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Colorectal cancer screening

3.3	 Endoscopic methods

3.3.1	 Techniques

(a)	 Introduction

The endoscopic methods for CRC screening 
use flexible cameras to directly visualize the 
rectum and colon. These techniques have five 
primary roles within the CRC screening process: 
(i)  primary screening; (ii)  follow-up of other 
abnormal screening tests (diagnosis); (iii) removal 
of precancerous lesions (prevention); (iv) removal 
of early cancers (treatment); and (v)  long-term 
follow-up of patients who are at high risk because 
of previous neoplasms or increased individual 
risk (surveillance) (Tiro et al., 2014). Although 
these roles differ substantially in concept, they 
are similar with respect to equipment, exper-
tise of personnel, quality control, screening 
performance, and the host factors that affect the 
examination. In this section, these concepts are 
summarized for the two main endoscopic tech-
niques for CRC screening: sigmoidoscopy and 
colonoscopy.

(b)	 Endoscopic techniques for CRC screening

Sigmoidoscopy and colonoscopy are the 
two primary endoscopic techniques for CRC 
screening.

Sigmoidoscopy is the insertion of an endo-
scopic camera, typically flexible, for examina-
tion of the rectum and sigmoid colon; it can 
also potentially evaluate the descending colon, 
splenic flexure, and distal transverse colon. The 
process includes insertion of the scope into the 
anus, injection of air through the scope to expand 
the intestinal lumen and allow better visualiza-
tion (also called insufflation), and passage of the 
scope to the desired extent of the examination. 
This is followed by gradual withdrawal of the 
scope. The examination of the intestinal lining 
for polyps and other abnormalities is performed 
both on insertion and on withdrawal, as is the 

washing and suctioning of any residual liquid. 
Because sigmoidoscopy is usually performed 
without sedation, the extent of the examination 
depends on patient comfort, bowel preparation, 
and instrument length (see Sections 3.3.1(d) and 
3.3.1(f)). Sigmoidoscopy can remove smaller 
polyps and biopsy larger polyps; patients who 
are found to have precancerous polyps can be 
referred for colonoscopy. 

The goal of colonoscopy is examination of 
the entire colon, from rectum to caecum. In 
many countries and settings, colonoscopy is 
commonly performed with sedation, which 
allows for instrument manipulation with greater 
patient comfort. Colonoscopy can remove small 
polyps and most large polyps; advanced tech-
niques enable the removal of polyps up to several 
centimetres in size.

(c)	 Equipment and expertise of personnel

(i)	 Equipment
Gastrointestinal endoscopic procedures use 

flexible tubes with four main components: an 
imaging system, illumination devices, channels 
for passing instruments and performing suction, 
and mechanisms for adjusting the direction and 
performance characteristics of the tube (Konda 
et al., 2015). Scopes are provided by several 
different manufacturers; the primary differences 
are the imaging methods and the controls.

Imaging is provided through either small 
charge-coupled device-type camera chips or 
a fibre-optic bundle (Classen & Phillip, 1984). 
Camera chip-based units either directly detect 
or impute colours; these require a base unit for 
converting the electronic signals into images 
(Cho, 2015). In contrast, fibre-optic-based 
devices directly transmit images, although these 
are becoming less commonly used because 
of their lower optical resolution and fewer 
advanced imaging options compared with chip-
based devices (Classen & Phillip, 1984; Cho, 
2015). Numerous visualization methods have 
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been tested for enhancing polyp detection, such 
as narrow-band imaging and the use of dyes 
(chromoendoscopy), although none of them has 
convincingly increased the number of polyps 
detected in populations at average risk, inde-
pendent of inspection time (Nagorni et al., 2012; 
Pasha et al., 2012; Omata et al., 2014; Bisschops 
et al., 2017). Several additional mechanical 
devices, scope designs (e.g. wide-angle viewing 
and multiple-screen images), and scope attach-
ments for increasing visualization and polyp 
detection have been developed. Some of these 
may improve polyp detection; however, given 
their variety, an in-depth review of this topic is 
beyond the scope of this Handbook.

Illumination is provided by small light 
portals at the scope tip, using single or multiple 
sources; light sources can also be manipulated 
for image enhancement (Longcroft-Wheaton 
et al., 2012; Nagorni et al., 2012; Wallace et al., 
2014). Some guidelines recommend high-defi-
nition white light endoscopes as the standard 
for screening, although the equipment version 
and imaging methods may vary by location. 
Continued improvements in imaging resolution 
are likely to further enhance screening perfor-
mance. Single or multiple instrument channels 
within the scope allow the passage of forceps 
for biopsy, snares for polyp removal, devices for 
applying thermal current, and other tools.

(ii)	 Bowel preparation
A bowel preparation is needed before a 

sigmoidoscopy or a colonoscopy, to remove the 
stool and to enable adequate visualization of the 
colon. For bowel cleansing, it is recommended 
that patients have a low-residue or full-liquid 
diet on the day before the colonoscopy (Johnson 
et al., 2014); a clear liquid diet is not necessary 
and is associated with lower compliance.

Recommended bowel preparations before 
sigmoidoscopy include sodium phosphate 
enemas, often with an additional oral laxative, 
such as magnesium citrate. The combination of 

an oral agent and an enema is associated with a 
better preparation (Levin et al., 2005).

Numerous bowel preparations for colonos-
copy exist, although the most effective ones 
include the patient receiving a dose within 
4–6  hours of the colonoscopic examination 
(Johnson et al., 2014; Martel et al., 2015). The 
most common method currently used for colo-
noscopy is the split-dose preparation, such as 
with 4 litres of polyethylene glycol, in which the 
patient receives one half of the preparation the 
evening before the examination and the other 
half on the day of the examination. Patients who 
receive split-dose preparations are significantly 
more likely to have an adequate bowel prepara-
tion than those who receive day-before prepara-
tions (OR, 2.51; 95% CI, 1.86–3.39) (Martel et al., 
2015). Patients also report being more willing to 
repeat a split-dose preparation than a single-dose 
day-before preparation. Same-day regimens may 
have equal effectiveness and can be considered 
for patients who undergo an examination in the 
afternoon (Johnson et al., 2014).

(iii)	 Expertise of personnel
Endoscopic training requires supervised 

education and proctoring (Adler et al., 2012; 
Sedlack et al., 2014). Substantial data exist on 
performance and training for both physician 
and non-physician endoscopists (Stephens 
et al., 2015). Competency standards have evolved 
from a minimum number of completed proce-
dures to the documentation of a reliable ability 
to complete specific tasks (Sedlack et al., 2014; 
Rutter et al., 2016). Different skill levels are 
required for different procedures, and skill levels 
vary substantially. Sigmoidoscopies and colo-
noscopies can be completed within in-hospital 
settings, dedicated outpatient procedure units, 
and office-based settings; sigmoidoscopies, in 
particular, can be performed as high-volume 
activities. For CRC screening programmes in 
developed medical systems, it has been suggested 
that different levels of competency are required 
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for different procedures; at least level 1 compe-
tency is recommended to avoid otherwise 
unnecessary follow-up procedures to remove 
small polyps (Table  3.3.1) (Valori et al., 2012). 
Endoscopic examinations can be safely and effec-
tively performed by both physician and non-phy-
sician endoscopists (Day et al., 2014). However, 
the lower direct costs of non-physician endosco-
pists may be offset by greater requirements for 
repeat examinations, specialty follow-up, and 
additional consultations (Stephens et al., 2015).

Requirements for endoscopy room personnel 
vary by the procedure performed, governmental 
regulations, and local practices (Dumonceau 
et al., 2013, 2015). At a minimum, the endosco-
pist should be assisted by one additional medical 
professional, typically a nurse or similarly certi-
fied member of personnel, responsible for patient 
monitoring and assisting with interruptible tasks 
such as biopsies. In some settings, a second assis-
tant is routinely used, although guidelines suggest 
that this is required only if sustained additional 
technical assistance is required (Calderwood 
et al., 2014). Minimum competencies indicate 
that unlicensed personnel with sufficient initial 
and current training can assist with biopsies and 
similar procedures (Calderwood et al., 2014).

(iv)	 Infection control
Guidelines exist for endoscope processing, 

infection control, and administration of prophy-
lactic antibiotics during procedures (Petersen 
et al., 2011; Jover et al., 2012; Hookey et al., 
2013; Calderwood et al., 2014; SGNA Practice 
Committee 2013–14, 2015; Herrin et al., 2016; 
Son et al., 2017). These include recommendations 
for routine hand hygiene before patient contact; 
use of personal protective equipment, such as 
gloves, facial protection, and impervious gowns; 
administration of medication; and methods for 
handling potentially contaminated equipment 
(Petersen et al., 2011; Jover et al., 2012; Hookey 
et al., 2013; Calderwood et al., 2014; SGNA 

Practice Committee 2013–14, 2015; Herrin et al., 
2016; Son et al., 2017).

(v)	 Sedation
Many colonoscopies and some sigmoidos-

copies use conscious sedation according to 
patient preference, tolerance, and local prac-
tice (Bretthauer et al., 2016; Rees et al., 2016). 
Data on sedation are mainly for colonoscopies. 
Guidelines and training curricula exist for seda-
tion and monitoring, although their evidence 
base is weak on whether routine compliance 
improves patient-related outcomes (Vargo et al., 
2012; Dietrich et al., 2013; Calderwood et al., 
2014); commonly used agents include midazolam, 
fentanyl, meperidine, and propofol (Dumonceau 
et al., 2015; Obara et al., 2015). Guidelines 
recommend pre-procedure evaluations of 
each patient’s physical status, such as with the 
criteria established by the American Society of 
Anesthesiologists; the Mallampati airway classi-
fication and risk factors for sedation; intraproce-
dural monitoring by qualified personnel of blood 
pressure, respiratory rate, heart rate, and pulse 
oximetry; availability of medication reversal 
agents; and post-procedure monitoring until the 
patient is stabilized (Calderwood et al., 2014).

(d)	 Technical quality control

Several performance standards and quality 
measures are recommended for lower gastro-
intestinal endoscopy (Minoli et al., 1999; Ball 
et al., 2004; Rex et al., 2006, 2015; Rembacken 
et al., 2012; Valori et al., 2012; Rutter et al., 2016; 
Kaminski et al., 2017a). A recent European 
guideline noted 44 different performance meas-
ures, many of which evaluate processes (e.g. 
documentation of certain findings) rather than 
evidence-based factors that influence outcomes 
(Rees et al., 2016). Additional recommendations 
exist for particular techniques, such as endo-
scopic polypectomy and endoscopic mucosal 
resection (Ferlitsch et al., 2017).
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The three main measures of endoscopy 
quality that are clearly associated with patient 
outcomes are completion of the examination 
to the minimum desired extent, thoroughness 
of the endoscopic inspection, and adequacy 
of bowel preparation (see also Section  3.3.1(f)) 
(Minoli et al., 1999; Ball et al., 2004; Rex et al., 
2006, 2015; Rembacken et al., 2012; Valori et al., 
2012; Rutter et al., 2016; Kaminski et al., 2017a). 
The minimum desired extent of the examination 
is the junction of the sigmoid and the descending 
colon for sigmoidoscopy (Atkin et al., 2002), and 
the caecum for colonoscopy. The actual proximal 
extent achieved for most sigmoidoscopies is not 
precisely defined, given the ambiguity of land-
marks, and is often considered the maximum 
tolerated scope insertion distance, or approxi-
mately 60 cm of scope length (Painter et al., 1999; 
Weissfeld et al., 2000). The caecum is identified 
using the appendiceal orifice, ileocecal valve, 
and caecal sling fold (a combination of muscular 
folds around the appendix) (Rex et al., 2015).

The most validated measurement of the 
thoroughness of endoscopic inspection is the 

adenoma detection rate (ADR) of the physi-
cian. The physician ADR is the percentage of 
the physician’s examinations in which one or 
more adenomas are detected (Rex et al., 2006). 
Reported ADRs varied from less than 10% 
to more than 60% among reports from both 
academic and community-based colonoscopy 
providers (Hixson et al., 1990; Rex et al., 1997, 
2006; Bretthauer et al., 2003; Hosokawa et al., 
2003; Schoen et al., 2003; Atkin et al., 2004; 
Bressler et al., 2004; Leaper et al., 2004; Pickhardt 
et al., 2004; Sanchez et al., 2004; Barclay et al., 
2006; Chen & Rex, 2007; Corley et al., 2011, 2014; 
Jensen et al., 2015) and from 8.6% to 15.9% for 
sigmoidoscopy in the United Kingdom Flexible 
Sigmoidoscopy Screening Trial (UKFSST) 
(Atkin et al., 2004). The prevalence of adenomas 
is higher with increasing patient age and is higher 
in men than in women, but no large differences in 
prevalence exist between racial or ethnic groups 
(Corley et al., 2013). Adjusting for differences in 
patient demographics only modestly influenced 
the overall variability in physician ADRs in a 
large community-based setting (Jensen et al., 

Table 3.3.1 Levels of operator ability required to perform endoscopy procedures for colorectal 
cancer screening

Competency 
level

Skills required Comments

Level 0 Operator does not remove any lesions, but refers all patients 
with detected lesions; lesion biopsies can be performed, with 
pathological results informing referral decisions.

Basic competency level for diagnostic 
sigmoidoscopy; not recommended for 
screening.

Level 1 Operator can remove lesions <  10  mm in diameter at 
sigmoidoscopy.  Larger lesions are removed at colonoscopy. Tissue 
biopsy is required to decide whether colonoscopy is necessary.

People performing screening 
sigmoidoscopy should have this 
competency level.

Level 2 Operator can remove polypoid and sessile lesions <  25  mm 
provided the lesion is endoscopically accessible.

All colonoscopists should have this 
competency level.

Level 3 Operator can remove most smaller flat lesions (<  20  mm), larger 
sessile and polypoid lesions, and small lesions with difficult 
endoscopic access.

Any colonoscopists completing follow-
up for positive screening results require 
this competency level.

Level 4 Operator can remove large flat lesions or challenging polypoid 
lesions that otherwise might require surgery. These lesions would 
not be removed at the first colonoscopy, because of time constraints 
or because of the need for discussion of surgical options.

This competency level is expected only 
among a small number of referral, 
regionally-based colonoscopists.

Adapted with permission from © Georg Thieme Verlag KG (Valori et al., 2012).
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2015). Therefore, physician ADR appears to vary 
with physician-related factors during endoscopic 
inspection, rather than patient-related factors.

Variation in physician ADR is strongly 
inversely associated with patients’ subsequent 
CRC outcomes for both colonoscopy and sigmoi-
doscopy. Studies in large populations in Europe 
and the USA demonstrated substantially lower 
future risks of post-colonoscopy CRC and death 
from CRC in patients of physicians with higher 
ADRs than in patients of those with lower ADRs 
(Kaminski et al., 2010; Rogal et al., 2013; Corley 
et al., 2014); a similar analysis for sigmoidoscopy 
demonstrated higher risks of post-sigmoidoscopy 
distal CRCs in patients of providers with lower 
ADRs. A community-based study demonstrated 
that each absolute increase of 1% in a physician’s 
ADR was associated with 3% and 5% decreases 
in their patients’ risks of future CRC (HR, 0.97; 
95% CI, 0.96–0.98) and death from CRC (HR, 
0.95; 95% CI, 0.94–0.97), respectively (Corley 
et al., 2014). A complementary modelling study 
estimated that lifetime risks of CRC incidence 
and mortality decreased by 11–13% for every 5% 
increase in ADR, translating to 53–60% lifetime 
differences between the lowest and the highest 
ADR quintiles (Meester et al., 2015). Variation 
in ADR could be associated with approximately 
one third of the total estimated mortality benefit 
from screening, compared with no screening 
(Meester et al., 2015). Improvements in ADR over 
time have also been associated with fewer deaths 
from CRC (Kaminski et al., 2017b). The physician 
ADR may have a comparably large influence on 
FIT-based screening programmes, because colo-
noscopy is required for follow-up after a positive 
FIT result. In response to these collective find-
ings, minimum target ADRs recommended in 
quality guidelines for screening colonoscopy were 
recently increased to 25% (or from 15% to 20% 
for women and from 25% to 30% for men) (Rex 
et al., 2015), and ADR was adopted by the United 
States Centers for Medicare & Medicaid Services 
as a quality measure (Centers for Medicare & 

Medicaid Services, 2017). The polyp detection 
rate can be a surrogate for ADR if pathology data 
are not readily available (Williams et al., 2012; 
Patel et al., 2013). Fewer data exist on ADR guide-
lines for sigmoidoscopy; the United Kingdom 
Joint Advisory Group recommends a minimum 
ADR of 10% for sigmoidoscopy (Valori & Barton, 
2007). The relative paucity of recommendations 
for sigmoidoscopy is partly due to the fact that 
sigmoidoscopy has a less standardized extent of 
examination, which influences polyp detection 
rate (Segnan et al., 2007; Fracchia et al., 2010). 
Cumulatively, these findings and recommenda-
tions indicate that measures to increase ADR 
at either the patient level (e.g. adequate bowel 
preparation) or the provider level are appropriate 
targets for ADR interventions for both sigmoi-
doscopy and colonoscopy providers.

Incomplete resection of precancerous polyps 
is also likely to influence patients’ risk of post- 
colonoscopy CRC, although it is difficult to calcu-
late the effect magnitude versus such cancers 
arising from undetected or new polyps (Erichsen 
et al., 2013; Pohl et al., 2013; Samadder et al., 
2014; Pullens et al., 2015). In one recent study, 
approximately one third of post-colonoscopy 
cancers were in the same colorectal segment (e.g. 
ascending colon or transverse colon) as a previ-
ously resected adenoma (Belderbos et al., 2017). 
To decrease the risk of incomplete removal, a 
guideline recommends snare removal (instead 
of biopsy forceps) for polyps larger than 3 mm, 
although the recommendation’s evidence base is 
modest, particularly for relatively small polyps 
such as those 4–6 mm in size (Lee et al., 2013; 
Kim et al., 2015).

Although this was not explicitly stated by the 
guidelines, many of the listed metric methods 
are readily adaptable to measuring the quality 
of sigmoidoscopy, but few data are available to 
support metrics for sigmoidoscopy (Fig.  3.3.1). 
Performance guidelines for sigmoidoscopy focus 
primarily on technical skills, such as threshold 
limit of complications (Rees et al., 2016) and 
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142 Fig. 3.3.1 Recommended quality and performance measures for colonoscopy
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completion of a minimum number of exami-
nations to a depth of at least 50 cm (JAG, 2004; 
Enns et al., 2008), although even the definition 
of a complete sigmoidoscopy, based on clinically 
important outcomes, was not fully specified by 
an international working group (Levin et al., 
2005).

(e)	 Performance of screening endoscopy 

The goals of screening are to detect CRC 
(early detection) and to remove precancerous 
polyps (cancer prevention). Therefore, the perfor-
mance of screening endoscopy is the ability of 
the examination to detect CRC and to remove 
precancerous polyps.

The performance of sigmoidoscopy, particu-
larly for proximal colon cancer, depends in part 
on the threshold for referral to colonoscopy, 
as regards polyp characteristics. Colonoscopy 
referral criteria used by some recent RCTs 
included (i) any polyp or mass (Prostate, Lung, 
Colorectal, and Ovarian [PLCO] Cancer Screening 
Trial in the USA; biopsies not routinely 
performed); (ii) any CRC, polyp > 5 mm in diam-
eter, ≥ 3 adenomas, or any adenoma with high-
grade dysplasia or villous histology (Screening 
for Colon and Rectum [SCORE] trial in Italy); 
(iii) any CRC, any adenoma, or any polyp > 10 mm 
(Norwegian Colorectal Cancer Prevention 
[NORCCAP] trial); and (iv) any CRC, any polyp 
> 10 mm, any polyp with tubulovillous or villous 
histology, or ≥ 3 adenomas (UKFSST) (Castells 
et al., 2013; Holme et al., 2017). A comparison of 
the latter three strategies suggested that for the 
goal of detecting an advanced adenoma or an 
invasive cancer of the proximal colon with colo-
noscopy, the NORCCAP trial criteria provided 
the greatest sensitivity, whereas the UKFSST 
criteria provided the lowest number of people 
needed to refer to colonoscopy per advanced 
proximal neoplasm detected (Castells et al., 
2013).

Comprehensive summaries estimated 
that the sensitivity of endoscopy, within the 

examined segments, was approximately 95% for 
the detection of CRC; these estimates are derived 
mainly from tandem colonoscopy studies, in 
which a patient underwent two examinations. 
The estimated sensitivity of endoscopy for the 
detection of adenomas varied by polyp size: 95% 
for adenomas ≥  10  mm, 85% for adenomas of 
6–9 mm, and 75% for adenomas of 1–5 mm (van 
Rijn et al., 2006). The sensitivity of colonoscopy 
for the detection of proximal colorectal polyps 
may be somewhat lower, although the absence of a 
reference standard for identifying difficult-to-see 
sessile lesions complicates these sensitivity calcu-
lations. An RCT of a standard inspection of the 
proximal colon followed by either an additional 
inspection in retroflexion or a second forward-
view examination demonstrated overall ADRs 
of 47% and 47%, respectively, and found that at 
least one additional adenoma was detected on 
second withdrawal in similar proportions (7.5% 
with retroflex and 10.5% with repeat forward 
view) (Kushnir et al., 2015). Sigmoidoscopy has 
similar assumed performance characteristics 
for lesions within reach of the examination (e.g. 
within 50 cm) (Knudsen et al., 2016).

Direct comparisons of the yields of sigmoi-
doscopy and colonoscopy are difficult, given 
that the typical sigmoidoscopy can inspect from 
the rectum up to the mid-sigmoid colon or, less 
commonly, the distal transverse colon. A multi-
centre colonoscopy trial estimated that of 3121 
people who underwent a colonoscopy, 37.5% 
had ≥ 1 neoplastic lesion anywhere in the colon, 
and 329 (10.5%) had an advanced neoplasia/
adenoma (≥ 10 mm, villous histology, high-grade 
dysplasia, or cancer). Of the 329 patients with an 
advanced neoplasia, in 128 it was proximal to the 
splenic flexure (the typical maximum extent of 
a sigmoidoscopy) and in 228 it was distal to the 
splenic flexure. The likelihood that the advanced 
proximal neoplasia would have been detected if 
the patients were initially screened with sigmoi-
doscopy was estimated, using the assumption 
that a full colonoscopy would be performed for 
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any distal colon adenoma. Of the patients with 
an advanced proximal neoplasia, 48.4% (62 of 
128) had ≥ 1 distal colon adenoma (Lieberman 
et al., 2000). Therefore, a sigmoidoscopy 
screening strategy would presumably detect a 
large majority of distal advanced adenomas and, 
when a distal advanced adenoma is detected, lead 
to a colonoscopic examination of the proximal 
colon. However, these results may be due to the 
fact that most of the study population in the trial 
were men (n = 3021), in whom the prevalence of 
advanced adenoma and invasive cancer of the 
colon and the rectum was higher than that in 
adults at average risk (Heitman et al., 2009). The 
relative effects of sigmoidoscopy versus colonos-
copy on small adenomas and sessile adenomas 
were less clear.

The ability of sigmoidoscopy and colonos
copy to distinguish between cancerous and 
non-cancerous lesions depends largely on 
pathology, which has moderate interobserver 
variability for villous, dysplastic (Costantini 
et al., 2003; Mahajan et al., 2013; Osmond et al., 
2014), and malignant features, and for iden-
tifying serrated polyps and adenomas versus 
non-adenomas (Turner et al., 2013; Schachschal 
et al., 2016); interobserver variability includes 
differences between pathologists within the 
same country and differences in interpreta-
tion between countries (Schlemper et al., 1998). 
Classification methods based solely on the endo-
scopic appearance of polyps have been proposed 
to enable more selective pathological confirma-
tion, but these are currently not widely used.

(f)	 Host factors that affect screening 
performance

The primary host factors that influence 
screening performance are the patient’s ability 
to complete the examination and the quality of 
the bowel preparation. Patient factors associated 
with inadequate bowel cleansing include a history 
of constipation, inability to complete the bowel 
preparation (primarily because of nausea), and 

use of neuroleptic or antidepressant medications 
(Hautefeuille et al., 2014). Other factors related 
to incomplete sigmoidoscopy and colonoscopy 
include older patient age, female sex, and previous 
abdominal or pelvic surgery (Ramakrishnan & 
Scheid, 2003; Shah et al., 2007; Laiyemo et al., 
2012).

Bowel preparation is central to screening 
performance for both sigmoidoscopy and colo-
noscopy. For colonoscopy, adenoma detection is 
substantially reduced among patients with inade-
quate bowel preparations, for both non-advanced 
adenomas (OR, 0.53; 95% CI, 0.46–0.62) and 
advanced adenomas (OR, 0.74; 95% CI, 0.62–0.87) 
(Sulz et al., 2016). However, bowel preparation 
represents a continuum, and how different levels 
of preparation influence adenoma detection is less 
certain. A recent data synthesis of different levels 
of bowel preparation found, when comparing 
low-, intermediate-, and high-quality bowel 
preparations, an absolute increase of 5% in colo-
noscopy ADRs for both intermediate- and high-
quality preparations, compared with low-quality 
preparation (OR, 1.39; 95% CI, 1.08–1.79 for inter-
mediate quality; OR, 1.41; 95% CI, 1.21–1.64 for 
high quality), but no large differences were found 
between intermediate- and high-quality prepara-
tions (Clark et al., 2014). Therefore, for patients 
who undergo routine screening or surveillance 
examinations with “inadequate” preparations, it 
is recommended that the examination should be 
repeated within 1 year (Johnson et al., 2014).

Patient education may improve the quality 
of the bowel preparation. A meta-analysis of 
RCTs of patient education measures suggested 
that a brief information or counselling session 
significantly improved the adequacy of bowel 
preparation (RR, 1.22; 95% CI, 1.10–1.36), with 
a marginal trend towards decreasing the like-
lihood of needing a repeat colonoscopy (RR, 
0.52, CI, 0.25–1.04) (Chang et al., 2015). Similar 
findings were noted for a greater likelihood of 
an adequate bowel preparation among those 
receiving “enhanced” instructions, consisting 
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of both verbal and written information, versus 
written information alone (OR, 2.35; 95% CI, 
1.65–3.35) (Guo et al., 2017).

3.3.2	Randomized controlled trials

(a)	 RCTs of sigmoidoscopy

Four RCTs of sigmoidoscopy with CRC 
mortality and/or CRC incidence as end-points 
have been published. Note that this excludes 
one very small trial with 799 total subjects rand-
omized (Thiis-Evensen et al., 1999a). Table 3.3.2, 
Table 3.3.3, Table 3.3.4, and Table 3.3.5 describe 
the design and findings of the four RCTs.

(b)	 Descriptions of RCTs

(i)	 PLCO trial
The PLCO trial in the USA examined 

screening for four different cancers (Schoen 
et al., 2012). In 1993–2001 at 10 screening 
centres, subjects aged 55–74  years were indi-
vidually randomized to either an intervention 
arm or a usual-care arm. All subjects provided 
informed consent, with consent generally before 
randomization. Subjects in the intervention arm 
were offered screening for CRC, lung cancer, and 
either prostate cancer (men) or ovarian cancer 
(women). For the CRC screening component, 
subjects were offered sigmoidoscopy at baseline 
and either at 3 years (for those who were rand-
omized before April 1995) or at 5 years. A posi-
tive sigmoidoscopy screening result was defined 
as the detection of a polyp or mass. Subjects 
with a positive screening result were referred 
to their health-care providers for follow-up; the 
PLCO trial did not dictate or perform follow-up. 
By trial protocol, polyps were not removed at 
the screening sigmoidoscopy. Subjects with 
adenomas (or CRC) detected on follow-up endos-
copy after a positive screening result were advised 
not to return for the subsequent screening; they 
received surveillance colonoscopy in accordance 
with community standards.

Exclusion criteria for the PLCO trial included 
a history of prostate cancer, lung cancer, ovarian 
cancer, or CRC and current treatment for cancer. 
Starting in April 1995, subjects who had under-
gone a colonoscopy or sigmoidoscopy in the 
previous 3 years were also ineligible for the trial.

The primary outcome of the CRC screening 
component was CRC-specific mortality, with 
CRC incidence as a secondary outcome. Planned 
follow-up was for 13 years or until 31 December 
2009, whichever came first.

A total of 77 445 individuals were randomized 
to the intervention arm and 77 455 to the usual-
care arm; 50.5% of the subjects in each arm were 
women. In the intervention arm, 83.5% of subjects 
received the baseline sigmoidoscopy screen and 
54.0% received the second-round screen; 86.6% 
of subjects received at least one sigmoidoscopy 
screen. The rates of positive screening results 
were 23.4% at the baseline screen and 23.5% at 
the subsequent screen. Of those with a positive 
screening result, 80.5% received some diagnostic 
follow-up within 1 year, of whom 95.6% received 
colonoscopy. Of all subjects in the intervention 
arm, 21.9% received a colonoscopy follow-up of 
a positive sigmoidoscopy screening result.

The use of sigmoidoscopy and colonos-
copy in the usual-care arm was monitored on 
a sampling basis. The estimated rates of endo-
scopic examination during the screening phase 
of the trial (the first 6 years of the study) were 
25.8% for sigmoidoscopy, 34.4% for colonoscopy, 
and 46.5% for either sigmoidoscopy or colo-
noscopy. An ancillary study was performed to 
examine the use of surveillance colonoscopy in 
subjects in the intervention arm who had a posi-
tive baseline screening result and had adenomas 
removed on the subsequent colonoscopy. After a 
median follow-up of 8.9 years, 79.3% of subjects 
with advanced adenomas, 81.9% of subjects 
with ≥ 3 non-advanced adenomas, and 74.2% of 
subjects with 1 or 2 non-advanced adenomas had 
received at least one post-baseline colonoscopy.
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(ii)	 UKFSST
The UKFSST was an RCT of once-only 

screening with sigmoidoscopy (Atkin et al., 
2010). Men and women aged 55–64  years who 
were registered with participating general prac-
tices in the United Kingdom were eligible for 
the trial, provided they had no history of CRC, 
adenomas, or inflammatory bowel disease, had 
a life expectancy of at least 5 years, and had not 
received a colonoscopy or sigmoidoscopy in the 
previous 3 years. Eligible subjects (368 142) were 
first sent a questionnaire asking whether they 
would participate in an RCT of CRC screening. 
Those who agreed to participate were then rand-
omized in a 2:1 ratio to the control arm or the 
intervention arm of the trial.

Subjects in the intervention arm underwent 
baseline sigmoidoscopy with polypectomy. 
Those with polyps meeting any of the following 
criteria were referred for colonoscopy: ≥ 10 mm in 
diameter, ≥ 3 adenomas, tubulovillous or villous 
histology, high-grade dysplasia, malignancy, or 
≥ 20 hyperplastic polyps above the distal rectum.

Trial enrolment began in November 1994 and 
was completed in March 1999. A total of 170 432 

individuals were randomized, and after exclu-
sions for deaths and previous CRC, 170 038 were 
included in the analysis (112 939 in the control 
arm and 57 099 in the intervention arm); 50.0% 
were women. The participation rate in the base-
line screening was 71%; of those screened, 5% 
underwent follow-up colonoscopy, of whom 85% 
subsequently entered a surveillance programme.

(iii)	 NORCCAP trial
The NORCCAP trial was an RCT of once-

only screening with sigmoidoscopy (Holme et al., 
2014). Men and women aged 55–64 years living in 
the city of Oslo or in Telemark County, Norway, 
were identified through population registers. In 
1998, birth cohorts were randomly sampled to 
be invited to the screening arm or included in 
the control arm; subjects in the control arm were 
not contacted. In 2000, the trial was extended 
to include individuals aged 50–54  years. The 
ratios of subjects aged 55–64 years to those aged 
50–54 years differed between the screening arm 
and the control arm; subjects in the control 
arm were younger than those in the screening 
arm. Subjects in the screening arm were further 
randomized in a 1:1 ratio to receive either 

Table 3.3.2 Characteristics of randomized controlled trials on colorectal cancer screening with 
sigmoidoscopy

Trial 
Country

Randomization Number of subjects 
Intervention arm/
control arm

Accrual period Age at entry 
(years)

Referral protocol

PLCO 
USA

Individual 154 900 
77 445/77 455

1993–2001 55–74 Contingent on personal physician 
and medical care

UKFSST 
United 
Kingdom

Individual 170 038 
57 099/112 939

1994–1999 55–64 ≥ 10 mm polyp, ≥ 3 adenomas, 
tubulovillous or villous change, 
severe dysplasia, malignancy

NORCCAP 
Norway

Individual 98 792 
20 572/78 220

1999–2001 50–64 ≥ 10 mm polyp, any adenoma or 
malignancy

SCORE 
Italy

Individual/
clustera

34 292 
17 136/17 136

1995–1999 55–64 ≥ 5 mm polyp, ≥ 3 adenomas, 
tubulovillous or villous change, 
severe dysplasia, malignancy

NORCCAP, Norwegian Colorectal Cancer Prevention trial; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; SCORE, 
Screening for Colon and Rectum trial; UKFSST, United Kingdom Flexible Sigmoidoscopy Screening Trial.
a	  Cluster randomization was adopted for 3 out of 6 centres, and the unit of randomization was the physician.
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Table 3.3.3 Designs of randomized controlled trials on colorectal cancer screening with sigmoidoscopy

Trial Intervention Number of 
screening 
rounds

Screening 
interval

Compliance with 
first round 
(%)

Determination of end-point 
(for mortality)

Median duration of 
follow-up 
(years)

PLCO Sigmoidoscopy at baseline and after 
3 or 5 years

2 3 or 5 yearsa 84 Independent death review 11.9 (incidence) 
12.1 (mortality)

UKFSST Once-only sigmoidoscopy 1 N/A 71 Independent death review 17.1 (mortality)
NORCCAP Once-only sigmoidoscopy, with or 

without a single FIT
1 N/A 63 Official statistics 11.2 screened (incidence) 

10.9 controls (incidence)
SCORE Once-only sigmoidoscopy 1 N/A 58 Independent death review 10.5 (incidence) 

11.4 (mortality)
FIT, faecal immunochemical test; N/A, not applicable. NORCCAP, Norwegian Colorectal Cancer Prevention trial; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening 
Trial; SCORE, Screening for Colon and Rectum trial; UKFSST, United Kingdom Flexible Sigmoidoscopy Screening Trial.
a	  The screening interval was 3 years for participants randomized before April 1995 and 5 years for other participants.

Table 3.3.4 Results of randomized controlled trials on colorectal cancer screening with sigmoidoscopy (intention-to-treat 
analyses)

Trial Incidence Mortality

Rate per 100 000 person-years RR or HR (95% CI) Rate per 100 000 person-years RR or HR (95% CI)

Intervention arm Control arm Intervention arm Control arm

PLCO 119 152 0.79 (0.72–0.85) 29 39 0.74 (0.63–0.87)
UKFSSTa 114 149 0.77 (0.70–0.84) 30 44 0.69 (0.59–0.82)
UKFSSTb 137 184 0.74 (0.70–0.80) 39 56 0.70 (0.62–0.79)
NORCCAP 112.6 141.0 0.80 (0.70–0.92) 31.4 43.1 0.73 (0.56–0.94)
SCORE 144.1 176.4 0.82 (0.69–0.96) 34.7 44.5 0.78 (0.56–1.08)
CI, confidence interval; HR, hazard ratio; NORCCAP, Norwegian Colorectal Cancer Prevention trial; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial;  
RR, relative risk; SCORE, Screening for Colon and Rectum trial; UKFSST, United Kingdom Flexible Sigmoidoscopy Screening Trial.
a	  Based on initial report; median follow-up, 11.2 years.
b	  Based on extended follow-up analysis; median follow-up, 17.1 years.
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sigmoidoscopy plus FIT at baseline or only a 
baseline sigmoidoscopy. All visible lesions were 
removed at sigmoidoscopy and subjected to 
histopathology; subjects with a polyp ≥ 10 mm, 
any adenoma or suspected CRC, or a positive FIT 
result were referred for colonoscopy, at which 
time all polyps were removed.

A total of 20 780 subjects were randomized 
to the screening arm and 79 430 to the control 
arm. After exclusions for deaths and previous 
CRC, 20  572 subjects were analysed in the 
screening arm and 78  220 in the control arm; 
50.1% were women. The participation rate for 
screening sigmoidoscopy was 63.0%; of those 
screened, 19.5% attended follow-up colonoscopy 
and 9.8% were recommended for surveillance 
colonoscopy.

(iv)	 SCORE trial
The SCORE trial in Italy was an RCT of once-

only screening with sigmoidoscopy (Segnan 
et al., 2002). Ineligibility criteria included a 
personal history of CRC, adenoma, or inflam-
matory bowel disease, having undergone a 
lower gastrointestinal endoscopy in the previous 
2  years, having two or more first-degree rela-
tives with CRC, or having a medical condi-
tion that precluded a benefit from screening. 
Individuals aged 55–64  years who responded 

to a mailed questionnaire that they certainly or 
probably would attend screening if offered were 
randomized to an intervention arm (17 148) or 
a control arm (17  144); 50.0% were women. In 
three centres (Biella, Genoa, and Milan), with 
16 690 subjects, randomization was at the indi-
vidual level; in the three other centres (Arezzo, 
Rimini, and Turin), with 17 602 subjects, cluster 
randomization was used, and the unit of rand-
omization was the general practitioner. Subjects 
in the control arm were not contacted further. 
The data set for the final analysis excluded 12 
subjects in the intervention arm and 8 subjects 
in the control arm, because of death or CRC 
diagnosis before randomization; therefore, it 
included 17 136 subjects in each arm.

Diminutive polyps (≤ 5 mm) were removed 
at sigmoidoscopy. Subjects with larger polyps 
(>  5  mm), 3 or more adenomas, adenomas 
with more than 20% villous component, severe 
dysplasia, or CRC and subjects with inadequate 
bowel preparation and at least one polyp were 
referred for colonoscopy.

Of the 17  148 individuals in the screening 
arm, 9999 (58.3%) attended the screening 
and 9911 (57.8%) were actually screened (the 
remaining 88 were referred for later screening 
because of inadequate bowel preparation but 
did not return for screening). After screening, 

Table 3.3.5 Results of randomized controlled trials on colorectal cancer screening with 
sigmoidoscopy (per-protocol analyses)

Trial RR or HR (95% CI)

Incidence Mortality

PLCO – –
UKFSSTa 0.67 (0.60–0.76) 0.57 (0.45–0.72)
UKFSSTb 0.65 (0.59–0.71) 0.59 (0.49–0.70)
NORCCAP 0.68 (0.56–0.86) 0.63 (0.40–1.40)
SCORE 0.69 (0.56–0.86) 0.62 (0.40–0.96)
CI, confidence interval; HR, hazard ratio; NORCCAP, Norwegian Colorectal Cancer Prevention trial; PLCO, Prostate, Lung, Colorectal, 
and Ovarian Cancer Screening Trial; RR, relative risk; SCORE, Screening for Colon and Rectum trial; UKFSST, United Kingdom Flexible 
Sigmoidoscopy Screening Trial.
a	  Based on initial report; median follow-up, 11.2 years.
b	  Based on extended follow-up analysis; median follow-up, 17.1 years.
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20 (0.2%) were immediately referred to surgery 
and 775 (8%) attended colonoscopy. Subsequent 
surveillance colonoscopy was indicated for 395 
subjects.

(c)	 Effects on CRC incidence and mortality and 
all-cause mortality

This section summarizes findings from 
the RCTs on the effects of sigmoidoscopy on 
CRC mortality, CRC incidence, and all-cause 
mortality. All relative risks and hazard ratios 
are from intention-to-treat analyses, unless 
otherwise stated. For per-protocol analyses, 
the UKFSST and the SCORE trial reported 
adjusted relative risks derived using the Cuzick 
method (Cuzick et al., 1997). The NORCCAP 
trial reported per-protocol 10-year risk differ-
ences using an instrumental variable approach; 
these were converted to relative risks to obtain a 
comparable metric to that reported for the other 
trials. The PLCO trial did not report per-protocol 
analyses.

[For the SCORE trial, in the statistical 
methods section of the final outcome publica-
tion (Segnan et al., 2011), there is no indication 
that the statistical analysis took into account the 
cluster randomization of the three centres; the 
computed 95% confidence intervals seem to have 
been calculated from only person-years and the 
number of reported events.]

(i)	 CRC mortality
In the PLCO trial, after a median follow-up 

of 12.1  years, the relative risk of CRC-specific 
mortality was 0.74 (95% CI, 0.63–0.87) (Schoen 
et al., 2012). The relative risk was 0.50 (95% CI, 
0.38–0.64) for distal CRC and 0.97 (95% CI, 
0.77–1.22) for proximal CRC. Stratified analyses 
showed that the relative risk of CRC-specific 
mortality was 0.84 (95% CI, 0.67–1.06) for those 
aged 55–64  years and 0.65 (95% CI, 0.52–0.82) 
for those aged 65–74 years (Pinteraction = 0.11). By 
sex, the relative risk was 0.66 (95% CI, 0.53–0.81) 

for men and 0.87 (95% CI, 0.68–1.12) for women 
(Pinteraction = 0.10).

In the UKFSST, an initial analysis of the 
primary end-points, published in 2010, with 
a median follow-up of 11.2  years, showed a 
hazard ratio for CRC mortality of 0.69 (95% CI, 
0.59–0.82) (Atkin et al., 2010). By anatomical 
location, the mortality rate ratio was 0.58 (95% 
CI, 0.46–0.74) for distal CRC and 0.87 (95% CI, 
0.68–1.12) for proximal CRC (Lin et al., 2016b). 
An extended follow-up analysis was published in 
2017, with a median follow-up of 17.1 years (Atkin 
et al., 2017). The hazard ratio for CRC mortality 
was 0.70 (95% CI, 0.62–0.79). The hazard ratio 
for CRC mortality was also reported by anatom-
ical location: 0.54 (95% CI, 0.45–0.65) for distal 
CRC and 0.91 (95% CI, 0.76–1.08) for proximal 
CRC. The hazard ratio for CRC mortality (in 
the extended follow-up analysis) by age was 0.67 
(95% CI, 0.55–0.81) for those aged 55–59  years 
and 0.72 (95% CI, 0.62–0.84) for those aged 
60–64 years (Pinteraction = 0.519). By sex, the hazard 
ratio was 0.67 (95% CI, 0.57–0.79) for men and 
0.74 (95% CI, 0.61–0.90) for women (Pinteraction 
= 0.417). In the per-protocol analysis (extended 
follow-up), the relative risk was 0.59 (95% CI, 
0.49–0.70) for overall CRC mortality and 0.34 
(95% CI, 0.26–0.46) for distal CRC mortality.

In the NORCCAP trial, the (age-adjusted) 
hazard ratio for CRC mortality was 0.73 (95% 
CI, 0.56–0.94) (Holme et al., 2014). The hazard 
ratio was 0.79 (95% CI, 0.55–1.11) for distal 
CRC mortality and 0.73 (95% CI, 0.49–1.09) 
for proximal CRC mortality. The hazard ratio 
for mortality did not differ significantly by 
subgroup of the screening arm; the hazard ratio 
was 0.62 for sigmoidoscopy plus FOBT and 0.84 
for sigmoidoscopy alone (Pheterogeneity =  0.20). 
By age group, the hazard ratios were similar 
for those aged 50–54  years (HR, 0.74; 95% CI, 
0.40–1.35) and those aged 55–64 years (HR, 0.73; 
95% CI, 0.55–0.97). By sex, the hazard ratio was 
0.58 (95% CI, 0.40–0.85) for men and 0.91 (95% 
CI, 0.64–1.30) for women (Pinteraction =  0.10). In 
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the per-protocol analysis, the relative risk was 
0.63 (95% CI, 0.40–1.40). [After the Working 
Group meeting, updated results (with a median 
follow-up of 14.8  years) were reported (Holme 
et al., 2018).]

In the SCORE trial, the median follow-up 
was 11.4 years for CRC mortality (Segnan et al., 
2011). The relative risk of CRC mortality was 0.78 
(95% CI, 0.56–1.08). The relative risk was 0.73 
(95% CI, 0.47–1.12) for distal CRC and 0.85 (95% 
CI, 0.52–1.39) for proximal CRC. In the per-pro-
tocol analysis, the relative risk was 0.62 (95% CI, 
0.40–0.96) for overall CRC mortality and 0.48 
(95% CI, 0.24–0.94) for distal CRC mortality.

(ii)	 CRC incidence
In the PLCO trial, the relative risk of CRC 

incidence was 0.79 (95% CI, 0.72–0.85) (Schoen 
et al., 2012). The relative risk was 0.71 (95% CI, 
0.64–0.80) for distal CRC incidence and 0.86 
(95% CI, 0.76–0.97) for proximal CRC inci-
dence. The relative risk of CRC incidence was 
similar by age: 0.78 (05% CI, 0.69–0.87) for those 
aged 55–64  years and 0.79 (95% CI, 0.71–0.89) 
for those aged 65–74  years. By sex, the relative 
risk was 0.73 (95% CI, 0.66–0.82) for men and 
0.86 (95% CI, 0.76–0.98) for women, indicating 
a borderline significant interaction (Pinteraction 
= 0.052).

In the UKFSST, the hazard ratio for CRC 
incidence was 0.77 (95% CI, 0.70–0.84) in the 
earlier analysis (Atkin et al., 2010). The hazard 
ratio was 0.64 (95% CI, 0.57–0.72) for distal 
CRC incidence and 0.98 (95% CI, 0.85–1.12) for 
proximal CRC incidence (Lin et al., 2016b). In 
the extended follow-up analysis, the hazard ratio 
for CRC incidence was 0.74 (95% CI, 0.70–0.80); 
the hazard ratio was 0.59 (95% CI, 0.54–0.64) 
for distal CRC incidence and 0.96 (95% CI, 
0.87–1.06) proximal CRC incidence (Atkin et al., 
2017); the hazard ratios for CRC incidence were 
similar for those aged 55–59  years (HR, 0.74; 
95% CI, 0.67–0.82) and those aged 60–64 years 
(HR, 0.75; 95% CI, 0.69–0.82). By sex, the hazard 

ratio was 0.70 (95% CI, 0.65–0.77) for men and 
0.81 (95% CI, 0.73–0.89) for women (Pinteraction 
= 0.047). In the per-protocol analysis (extended 
follow-up), the relative risk was 0.65 (95% CI, 
0.59–0.71) for overall CRC incidence and 0.44 
(95% CI, 0.38–0.50) for distal CRC incidence.

In the NORCCAP trial, the median follow-up 
was 11.2 years in the screening arm and 10.9 years 
in the control arm (Holme et al., 2014). The 
(age-adjusted) hazard ratio for CRC incidence 
was 0.80 (95% CI, 0.70–0.92). The hazard ratio 
was 0.76 (95% CI, 0.63–0.92) for distal CRC inci-
dence and 0.90 (95% CI, 0.73–1.10) for proximal 
CRC incidence. The hazard ratio for CRC inci-
dence did not differ significantly by subgroup of 
the screening arm; the hazard ratio was 0.88 for 
sigmoidoscopy plus FIT and 0.72 for sigmoidos-
copy alone (Pheterogeneity = 0.11). By age group, the 
hazard ratio for CRC incidence was 0.68 (95% CI, 
0.49–0.94) for those aged 50–54 years and 0.83 
(95% CI, 0.71–0.96) for those aged 55–64 years 
(Pinteraction =  0.27). By sex, the hazard ratio was 
0.73 (95% CI, 0.60–0.89) for men and 0.87 (95% 
CI, 0.72–1.06) for women (Pinteraction = 0.26). In the 
per-protocol analysis, the relative risk of CRC 
incidence was 0.68 (95% CI, 0.56–0.86). [After 
the Working Group meeting, updated results 
(with a median follow-up of 14.8  years) were 
reported (Holme et al., 2018).]

In the SCORE trial, the median follow-up was 
10.5 years for CRC incidence (Segnan et al., 2011). 
The relative risk of CRC incidence was 0.82 (95% 
CI, 0.69–0.96). The relative risk was 0.76 (95% 
CI, 0.62–0.94) for distal CRC incidence and 0.91 
(95% CI, 0.69–1.20) for proximal CRC incidence. 
By age group, the relative risk was 0.84 (95% CI, 
0.67–1.06) for those aged 55–59  years and 0.79 
(95% CI, 0.62–1.00) for those aged 60–64 years. 
By sex, the relative risk was 0.88 (95% CI, 
0.71–1.09) for men and 0.72 (95% CI, 0.55–0.96) 
for women. In the per-protocol analysis, the rela-
tive risk was 0.69 (95% CI, 0.56–0.86) for overall 
CRC incidence and 0.60 (95% CI, 0.46–0.80) for 
distal CRC incidence.
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(iii)	 All-cause mortality
In the UKFSST, the hazard ratio for all-cause 

mortality was 0.97 (95% CI, 0.94–1.00) in the 
earlier analysis and 0.99 (95% CI, 0.97–1.01) in 
the extended follow-up analysis (Atkin et al., 
2010, 2017).

In the NORCCAP trial, the relative risk of 
all-cause mortality was 0.97 (95% CI, 0.93–1.02) 
(Holme et al., 2014).

In the SCORE trial, all-cause mortality rates 
were reported as 660.26 per 100  000 person-
years in the control arm and 640.96 per 100 000 
person-years in the intervention arm, based on 
1233 deaths in the control arm and 1202 deaths in 
the intervention arm (Segnan et al., 2011). [From 
these mortality rates and numbers of deaths, the 
relative risk is 0.75 (95% CI, 0.55–1.02).]

In the PLCO trial, the numbers of deaths from 
all causes excluding cancers of the colorectum, 
prostate, ovary, and lung were reported as 9138 in 
the intervention arm and 9286 in the control arm 
(Schoen et al., 2012). [Using the number of deaths 
from CRC (252 in the intervention arm and 341 
in the control arm) and the total person-years for 
mortality, the relative risk of mortality from all 
causes excluding cancers of the lung, ovary, and 
prostate is 0.98 (95% CI, 0.95–1.01).]

(iv)	 Meta-analyses and pooled analyses of 
RCTs of sigmoidoscopy

Several meta-analyses of RCTs of sigmoido- 
scopy have been performed using the results 
from the four RCTs described above (PLCO, 
UKFSST, NORCCAP, and SCORE) (Fitzpatrick-
Lewis et al., 2016; Lin et al., 2016a, b; Tinmouth 
et al., 2016). None of these included the updated 
findings of the UKFSST. Another meta-ana- 
lysis, performed as a Cochrane systematic review 
(Holme et al., 2013), included only preliminary 
findings from the NORCCAP trial, with 7 years 
of follow-up, compared with the 11  years of 
follow-up used in the later NORCCAP publica-
tion; therefore, quantitative estimates from that 
meta-analysis are not included here. However, 

the trial ratings from Holme et al. (2013), as well 
as those from Lin et al. (2016a), are summarized 
below.

The Cochrane review (Holme et al., 2013) 
examined six potential factors related to risk of 
bias in the trials: random sequence generation 
(selection bias), allocation concealment (selec-
tion bias), blinding (performance bias and detec-
tion bias), incomplete outcome data (attrition 
bias), selective reporting (reporting bias), and 
other bias. For three of the four RCTs (UKFSST, 
NORCCAP, and SCORE), the risk of bias was 
rated as low for all factors; for the PLCO trial, 
the risk of bias was rated as low for all factors 
except selective reporting, which was rated as 
unclear risk. Lin et al. (2016a) evaluated each 
trial for overall quality using criteria developed 
by the USPSTF. All four trials were rated as of 
fair quality.

The meta-analyses differed quantitatively 
with respect to several minor factors (Table 
3.3.6). In addition, two (Fitzpatrick-Lewis et al., 
2016; Lin et al., 2016b) of the three analyses did 
not adjust for age in the NORCCAP trial (i.e. they 
used the unadjusted instead of the adjusted rela-
tive risks). This had a relatively small effect on the 
final relative risk estimates for CRC incidence and 
mortality but a larger relative effect on all-cause 
mortality. [Because subjects in the screening 
arm were (by design) older than subjects in the 
control arm in the NORCCAP trial, not adjusting 
for age in the NORCCAP trial in a meta-analysis 
severely biased the overall relative risk estimate 
against finding an overall mortality reduction 
in the screening arm versus the control arm. 
Therefore, the results for all-cause mortality in 
the meta-analyses that did not adjust for age in 
the NORCCAP trial are not valid.]

For CRC mortality, the results for the three 
meta-analyses were similar, with combined rela-
tive risk estimates ranging from 0.72 (95% CI, 
0.65–0.80) to 0.74 (95% CI, 0.67–0.83). Two of the 
meta-analyses (Lin et al., 2016b; Tinmouth et al., 
2016) examined CRC incidence, with combined 
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152 Table 3.3.6 Meta-analyses of randomized controlled trials on colorectal cancer screening with sigmoidoscopy, by outcome

Outcome measure Reference Number 
of trials 
includeda

Control arm Screening arm RR (95% CI)

Population (PYs) Number of events Population (PYs) Number of events

CRC incidence Tinmouth et al. 
(2016)

4 285 758 (3 067 081) 4579 172 264 (1 860 990) 2218 0.78 (0.74–0.83)

CRC incidence Lin et al. (2016b)b 4 (3 067 081) 4497 (1 860 990) 2222 0.79 (0.75–0.85)
Distal CRC incidence Lin et al. (2016b)b 4 (3 068 922) 2680 (1 862 062) 1154 0.71 (0.64–0.82)
Proximal CRC incidence Lin et al. (2016b)b 4 (3 071 386) 1755 (1 862 971) 1034 0.92 (0.84-1.02)
CRC mortality Tinmouth et al. 

(2016)
4 285 758 (3 114 546) 1321 172 264 (1 902 184) 576 0.72 (0.65–0.80)

CRC mortality Lin et al. (2016a)b 4 (3 114 546) 1391 (1 902 184) 609 0.73 (0.66–0.82)
CRC mortality Fitzpatrick-Lewis 

et al. (2016)b,c
4 285 752 1292 161 963 547 0.74 (0.67–0.83)

Distal CRC mortality Lin et al. (2016b)b 4 (3 114 546) 702 (1 902 184) 253 0.63 (0.49–0.84)
Proximal CRC mortality Lin et al. (2016b)b 4 (3 114 546) 529 (1 902 184) 295 0.90 (0.77–1.04)
All-cause mortalityd Tinmouth et al. 

(2016)
4 285 758 (3 114 546) 32 903 172 264 (1 902 184) 19 525 0.97 (0.96–0.99)

All-cause mortalityd Lin et al. (2016a)b 3 (2 243 271) 22 774 (1 030 254) 10 166 1.00 (0.94–1.06)
All-cause mortalityd Fitzpatrick-Lewis 

et al. (2016)b,c
4 285 752 33 865 161 963 19 971 1.00 (0.96–1.04)

CI, confidence interval; CRC, colorectal cancer; NORCCAP, Norwegian Colorectal Cancer Prevention trial; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; PYs, 
person-years; RR, relative risk; SCORE, Screening for Colon and Rectum trial; UKFSST, United Kingdom Flexible Sigmoidoscopy Screening Trial.
a	  Trials included were PLCO, UKFSST, NORCCAP, and SCORE.
b	  Did not adjust for age in the NORCCAP trial.
c 	 Excluded the sigmoidoscopy plus FIT subgroup in the NORCCAP trial.
d	  For PLCO, deaths from lung, ovarian, and prostate cancers were not reported; Lin et al. excluded the PLCO trial for this reason.
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relative risk estimates of 0.79 (95% CI, 0.75–0.85) 
and 0.78 (95% CI, 0.74–0.83), respectively. With 
respect to all-cause mortality, the one meta-ana- 
lysis that adjusted for age in the NORCCAP trial 
(Tinmouth et al., 2016) found a significant reduc-
tion with sigmoidoscopy in all-cause mortality, 
with a relative risk of 0.97 (95% CI, 0.96–0.99) 
(Table 3.3.6).

A pooled analysis of the PLCO, NORCCAP, 
and SCORE trials estimated the relative risk of 
CRC incidence and mortality in men and women 
(Holme et al., 2017). For CRC incidence, the 
relative risks were 0.76 (95% CI, 0.70–0.83) for 
men and 0.83 (95% CI, 0.75–0.92) for women. 
No difference in the effect of screening was seen 
between men younger than 60 years and those 
aged 60  years or older. In contrast, screening 
reduced the incidence of CRC in women younger 
than 60 years (RR, 0.71; 95% CI, 0.59–0.84) but 
not significantly in those aged 60 years or older 
(RR, 0.90; 95% CI, 0.80–1.02). For CRC mortality, 
the relative risks were 0.67 (95% CI, 0.57–0.80) 
for men and 0.82 (95% CI, 0.67–1.00) for women. 
Screening reduced CRC mortality significantly 
in both younger and older men as well as in 
women younger than 60 years.

(d)	 Colonoscopy
There are currently four trials under way 

of screening colonoscopy versus FIT and/or no 
screening: one in Spain; one in Sweden; one in 
the Netherlands, Norway, and Poland; and one 
in the USA (Robertson et al., 2015). To date, 
there are no reported results on CRC incidence 
or mortality from these trials.

3.3.3	Observational studies on preventive 
effects of endoscopy

The observational studies that fulfilled the 
two Working Group criteria (see Section  3.1) 
and were included in the cited systematic review 
(Brenner et al., 2014a) and/or found separately in 

the literature search are described in detail under 
cohort and case–control studies below.

(a)	 Sigmoidoscopy

(i)	 Meta-analyses
The most recent systematic review of observa-

tional studies of endoscopy (Brenner et al., 2014a) 
included a total of two cohort studies and seven 
case–control studies (published in 1992–2013) 
in a meta-analysis of the effectiveness of sigmoi-
doscopy screening. [All nine studies met the 
Working Group criteria except Nishihara et al. 
(2013), which excluded prevalent cancers at base-
line (the study is reported in the tables because it 
is included in the meta-analysis of mortality, but 
it is otherwise not highlighted in the text). There 
was heterogeneity among the included studies, 
for example in the designs, in the study popula-
tions (seven in the USA, one in Canada, and one 
in Sweden), and in adjustment for confounders 
(from only sex and age up to 16 variables) in the 
analyses, potentially biasing the effectiveness and 
maximum time frames of sigmoidoscopy before 
CRC diagnosis or mortality from 8–25  years.] 
The included studies are presented in Table 3.3.7 
and Table 3.3.8. 

The estimated meta-risk reduction for CRC 
incidence (five studies) was 49% (RR, 0.51; 95% 
CI, 0.39–0.65), with an incidence reduction of 
64% (RR, 0.36; 95% CI, 0.26–0.50) for distal CRC, 
compared with 24% (RR, 0.76; 95% CI, 0.65–0.90) 
for proximal CRC. Mortality reduction was eval-
uated by pooling the results from four studies 
including Nishihara et al. (2013). The estimated 
overall risk reduction for CRC mortality was 47% 
(RR, 0.53; 95% CI, 0.30–0.97), with a mortality 
reduction of 66% (RR, 0.34; 95% CI, 0.19–0.62) 
for distal CRC, but with no mortality reduction 
for proximal CRC (RR, 0.96; 95% CI, 0.74–1.23). 
The heterogeneity in the meta-analysis of distal 
CRC mortality (and overall CRC mortality) was 
mostly caused by the large risk reduction (79%) 
demonstrated in the small case–control study 
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154 Table 3.3.7 Cohort studies of colorectal cancer incidence and mortality with screening sigmoidoscopy

Reference 
Country

Study 
population

Recruitment Age 
(years)

Follow-up 
(years)

Total 
number of 
CRCs

Adjustment RR or HR (95% CI)

Incidence
Blom et al. (2008)a 
Sweden

1986 Randomly from 
population 
register

59–61 9 21 Sex RR, 0.5 (0.2–1.3)b

Nishihara et al. (2013)c 
USA

88 902 Nurses’ Health 
Study and Health 
Professionals 
Follow-up Study

W, 30–55 
M, 40–75

25 1512 Age, BMI, heredity, smoking, 
physical activity, intake of 
red meat, folate, calcium, 
total energy intake, alcohol 
consumption, multivitamin use, 
aspirin use, use of cholesterol-
lowering drugs, HRT use

HR, 0.60 (0.53–0.68) after 
negative sigmoidoscopy 
D: HR, 0.44 (0.36–0.53) 
P: HR, 0.92 (0.77–1.11)

Mortality
Nishihara et al. (2013)a 
USA

88 902 Nurses’ Health 
Study and Health 
Professionals 
Follow-up Study

W, 30–55 
M, 40–75

25 1512 Age, BMI, heredity, smoking, 
physical activity, intake of 
red meat, folate, calcium, 
total energy intake, alcohol 
consumption, multivitamin use, 
aspirin use, use of cholesterol-
lowering drugs, HRT use

HR, 0.59 (0.45–0.76) 
D: HR, 0.31 (0.20–0.49) 
P: HR, 1.04 (0.73–1.48)

BMI, body mass index; CI, confidence interval; CRC, colorectal cancer; D, distal; HR, hazard ratio; HRT, hormone replacement therapy; M, men; P, proximal; RR, relative risk;  
W, women. 
a	  Included in meta-analyses of CRC incidence and mortality of sigmoidoscopy by Brenner et al. (2014a).
b	  Data retrieved by Brenner et al. (2014a).
c	  Not fulfilling the Working Group criteria, and the data on incidence are not included in the meta-analysis by Brenner et al. (2014a). [Included here for completeness.]
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Table 3.3.8 Case–control studies of colorectal cancer incidence and mortality with screening sigmoidoscopy

Reference 
Country

Study 
population

Recruitment Age of cases 
(number 
< 50 years)

Retrospective 
follow-up 
(years)

Total 
number of 
CRCs

Adjustments in analysis in 
addition to matching

Risk 
OR (95% CI)

Incidence
Slattery 
et al. (2000)a 
USA

2257 Kaiser Permanente Medical 
Care Program and Utah

30–79 (80) 10 1048 Age, BMI, total energy intake, 
physical activity, aspirin use, 
NSAID use, heredity, dietary 
fibre, calcium, and cholesterol

M, overall: 0.6 (0.4–0.8) 
M, D: 0.5 (0.3–0.7) 
M, P: 0.7 (0.5–1.1) 
W, overall: 0.5 (0.3–0.8) 
W, D: 0.5 (0.3–0.9) 
W, P: 0.5 (0.3–0.9)

Newcomb 
et al. (2003)a 
USA

2962 Cases from SEER registry 
and community-based 
controls

20–75 16 1668 Age, sex, heredity, HRT use 
(women), education level, 
smoking, BMI, number of 
previous tests

D: 0.24 (0.17–0.33) 
P: 0.89 (0.68–1.16)

Cotterchio 
et al. (2005)a 
Canada

2915 Ontario Familial 
Colorectal Cancer Registry 
and population-based 
controls

20–74 (120)b ≥ 5 971 Age, sex, NSAID use, 
education level, BMI, heredity

0.52 (0.34–0.80) 
D: 0.41 (0.30–0.56) 
P: 0.72 (0.51–1.01)

Doubeni 
et al. (2013)a 
USA

980 Managed care 
organizations with 
electronic patient data

55–85 ≥ 5 471 CRC tests, number of 
preventive health-care visits, 
Charlson Comorbidity Index 
score, socioeconomic status, 
heredity

0.51 (0.36–0.71) 
D: 0.26 (0.14–0.49) 
P: 0.80 (0.52–1.25)

Kahi et al. 
(2014) 
USA

2492 The VA Center for 
Integrated Healthcare 
system

Mean, 81 
SD, ± 3.9

10 623 Race, NSAID use, Charlson 
Comorbidity Index score

0.91 (0.68–1.23) (10 yr) 
0.75 (0.46–1.24) (5 yr) 
D and P: non-significant

Mortality
Newcomb 
et al. (1992)a 
USA

262 Medical records of the 
Greater Marshfield 
Community Health Plan

< 50 – ≥ 80 10 66 Heredity, other screening 
tests, duration of health plan 
enrolment

0.21 (0.08–0.52) 
D: 0.05 (0.08–0.52) 
P: 0.36 (0.11–1.20)

Selby et al. 
(1992)a 
USA

1129 Kaiser Permanente Medical 
Care Program of Northern 
California

45–91 10 261 History of CRC/polyp, 
heredity, number of periodic 
health check-ups

D: 0.41 (0.25–0.69) 
P: 0.96 (0.61–1.50)

Scheitel 
et al. (1999)a 
USA

653 Mayo Clinic and Olmstead 
Medical Center medical 
record systems

45–95 10 218 Number of hospitalizations, 
periodic health examinations, 
history of polyps, heredity

1.04 (0.21–5.13)
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Reference 
Country

Study 
population

Recruitment Age of cases 
(number 
< 50 years)

Retrospective 
follow-up 
(years)

Total 
number of 
CRCs

Adjustments in analysis in 
addition to matching

Risk 
OR (95% CI)

Doubeni et 
al. (2018) 
USA

5207 Kaiser Permanente 
Northern and Southern 
California health-care 
systems

50–89 10 1747 Age, sex, race, family history, 
education level, health 
plan enrolment duration, 
geographical region, Charlson 
Comorbidity Index score, 
number of primary care 
visits, faecal occult blood 
testing

0.64 (0.56–0.75) 
D: 0.52 (0.41–0.66) 
P: 0.75 (0.62–0.92)

BMI, body mass index; CI, confidence interval; CRC, colorectal cancer; D, distal; HR, hazard ratio; HRT, hormone replacement therapy; M, men; NSAID, non-steroidal anti-
inflammatory drug; OR, odds ratio; P, proximal; RR, relative risk; SD, standard deviation; SEER, Surveillance, Epidemiology, and End Results Program; W, women; yr, year or years.
a	  Included in meta-analyses of CRC incidence and mortality reduction of sigmoidoscopy by Brenner et al. (2014a).
b	  Of all screening modalities evaluated, not sigmoidoscopy specifically.

Table 3.3.8   (continued)



Colorectal cancer screening

157

by Newcomb et al. (1992); when that study was 
excluded, the mortality reduction was 63% for 
distal CRC (compared with 66% reported earlier) 
and 35% for overall CRC mortality (compared 
with 47% reported earlier).

(ii)	 Cohort studies
There were only two cohort studies performed 

in a screening setting: the study by Nishihara 
et al. (2013), which did not fulfil the inclusion 
criteria because it excluded prevalent cancers at 
baseline and only reported outcome measures 
after a negative endoscopy, and a smaller study 
by Blom et al. (2008) (Table 3.3.7). The study by 
Blom et al. (2008) was a prospective pilot study 
of screening sigmoidoscopy in the population 
at average risk. Approximately 2000 individ-
uals aged 59–61  years were randomly selected 
and invited for a sigmoidoscopy examination. 
During follow-up, only 5 CRCs were diagnosed 
among participants and 16 among non-partici-
pants; the reduction in incidence was a non-sig-
nificant 50%.

(iii)	 Case–control studies
With respect to the effect of screening sigmoi-

doscopy on CRC incidence, four case–control 
studies have been performed, all in North 
America (Table  3.3.8). In three of the studies 
(Slattery et al., 2000; Newcomb et al., 2003; 
Cotterchio et al., 2005), the participants were 
asked to report – in questionnaires or interviews 
– background factors and any screening exam-
ination (check-up). [The use of questionnaires 
adds recall bias to the bias of self-selection to 
screening. Another limitation of the generaliz-
ability of the three studies is that the CRC cases 
and controls had a wide range of ages, including 
relatively young individuals who did not repre-
sent an eligible screening population at average 
risk.]

Slattery et al. (2000) stratified by sex and 
demonstrated a reduction in overall CRC inci-
dence of 40% (OR, 0.6; 95% CI, 0.4–0.8) in men 

and 50% (OR, 0.5; 95% CI, 0.3–0.8) in women. 
There was a significant reduction in incidence in 
men for distal CRC (OR, 0.5; 95% CI, 0.3–0.7) but 
not for proximal CRC (OR, 0.7; 95% CI, 0.5–1.1). 
In women, the reduction in CRC incidence was 
50% for both distal CRC and proximal CRC (OR, 
0.5; 95% CI, 0.3–0.9 for both) (Table 3.3.8).

In the population-based case–control study 
by Newcomb et al. (2003), screening with sigmoi-
doscopy was associated with a significant reduc-
tion in incidence (OR, 0.24; 95% CI, 0.17–0.33) for 
distal CRC, but not for proximal CRC (OR, 0.89; 
95% CI, 0.68–1.16), up to 16 years of follow-up.

The study by Cotterchio et al. (2005) reported 
an overall incidence reduction with sigmoidos-
copy of close to 50% (OR, 0.52; 95% CI, 0.34–0.80), 
with a strong reduction for distal CRC (OR, 0.41; 
95% CI, 0.30–0.56) and a non-significant reduc-
tion for proximal CRC (OR, 0.72; 95% 0.51–1.01).

Doubeni et al. (2013) performed a case–
control study of adults at average risk enrolled 
for at least 5  years in one of different health 
plans. CRC screening ascertainment was done 
by auditing electronic patient data files. In a 
population of just more than 1000 individuals, 
92 case patients and 173 controls had under-
gone a screening sigmoidoscopy, resulting in an 
incidence reduction of 49% (OR, 0.51; 95% CI, 
0.36–0.71) for overall CRC and of 74% (OR, 0.26; 
95% CI, 0.14–0.49) for distal CRC, but no inci-
dence reduction was found for proximal CRC 
(OR, 0.80; 95 CI, 0.52–1.25).

No protective effect was observed in the 
study by Kahi et al. (2014). The study of Kahi 
et al. (2014) primarily evaluated the protective 
effects of colonoscopy but reported non-signif-
icant associations between sigmoidoscopy and 
CRC incidence reduction after 5 years (OR, 0.75; 
95% CI, 0.46–1.24) and 10 years (OR, 0.91; 95% 
CI, 0.68–1.23) of follow-up. [The figures were 
relatively small: only seven patients with distal 
CRC had undergone sigmoidoscopy in the 5-year 
window.]
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With respect to the effect of sigmoidoscopy 
on CRC mortality, two relatively small, older 
case–control studies (with a total of 327 cases 
and 1064 controls) by Newcomb et al. (1992) 
and Selby et al. (1992) reported an association of 
having had a sigmoidoscopy screening examina-
tion with a decreased risk of CRC mortality, by 
approximately 80% (OR, 0.21; 95% CI, 0.08–0.52) 
for overall CRC (Newcomb et al., 1992) and by 
59% (OR, 0.41; 95% CI, 0.25–0.69) for distal CRC 
(Selby et al., 1992). [The exposure was screening 
with rigid sigmoidoscopy in Selby et al. (1992).]

The association of a decreased risk of CRC 
mortality with sigmoidoscopy was not observed 
in the smaller study in the USA (Scheitel et al., 
1999) (OR, 1.04; 95% CI, 0.21–5.13). Scheitel et al. 
(1999) found the same frequency of having had 
a sigmoidoscopy within 10 years of diagnosis in 
218 cases (10.6%) and 435 controls (9.9%) and 
speculated that the low frequency could be the 
reason for a lack of a protective effect. In the 
study by Newcomb et al. (1992), the frequency 
of screening sigmoidoscopy was 10.6% in cases 
and 29.1% in controls, and in the study by Selby 
et al. (1992), the frequency was 8.8% in cases and 
24.2% in controls.

A recently published case–control study 
of the effectiveness of endoscopy in a screen-
ing-eligible population in the USA (with 1747 
cases and 3460 controls) (Doubeni et al., 2018) 
reported an overall CRC mortality reduction of 
36% (OR, 0.64; 95% CI, 0.56–0.75) with sigmoi-
doscopy after extensive adjustment for potential 
confounders (e.g. matching and adjustments), 
with a strong preventive effect for CRC on both 
the distal and the proximal side of the colon (OR, 
0.52; 95% CI, 0.41–0.66 for distal CRC and OR, 
0.75; 95% CI, 0.62–0.92 for proximal CRC).

(b)	 Colonoscopy

There are few high-quality observational 
studies that have evaluated the preventive effects 
of colonoscopy screening in the population at 
average risk and even fewer that have evaluated 

incidence and mortality outcomes in current 
colonoscopy screening programmes. Most of the 
studies retrospectively evaluated colonoscopy by 
any indication or the quality indicators of the 
procedure (e.g. the ADR, which is a prerequisite 
for a screening programme to be effective but 
will not be highlighted in this section).

(i)	 Meta-analyses
The systematic review of observational studies 

of endoscopy (Brenner et al., 2014a) included 
three cohort studies and three case–control 
studies of colonoscopy (published in 2005–2014) 
in a meta-analysis of the effectiveness of colo-
noscopy screening. [All of the studies met the 
Working Group criteria except Nishihara et al. 
(2013) and Manser et al. (2012), both of which 
excluded prevalent cancers at baseline (included 
in Table 3.3.9). There was heterogeneity among 
the included studies, for example in the designs, 
in the study populations (four in the USA, one 
in Switzerland, and one in Germany), and in 
adjustment for confounders (from only 3 up to 
14 variables) in the analyses, potentially biasing 
the effectiveness and maximum time frames 
of sigmoidoscopy before CRC diagnosis or 
mortality from 6–22 years.] The included studies 
are presented in Table 3.3.9 and Table 3.3.10. 

The meta-estimates demonstrated a reduc-
tion of 69% (RR, 0.31; 95% CI, 0.12–0.77) in CRC 
incidence (five studies) and of 68% (RR, 0.32; 95% 
CI, 0.23–0.43) in CRC mortality (three studies) at 
any site. When stratified by anatomical location, 
the incidence reduction disappeared for either 
distal CRC or proximal CRC (RR, 0.21; 95% 
CI, 0.03–1.53 for distal CRC; RR, 0.44; 95% CI, 
0.15–1.31 for proximal CRC). However, there was 
a mortality reduction of 82% (RR, 0.18; 95% CI, 
0.10–0.31) for distal CRC and of 53% (RR, 0.47; 
95% CI, 0.29–0.76) for proximal CRC.

(ii)	 Cohort studies
See Table 3.3.9.
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Table 3.3.9 Cohort studies of colorectal cancer incidence and mortality with screening colonoscopy

Reference 
Country

Study 
population

Recruitment Age 
(years)

Follow-up 
(years)

Total 
number of 
CRCs

Adjustment Risk 
RR/absolute risk difference/
HR/SIR/SMR/OR (95% CI)

Incidence
Kahi et al. (2009)a 
USA

715 Health-care 
personnel and 
spouses and 
SEER data

50–86 Median, 8 12 Age, sex, calendar year SIR, 0.33 (0.10–0.62)

Manser et al. (2012)a 
Switzerland

22 686 Population-
based colon 
cancer screening 
programme

50–80 6 214 
(excluding 
11 at screen)

“Baseline risk profiles” (e.g. 
comorbidity, BMI, family 
tumour history, lifestyle 
factors, smoking, medication, 
profession, symptoms)

OR, 0.31 (0.16–0.59)

Nishihara et al. (2013)a 
USA

88 902 Nurses’ 
Health Study 
and Health 
Professionals 
Follow-up Study

30–75 25 1385 Age, BMI, heredity, smoking, 
physical activity, intake of 
red meat, folate, calcium, 
total energy intake, alcohol 
consumption, multivitamin use, 
aspirin use, use of cholesterol-
lowering drugs, HRT use

HR, 0.44 (0.38–0.52) after 
negative colonoscopy 
D: HR, 0.24 (0.18–0.32) 
P: HR, 0.73 (0.57–0.92)

García-Albéniz et al. 
(2017) 
USA

1 355 692 Medicare 
beneficiaries

70–79 8 46 812 Sex, race, age, original reason 
for entitlement, comprehensive 
preventive evaluative in 
previous 2 yr, use of 3 preventive 
services in previous 2 yr, United 
States Census Bureau division, 
combined comorbidity score, 
chronic condition, warehouse 
condition, calendar month

Absolute risk difference: 
Age 70–74 yr: −0.42% 
(−0.24% to −0.63%) 
Age 75–79 yr: −0.14% 
(−0.41% to 0.16%)b 
RRc: 
[Age 70–74 yr: 0.84 
(0.76–0.91)] 
[Age 75–79 yr: 0.95 
(0.87–1.05)]

Mortality
Kahi et al. (2009)a 
USA

715 Health-care 
personnel and 
spouses and 
SEER data

50–86 Median, 8 12 Age, sex, calendar year SMR, 0.35 (0.00–1.06)

Manser et al. (2012)a 
Switzerland

22 686 Population-
based colon 
cancer screening 
programme

50–80 6 214 
(excluding 
11 at screen)

“Baseline risk profiles” (e.g. 
comorbidity, BMI, family 
tumour history, lifestyle 
factors, smoking, medication, 
profession, symptoms)

OR, 0.12 (0.01–0.93)
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Reference 
Country

Study 
population

Recruitment Age 
(years)

Follow-up 
(years)

Total 
number of 
CRCs

Adjustment Risk 
RR/absolute risk difference/
HR/SIR/SMR/OR (95% CI)

Eldridge et al. (2013) 
USA

68 531 NIH-AARP 
Diet and Health 
Study

50–71 Mean, 11 602 Age, sex, HRT use, education 
level, race, diabetes, heredity

RR, 0.40 (0.30–0.55)

Nishihara et al. (2013)a 
USA

88 902 Nurses’ 
Health Study 
and Health 
Professionals 
Follow-up Study

30–75 25 1385 Age, BMI, heredity, smoking, 
physical activity, intake of 
red meat, folate, calcium, 
total energy intake, alcohol 
consumption, multivitamin use, 
aspirin use, use of cholesterol-
lowering drugs, HRT use

HR, 0.32 (0.24–0.45) 
D: HR, 0.18 (0.10–0.31) 
P: HR, 0.47 (0.29–0.76)

BMI, body mass index; CI, confidence interval; CRC, colorectal cancer; D, distal; HR, hazard ratio; HRT, hormone replacement therapy; NIH-AARP, National Institutes of Health-
American Association of Retired Persons; OR, odds ratio; P, proximal; RR, relative risk; SEER, Surveillance, Epidemiology, and End Results Program; SIR, standardized incidence ratio; 
SMR, standardized mortality ratio; yr, year or years.
a	  Included in meta-analyses of CRC incidence and mortality reduction of sigmoidoscopy by Brenner et al. (2014a).
b	  Absolute 8-year risk difference of screening colonoscopy group versus no-screening group.
c	  Retrieved by personal communication.

Table 3.3.9   (continued)
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Table 3.3.10 Case–control studies of colorectal cancer incidence and mortality with screening colonoscopy

Reference 
Country

Study 
population

Recruitment Age of cases 
(number 
< 50 years)

Retrospective 
follow-up 
(years)

Total 
number of 
CRCs

Adjustments in analysis in 
addition to matching

Risk 
OR (95% CI)

Incidence
Cotterchio et al. 
(2005)a 
Canada

2915 Ontario Familial 
Colorectal Cancer 
Registry and 
population-based 
controls

20–74 (120)b ≥ 5 971 Age, sex, NSAID use, 
education level, BMI, 
heredity

0.69 (0.44–1.07) 
D: 0.68 (0.49–0.94) 
P: 1.02 (0.72–1.45)

Doubeni et al. 
(2013)a 
USA

980 Managed care 
organizations with 
electronic patient data

55–85 ≥ 5 471 CRC tests, number of 
preventive health-care visits, 
Charlson Comorbidity Index 
score, socioeconomic status, 
heredity

0.30 (0.15–0.59) 
D: 0.26 (0.06–1.11) 
P: 0.37 (0.16–0.82) 
0.69 (0.44–1.07) 
D: 0.68 (0.49–0.94) 
P: 1.02 (0.72–1.45)

Brenner et al. 
(2014b)a 
Germany

318 Cases from hospitals 
and controls from 
population registries

50– > 80 10 43 Age, sex, county of 
residence, education level, 
heredity, smoking, BMI, 
NSAID use, HRT use, health 
screening examination

0.09 (0.07–0.13) 
M: 0.07 (0.05–0.12) 
W: 0.14 (0.08–0.23) 
Age ≥ 70 yr: 0.08 (0.05–0.13) 
Age < 70 yr: 0.11 (0.07–0.18)

Kahi et al. 
(2014) 
USA

2492 The VA Center for 
Integrated Healthcare 
system

Mean, 81.2 
SD, ± 3.9

10 623 Race, NSAID use, Charlson 
Comorbidity Index score

0.57 (0.47–0.70) (10 yr) 
D: 0.45 (0.32–0.62) (10 yr) 
P: 0.65 (0.46–0.92) (10 yr) 
0.49 (0.39–0.61) (5 yr) 
D: 0.36 (0.25–0.53) (5 yr) 
P: 0.51 (0.35–0.76) (5 yr)

Mortality
Doubeni et al. 
(2018) 
USA

5207 Kaiser Permanente 
Northern and 
Southern California 
health-care systems

50–89 10 1747 Age, sex, race, family history, 
education level, health 
plan enrolment duration, 
geographical region, 
Charlson Comorbidity Index 
score, number of primary 
care visits, faecal occult 
blood testing

0.33 (0.21–0.52) 
D: 0.25 (0.12–0.53) 
P: 0.35 (0.18–0.65)

CI, confidence interval; CRC, colorectal cancer; D, distal; HRT, hormone replacement therapy; M, men; OR, odds ratio; P, proximal; NSAID, non-steroidal anti-inflammatory drug; SD, 
standard deviation; W, women; y, year or years.
a	  Included in meta-analyses of CRC incidence and mortality reduction of sigmoidoscopy by Brenner et al. (2014a).
b	  Of all screening modalities evaluated, not colonoscopy specifically.
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In a population-based cohort study that esti-
mated the preventive effects of colonoscopy in 
elderly people [study not included in the system-
atic review by Brenner et al. (2014a)], approxi-
mately 1 355 000 Medicare beneficiaries in the USA 
were prospectively followed up for 8  years 
(García-Albéniz et al., 2017). In the age group 
70–74 years, the risk of CRC was 2.19% (95% CI, 
2.00–2.37%) in those who had a screening colo-
noscopy, compared with 2.62% (CI, 2.56–2.67%) 
in the non-colonoscopy group, i.e. an abso-
lute risk reduction of 0.42% (CI, 0.24–0.63%) 
for those who had a screening colonoscopy. In 
the age group 75–79 years, the risk of CRC was 
2.84% in the colonoscopy group and 2.97% in 
the non-colonoscopy group (risk difference, 
−0.14%; CI, −0.41% to 0.16%). [The strength of 
the study is the large study population and the 
use of Medicare data to identify screening colo-
noscopies. Potential confounding factors are not 
adjusted for, but sensitivity analyses have been 
performed. Only one quarter of the individuals 
were followed up for longer than 5.5 years; this 
may be insufficient to adequately evaluate the 
protective effects of colonoscopy screening, but it 
could be valid for the older population studied.]

In another cohort study in the USA, the study 
population was generated from a diet and health 
study by the National Institutes of Health that 
sent questionnaires to people aged 50–71 years 
(Eldridge et al., 2013). The primary objective 
was to estimate the magnitude of uncontrolled 
confounding in observational studies by using 
medical records. Colonoscopy screening demon-
strated a reduction in risk of CRC mortality of 
60% (RR, 0.40; 95% CI, 0.30–0.55) after a mean 
follow-up of 11 years (Table 3.3.9).

In a smaller follow-up study of a previous 
study that evaluated colonic neoplasia after a 
negative FOBT result (Rex et al., 1993), Kahi 
et al. (2009) followed up a population of approxi-
mately 700 individuals at average risk (mean age, 
61 years); after a median follow-up of 8 years, 12 
CRCs were diagnosed. Having had a screening 

colonoscopy decreased the risk of CRC incidence 
by 67% (SIR, 0.33; 95% CI, 0.10–0.62) and, statisti-
cally non-significantly, the risk of CRC mortality 
by 65% (SMR, 0.35; 95% CI, 0.00–1.06). [The 
study cohort did not have a concurrent control 
group, and observed rates of CRC incidence and 
mortality were compared with the expected rates 
from the Surveillance, Epidemiology, and End 
Results Program.]

(iii)	 Case–control studies
See Table 3.3.10.
In the study by Kahi et al. (2014) [study not 

included in the meta-analysis by Brenner et al. 
(2014a)], the protective effect of colonoscopy in 
reducing CRC incidence was observed for both 
the distal colon and the proximal colon. Kahi 
et al. (2014) demonstrated a 55% reduction in 
the incidence of distal CRC (OR, 0.45; 95% CI, 
0.32–0.62) and a 35% reduction for proximal 
CRC (OR, 0.65; 95% CI, 0.46–0.92) in older 
United States veterans who had undergone a 
colonoscopy in the previous 10 years. The reduc-
tion in overall CRC incidence was 43% (OR, 0.57; 
95% CI, 0.47–0.70). [The majority of colonosco-
pies were for diagnostic indications in a popu-
lation of 99% men with an average age of > 80 
years at diagnosis.] When estimated at 5 years, 
the point estimates were even lower (OR, 0.49; 
95% CI, 0.39–0.61 for overall CRC; OR, 0.36; 95% 
CI, 0.25–0.53 for distal CRC; OR, 0.51; 95% CI, 
0.35–0.76 for proximal CRC).

The study by Cotterchio et al. (2005), previ-
ously referred to among the case–control studies 
of sigmoidoscopy, also reported a reduction 
in CRC incidence in those who had under-
gone a screening colonoscopy. Cotterchio et al. 
(2005) did not observe any significant reduc-
tion in overall CRC incidence (OR, 0.69; 95% 
CI, 0.44–1.07) or proximal CRC incidence (OR, 
1.02; 95% CI, 0.72–1.45), but observed a signifi-
cant reduction (OR, 0.68; 95% CI, 0.49–0.94) in 
distal CRC incidence. [The study population was 
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relatively young (20–74 years), with few screening 
colonoscopies (4% in both groups).]

In a case–control study by Brenner et al. 
(2014b), cases were recruited from 22 hospitals 
in the study region of Germany and matched 
with controls from population registries. 
Standardized personal interviews were used to 
retrieve information on previous colonoscopy 
and potential confounding factors. Having had 
a screening colonoscopy was associated with a 
reduction in CRC incidence by 91% (OR, 0.09; 
95% CI, 0.07–0.13). Brenner et al. (2014b) strati-
fied by sex and age and observed an association 
in both men (OR, 0.07; 95% CI, 0.05–0.12) and 
women (OR, 0.14; 95% CI, 0.08–0.23) and in both 
older individuals (≥ 70 years) (OR, 0.08; 95% CI, 
0.05–0.13) and younger individuals (< 70 years) 
(OR, 0.11; 95% CI, 0.07–0.18). [The self-reported 
colonoscopies and their indications were vali-
dated by medical record audits, which varied in 
quality, and some misclassification of indication 
could be present.]

In the case–control study of screening-eli-
gible members of the Kaiser Permanente Medical 
Care Program in the USA, a preventive effect of 
colonoscopy on CRC mortality was observed for 
both distal CRC and proximal CRC (Doubeni 
et al., 2018). For the association of having had 
a colonoscopy within 10  years and reduced 
CRC mortality, the odds ratio was 0.25 (95% CI, 
0.12–0.53) for distal CRC and 0.35 (95% CI, 
0.18–0.65) for proximal CRC. For the association 
of having had a colonoscopy within 10 years and 
reduced overall CRC mortality, the odds ratio 
was 0.33 (95% CI, 0.21–0.52) (Table 3.3.10).

(c)	 Other measures of performance

A decreased incidence of late-stage CRC is 
an intermediate measure of screening effective-
ness. One case–control study of the population at 
average risk (471 cases, 509 controls) by Doubeni 
et al. (2013), previously referred to, evaluated the 
association between colonoscopy screening and 
the risk of late-stage CRC. For having undergone 

a screening colonoscopy up to 10  years before 
the reference date, the odds ratio was 0.30 (95% 
CI, 0.15–0.59) for late-stage CRC (stage IIB–IV). 
Sigmoidoscopy screening was performed in 
19.5% of the cases and in 34.0% of the controls, 
with an associated reduction in the risk of late-
stage distal CRC (OR, 0.26; 95% CI, 0.14–0.49) 
but not of late-stage proximal CRC (OR, 0.80; 
95% CI, 0.52–1.25). [The generalizability of the 
result of the study is limited because of its case–
control design. Screening colonoscopies were 
relatively uncommon at the beginning of the 
study, and there is potential for unmeasured and 
unadjusted residual confounders.]

3.3.4	Adverse effects 

(a)	 False-positive results

Screening techniques are intended for the 
screening of large numbers of asymptomatic 
individuals at average risk, and the ultimate goal 
is further stratification, not final diagnosis. As 
a result, identifying a small number of cases of 
cancers and/or precancerous lesions in a large 
population may, by necessity, result in large 
numbers of false-positive results.

(i)	 Sigmoidoscopy
The criteria for referral to colonoscopy vary 

widely among sigmoidoscopy-based screening 
strategies, because of a lack of consensus about 
which features of distal lesions predict the risk 
of advanced proximal neoplasms (Castells 
et al., 2013). A proportion of individuals who 
undergo a screening sigmoidoscopy that results 
in a follow-up colonoscopy will ultimately not be 
diagnosed with any cancerous or precancerous 
lesions. [Such false-positive results are not well 
reported in studies. Therefore, the total number 
and/or percentage of referrals in these studies are 
reported here.] The proportion of patients referred 
for colonoscopy ranged from 5.2% to 23.4% in 
the RCTs of sigmoidoscopy (Table 3.3.11).
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164 Table 3.3.11 False-positive resultsa in randomized controlled trials on colorectal cancer screening with sigmoidoscopy

Characteristic Trial

UKFSST SCORE NORCCAP PLCO

Number of subjects screened 40 674 9911 12 960 64 658
Definition of positive screens Biopsy at screen or referral for 

colonoscopy or surgery
Biopsy at screen or referral 
for colonoscopy or surgery

Referral for 
colonoscopy

Polyp or mass at screen

Positive screen, n (%) 11 268 (27.7) 1745 (17.6) 2639 (20.4) 15 150 (23.4)
Criteria for colonoscopy ≥ 10 mm polyp, 

≥ 3 adenomas, tubulovillous 
or villous change, severe 
dysplasia, malignancy

≥ 5 mm polyp, ≥ 3 adenomas, 
tubulovillous or villous 
change, severe dysplasia, 
malignancy

≥ 10 mm polyp, 
any adenoma or 
malignancy

Contingent on personal 
physician and medical 
care

Colonoscopy referral, n (%) 2131 (5.2) 832 (8.3) 2639 (20.4) 15 150 (23.4)
Colonoscopy follow-up 2051 (5.0) 775 (7.8) 2524 (19.5) 11 241 (17.4)
Any distal adenoma, n (%)b 4931 (12.1) 1070 (10.8) [2208] (17.0)e 4656 (7.2)
Advanced distal lesions, n (%)b,c,d 1905 (4.7) 341 (3.4) [545] (4.2)e 1746 (2.7)
Distal cancer, n (%) 131 (0.3) 47 (0.5) [41] (0.3)e 139 (0.2)
True-positives (any distal adenoma or cancer), nf 5062 1117 2249 4795
True-positives (advanced neoplasia), nf 1905 388 586 1885
NORCCAP, Norwegian Colorectal Cancer Prevention trial; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; PPV, positive predictive value; SCORE, Screening 
for Colon and Rectum trial; UKFSST, United Kingdom Flexible Sigmoidoscopy Screening Trial.
a	  False-positive rate can be calculated as (1 − PPV)*100.
b	  For PLCO in subjects without distal cancer.
c	  For UKFSST, advanced distal lesions defined as a ≥ 10 mm polyp, ≥ 3 adenomas, tubulovillous or villous adenoma, severe dysplasia, malignancy, or ≥ 20 hyperplastic polyps above the 
distal rectum, as determined by screening sigmoidoscopy and associated biopsies; for SCORE, advanced distal lesions defined as a ≥ 10 mm adenoma, tubulovillous or villous adenoma, 
or severe dysplasia, as determined by screening sigmoidoscopy and associated biopsies; for PLCO, advanced distal lesions defined as a ≥ 10 mm adenoma, tubulovillous or villous 
adenoma, or severe dysplasia in rectum, sigmoid colon, or descending colon or within 50 cm of anal verge (if segment not specified), as determined by diagnostic follow-up procedures 
completed within 1 year of screening.
d	  For UKFSST, proximal to sigmoid colon; for SCORE, proximal to the descending colon or in the descending colon, if not detected at screening sigmoidoscopy; for PLCO, segment 
proximal to descending colon or more than 50 cm from anal verge (if segment not specified).
e	  For NORCCAP, proximal lesions were included.
f	  The denominator to calculate the percentage of true-positives were individuals with a positive screen regardless of whether they underwent a colonoscopy. 
Adapted from Weissfel et al., Flexible sigmoidoscopy in the PLCO cancer screening trial: results from the baseline screening examination of a randomized trial, JCNI: Journal of the 
National Cancer Institute, 2005, volume 97, issue 13, pages 989–997, adapted by permission of Oxford University Press (Weissfeld et al., 2005).
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Results are available online from popula-
tion-based programmes in Italy (Osservatorio 
Nazionale Screening, 2017) and the United 
Kingdom (Bowel Cancer Screening Southern 
Programme Hub; National Health Service, 2015). 
In Italy, approximately 50 000 individuals aged 
55  years were offered sigmoidoscopy for CRC 
screening for 2014, and the percentage of patients 
who met the criteria for referral for colonoscopy 
was 10.9%. The roll-out of the sigmoidoscopy 
programme in the United Kingdom started in 
2013. In 2014, 12 of 18 screening centres of the 
Bowel Cancer Screening Southern Programme 
Hub invited individuals older than 55 years for 
a single sigmoidoscopy (n = 8433). On average, 
5.2% of those screened were referred for colo-
noscopy, although some variability was observed 
between centres, with referral rates ranging from 
2.8% to 11.5%.

(ii)	 Colonoscopy
False-positive results are not an issue for 

primary colonoscopy screening, in which, if it is 
appropriate, polyps can be removed during the 
screening procedure and no further assessment 
is required.

(b)	 Overdiagnosis

Overdiagnosis refers to the detection of 
cancerous or precancerous lesions that would 
not, in the absence of screening, have caused 
symptoms or death in the individual’s lifetime 
(Esserman et al., 2014).

(i)	 Sigmoidoscopy
There are no publications that address over-

diagnosis of CRC via sigmoidoscopy screening.

(ii)	 Colonoscopy
Brenner et al. (2015) estimated the probabili-

ties of prevention of CRC, early detection of CRC, 
or overdiagnosis of CRC according to sex and age 
at screening colonoscopy. This was the first and 
only attempt to date to estimate overdiagnosis 
from a national CRC screening programme. In 

the analysis of Brenner et al. (2015), the propor-
tion of overdiagnosis among CRCs detected 
with screening colonoscopy was 11% in men and 
8% in women overall, and 7% in men and 4% 
in women for screening colonoscopies in indi-
viduals younger than 70  years. [The Working 
Group noted that the validity of their calcula-
tions depends on the validity of the assumed 
transition rates from adenomas to CRCs. Even a 
small change in these rates would result in a large 
change in the estimated proportion of overdiag-
nosis. Therefore, the Working Group considered 
that the level of overdiagnosis is uncertain.]

Yang et al. (2014) calculated the difference 
between the observed CRC incidence and an 
expected baseline incidence for each year from 
1979 to 2009. Then, for each year, they multi-
plied the difference in incidence by the number 
of individuals aged 50  years and older in the 
same year. Finally, they summed the results for 
each year from 1979 to 2009. This was similar 
to the approach used by Bleyer & Welch (2012) 
to estimate the number of breast cancers over-
diagnosed because of mammography screening. 
Yang et al. (2014) concluded that there is probably 
little overdiagnosis of CRC. [The Working Group 
noted that this study has little validity, because 
(i) it only demonstrates that the preventive effect 
of CRC screening is higher than the rate of over-
diagnosis and (ii) it is of ecological design.]

(c)	 Endoscopy-related complications

Endoscopy-related complications can occur 
immediately or several days after the proce-
dure. Although endoscopy services must have 
processes in place to identify and record adverse 
outcomes that occur after the patient leaves 
the endoscopy unit, the accurate identification 
of those events that occur after the patient is 
dismissed from the endoscopy unit is still a chal-
lenge. Late complications may still be underesti-
mated because of underreporting.

The following complications in CRC screen- 
ing with sigmoidoscopy or colonoscopy are 
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defined as serious: death within 30  days or 
hospitalization within 30  days (because of 
serious haemorrhage involving transfusion, 
or because of perforation, vagal syndrome, or 
peritonitis-like syndrome as a consequence of 
primary screening with endoscopic techniques) 
(Segnan et al., 2010). [Because serious harms 
from endoscopy other than perforation and 
bleeding are not routinely reported or defined, 
the reported rates of serious harms are of limited 
value.] On the basis of a few large-scale studies, 
the mortality rate within 30 days associated with 
endoscopic procedures was estimated to be 1 in 
15 000 (Bacchus et al., 2016).

(i)	 Sigmoidoscopy
Compared with colonoscopy, sigmoidoscopy 

has fewer adverse effects, requires less bowel 
preparation, and poses a lower risk of bowel perfo-
ration (Lin et al., 2016a). Physical adverse effects 
of the screening procedure and of colonoscopy 
follow-up were reported in all the RCTs of CRC 
screening with sigmoidoscopy (Table 3.3.12 and 
Table 3.3.13, respectively) but only partly in the 
PLCO trial in the USA (Schoen et al., 2012). There 
was incomplete reporting of deaths related to the 
follow-up colonoscopy and surgery (Holme et al., 
2013).

Lin et al. (2016a) reported harms from different 
CRC screening methods in pooled analysis using 
observational studies and RCTs. In a population 
at average risk, perforations from sigmoidoscopy 
were relatively uncommon (0.1 per 1000 proce-
dures; I2  =  18.4%), as were episodes of major 
bleeding (0.2 per 1000 procedures; I2 = 52.2%). 
The risk of complications increased markedly 
in examinations where a polypectomy was 
performed. In a large prospective, multicentre 
study that focused on colonoscopy polypectomy, 
major bleeding complications occurred in 1.6% 
of the examinations, and the perforation rate was 
1.1%. Large polyp size and distal polyp location 
were found to be significant risk factors for major 
complications (OR, 31.01; 95% CI, 7.53–128.1 for 

large polyp size; OR, 2.40; 95% CI, 1.34–4.28 for 
distal polyp location) (Heldwein et al., 2005).

Recent studies in sigmoidoscopy screening 
settings showed that the procedure was well 
tolerated by most participants (Blom et al., 2004; 
Viiala & Olynyk, 2007; Robb et al., 2012; Bevan 
et al., 2015). Robb et al. (2012) reported that the 
most common side-effect that reached moderate 
or severe levels was wind (16%); abdominal 
pains and cramps were the next most commonly 
reported side-effect (7%). Compared with men, 
women found the procedure more uncomfort-
able and had a smaller average depth of insertion, 
which is determined mainly by patient tolerance 
(Eloubeidi et al., 2003; Viiala & Olynyk, 2008).

(ii)	 Colonoscopy
Major complications were reported in two of 

the four trials of colonoscopy screening currently 
under way. In the Nordic-European Initiative on 
Colorectal Cancer (NordICC) trial (Bretthauer 
et al., 2016), 1 screened individual had a colo-
noscopy perforation at the baseline screen (0.08 
per 1000 procedures), and 18 individuals devel-
oped bleeding due to polypectomy (1.5 per 1000 
procedures). No deaths or other major compli-
cations related to the screening intervention 
occurred within 30 days after screening. A total 
of 51 screened individuals experienced minor 
vasovagal reactions during colonoscopy (4.1 per 
1000 procedures). However, all complications 
were short-term, and none required extra meas-
ures for the patient after the procedure.

Of the major complications reported at base-
line in the COLONPREV trial (Quintero et al., 
2012), 12 individuals developed bleeding (2.4 per 
1000 procedures) and 1 individual had a colo-
noscopy perforation (0.2 per 1000 procedures). 
Other serious adverse events were reported: 10 
individuals experienced hypotension or brady-
cardia (2.0 per 1000 procedures), and 1 individual 
had desaturation (0.2 per 1000 procedures).

Three meta-analyses of population-based 
studies aimed at estimating complications and 
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risk factors for colonoscopy have been published 
recently (Lin et al., 2016a; Reumkens et al., 2016; 
Vermeer et al., 2017). In two of them, major 
bleeding occurred in 0.8 per 1000 procedures 
(Lin et al., 2016a; Vermeer et al., 2017). In 
contrast, Reumkens et al. (2016) reported overall 
post-colonoscopy bleeding in 2.4 per 1000 
procedures. The perforation rate for screening 
or surveillance colonoscopies ranged from 0.07 
per 1000 procedures to 0.4 per 1000 procedures 
(Lin et al., 2016a; Reumkens et al., 2016; Vermeer 
et al., 2017). Reumkens et al. (2016) found that 
perforation rates for screening or surveillance 
colonoscopies were about one quarter those 
for diagnostic examinations in symptomatic 
patients (0.3 per 1000 procedures vs 1.3 per 1000 
procedures; P < 0.001), because of a population 
at average risk with fewer findings that required 
diagnostic or therapeutic interventions.

Other severe complications that require 
hospitalization are not consistently reported. 
Two studies that evaluated harms in people who 
received colonoscopy versus those who did not 
found no increased risk of myocardial infarction, 
cerebrovascular accident, or other cardiovas-
cular events as a result of colonoscopy (Warren 
et al., 2009; Stock et al., 2013).

The risks of less serious complications, such 
as self-limited bleeding or abdominal pain, are 
less well documented than major complications 
after colonoscopy. One third of individuals 
who undergo a colonoscopy may report some 
gastrointestinal symptoms after the procedure 
(Zubarik et al., 1999; Bini et al., 2003; Ko et al., 
2007). Reported symptoms include abdominal 
pain (10.5%), bloating (25%), self-limited gastro-
intestinal bleeding (3.8%), diarrhoea (6.3%), and 
nausea (4.0%). These symptoms generally are 
mild and resolve within 2 days after colonoscopy 
(Ko & Dominitz, 2010). Screening colonoscopy 
performed with conscious sedation is associated 
with less patient-reported abdominal discomfort 
compared with screening sigmoidoscopy without 
conscious sedation (Zubarik et al., 2002).

Findings from systematic reviews suggested 
similar tolerability, based on the number of 
minor adverse events, no difference in efficacy 
of bowel preparation, and no differences in the 
number and type of clinically significant adverse 
events between colon cleansing regimens (such as 
polyethylene glycol solution, oral sodium phos-
phate solution, sodium picosulfate or magne-
sium citrate, and enemas) (Tan & Tjandra, 2006; 
Belsey et al., 2007).

Complications from conscious sedation for 
colonoscopy are also uncommon but include 
respiratory depression, hypoxia, chest pain, 
cardiac arrhythmias, hypotension or hyperten-
sion, and vasovagal reactions (Ko & Dominitz, 
2010). Sharma et al. (2007) found an overall risk 
of cardiopulmonary complications after colo-
noscopy of 1.1%.

(d)	 Psychosocial harms

Short-term or long-term adverse psychoso-
cial consequences of factors related to cancer 
screening can occur in any phase of the screening 
programme. Most of the evidence about the 
psychological effects of being screened was 
derived from RCTs and was reported according 
to the individuals’ screening results.

(i)	 Sigmoidoscopy
False-positive results have the potential to 

cause symptoms of anxiety, distress, and depres-
sion as well as changes in the overall perception 
of one’s health status (Kirkøen et al., 2016), and 
therefore individuals who have had a false-pos-
itive result may be more reluctant to undergo 
successive screening. In results from RCTs, the 
psychological consequences in individuals who 
were found not to have advanced neoplasia have 
been reported to be transient (Wardle et al., 2003; 
Taylor et al., 2004; Miles et al., 2009; Kapidzic 
et al., 2012). Furthermore, the pilot study of 
a national screening programme for CRC in 
Norway showed that a positive screening result 
did not increase participants’ levels of anxiety 
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168 Table 3.3.12 Serious adverse events from sigmoidoscopy in randomized controlled trials on colorectal cancer screening with 
sigmoidoscopy

Reference Trial Follow-up Sigmoidoscopies 
n

Perforation 
n (%)

Bleeding 
n (%)

Mortality 
n (%)

Other serious events 
n (%)

Atkin et al. (2002) UKFSST 30 days 40 332 1 (0.002) 12 (0.03) 6 (0.01) Hospitalization: 12 
Myocardial infarction: 2 
Syncope: 95 
Other 1 (pulmonary embolism)

Segnan et al. (2002) SCORE 30 days 9911 1 (0.01) 0 (0) NR Other: 4 (colitis, seizure)
Gondal et al. (2003) NORCCAP NR 12 960 0 (0) 0 (0) NR Syncope: 26 

Other: 1 (pulmonary embolism)
Segnan et al. (2005) SCORE NR 4466 NR 0 (0) NR Syncope: 1
Senore et al. (2011) SCORE 30 days 1502 0 (0) 12 (0.8) NR Hospitalization:16 

Emergency department: 2 
Other: 18 (cardiovascular disease, hernia, severe 
pain, hypotension)

Schoen et al. (2012) PLCO NR 67 071 3 (0.004) NR NR NR
NORCCAP, Norwegian Colorectal Cancer Prevention trial; NR, not reported; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; SCORE, Screening for Colon and 
Rectum trial; UKFSST, United Kingdom Flexible Sigmoidoscopy Screening Trial.
Adapted from Lin et al. (2016b).
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Table 3.3.13 Serious adverse events from follow-up colonoscopy in randomized controlled trials on colorectal cancer 
screening with sigmoidoscopy

Reference Trial Recruited population Follow-up Colonoscopies 
n

Perforation 
n (%)

Bleeding 
n (%)

Mortality 
n (%)

Other serious events 
n (%)

Atkin et al. 
(2002)

UKFSST Patients with polyps meeting high-
risk criteria

30 days 2051 4 (0.2) 9 (0.4) 1 (0.05) Hospitalizationa: 9

Segnan et al. 
(2002)

SCORE Sigmoidoscopy-positives 30 days 775 1 (0.1) 1 (0.1) NR 0 (0)

Segnan et al. 
(2005)

SCORE Sigmoidoscopy-positives NR 332 NR 1 (0.3) NR Hospitalizationa: 1

Gondal et al. 
(2003); Hoff 
et al. (2009)

NORCCAP Sigmoidoscopy- or sigmoidoscopy/
FIT-positives

NR 2 524 6 (0.2) 4 (0.2) NR Hospitalizationa: 4 (0.2) 
Syncope: 24 (1.0)

Schoen et al. 
(2012)

PLCO Sigmoidoscopy-positives NR 17 672 19 (0.1) NR NR NR

Rasmussen 
et al. (1999)

− Sigmoidoscopy- or gFOBT-
positives

NR 502 0 (0) 0 (0) 0 (0) 0 (0)

FIT, faecal immunochemical test; gFOBT, guaiac faecal occult blood test; NORCCAP, Norwegian Colorectal Cancer Prevention trial; NR, not reported; PLCO, Prostate, Lung, 
Colorectal, and Ovarian Cancer Screening Trial; SCORE, Screening for Colon and Rectum trial; UKFSST, United Kingdom Flexible Sigmoidoscopy Screening Trial.
a	  Hospitalizations are not mutually exclusive from the patients with perforation and serious bleeding.
Adapted from Lin et al. (2016b).
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or depression, or decrease participants’ levels 
of health-related quality of life (Kirkøen et al., 
2016).

Psychological distress derived from a 
true-positive screening result (i.e. being labelled 
as sick or at risk) should not be dismissed. 
Nevertheless, among participants with a posi-
tive sigmoidoscopy result, Kapidzic et al. (2012) 
found similar quality of life scores in those with 
negative or positive colonoscopy results. Possible 
explanations for these mainly positive effects of 
CRC screening in participants with a true-posi-
tive result could be that although the participants 
were worried about the possibility of having 
CRC, when polyps were detected they were also 
relieved that the polyps were detected early and 
that they would be screened regularly to prevent 
CRC, or when CRC was detected they were reas-
sured because they soon underwent treatment. 
In the case of a false-positive screening result, the 
authors hypothesized that the participants were 
relieved because no abnormalities were found 
during further investigations.

Robb et al. (2012) examined changes in 
anxiety levels and self-rated health from before 
screening to follow-up among participants in 
a population-based sigmoidoscopy screening 
programme. No significant changes were found 
for either anxiety levels or self-reported health. 
Results did not differ by sex, deprivation index, 
ethnicity, or screening outcome, and satisfaction 
with the screening process was high.

In contrast, another study reported that the 
level of anxiety was directly correlated with levels 
of pain and discomfort after the procedure and 
was inversely related to the level of satisfaction. 
Better management of anxiety may lead to higher 
procedural comfort in procedures performed 
without sedation (Carter et al., 2013).

(ii)	 Colonoscopy
There is little evidence about adverse psycho-

logical effects of colonoscopy among the screened 
population as a whole (Thiis-Evensen et al., 
1999b; Taupin et al., 2006).

(e)	 False reassurance

It has been suggested that receiving a nega-
tive screening result may cause false reassurance 
or have a “certificate of health” effect. False reas-
surance in participants who receive a negative 
screening result may cause them to wrongly 
believe that they are at lower risk of the disease, 
and they may therefore be less likely to engage in 
health-related behaviours that would lower their 
risk and/or be less alert to symptoms that may 
appear or to the need for further evaluation.

(i)	 Sigmoidoscopy
Short-term effects on lifestyle and health 

attitudes were addressed in two reports from the 
trial in the United Kingdom (Miles et al., 2003; 
Wardle et al., 2003), and no negative effects 
were detected. Adverse effects on lifestyle 
were evaluated prospectively in a randomized 
controlled study within the NORCCAP trial 
(Larsen et al., 2007). After 3  years, those who 
had been screened reduced their intake of fruit, 
berries, and vegetables, did not follow the trend 
of increased frequency of physical exercise seen 
for controls, gained more weight than controls, 
and did not improve their smoking habits as 
successfully as did the controls not invited for 
screening. Also, normal findings at screening 
(i.e. no neoplasia) were associated with a subse-
quent statistically significant gain in body weight 
compared with subjects with positive screening 
results. These findings persisted after adjustment 
for confounding factors.

(ii)	 Colonoscopy
No studies are available on false reassurance 

in colonoscopy screening. 
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The extent to which false reassurance plays a 
role in CRC screening with endoscopy remains 
unclear. There are no known studies that have 
examined the phenomenon of delayed presenta-
tion of symptoms after endoscopy screening for 
CRC.

(f)	 Time/effort and opportunity costs

For all aspects of participation in the screening 
process, depending on the health-care system, 
there are time/effort and opportunity costs 
(non-financial harms) for the participant, as well 
as potential financial harms to the participant 
or family or psychological harm from anticipa-
tion of future financial costs related to screening 
(PDQ Screening and Prevention Editorial Board, 
2017).

(i)	 Sigmoidoscopy
There are no studies available that have aimed 

to address time/effort and opportunity costs 
derived from participating in a sigmoidoscopy 
screening programme.

(ii)	 Colonoscopy
Two small studies have examined time off 

from work among asymptomatic individuals 
undergoing colonoscopy. Ko et al. (2007) reported 
that 69.3% of individuals who underwent colo-
noscopy for CRC screening, surveillance, or 
follow-up of another abnormal screening result 
lost at least 1  day from their normal activities 
for the colonoscopy preparation, procedure, or 
recovery. About 25% of individuals reported that 
their family or friends lost at least 1  day from 
their normal activities because of the procedure. 
Dong et al. (2011) observed that one third of the 
participants who worked and who underwent 
midweek screening colonoscopy missed work 
on days in addition to the day of the proce-
dure. Unanticipated time missed from work 
could increase the indirect costs of screening 
colonoscopy.

3.3.5	Benefit–harm ratio

In this section, the benefit–harm ratio of 
endoscopy screening is described. Endoscopy 
screening, like all other forms of screening, is 
associated with both benefits and harms (see 
Section 3.3.2, Section 3.3.3, and Section 3.3.4). It 
is the balance between these benefits and harms 
that determines whether a particular form of 
screening is worthwhile (see Section 3.1).

(a)	 Systematic review and decision modelling 
for USPSTF

In 2016, a systematic review (Lin et al., 
2016a, b) and decision analysis (Knudsen et al., 
2016) of benefits and harms of screening were 
published alongside the USPSTF recommenda-
tions for CRC screening. These studies provide 
a way to initially assess the benefit–harm ratio 
of endoscopy screening. The systematic review 
demonstrated that harms of colonoscopy were 
greater than those of sigmoidoscopy and may 
also include harms from bowel preparation and 
sedation (Lin et al., 2016a, b). Reported harms 
were mostly proportional to the number of colo-
noscopies performed with screening. Therefore, 
in the USPSTF decision analysis, the benefit–
harm ratio of screening was expressed as the 
number of colonoscopies that needed to be 
performed for every life year gained. This deci-
sion analysis showed that repeated colonoscopy 
at ages 50  years, 60  years, and 70  years could 
result in 250–275 life years gained per 1000 indi-
viduals aged 40  years requiring an average of 
just more than four colonoscopies in a lifetime 
(including surveillance colonoscopies). These 
numbers correspond to 14.5–16.5 colonoscopies 
per life year gained. The efficiency ratio (i.e. the 
ratio of incremental colonoscopies per additional 
life year gained compared with a less intensive 
colonoscopy strategy) varied between 39 and 65 
colonoscopies per life year gained.
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(b)	 QALYs and DALYs from modelling studies

[The Working Group noted that the estimates 
described in this section are based on Markov 
models, which mostly assume that the additional 
adenomas detected by colonoscopy have similar 
progressive potential to those detected by sigmoi-
doscopy, and that colonoscopy screening will 
therefore be more effective than sigmoidoscopy 
screening. Therefore, all results in the following 
section should be interpreted with caution.]

Seventeen studies evaluated the impact of 
endoscopy screening on QALYs or life expec-
tancy (Table 3.3.14). [Most of these studies were 
conducted in settings characterized by high 
background cancer incidence rate. As described 
in Section  3.1.5, benefit–harm ratios depend 
heavily on this background cancer incidence 
rate. Therefore, the results of these studies may 
not easily be transferable to settings character-
ized by low cancer incidence rate.] All of the 
studies concluded that screening influenced 
QALYs positively and resulted in a net gain in 
QALYs (Table 3.3.14). The QALYs gained for colo-
noscopy varied substantially, from 17 QALYs per 
1000 individuals in a study in Singapore (Dan 
et al., 2012) to 611 QALYs per 1000 individuals 
in a study in Hong Kong Special Administrative 
Region, China (Wong et al., 2015). [The Working 
Group raised some doubts about the validity of 
this value.] For sigmoidoscopy, the net benefit of 
screening was slightly lower than that for colo-
noscopy, varying from 5 QALYs gained per 1000 
individuals (Dan et al., 2012) to 124 QALYs gained 
per 1000 individuals (Lam et al., 2015). The wide 
variability in estimates can be explained partly 
by the age of the population to which the esti-
mates were standardized and partly by variation 
in disease risk. When studies with questionable 
validity or young and mixed-age populations 
were excluded, the reported range in QALYs 
gained narrowed considerably, to 50–125 QALYs 
per 1000 individuals for colonoscopy and 65–125 
QALYs per 1000 individuals for sigmoidoscopy. 

All of the studies consistently showed a net gain in 
QALYs, indicating a favourable balance between 
benefits and harms of CRC screening. [The 
Working Group placed an important caveat on 
these estimates: 11 studies only took the impact 
of CRC diagnosis on quality of life into account. 
The impacts of other harms of screening, such 
as adverse events, false-positive results, and 
anxiety, were not considered. Three studies did 
consider some other harms of screening, such as 
the disutility of knowledge of being an adenoma 
patient (Lam et al., 2015; Wong et al., 2015) or the 
disutility of undergoing colonoscopy and expe-
riencing adverse effects (van Hees et al., 2014b). 
None of the studies considered in their estimates 
of QALYs the anxiety associated with screening 
and diagnostic follow-up or the potential nega-
tive impact of a negative screening result on an 
increased risk of adopting an unhealthy lifestyle.]

Of the studies that evaluated 10-yearly colo-
noscopy and 5-yearly sigmoidoscopy, four found 
higher QALYs with colonoscopy than with 
sigmoidoscopy (Heitman et al., 2010; Dan et al., 
2012; Sharaf & Ladabaum, 2013; Kingsley et al., 
2016). [As noted before, these results should be 
interpreted with caution because all of these 
models would have assumed a higher effective-
ness of colonoscopy screening compared with 
sigmoidoscopy screening.]

Only two studies evaluated the impact of 
endoscopy screening on DALYs (Woo et al., 
2007; Ginsberg et al., 2012) (Table 3.3.15). Both 
studies found endoscopy screening to result in 
a net decrease in DALYs, ranging from 0.3 to 10 
DALYs averted for sigmoidoscopy and from 0.6 
to 9 DALYs averted for colonoscopy. [However, 
again, only one study considered the negative 
impact of screening on DALYs, taking into 
account years of life lost because of complications 
of screening. Disability from adverse effects, 
anxiety, false-positive results, and adenoma diag-
nosis could not be taken into account, because 
disability coefficients for such events have not 
been established.]
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Table 3.3.14 Studies measuring quality-adjusted life years gained from endoscopy screening compared with no screening

Reference Country Population 
simulateda

Participation 
rate 
(%)

Strategy evaluated Reduction 
in incidence/
mortality 
(%)

QALYs 
gained 
per 1000 
individualsb

Considered 
disutility 
from 
screening?c

Comments

Ness et al. 
(2000)

USA Cohort age 40 yr 100 Single colonoscopy 61–64/65–68 65–66 No –

Tappenden et 
al. (2007)

United 
Kingdom

Cohort age 30 yr 60 Single sigmoidoscopy 20/23 27 No Low effectiveness 
estimates, because 
young cohort at start of 
simulation

Heitman et al. 
(2010)

Canada Cohort age 
50–75 yr

68 10-yearly colonoscopy 
5-yearly sigmoidoscopy

62/65 
58/61

41 
36

No Low effectiveness 
estimates, because mixed-
age cohort

Telford et al. 
(2010)

Canada Cohort age 50 yr 73 10-yearly colonoscopy 81/83 120 No Uncertain whether 
reported incidence/
mortality reductions 
pertain to 100% 
participation

Dan et al. 
(2012)

Singapore Cohort age 
50–75 yr

NR 10-yearly colonoscopy 
5-yearly sigmoidoscopy

35/38 
28/30

17 
5

No Low effectiveness 
estimates, because mixed-
age cohort

Sharp et al. 
(2012)

Ireland Cohort age 30 yr 39 Single sigmoidoscopy 
at age 60 years

4.9/7.5 6 No Low effectiveness 
estimates, because 
young cohort at start of 
simulation

Barouni et al. 
(2012)

Islamic 
Republic 
of Iran

Cohort age 50 yr 68 10-yearly colonoscopy 76/78 119 NR –

Dinh et al. 
(2013)

USA Cohort age 
50–75 yr

100 10-yearly colonoscopy 76/77 115 No –

Sharaf & 
Ladabaum 
(2013)

USA Cohort age 50 yr 100 10-yearly colonoscopy 
5-yearly sigmoidoscopy

73/80 
68/75

76 
69

No –

Ladabaum 
et al. (2014)

Germany Cohort age 50 yr 100 Colonoscopy at ages 55 
and 65 years

62/67 90 NR –

van Hees 
et al. (2014b)

USA Cohort age 65 yr 100 10-yearly colonoscopy NR/NR 65 Yes –
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Reference Country Population 
simulateda

Participation 
rate 
(%)

Strategy evaluated Reduction 
in incidence/
mortality 
(%)

QALYs 
gained 
per 1000 
individualsb

Considered 
disutility 
from 
screening?c

Comments

Lam et al. 
(2015)

Hong 
Kong 
SAR, 
China

Cohort age 50 yr NR 10-yearly colonoscopy 
5-yearly sigmoidoscopy

NR/NR 109 
124

Only for 
being 
diagnosed 
with polyps

–

Wong et al. 
(2015)

Hong 
Kong 
SAR, 
China

Cohort age 50 yr 60 10-yearly colonoscopy NR/NR 611 Only for 
being 
diagnosed 
with polyps

High QALYs, because 
assumed positive impact 
of adenoma diagnosis on 
quality of life

Kingsley et al. 
(2016)

USA Cohort age 50 yr 38 10-yearly colonoscopy 
5-yearly sigmoidoscopy

NR/60d 100 
62

No –

Ladabaum & 
Mannalithara 
(2016)

USA Cohort age 50 yr 100 10-yearly colonoscopy 73/81 77 No –

Sekiguchi 
et al. (2016)

Japan Cohort age 40 yr 60 10-yearly colonoscopy 69/NR 219 NR Questionable model 
validity, because 
incidence reduction 
higher than participation

Aronsson et 
al. (2017)

Sweden Cohort age 60 yr 38 Single colonoscopy 
10-yearly colonoscopy

NR/NR 49 
56

No –

NR, not reported; QALYs, quality-adjusted life years; SAR, Special Administrative Region; 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.
b	  Estimates for QALYs gained depend on background cancer incidence. Therefore, estimates may not easily be transferable to low-incidence settings.
c	 “No” indicates that the studies that only incorporated the disutility of having a CRC diagnosis on quality of life; disutility of harms of screening, such as adverse events, false-positive 
results, and anxiety, was not considered. “Only for being diagnosed with polyps” indicates that apart from the disutility of CRC diagnosis, studies also incorporated the disutility of 
knowledge of being an adenoma patient. “Yes” indicates that the study also included the disutility of undergoing colonoscopy and experiencing adverse effects. None of the studies 
considered in their estimates of QALYs the anxiety associated with screening and diagnostic follow-up or the potential negative impact of a negative screening result on an increased risk 
of adopting an unhealthy lifestyle.
d	  Reported mortality reduction for 100% participation.

Table 3.3.14   (continued)
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Table 3.3.15 Studies measuring disability-adjusted life-years averted from endoscopy screening compared with no 
screening

Reference Countrya Population 
simulatedb

Participation 
rate 
(%)

Strategy evaluated Mortality 
reduction 
(%)

DALYs averted per 
1000 individuals

Considered disability 
from screening?

Ginsberg et 
al. (2012)

South-East Asia 
Sub-Saharan Africa 
South-East Asia 
Sub-Saharan Africa

Population in 
2005

95 10-yearly colonoscopy 
10-yearly colonoscopy 
Sigmoidoscopy + FOBT 
Sigmoidoscopy + FOBT

NR 8
9

10
9

No

Woo et al. 
(2007)

Hong Kong Special 
Administrative 
Region, China

Female 
population in 
2001

100 10-yearly colonoscopy 
5-yearly sigmoidoscopy

41 
23

0.6
0.3

Only for deaths from 
screening

DALYs, disability-adjusted life years; FOBT, faecal occult blood test; NR, not reported.
a	  In the WHO classification, sub-Saharan Africa and South-East Asia, including those countries with very high adult mortality and high child mortality, are referred to as AfrE and 
SearD, respectively.
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.
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[The lack of consideration of disability and 
disutility of the harms of screening itself in 
the above-mentioned studies probably reflects 
the lack of studies assessing the impact of the 
screening process on quality of life. The one 
study that included burden of screening and 
diagnostic follow-up in QALYs estimates used 
disutility values obtained by making assump-
tions because estimated values are lacking.] 
Only one study has directly assessed the burden 
of colonoscopy in a time-trade-off analysis. 
That study suggested that the number of days 
of life that individuals are willing to give up to 
avoid having to undergo screening depends on 
screening status (Dominitz & Provenzale, 1997). 
Those who had not been screened were willing 
to give up a median of 91 days to avoid screening 
sigmoidoscopy and 183 days to avoid screening 
colonoscopy. However, those who had already 
been screened were not willing to give up any 
time to avoid screening, indicating that the 
impact of the screening examination on quality 
of life was negligible for those individuals. A 
study in Hong Kong Special Administrative 
Region, China, evaluated health-related quality 
of life after diagnosis with colorectal neoplasia 
(Lam et al., 2015). Interestingly, quality of life 
was higher in patients with adenomas than in 
the Hong Kong reference population. [The better 
quality of life in this patient group probably 
reflects a “healthy screenee effect”: those who 
participate in screening are on average healthier 
than the average population and therefore expe-
rience better health-related quality of life.]

[The outcomes of these studies indicate the 
difficulty of obtaining reliable estimates of the 
impact of screening on quality of life, and there-
fore of weighing the benefits of screening against 
its harms.]

3.3.6	Cost–effectiveness studies

(a)	 Background

[Like estimates of QALYs and DALYs, cost–
effectiveness estimates are based mostly on 
Markov models, assuming that the benefits of 
colonoscopy screening are larger than those of 
sigmoidoscopy screening. Therefore, compara-
tive results should be interpreted with caution. 
Several studies have been published that assessed 
the cost–effectiveness of CRC screening. The 
majority of these studies have been conducted 
in high-income countries, which are often char-
acterized by high background cancer incidence 
rate. As described in Section  3.1.5, cost–effec-
tiveness estimates depend heavily on this back-
ground cancer incidence rate and local costs. 
Therefore, the results of these studies may not 
easily be transferable to other settings, such as 
low- and middle-income countries.]

(b)	 Cost–effectiveness studies and systematic 
reviews

The literature on this topic has been summa-
rized in three systematic reviews that used 
similar methodology, in 2002, 2011, and 2015 
(Table  3.3.16) (Pignone et al., 2002; Lansdorp-
Vogelaar et al., 2011; Patel & Kilgore, 2015). The 
reviews followed a similar methodology except 
that the review by Lansdorp-Vogelaar et al. 
(2011) also included studies outside the USA. 
This description of the cost–effectiveness of CRC 
screening is based on these reviews and supple-
mented with individual studies published since 
then.

Pignone et al. (2002) included seven studies in 
the USA that evaluated cost–effectiveness of CRC 
screening with endoscopy. Six studies considered 
life years gained as the outcome without adjust-
ment for quality of life. Only the study by Ness 
et al. (2000) considered quality of life, but it did 
not include disutility for the burden of screening, 
adverse events, and false-positive results. All of 
the studies found endoscopy screening to cost 
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Table 3.3.16 Reviews of cost–effectiveness of endoscopy screening compared with no screening

Reference Country Studies included Range in cost–
effectiveness ratiosa 
(US$)

Cost–effectiveness analysis of COL vs SIG

Pignone et al. 
(2002)

USA 5 studies evaluating COL and SIG 
1 study evaluating COL only 
1 study evaluating SIG only

COL: 9038–22 012 
SIG: cost savings, 39 359

COL dominated in 3 studies 
COL and SIG both cost-effective in 1 study 
FOBT + SIG dominated COL in 1 study

Lansdorp-
Vogelaar et al. 
(2011)

All 12 studies evaluating COL and SIG 
3 studies evaluating COL only

COL: cost savings, 31 700 
SIG: cost savings, 56 600

COL dominated in 6 studies 
COL < US$ 100 000 per LYG compared with SIG in all studies

Patel & Kilgore 
(2015)

USA 6 studies evaluating COL and SIG 
5 studies evaluating COL only

COL: cost savings, 27 328 
SIG: cost savings, 30 671

COL dominated in 4 simulations 
COL < US$ 50 000 per LYG compared with SIG in 9 simulations 
COL > US$ 50 000 per LYG compared with SIG in 2 simulations

COL, colonoscopy; FOBT, faecal occult blood test; LYG, life year grained; SIG, sigmoidoscopy.
a	  Estimates for cost–effectiveness depend on background cancer incidence. Therefore, estimates may not easily be transferable to low-incidence settings.
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less than US$ 50 000 per life year gained. One 
study showed that sigmoidoscopy screening 
could potentially even be cost saving in a dedi-
cated screening setting (Loeve et al., 2000). For 
the remainder of studies, costs per life year 
gained varied between less than US$ 5000 and 
US$  40  000 per life year gained. Three of five 
studies that evaluated both strategies found that 
colonoscopy dominated sigmoidoscopy (i.e. it 
was both more effective and had lower costs per 
life year gained). One study found both strate-
gies to be cost-effective, and one study found that 
colonoscopy was dominated by the combination 
of sigmoidoscopy plus FOBT.

The systematic review by Lansdorp-Vogelaar 
et al. (2011) included 16 studies that evaluated 
the cost–effectiveness of sigmoidoscopy and/or 
colonoscopy screening. The review found wide 
variability in the estimated cost–effectiveness 
of endoscopy screening across studies. Twelve 
studies estimated cost–effectiveness of sigmoi-
doscopy compared with no screening. In two 
studies, sigmoidoscopy screening was found 
to be cost saving, whereas in one study, costs 
per QALY gained were as high as US$  56  600. 
Sixteen studies assessed the cost–effectiveness 
of colonoscopy screening compared with no 
screening; five of the studies found colonos-
copy screening to be cost saving. At a willing-
ness-to-pay threshold of US$ 100 000 per QALY 
gained, all of the studies found sigmoidoscopy 
screening and/or colonoscopy screening to be 
cost-effective compared with no screening. At 
a threshold of US$  50  000 per QALY gained, 
only one study found sigmoidoscopy screening 
not to be cost-effective. As expected, all of the 
studies that evaluated both strategies found 
that colonoscopy screening was more effective 
than sigmoidoscopy screening. Approximately 
half of the studies also found that colonoscopy 
screening cost less per QALY gained and there-
fore dominated sigmoidoscopy screening. For the 
other half of the studies, the incremental costs 
per life year gained for colonoscopy screening 

compared with sigmoidoscopy screening varied 
between US$ 1000 and US$ 85 000, and at a will-
ingness-to-pay threshold of US$ 100 000 per life 
year gained, colonoscopy screening would be 
considered cost-effective.

The review by Patel & Kilgore (2015) identified 
13 studies in the USA in addition to the studies 
included in the review of Lansdorp-Vogelaar et al. 
(2011). [It must be noted that there was overlap in 
the models used between different studies.] Six 
independent models evaluated 5-yearly sigmoi-
doscopy screening. Four concluded that this 
strategy was less costly and more effective than 
no screening. In the other two models, costs 
were less than US$ 31 000 per life year gained. 
Eleven independent models evaluated 10-yearly 
colonoscopy screening. Three models found this 
strategy to be cost saving, whereas the cost–effec-
tiveness ratio was less than US$ 30 000 per life 
year gained for the remainder of the strategies. In 
the comparison across these sigmoidoscopy and 
colonoscopy strategies, only two of seven models 
concluded that the incremental costs per life year 
gained for colonoscopy screening compared with 
sigmoidoscopy screening exceeded US$ 50 000.

Since the review by Patel & Kilgore (2015), 
two new models have been published on the 
cost–effectiveness of CRC screening in the USA 
(Kingsley et al., 2016; Barzi et al., 2017), and two 
models have published updated results (Hassan & 
Gralnek, 2015; Ladabaum & Mannalithara, 2016) 
(Table 3.3.17). The findings of these studies were 
consistent with those of Patel & Kilgore (2015) 
and demonstrated cost–effectiveness ratios of 
both sigmoidoscopy screening and colonoscopy 
screening not exceeding US$ 15 000 per QALY 
gained. Kingsley et al. (2016) and Barzi et al. 
(2017) provided estimates for both sigmoidos-
copy screening and colonoscopy screening and 
showed that colonoscopy screening was more 
effective than sigmoidoscopy screening. Kingsley 
et al. (2016) found colonoscopy also to be more 
costly, with an incremental cost–effectiveness 
ratio of less than US$ 50 000 per QALY gained, 
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Table 3.3.17 Studies of cost–effectiveness of endoscopy screening compared with no screeninga

Reference 
Country

Population 
simulatedb

Participation 
rate 
(%)

Strategy evaluated Reduction 
in incidence/ 
mortality 
(%)

QALYs or 
LYs gained 
per 1000 
individualsc

Costs (×1000) 
(US$)

Cost per 
QALY or LY 
gainedc

Comments

Heitman et al. 
(2010) 
Canada

Cohort age 
50–75 yr

68 10-yearly colonoscopy 
5-yearly sigmoidoscopy

62/65 
58/61

41 
36

154 
280

3800 
7800

Low effectiveness 
estimates, because of 
mixed-age cohort

Telford et al. 
(2010) 
Canada

Cohort age 
50 yr

73 10-yearly colonoscopy 81/83 120 578 4800 Uncertain whether 
reported incidence/
mortality reductions 
pertain to 100% 
participation

Barouni et al. 
(2012) 
Islamic Republic 
of Iran

Cohort age 
50 yr

68 10-yearly colonoscopy 76/78 119 746 5000

Dan et al. (2012) 
Singapore

Cohort age 
50–75 yr

NR 10-yearly colonoscopy 
5-yearly sigmoidoscopy

35/38 
28/30

17 
5

573 
163

33 700 
38 300

Low effectiveness 
estimates, because of 
mixed-age cohort

Sharp et al. 
(2012) 
Ireland

Cohort age 
30 yr

39 Single sigmoidoscopy 
at age 60 yr

4.9/7.5 7 21 726 3000 Low effectiveness 
estimates, because of 
young cohort at start 
of simulation

Wang et al. 
(2012) 
China

Cohort age 
50–80 yr

90 Single colonoscopy 
10-yearly colonoscopy

67/73 
66/71

1336 
1394

10 000 
93 245

7 
70

Questionable model 
validity, because 
single endoscopy 
more effective than 
repeat endoscopy

Whyte et al. 
(2012) 
United 
Kingdom

Cohort age 
50 yr

85 Sigmoidoscopy at ages 
55 yr and 65 yr

18/22 33 51 1500

Ladabaum et al. 
(2014) 
Germany

Cohort age 
50 yr

100 Colonoscopy at ages 
55 yr and 65 yr

62/67 90 −1300 Cost savings

Hassan & 
Gralnek (2015) 
USA

Cohort age 
50 yr

100 10-yearly colonoscopy 75/73 150 663 4400
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Reference 
Country

Population 
simulatedb

Participation 
rate 
(%)

Strategy evaluated Reduction 
in incidence/ 
mortality 
(%)

QALYs or 
LYs gained 
per 1000 
individualsc

Costs (×1000) 
(US$)

Cost per 
QALY or LY 
gainedc

Comments

Lam et al. (2015) 
Hong Kong 
SAR, China

Cohort age 
50 yr

NR 10-yearly colonoscopy 
5-yearly sigmoidoscopy

NR/NR 124 
109

1610 
2286

14 800 
18 500

Wong et al. 
(2015) 
Hong Kong 
SAR, China

Cohort age 
50 yr

60 10-yearly colonoscopy NR/NR QALY, 611 
LY, 97

2212 3600 Adjustment for 
quality of life seems 
invalid

Kingsley et al. 
(2016) 
USA

Cohort age 
50 yr

38 10-yearly colonoscopy 
5-yearly sigmoidoscopy

NR/60d 
NR/NR

100 
62

327 
−189

3300 
Cost savings

Ladabaum & 
Mannalithara 
(2016) 
USA

Cohort age 
50 yr

100 10-yearly colonoscopy 73/81 77 1153 15 000

Sekiguchi et al. 
(2016) 
Japan

Cohort age 
40 yr

60 10-yearly colonoscopy 69/NR 219 −495 Cost savings Questionable 
model validity, 
because incidence 
reduction higher than 
participation

Aronsson et al. 
(2017) 
Sweden

Cohort age 
60 yr

38 Single colonoscopy 
10-yearly colonoscopy

NR/NR 49 
56

−74 
142

Cost savings 
2500

Barzi et al. 
(2017) 
USA

Cohort age 
50–75 yr

63 10-yearly colonoscopy 
5-yearly sigmoidoscopy

23/34 
11/21

22 
16

−554 
−270

Cost savings 
Cost savings

LYG, life year gained; LYs, life years; NR, not reported; QALYs, quality-adjusted life years; SAR, Special Administrative Region; 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	  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.
c	  Estimates for QALYs gained and cost–effectiveness depend on background cancer incidence. Therefore, estimates may not easily be transferable to low-incidence settings.
d	  Reported mortality reduction for 100% participation.

Table 3.3.17   (continued)
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whereas Barzi et al. (2017) found colonoscopy to 
be more cost saving than sigmoidoscopy.

Since the review by Lansdorp-Vogelaar et al. 
(2011), 12 new studies have been published that 
evaluated the cost–effectiveness of endoscopy 
screening outside the USA: two in Canada 
(Heitman et al., 2010; Telford et al., 2010), four 
in Europe (Sharp et al., 2012; Whyte et al., 2012; 
Ladabaum et al., 2014; Aronsson et al., 2017), and 
six 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; Sekiguchi 
et al., 2016). Sigmoidoscopy screening was evalu-
ated in seven studies, and colonoscopy screening 
was evaluated in 10 studies. All of the studies 
found cost–effectiveness ratios of less than 
US$ 35 000 per QALY gained. Five studies eval-
uated both sigmoidoscopy screening and colo-
noscopy screening, and all of them found that 
10-yearly colonoscopy was more effective than 
5-yearly sigmoidoscopy (Heitman et al., 2010; 
Dan et al., 2012; Lam et al., 2015; Kingsley et al., 
2016; Barzi et al., 2017). In the other studies, the 
incremental costs per life year gained moving 
from sigmoidoscopy screening to colonoscopy 
screening were less than US$ 35 000.

[Overall, there is high variability in the esti-
mates for cost–effectiveness across these studies. 
The reviews tried to standardize as much as they 
could across the studies, either by including only 
studies in the USA (Pignone et al., 2002; Patel 
& Kilgore, 2015) or by converting all currencies 
into United States dollars (Lansdorp-Vogelaar 
et al., 2011). However, the variability is high even 
between studies in the USA. All of the authors 
of the cost–effectiveness reviews mentioned 
differences in assumptions about natural history, 
screening characteristics, and screening partic-
ipation as potential reasons for differences in 
model outcomes (Pignone et al., 2002; Lansdorp-
Vogelaar et al., 2011; Patel & Kilgore, 2015). 
Limited empirical evidence hinders the assess-
ment of which set of assumptions is the most 
plausible. In addition, despite recommendations 

from the Panel on Cost-Effectiveness in Health 
and Medicine (Weinstein et al. 1996), the studies 
still differ widely with respect to perspective, 
population, time horizon, and discount rate, 
introducing another reason for differences 
between the studies (Lansdorp-Vogelaar et al. 
2011).]

[Although the majority of the studies indicate 
that colonoscopy screening is more effective and 
less costly than sigmoidoscopy screening, these 
results may be biased in favour of colonoscopy. 
As explained previously, the models estimated a 
higher effectiveness of colonoscopy by assump-
tions, and the lower costs may result from higher 
savings due to treatment avoided because of 
higher effectiveness as well as from the shorter 
interval for screening sigmoidoscopy than for 
screening colonoscopy in the modelling studies. 
As shown in RCTs, the interval for sigmoidos-
copy can be safely extended to at least 10 years 
without attenuation of its protective effect (Atkin 
et al., 2010; Segnan et al., 2011; Schoen et al., 2012; 
Holme et al., 2014).]

(c)	 Additional cost–effectiveness 
considerations

(i)	 Lower age limit of screening
Very few studies have assessed the optimal 

age at which to start CRC screening. Two studies 
have assessed the optimal timing for a single 
endoscopy to gain the most QALYs. The first study 
(Ness et al., 2000) found that a single colonos-
copy between age 50 years and age 54 years was 
cost-effective both compared with no screening 
and compared with colonoscopy at older ages. For 
men, colonoscopy between age 45 years and age 
49 years may also be cost-effective for a willing-
ness-to-pay threshold exceeding US$ 69 000 per 
QALY gained. The second study (Whyte et al., 
2012) assessed the optimal age for a single sigmoi-
doscopy and found that sigmoidoscopy at age 
55 years was associated with the greatest gain in 
QALYs compared with sigmoidoscopy at older 
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ages. However, results for a single sigmoidoscopy 
at any age between 52 years and 58 years resulted 
in very similar QALYs gained. The results for 
a single sigmoidoscopy at ages younger than 
52 years and older than 58 years showed that the 
QALYs gained decreased, and these alternatives 
were not found to be cost-effective.

The Cancer Intervention and Surveillance 
Modeling Network (CISNET) performed a deci-
sion analysis for the USPSTF to determine the 
optimal age at which to start, the optimal age at 
which to stop, and the optimal interval for CRC 
screening (Knudsen et al., 2016). The models 
suggested that starting CRC screening at age 
45  years, rather than at age 50  years, yielded a 
modest increase in life years gained and had 
a more favourable balance between life years 
gained and the clinical burden of colonoscopies. 
For colonoscopy screening, two of the three 
models found that performing colonoscopy every 
15  years from age 45  years resulted in slightly 
more life years gained compared with colonos-
copy every 10  years from age 50  years without 
increasing the lifetime number of colonoscopies. 
However, one model estimated a slight loss in 
life years gained with a longer screening interval 
and an earlier age to start screening. On the 
basis of these discordant findings, the USPSTF 
concluded that there was insufficient evidence to 
support a starting age of 45 years for the general 
population, especially given the lack of empirical 
evidence of screening in the younger population.

Finally, one study assessed whether the 
optimal age at which to start colonoscopy 
screening varied by race and sex (Lansdorp-
Vogelaar et al., 2009). This study showed that 
although the risks of CRC incidence and 
mortality in women reach levels comparable to 
those in men 4–8 years later in life, the optimal 
age at which to start screening does not differ by 
sex. This finding can be explained by the longer 
life expectancy in women: the number needed 
to screen to detect one advanced adenoma 
may be higher in women than in men, but the 

number of detected advanced adenomas needed 
to prevent one case of CRC is lower in women 
than in men. This makes the number needed 
to screen to prevent one CRC case similar for 
men and women. However, the study did show 
that the optimal age at which to start screening 
was approximately 5  years earlier for African 
Americans (age 47  years) than for Whites (age 
53 years) for both men and women.

(ii)	 Upper age limit of screening
Few studies have assessed the optimal age 

at which to stop screening. Maheshwari et al. 
(2008) performed a life-table analysis to estimate 
the impact of prematurely stopping screening 
compared with the maximal potential benefit 
from lifelong screening. They concluded that 
stopping screening at approximately age 82 years 
would retain 80% of the maximal clinical benefit 
of screening. However, this analysis was based on 
the risk of dying from CRC among older people 
and did not take into account the impact of 
previous screening on this risk.

In the decision analysis for the USPSTF, 
the CISNET models also evaluated the optimal 
age at which to stop screening. Screening 
strategies were compared, with stopping ages 
varying between 75 years, 80 years, and 85 years 
(Knudsen et al., 2016). The models showed that in 
individuals who were consistently screened from 
age 50 years onwards, the life years gained asso-
ciated with extending the age at which to stop 
screening beyond age 75  years were generally 
small relative to the number of additional colo-
noscopies required. Therefore, it was concluded 
that age 75  years would be a reasonable age to 
stop screening.

Two studies evaluated the age to stop colonos-
copy screening in the light of previous screening 
history, background risk, and comorbidity (van 
Hees et al., 2014a, 2015). The study by van Hees 
et al. compared the balance between benefits 
and harms of screening in elderly individuals 
for unscreened cohorts of people with and 
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without comorbidities (van Hees et al., 2014a). 
For these individuals, the benefits of screening 
at a later age are much greater than those for 
previously screened individuals, whereas the 
harms are relatively similar. Consequently, the 
modelling suggested that individuals without 
previous screening can be screened until a much 
later age and may still have a favourable balance 
between benefits and harms: up to age 83 years, 
80  years, and 77  years for no, moderate, and 
severe comorbidities, respectively. Ideally, the 
age at which to stop screening should be based 
on personal risk, previous screening history, and 
comorbidity (van Hees et al., 2015). The current 
recommendation of continuing screening up to 
age 75  years could result in a loss, rather than 
a gain, of QALYs in some populations at low 
risk (e.g. for White women aged 74  years with 
moderate comorbidities, half the average back-
ground risk of CRC, and negative findings from 
a screening colonoscopy 10 years previously). For 
other groups, continuing screening was found to 
be highly cost-effective (e.g. for Black men aged 
81 years with no comorbidities, an average back-
ground risk of CRC, and no previous screening). 
According to this study, the optimal age at which 
to stop screening varies between 66  years and 
88 years, depending on individual risk, comor-
bidity, and previous screening history.

(iii)	 Screening interval
In the decision analysis for the USPSTF, the 

CISNET models also addressed the optimal 
interval for CRC screening (Knudsen et al., 2016). 
Two of the three models suggested that colonos-
copy screening with a 15-year interval starting 
at age 45 years yielded a modest increase in life 
years gained and had a more favourable balance 
between life years gained and the clinical burden 
of colonoscopies, compared with colonos-
copy every 10 years from age 50 years, without 
increasing the lifetime number of colonoscopies. 
However, one model estimated a slight loss in life 
years gained with this longer screening interval. 
Sigmoidoscopy screening was not found to be 
a sufficiently effective strategy compared with 
colonoscopy screening, and therefore no optimal 
interval was identified for this modality.

Six cost–effectiveness analyses also addressed 
endoscopy screening at different intervals, often 
comparing a single endoscopy, endoscopy every 
10  years, and/or endoscopy every 5  years. One 
study even assessed a 3-yearly interval for colonos- 
copy (Table  3.3.18). The outcomes of the ana- 
lyses varied widely, and no conclusions could be 
drawn about the optimal interval for endoscopy 
screening on the basis of these studies.
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184 Table 3.3.18 Cost–effectiveness studies assessing different intervals for endoscopy screening

Reference 
Country

Population 
simulateda

Strategy evaluated Reduction 
in incidence/
mortality 
(%)

QALYs 
gained 
per 1000 
individualsb

Costs (×1000) 
(US$)

Optimal interval Comments

Aronsson 
et al. (2017) 
Sweden

Cohort age 60 yr Single colonoscopy 
10-yearly colonoscopy

NR/NR 49
56

−74
142

WTP < US$ 30 000 
WTP > US$ 30 000

Lam et al. 
(2015) 
Hong Kong 
SAR, China

Cohort age 50 yr 10-yearly colonoscopy 
5-yearly colonoscopy 
10-yearly sigmoidoscopy 
5-yearly sigmoidoscopy

NR/NR 124
172

70
109

1610
2897
1244
2286

WTP < US$ 26 000 
WTP > US$ 26 000 
WTP < US$ 26 000 
WTP > US$ 26 000

van Hees et al. 
(2014b) 
USA

Cohort age 65 yr 10-yearly colonoscopy 
5-yearly colonoscopy 
3-yearly colonoscopy

NR/NR 65
68
66

922
1495
2151

WTP < US$ 179 000 
WTP > US$ 179 000

Whyte et al. 
(2012) 
United 
Kingdom

Cohort age 50 yr Single sigmoidoscopy at age 
55 yr 
Sigmoidoscopy at ages 55 yr and 
65 yr

9/11 
18/22

21
33

33
51

WTP < US$ 2250 
WTP > US$ 2250

Wang et al. 
(2012) 
China

Cohort age 
50–80 yr

Single colonoscopy 
10-yearly colonoscopy

67/73 
66/71

1336
1394

10 000
93 245

Repeat 10-yearly 
colonoscopy not 
cost-effective 
compared with single 
colonoscopy within 
reasonable WTP 
values

Questionable 
model validity, 
because single 
endoscopy more 
effective than 
repeat endoscopy

Dan et al. 
(2012) 
Singapore

Cohort age 
50–75 yr

Single sigmoidoscopy 
5-yearly sigmoidoscopy

19/16 
28/30

3
5

56
163

WTP < US$ 53 500 
WTP > US$ 53 500

Low effectiveness 
estimates, because 
mixed-age cohort

NR, not reported; QALYs, quality-adjusted life years; SAR, Special Administrative Region; WTP, willingness to pay; 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 
aged 50–75 years signifies a population of people aged 50–75 years that are followed until death or for a certain period.
b	  Estimates for QALYs gained depend on background risk of cancer. Therefore, estimates may not easily be transferable to low-incidence settings.
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