hb/g faeces

0 1 1 1
0.1–3.9 2.26 1.47 to 3.46 1.75 1.47 to 2.07 1.81 1.55 to 2.12
4–9.9 4.01 2.51 to 6.39 4.64 3.93 to 5.49 4.58 3.91 to 5.36
10–14.9 10.11 6.04 to 16.93 9.13 7.48 to 11.15 9.32 7.73 to 11.23
15–19.9 11.63 6.42 to 21.07 12.84 10.32 to 16.00 12.42 10.43 to 15.76
≥20 38.92 22.50 to 67.31 30.40 24.09 to 38.38 32.52 26.19 to 40.39

AN, advanced neoplasia; CRC, colorectal cancer; DR, detection rate; FIT, faecal immunochemical test.

non detectable f-Hb at previous exams, the likelihood of being 
detected with a CRC was twice as high (OR: 2.26; 95% CI 1.47 
to 3.46) among subjects with f-Hb <4 µg/g faeces and it showed 
a 12-fold (OR: 11.63; 95% CI 6.42 to 21.07) and 39-fold (OR: 
38.92; 95% CI 22.50 to 67.31) increase among subjects with 
f-Hb levels between 15 and 19.9 µJ� +E�J� IDHFHV� DQG� ����µg 
Hb/g faeces, respectively. The corresponding ORs for AA were 
1.75 (95% CI 1.47 to 2.07), 12.84 (95% CI 10.32 to 16.00) and 
30.40 (95% CI 24.09 to 38.38).

Among subjects showing a substantial decrease of f-Hb concen-
tration at the second as compared with first FIT (from f-Hb 
>15 to f-Hb <4 µg/g faeces) the likelihood of being detected 
with AN at the third test, although reduced, remained ninefold 
higher, as compared with subjects showing f-Hb levels <4 µg/g 
faeces at both exams (data not shown).

The same trends could be observed when classifying subjects 
undergoing their third test based on the weighted average of 
the log of the two previous f-Hb determinations, as well as 
when restricting the analysis to subject with f-Hb concentration 
<15 µg/g faeces at the first FIT, simulating the adoption of a 
lower positivity cut-off (data not shown).

The proportion of SD proximal CRCs (table 3) tended to be 
higher among screenees with a positive result at the third FIT 

than among those testing positive at the second test (45.2% vs 
37.8%; OR: 1.20%; 95% CI 0.97 to 1.47) and, among screenees 
testing positive at the third FIT, it was higher among those with 
detectable cumulative f-Hb <10 µg/g faeces than among those 
ZLWK� FXPXODWLYH� I�+E�����µg/g faeces (57.1% vs 28.6%; OR: 
3.33%; 95% CI 1.09 to 11.36). No such trend could be observed 
for AA.

Union for International Cancer Control (UICC) stage classi-
fication was available for 75% of SD CRCs: the proportion of 
advanced (UICC III or IV) CRCs (29.3% of 140 classified CRCs) 
did not show an association with the cumulative f-Hb concentra-
tion, or with the interval since last negative FIT.

The predicted AN DR at the third round (figure 2), among 
subjects attending screening at the standard 2-year interval, was 
<0.5% among women with undetectable f-Hb at previous exams 
DQG� ������ DPRQJ� ROGHU�PHQ�ZLWK� FXPXODWLYH� I�+E�����µg/g 
faeces.

The cumulative f-Hb concentration over the initial two FITs 
showed the same positive association with the IC risk over the 
36 months following the second negative test as with the risk 
of being detected with a CRC at the third round (table 4). The 
cumulative incidence of CRC (IC + SD CRCs) over the 3-year 
period following the second FIT was significantly lower among 
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Figure 2 Predicted an DR by age and gender by cumulative f-Hb at 
the second FIT. DR, detection rate; f-Hb, faecal haemoglobin; FIT, faecal 
immunochemical test.

Table 3 Site distribution of SD CRCs and advanced adenomas by cumulative f-Hb values over the initial two rounds and among subjects with a 
positive result at the second FIT

Sum f-Hb
μg/g
FIT1 + FIT2

CRC Advanced adenoma

Distal
N
% (95% CI)

Proximal
N
% (95% CI) Total

Distal
N
% (95% CI)

Proximal
N
% (95% CI)

Distal + proximal
N
% (95% CI) Total

0 20 15 35 148 88 21 257
57.1 (39.5 to 73.2) 42.9 (26.8 to 60.5) 57.6 (51.3 to 63.7) 34.2 (28.5 to 40.4) 8.2 (5.3 to 12.4)

0.1–3.9 23 32 55* 192 85 17 294
41.8 (28.9 to 55.9) 58.2 (44.2 to 71.1) 65.3 (59.5 to 70.7) 28.9 (23.9 to 84.5) 5.8 (3.5 to 9.3)

4–9.9 16 20 36 179 94 28 301
44.4 (28.3 to 61.7) 55.6 (38.3 to 71.7) 59.5 (53.7 to 65.0) 31.2 (26.1 to 36.8) 9.3 (6.4 to 13.3)

10–14.9 21 4 25 88 59 14 161
84.0 (63.1 to 94.8) 16.0 (5.3 to 36.9) 54.7 (44.6 to 62.5) 36.6 (29.3 to 44.6) 8.7 (5.0 to 14.4)

15–19.9 8 8 16 68 35 20 123
50.0 (25.5 to 74.5) 50.0 (25.5 to 74.5) 55.3 (46.1 to 64.2) 28.5 (20.9 to 37.4) 16.3 (10.5 to 24.2)

≥20 15 6 21 53 40 18 111
71.4 (47.1 to 87.8) 28.6 (12.2 to 52.3) 47.7 (38.3 to 57.4) 36.0 (27.3 to 45.8) 16.2 (10.2 to 24.7)

Total 103 85 188 728 401 118 1247
54.8 (47.4 to 62.0) 45.2 (38.0 to 52.6) 58.4 (55.6 to 61.1) 32.2 (29.6 to 34.8) 9.5 (7.9 to 11.3)

FIT + second 
test

214 130 344† 1152 557 279 1988
62.2 (56.8 to 67.3) 37.8 (32.7 to 43.2) 58.0 (55.7 to 60.1) 28.0 (26.1 to 30.1) 14.0 (12.6 to 15.7)

*Information about site of the lesion is missing in one case.
†Information about site of the lesion is missing in six cases.
CRCs, colorectal cancers; f-Hb, faecal haemoglobin; FIT, faecal immunochemical test; SD, screen detected.

subjects with undetectable f-Hb at previous test as compared 
with those with cumulative f-Hb >0 µg Hb /g faeces (OR:0.26; 
95% CI 0.17 to 0.41). The same trend could be observed when 
restricting the analysis to a 24-month follow-period (data not 
shown).

The predictive role of the cumulative f-Hb concentration was 
maintained also among subjects undergoing their fourth exam, 
when classifying subjects based on the cumulative f-Hb concen-
tration over three tests (online supplementary appendix table 2). 
The cumulative f-Hb concentration over the initial two tests was 
still predictive of the screening outcomes at the fourth round, 
although the association was stronger when using the cumula-
tive f-Hb concentration over three tests, after adjusting for age, 
gender, interval since the third FIT and screening programme 
(online supplementary appendix table 3).

The cumulative probability of having a positive FIT result 
over the subsequent two rounds (within 54 months since the 
second negative FIT) ranged between 7.8% (95% CI 7.5 to 8.2) 
for subjects who had no f-Hb detected at the initial two tests and 
48.4% (95% CI 44.0 to 53.0) among those who had a cumula-
tive f-Hb concentration exceeding 20 µg Hb/g faeces (data not 
shown).

The corresponding figures for cumulative DR were 1.41% 
(95% CI1.3 to 1.6) and 25.5% (95% CI 21.4 to 30.2) for AN 
(table 5); 0.17% (95% CI0.12 to 0.23) and 4.5% (95% CI 2.8 to 
7.1) for CRC (data not shown).

The cumulative AN DR was similar among subjects younger 
than 60 as among those aged 60–69 years, while it was higher 
among men, as compared with women, in all age groups (online 
supplementary appendix table 4).

The cumulative AN DR was the same in the group with highest 
cumulative f-Hb (24.3%; 95% CI 19.5 to 30.0), when excluding 
from the analysis the exams performed in Reggio Emilia after 
March 2010 (online supplementary appendix table 5), while it 
was lower (1.0%; 95% CI 0.9 to 1.2) among subjects with unde-
tectable f-Hb at the previous two FITs, as compared with the 
results of the main analysis.

Assuming that SD AN at the third, or fourth, round could 
be detected already at the time of the second FIT, anticipating 
7&�UHIHUUDO�RI�VXEMHFWV�ZLWK�FXPXODWLYH�I�+E�OHYHOV�����µg Hb/g 
faeces at the second FIT would result in an AN yield at TC 
achieving 25.5% (95% CI 21.4 to 30.2), slightly lower than the 
observed 30.1% (95% CI 29.1 to 31.1) AN PPV of a positive FIT 
at the second examination (figure 1). Taking into account the 
estimated 48% cumulative PR in this subgroup, this approach 
would result in a 9% increase in the TC workload over the 
subsequent two rounds. Extending the screening interval in the 
group showing the lowest AN risk, the expected reduction in the 
TC workload would achieve 12%, when considering a 6-year 
period (ie, comparing two vs three screening rounds).
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Hvorfor test for blod i avføringen

• Kan F-Hb hjelpe fastlegene i diagnostisk utredning og henvisning?
• Kan F-Hb hjelpe sykehuslegene til å prioritere
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• Kan F-Hb hjelpe fastlegene i diagnostisk utredning og henvisning?
• Ja



Hvorfor test for blod i avføringen

• Kan F-Hb hjelpe fastlegene i diagnostisk utredning og henvisning?
• Ja, men:

• Er ikke en diagnostisk test
• Kan skille ut de som har lav risiko for tarmkreft og som ikke trenger henvisning

• Kun Australia, UK og Spania anbefaler dette
• Hvilken terskelverdi er den riktige?
• Samvalg – hvilken risiko for alvorlig sykdom er akseptabel? Ressursbruk?



Hvorfor test for blod i avføringen

• Kan F-Hb hjelpe sykehuslegene til å prioritere?
• Ja!



Oppsummering

• F-Hb er den beste biomarkøren vi har for tarmkreft
• Kliniker har behov for et kvantitativt svar
• Nyttig verktøy, men ikke som diagnostisk test





Hvorfor test for blod i avføringen

• Kan F-Hb hjelpe fastlegene i diagnostisk utredning og henvisning?
• Er et hjelpemiddel i utredning
• Er ikke en diagnostisk test
• Kan skille ut de som har lav risiko for tarmkreft og som ikke trenger henvisning

• Kun Australia, UK og Spania anbefaler dette
• Hvilken terskelverdi er den riktige?
• Samvalg – hvilken risiko for alvorlig sykdom er akseptabel?


