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Introduction

In 2012, there were 1,361,000 colorectal cancer (CRC) 
cases registered worldwide (1). CRC is the third most 
common cancer in men (746,000 cases) and the second 
in women (614,000 cases) worldwide. Despite the rising 
number of newly diagnosed cases of CRC, mortality has 
generally decreased over the past 40 years (1). Colonoscopy 
as a gold standard is undisputed in the diagnosis of CRC in 
both symptomatic and asymptomatic individuals. However, 
colonoscopy, being an invasive procedure, is not without 
risk, albeit that serious complications such as bleeding 
[2.6/1,000 procedures, 95% confidence interval (CI): 

1.7–3.7] and perforation (0.5/1,000 procedures, 95% CI: 
0.4–0.7) are low (2). In addition, the procedure is time-
consuming and involves a significant input from heath care 
professionals. Whilst screening has impacted positively 
on the health of asymptomatic participants, there is still a 
large number of cases of CRC that present with symptoms, 
mainly in primary care but also in secondary care (3). 
Differentiating the patients with serious pathology [CRC 
+ higher-risk (advanced) adenoma (HRA) + inflammatory 
bowel disease (IBD)] from those with benign or functional 
colorectal disease can be a challenge due to the major 
overlap of symptoms.
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The need for reliable rule-out criteria

The early diagnosis of CRC in patients presenting with 
symptoms of colorectal disease may improve prognosis (4). 
Several risk classification scores based on symptoms have 
been developed to address this. National Institute for Health 
and Care Excellence (NICE) (4) and Scottish Intercollegiate 
Guidelines Network (SIGN) (5) recommendations are 
only two examples of such guidelines. These classification 
criteria are intended to assess which patients are most at 
risk of having CRC, and thus prioritise these patients for 
colonoscopy—shorten this sentence. There is, however, the 
need for a simple, inexpensive rule-out tool to help alleviate 
the resulting burden on endoscopic services and prioritise 
these patients (6).

The 2-week wait referral guideline was introduced by the 
National Health Service in England (NHSE) and has been 
implemented in most centres; however, compliance with this 
guideline has not been good (7). Additionally, this system 
has had an adverse impact on the waiting times for routine 
referrals for investigation of the colorectum (7). In fact, only 
24% of incident CRC cases were diagnosed through the 
2-week wait strategy and no evidence was found that these 
CRC cases were diagnosed at an earlier stage (8). Jellema 
et al. (9) evaluated the diagnostic accuracy of the 2-week 
wait criteria, and found that the sensitivity and specificity 
for CRC detection are 92% and 42%, respectively. In this 
study, the available evidence on diagnostic tests accessible 
in primary care to identify which patients with symptoms 
had an increased probability of having CRC was evaluated. 
Patient age, being on the referral arm of a clinical guideline, 
and a positive faecal immunochemical test for haemoglobin 
(FIT) result are identified as highly sensitive factors. FIT 
also has good specificity, as does a positive family history, 
unexplained weight loss and iron deficiency anaemia  
(Table 1). 

Only a small proportion of the haem moiety of 
haemoglobin that finds its way into the upper gastro-
intestinal tract lumen undergoes degradation; the major 
portion enters the colon intact. In the lower gastro-
intestinal tract, intact haem, together with any haem of 
haemoproteins shed directly into the colonic lumen as 
haemoglobin or other haemoproteins, is converted by 
bacteria to a range of haem-derived porphyrins lacking 
iron (10). This conversion is a slow and incomplete 
process and the amount converted in this way depends on 
colonic transit rate, site of bleeding and amount of luminal 
haem (10). Following this process, faeces will contain a 
heterogeneous mixture of intact haemoglobin, intact haem, 
as well as globin and haem derived porphyrins - the stage 
of degradation depending on the location of bleeding in the 
gut (10). In the presence of CRC, this mixture will contain 
higher concentrations of all the products (10). Fraser  
et al. (11) analysed the faecal haemoglobin concentration 
[f-Hb; measured in µg Hb/g—the standard unit of 
measurement proposed (12)] in a number of colonoscopy 
groups, subdividing the subjects by the pathology found at 
colonoscopy. They clearly demonstrated a difference in f-Hb 
between cancer and other colonic pathologies (Figure 1).

The traditional guaiac-based faecal occult blood test 
(gFOBT) is based on the peroxidase activity of the haem 
moiety of haemoglobin. In our opinion, this technique has 
inherent disadvantages such as issues with sample transfer 
onto the specimen collection cards, interference of dietary 
constituents and non-specificity for gastro-intestinal 
origin of bleeding. gFOBT is therefore not suitable 
for symptomatic patients. The Expert Working Group 
of the CRC Screening Committee, World Endoscopy 
Organization, “FIT for Screening” advocate the use of the 
terminology FIT to distinguish this from other methods for 
detection of the presence of blood in faeces (12). In contrast 

Table 1 Evaluation of diagnostic investigations for detection of CRC in symptomatic patients (95% CI)

Index investigation Sensitivity (%) Specificity (%) PPV (%)

gFOBT 75 86 28

FIT 95 84 21

Family history 16 91 6

Weight loss 20 89 9

Iron deficiency anaemia 13 92 13

Adapted from Jellema et al. (9). gFOBT, guaiac-based faecal occult blood test; FIT, biochemistry and terminology; CRC, colorectal cancer; 
PPV, positive predictive value. 
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to gFOBT, FIT is more compliant-friendly—since only 
one sample is required—sampling of faeces is done using 
user-friendly specimen collection devices and the results are 
not affected by constituents of consumed food. Moreover, 
globin in haemoglobin is digested by proteolytic enzymes 
in the gut, hence upper gastro-intestinal bleeding is not 
detected, making FIT more specific to the colorectum (10). 
Therefore, FIT is selective for colorectal bleeding since 
globin from the upper gastro-intestinal tract is not present 
in significant amount in faeces (10). A study by Young  
et al. showed that ingested blood of up to 100 mL was not 
detected by some immunochemical methods but was by 
gFOBT (13). FIT is not clinically specific, however, because 
non-neoplastic and benign pathologies may also bleed and 
certainly the dogma is that there is a small concentration 
of haemoglobin in faeces that reflects usual physiological 
blood loss (14). 

The immunoassay methods differ between qualitative 
and quantitative FIT (12). FIT assays can be carried out 
in a number of techniques: qualitative FIT generally use 
lateral flow immunochromatographic analysis [as used in 
many point-of-care (POC) devices] and quantitative FIT 
generally use laboratory-based immunoturbidimetry on 
small closed bench top analysers.

Qualitative FIT

Qualitative FIT use test cassettes or strips, in which 
separation of haemoglobin occurs using lateral flow 
and is captured by antibodies to the globin component. 

Qualitative FIT devices can be used as POC tests as well as 
in opportunistic clinical settings. The f-Hb concentration 
that is used as the cut-off between negative and positive 
in such tests is set by the manufacturer and these cut-offs 
differ considerably giving lack of consistency of clinical 
outcomes (15,16). Steele et al. (17) state that they are not 
easy tests to use in the ambulatory setting, because, amongst 
other difficulties, they require skill and practice to obtain 
consistency in sample application and visual interpretation 

Kok et al. (18) assessed the ability of faecal biomarkers 
[faecal calprotectin (f-C) and qualitative FIT] to differentiate 
between organic bowel disease—which included IBD, 
CRC and all adenomas—and non-organic bowel disease in 
symptomatic patients in primary care. They found an NPV 
of 81% for f-C and 84% for FIT in their cohort of 386 
patients, thereby proving that both biomarkers are useful 
for ruling out CRC. Elias et al. (19). reported that when f-C 
and FIT were incorporated into a diagnostic model which 
also factored in patient clinical data, an NPV for significant 
colorectal disease of 96.4% is achieved. 

Szilagyi et al. (20) assessed qualitative FIT performance 
against colonoscopy results in a cohort of 144 patients. Five 
advanced adenomas [without high-grade dysplasia (HDG) 
or adenocarcinoma] and several cases of multiple adenomas 
were missed in the group with FIT negative test results. 
Sensitivity, specificity and NPV for advanced polyps are 
63.6%, 82.7% and 96.5%, respectively. 

In a study by Digby et al. (21), f-Hb concentration is 
correlated with stage of CRC and adenoma. Polyp cancers 
have lower concentrations than more advanced stage 
cancers (P<0.04), with HRA having significantly higher 
f-Hb concentrations than low risk adenomas (LRA): f-Hb, 
therefore, is related to severity of colorectal neoplasia.

A CRC which bleeds intermittently might be one of 
the reasons for a false negative FIT result. In a recent 
publication, the effectiveness of different numbers of 
samples for a POC FIT in symptomatic patients with CRC 
or adenomas with HDG in the primary care setting was 
assessed (22). In this study, three FITs (with at least one 
positive FIT result) detected 13 more cases than a single 
FIT in a cohort of 139 cases with CRC or adenomas with 
HGD. This means that a single negative qualitative FIT 
may not be adequately reassuring.

Quantitative FIT

Quantitative FITs generally use immunoturbidimetric 
methods, providing a measure of haemoglobin in faeces 
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Figure 1 Distribution of faecal haemoglobin concentrations by 
colonoscopy group. DD, diverticular disease; HP, hyperplastic 
polyps; LRA, low risk adenoma; HRA, higher risk adenoma. 
Horizontal bars show median concentrations. Reproduced from 
Fraser et al. (11).
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captured in a buffer solution within the specimen collection 
device. The amount of faeces sampled will therefore affect 
the measured concentration. However, studies have shown 
that the f-Hb concentration is also—and more greatly so—
related to the severity of the neoplastic pathology present 
(11,14,23,24). Therefore, when neoplasia is present, there 
will be more bleeding, and this will be reflected in the 
found f-Hb. Subsequently, it is also important to determine 
at what point—or, more accurately, cut-off—FIT is to be 
considered positive. Data on assessment of symptomatic 
patients using different f-Hb cut-offs are available in the 
literature (25,26). Whilst the cut-off is important, it should 
probably be set dependent on the population to be assessed 
and the prevalence of CRC. For the population in England, 
NICE recommend a f-Hb cut-off of 10 µg Hb/g faeces in 
the recent DG30 diagnostic guidance (27).

Quantitative FITs have major advantages over qualitative 
FIT and gFOBT. The end point is an objective result, 
which can be more easily compared and stratified and is 
more amenable to quality assurance procedures. There are 
a number of commercially available FIT analytical systems. 
NICE (27) currently recommends the use of OC-sensor, 
HM-JACKarc or FOB Gold quantitative procedures: 
“for suspected CRC in people without rectal bleeding who have 
unexplained symptoms but do not meet the criteria for a suspected 
cancer pathway referral outlined in NICE’s NG12 guideline.” 

The various FIT collection devices and analytical 
systems have been compared in a recent review (28) and a 
number of points have been highlighted: FIT manufacturers 
continually evolve their products; hence outcomes might 
not be comparable over time. There is, however, a push for 
standardisation of reporting of the results obtained with 
FIT (29,30).

There is an age and sex difference in f-Hb, with that 
in males and the elderly being higher than that in females 
and the younger subjects (31). This could potentially lead 
to the need for different f-Hb cut-offs based on sex and 
age. A prospective cohort study showed that a cut-off of  
10 µg Hb/g faeces gives similar results in both sexes, at least 
in terms of positive predictive value (PPV) (32).

FIT and other biomarkers

There are a number of biomarkers that have been suggested 
as being useful in the evaluation of symptomatic patients. 
These include blood haemoglobin [iron deficiency 
anaemia—92% specific for CRC, albeit poorly sensitive 
(10,33)], f-Hb concentration, serum carcinoembryonic 

antigen (CEA) but with poor sensitivity and specificity for 
diagnosis (34) and f-C (35).

f-C has been shown to be a good marker in colorectal 
pathologies of an inflammatory nature (36,37) and 
concentrations have been found to be significantly 
elevated also in neoplastic conditions. In a recent study, 
Turvill et al. (35), investigated the role of f-C as a primary 
care assessment for CRC in patients with lower gastro-
intestinal symptoms. In their diagnostic accuracy study, 
f-C had a high NPV for CRC in patients with suspected 
CRC: 27.8% of patients referred for colonoscopy via the 
2-week wait criteria had a negative f-C result and a negative 
colonoscopy. 

CRC asymptomatic population screening with gFOBT 
in average-risk populations significantly reduces CRC 
mortality (38). However, several studies comparing gFOBT 
and FIT for the detection of CRC and advanced adenomas 
have shown FIT to be more sensitive and specific for their 
detection (13,23,39). In contrast, there is little literature on 
the role of these biomarkers in assessment of symptomatic 
patients. Going back to the meta-analysis published by 
Jellema et al. (9), FIT had high sensitivity and specificity for 
CRC detection and NPV of 100%. Unfortunately, however, 
this meta-analysis included studies with both asymptomatic 
and symptomatic cohorts. Mowat et al. (40) investigated FIT 
and f-C in a cohort of 1,043 symptomatic patients, in the 
primary care setting. The diagnostic accuracies of f-Hb and 
f-C for identification of significant colorectal disease were 
assessed by comparing these to the colonoscopy result. The 
negative predictive values of FIT for CRC and HRA were 
100% and 97.8%, respectively. Undetectable f-Hb measured 
in samples collected in primary care proved a good “rule-out 
test” for significant colorectal disease: CRC was excluded, 
and HRAs were rare: interestingly, f-C less than 50 µg/g 
missed five CRC and 17 high-risk adenoma cases. Widlak 
et al. (41) recently assessed the use of FIT or f-C to detect 
CRC and adenoma in symptomatic patients who had fulfilled 
the NHSE 2-week wait referral criteria. In their study, 
undetectable f-Hb had an NPV of 100% for exclusion of 
CRC, with higher f-Hb concentrations in left-sided lesions. 
Performing f-C in addition did not confer any benefits.

Of the biomarkers mentioned above, therefore, FIT 
appears to be the most promising tool for the prioritisation 
of further investigation for CRC in symptomatic patients. 

Where does FIT fit in clinical practice?

With the value of FIT in CRC screening already well 
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established, a number of studies set out to address the topic 
of the role of FIT in assessing symptomatic patients for 
the risk of CRC and other serious colorectal disease (HRA 
+ IBD) and the following review of the available literature 
highlights important points in this regard.

McDonald et al. (42) assessed the NPV of FIT in 280 
patients with lower abdominal symptoms—100% for cancer 
and 94.4% for HRA—concluding that the use of f-Hb 
measurements can contribute to reducing unnecessary 
endoscopy for symptomatic patients. Therefore, FIT was 
a useful rule-out test in this cohort of patients. Godber  
et al. (43) investigated 909 patients referred from primary 
care for colonoscopy: 484 patients submitted a sample for 
f-Hb and underwent a colonoscopy. Using a cut-off of  
10 µg Hb/g faeces, NPV was 96.2% for significant 
colorectal disease. All patients with CRC (n=11, 2.2%), 
had a high f-Hb concentration, with the resultant clinical 
sensitivity being 100%. A cut-off of f-Hb of less than  
10 µg Hb/g faeces measured in samples collected in primary 
care proved a good “rule-out test” for significant colorectal 
disease in the aforementioned Mowat et al. study (40), with 
an NPV of 99.5% for CRC and of 96.5% for HRA. Kaul 
et al. (44) demonstrated a use for qualitative FIT set at a 
cut-off of 10 µg Hb/g faeces. In this study, they scrutinised 
all 2-week wait referrals, to ensure that they all accurately 
reflected the correct referral criteria. No cancers were 
missed (NPV 100%) (Table 2). However, if patients met 
clinical referral criteria and were FIT positive, there was a 
60% (n=18/30) chance of having a cancer. 

Cubiella et al. (45) compared the sensitivity and 
specificity of FIT in detection of CRC with the then 
existing NICE (CG27) and SIGN 126 guidelines. FIT at 

a f-Hb concentration cut-off of 20 µg Hb/g faeces is more 
accurate for detection of CRC in symptomatic patients, 
with a sensitivity of 87.6% (NICE: 61.9%; SIGN: 77.4%) 
and a specificity of 77.4% (NICE: 65%, SIGN: 42%). Auge 
et al. (25) demonstrated the gender difference in sensitivity 
and PPV of FIT in symptomatic patients with CRC and 
advanced adenomas. In their study, utilising two samples 
collected for FIT per patient, they found that PPV is 
higher and NPV is lower in males, highlighting the possible 
need for sex-based cut-offs. Rodríguez-Alonso et al. (46) 
compared quantitative FIT with NICE CG27 and SIGN 
126 guidelines for referral. A cohort of 1,054 symptomatic 
patients referred for colonoscopy was investigated 
prospectively. NICE and SIGN guidelines detect 46.7% and 
43.3% of cases of CRC whilst FIT detected 96.7% of cases 
at a cut-off of 15 µg Hb/g faeces. Male sex, age and f-Hb 
are independent predictive factors of advanced neoplasia 
and the authors concluded that a score that combines sex, 
age and f-Hb could accurately estimate the risk of advanced 
neoplasia. Widlak et al. (41) investigated f-Hb and f-C as 
biomarkers to identify high-risk patients who were referred 
via the NHSE 2-week wait criteria: therefore, this study was 
done in the secondary care setting. A total of 430 patients 
were assessed, with 24 patients having CRC. FIT sensitivity 
and specificity for CRC detection are 84% and 93% 
respectively, at a f-Hb cut-off of 7 µg Hb/g faeces. NPV is 
99% for CRC.

FIT in multivariate scoring systems 

FIT should not be used in isolation, but should form part of 
the multi-factorial assessment of the symptomatic patient. 

Table 2 Correlation of FIT result with colonoscopic findings

Colonic pathology FIT positive FIT negative

Adenocarcinoma 17 0

Squamous cell carcinoma 1 0

Adenomatous polyp 1 4

Diverticulosis 6 45

Crohn’s disease 0 1

Solitary rectal ulcer 0 1

No pathology 5 31

Total 30 82

Adapted from Kaul et al. (44). 
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Risk-prediction models for CRC risk aim to identify those 
patients who need further investigation. Cubiella et al. (47) 
developed, and externally validated, a prediction model 
in symptomatic patients including f-Hb. This prediction 
model was shown to have high diagnostic accuracy  
(Figures 2,3); however, it is a complex model that includes 
eleven variables. 

In a more recent effort, these investigators and others 
from Spain and Scotland simplified this model and suggest 
that the multivariate FAST Score is an easy to calculate 
prediction tool (48)—based on f-Hb concentration, 
sex and age—for detection of CRC in symptomatic 
patients. They externally validated this score, using data 
from a study in Spain [Rodríguez-Alonso et al. (46)] and 
three studies in Scotland [McDonald et al. (42), Godber  
et al. (43) and Mowat et al. (40)]. Interestingly, the 
characteristics of the FAST Score were independent of 
country and FIT analytical system used.

Safety-netting

A f-Hb concentration above the analytical limit of detection 
is a good rule-out test for significant colorectal disease (42). 
A positive qualitative FIT result or a quantitative FIT result 
above the analytical limit of quantitation are unequivocal 
results and should prompt further investigation. However, 
the question arises: what about symptomatic patients 
with negative FIT results: should these be denied further 
investigation?

The high NPV of FIT for CRC and other significant 
colorectal disease in symptomatic patients when using a cut-
off of 10 µg Hb/g faeces, demonstrating that the likelihood 
of symptoms originating from the colon in subjects with 
f-Hb lower than the cut-off applied is low. In this scenario, 
it is likely that extra-colonic pathology might be the cause 
for persisting symptoms and that there is no significant 
luminal disease. Therefore, cross-sectional imaging will 
give a greater diagnostic yield. There are no studies looking 

Figure 2 Variables included in the COLONPREDICT model. The relationship with CRC risk in the multivariate logistic regression model 
is expressed as the odds ratio and its 95% CI. Reproduced from Cubiella et al. (47). CEA, carcinoembryonic antigen; Prev, previous.
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Change in bowel habit (yes) 1.7 (1.1–2.5)

Rectal bleeding (yes) 2.2 (1.4–3.4)

Benign anorectal lesion (yes) 0.3 (0.2–0.4)

Rectal mass (yes) 14.8 (5.3–41.0)

Serum CEA (≥3 ng/mL) 4.5 (3.0–6.8)

Blood haemoglobin (<10 g/gL) 4.8 (2.2–10.3)

Blood haemoglobin (10–12 g/dL) 1.8 (1.1–3.0)

Faecal haemoglobin (≥20 μg/g) 17.0 (10.0–28.6)

Prev. (10 years) colonoscopy (yes) 0.1 (0.06–0.2)

Treatment with aspirin (yes) 0.4 (0.2–0.7)

Sex (male) 2.2 (1.5–3.4)

Age (years) 1.04 (1.02–1.06)
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into this yet, and it would be worthwhile assessing what the 
outcomes of such a patient cohort are in future work. 

It is inevitable that—even at a cut-off of 10 µg Hb/g 
faeces—a minority of CRC and some HRA and IBD will 
be missed. There should, therefore, be robust application 
of safety-netting, whereby patients with persisting 
symptoms should not be dismissed from primary care. Such 
exceptions should either be re-assessed—with or without 
a repeat FIT—or be referred to secondary care for further 
assessment and/or cross-sectional imaging. 

Conclusions

FIT is a useful rule-out test for significant colorectal 
disease, the use of which should perhaps not be in isolation, 
but with clinical judgement and the results of other 
examinations such as abdominal and rectal examination and 
full blood count. There is a definite role for FIT in both the 
primary and the secondary care setting, but there is a need 
for guidance on FIT result interpretation and safety-netting 
should be mandatory. Further studies are required to assess 
the use of qualitative FIT in primary and secondary care 
and risk-scoring models incorporating f-Hb should be 
evaluated and further developed. 
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