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Colorectal cancer screening

3.2 Stool-based tests for blood

3.2.1 Techniques

(a) Introduction

Faecal occult blood tests (FOBTs), used as 
primary tests for CRC screening, are based on 
the detection of gastrointestinal occult blood in 
stool (Young et al., 2015; Schreuders et al., 2016). 
However, CRC and precancerous lesions are not 
the only sources of blood in faeces. In addition to 
other conditions (e.g. inflammatory bowel disease 
or colitis), other lesions such as haemorrhoids, 
hyperplastic polyps, and diverticular disease can 
lead to blood in the stool (Digby et al., 2013). The 
probability that FOBTs will detect gastrointes-
tinal bleeding depends on the anatomical site of 
the bleeding, patient characteristics (transit time 
of faeces, consistency of faeces, degradation of 
haemoglobin [Hb] in the intestine), and factors 
that affect the bleeding of gastrointestinal lesions 
(intermittent bleeding) (Ahlquist et al., 1989); in 
addition, factors intrinsic to the test, such as its 
capacity to detect the activity or the presence of 
the Hb molecule or other blood constituents, will 
influence the detection of bleeding (Young et al., 
2015). Depending on the origin of the bleeding, 
faeces will contain Hb, haem, or the globin moiety 
at different degradation stages (Rose et al., 1989; 
Young et al., 1990; Rockey et al., 1999).

Recently, a stool-based test combining DNA 
with a faecal immunochemical component 
has been developed for CRC screening (see 
Section 3.7.1).

(b) Methods and equipment

(i) gFOBT
The guaiac FOBT (gFOBT) was developed at 

the beginning of the 20th century by the German 
gastroenterologist Boas (Boas, 1914). gFOBT was 
the first test to be widely used for CRC screening 
and to be evaluated in RCTs (see Section 3.2.2). 
gFOBT detects blood by the use of paper impreg-
nated with guaiac, which is extracted from the 

wood resin of Guaiacum trees, to which hydrop-
eroxidase is added. When it comes into contact 
with haem (but not exclusively), the hydroper-
oxidase oxidizes guaiac, leading to a blue colour 
that is evaluated as a qualitative result (positive or 
negative for the presence of blood). The standard 
gFOBT consists of three paper cards, each with 
two panels, requiring sampling from three sepa-
rate faeces samples (Schreuders et al., 2016). 
gFOBT can be analysed with or without rehydra-
tion. gFOBT does not detect Hb concentrations 
of less than approximately 600  μg Hb/g faeces; 
when gFOBT is rehydrated, the analytical sensi-
tivity is higher, but more false-positive results 
are obtained (Tinmouth et al., 2015). One manu-
facturer has developed a high-sensitivity gFOBT 
(HSgFOBT) with performance similar to that of 
rehydrated gFOBT (Allison et al., 1996). Results 
of gFOBT are read with the naked eye, which 
leads to a subjective evaluation. Results are not 
quantifiable using automated instrumentation 
and are therefore not suited to high-throughput 
screening programmes.

(ii) FIT
FIT for Hb was developed in the late 1970s 

by the clinical pathologist Barrows. The method 
was based on using goat anti-Hb antibodies and 
demonstrated improved sensitivity and speci-
ficity compared with gFOBT in the detection of 
small amounts of Hb in faeces (Barrows et al., 
1978). FIT detects the globin moiety of human Hb 
by immunoassay methodology using different 
methods. Two of the most widely used methods 
are lateral flow immunochromatography (qual-
itative) and immunoturbidimetry (quantitative) 
(Phalguni et al., 2015). FIT can detect human 
blood with high analytical sensitivity (Rockey, 
1999), which ranges from 1  μg to 300  µg Hb/g 
faeces, depending on the FIT characteristics and 
the manufacturer. However, FIT does not usually 
detect small quantities of blood from the upper 
gastrointestinal tract (i.e. above the stomach), 
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because it is degraded by digestive proteolytic 
enzymes (Rockey et al., 1999).

In qualitative FIT, each manufacturer can 
adjust the conditions of the analysis at a specific 
concentration of Hb. Quantitative FIT has a 
detection limit that ranges from 6  μg to 50  μg 
Hb/g faeces. FIT typically relies on samples 
in which faeces are collected using specimen 
sampling devices designed for direct processing 
on analysers; this allows for high-throughput, 
standardized methodology and therefore 
decreases performance variability (Tinmouth 
et al., 2015).

The concentration of faecal Hb associated 
with colonic lesions increases along the adenoma–
carcinoma sequence, from normal mucosa to 
hyperplastic polyps through to non-advanced 
polyps and then from advanced polyps to carci-
noma (Carroll et al., 2014). Several studies have 
shown that there is an association between Hb 
concentration and the detection of colorectal 
neoplasia (Liao et al., 2013; Auge et al., 2014; van 
Doorn et al., 2015; Chen et al., 2016). Therefore, 
the performance of quantitative FIT depends 
on the cut-off level used to define a positive test 
result. If the FIT cut-off level is increased, fewer 
but more advanced lesions will be detected and 
fewer colonoscopies will be required (Allison 
et al., 2014). By using quantitative FIT, screening 
programmes can choose the faecal Hb cut-off 
level appropriate to their resources (Halloran 
et al., 2012; Allison et al., 2014).

(c) Technical factors that affect FOBT results 
and quality control

(i) gFOBT
In gFOBT, any dietary Hb or myoglobin (e.g. 

from meat, especially if raw or half-cooked) as 
well as drugs or foods that have peroxidase prop-
erties (e.g. some uncooked fruits and vegetables, 
such as cabbage and green beans) can potentially 
lead to a positive test result, although there is no 
consistent evidence that positivity rates differ 

substantially between gFOBT participants with 
or without restrictions of those foods (Rozen et al., 
1999; Pignone et al., 2001). In contrast, antioxi-
dants in drugs or foods (e.g. vitamin C or vitamin 
E) have the potential to lead to a negative test 
result by interfering with the oxidation of guaiac 
(Jaffe et al., 1975; Müftügil, 1985; Allison et al., 
2014). There is no consistent evidence of medi-
cations with anticoagulant properties, such as 
aspirin, non-steroidal anti-inflammatory drugs, 
or warfarin, causing positive gFOBT results in 
individuals without disease (Norfleet, 1983; 
Greenberg et al., 1996, 1999; Kahi & Imperiale, 
2004; Clarke et al., 2006) or altering the posi-
tive predictive value of gFOBT (Sawhney et al., 
2010; Lee et al., 2012; Gandhi et al., 2013). Finally, 
the dark-green or black appearance of faeces in 
patients treated with iron supplements, antacids, 
or antidiarrhoeal treatments with bismuth can 
be confounded with the blue colour of a positive 
gFOBT (Laine et al., 1988; Rockey, 1999). 

Factors that can affect gFOBT reading include 
interobserver variability, reproducibility of reads 
by laboratory personnel (Niv, 1990; Fleisher 
et al., 1991; Selinger et al., 2003), temperature, the 
design of the gFOBT card, the colour of the labo-
ratory walls, and the brightness of the artificial 
lighting (Halloran et al., 2012). 

Professional external quality assessment 
schemes are unusual, and internal quality 
control is usually restricted to a performance 
monitor feature included in the gFOBT cards. 
Staff training, including double reading of posi-
tive results, has a large effect on the reliability 
and validity of interpretation (Rabeneck et al., 
2008).

(ii) FIT
FIT is analytically sensitive to low concen-

trations of all types of intact human Hb 
(excluding fetal Hb) and therefore has a signif-
icantly improved analytical specificity, avoiding 
cross-reactivity with dietary Hb as well as other 
dietary components (Allison et al., 2014).
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Quantitative FIT is becoming the most 
commonly used stool-based method for CRC 
screening (Schreuders et al., 2015). Many different 
quantitative FIT devices are commercially avail-
able; they vary in collection method, Hb stability, 
analytical methodology, polyclonal or mono-
clonal antibody characteristics, or calibration 
material. One of the major differences among the 
FITs from different manufacturers is that they 
use different faecal sample collection devices, 
which vary in the amount of faeces collected and 
the volumes of preservation buffers used (Fraser 
et al., 2012). The observed/apparent discrepancies 
in diagnostic performance of quantitative FITs 
can be largely reduced by adjusting the cut-off 
level to provide specific positivity rates or defined 
levels of specificity (Gies et al., 2018).

Manufacturers of automated quantitative 
FITs provide an internal quality control, and 
participation in an external quality assessment 
scheme is particularly important for national 
screening programmes in which different labo-
ratories are involved (Halloran et al., 2012). 
Another important issue that must be taken 
into account is the sample quality. The globin 
moiety (detected with FIT) is less stable than the 
haem moiety (detected with gFOBT); therefore, 
proteolysis of globin should be avoided between 

sample collection and analysis. Samples show 
good stability at refrigerator temperatures but 
marked deterioration with rising temperature. 
Samples refrigerated at 4 °C showed no signifi-
cant degradation over a period of 21 days (daily 
degradation, 0.3% ± 0.4%), whereas with storage 
at 28 °C a daily degradation of 3.7% ± 1.8% was 
shown (Vilkin et al., 2005; Rozen et al., 2006; 
Halloran et al., 2012). A decrease in positivity, 
a lower detection rate, and a loss of clinical 
sensitivity have been reported during seasons 
with high temperatures (van Roon et al., 2012; 
Doubeni et al., 2016). Manufacturers invest 
effort in developing new preservation buffers to 
improve stability, but sample conservation still 
represents a challenge to the organization of 
FIT-based screening programmes. Table  3.2.1 
summarizes the main characteristics of gFOBT 
and FIT.

(d) Screening performance

Screening performance refers to the ability of 
the test to detect cancer and to distinguish cancer 
from non-cancer conditions. The ultimate effec-
tiveness of CRC screening tests depends on their 
performance within a screening programme, 
i.e. across multiple rounds of testing and the 
complete screening episode in subjects who 

Table 3.2.1 Comparison of the main characteristics of gFOBT and FIT for colorectal cancer 
screening

gFOBT FIT

Chemical reaction Immunochemical reaction
Nonspecific for human haemoglobin Specific for human haemoglobin
Larger faecal specimen Smaller faecal specimen
Cumbersome specimen collection Less cumbersome specimen collection
Qualitative Qualitative or quantitative
Subjective interpretation of test results Objective interpretation of test results
Manual analysis Automated analysis (high-throughput)
Basic quality control procedures Advanced quality control procedures
Nonspecific for lower intestinal tract Higher analytical specificity for lower intestinal tract
Lower sensitivity and detection rate for advanced neoplasia Higher sensitivity and detection rate for advanced neoplasia
FIT, faecal immunochemical test; gFOBT, guaiac faecal occult blood test.
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successfully complete diagnostic follow-up of 
positive test results.

Wide ranges of sensitivities of gFOBT (any 
type) for the detection of CRC and advanced 
adenomas have been described (Table  3.2.2). 
For FIT (any type), the pooled sensitivity and 
specificity for the detection of CRC (based on 
a meta-analysis) have been estimated to be 79% 
(95% confidence interval [CI], 69–86%) and 94% 
(95% CI, 92–95%), respectively (Lee et al., 2014). 
However, different sensitivities and specificities 

have been reported using different FIT strate-
gies (Table  3.2.3). Several studies conducted in 
average-risk screening populations have shown 
that the sensitivity of FIT is higher than that of 
gFOBT in detecting both CRC and advanced 
neoplasia.

Another important issue for stool-based tests 
for blood is the cumulative performance over 
multiple screening rounds. A study conducted 
in Italy in the context of a FIT-based screening 
programme in the population aged 50–69 years 

Table 3.2.2 Performance of gFOBT for detection of colorectal cancer, advanced adenoma, or 
advanced neoplasia

Reference Test used Sensitivity 
(%)

Specificity 
(%)

Colorectal cancer
Bang et al. (1986) Hemoccult II (without rehydration) 25.0 97.6
Ahlquist et al. (1993) Hemoccult II (without rehydration) 25.0 –
Castiglione et al. (1994) Hemoccult II (with rehydration) 85.7 –
Castiglione et al. (1994) Hemoccult II SENSA (HSgFOBT) 71.7 –
Allison et al. (1996) Hemoccult II (without rehydration) 37.1 97.7
Allison et al. (1996) Hemoccult II SENSA (HSgFOBT) 79.4 86.7
Lieberman et al. (2001) Hemoccult II (with rehydration) 50.0 94.0
Sung et al. (2003) Hemoccult II (without rehydration) 25.0 79.0
Imperiale et al. (2004) Hemoccult II (without rehydration) 12.9 95.2
Allison et al. (2007) Hemoccult II SENSA (HSgFOBT) 64.0 91.0
Park et al. (2010) Hemoccult II (without rehydration) 30.8 92.4
Parra-Blanco et al. (2010) Hemofec (without rehydration) 54.2 96.9
Advanced adenoma
Allison et al. (1996) Hemoccult II (without rehydration) 30.8 98.1
Allison et al. (1996) Hemoccult II SENSA (HSgFOBT) 68.6 87.5
Imperiale et al. (2004) Hemoccult II (without rehydration) 11.0 –
Allison et al. (2007) Hemoccult II SENSA (HSgFOBT) 41.0 –
Ahlquist et al. (2008) Hemoccult II (without rehydration) 11.0 98.0
Ahlquist et al. (2008) Hemoccult II SENSA (HSgFOBT) 21.0 97.0
Park et al. (2010) Hemoccult II (without rehydration) 13.6 92.4
Parra-Blanco et al. (2010) Hemofec (without rehydration) 19.8 97.4
Advanced neoplasia (colorectal cancer + advanced adenoma)
Allison et al. (1996) Hemoccult II (without rehydration) 32.4 98.1
Allison et al. (1996) Hemoccult II SENSA (HSgFOBT) 71.2 87.5
Lieberman et al. (2001) Hemoccult II (with rehydration) 24.0 –
Sung et al. (2003) Hemoccult II (without rehydration) 14.0 –
Park et al. (2010) Hemoccult II (without rehydration) 16.7 92.9
Parra-Blanco et al. (2010) Hemofec (without rehydration) 23.8 97.7
gFOBT, guaiac faecal occult blood test; HSgFOBT, high-sensitivity gFOBT.



Colorectal cancer screening

91

showed, after five rounds of biennial screening, 
cumulative detection rates for CRC (0.85%) 
and advanced adenoma (5.9%) similar to those 
reported in one round of primary screening with 
colonoscopy between screens in a programme in 
Italy (subjects aged 50–69 years; 0.85% for CRC 
and 5.9% for advanced adenoma) and in a trial 
in the USA (subjects aged 50–84 years; 0.7% for 
CRC and 7.6% for advanced adenoma or sessile 
serrated lesions ≥ 1 cm) (Zorzi et al., 2018). These 
data suggest that the efficacy of FIT screening is 
closely related to the cumulative sensitivity of 
repeated tests; therefore, comparisons between 
FIT and other screening strategies should not 
be based on a single round of FIT. For quanti-
tative FIT, a study showed that, after 5  years 
of follow-up, participants with a FIT result of 
between 8 µg and 10 µg Hb/g faeces (below the 
established cut-off level for positivity) had a 
significant 8-fold higher cumulative incidence 
of advanced neoplasia than those with a baseline 
of undetectable faecal Hb (Grobbee et al., 2017a). 
A study in Taiwan, China, reported an increase 
in the risk of interval cancer with increasing 
concentrations of faecal Hb, with relative risks 
ranging from 1.6 in those with concentrations of 
50–99 μg Hb/g faeces to 2.9 in those with concen-
trations higher than 149  μg Hb/g faeces (Chiu 
et al., 2017). Information about the comparison of 
the performance of gFOBT versus FIT in relation 

to the detection rate of advanced neoplasia is 
summarized in Section 3.4.2.

(e) Additional factors that affect performance

The ability of stool-based tests to detect faecal 
blood is closely related to the characteristics of 
the colorectal lesions as well as their localization.

Because sessile serrated lesions are typically 
flat, non-ulcerated, and without haemorrhagic 
features, FOBTs fail to detect these lesions (Heigh 
et al., 2014), and because of their low prevalence, 
they are unlikely to represent a suitable target for 
FOBT-based screening programmes (Zorzi et al., 
2017). In relation to the localization, Brenner 
et al. (2017) reported a higher sensitivity of FIT 
in the detection of advanced adenomas in the 
distal colon (44%; 95% CI, 38–51%) than in the 
proximal colon (20%; 95% CI, 14–28%).

Faecal Hb concentration varies with sex 
and age; it is higher in older people and in men 
(McDonald et al., 2011). Variations are also 
seen across countries and even between neigh-
bourhoods in the same city; these differences 
are related to the level of socioeconomic depri-
vation (Fraser et al., 2014, 2015; Buron et al., 
2017). FOBT performance differs between men 
and women (Brenner et al., 2010a). Using FIT 
with the same cut-off level for both sexes results 
in a higher sensitivity and a lower specificity 
for advanced colorectal neoplasia in men than 

Table 3.2.3 Performance of FIT for detection of colorectal cancer

Number of subjects Number of 
lesions 

Number of 
studies

FIT procedure Sensitivity (%) 
(95% CI)

Specificity (%) 
(95% CI)

111 125 422 19 All (qualitative and quantitative) 79 (69–86) 94 (92–95)
54 275 196 11 Cut-off level < 20 µg Hb/g faeces 86 (75–92) 91 (69–93)
13 796 63 6 Cut-off level 20–50 µg Hb/g faeces 63 (43–79) 96 (94–97)
42 075 156 4 Cut-off level > 50 µg Hb/g faeces 67 (59–74) 96 (94–98)
86 481 317 13 Pooled; 1 sample 78 (65–87) 95 (93–96)
15 892 78 4 Pooled; 2 samples 77 (59–89) 93 (90–95)
19 514 89 6 Pooled; 3 samples 80 (66–89) 93 (89–95)

CI, confidence interval; FIT, faecal immunochemical test.
Based on a meta-analysis by Lee et al. (2014).
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in women (Grobbee et al., 2017b). Regardless 
of these differences, screening programmes 
currently use the same strategies for both sexes 
in relation to the cut-off level and the screening 
intervals. Adjusting cut-off levels on the basis of 
age and sex could contribute to the efficacy of 
FIT-based CRC screening programmes and opti-
mize the use of available endoscopy resources.

3.2.2 Randomized controlled trials

(a) Descriptions of RCTs

Five RCTs on screening with gFOBT have 
been published. The characteristics of these trials 
are presented in Table 3.2.4. 

In the Minnesota trial, which started in 
1975, 46 551 participants aged 50–80 years were 
randomly assigned to CRC screening once a year, 
to screening every 2 years, or to a control group 
(Mandel et al., 1993). Participants were recruited 
from among volunteers for the American Cancer 
Society and other groups in Minnesota, USA. 
Participants submitted six guaiac-impregnated 
paper slides (the Hemoccult test) containing two 
smears from each of three consecutive stools. 
The slides were mailed to a central laboratory for 
testing, and because of the potential for drying 
(and associated decrease in sensitivity of the 
test) caused by delays in mail delivery, the slides 
were rehydrated with a drop of water during 
processing, beginning in 1977. This procedure 
was fully implemented in 1982 and was used 
until the end of trial screening (82.5% of slides 
rehydrated). Participants with one or more slides 
that tested positive were advised to undergo diag-
nostic evaluation. Initially, this was with rigid 
sigmoidoscopy or single-contrast barium enema, 
which was replaced with colonoscopy in 1978.

In contrast to the Minnesota trial, the other 
four RCTs did not have an annual screening 
arm, and the slides were rehydrated in only one 
of those trials.

In the Nottingham trial, 152  850 individ-
uals, identified from general practice registers in 

Nottingham, United Kingdom, were randomly 
assigned to biennial screening with Hemoccult 
(two samples from each of three consecutive 
stools) or to a control group (Hardcastle et al., 
1996). Controls were not told about the study. A 
repeat test was sent to individuals with up to four 
slides that tested positive. To limit false-positive 
rates, those individuals were advised to restrict 
their diets for 2 days before taking two samples 
from each of three consecutive stools. Only 
participants with five or more slides that tested 
positive on the first test and those with one or 
more slides that tested positive on the repeat test 
were advised to undergo colonoscopy.

In the Funen trial, 137 485 residents of Funen, 
Denmark, identified from the population register 
of Funen County, were randomized to biennial 
screening with Hemoccult II, to a control group, 
or to not be enrolled in the study (Kronborg 
et al., 1996). Controls were not told about the 
study and continued to use health-care facilities 
as usual. Participants were asked to provide two 
samples from each of three consecutive stools. 
Individuals with one or more slides that tested 
positive were invited for colonoscopy.

In the Gothenburg trial, 68 308 residents of 
Gothenburg, Sweden, aged 60–64 years in three 
cohorts (those born in 1918–1922, 1923–1927, and 
1928–1931) were randomized to screening with 
Hemoccult II or to a control group (Kewenter 
et al., 1994). A second screening round was 
offered 16–24  months after the initial round. 
Participants were asked to provide samples on 
3 days. The slides were rehydrated, except those 
from participants born in 1918–1920. The results 
from the three cohorts were pooled. Participants 
in the 1928−1931 cohort with a positive test result 
on the first or second screening were retested 
with Hemoccult II, and only those with a posi-
tive result on the retest were invited for workup. 
This included an interview with a physician to 
determine whether the participant had experi-
enced abdominal symptoms or rectal bleeding 
in the previous 6 months. A rectal examination, 
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Table 3.2.4 Descriptions of randomized controlled trials on colorectal cancer screening with gFOBT

Trial 
Country 
Referencea

Randomization Number of subjects 
randomized

Accrual period for 
screening

Age at 
entry 
(years)

Intervention Screening 
interval 
(years)

Number of 
screening 
rounds

Attendance at 
first round 
(%)

Invited 
group

Control 
group

Minnesota trial 
USA 
Mandel et al. 
(1993)

Individual 46 551 1975–
1977

1975–
1977

50–80 R-gFOBTb 1 
2

11 (annual) 
6 (biennial)

NR

Nottingham trial 
United Kingdom 
Hardcastle et al. 
(1996)

Individual 152 850 1981–
1991

1981–
1991

45–74 gFOBT 2 3–6 53.4

Funen trial 
Denmark 
Kronborg et al. 
(1996)

Individual 137 485 1985 1985 45–75 gFOBT 2 9 66.8

Gothenburg trial 
Sweden 
Kewenter et al. 
(1994)

Individual 68 308 1982–
1990

1982–
1990

60–64 R-gFOBTc 2 2–3 63.0

Finnish screening 
programme 
Finland 
Malila et al. 
(2008)

Cluster 360 492 [sic]d 2004–
2012

2004–
2012

60–69 gFOBT 2 NA 68.8

gFOBT, guaiac faecal occult blood test; NA, not applicable; NR, not reported; R-gFOBT, gFOBT with rehydration.
a  Reference of the first publication, in which the design of the trial is presented.
b  82.5% of the slides were rehydrated.
c  [91.7%] of the slides were rehydrated.
d  This value should probably be 362 492, as the sum of 181 210 and 181 282 (see text).
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proctoscopy, sigmoidoscopy, and double-con-
trast barium enema were performed. Those with 
a negative workup were retested again with three 
Hemoccult II slides. Then those with one or more 
slides that tested positive underwent colonoscopy 
(Kewenter et al., 1988).

In Finland in 2004–2012, while the national 
CRC screening programme was being imple-
mented, men and women aged 60–69 years were 
randomized to be invited or not to biennial 
CRC screening with gFOBT without rehydra-
tion. A total of 181  210 subjects were allocated 
to the screening arm and 181 282 to the control 
arm, covering 43.5% of the target population 
in Finland aged 60–69 years at the end of 2012 
(Malila et al., 2008; Pitkäniemi et al., 2015).

(b) Results of RCTs

The published results on CRC mortality and 
incidence of the most recent follow-ups of the five 
RCTs are shown in Table 3.2.5.

For the Minnesota trial (Shaukat et al., 2013), 
after a mean follow-up of 30  years, the cumu-
lative CRC mortality rate was 42 per 100  000 
person-years in the annual screening group (200 
deaths; 1.8%) and 50 per 100  000 person-years 
in the biennial screening group (237 deaths; 
2.2%), compared with 63 per 100  000 person-
years in the control group (295 deaths; 2.7%). 
Screening reduced CRC mortality (relative 
risk [RR], 0.68; 95% CI, 0.56–0.82 with annual 
screening; RR, 0.78; 95% CI, 0.65–0.93 with bien-
nial screening). In stratified analyses, reductions 
in CRC mortality in the biennial screening group 
were significantly larger in men than in women  
(RR, 0.63; 95% CI, 0.48–0.82 in men; RR, 0.92; 
95% CI, 0.72–1.18 in women). In addition, reduc-
tions in CRC mortality were largest in men aged 
60–69 years compared with men younger than 
60 years or older than 70 years (Pinteraction < 0.04). 
An earlier publication from the Minnesota trial, 
on CRC incidence after 18  years of follow-up, 
reported cumulative CRC incidence ratios of 
0.80 (95% CI, 0.70–0.90) in the annual screening 

group and 0.83 (95% CI, 0.73–0.94) in the bien-
nial screening group (Mandel et al., 2000). [The 
Working Group noted that the reduction in 
CRC incidence in this RCT could be attributed 
to greater referral to colonoscopy among the 
participants because of a higher positivity rate 
for gFOBT with rehydration.]

For the Nottingham trial (Scholefield et al., 
2012), after a median follow-up of 19.5  years, 
the cumulative CRC mortality rate was 91 per 
100 000 person-years (1176 deaths) in the bien-
nial screening group, compared with 100 per 
100 000 person-years (1300 deaths) in the control 
group. Screening reduced CRC mortality (RR, 0.91; 
95% CI, 0.84–0.98). There was no significant 
difference in the reductions in CRC mortality in 
men and women separately or in those younger 
than 60 years compared with those 60 years or 
older. There was no significant difference in CRC 
incidence between the screening group and the 
control group (RR, 0.97; 95% CI, 0.91–1.03).

For the Funen trial (Kronborg et al., 2004), 
after 17 years of follow-up (1985–2002), the cumu-
lative CRC mortality rate was 84 per 100  000 
person-years in the biennial screening group 
(362 deaths), compared with 100 per 100  000 
person-years in the control group (431 deaths). 
Screening reduced CRC mortality (RR, 0.84; 95% 
CI, 0.73–0.96). CRC incidence was similar in the 
screening group and the control group (RR, 1.02; 
95% CI, 0.93–1.12).

For the Gothenburg trial (Lindholm et al., 
2008), after 9  years of follow-up, the cumulative 
CRC mortality rate was 53 per 100  000 person-
years in the biennial screening group (252 deaths), 
compared with 64 per 100  000 person-years in 
the control group (300 deaths). Screening reduced 
CRC mortality (RR, 0.84; 95% CI, 0.71–0.99). 
There was no difference in CRC incidence between 
the screening group and the control group (RR, 
0.96; 95% CI, 0.86–1.06).

In the Finnish screening programme (Pit - 
käniemi et al., 2015), after a median follow-up 
of 4.5 years, the cumulative CRC mortality rate 
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Table 3.2.5 Results of randomized controlled trials on colorectal cancer screening with gFOBT

Trial 
Country 
Reference

Age at 
enrolment/
screening 
(years)

Duration of 
follow-up 
(years)

Number of 
subjects

CRC mortality CRC incidence

RR 95% CI RR 95% CI

Minnesota trial 
USA 
Shaukat et al., (2013)

50–80 Mean, 30a 46 551 0.68 
0.78

(0.56–0.82) (annual) 
(0.65–0.93) (biennial)

0.80 
0.83

(0.70–0.90) (annual) 
(0.73–0.94) (biennial)

Nottingham trial 
United Kingdom 
Scholefield et al. (2012)

45–74 Median, 19.5 152 850 0.91 (0.84–0.98) 0.97 (0.91–1.03)

Funen trial 
Denmark 
Kronborg et al. (2004)

45–75 Mean, 17 137 485 0.84 (0.73–0.96) 1.02 (0.93–1.12)

Gothenburg trial 
Sweden 
Lindholm et al. (2008)

60–64 Mean, 9 68 308 0.84 (0.71–0.99) 0.96 (0.86–1.06)

Finnish screening 
programme 
Finland 
Pitkäniemi et al. (2015)

60–69 Median, 4.5 360 492 [sic]b 1.04 (0.84–1.28) 1.11 (1.01–1.23)

CI, confidence interval; CRC, colorectal cancer; gFOBT, guaiac faecal occult blood test; RR, relative risk.
a  Incidence ratios based on 18 years of follow-up (Mandel et al., 2000).
b  This value should probably be 362 492 (see Table 3.2.4).
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was 21.1 per 100  000 person-years in the bien-
nial screening group (170 deaths), compared 
with 20.4 per 100 000 person-years in the control 
group (164 deaths). There was no reduction in 
CRC mortality (RR, 1.04; 95% CI, 0.84–1.28) or 
in CRC incidence (RR, 1.11; 95% CI, 1.01–1.23) as 
a result of screening.

(c) Results of meta-analyses of RCTs

The results of the four published meta-ana- 
lyses of RCTs on the efficacy of CRC screening 
with gFOBT are shown in Table 3.2.6. The first 
meta-analysis was published in 1998 (Towler 
et al., 1998), and the most recent was published 
in 2016 (Fitzpatrick-Lewis et al., 2016). Three of 
the meta-analyses (Towler et al., 1998; Hewitson 
et al., 2008; Fitzpatrick-Lewis et al., 2016) included 
the results from the Minnesota, Nottingham, 
Funen, and Gothenburg trials described in 
Table  3.2.4, although Fitzpatrick-Lewis et al. 
(2016) included only the annual screening arm 
of the Minnesota trial. The other meta-analysis 
(Moayyedi & Achkar, 2006) did not include the 
Gothenburg trial and excluded the results from 
the annual screening arm of the Minnesota trial. 
The findings across the different meta-analyses 

are remarkably consistent, showing a modest 
significant reduction in CRC mortality. The rela-
tive risks for CRC mortality ranged from 0.82 to 
0.87. Screening with gFOBT reduced the inci-
dence of late-stage CRC by 8% (RR, 0.92; 95% CI, 
0.85–0.99), based on a pooled estimate of results 
from the Minnesota trial and the Nottingham 
trial with a combined sample of 220  284 indi-
viduals and a median follow-up of 14.25  years 
(Fitzpatrick-Lewis et al., 2016).

(d) FIT

There is only one cluster randomized trial that 
evaluated FIT screening and CRC mortality in 
rural China (Zheng et al., 2003; Fitzpatrick-Lewis 
et al., 2016). In 1989, residents aged 30 years and 
older from 21 townships in Jiashan County were 
enrolled in the trial. The residents were rand-
omized to a screening group (10 townships) or 
to a control group (11 townships), which did not 
undergo screening. The screening and control 
townships were matched by age and population 
size into 10 pairs. Participants in the screening 
group completed a single FIT based on reverse 
passive haemagglutination. Participants with 
a positive FIT result underwent sigmoidoscopy 

Table 3.2.6 Results of meta-analyses of randomized controlled trials on the efficacy of colorectal 
cancer screening with gFOBT

Reference Maximum duration 
of follow-up (years) 
of all RCTs included

Population Number of CRC deaths CRC mortality

Screened Control Screened Control RR 95% CI

Towler et al. (1998)a,b 10 172 734 156 908 885 928 0.84 0.77–0.93
Moayyedi & Achkar 
(2006)c

18 122 778 122 439 1002 1146 0.87 0.80–0.95

Hewitson et al. (2008)a,b 17 172 734 156 908 1477 1592 0.84 0.78–0.90
Fitzpatrick-Lewis et al. 
(2016)a,d

30 156 737 156 443 1990 2326 0.82 0.73–0.92

CI, confidence interval; CRC, colorectal cancer; gFOBT, guaiac faecal occult blood test; RCT, randomized controlled trial; RR, relative risk.
a Towler et al. (1998), Hewitson et al. (2008), and Fitzpatrick-Lewis et al. (2016) included all of the RCTs described in Table 3.2.4 except the 
Finnish screening programme.
b Towler et al. (1998) and Hewitson et al. (2008) included both the annual screening arm and the biennial screening arm of the Minnesota trial.
c Moayyedi & Achkar (2006) did not include the Gothenburg trial and included only the biennial screening arm of the Minnesota trial.
d Fitzpatrick-Lewis et al. (2016) included only the annual screening arm of the Minnesota trial and excluded 875 subjects whose records were 
not traceable in the Office for National Statistics database at the time of the analysis.
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or colonoscopy. There were 94 423 participants 
in the screening group and 97  838 individuals 
in the control group. Duration of follow-up was 
5–6  years, and causes of death in 1989–1996 
were certified by qualified physicians. At the end 
of the study period, 361 deaths from CRC had 
occurred in the screened group and 357 in the 
control group. There was no significant differ-
ence in CRC mortality between the screened 
group and the control group (RR, 0.88; 95% CI, 
0.72–1.07). [The Working Group noted that the 
limitations of this trial included enrolment of 
younger people and short follow-up.]

3.2.3 Observational studies on preventive 
effects

This section summarizes the observa-
tional studies assessing the preventive effects 
of screening with gFOBT or FIT versus no 
screening, with CRC mortality and/or CRC 
incidence as an outcome. Studies that compare 
gFOBT with FIT in terms of the detection rates 
of adenoma, neoplasia, or CRC are summarized 
in Section 3.4.2.

(a) Cohort studies

A total of nine cohort studies (including 
a nested case–control study) conducted in 
China, Denmark, Finland, France, Italy, Japan, 
Scotland, and Taiwan, China, have reported 
on CRC mortality and/or CRC incidence after 
screening with gFOBT or FIT, mostly in the age 
group 50–69 years (Table 3.2.7).

(i) gFOBT
A nested case–control study with annual 

gFOBT screening after age 40 years and matched 
for age, sex, and family history of both CRC and 
adenomas was conducted in Italy in 1978–1995. 
A large but non-significant reduction in CRC 
mortality was reported (odds ratio [OR], 0.64; 
95% CI, 0.36–1.15) for attenders (ever screened) 
versus non-attenders (never screened). Also, the 

reduction in CRC mortality increased with the 
number of screening tests: having two or three 
tests reduced the risk by 29%, whereas having 
four or more tests reduced the risk by up to 66% 
(Bertario et al., 1999).

In a pilot study conducted in Finland, 
the population aged 50–63  years from three 
municipalities in southern Finland was invited 
to screening. A total of 1785 individuals were 
screened only once with a gFOBT developed in 
Finland (Malila et al., 2007). After 25  years of 
follow-up, no effects on CRC mortality or CRC 
incidence were observed compared with the 
general Finnish population, in terms of stand-
ardized mortality and incidence rates. The pilot 
study was stopped after one screening round, 
because of costs and low specificity. [The Working 
Group noted as limitations that this was a small 
population with only one round of screening, the 
participation rate was high (69%), and the posi-
tivity rate of the gFOBT used was higher than in 
other studies, i.e. 19%.]

The large matched cohort study by Libby et al. 
(2012) included the Scottish arm of the United 
Kingdom pilot of gFOBT screening, which 
covered individuals resident in three Scottish 
National Health Service Boards (Steele et al., 
2009). The pilot consisted of three rounds of bien-
nial gFOBT screening carried out in more than 
379 655 individuals aged 50–69 years. Follow-up 
was up to 10 years, and the overall screening 
participation was 60.6%. A 10% relative reduction 
in CRC mortality was reported with an inten-
tion-to-screen analysis comparing those invited 
versus those not invited to screening (RR, 0.90; 
95% CI, 0.83–0.99), and a 17% relative reduction 
was reported after adjusting for participation 
(RR, 0.83; 95% CI, 0.79–0.87). [The Working 
Group noted that the reported 95% confidence 
interval of the mortality relative risk adjusted 
for participation appeared to be too narrow and 
recalculated it to be 0.74–0.92. Although the effect 
appeared to be stronger in men and in younger 
age groups, the Working Group attributed this to 
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Table 3.2.7 Cohort studies evaluating the effectiveness of colorectal cancer screening with stool-based tests for blood

Reference 
Location

Recruitment 
period 
Age at entry 
(years) 
Duration of 
follow-up 
(years)

Study population 
Reference population

Number 
of 
screening 
rounds 
Screening 
interval 
(years)

Temporal and 
geographical 
similarity of 
comparison 
group

Adjustments CRC mortality and/or 
incidence, risk estimate 
(95% CI)

Comments

gFOBT
Bertario et al. 
(1999) 
Milan, Italy

1978–1995 
≥ 40 
Median, 7 
(follow-up 
from 1996)

Nested case–control 
from a larger 
population-based 
cohort of 21 879 
who participated in 
an organized CRC 
screening programme 
Study (cases): 95 
deaths, ascertained by 
death certificates from 
municipality archives 
Reference (controls): 
475 controls (5 per case, 
randomly sampled), 
same source as cases 
Matched by age, sex, 
area of birth; alive at 
the time of the case’s 
diagnosis

1 or more 
(1–3, 80%) 
1

Same period 
Same 
population

Age, sex, family 
history of CRC, 
personal history 
of adenomatous 
polyps

Mortality 
Ever vs never screened: 
OR: 0.64 (0.36–1.15) 
Time from index date (yr): 
≤ 1: 2.32 (0.85–6.35) 
≤ 2: 1.09 (0.48–2.44) 
≤ 3: 0.88 (0.42–1.85) 
≤ 4: 0.80 (0.39–1.61) 
≤ 5: 0.78 (0.40–1.52) 
≤ 6: 0.81 (0.43–1.52) 
Number of gFOBT tests: 
1: 1.00 
2 or 3: 0.71 (0.44–1.14) 
≥ 4: 0.34 (0.16–0.75)

“Attenders” defined as 
those who underwent 
a second gFOBT 
within 2 yr of study 
admission; gFOBT 
without rehydration 
used in 1978–1983, 
and gFOBT with 
rehydration used in 
1984–1995

Malila et al. 
(2007) 
Southern 
Finland, 3 
municipalities

1979–1980 
50–63 
25

Study (invited and 
screened): 1785 
Reference: the entire 
Finnish population

1 
Once only

Same period 
Same counties

Age and sex Mortality 
SMR: 1.17 (0.75–1.73) 
Incidence 
SIR: 1.09 (0.80–1.44)

A second test was 
used to classify the 
population into 
screen-negatives and 
screen-positives. 
If still positive, 
colonography or 
endoscopy was 
offered at the central 
hospital 
A gFOBT without 
rehydration, 
developed in Finland, 
was used
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Reference 
Location

Recruitment 
period 
Age at entry 
(years) 
Duration of 
follow-up 
(years)

Study population 
Reference population

Number 
of 
screening 
rounds 
Screening 
interval 
(years)

Temporal and 
geographical 
similarity of 
comparison 
group

Adjustments CRC mortality and/or 
incidence, risk estimate 
(95% CI)

Comments

Libby et al. 
(2012) 
Scotland, 
3 counties

2000–2007 
50–69 
Maximum, 
10 (follow-up 
from 2000)

Study (invited and 
screened): 379 655 
Reference: 379 655 
matched controls from 
non-pilot health boards

3 
2

Same period 
Different 
counties

Age, sex, and 
socioeconomic 
deprivation

Rate ratio
Mortality 
0.90 (0.83–0.99) 
0.83 (0.79–0.87), adjusted 
for participation 
Men: 0.89 (0.79–0.99) 
Women: 0.94 (0.82–1.09) 
50−59 yr: 0.86 (0.74–0.99) 
60−69 yr: 0.94 (0.84–1.05)

Non-participants 
had increased CRC 
mortality vs controls, 
RR, 1.21 (1.06–1.38); 
gFOBT without 
rehydration was used

Hamza et al. 
(2014) 
Burgundy, 
France

1988–2009 
45–74 
Maximum, 
21 (followed 
up until 
December 
2009)

Study: 45 642 residents 
of 12 districts were 
invited to screening, 
2409 had first screen 
Reference: population 
in 17 non-screened 
districts with the same 
CRC incidence as the 
screened population at 
the start

11 
2

Same period 
Other districts 
in Burgundy

Age, sex, and 
socioeconomic 
status

Mortality 
SMR: 0.87 (0.80–0.94) 
Incidence 
SIR: 1.01 (0.96–1.06)
Men: 0.85 (0.77–0.94)
Women: 0.90 (0.80–1.02)

No differences by 
duration of follow-up 
or age group (> 65 vs 
< 65) 
Larger proportion of 
stage I CRC in those 
invited to screening 
vs non-respondents 
(44.1% vs 17.4%) 
Lack of strict 
randomization of 
controls 
gFOBT without 
rehydration was used

Bjerrum et al. 
(2016) 
Denmark, 
2 counties

2005–2006 
50–74 
10 (follow-up 
from 2005); 
median, 8.9

Incidence-based 
mortality cohort study 
Study (invited and 
screened):166 277 
Reference: 1 240 348 
remaining Danes of the 
same age

1 
Once only

Same period 
Different 
counties

Age and sex Mortality (incidence-
based) 
HR: 0.92 (0.86–0.99) 
Incidence 
HR: 0.94 (0.90–0.97) 
All-cause mortality 
HR: 0.95 (0.94−0.96)

Non-responders had 
higher CRC mortality 
and all-cause 
mortality vs controls 
[Probably gFOBT 
without rehydration 
was used (because 
of relatively low 
positivity), but 
not stated in the 
publication]

Table 3.2.7   (continued)
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Reference 
Location

Recruitment 
period 
Age at entry 
(years) 
Duration of 
follow-up 
(years)

Study population 
Reference population

Number 
of 
screening 
rounds 
Screening 
interval 
(years)

Temporal and 
geographical 
similarity of 
comparison 
group

Adjustments CRC mortality and/or 
incidence, risk estimate 
(95% CI)

Comments

FIT
Ventura el al. 
(2014) 
Florence, Italy

1993–1999 
50–70 
15 (followed 
up until 2008)

Study (invited and 
screened): 6961 
Reference (invited but 
unscreened): 26 285

5 (average, 
3.5) 
2

Same period 
Same 
population

Age and sex Mortality 
SMR: 0.59 (0.37–0.93) 
Incidence 
HR (overall): 0.78 
(0.65–0.93) 
HR (first 6 yr): 1.06 
(0.82–1.37) 
HR (after 6th yr): 0.60 
(0.46–0.79)

Women had lower 
incidence, HR, 0.55 
(0.48–0.63), with men 
as reference 
No differences in 
incidence by cancer 
location (distal vs 
proximal) 
SMR computed 
using the European 
standard population 
and SIR using 
the invited but 
unscreened 
population

Giorgi Rossi 
et al. (2015) 
Reggio Emilia 
Province, Italy

2005 
(screened 
cohort) 
1997 (non-
screened 
cohort) 
50–69 
8

Incidence-based 
mortality cohort study 
Study (invited and 
screened): 171 785 (70% 
of invitees) 
Reference: population 
from the non-screened 
cohort with a similar 
age and sex structure

4 
2

Different 
period 
Same counties

Age and sex Mortality (incidence-
based) 
IRR: 0.64 (0.52–0.78) 
Cumulative incidence 
IRR: 0.90 (0.83–0.97) 
All-cause mortality 
IRR: 0.73 (0.63–0.85)

Screened and non-
screened cohorts 
were followed up 
at different time 
periods; showed no 
secular trends in CRC 
mortality/incidence 
between 1997 and 
2005

Chiu et al. 
(2015) 
Taiwan, 
China

2004–2009 
50–69 
Average, 3; 
maximum, 6 
(followed up 
until 2009)

Study (invited and 
screened): 1 160 895 
References: 
Invited but unscreened: 
4 256 804 
Uninvited: not clear

1–3 
2

Same period 
Same 
population

Increase in annual 
CRC incidence 
rate in Taiwan, 
China (1.97%) 
and self-selection 
bias (in invited 
vs uninvited 
analyses)

Cumulative mortality 
Screened vs unscreened: 
RR: 0.38 (0.35–0.42) 
Invited vs uninvited: 
RR: 0.90 (0.84–0.95)

Table 3.2.7   (continued)
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Reference 
Location

Recruitment 
period 
Age at entry 
(years) 
Duration of 
follow-up 
(years)

Study population 
Reference population

Number 
of 
screening 
rounds 
Screening 
interval 
(years)

Temporal and 
geographical 
similarity of 
comparison 
group

Adjustments CRC mortality and/or 
incidence, risk estimate 
(95% CI)

Comments

gFOBT/FIT
Jin et al. 
(2013) 
Beijing 
Military 
General 
Hospital, 
China

1987−2005 
> 50 
Maximum, 22 
(followed up 
until 2008)

Dynamic cohort of 
army officers (75% 
male) 
Study (invited and 
agreed to screen): 3863 
Reference (invited and 
did not agree to screen, 
same cohort): 1241

18 
1

Same period 
Same 
population

Age, sex, 
education level, 
family history 
of malignant 
tumours, body 
mass index, 
smoking, alcohol 
consumption, 
physical exercise, 
meat intake, and 
aspirin use

Mortality 
RR: 0.36 (0.18–0.71) 
Incidence 
RR: 0.51 (0.30–0.87)

Study of gFOBT 
triaged with FIT 
No differences in age, 
sex, or other major 
risk factors for CRC 
mortality or all-cause 
mortality observed 
between the 2 groups 
gFOBT with 
rehydration was used

CI, confidence interval; CRC, colorectal cancer; FIT, faecal immunochemical test; gFOBT, guaiac faecal occult blood test; HR, hazard ratio; IRR, incidence rate ratio; OR, odds ratio; RR, 
relative risk; SIR, standardized incidence ratio; SMR, standardized mortality ratio; vs, versus; yr, year or years.

Table 3.2.7   (continued)
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a possible lack of statistical power.] The reduction 
in CRC mortality started from approximately 
4 years after initial screening.

In a study conducted in 12 districts of 
Burgundy, France, residents aged 45–74  years 
were invited to biennial gFOBT screening. The 
average participation rate in the first round was 
52.8%. A significant reduction of 13% in CRC 
mortality was observed after 11 screening rounds 
compared with CRC mortality in the popula-
tion in 17 non-screened districts (standardized 
mortality ratio [SMR], 0.87; 95% CI, 0.80–0.94) 
[the Working Group calculated the participa-
tion-adjusted SMR (0.74; 95% CI, 0.63–0.86)], 
whereas no difference in the CRC incidence rate 
was observed (standardized incidence ratio [SIR], 
1.01, 95% CI, 0.96–1.06) (Hamza et al., 2014).

An incidence-based mortality cohort study 
(Bjerrum et al., 2016) was conducted in Denmark 
in 2005–2006 (the study design was published 
in Lindebjerg et al., 2014), to assess whether 
participation in once-only gFOBT screening has 
an effect on CRC incidence and mortality. The 
study included 182 152 citizens aged 50–74 years 
(166 277 screened), and the participation rate was 
48.5%. After a median of 8.9 years of follow-up, 
CRC mortality was lower in the screened group 
compared with the reference group of Danes of 
the same age (hazard ratio [HR], 0.92; 95% CI, 
0.86–0.99). [The Working Group calculated the 
participation-adjusted HR for CRC mortality 
(0.82; 95% CI, 0.70–0.95).] A negative association 
with all-cause mortality was also reported (HR, 
0.95; 95% CI, 0.94–0.96). Because CRC mortality 
and all-cause mortality were almost the same, 
the authors could not conclude that one round of 
gFOBT screening had an effect on reducing CRC 
mortality. CRC incidence was also lower in the 
screened group compared with the population 
in the rest of Denmark (adjusted HR, 0.94; 95% 
CI, 0.90–0.97). [The Working Group calculated 
the participation-adjusted HR for CRC inci-
dence (0.74; 95% CI, 0.63–0.86). The Working 
Group highlighted as limitations that the study 

evaluated only one screening round and that it 
did not adjust for pre-screening differences in 
health status between the compared groups.]

(ii) FIT
Ventura et al. (2014) compared CRC 

mortality and incidence between two cohorts in 
Italy. One cohort was screened biennially with 
FIT for up to 11  years after the first screening 
round (average, 3.6 FITs), and the other cohort 
was unscreened (defined as those who had 
been invited to screening but did not comply 
with the first round). The study reported lower 
CRC mortality (SMR, 0.59, 95% CI, 0.37–0.93) 
and lower overall incidence (HR, 0.78; 95% 
CI, 0.65–0.93) in the attenders versus the non- 
attenders. [Some contamination in the reference 
group is likely in this study, with individuals 
who would not have attended the first round but 
attended the subsequent rounds. However, the 
direction of this potential bias would be towards 
the null effect.]

In a screening programme in northern Italy, 
launched in 2005, residents aged 50–69  years 
were invited to screening with biennial FIT 
(Giorgi-Rossi et al., 2015). After four screening 
rounds, the study reported a reduction of 36% 
in incidence-based CRC mortality (RR, 0.64; 
95% CI, 0.52–0.78) compared with a historical 
non-screened cohort in the same area. A decrease 
of 10% in CRC incidence was observed after 
8 years in the screened cohort compared with the 
control cohort (incidence rate ratio, 0.90; 95% CI, 
0.83–0.97). [Data needed for the calculation of 
the participation-adjusted RR were not available 
in the published literature.]

In a study by Chiu et al. (2015), the first 
million individuals aged 50–69  years (20% of 
the target population) in Taiwan, China, were 
screened with biennial FIT, and the average 
follow-up was 3  years. The study reported a 
62% decrease in CRC mortality (RR, 0.38; 95% 
CI, 0.35–0.42) in the screened group versus the 
invited but unscreened group, which resulted 



Colorectal cancer screening

103

in a 10% decrease (95% CI, 0.84–0.95) when 
adjusted for self-selection bias and increasing 
CRC incidence trends in Taiwan, China. [The 
Working Group noted that follow-up was short, 
leading to a possible length-time bias, and that 
the cumulative CRC mortality in the unscreened 
group could indicate that individuals previously 
diagnosed with CRC may have been included, 
leading to an overestimation of the magnitude 
of the effect.]

(iii) gFOBT/FIT
Jin et al. (2013) performed a study at Beijing 

Military General Hospital, China, in 1987–2005. 
A total of 3863 army officers older than 50 years 
were screened with annual gFOBT. Those with 
a positive gFOBT result completed FIT, and 
those with a positive FIT result were referred 
for colonoscopy. After 21 years of follow-up, the 
study reported a relative risk of CRC mortality 
of 0.36 (95% CI, 0.18–0.71) and a relative risk 
of CRC incidence of 0.51 (95% CI, 0.30–0.87). 
[The Working Group considered that this was a 
very small population in which to evaluate CRC 
mortality.]

(b) Case–control studies

Case–control studies can complement the 
results from RCTs and help to address ques-
tions related to screening efficacy and frequency 
(Weiss, 2013).

A total of six case–control studies, in France, 
Italy, Japan, and the USA, have been published 
that assessed CRC mortality-associated odds 
ratios in screened versus unscreened individuals. 
In addition, some reported mortality trends in 
relation to (i)  the number of screening rounds 
and (ii) the time since the last screen (Table 3.2.8).

(i) gFOBT
Three studies were published in the USA 

between 1993 and 1999 (Selby et al., 1993; 
Lazovich et al., 1995; Scheitel et al., 1999). All 
three reported a decrease in CRC mortality with 

gFOBT screening (annual or biennial), ranging 
from 28% to 31%. Also, in one study, the magni-
tude of the reduction in CRC mortality was 
significantly larger after four rounds of biennial 
screening compared with one, two, or three 
rounds of screening (Scheitel et al., 1999). In 
addition, Lazovich et al. (1995) observed a signif-
icant reduction in CRC mortality only in those 
aged 74 years and younger at diagnosis of CRC.

In a study in Italy, Zappa et al. (1997) reported 
an odds ratio for CRC mortality of 0.60 (95% CI, 
0.4–0.9) comparing ever screened versus never 
screened (205 cases and 1030 controls). The 
reduction in CRC mortality decreased with an 
increasing number of years since the most recent 
screening test.

A study conducted in France was published 
in 1999 (Faivre et al., 1999) and updated in 2014 
(Hamza et al., 2014; see Section  3.2.3(a)). This 
population-based case–control study (178 cases 
and 712 population-based controls) reported an 
odds ratio for CRC mortality of 0.64 (95% CI, 
0.46–0.91) for individuals screened with biennial 
gFOBT versus non-screened individuals, as well 
as decreasing CRC mortality with an increasing 
number of screening rounds (Ptrend  =  0.03). No 
significant reduction in CRC mortality was 
observed more than 24  months after the most 
recent round of screening.

(ii) FIT
Two case–control studies were conducted 

in the same region in Japan. One evaluated FIT 
screening and CRC mortality (Saito et al., 1995), 
and the other reported on FIT screening and 
CRC stage distribution (Nakajima et al., 2003).

Saito et al. (1995) reported a significant 
reduction of 60% in CRC mortality in those 
screened within 1 or 2 years of the case diagnosis 
compared with those who were unscreened; 
the reduction in CRC mortality decreased after 
3  years and became non-significant after 4  or 
more years. The authors also reported trends of 
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Reference 
Location

Year 
programme 
began 
Study period 
Age of included 
subjects (years)

Description of cases and 
controls

Number of 
screening 
rounds 
Screening 
interval 
(years)

Adjustments CRC mortality, OR 
(95% CI)

Comments

gFOBT
Selby et al. 
(1993) 
Northern 
California, USA 
Kaiser 
Permanente 
Medical Care 
Program 
(KPMCP)

1979 
1981–1987 
≥ 50

Cases: 486 deaths, from 
KPMCP, identified by the 
SEER cancer registry. Death 
ascertained through registry 
or by automated linkage 
to California state death 
certificates 
Controls: 727, same source as 
cases. Matched for age, sex, 
and date of health plan entry. 
Alive at the time the case died

1 or more 
1 or 2

Number of health 
check-ups, screening 
sigmoidoscopies and 
rectal examinations 
during the 10 yr before 
the index date, and 
personal history of 
colorectal polyps or 
CRC

Within 5 yr of 
screening test: 
0.69 (0.52–0.91) 
Within 2 yr of 
screening test: 
0.76 (0.55–1.03)

Probably gFOBT without 
rehydration was used

Lazovich et al. 
(1995) 
Washington 
State, USA 
Group Health 
Cooperative 
(GHC) of Puget 
Sound

1983 
1986–1991 
≥ 50

Cases: 248 deaths from GHC, 
aged 40–84 yr at diagnosis. 
Ascertained from the Seattle-
Puget Sound SEER cancer 
registry. Cause of death from 
medical records or from 
death certificate. Screening 
history from medical records 
(both cases and controls) 
Controls: 496 (2 per case, 
randomly selected), same 
source as cases. Matched by 
year of birth, sex, and year of 
enrolment at GHC

At least 1 
2

– Ever screened: 
0.72 (0.51–1.02)

In stratified analyses, a 
reduction in risk was seen 
only in those aged ≤ 74 yr, 
OR, 0.65 (0.44–0.97) 
[Possible misclassification 
of diagnostic tests as 
screening]
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Reference 
Location

Year 
programme 
began 
Study period 
Age of included 
subjects (years)

Description of cases and 
controls

Number of 
screening 
rounds 
Screening 
interval 
(years)

Adjustments CRC mortality, OR 
(95% CI)

Comments

Zappa et al. 
(1997) 
Florence 
District (rural 
area), Italy

1982 
1984–1995 
40–70

Cases: 206 deaths from CRC 
after age 41 yr, identified 
from the Florence cancer and 
mortality registry 
Screening histories of 
both cases and controls 
ascertained by automated 
linkage with the archives 
of the Centre for the Study 
and Prevention of Cancer in 
Florence 
Controls: 1030 (5 per case, 
randomly selected), same 
source as cases, alive at time 
of diagnosis of case. Matched 
by sex, age, and place and 
length of residence

At least 1 
Average, 
2.5

Place of birth 
(as indicator of 
socioeconomic status 
and lifestyle), marital 
status, education level, 
prevalent job, smoking, 
and family history of 
CRC

Ever vs never screened: 
0.60 (0.4–0.9) 
Time (years) since most 
recent gFOBT test 
Never: 1.00 
1 < 3: 0.54 (0.03–0.9) 
3–6: 0.77 (0.4–1.7) 
> 6: 0.78 (0.3–2.2)

gFOBT without 
rehydration was used until 
1992, then gFOBT with 
rehydration was used, and 
lastly FIT was used

Faivre et al. 
(1999) 
Burgundy, 
France

1988 
Until 1994 
45–74 
8–9 yr of 
follow-up 
available for all 
case–control 
sets

Cases: 178 deaths (diagnosed 
in 1988–1999 and died up to 
December 1996) identified 
from the population-based 
cancer registry or through 
the data collection system 
of the screening programme 
or general practitioners. 
Screening histories collected 
from medical records 
Controls: 712 (4 per case, 
randomly sampled), same 
source as cases. Matched by 
sex, year of birth, and place 
of residence. Alive at the time 
the matched case died

1–4 
2

– Ever vs never screened: 
0.67 (0.48–0.94) 
Number of rounds: 
Never: 1.00 
1: 1.04 (0.67–1.58) 
2: 0.50 (0.29–0.88) 
3: 0.52 (0.28–0.94) 
4: 0.30 (0.12–0.76) 
Time (months) since 
most recent screen: 
Never: 1.00 
1–3: 2.02 (1.12–3.65) 
4–12: 0.58 (0.34–0.99) 
13–24: 0.40 (0.23–0.68) 
25–36: 0.32 (0.10–1.10) 
37–48: 0.84 (0.22–3.22) 
49–60: 0.41 (0.05–3.72) 
> 60: 2.09 (0.61–7.14)

Population-based case–
control study. gFOBT 
screening offered to all 
residents of the 12 districts 
No differences in CRC 
mortality by sex or cancer 
subsite (proximal colon, 
distal colon, or rectum) 
Screening history taken 
from the time screening 
started to the date of 
diagnosis of the case 
gFOBT without 
rehydration was used

Table 3.2.8   (continued)
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Reference 
Location

Year 
programme 
began 
Study period 
Age of included 
subjects (years)

Description of cases and 
controls

Number of 
screening 
rounds 
Screening 
interval 
(years)

Adjustments CRC mortality, OR 
(95% CI)

Comments

Scheitel et al. 
(1999) 
Rochester, 
Minneapolis, 
USA

Screening 10 yr 
before diagnosis 
in cases 
1970−1993 
≥ 45

Cases: 218 deaths, Rochester 
community residents, 
ascertained by death 
certificates 
Controls: 435 from the same 
area (2 per case). Matched by 
age, institution of diagnosis 
of the case, and sex, identified 
through the Mayo Clinic 
or Olmsted Medical Center 
registers. Alive at the time the 
case died

At least 1 
NR

Number of periodic 
health examinations, 
number of 
hospitalizations, family 
history of CRC, and 
personal history of 
colon polyps

Years before date of 
CRC diagnosis of case: 
0–1: 0.38 (0.13–1.08) 
0–2: 0.61 (0.30–1.26) 
0–3: 0.83 (0.45–1.52)

Population-based case–
control study 
Both gFOBT without 
rehydration and the haem-
derived porphyrin assay 
test were used

FIT
Saito et al. 
(1995) 
Aomori 
Prefecture, 
Japan

1986 or 1987 
40–79

Cases: 193 deaths between 
1986 and 1992, identified 
from death certificates or 
the Aomori cancer registry. 
Cause of death from hospital 
medical records 
Controls: 577 (3 per case, 
randomly selected), same 
source as cases, alive at time 
of diagnosis of case, and had 
been living in the same area. 
Matched by sex and year of 
birth. Without history of 
previous CRC

At least 1 
1

– Screening within 
a range of the case 
diagnosis (years) 
Unscreened: 1.00 
0–1: 0.40 (0.17–0.92) 
0–2: 0.41 (0.20–0.82) 
0–3: 0.48 (0.25–0.92) 
0–4: 0.69 (0.34–1.39) 
0–5: 0.77 (0.34–1.74) 
Time (years) since last 
screen: 
0–1: 0.40 (0.11–0.92) 
1–2: 0.39 (0.12–1.33) 
2–3: 0.58 (0.16–2.07) 
3–4: 0.90 (0.09–8.68) 
4–5: 1.20 (0.16–9.20)

Screening histories for both 
cases and controls were 
retrieved from the staff 
at the Aomori Screening 
Centre

CI, confidence interval; CRC, colorectal cancer; FIT, faecal immunochemical test; gFOBT, guaiac faecal occult blood test; NR, not reported; OR, odds ratio; SEER, Surveillance, 
Epidemiology, and End Results Program; yr, year or years.

Table 3.2.8   (continued)
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increasing CRC mortality with time since the 
last screen [no Ptrend was reported].

In a subsequent analysis in a subset of the 
same population, Nakajima et al. (2003) reported 
that subjects who had undergone at least one 
FIT screen during the previous 4  years had a 
reduced risk of developing advanced CRC (stage 
T2 to T4) by 28–46%, compared with those who 
were unscreened. The odds ratios for developing 
advanced cancer within 2–5 years after FIT were 
lower for the rectum (OR, 0.32–0.73) than for 
colon (OR, 0.84–1.18).

(iii) gFOBT and FIT
An additional case–control study in Japan 

showed a large reduction in CRC mortality based 
on only 28 CRC cases (Hiwatashi et al., 1993). 
[The Working Group excluded this study from 
the evaluation primarily because of the sample 
size limitations and the use of a mixture of 
gFOBT and FIT screening.]

(c) Ecological studies

Two ecological studies conducted in Italy 
compared CRC mortality and incidence in late 
screened areas versus early screened areas within 
the same geographical regions. Both of these 
studies reported reductions in CRC mortality 
(Table  3.2.9). [The Working Group considered 
that these results should be interpreted with 
caution because of limitations in study design.]

The first ecological study covered individ-
uals aged 40–69 years in two regions in Tuscany, 
Italy: the Empolese–Mugello district, where 
screening with biennial gFOBT or FIT started 
in 1980 (early screened regions), and the prov-
inces of Florence and Prato, where screening 
was implemented in 1985–2006 (late screened 
regions) (Costantini et al., 2008). The reduction 
in CRC mortality was larger in the early screened 
regions than in the late screened regions: the esti-
mated annual percentage decrease in the age-ad-
justed CRC mortality rate was 2.7% (95% CI, 
1.7–3.7%) in the early screened regions and 1.3% 

(95% CI, 0.8–1.7%) in the late screened regions. 
[The Working Group noted that gFOBT was used 
until 1996, and FIT later.]

The second ecological study evaluated 
the impact of a biennial FIT-based screening 
programme implemented in 2002–2009 in 
Veneto, Italy, for residents aged 50–69 years, by 
comparing early screened areas, where screening 
started in 2002–2004, with late screened areas, 
where screening was implemented in 2008–2009 
(Zorzi et al., 2015). Before the implementation of 
screening, CRC mortality and incidence rates in 
the two areas were similar. Compared with 1995–
2000, the 2006–2011 CRC mortality rates were 
22% lower in the early screened areas than in the 
late screened areas (RR, 0.78; 95% CI, 0.68–0.89), 
and the mortality reduction was larger in women 
than in men. A substantial increase in the 
percentage of stage I CRCs detected by screening 
was observed in 2006 (>  50%) compared with 
no screening programme in 2000–2001 (12%), 
which could explain the observed reduction in 
mortality rates in the population in the early 
screened areas. [A possible limitation of this study 
is the contamination in the late screened areas 
by the presence of opportunistic screening before 
the introduction of the organized screening 
programmes.]

(d) Meta-analyses

A meta-analysis of both RCTs and obser-
vational studies evaluated the effects of gFOBT 
screening on CRC mortality (Elmunzer et al., 
2015). Overall, the study reported a reduction 
of 18% in CRC mortality (n = 17; RR, 0.82; 95% 
CI, 0.76–0.88) and a significant reduction of 20% 
when only observational studies were included 
(n = 12; RR, 0.80; 95% CI, 0.71–0.91).

A recent meta-analysis included 44 studies 
(both RCTs and observational studies) published 
in 1992–2016 and evaluated the effects of five 
different CRC screening methods (gFOBT, FIT, 
sigmoidoscopy, colonoscopy, and a combina-
tion of sigmoidoscopy plus gFOBT) (Zhang 
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Reference 
Location

Recruitment 
period 
Age at entry 
(years) 
Duration of 
follow-up (years)

Study 
population 
reference 
population

Number of 
screening 
rounds 
Screening 
interval 
(years)

Temporal and 
geographical 
similarity of 
comparison 
group

Adjustments CRC mortality and/or 
incidence, risk estimate 
(95% CI)

Comments

Costantini 
et al. (2008) 
Tuscany, 
Italy, 
2 regions

Study population: 
Empolese–
Mugello district, 
1980 (early 
screened) 
Reference 
population: 
Florence and 
Prato provinces, 
2000 (late 
screened) 
40–69 until 1996 
50–69 since 1996 
Follow-up: 
1985–2006

Study (early 
screened): 
17 500 tested 
each year 
Reference 
(late 
screened): 
38 000 tested 
each year

Early 
screened: 13 
Late 
screened: 8 
2

Different 
period 
Different 
population

Age at death, 
sex, calendar 
year, and 
geographical 
area (early 
screened or late 
screened)

Mortality rate 
Annual decrease (%) 
Early screened:  
2.7 (1.7–3.7) 
Late screened:  
1.3 (0.8–1.7)

gFOBT with and without 
rehydration was used until 
1996, and FIT thereafter 
No differences were observed 
between early screened 
and late screened regions 
in overall cancer mortality 
rates, and both areas had 
similar patterns of increasing 
CRC incidence 
In the early screened area, a 
slight reduction in incidence 
was observed in 2000–2004 
(after longer follow-up) 
A significant interaction 
of geographical area and 
calendar year in relation to 
mortality was found

Zorzi et al. 
(2015) 
Veneto 
Region, 
Italy, 2 areas

Study population: 
2002–2004 (early 
screened) 
Reference 
population: 
2008–2009 (late 
screened) 
50–69 
Followed-up until 
2011 
Early screened: 
9–11

Study (early 
screened): 
294 319 
Reference 
(late 
screened): 
360 468

Early 
screened: 3 
or 4 
Late 
screened: 1 
2

Different 
period 
Same counties

Age and sex Mortality 
Early screened vs late 
screened (2006–2011 vs 
1995–2000): 
RR: 0.78 (0.68–0.89) 
Women 
RR: 0.64 (0.51–0.80) 
Men 
RR: 0.87 (0.73–1.04)

The study used FIT 
Incidence rates not available 
for all the local health units. 
In early screened areas, 
incidence rates reached 
a peak at introduction of 
screening and then returned 
to the baseline in 2007

CI, confidence interval; CRC, colorectal cancer; FIT, faecal immunochemical test; gFOBT, guaiac faecal occult blood test; RR, relative risk.
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et al., 2017). When gFOBT was compared with 
no screening in a total of 19 studies including 
2 264 603 participants, the meta-analysis reported 
a reduction of 14% in CRC mortality (RR, 0.86; 
95% CI, 0.82–0.90), and a statistically non-signif-
icant reduction in CRC incidence, based on nine 
studies (RR, 0.99; 95% CI, 0.96–1.03). When FIT 
was compared with no screening in three obser-
vational studies (two cohort studies and one case–
control study), the same meta-analysis reported 
a reduction of 59% in CRC mortality (RR, 0.41; 
95% CI, 0.29–0.59), and a reduction of 21% in 
CRC incidence, based on only two studies (RR, 
0.79; 95% CI, 0.69–0.92). [The Working Group 
noted the mixture of experimental and observa-
tional study designs included in this meta-ana- 
lysis, which limits its interpretation in terms 
of effectiveness. Also, in the pooled estimate of 
FIT, one observational study in a non-screened 
Japanese population was included.]

3.2.4 Adverse effects

This section considers the harms of screening 
with stool-based tests for blood, from observa-
tional studies and RCTs. One might consider 
three sources of harms: harms attributable to 
the process of screening per se, harms directly 
attributable to the test, and harms of managing 
individuals with a positive screening result. These 
harms can be psychological harms or physical 
harms.

(a) Psychological harms

Parker et al. (2002) sent the 30-question 
General Health Questionnaire (a self-adminis-
tered instrument for identifying minor psychi-
atric disorders in the general population) to 2184 
people 1 month before gFOBT screening and to 
1693 people 3  months after screening. Among 
the 843 people who completed both question-
naires, there was no significant difference in 
the proportion showing probable psychiatric 
morbidity before and after screening. The same 

study compared suicides among all randomized 
individuals in the Nottingham trial of gFOBT-
based CRC screening (Hardcastle et al., 1996). 
There were 48 [0.06%] suicides among 74  998 
controls compared with 53 [0.07%] among 
75 253 people invited to screening. [The Working 
Group noted that the percentages reported in the 
article are slightly different, so either the absolute 
numbers or the percentages in the article must be 
incorrect, but this would not affect the similarity 
between the two groups.]

Laing et al. (2014) carried out surveys at 
7–14 days and at 4 months after gFOBT screening 
and assessed short-term situational anxiety (using 
the State-Trait Anxiety Inventory) (Spielberger 
et al., 1983), frequency of CRC-specific worry, and 
mood disturbance. At 7–14 days after screening, 
55 respondents with positive screening results 
had higher situational anxiety (mean score, 38.8) 
compared with 110 respondents with negative 
screening results matched on age and sex (mean 
score, 30.9; Pdifference = 0.007). Respondents with 
positive screening results were also nearly 4 times 
as likely to report CRC-related mood distur-
bances compared with respondents with negative 
screening results (RR, 3.82; 95% CI, 1.09–13.43). 
[The Working Group noted the small sample size 
of the study.] There was a non-significant increase 
in the frequency of colon cancer-specific worry 
(based on answers to the question, “How often do 
you worry about getting colon cancer?”) in those 
with positive screening results. At 4 months after 
receipt of the screening result, both situational 
anxiety and mood disturbance (in both groups) 
had returned to baseline (pre-screening) levels.

Lindholm et al. (1997) sent a questionnaire 
to individuals invited to participate in the 
Gothenburg trial of gFOBT screening (Kewenter 
et al., 1994). A total of 2932 participants completed 
the questionnaire, and 16% of them reported that 
they were very worried or extremely worried 
when they received the invitation. Subsets 
of participants were also interviewed by tele-
phone. Of the 156 participants interviewed after 
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receiving a positive gFOBT result, 60% were very 
worried or extremely worried after they received 
that result. Of the 96 participants with a negative 
result on a second gFOBT, only 4% remained very 
worried or extremely worried after they received 
their second result.

In another study, Mant et al. (1990) identi-
fied 56 individuals who had received a positive 
gFOBT result followed by a negative gFOBT 
result or colonoscopy. Using a structured ques-
tionnaire, they interviewed 54 of them about 
their experience (e.g. “How distressed were you 
at the initial result?”). Two thirds reported some 
degree of distress after the initial positive result, 
but of those, only 14% were very distressed.

In the study by Parker et al. (2002), anxiety 
scores (using the State-Trait Anxiety Inventory) 
were highest after notification of a positive 
gFOBT result (mean scores of 44) but fell imme-
diately after notification of a negative colonos-
copy (mean scores of 31). [The Working Group 
noted that these findings highlight the impor-
tance of prompt follow-up of positive findings, 
to minimize the duration of anxiety.]

Another potential harm from screening per 
se is an inappropriate reaction to a negative 
screening result, such as ignoring subsequent 
cancer symptoms or adopting an unhealthy life-
style. Miles et al. (2015) asked 296 people with 
CRC to complete a questionnaire on quality of 
life, depression, and perceived diagnostic delay. 
Patients with interval cancer after a negative 
gFOBT result reported greater perceived diag-
nostic delay than did patients with screen- 
detected disease, after adjustment for age, sex, 
deprivation (using the Scottish Index of Multiple 
Deprivation), time since diagnosis, receipt of 
radiotherapy or chemotherapy, and presence 
of comorbidities (OR, 0.37; 95% CI, 0.17–0.83; 
P  =  0.02). However, there were no differences 
in perceived diagnostic delay between CRC 
patients with interval cancers and those not 
offered screening. [Hence, the Working Group 
noted that there is no evidence supporting that 

a negative screening result leads to delayed diag-
nosis.] Similarly, Bouvier et al. (2001) found that 
interval cancers (after gFOBT screening) had later 
stage at diagnosis than screen-detected CRC, but 
earlier stage at diagnosis than CRC detected in 
individuals who had not been screened. They also 
found no increased delay in cancer diagnosis in 
screening non-responders compared with indi-
viduals not invited for screening. [The Working 
Group concurred that a high rate of false-nega-
tives does not have adverse effects, although it 
does of course reduce the efficacy of screening.]

(b) Physical harms of FOBT tests

There are no reports of physical harms directly 
associated with FOBT screening. Theoretically, 
one might imagine that poor hygiene associated 
with FOBT procedures could lead to the spread 
of gastrointestinal infections, but there are no 
published studies of such harm.

(c) Physical harms of follow-up treatment

This section considers (i)  harm done while 
investigating a positive screening result and 
(ii) harm done by the treatment of an overdiag-
nosed CRC.

To assess the harm done while evaluating 
a positive screening result, one might simply 
consider the proportion of those screened who 
have a positive test result and the harms of 
investigating such a result. Most FOBT-positive 
subjects are referred for colonoscopy. Good 
data are available on the harms associated with 
screening colonoscopy (see Section  3.3.4), but 
fewer data are available about the harms of 
triage colonoscopy (i.e. colonoscopy as a result 
of a positive FOBT screening result). Apart from 
discomfort (from both the bowel preparation 
and the endoscopy itself), the main harms are 
the risks of serious bleeding, perforation of the 
bowel, and other serious complications leading 
to hospitalization. The nature of the harms is 
the same as with screening colonoscopy, but the 
frequencies of such harms are different, because 
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FOBT-positive subjects are more likely to require 
a polypectomy (Rao et al., 2009).

Table  3.2.10 presents serious harms from 
colonoscopy in studies of FOBT-based screening 
expressed as major events per 10  000 screens. 
Table  3.2.10 includes both RCTs and reports 
from routine screening programmes. [The 
Working Group calculated the harms per 10 000 
screens. The Working Group found it difficult 
to ascertain how many screens were carried out 
in some of the studies, and approximated those 
from the numbers of colonoscopies and the 
screening positivity in some cases.] The studies 
had a varying number of screening rounds (range, 
1–11). Based on 11 CRC screening studies (four 
RCTs, five programmes or pilot programmes, 
and two cohort studies), the colonoscopy rate 
(test positivity, expressed as colonoscopies per 
100 screens) for stool-based testing for blood 
ranges from 1.0% to 8.5%, and up to 9.8% if 
considering the rehydrated slides of the Mandel 
et al. (1993) trial only. The serious harms gener-
ally increased in studies with a larger propor-
tion receiving colonoscopy. In the reports of the 
two largest programmes, each with more than 
half a million screens (Steele et al., 2009; Logan 
et al., 2012), the combined rate of serious adverse 
events was less than 1 per 10 000 screens. Higher 
rates of bleeding were reported in a regional 
programme in France (Denis et al., 2013) and in 
one small study in Spain (Quintero et al., 2012), 
and higher rates of perforations were reported in 
an early trial from Sweden (Kewenter & Brevinge, 
1996). In the four studies (with a total of nearly 
2 million FOBT screens and 30 000 colonosco-
pies) that reported on deaths from colonoscopy, 
there were none.

(d) False-positive results

Often the frequency of the harm of a posi-
tive screening result is expressed in terms of the 
harm of a false-positive screening result (on the 
grounds that there is no real harm associated with 
a true-positive screening result). There is then a 

question about what constitutes a false-positive 
screening result. Given that most authors would 
say that the aim of FOBT is to diagnose cancer 
earlier, a false-positive result would be a positive 
test result in an individual who does not have 
CRC. However, many authors consider a posi-
tive test result in the presence of an advanced 
adenoma to be a true-positive, and some would 
consider it to be a true-positive if there was any 
adenoma.

(e) Overdiagnosis

The four RCTs of gFOBT with individual 
randomization all reported on CRC incidence, 
and none of them showed any evidence of net 
overdiagnosis. For the Funen trial (Kronborg 
et al., 2004), the relative incidence was 1.02 (95% 
CI, 0.93–1.12) over 17 years. For the Gothenburg 
trial (Lindholm et al., 2008), it was 0.96 (95% 
CI, 0.86–1.06) over up to 19  years. For the 
Nottingham trial (Scholefield et al., 2012), it was 
0.97 (95% CI, 0.91–1.03) after a mean of 17 years. 
Scholefield et al. (2012) included a graph of 
cumulative incidence, which was initially larger 
in the screening arm, but the curves crossed at 
5 years. In contrast, the Minnesota trial (Mandel 
et al., 2000) showed a reduction in CRC incidence 
ratios of 0.80 (95% CI, 0.70–0.90) for the annual 
screening arm and 0.83 (95% CI, 0.73–0.94) for 
the biennial screening arm (see Section  3.2.2). 
The cumulative CRC incidence curves in the 
screening and non-screening arms crossed at 
7  years. [The Working Group concluded that 
depending on the sensitivity of the stool-based 
tests, there would be overdiagnosis of CRC if 
screening were to be offered to individuals with 
less than 5–7 years of residual life expectancy.]

(f) Harms related to the detection of 
adenomas

The potential harms of detection of adenomas 
(whether or not they are overdiagnosed) include 
the effects of labelling the individual as a patient, 
the effects of adenoma removal, and the effects of 
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112 Table 3.2.10 Serious harms from colonoscopy after a positive stool-based test for blood

Reference 
Country

FOBT used 
Setting

Number of FOBT 
screening tests

Test positivity 
(%) 
Number of 
colonoscopies

Perforation, n (% of 
colonoscopies) 
[per 10 000 screens]

Bleeding, n (% of 
colonoscopies) 
[per 10 000 
screens]

Other serious events, n 
(% of colonoscopies) 
[per 10 000 screens]

Mandel et al. (1993, 2000); 
Towler et al. (1998) 
USA

gFOBT, with 
or without 
rehydration 
RCT

[> 124 959] 
[< 510 250] 
(6–11 rounds)

2.4 (without 
rehydration) 
9.8 (with 
rehydration) 
8.5 (combined) 
12 246

4 (0.03) 
[0.08–0.32]

11 (0.09) 
[0.21–0.88]

NR

Kewenter & Brevinge 
(1996) 
Sweden

gFOBT 
RCT

23 916 4.1 
FS: 2108 
Colonoscopy: 
190

FS: 3 (0.1) 
Colonoscopy: 2 (1.1) 
Combined: [2.1]

FS: 0 (0) 
Colonoscopy: 1 
(0.5) 
Combined: [0.4]

NR

Robinson et al. (1999) 
England, United Kingdom

gFOBT 
RCT

136 548 
(3–6 rounds)

1.1 
1474

5 (0.34) 
[0.36]

1 (0.07) 
[0.07]

Deaths: 0

Faivre et al. (2004) 
France

gFOBT 
Cohort study

133 878 
(6 rounds)

1.5 
1298

0 (0) 
[0]

0 (0) 
[0]

Deaths: 0

Denis et al. (2007) 
France

gFOBT 
Pilot programme

90 706 3 
2724

2 (0.07) 
[0.22]

4 (0.15) 
[0.44]

Hospitalizations (minor 
bleeding): 9 (0.33) 
[0.99]

Dancourt et al. (2008) 
France

gFOBT or FIT 
Cohort study

17 215 6.99 
1205

0 (0) 
[0]

0 (0) 
[0]

NR

Steele et al. (2009) 
Scotland, United Kingdom

gFOBT 
Programme

507 345 1.7 
8631

0 (0) 
[0]

0 (0) 
[0]

Hospitalizations: 25 
(0.28) [0.49] 
Deaths: 0

Logan et al. (2012) 
England, United Kingdom

gFOBT 
Programme

1 079 293 1.6 
17 518

17 (0.1) 
[0.15]

12 (0.07) 
[0.11]

Hospitalization: 5 (0.03) 
[0.04] 
Hemicolectomy: 1 (0.01) 
[0.01] 
Deaths: 0

Quintero et al. (2012) 
Spain

FIT 
RCT

9089 
(106 had screening 
colonoscopy)

6.5 
587

0 (0) 
[0]

8 (1.4) 
[8.8]

Hypotension or 
bradycardia: 2 (0.3) 
[2.2]

Denis et al. (2013) 
France

gFOBT 
Pilot programme

342 212 3 
10 277

10 (0.09) 
[0.29]

31 (0.3) 
[0.90]

NR

Parente et al. (2013) 
Italy

FIT 
Programme

81 218 6.2 (round 1); 5.8 
(round 2) 
4373

2 (0.05) 
[0.25]

5 (0.1) 
[0.62]

Hospitalization: 5 (0.1) 
[0.62]

FIT, faecal immunochemical test; FOBT, faecal occult blood test; FS, flexible sigmoidoscopy; gFOBT, guaiac FOBT; NR, not reported; RCT, randomized controlled trial.
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offering more intensive surveillance for individ-
uals with advanced adenomas. The serious harms 
of polypectomy (such as causing major bleeding 
or perforation) are described and quantified in 
Section 3.3.4. 

3.2.5   Benefit–harm ratio of FOBT screening

(a) Background

This section describes the balance between 
benefits and harms (i.e. benefit–harm ratio) 
of CRC screening with stool-based tests for 
blood, based on data from modelling studies 
that included both endoscopy and stool-based 
testing for blood, as well as additional studies 
that only presented results on gFOBT or FIT. 
The benefits and harms of CRC screening with 
stool-based tests for blood have been discussed 
previously (see Section 3.2.2, Section 3.2.3, and 
Section  3.2.4). The value of FOBT screening 
can be measured with life years gained (LYG) 
or QALYs gained. Both are common measures 
used in health economics, and they translate to 
the benefit (years of life) and harms and burdens 
(quality of life) a person may receive as a result 
of screening. It is important to note that there is 
not necessarily a standard for how these quality 
adjustments are included for different studies. 
Therefore, it is important for authors to carefully 
define the terms and for readers to understand 
them.

(b) Systematic reviews of life years gained

The United States Preventive Services Task 
Force (USPSTF) updated its review for CRC 
screening in 2016 (Bibbins-Domingo et al., 2016). 
A systematic literature review (Lin et al., 2016) 
and a modelling decision analysis (Knudsen 
et al., 2016) informed the USPSTF review. The 
modelling was from the three CRC microsim-
ulation models of the Cancer Intervention and 
Surveillance Modeling Network (Knudsen et al., 
2016) (see Table 3.3.14 in Section 3.3.5).

The USPSTF reviewed the current established 
tests of colonoscopy, sigmoidoscopy, HSgFOBT, 
and FIT and the emerging tests of computed 
tomography (CT) colonography and multitarget 
stool DNA (mt-sDNA). The evidence supported 
with high certainty that CRC screening provided 
benefit that is substantially larger than its harms 
(i.e. there is high certainty that the net benefit is 
substantial). Here, LYG for gFOBT, HSgFOBT, and 
FIT are discussed, compared with no screening 
(comparison between CRC screening tests is 
addressed in Section 3.4; see text and tables). In 
the decision analysis for the USPSTF, the LYG 
with screening for individuals at average risk 
aged 50–75  years for annual FIT were 231–260 
LYG per 1000 individuals aged 40  years and 
required 1739–1899 colonoscopies (diagnostic 
and surveillance) per 1000 individuals screened 
in a lifetime. These numbers amount to a ratio 
of 6.7–8.5 colonoscopies per LYG. The efficiency 
ratio (the ratio of incremental colonoscopies per 
additional LYG compared with a less intensive 
strategy) varied from 17 to 24 colonoscopies 
per LYG. The LYG with screening for individ-
uals at average risk aged 50–75 years for annual 
HSgFOBT were 232–261 LYG per 1000 indi-
viduals aged 40  years and required 2230–2287 
colonoscopies (diagnostic and surveillance) per 
1000 individuals screened in a lifetime. These 
numbers amount to a ratio of 8.5–9.8 colonos-
copies per LYG. These results suggest that FIT 
and HSgFOBT with 100% participation can 
achieve comparable LYG, but that the repeated 
FIT over 25  years requires considerably fewer 
colonoscopies.

(c) QALYs and DALYs from modelling studies

This section reviews modelling studies 
on CRC screening with gFOBT (including 
HSgFOBT) and FIT. There are 18 studies that 
have evaluated the impact of FIT and gFOBT 
screening on QALYs (Table  3.2.11). All of the 
studies concluded that CRC screening influenced 
QALYs positively and resulted in a net gain in 



IARC HANDBOOKS OF CANCER PREVENTION – 17

114

QALYs. QALYs gained by screening with gFOBT 
varied from 2 QALYs per 1000 (Sharp et al., 2012) 
to 131 QALYs per 1000 (Lam et al., 2015) and 
up to 486 QALYs per 1000 (Wong et al., 2015) 
for a population with polyps. When screening 
with FIT, the net benefit was slightly higher 
than that for gFOBT, varying from 4 QALYs 
per 1000 (Dan et al., 2012) to 801 QALYs per 
1000 (Wong et al., 2015) for a population with 
polyps. In those studies where both gFOBT and 
FIT were included, QALYs gained for FIT were 
higher than QALYs gained for gFOBT. [The wide 
variability across studies could be from different 
assumptions for the model inputs or definition 
of QALYs, and the Working Group highlighted 
that internal comparisons are more useful than 
comparisons across studies. In addition, the vari-
ability in estimates can be partly explained by 
the age of the population to which the estimates 
were standardized and by different strategies for 
intervals between screens.]

Only three modelling studies reported 
their results as DALYs averted for the impact 
of gFOBT (Table  3.2.12). Ginsberg et al. (2010) 
considered three regions (East Africa, eastern 
Europe, and the Americas), and the results 
ranged from 1.8 DALYs per 1000 individuals in 
East Africa to 17.8 DALYs per 1000 individuals 
in the Americas. For an Australian population 
at average risk aged 55–69  years, Stone et al. 
(2004) reported 1.5 DALYs per 1000 individuals 
for biennial gFOBT. For women in Hong Kong 
Special Administrative Region, China, Woo et al. 
(2007) reported 7 DALYs per 1000 individuals for 
annual FOBT and 3 DALYS per 1000 individuals 
for biennial FOBT.

3.2.6 Cost–effectiveness studies

(a) Background

A screening test can provide high value if 
its health benefits justify its cost. Determining 
what the justification boundaries are will vary 
according to the patient, the payer, the hospital, 

and even policy measures. From a payer perspec-
tive, a typical cost–benefit level in the USA is 
US$  100  000 per LYG, whereas lower levels 
are used elsewhere. Moreover, costs for CRC 
screening depend on the screening test and 
strategy used.

Costs for the FOBT strategies can include the 
test itself, evaluation of each test, subsequent diag-
nostic colonoscopy for positive FOBT test results 
with potential pathology costs for evaluation of 
polyps, surveillance colonoscopy for patients 
with adenoma, and potential cancer treatment. 
Administrative costs for FOBT screening, 
including repeat testing (annually or bienni-
ally), processing of the test with reporting back 
to the primary care provider and to the patient, 
and scheduling those with positive test results 
for colonoscopy, are not commonly included in 
the cost structure, even though there are signif-
icant costs associated with the administration 
of a stool-based test for blood (Heitman et al., 
2010; Pignone et al., 2011). Even “no screening” 
has an associated cost, which is the cost of 
treating cancers that arise symptomatically in 
the population. The FOBT tests themselves have 
limitations; not all positive test results are true 
positives, and not all negative test results are true 
negatives. For FIT, the cut-off level for positivity 
can be varied to accommodate the colonoscopy 
capacity for screening for a given area.

(b) Cost–effectiveness studies and systematic 
reviews

In 2000, only a few years after the publica-
tion of the results from several RCTs showing 
CRC mortality reduction with gFOBT screening, 
Helm et al. (2000) estimated the cost–effective-
ness of the Minnesota trial (Mandel et al., 1993), 
the Nottingham trial (Hardcastle et al., 1996), 
and the Funen trial (Kronborg et al., 1996). 
Based on the European trials, gFOBT screening 
cost US$  2500 per LYG compared with no 
screening. In 2004, Whynes et al. (2004) followed 
up the 1996 Nottingham trial of gFOBT with a 



Colorectal cancer screening

115

Table 3.2.11 Studies of quality-adjusted life years gained from screening with FOBT compared with no screeninga

Reference 
Country

Population 
simulatedb

Participation 
rate (%)

Strategy evaluated Reduction 
in incidence/
mortality 
(%)

QALYs gained 
per 1000 
screened 
individuals

Considered disutility 
from screening?

Heitman et al. (2010) 
Canada

Cohort age 50–75 yr at 
average risk of CRC

68 FIT-high-performance annually 73/76 47
FIT-mid-performance annually 71/74 45
FIT-low-performance annually 46/48 27
gFOBT-highc annually 29/30 16
gFOBT-lowc annually 20/23 12

Telford et al. (2010) 
Canada

Cohort age 50–75 yr at 
average risk of CRC

73 FOBT-low annually 44/55 69 Uncertain if reported 
incidence/mortality 
reductions pertain to 100% 
adherence

FIT annually 65/74 105

Barouni et al. (2012) 
Islamic Republic of Iran

Cohort age 50–75 yr at 
average risk of CRC

68 gFOBT annually 39/50 68
FIT annually 60/69 104

Dan et al. (2012) 
Singapore

Cohort age 50–75 yr at 
average risk of CRC

NR FIT annually 27/26 4

Sharp et al. (2012) 
Ireland

Cohort age 30–100 yr 
at average risk of CRC

53 FIT biennially, age 55–74 yr 15/36 23
FIT biennially, age 55–64 yr NR/NR 17
FIT biennially, age 65–74 yr NR/NR 8
gFOBT biennially, age 55–74 yr 1/12 7
gFOBT biennially, age 55–64 yr NR/NR 5
gFOBT biennially, age 65–74 yr NR/NR 2

Whyte et al. (2012) 
England, United 
Kingdom

Cohort age 60–74 yr at 
average risk of CRC

54 FIT biennially 19/28 31.6
gFOBT biennially 9/15 15.4

Dinh et al. (2013) 
USA

Cohort age 50–75 yr at 
average risk of CRC

100 FIT annually 69/68 96

Sharaf & Ladabaum 
(2013) 
USA

Cohort age 50–100 yr 
at average risk of CRC

100 FIT annually 62/76 77
gFOBT annually 47/65 67

Ladabaum et al. (2014) 
Germany

Cohort age 50–75 yr at 
average risk of CRC

100 FIT 
Annually, age 50–54 yr, 
Biennially, age 55–75 yr

51/63 102

gFOBT 
Annually, age 50–54 yr, 
Biennially, age 55–75 yr

34/45 76
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Reference 
Country

Population 
simulatedb

Participation 
rate (%)

Strategy evaluated Reduction 
in incidence/
mortality 
(%)

QALYs gained 
per 1000 
screened 
individuals

Considered disutility 
from screening?

Lam et al. (2015) 
Hong Kong Special 
Administrative Region, 
China

Cohort age 50–75 yr 
with pre-existing 
adenomas or CRC

NR FIT annually NR/NR 225
FIT biennially NR/NR 179
gFOBT annually NR/NR 131
gFOBT biennially NR/NR 81

Wong et al. (2015) 
Hong Kong Special 
Administrative Region, 
China

Cohort age 50–75 yr 
with pre-existing 
adenomas

60 FIT annually NR/NR 801
FIT biennially NR/NR 672
gFOBT annually NR/NR 486
gFOBT biennially NR/NR 321

Kingsley et al. (2016) 
USA

Cohort age 50–100 yr 
at average risk of CRC

67 FIT annually NR/NR 89 No

Ladabaum & 
Mannalithara (2016) 
USA

Cohort age 50–80 yr at 
average risk of CRC

100 FIT annually 60/77 78
FIT biennially 48/70 72

Lee & Park (2016) 
Republic of Korea

Cohort age 50–80 yr at 
average risk of CRC

25 gFOBT annually NR/NR 246

Pil et al. (2016) 
Belgium

Cohort age 56–74 yr at 
average risk of CRC
Men 43–51 FIT biennially 26.6/23 12
Women 53–50 FIT biennially 21.5/19 5

Sekiguchi et al. (2016) 
Japan

Cohort age 40 yr at 
average risk of CRC

61.5 FIT annually 58/NR 202

Aronsson et al. (2017) 
Sweden

Cohort age 60–80 yr 
at average risk of CRC

40 FIT twice (baseline and 3 years) 12/NR 26 No
FIT biennially NR/NR 51

Table 3.2.11   (continued)
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Reference 
Country

Population 
simulatedb

Participation 
rate (%)

Strategy evaluated Reduction 
in incidence/
mortality 
(%)

QALYs gained 
per 1000 
screened 
individuals

Considered disutility 
from screening?

Goede et al. (2017) 
Canada

Cohort age 50–75 yr at 
average risk of CRC

100 FIT annually NR/NR 40

Cohort age 50–74 yr at 
average risk of CRC

gFOBT biennially NR/NR 20
FIT200d biennially NR/NR 31

CRC, colorectal cancer; FIT, faecal immunochemical test; FOBT, faecal occult blood test; gFOBT, guaiac FOBT; NR, not reported; QALYs, quality-adjusted life years; yr, year or years.
a  Includes studies published after Patel & Kilgore (2015) (for studies within and outside the USA and studies in the USA) or after Lansdorp-Vogelaar et al. (2011) (for studies in the 
USA).
b  Signifies the population at the start of the simulation, i.e. cohort age 50 years signifies a population of people aged 50 years that are followed up until death or a certain age, and cohort 
age 50–75 years signifies a population of people aged 50–75 years that are followed up until death or for a certain period. None of the studies considered the anxiety associated with 
screening and diagnostic follow-up or the potential negative impact of a negative screening test result on an unhealthy lifestyle in their estimates of QALYs.
c  In Heitman et al. (2010), “FOBT-high” was erroneously labelled “FOBT-low”. To correct this issue, the published “FOBT-low” values were assigned to the “FOBT-high” category listed 
in this table, and the published “FOBT-high” values were assigned to the “FOBT-low” category listed in this table.
d  FIT with a cut-off level of 200 ng Hb/mL.

Table 3.2.11   (continued)
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118 Table 3.2.12 Studies measuring disability-adjusted life years averted from screening with gFOBT compared with no 
screening

Reference Country Population simulateda Participation 
rate 
(%)

Strategy evaluated Mortality 
reduction (%)

DALYs averted 
per 1000 
individuals

Considered 
disability from 
screening?

Stone et al. 
(2004)

Australia Cohort age 55–69 yr, 
population in 1996

NR gFOBT biennially NR 1.5

Woo et al. (2007) Hong Kong Special 
Administrative 
Region, China

Cohort age 50–74 yr, 
female population in 
2001

100 
100

gFOBT annually 
gFOBT biennially

17
8

7
3

Ginsberg et al. 
(2010)

Canada, Cuba, USA Cohort age 50–80 yr at 
average risk of CRC

57 
62

gFOBT annually 
gFOBT biennially

NR 17.8 
12.0

No

East Africa NR 
NR

gFOBT annually 
gFOBT biennially

NR 2.6
1.8

Eastern Europe NR 
NR

gFOBT annually 
gFOBT biennially

NR 8.1
5.5

CRC, colorectal cancer; DALYs, disability-adjusted life years; gFOBT, guaiac faecal occult blood test; yr, year or years.
a  Signifies the population at the start of the simulation, i.e. cohort age 50 years signifies a population of people aged 50 years that are followed up until death or a certain age, and cohort 
age 50–75 years signifies a population of people aged 50–75 years that are followed up until death or for a certain period.
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cost–effectiveness analysis. Under conserva-
tive assumptions, the cost of screening in the 
Nottingham trial was £1584 (US$ 2582) per LYG 
as a result of screening. These studies suggested 
that gFOBT screening had an acceptable cost for 
the benefit gained.

Three systematic reviews on the cost–effec-
tiveness of gFOBT or FIT compared with no 
screening have been published (Pignone et al., 
2002; Lansdorp-Vogelaar et al., 2011; Patel & 
Kilgore, 2015) (Table  3.2.13). Pignone et al. 
(2002) included seven cost–effectiveness studies, 
five of which included gFOBT. Given the time 
period of the review, only the lower-sensitivity 
gFOBT was included. All studies found gFOBT to 
be cost-effective, with costs ranging from US$ 5691 
to US$ 17 805 per LYG. Lansdorp-Vogelaar et al. 
(2011) reviewed 22 modelling studies that included 
gFOBT strategies scheduled either annually or  
biennially. The cost per LYG ranged from cost 
savings to US$  56  300 per LYG. [As noted 
above, internal comparisons of gFOBT are 
more informative than comparisons across 
the different modelling groups.] The studies in 
Patel & Kilgore (2015) overlapped with those 
in Lansdorp-Vogelaar et al. (2011) but included 
five additional studies for gFOBT or FIT (Vijan 
et al., 2001; Parekh et al., 2008; Knudsen et al., 
2012; Dinh et al., 2013; Ladabaum et al., 2014; 
see Table  3.2.14). All gFOBT CRC screening 

strategies assessed were more cost-effective than 
no screening.

Since the review by Patel & Kilgore (2015), 
two new models have been published that eval-
uated the cost–effectiveness of CRC screening 
in the USA (Kingsley et al., 2016; Barzi et al., 
2017) and one in the Republic of Korea (Lee & 
Park, 2016). One model has published updated 
results (Ladabaum & Mannalithara, 2016) 
(Table 3.2.14). The findings of these studies are 
consistent with those of Patel & Kilgore (2015). 
These newer studies often included evaluations 
of both gFOBT and FIT. Kingsley et al. (2016) 
and Barzi et al. (2017) demonstrated cost savings 
for annual FIT and gFOBT. Since the review by 
Lansdorp-Vogelaar et al. (2011), 14 new studies 
have been published that evaluated the cost–
effectiveness of gFOBT or FIT screening outside 
the USA: three in Canada (Heitman et al., 2010; 
Telford et al., 2010; Goede et al., 2017), four in 
Europe (Sharp et al., 2012; Whyte et al., 2012; 
Pil et al., 2016; Aronsson et al., 2017), and seven 
in Asia (including the Middle East) (Barouni 
et al., 2012; Dan et al., 2012; Wang et al., 2012; 
Lam et al., 2015; Wong et al., 2015; Lee & Park, 
2016; Sekiguchi et al., 2016), showing that 
FOBT screening was predominantly cost saving 
(Table 3.2.13).

Table  3.2.14 summarizes the cost–effective-
ness for the studies presented in the previous 

Table 3.2.13 Systematic reviews of studies of cost–effectiveness of screening with FOBT 
compared with no screening

Reference Country Studies included Cost–effectiveness ratios per life year 
gained

Pignone et al. (2002) USA 5 studies evaluating annual gFOBT Annual gFOBT: US$ 5691–17 805
Lansdorp-Vogelaar et al. 
(2011)

All 16 studies evaluating annual gFOBT 
8 studies evaluating biennial gFOBT 
(2 with annual and biennial gFOBT)

Annual gFOBT: cost savings–US$ 56 300 
Biennial gFOBT: US$ 3400–15 500

Patel & Kilgore (2015) USA 5 studies evaluating FIT and gFOBT 
(including HSgFOBT) 
1 study evaluating FIT only 
1 study evaluating gFOBT only

Annual gFOBT: cost savings–US$ 5360 
Annual HSgFOBT: cost savings–US$ 10 
Annual FIT: cost savings–US$ 800

FIT, faecal immunochemical test; FOBT, faecal occult blood test; gFOBT, guaiac FOBT; HSgFOBT, high-sensitivity gFOBT.
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120 Table 3.2.14 Studies of cost–effectiveness of screening with FOBT compared with no screeninga

Reference 
Country

Population 
simulated

Participation 
rate 
(%)

Strategy 
evaluated

Reduction 
in incidence/
mortality 
(%)

Currency QALYs or 
LYs gained 
per 1000 
screened 
individuals

Cost 
difference

Cost 
difference 
(US$)c

Cost per 
QALY 
(US$)c

Aronsson et al. 
(2017) 
Sweden

Cohort age 60–80 yr 
at average risk of 
CRC

40 FIT twice 
(3-yr interval)

11.7/NR Euros 26 QALYs −17 600 −18 507 Cost saving

FIT biennially NR/NR Euros 51 QALYs 136 700 143 747 2839
Barzi et al. 
(2017) 
USA

Cohort age 50–75 yr 
at average risk of 
CRC

NR FIT annually 6/12 United 
States 
dollars

6 LYs −112 −112 Cost saving
FIT biennially 5/14 10 LYs −229 −229 Cost saving
gFOBT annually 12/17 10 LYs −251 −251 Cost saving
gFOBT biennially 5/14 13 LYs −361 −361 Cost saving

Kingsley et al. 
(2016) 
USA

Cohort age 50–
100 yr at average 
risk of CRC

67 FIT annually NR/NR United 
States 
dollars

89 QALYs −524 −524 Cost saving

Ladabaum & 
Mannalithara 
(2016) 
USA

Cohort age 50–80 yr 
at average risk of 
CRC

100 FIT annually 60/77 United 
States 
dollars

78 QALYs −613 −613 Cost saving

FIT biennially 48/70 United 
States 
dollars

72 QALYs −809 −809 Cost saving

Sekiguchi et al. 
(2016) 
Japan

Cohort age 40 yr at 
average risk of CRC

61.5 FIT annually 
(starting at age 
40 yr)

58/NR Yen 202 QALYs −61 392 −510 Cost saving

Lam et al. 
(2015) 
Hong Kong 
Special 
Administrative 
Region, China

Cohort age 50 yr 
with pre-existing 
adenomas or CRC

NR FIT annually NR/NR Hong 
Kong 
dollars

225 QALYs 11 600 1496 6644

FIT biennially NR/NR Hong 
Kong 
dollars

179 QALYs 7790 1006 5617

gFOBT annually NR/NR Hong 
Kong 
dollars

131 QALYs 19 774 2549 19 461

gFOBT biennially NR/NR Hong 
Kong 
dollars

81 QALYs 10 471 1350 16 666
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Reference 
Country

Population 
simulated

Participation 
rate 
(%)

Strategy 
evaluated

Reduction 
in incidence/
mortality 
(%)

Currency QALYs or 
LYs gained 
per 1000 
screened 
individuals

Cost 
difference

Cost 
difference 
(US$)c

Cost per 
QALY 
(US$)c

Wong et al. 
(2015) 
Hong Kong 
Special 
Administrative 
Region, China

Cohort age 50–75 yr 
with pre-existing 
adenomas

60 FIT annually NR/NR United 
States 
dollars

801 QALYs 2527 2527 3155

FIT biennially NR/NR United 
States 
dollars

672 QALYs 2978 2978 4431

gFOBT annually NR/NR United 
States 
dollars

486 QALYs 2001 2001 5870

gFOBT biennially NR/NR United 
States 
dollars

321 QALYs 1680 1680 5234

Ladabaum et al. 
(2014) 
Germany

Cohort age 50–75 yr 
at average risk of 
CRC

100 gFOBT annually, 
age 50–54 yr; 
biennially, age 
55–75 yr

51/63 Euros 102 QALYs −1014 −1756 Cost saving

FIT annually, 
age 50–54 yr; 
biennially, age 
55–75 yr

34/45 Euros 76 QALYs −1239 −1708 Cost saving

Dinh et al. 
(2013) 
USA

Cohort age 50–75 yr 
at average risk of 
CRC

100 FIT annually 69/68 United 
States 
dollars

96 QALYs −1426 −1426 Cost saving

Sharaf & 
Ladabaum 
(2013) 
USA

Cohort age 50–
100 yr at average 
risk of CRC

100 FIT annually 62/76 United 
States 
dollars

77 QALYs −498 −498 Cost saving

gFOBT annually 47/65 United 
States 
dollars

67 QALYs −411 −411 Cost saving

Table 3.2.14   (continued)
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Reference 
Country

Population 
simulated

Participation 
rate 
(%)

Strategy 
evaluated

Reduction 
in incidence/
mortality 
(%)

Currency QALYs or 
LYs gained 
per 1000 
screened 
individuals

Cost 
difference

Cost 
difference 
(US$)c

Cost per 
QALY 
(US$)c

Sharp et al. 
(2012) 
Ireland

Cohort age 30–
100 yr at average 
risk of CRC

53 FIT biennially, 
age 55–74 yr

15/36 Euros 23 QALYs 40 52 2253

FIT biennially, 
age 55–64 yr

NR/NR Euros 17 QALYs 20 26 1524

FIT biennially, 
age 65–74 yr

NR/NR Euros 8 QALYs 14 18 2267

gFOBT biennially, 
age 55–74 yr

1/12 Euros 7 QALYs 33 43 6108

gFOBT biennially, 
age 55–64 yr

NR/NR Euros 5 QALYs 18 23 4664

gFOBT biennially, 
age 65–74 yr

NR/NR Euros 2 QALYs 15 19 9718

Dan et al. (2012) 
Singapore

Cohort age 50–75 yr 
at average risk of 
CRC

NR FIT annually 27/26 United 
States 
dollars

4 QALYs 126 126 31 500

Heitman et al. 
(2010) 
Canada

Cohort age 50–75 yr 
at average risk of 
CRC

68 FIT-high annually 73/76 Canadian 
dollars

47 QALYs 103 98 2085

FIT-mid annually 71/74 Canadian 
dollars

45 QALYs −68 −65 Cost saving

FIT-low annually 46/48 Canadian 
dollars

27 QALYs 104 99 3664

HSgFOBTb 
annually

29/30 Canadian 
dollars

16 QALYs 294 280 17 484

gFOBTb annually 20/23 Canadian 
dollars

12 QALYs 183 174 14 510

Telford et al. 
(2010) 
Canada

Cohort age 50–75 yr 
at average risk of 
CRC

73 gFOBT annually 44/55 Canadian 
dollars

69 QALYs 632 601 10 022

FIT annually 65/74 Canadian 
dollars

105 QALY 654 710 6223

Table 3.2.14   (continued)
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Reference 
Country

Population 
simulated

Participation 
rate 
(%)

Strategy 
evaluated

Reduction 
in incidence/
mortality 
(%)

Currency QALYs or 
LYs gained 
per 1000 
screened 
individuals

Cost 
difference

Cost 
difference 
(US$)c

Cost per 
QALY 
(US$)c

Goede et al. 
(2017) 
Canada

Cohort age 50–74 yr 
at average risk of 
CRC

100 FIT annually NR/NR Canadian 
dollars

40 QALYs −228 300 −169 784 Cost saving

gFOBT biennially NR/NR Canadian 
dollars

20 QALYs 220 915 164 292

FIT200d 
biennially

NR/NR Canadian 
dollars

31 QALYs −130 000 −96 679 Cost saving

Pil et al. (2016) 
Belgium

Cohort age 56–74 yr 
at average risk of 
CRC
Men 43–51 FIT biennially 26.6/23 Euros 12 QALYs 19 21 1582 

1725
Women 53–50 FIT biennially 21.5/19 Euros 5 QALYs 18 20 3628

Lee & Park 
(2016) 
Republic of 
Korea

Cohort age 50–80 yr 
at average risk of 
CRC

25 gFOBT annually NR/NR United 
States 
dollars

246 QALYs −440 −440 Cost saving

Knudsen 
et al. (2010); 
Lansdorp-
Vogelaar et al. 
(2010) 
USA 
MISCAN

Cohort age 65 yr at 
average risk of CRC

100 FIT annually 42.1/59.3 United 
States 
dollars

80.1 LYs 62 62 800

gFOBT annually 31.6/51.9 United 
States 
dollars

65.7 LYs −83 −83 Cost saving

HSgFOBT 
annually

43.9/63.0 United 
States 
dollars

81.1 LYs 1 1 10

USA 
SimCRC

Cohort age 65 yr at 
average risk of CRC

100 FIT annually 54.4/70.4 United 
States 
dollars

79.8 LYs −251 −251 Cost saving

gFOBT annually 40.4/55.6 United 
States 
dollars

59.9 LYs −285 −285 Cost saving

HSgFOBT 
annually

56.1/70.4 United 
States 
dollars

81.1 LYs −325 −325 Cost saving

Table 3.2.14   (continued)
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Reference 
Country

Population 
simulated

Participation 
rate 
(%)

Strategy 
evaluated

Reduction 
in incidence/
mortality 
(%)

Currency QALYs or 
LYs gained 
per 1000 
screened 
individuals

Cost 
difference

Cost 
difference 
(US$)c

Cost per 
QALY 
(US$)c

USA 
CRC-SPIN

Cohort age 65 yr at 
average risk of CRC

100 FIT annually 63/NR United 
States 
dollars

84.7 LYs −402 −402 Cost saving

gFOBT annually 46/NR United 
States 
dollars

64.0 LYs −441 −441 Cost saving

HSgFOBT 
annually

67/NR United 
States 
dollars

87.3 LYs −495 −495 Cost saving

Barouni et al. 
(2012) 
Islamic 
Republic of Iran

Cohort age 50–75 yr 
at average risk of 
CRC

68 gFOBT annually 39/50 United 
States 
dollars

68 QALYs −632 −632 Cost saving

FIT annually 60/69 United 
States 
dollars

104 QALYs −654 −654 Cost saving

Whyte et al. 
(2012) 
England

Cohort age 60–74 yr 
at average risk of 
CRC

54 FIT biennially 19/28 Pounds 
sterling

31.6 QALYs −63 −99 Cost saving

gFOBT biennially 9/15 Pounds 
sterling

15.4 QALYs −35 −55 Cost saving

CRC, colorectal cancer; CRC-SPIN, Colorectal Cancer Simulated Population Model for Incidence and Natural History; FIT, faecal immunochemical test; gFOBT, guaiac faecal occult 
blood test; HSgFOBT, high-sensitivity gFOBT; LYs, life years; MISCAN, Microsimulation Screening Analysis; NR, not reported; QALYs, quality-adjusted life years; SimCRC, Simulation 
Model of Colorectal Cancer; yr, year or years.
a  Includes studies published after Patel & Kilgore (2015) (for studies in the USA) or published after Lansdorp-Vogelaar et al. (2011) (for studies outside the USA).
b  In Heitman et al. (2010), “HSgFOBT” was erroneously labelled “gFOBT (low sensitivity)”. To correct this issue, the published “gFOBT” values were assigned to the “HSgFOBT” 
category listed in this table, and the published “HSgFOBT” values were assigned to the “gFOBT” category listed in this table.
c  Currency conversion method: the given currency was converted into United States dollars based on the conversion rate on 1 January of the publication year.
d  FIT with a cut-off level of 200 ng Hb/mL.

Table 3.2.14   (continued)
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paragraph. All studies found that FOBT screening 
was either cost saving or below US$ 31 500 per 
LYG [costs were presented as published and also 
standardized to United States dollars of the year 
in which the study was published]. These results 
with cost estimates also showed wide variability. 
Screening with FIT annually had higher QALYs 
gained than screening with FIT biennially but 
required more screening resources. Strategies 
with wider age ranges screened also had higher 
QALYs gained but required more resources. 
The cost–effectiveness of FOBT screening has 
been evaluated across the world, with reports 
from Asia, Europe, and North America showing 
benefit with acceptable levels of cost. Given the 
wide variation in costs across countries and 
studies, the cost per LYG from different studies 
can only be compared qualitatively.

(c) Comparison of cost–effectiveness of FIT 
versus gFOBT

The modelling studies also estimated the 
cost–effectiveness (or comparative effectiveness) 
of FIT and gFOBT (see Section 3.4.3). 

A next step is to assess whether there are 
optimal strategies that balance LYG and resources 
required. Strategies to consider are the screening 
test, intervals of rescreening, and age groups for 
screening.

The Cancer Intervention and Surveillance 
Modeling Network provided a decision ana- 
lysis for the USPSTF, based on three different 
microsimulation models (Knudsen et al., 2016), 
to inform the USPSTF review for different CRC 
screening tests in the population at average risk, 
starting at age 50 or 55 years and ending at age 75, 
80, or 85 years for those with consistently nega-
tive screening results since starting screening. 
Repeat intervals of 1, 2, or 3 years were consid-
ered for FOBT. The USPSTF is not allowed to 
use costs per se. Instead, the number of colonos-
copies for a strategy (per 1000 individuals) was 
used to represent costs. Fig. 3.2.1 is a comparison 
of LYG on the vertical axis relative to the number 

of colonoscopies required (per 1000 individuals 
aged 40 years) for the process of screening (with 
surveillance for patients with adenoma) over the 
ages screened on the horizontal axis. The line 
connecting the strategies on the outer envelope 
of data points represents strategies that provide 
the largest incremental increase in LYG per addi-
tional colonoscopy required for that strategy. 
This line is called the efficient frontier. Efficient 
screening strategies are on the efficient frontier, 
and near-efficient strategies have LYG within 
98% of the efficient frontier. The strategies on 
the efficient frontier are all acceptable choices 
provided the resources required are available. 
Fig. 3.2.1 shows the efficient frontier for FIT and 
HSgFOBT screening. When evaluated together, 
the FIT strategies comprised almost all points 
on the efficient or near-efficient frontier. In addi-
tion, under the assumption of higher sensitivity 
and specificity of FIT relative to HSgFOBT, the 
FIT-based screening strategies provide more 
LYG for each level of colonoscopy resources 
across all age groups and repeat intervals. The 
strategy to start screening at age 50 years and end 
screening at age 75 years with annual FIT testing 
provided the optimal strategy given about 1700 
colonoscopies per 1000 individuals with 25 years 
of screening. Note that the strategies that start 
screening at older ages or with longer intervals 
before retesting are along the curve with fewer 
LYG but also fewer colonoscopies required. It is 
a societal choice as to what resources to commit 
to reach a given level of LYG.

(d) Additional cost–effectiveness 
considerations

(i) Strategies for limited budgets
Although RCTs are considered to be the 

reference standard for efficacy, it is not feasible 
to compare multiple strategies within an RCT 
setting (especially in a community setting). 
The microsimulation modelling groups can 
provide virtual trials that can explore many 
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more possible strategies based on the perfor-
mance (sensitivity and specificity of advanced 
neoplasia) of FOBT from RCTs or observational 
studies. Other scenarios have also been explored 
with modelling for the best balance between 
LYG and resources in population screening. For 
example, in a setting where there is a limited 
budget that can cover only a fraction of the 
population, a programme of annual or biennial 
FIT for those aged 50–64  years would provide 

more LYG in a population setting compared with 
a one-time colonoscopy (van der Steen et al., 
2015). If there is limited colonoscopy capacity 
to support screening, FIT could be used with a 
higher Hb cut-off level, to provide cost-effective 
strategies for a lower level of endoscopy service. 
However, FIT with a lower cut-off level of 10 μg 
Hb/g faeces is the most effective health outcome 
and cost compared with gFOBT (Wilschut et al., 
2011).

Fig. 3.2.1 Lifetime number of colonoscopies and life years gained for a cohort of individuals aged 
40 years screened with FIT or HSgFOBT, from different microsimulation models
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Labeled strategies are efficient or near-efficient with an age to begin screening
of 50 or 55 years. aStrategy is near-efficient (it is weakly dominated and its
life-years gained [LYG] are within 98% of the efficient frontier).

FIT, faecal immunochemical test.
The life years gained (LYG) and the colonoscopy burden are plotted for each screening strategy for faecal immunochemical test (FIT) and 
high-sensitivity guaiac faecal occult blood test (HSgFOBT), for screening starting at age 50 or 55 years and ending at age 75, 80, or 85 years, and 
repeat intervals of 1, 2, or 3 years. Three different microsimulation models are presented: Simulation Model of Colorectal Cancer (SimCRC), 
Microsimulation Screening Analysis (MISCAN), and Colorectal Cancer Simulated Population Model for Incidence and Natural History (CRC-
SPIN). Strategies providing the largest incremental increase in LYG per additional colonoscopy were connected by a continuous line, thereby 
composing the efficient frontier. All strategies on the efficient frontier were considered efficient CRC screening options.
Reproduced with permission from JAMA. 2016. 315(23):2595–2609. Copyright © 2016 American Medical Association. All rights reserved. 
(Knudsen et al. (2016).
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(ii) FOBT screening in the context of new 
treatments

Lansdorp-Vogelaar et al. (2009) showed that 
as the costs for cancer care rise with increased use 
of newer and more expensive biological drugs, 
FOBT testing would be cost saving compared with 
no screening, because of preventing advanced 
cancers and deaths from CRC and avoiding costs 
of expensive biological drugs. Parekh et al. (2008) 
showed similar results. 

(iii) Hybrid strategies
Early on in the development of CRC screening, 

Eddy (1990) suggested a hybrid strategy using 
sigmoidoscopy at 5-year intervals with FOBT 
annually, although this hybrid approach is not 
used very frequently in practice. More recently, 
Whyte et al. (2012) suggested starting with 
sigmoidoscopy at age 55 years and with biennial 
FIT at age 60 years as an effective and cost-effec-
tive strategy for the United Kingdom.

Dinh et al. (2013) suggested a screening 
strategy of annual or biennial FIT starting at age 
50 years and a single colonoscopy at age 66 years 
as a favourable strategy for population screening. 
Knudsen et al. (2012) determined that those with 
a negative colonoscopy at age 50 years could be 
followed up with annual HSgFOBT or annual 
FIT with approximately the same benefit as 
rescreening at 10 years with colonoscopy.
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