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Background: The aim of this study was to determine the diagnostic accuracy of the faecal immunochem-
ical test (FIT) for detecting colorectal cancer in symptomatic patients.
Methods: This was a prospective study of patients with bowel symptoms. Stool samples were collected
during rectal examination. The HM-JACKarc assay (Kyowa Medex, Tokyo, Japan) was used to quantify
faecal haemoglobin (Hb); positive results were those with at least 10𝛍g Hb/g faeces. Two-by-two tables
and receiver operating characteristic (ROC) curve analysis were used to determine diagnostic accuracy;
𝛘2 and Mann–Whitney U tests were used to compare other parameters.
Results: A total of 928 patients were included (M : F ratio 1 : 1⋅5; median age 72 (i.q.r. 64–80) years).
The overall prevalence of colorectal cancer was 5⋅1 per cent. The FIT had sensitivity of 85⋅1 per cent,
specificity of 83⋅5 per cent, positive predictive value of 22⋅6 per cent and negative predictive value of 99⋅0
per cent. ROC analysis of FIT for diagnosing colorectal cancer gave an area under the curve value of 0⋅89
(95 per cent c.i. 0⋅84 to 0⋅94). Significant bowel pathology was detected more frequently in FIT-positive
patients (35⋅1 per cent versus 7⋅1 per cent in FIT-negative patients; P < 0⋅001). There were sex differences
in FIT positivity (23⋅7 per cent in men versus 17⋅4 per cent in women; P = 0⋅019); the sensitivity of FIT
for colorectal cancer in women was also low. False-negative FIT results were found mainly in women
referred with iron-deficiency anaemia, who were found to have caecal cancer.
Conclusion: FIT effectively excluded colorectal cancer in symptomatic patients. Integration of FIT into
the diagnostic pathway for colorectal cancer would direct resources appropriately to patients with a
greater likelihood of having the disease.
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Introduction

Early diagnosis of colorectal cancer can be challenging
owing to the variability of symptoms. The UK Depart-
ment of Health has introduced a fast-track referral system
(2-week wait) to help diagnose these cancers early. The
backbone of referral is based on patient symptoms, as
outlined by the National Institute for Health and Care
Excellence (NICE)1. Most patients who are referred
undergo further investigations. Colonoscopy remains the
standard investigation for colorectal cancer and is a bench-
mark for assessing the performance of other colorectal
cancer screening tests2. The pick-up rate of colorectal

cancer via the 2-week-wait pathway is low (5–12 per cent).
Only 27–30 per cent of patients are diagnosed at an early
stage, and the subsequent survival rate remains similar to
that for patients with colorectal cancer referred through
other routes3. A large number of patients undergo unneces-
sary colonoscopies, which are invasive and carry risks such
as procedural complications, overdiagnosis and overtreat-
ment. The lack of patient awareness regarding red-flag
symptoms delays the seeking of help and, along with inap-
propriate use of the 2-week referral system in some cases,
has been associated with the unsatisfactory outcomes of the
current strategy4,5.
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It is well established that bowel symptoms have a very
low positive predictive value (PPV) for bowel cancer. Only
high levels of faecal haemoglobin (Hb) are indicative of
increased risk of significant bowel pathology6. The fae-
cal immunochemical test (FIT) uses antibodies directed
against human Hb in small stool samples. It provides a
quantitative value for faecal Hb, and has been shown to
be more accurate than guaiac-based faecal occult blood
tests7,8. FIT could be the ideal non-invasive test to aid in
the management of these patients.

Studies have shown a negative predictive value (NPV) for
FIT of 89–100 per cent9–11. FIT results could potentially
risk-stratify patients with colorectal cancer. This would
direct the use of colonoscopy towards high-risk patients
and avoid unnecessary investigations in others. Several
trials are underway in the UK to evaluate various aspects
of the FIT, including stool collection methods and the type
of analyser used.

The primary aim of this study was to establish the diag-
nostic accuracy (sensitivity, specificity, PPV and NPV)
of FIT for detecting colorectal cancer in symptomatic
patients referred via the 2-week-wait pathway. Secondary
aims were to investigate the diagnostic accuracy of FIT in
detecting high-risk polyps and to evaluate the impact on
FIT results of using digital rectal examination (DRE) to
obtain stool samples.

Methods

This was a single-centre prospective and blinded study
undertaken at East Sussex Healthcare NHS Trust, a pio-
neering FIT centre in the UK. The study design is shown
in Fig. 1, and was conducted in accordance to the Standards
of Reporting Diagnostic Accuracy Guidelines (STARD)12.
The target sample size was set at 1000 patients.

Patients with bowel symptoms, referred via the
2-week-wait colorectal cancer pathway, were recruited
over a 1-year period (August 2017 to August 2018).

Patients attending the colorectal clinic on the path-
way were given information in advance regarding what
to expect during clinical assessment and the investiga-
tions that would be undertaken, including FIT. Only
patients who had FIT performed and underwent defini-
tive diagnostic investigations were included in the final
analyses.

Definitive diagnostic investigations included
colonoscopy, CT colonography (CTC) and plain CT, per-
formed on a case-by-case basis depending on the patient’s
fitness status and their willingness to undergo a particular
investigation. Colonoscopy was offered most frequently
as the primary investigation. When colonoscopy failed,
or a patient refused to have this investigation, CTC was
offered. Plain CT was offered only to frail patients deemed
unfit for an invasive procedure. Patients with anaemia
were investigated according to the British Society of Gas-
troenterology (BSG) guidelines13. Some patients had more
than one modality of investigation. Patients re-presenting
with similar symptoms, who had had normal findings
on comprehensive colonic investigation in the preceding
3 years, were offered focused investigations (for example,
flexible sigmoidoscopy for patients re-presenting with
rectal bleeding). Clinicians, endoscopists and radiologists
were all blinded to the FIT results.

Stool sample collection for faecal immunochemical
testing

Before sampling and FIT, face-to-face counselling was
undertaken to explain the process and obtain informed
consent. DRE is a usual part of clinical examination during
colorectal assessment; a stool sample for FIT was obtained
at the same time. For DRE, patients were positioned in
the left lateral decubitus position with hips and knees
flexed at 90∘ angles. Disposable, non-latex, non-sterile
gloves were used. Water-based lubricant (Optilube®;
Optimum Medical, Leeds, UK) was used for lubrication.

Fig. 1 Design of the study

Two-week-wait

referral with
NICE (NG12)

symptoms

Seen in colorectal
clinic

Stool sample for FIT

collected during
DRE*

Referred for further

investigation as

required

Colonoscopy

CTC

CTAP, flexible
sigmoidoscopy

*Patients with obvious blood or no stool on digital rectal examination (DRE) did not have FIT performed. NICE, National Institute for Health and Care
Excellence; FIT, faecal immunochemical test; CTC, CT colonography; CTAP, CT of abdomen and pelvis.

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1180–1188
BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd



1182 A. A. Khan, M. Klimovskij and R. Harshen

Fig. 2 Standards of Reporting Diagnostic Accuracy Guidelines (STARD) work-flow diagram
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NICE, National Institute for Health and Care Excellence; FIT, faecal immunochemical test; Hb, haemoglobin; CTC, CT colonography.

After assessment of the anorectum for pathology, a small
amount of faeces was collected and smeared on to the
collection picker (EXTEL HEMO-AUTO MC device;
Kyowa Medex, Tokyo, Japan). The sample was stored
according to manufacturer guidelines and transferred
immediately to the local laboratory for analysis. Patients
with absent stool or obvious blood on DRE were excluded.

Faecal haemoglobin measurements

Faecal samples were analysed using the fully automated
HM-JACKarc analyser system (Kyowa Medex and Alpha
Laboratories, Eastleigh, UK). This system uses latex
immunoturbidimetry technology with detection by inte-
grated sphere turbidimetry14. In the laboratory, the system
is calibrated and checked for quality control every day
before samples are run, once daily. The faecal Hb mea-
surements were reported as micrograms of Hb per gram
of faeces, as recommended by the Expert Working Group
of the Colorectal Cancer Screening Committee (FIT
for Screening) of the World Endoscopy Organization15.
Minimum and maximum reported values were 0⋅0 and
more than 450 μg Hb/g faeces respectively. The NICE1

recommended threshold value of at least 10 μg Hb/g faeces
was set as a positive result. The analysis was carried out by a
registered biomedical scientist, and the results were autho-
rized by two consultant clinical scientists before results
were issued. The laboratory has a comprehensive quality

management system and is accredited to ISO 15189-based
standards.

Bowel investigations

Colonoscopy and CTC were performed at either Con-
quest Hospital or Eastbourne District General Hospital.
All colonoscopies were performed by an endoscopist
approved by the Joint Accreditation Group on Gastroin-
testinal Endoscopy and reported using a standard template.
The CTC protocol was based on guidelines developed
by the International Collaboration for CT Colonogra-
phy Standards16. All CTC findings were reported by a
consultant radiologist expert in gastrointestinal radiology.
Patients with suspicious lesions on CTC underwent optical
colonoscopy, if able. Polyps were excised where possible,
and histopathological findings reported by a consultant
pathologist, based on standards set by the Royal College
of Pathologists17. All patients with colorectal cancer were
staged according to the TNM system and Dukes’ stag-
ing. Management was discussed and planned by the local
colorectal multidisciplinary team (MDT).

Definition of terms

The term colorectal cancer was used for all histolog-
ical types of malignant colonic neoplasm, including
adenocarcinoma, neuroendocrine tumours and lymphoma.
The term high-risk polyp included polyps of 10 mm or
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Table 1 Patient demographics, referral signs and symptoms,
and completed investigations

No. of patients*
(n = 928)

Patient demographics

Age (years)† 72 (64–80)

Sex ratio (M : F) 376 : 552

Referral signs and symptoms‡
Change in bowel habit 609 (65⋅6)

Anaemia 189 (20⋅4)

Intermittent rectal bleeding 94 (10⋅1)

Weight loss 70 (7⋅5)

Abdominal pain 69 (7⋅4)

Abdominal mass 29 (3⋅1)

Rectal mass 21 (2⋅3)

FOB test-positive 2 (0⋅2)

FIT result

Positive 185 (19⋅9)

Negative 743 (80⋅1)

Investigations performed

Colonoscopy 635 (68⋅4)

CTC 157 (16⋅9)

CTAP, CTCAP or flexible sigmoidoscopy 136 (14⋅7)

*With percentages in parentheses unless indicated otherwise; †values are
median (i.q.r.). ‡Many patients presented with more than one symptom.
FOB, faecal occult blood; FIT, faecal immunochemical test; CTC, CT
colonography (virtual colonoscopy); CTAP, CT of abdomen and pelvis;
CTCAP, CT of chest, abdomen and pelvis.

larger, high-grade dysplasia or the presence of multiple
polyps (more than 5), according to BSG and Association of
Coloproctology of Great Britain and Ireland guidelines18.

Fig. 3 Receiver operating characteristic (ROC) curve analy-
sis of faecal immunochemical testing for detecting colorectal
cancer
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The cut-off value was 10 μg haemoglobin/g faeces.

Statistical analysis

Data collection included general patient demograph-
ics, referral signs and symptoms, use of antiplatelets
and/or anticoagulants, faecal Hb measurements, results of
endoscopy or CT, histopathology reports of polyps and
colorectal cancers, and MDT outcomes of patients with
colorectal cancer. The distribution of FIT measurements

Table 2 Prevalence of bowel disease and distribution of faecal haemoglobin measurements and faecal immunochemical test results

No. of patients
(n = 928)

FIT measurement
(𝛍g Hb/g faeces)*

FIT-positive
(> 10𝛍g Hb/g faeces) (n = 185)

FIT-negative
(≥10𝛍g Hb/g faeces) (n = 743) P§

Colorectal cancer 47 (5⋅1) 151⋅9 (66⋅2, 208⋅9) 40 (21⋅6) 7 (0⋅9) <0⋅001

Adenocarcinoma 45 (4⋅8) 158⋅9 (87⋅0, 291⋅7) 39 (21⋅1) 6 (0⋅8) < 0⋅001

Rectal GIST 1 (0⋅1) 34⋅2 1 (0⋅5) 0 (0) –

Lymphoma 1 (0⋅1) 9⋅9 0 (0) 1 (0⋅1) –

Polyps 166 (17⋅9) 1⋅8 (1⋅2, 2⋅0) 32 (17⋅3) 134 (18⋅0) 0⋅823

Low risk† 136 (14⋅7) 1⋅8 (1⋅1, 1⋅9) 22 (11⋅9) 114 (15⋅3) 0⋅234

High risk‡ 30 (3⋅2) 1⋅8 (1⋅2, 10⋅7) 10 (5⋅4) 20 (2⋅7) 0⋅061

Colitis 41 (4⋅4) 1⋅6 (0⋅7, 11⋅4) 15 (8⋅1) 26 (3⋅5) 0⋅006

Diverticulosis 237 (25⋅5) 1⋅1 (0⋅9, 1⋅5) 36 (19⋅5) 201 (27⋅1) 0⋅034

Haemorrhoids 29 (3⋅1) 1⋅7 (0⋅7, 4⋅2) 6 (3⋅2) 23 (3⋅1) 0⋅920

Other 109 (11⋅7) 1⋅8 (1⋅1, 2⋅4) 19 (10⋅2) 90 (12⋅1) 0⋅483

Normal finding 299 (32⋅2) 0⋅9 (0⋅7, 1⋅1) 37 (20⋅0) 262 (35⋅3) <0⋅001

Values in parentheses are percentages unless indicated otherwise; *values are median (95 per cent c.i.). †Polyps 9 mm or less, or low-grade dysplasia.
‡Polyps 10 mm or above, high-grade dysplasia or multiple polyps (more than 5). FIT, faecal immunochemical test; Hb, haemoglobin; GIST, gastrointestinal
stromal tumour. §χ2 test (FIT-positive versus FIT-negative).
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Table 3 Prevalence of bowel disease and subgroup analysis of faecal haemoglobin measurements according to sex

Total (n = 928) Men (n = 376) Women (n = 552) P§

Colorectal cancer

n 47 (5⋅1) 22 (5⋅9) 25 (4⋅5) 0⋅365

Faecal Hb† 184⋅1 (114⋅9, 450⋅0) 76⋅2 (34⋅2, 197⋅7) 0⋅049¶
Adenocarcinoma

n 45 (4⋅8) 22 (5⋅9) 23 (4⋅2) 0⋅276

Faecal Hb* 184⋅1 (114⋅9, 450⋅0) 87 (35⋅3, 207⋅8) 0⋅097¶
GIST

n 1 (0⋅1) 0 (0) 1 (0⋅2) –

Faecal Hb* – 34⋅2 –

Lymphoma

n 1 (0⋅1) 0 (0) 1 (0⋅2) –

Faecal Hb* 9⋅9 –

Polyps

n 166 (17⋅9) 79 (21⋅0) 87 (15⋅8) 0⋅045

Faecal Hb* 2⋅0 (1⋅4, 4⋅1) 1⋅5 (0⋅8, 1⋅8) 0⋅063¶
Low risk†

n 136 (14⋅7) 62 (16⋅5) 74 (13⋅4) 0⋅219

Faecal Hb* 1⋅8 (0⋅9, 4⋅0) 1⋅5 (0⋅8, 1⋅8) 0⋅266¶
High risk‡

n 30 (3⋅2) 17 (4⋅5) 13 (2⋅4) 0⋅088

Faecal Hb* 4⋅3 (1⋅8 – 11⋅3) 1⋅2 (0⋅2, 45⋅7) 0⋅121¶
Colitis

n 41 (4⋅4) 17 (4⋅5) 24 (4⋅3) 1⋅000

Faecal Hb* 1⋅6 (0⋅8, 22⋅0) 1⋅3 (0⋅5, 11⋅7) 0⋅434¶
Diverticulosis

n 237 (25⋅5) 92 (24⋅5) 145 (26⋅3) 0⋅592

Faecal Hb* 1⋅4 (1⋅0, 2⋅1) 1⋅0 (0⋅8, 1⋅4) 0⋅072¶
Haemorrhoids

n 29 (3⋅1) 9 (2⋅4) 20 (3⋅6) 0⋅340

Faecal Hb* 4⋅0 (1⋅6, 37⋅4) 1⋅2 (0⋅6, 2⋅9) 0⋅137

Other

n 109 (11⋅7) 46 (12⋅3) 63 (11⋅4) 0⋅756

Faecal Hb* 1⋅8 (1⋅7, 5⋅7) 1⋅8 (0⋅9, 3⋅7) 0⋅499¶
Normal finding

n 299 (32⋅2) 111 (29⋅5) 188 (34⋅1) 0⋅153

Faecal Hb* 1⋅1 (0⋅8, 1⋅7) 0⋅8 (0⋅6, 1⋅0) 0⋅055¶

Values in parentheses are percentages unless indicated otherwise; *values are median (95 per cent c.i.) (μg haemoglobin (Hb)/g faeces). †Polyps 9 mm
or less, or low-grade dysplasia. ‡Polyps 10 mm or above, high-grade dysplasia or multiple polyps (more than 5). GIST, gastrointestinal stromal tumour.
§χ2 test, except ¶Mann–Whitney U test.

was checked for normality with the Shapiro–Wilk test and
Q–Q plots, and showed non-parametric distribution. The
Mann–Whitney U test was used to compare quantitative
variables, and the χ2 test for categorical variables.

Receiver operating characteristic (ROC) curve analysis
and area under the curve (AUC) estimates were used to
determine the diagnostic accuracy of FIT in detecting
CRC. The two-by-two table comparing FIT against defini-
tive diagnostic investigation was used to calculate sensitiv-
ity, specificity, PPV and NPV with 95 per cent confidence

intervals. P < 0⋅050 was considered statistically significant.
Data maintenance and analysis were performed using
Excel® 2013 (Microsoft, Redmond, Washington, USA)
and SPSS® version 25 (IBM, Armonk, New York, USA).

Results

The STARD work-flow diagram is shown in Fig. 2 and
demographic data in Table 1. A total of 928 patients (M : F
ratio 1 : 1⋅5; median age 72 (i.q.r. 64–80 years)) were

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1180–1188
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included in the final analysis; 72 patients were excluded.
Of the excluded patients, 45 (63 per cent) were deemed
unfit for further investigation, 17 (24 per cent) declined
further investigation, nine (13 per cent) had not completed
investigation at the time of analysis, and one (1 per cent)
had no stool for analysis on DRE. The most common
referral symptoms were change in bowel habit, anaemia
and rectal bleeding, and the majority of patients had
colonoscopy as the definitive diagnostic investigation. The
overall prevalence of colorectal cancer was 5⋅1 per cent,
and that for high-risk polyps was 3⋅1 per cent.

The diagnostic accuracy analysis of FIT for colorectal
cancer showed a sensitivity of 85⋅1 (95 per cent c.i. 71⋅0 to
93⋅3) per cent, specificity of 83⋅5 (80⋅8 to 85⋅8) per cent,
PPV of 22⋅6 (16⋅0 to 28⋅3) per cent, and NPV of 99⋅0
(97⋅9 to 99⋅5) per cent. For high-risk polyps, FIT showed
sensitivity of 34⋅4 (18⋅5 to 54⋅3) per cent, specificity of 83⋅5
(75⋅9 to 89⋅2) per cent, PPV of 31⋅2 (16⋅7 to 50⋅1) per
cent, and NPV of 85⋅4 (78⋅0 to 90⋅8) per cent. ROC curve
analysis of FIT estimated the AUC as 0⋅89 (95 per cent c.i.
0⋅84 to 0⋅94) for colorectal cancer and 0⋅60 (0⋅50 to 0⋅70)
for high-risk polyps (Fig. 3).

Details of faecal Hb measurements grouped according
to final diagnosis are shown in Table 2. In general, signif-
icant bowel pathology (colorectal cancer, high-risk polyps
and colitis) was detected more frequently in FIT-positive
than in FIT-negative patients (35⋅1 versus 7⋅1 per cent;
P < 0⋅001).

Sex differences in faecal Hb measurements and final
diagnoses are shown in Table 3. In general, there were sex
differences in FIT positivity between men (90 of 376, 23⋅9
per cent) and women (95 of 552, 17⋅2 per cent) (P = 0⋅015).
In the subgroup analysis, the diagnostic accuracy of FIT for
colorectal cancer showed similar NPV in men and women:
99⋅6 (95 per cent c.i. 97⋅7 to 99⋅9) and 98⋅6 (97⋅0 to 99⋅4)
per cent respectively. The other diagnostic parameters
were better for men (sensitivity 95⋅4 (75⋅1 to 99⋅7) per cent;
specificity 80⋅5 (75⋅9 to 84⋅4) per cent); PPV 23⋅0 (15⋅3 to
33⋅6) per cent) compared with values in women (sensitivity
76⋅1 (54⋅5 to 89⋅8) per cent; specificity 85⋅5 (82⋅2 to 88⋅4)
per cent; PPV 20⋅0 (12⋅7 to 29⋅4) per cent).

A total of 185 patients (19⋅9 per cent) tested positive on
FIT analysis. Amongst the FIT-positive patients, 40 (21⋅6
per cent) were diagnosed with colorectal cancer, 10 (5⋅4 per
cent) had high-risk polyps, 15 (8⋅1 per cent) had colitis,
83 (44⋅9 per cent) had other diagnoses, and 37 (20⋅0 per
cent) had a normal finding. Patients with colorectal cancer
had the highest FIT values (151⋅9 (95 per cent c.i. 66⋅2
to 208⋅9) μg Hb/g faeces) (Table 2). The colorectal cancers
diagnosed included 39 adenocarcinomas (98 per cent) and
one gastrointestinal stromal tumour (GIST) (3 per cent).

Details of the 40 patients with FIT-positive colorectal
cancer are given in Table S1 (supporting information).

A total of 743 patients (80⋅1 per cent) tested negative
on FIT analysis. Of these patients, seven (0⋅9 per cent)
were diagnosed with colorectal cancer, 19 (2⋅6 per cent)
had high-risk polyps, 26 (3⋅5 per cent) had colitis, 414 (55⋅7
per cent) had other diagnoses and 277 (37⋅3 per cent) had
normal findings. The seven colorectal cancers diagnosed
included six adenocarcinomas (86 per cent) and one (14
per cent) lymphoma. The median faecal Hb measurement
for FIT-negative adenocarcinoma was 1⋅5 (95 per cent c.i
0⋅5 to 9⋅9) μg Hb/g faeces. Details of the FIT-negative
colorectal cancers are presented in Table S2 (supporting
information).

Discussion

In patients with bowel symptoms referred on the UK NHS
2-week-wait pathway, FIT was highly accurate in diag-
nosing colorectal cancer with high AUC (0⋅89), sensitivity
(85⋅1 per cent), specificity (83⋅5 per cent) and NPV (99⋅0
per cent). Only 19⋅9 per cent of patients tested positive on
FIT analysis and, of these, one-third had significant bowel
pathology. FIT-negative patients had predominantly nor-
mal findings on further investigation.

Only a handful of previous studies9–11 have used the
HM-JACKarc analyser. Widlak and colleagues11 reported
similar results to those in the present study, with a FIT
threshold of at least 7 μg Hb/g faeces (the minimum
detectable limit for the analyser used). In a sample of 430
patients, 24 colorectal cancers and one high-grade dysplasia
were found, and combined for the purpose of analysis. An
AUC of 0⋅94 was reported, with sensitivity of 84 per cent,
specificity of 93 per cent and NPV of 99 per cent11. There
were three FIT-negative colorectal cancers (two descend-
ing colon, one hepatic flexure). Godber et al.10 reported a
NPV of 100 per cent at a FIT threshold of at least 10 μg
Hb/g faeces, but with a lower than average prevalence of
colorectal cancer of 2⋅2 per cent in a cohort of 507 patients.
As the analysis of accuracy is dependent on disease preva-
lence, this could account for the higher NPV estimate. On
the other hand, Auge and co-workers9, in a study of 208
patients, combined two patients with colorectal cancer and
27 with high-risk polyps into a single group of ‘advanced
colorectal neoplasia’. Unsurprisingly, the reported NPV of
89⋅4 per cent was lower than that in other studies.

Studies6,19,20 using FIT OC-Sensor™ analysers (Eiken
Chemical, Tokyo, Japan), at a FIT-positive threshold of at
least 10 μg Hb/g faeces, have reported similar data on accu-
racy to those in the present study for detection of colorectal
cancer. In general, studies quoting a low AUC often have a
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low prevalence of colorectal cancer, and have usually com-
bined colorectal cancer with high-risk polyps and colitis to
generate accuracy data6,9,10. Only a few studies11,19,20 have
reflected the true prevalence of colorectal cancer. The high
NPV (99⋅0 per cent) in the present study provides further
evidence for the efficacy of FIT as a rule-out test for colo-
rectal cancer in symptomatic patients21.

The FIT-positive colorectal cancers included adenocar-
cinomas and one malignant rectal GIST. The median fae-
cal Hb value was significantly higher for adenocarcinoma
(158⋅9 (95 per cent c.i. 87⋅0 to 291⋅7) μg Hb/g faeces) than
for malignant rectal GIST (34⋅2 μg Hb/g faeces). The M : F
ratio was equal at 1 : 1, and the distribution of these can-
cers by anatomical site was similar to that for the overall
incidence of bowel cancer in England22.

Patients in the FIT-negative colorectal cancer group
were predominantly women (6 of 7), with a main refer-
ral symptom of iron deficiency anaemia. Most patients had
caecal adenocarcinoma, and one had a colonic lymphoma.
The median faecal Hb measurement for FIT-negative ade-
nocarcinoma was 1⋅5 (95 per cent c.i. 0⋅5 to 9⋅9) μg Hb/g
faeces, and lowering the threshold to at least 7 μg Hb/g
faeces, as in other studies, would not have improved the
accuracy in the present cohort. There are some plau-
sible explanations for these findings. A series of FIT
studies10,19,23 have shown that women have a lower con-
centration of faecal Hb than men. In the present study,
women had a lower median faecal Hb level, a difference
that increased in the presence of colorectal cancer and
high-risk polyps. These sex differences in faecal Hb were
reflected in the diagnostic accuracy of FIT.

There has been only one previous study24 that inves-
tigated the efficacy of FIT in patients with anaemia.
Although the authors reported a higher frequency of endo-
scopic lesions in the FIT-positive group (79⋅2 per cent ver-
sus 27⋅2 per cent in the FIT-negative group; P < 0⋅001),
on subgroup analysis a considerable frequency of lesions
(8⋅7 per cent) were also seen in FIT-negative patients at
colonoscopy, highlighting that FIT should be interpreted
cautiously in anaemic patients. There is conflicting evi-
dence about the impact of tumour location on FIT results,
with some authors11,25,26 finding left-sided lesions to be
associated with a higher faecal Hb level, and therefore
improved FIT sensitivity, whereas others8,27,28 have found
no association between colorectal cancer location and FIT
results.

There were only 30 patients with high-risk polyps in
the present study, and none had high-grade dysplasia on
histopathological analysis. Although a significant propor-
tion of patients with high-risk polyps were FIT-positive,
the diagnostic accuracy of FIT for high-risk polyps was

poor and thus use of FIT for detection of high-risk polyps
is not supported.

Median faecal Hb measurements were considerably
higher in patients with colorectal cancer than in those
with other diagnoses, supporting the theory that fae-
cal Hb increases with severity of disease28. Previous
studies6,9–11,28,29 have reported similar findings of high
median faecal Hb measurements in patients with signif-
icant bowel pathology, independent of the FIT analyser
used.

One-third of patients had normal findings and
one-quarter had diverticulosis; in both of these groups
there was a significantly higher proportion of FIT-negative
patients, as has been seen in previous studies6,9–11. This
suggests that the integration of FIT into the colorectal
investigative pathway could prevent unnecessary invasive
investigations in a large number of patients.

A new approach was taken to stool collection in this study.
In current practice, the FIT kit is posted to patients for
sample collection. With this method, the response rate
is generally poor, as reported in previous studies6,9–11,28.
Other issues found include challenging sample collection
and sample labelling difficulties for patients. In this study,
samples were collected during DRE in the colorectal clinic.
Rectal examination is a point-of-care test and, in this study,
improved issues with compliance as well as errors or delays
in sampling (such as collection, storage and transfer to the
laboratory).

The observational study design is a potential limitation
of this study, and there may have been selection bias as
the study sample included only symptomatic patients who
visited their general practitioner for assessment; however,
this is representative of the population referred through the
2-week-wait pathway. The large sample size is a strength of
this study, as it allowed separate analysis of the accuracy of
FIT for colorectal cancer and high-risk polyps.

The results of this study support the integration of FIT
into the colorectal cancer diagnostic pathway to direct
resources appropriately to patients with a higher likelihood
of colorectal cancer. FIT is not a diagnostic test, but an
aid to diagnosis, and it is suitable for use in the primary
care setting to guide specialist referral. Clinical judgement
is always warranted, particularly in FIT-negative patients.
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