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Colorectal cancer, which is the third most com-
mon cancer in men and the second most common 
in women, represents almost 10% of the annual 
global cancer incidence.1 Incidence rates of 
colorectal cancer show a strong positive gradient 
with an increasing level of economic develop-
ment.2 Even so, the net 5-year rate of survival 
decreases with lower levels of income, with rates 
reaching 60% in high-income countries but fall-
ing to 30% or less in low-income countries.3

Established risk factors for colorectal cancer 
include consumption of processed meats,4 con-
sumption of alcoholic beverages,5 tobacco smok-
ing,5 and excess body fat,6 whereas consumption 
of dietary fiber and dairy products and increased 
levels of physical activity decrease the risk.7,8 In 
addition, certain subgroups of the population 
are at increased risk owing to genetic predispo-
sition (e.g., the Lynch syndrome), a family or 
personal history of colorectal neoplasia, or med-
ical conditions (e.g., inflammatory bowel disease) 
that have been associated with colorectal cancer.

Colorectal cancer can be classified on the 
basis of the location within the large bowel, 
histologic characteristics, and molecular features. 
Advanced adenomas — in particular, those mea-
suring more than 10 mm in diameter — are the 
most well-known precursor lesions of colorectal 
cancer.9 Screening aims to reduce the risk of 
death from colorectal cancer through early de-
tection and the rate of complications associated 
with detection of cancer at a later stage. Such 
screening also aims to reduce the incidence and 
mortality of colorectal cancer through detection 
and removal of precancerous lesions. Colorectal 
cancer screening is available in many countries 
with high and upper-middle incomes worldwide 
and is delivered by organized programs or 
through opportunistic screening. Participation 
rates in such screening are highly variable among 

countries and settings10 but have typically been 
below 40%. Insurance status and access to pri-
mary care are the main determinants of partici-
pation. Additional obstacles include costs, logistic 
challenges, lack of provider involvement, language 
barriers, cultural beliefs, and lack of awareness 
of colorectal cancer screening.11,12

There are several methods available for colorec-
tal cancer screening. Stool-based tests to detect 
blood include the guaiac fecal occult blood test 
and the more sensitive fecal immunochemical 
test (FIT).13 Endoscopic methods, which use op-
tical approaches to directly examine the rectum 
and colon, include sigmoidoscopy and colonos-
copy.14 Colonoscopy is used both as a primary 
screening tool and as follow-up for persons who 
have tested positive with other screening meth-
ods. In addition, computed tomographic (CT) 
colonography, an imaging method based on 
scanning technology, has been developed as a 
less invasive visualization technique for colorec-
tal cancer screening.15 Newer techniques that 
have recently emerged but have not been widely 
tested are based on visual inspection (e.g., video 
capsule endoscopy) or the analysis of biomarkers 
in stool (e.g., multitarget-stool DNA), in blood 
(e.g., methylated septin 9 DNA), or in breath 
(e.g., volatile organic compounds and various 
markers of protein, RNA, and DNA).

We reviewed the published evidence from ran-
domized, controlled trials, observational studies, 
and modeling studies assessing stool-based, en-
doscopic, and CT colonography–based screening 
methods and evaluated outcomes with respect to 
preventive effects, adverse effects, and the bal-
ance of benefits and harms in average-risk popu-
lations of men and women combined. (Details 
regarding the working procedures that were 
used for conducting the review and a list of the 
members of the International Agency for Re-
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search on Cancer [IARC] Handbook Working 
Group are provided in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org.)

In cases in which data from randomized tri-
als of the effect of a particular screening test on 
colorectal cancer mortality and incidence were 
not available, evidence regarding a similar screen-
ing test for which a reduction in colorectal can-
cer mortality or incidence has been shown (e.g., 
FIT instead of guaiac testing or colonoscopy in-
stead of sigmoidoscopy) or from comparative 
studies of test performance (e.g., CT colonogra-
phy instead of colonoscopy) was considered. 
Evidence regarding the above-mentioned newer 
techniques was considered insufficient to make 
an evaluation.

Here, we briefly summarize the evaluation of 
the scientific evidence, as reviewed by the Hand-
book Working Group (Table 1). The full report 
will be published as volume 17 of the IARC Hand-
books of Cancer Prevention. It is noteworthy 

that the majority of studies that were reviewed 
had been conducted in settings with middle or 
high incomes, in which the incidence of colorec-
tal cancer is generally high; in asymptomatic, 
average-risk populations (typically, between the 
ages of 50 and 70 years); and under conditions 
in which colorectal cancer screening, including 
subsequent follow-up and treatment, can be de-
livered with high quality. The extrapolation of the 
conclusions to different settings needs to take 
into account these and other context-related 
specificities (e.g., the level of health-system de-
velopment).

Stool-Based Tests for Occult 
Blood

Beneficial Effects of Guaiac Testing

We reviewed all the studies that assessed the 
effect of screening every 1 or 2 years with the 
guaiac fecal test in reducing the incidence of 
colorectal cancer, mortality associated with the 

Screening Technique Strength of Evidence Regarding Colorectal Cancer Screening

Reduction 
in Incidence

Reduction 
in Mortality

Benefit–Harm 
Ratio

Stool-based tests

Screening every 2 yr with guaiac test 
without rehydration

Suggestive of a lack 
 of effect

Sufficient Sufficient

Screening every 1 or 2 yr with higher‑
sensitivity guaiac test (with rehydra‑
tion)

Limited Sufficient Sufficient

Screening every 2 yr with FIT Limited Sufficient Sufficient†

Endoscopic techniques

Single screening with sigmoidoscopy Sufficient Sufficient Sufficient

Single screening with colonoscopy Sufficient Sufficient Sufficient‡

CT colonography

Single screening with CT colonography Limited§ Limited§ Inadequate

*  The finding of sufficient evidence applies only to settings in which it is assumed that screening, along with treatment 
and follow‑up, can be delivered with high quality. FIT denotes fecal immunochemical test.

†  A variety of qualitative and quantitative FIT tests are available, with wide ranges of sensitivity and specificity. The net 
balance of benefits and harms depends on the cutoff level for positivity.

‡  A minority of the members of the International Agency for Research on Cancer (IARC) Handbook Working Group con‑
sidered that the evidence is limited because of the variability of the effect estimates, the risks associated with colonos‑
copy, and the inherent limitations in extrapolating conclusions from data regarding screening with sigmoidoscopy.

§  The evaluation of limited evidence regarding CT colonography applies to the reduction in incidence or mortality (one 
single evaluation). A minority of the members of the IARC Handbook Working Group considered that the evidence is 
inadequate because of the lack of randomized trials or observational studies (including those with repeated CT colonog‑
raphy screening) and lack of data regarding risks.

Table 1. Evaluations of Colorectal Cancer Screening with Stool-Based Tests, Endoscopic Methods, and Computed 
Tomographic (CT) Colonography.*

The New England Journal of Medicine 
Downloaded from nejm.org at SBBL on July 9, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 378;18 nejm.org May 3, 20181736

disease, or both. These studies included 5 ran-
domized trials that were performed in North 
America or Western Europe16-20 and 10 observa-
tional studies conducted in screening settings 
that were performed in different geographic re-
gions.21-30 In these studies, the investigators per-
formed guaiac testing either without rehydration 
or with hydration, with the latter test having a 
higher sensitivity (Table 1).

On the basis of the results of two random-
ized trials, two large cohort studies with up to 
11 screening rounds, and one case–control 
study,16,19,23,24,26 there is sufficient evidence that 
screening every 2 years with the guaiac test 
without rehydration reduces colorectal cancer 
mortality, as does screening every 1 or 2 years 
with the higher-sensitivity guaiac test.17,20,25 In 
the randomized trials, the relative risk of death 
from colorectal cancer was significantly lower 
among the persons with a positive test result 
who had undergone guaiac testing coupled with 
colonoscopy than among controls (no screening); 
the relative risks were 9 to 14% lower with 
guaiac testing without rehydration and 16 to 
32% lower with higher-sensitivity guaiac testing.

The evidence suggests a lack of effect of 
screening every 2 years with the guaiac test 
without rehydration in reducing the incidence of 
colorectal cancer on the basis of three random-
ized trials and one cohort study after 11 screen-
ing rounds.16,18,19,24 In addition, there is limited 
evidence that screening every 1 or 2 years with 
the higher-sensitivity guaiac test reduces such 
incidence, on the basis of one randomized trial 
with 18 years of follow-up.31

Beneficial Effects of FIT

To our knowledge, no randomized trials of FIT 
with data on incidence or mortality outcomes 
have been performed, but the findings from 
observational studies in screening settings were 
highly consistent. Three cohort studies, includ-
ing one incidence-based mortality study, showed 
relative risks of death from colorectal cancer 
that were 10 to 40% lower among persons who 
had undergone FIT screening than among con-
trols.32-34 One ecologic study in Italy that com-
pared areas that had early implementation 
(2002–2004) of an organized program of FIT 
screening every 2 years versus late implementa-
tion (2008–2009) also showed a lower relative 
risk of death from colorectal cancer in the area 

where screening was introduced first than in the 
area with later implementation.35 Overall, there is 
sufficient evidence that screening every 2 years 
with FIT reduces colorectal cancer mortality. 
This evaluation also takes into account evidence 
from randomized trials of guaiac testing, from 
which we can infer that FIT should be at least as 
good as guaiac testing in reducing colorectal 
cancer mortality, and evidence from randomized 
trials showing that FIT performed better than 
guaiac testing for the detection of advanced ad-
enoma and colorectal cancer.

The evidence was deemed to be limited with 
respect to lowering the incidence of colorectal can-
cer. Small-to-moderate reductions in cumulative 
incidence were observed in two cohort studies after 
three rounds of FIT performed every 2 years33,34 
and in one ecologic study conducted in Italy.36

Potential Harms and Benefit–Harm Ratios

Potential harms of screening with stool-based 
tests for occult blood are related to psychologi-
cal harms of screening per se and of receiving a 
positive test result, harms that were reported to be 
mild and transitory.37,38 In addition, unnecessary 
referrals and medical harms linked to follow-up 
colonoscopy and surveillance after a positive test 
can occur. In modeling studies, all stool-based 
tests for occult blood provided gains in quality-
adjusted life-years, as compared with no screen-
ing, especially FIT and higher-sensitivity guaiac 
testing.39 Overall, there is sufficient evidence that 
the benefits outweigh the harms of colorectal 
cancer screening with any type of stool-based 
test for occult blood.

Endoscopic Methods

Four large, randomized trials of sigmoidoscopy 
screening — three in Europe and one in the 
United States40-43 — have been performed. In all 
the studies that evaluated the relative risk of 
colorectal cancer, such incidence was signifi-
cantly lower (18 to 26%) among persons who 
had undergone sigmoidoscopy screening than 
among those who had not; the relative risk of 
death from colorectal cancer was also signifi-
cantly lower (22 to 31%) in all but one study.43 
An extended follow-up of one trial up to 17 years 
showed a persistently significant lower relative 
risk of 26% in colorectal cancer incidence and of 
30% in colorectal cancer mortality in intention-
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to-treat analyses.44 Four randomized trials of 
colonoscopy are currently in progress, but data 
on the effect on colorectal cancer incidence or 
mortality are not yet available.

A large number of observational studies were 
available for review, but only those that were 
performed in a screening setting (conducted 
mainly in the United States) were included for 
evaluation. Two cohort studies45,46 provided esti-
mates on colorectal cancer incidence, mortality, 
or both associated with sigmoidoscopy, and five 
cohort studies46-50 provided such data associated 
with colonoscopy. In addition, case–control stud-
ies, including several studies involving more than 
2000 persons, provided risk estimates for sig-
moidoscopy (nine studies) and colonoscopy (five 
studies). In most cohort and case–control stud-
ies, the relative risks of incidence and death were 
significantly lower among persons who had un-
dergone either sigmoidoscopy or colonoscopy 
than among controls, although relative risks var-
ied greatly among the studies. The most recent 
meta-analysis of observational studies estimated 
risk reductions in both incidence and mortality 
of almost 70% with colonoscopy and almost 50% 
with sigmoidoscopy. The effect was consistently 
stronger in the distal colon than in the proximal 
colon.51

There is sufficient evidence that a single 
screening with sigmoidoscopy or colonoscopy 
reduces colorectal cancer incidence and mortal-
ity (Table 1). In addition to considering the con-
sistent results from the observational studies of 
colonoscopy, this evaluation also takes into ac-
count evidence from randomized trials of sig-
moidoscopy screening, since a full colonoscopy, 
by definition, includes a sigmoidoscopy, and if we 
assume that there will be similar false negative 
rates for both procedures, colonoscopy will be at 
least as effective as sigmoidoscopy in detecting 
advanced adenomas and colorectal cancer. Cur-
rently, there is insufficient evidence to assess 
the benefit of subsequent rounds of endoscopic 
screening.

Similar to stool-based tests for occult blood, 
endoscopic screening may generate psychologi-
cal harms, along with unnecessary referrals after 
positive results on sigmoidoscopy. In addition, 
endoscopy may provoke serious medical harms, 
of which bleeding and perforation are the most 
frequent, although such adverse events remain 
uncommon, with each event occurring in 0.01 to 

0.05% of colonoscopy procedures.52 The propor-
tion of overdiagnosis of cancer from endoscopic 
screening is uncertain.

In modeling studies, sigmoidoscopy and colo-
noscopy both provide gains in quality-adjusted 
life-years, as compared with no screening.53 
Overall, there is sufficient evidence that the bene-
fits of a single screening with sigmoidoscopy 
outweigh the harms. The consensus was that 
there is sufficient evidence that the benefits of a 
single screening with colonoscopy also outweigh 
the harms, when screening can be delivered with 
high quality. A minority of the expert panel 
members considered that the evidence is limited 
because of the variability and the related limited 
accuracy of the effect estimates, the harms asso-
ciated with colonoscopy, and the inherent limita-
tions in extrapolating findings regarding sig-
moidoscopy to evaluate colonoscopy.

C T Colonogr aphy

To our knowledge, no published, randomized 
trials have assessed the effect of CT colonogra-
phy screening on colorectal cancer incidence or 
mortality. One randomized trial54 and four tan-
dem studies55-58 with consecutive or parallel screen-
ing of asymptomatic persons compared rates of 
adenoma detection with CT colonography versus 
those with colonoscopy and were considered to 
be informative for the evaluation. In the tandem 
studies (a comparison study in which the same 
person was screened sequentially with two 
methods), the detection rates of advanced neo-
plasia (advanced adenoma or cancer) were simi-
lar with both techniques; in the randomized trial, 
detection rates with CT colonography, as com-
pared with colonoscopy, were similar for colorec-
tal cancer but were lower for all advanced adeno-
mas (5.6% vs. 8.2%) and for advanced adenomas 
measuring at least 10 mm (5.4% vs. 6.3%); this 
difference disappeared after adjustment for par-
ticipation rate.

Potential harms that are associated with CT 
colonography include radiation-induced effects, 
the downstream effects from detection of extra-
colonic findings,59 and the potential harms of 
follow-up colonoscopy. On the basis of these 
data, there is limited evidence that a single 
screening with CT colonography reduces colorec-
tal cancer incidence or mortality. A minority of 
the expert panel members considered that the 
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evidence is inadequate because of the lack of 
randomized trials or observational studies with 
incidence or mortality as end points, the lack of 
studies with repeated CT colonography screen-
ing, the fact that data regarding only test perfor-
mance and adenoma detection rates were avail-
able, and the wide extrapolation needed from the 
known detection rates of lesions to an expected 
reduction in colorectal cancer incidence or mor-
tality in a screening setting. Finally, there is in-
adequate evidence that the benefits of a single 
round of screening with CT colonography out-
weigh the harms.

Compar ative Effec tiveness  
of Screening Techniques

Comparisons of reductions in colorectal cancer 
incidence and mortality with stool-based meth-
ods versus endoscopic methods were available 
from network meta-analyses (indirect compari-
sons of studies of screening versus no screening). 
One meta-analysis of nine randomized trials60 
showed that sigmoidoscopy performed better 
than guaiac testing in reducing colorectal cancer 
incidence but not mortality. Another meta-analy-
sis that included both randomized trials and ob-
servational studies in screening settings61 showed 
that colonoscopy was more effective than sig-
moidoscopy and guaiac testing in reducing 
colorectal cancer mortality, although the quality 
of the evidence was low because of the heteroge-
neity in study designs and inherent biases in 
such comparisons. In addition, when comparing 
the performance of a single screening round, 
endoscopic techniques, especially sigmoidoscopy, 
generally yielded higher detection rates of ad-
vanced neoplasia than one-time stool-based tests 
for occult blood.62-65 However, recent data sug-
gest that detection rates of advanced neoplasia 
with FIT performed every 2 years over five con-
secutive screening rounds were similar to those 
with one-time colonoscopy.66 Taken together, the 
evidence was considered to be insufficient to 
evaluate the comparative effectiveness of the 
available screening techniques.

In conclusion, there is sufficient evidence that 
screening for colorectal cancer with currently 
established stool-based tests (guaiac testing and 
FIT) and lower endoscopy (sigmoidoscopy and 
colonoscopy) reduces the risk of death from 
colorectal cancer and that the benefits outweigh 

the harms associated with each type of screen-
ing. Evidence from comparative effectiveness 
studies to evaluate one test over another was 
inconclusive.

Supported by the American Cancer Society and the Centers 
for Disease Control and Prevention.

No potential conflict of interest relevant to this article was 
reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

From the International Agency for Research on Cancer, Lyon, 
France (B.L.‑S., N.V., N.G., K.S.); and the German Cancer Re‑
search Center, Heidelberg (F.B.). Address reprint requests to 
Dr. Lauby‑Secretan at the International Agency for Research on 
Cancer, IARC Handbooks Group (ESC/IHB), 150 Cours Albert 
Thomas, 69372 Lyon CEDEX 08, France, or at  secretanb@  iarc . fr.

This article was published on March 26, 2018, at NEJM.org.

1. International Agency for Research on Cancer. GLOBOCAN 
2012:  estimated cancer incidence, mortality, and prevalence 
worldwide in 2012. Lyon, France:  IARC, 2013 (http://globocan 
.iarc .fr).
2. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal 
A, Bray F. Global patterns and trends in colorectal cancer inci-
dence and mortality. Gut 2017; 66: 683-91.
3. Allemani C, Weir HK, Carreira H, et al. Global surveillance 
of cancer survival 1995-2009: analysis of individual data for 
25,676,887 patients from 279 population-based registries in 67 
countries (CONCORD-2). Lancet 2015; 385: 977-1010.
4. Bouvard V, Loomis D, Guyton KZ, et al. Carcinogenicity of 
consumption of red and processed meat. Lancet Oncol 2015; 16: 
1599-600.
5. IARC Working Group on the Evaluation of Carcinogenic 
Risks to Humans. Personal habits and indoor combustions — 
volume 100 E: a review of human carcinogens. IARC Monogr 
Eval Carcinog Risks Hum 2012; 100(Pt E): 1-538.
6. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini 
F, Straif K. Body fatness and cancer — viewpoint of the IARC 
Working Group. N Engl J Med 2016; 375: 794-8.
7. International Agency for Research on Cancer. Weight con-
trol and physical activity. Lyon, France, IARC, 2002.
8. World Cancer Research Fund, American Institute for Cancer 
Research. Diet, nutrition, physical activity and colorectal cancer:  
Continuous Update Project 2017 (http://wcrf .org/ colorectal-cancer 
-2017).
9. Cottet V, Jooste V, Fournel I, Bouvier AM, Faivre J, Bonithon-
Kopp C. Long-term risk of colorectal cancer after adenoma re-
moval: a population-based cohort study. Gut 2012; 61: 1180-6.
10. Schreuders EH, Ruco A, Rabeneck L, et al. Colorectal cancer 
screening: a global overview of existing programmes. Gut 2015; 
64: 1637-49.
11. Carrozzi G, Sampaolo L, Bolognesi L, et al. Economic diffi-
culties keep on influencing early diagnosis of colorectal cancer. 
Epidemiol Prev 2015; 39: 210. (In Italian.)
12. Honein-AbouHaidar GN, Kastner M, Vuong V, et al. Sys-
tematic review and meta-study synthesis of qualitative studies 
evaluating facilitators and barriers to participation in colorec-
tal cancer screening. Cancer Epidemiol Biomarkers Prev 2016; 
25: 907-17.
13. Lee JK, Liles EG, Bent S, Levin TR, Corley DA. Accuracy of 
fecal immunochemical tests for colorectal cancer: systematic 
review and meta-analysis. Ann Intern Med 2014; 160: 171.
14. Bray C, Bell LN, Liang H, Collins D, Yale SH. Colorectal can-
cer screening. WMJ 2017; 116: 27-33.

The New England Journal of Medicine 
Downloaded from nejm.org at SBBL on July 9, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



Special Report

n engl j med 378;18 nejm.org May 3, 2018 1739

15. Coin CG, Wollett FC, Coin JT, Rowland M, DeRamos RK, 
Dandrea R. Computerized radiology of the colon: a potential 
screening technique. Comput Radiol 1983; 7: 215-21.
16. Kronborg O, Jørgensen OD, Fenger C, Rasmussen M. Ran-
domized study of biennial screening with a faecal occult blood 
test: results after nine screening rounds. Scand J Gastroenterol 
2004; 39: 846-51.
17. Lindholm E, Brevinge H, Haglind E. Survival benefit in a 
randomized clinical trial of faecal occult blood screening for 
colorectal cancer. Br J Surg 2008; 95: 1029-36.
18. Pitkäniemi J, Seppä K, Hakama M, et al. Effectiveness of 
screening for colorectal cancer with a faecal occult-blood test, in 
Finland. BMJ Open Gastroenterol 2015; 2(1): e000034.
19. Scholefield JH, Moss SM, Mangham CM, Whynes DK, Hard-
castle JD. Nottingham trial of faecal occult blood testing for 
colorectal cancer: a 20-year follow-up. Gut 2012; 61: 1036-40.
20. Shaukat A, Mongin SJ, Geisser MS, et al. Long-term mortal-
ity after screening for colorectal cancer. N Engl J Med 2013; 369: 
1106-14.
21. Bertario L, Russo A, Crosignani P, et al. Reducing colorectal 
cancer mortality by repeated faecal occult blood test: a nested 
case-control study. Eur J Cancer 1999; 35: 973-7.
22. Bjerrum A, Andersen O, Fischer A, Lindebjerg J, Lynge E. 
Colorectal cancer mortality 10 years after a single round of guaiac 
faecal occult blood test (gFOBT) screening: experiences from a 
Danish screening cohort. BMJ Open Gastroenterol 2016; 3(1): 
e000120.
23. Faivre J, Tazi MA, El Mrini T, Lejeune C, Benhamiche AM, 
Dassonville F. Faecal occult blood screening and reduction of 
colorectal cancer mortality: a case-control study. Br J Cancer 
1999; 79: 680-3.
24. Hamza S, Cottet V, Touillon N, et al. Long-term effect of 
faecal occult blood screening on incidence and mortality from 
colorectal cancer. Dig Liver Dis 2014; 46: 1121-5.
25. Lazovich D, Weiss NS, Stevens NG, White E, McKnight B, 
Wagner EH. A case-control study to evaluate efficacy of screen-
ing for faecal occult blood. J Med Screen 1995; 2: 84-9.
26. Libby G, Brewster DH, McClements PL, et al. The impact of 
population-based faecal occult blood test screening on colorec-
tal cancer mortality: a matched cohort study. Br J Cancer 2012; 
107: 255-9.
27. Malila N, Hakama M, Pukkala E. A 25-year follow-up of a 
population screened with faecal occult blood test in Finland. 
Acta Oncol 2007; 46: 1103-6.
28. Scheitel SM, Ahlquist DA, Wollan PC, Hagen PT, Silverstein 
MD. Colorectal cancer screening: a community case-control 
study of proctosigmoidoscopy, barium enema radiography, and 
fecal occult blood test efficacy. Mayo Clin Proc 1999; 74: 1207-
13.
29. Selby JV, Friedman GD, Quesenberry CP Jr, Weiss NS. Effect 
of fecal occult blood testing on mortality from colorectal cancer: 
a case-control study. Ann Intern Med 1993; 118: 1-6.
30. Zappa M, Castiglione G, Grazzini G, et al. Effect of faecal 
occult blood testing on colorectal mortality: results of a popula-
tion-based case-control study in the district of Florence, Italy. Int 
J Cancer 1997; 73: 208-10.
31. Mandel JS, Church TR, Bond JH, et al. The effect of fecal 
occult-blood screening on the incidence of colorectal cancer.  
N Engl J Med 2000; 343: 1603-7.
32. Chiu HM, Chen SL, Yen AM, et al. Effectiveness of fecal im-
munochemical testing in reducing colorectal cancer mortality 
from the One Million Taiwanese Screening Program. Cancer 
2015; 121: 3221-9.
33. Giorgi Rossi P, Vicentini M, Sacchettini C, et al. Impact of 
screening program on incidence of colorectal cancer: a cohort 
study in Italy. Am J Gastroenterol 2015; 110: 1359-66.
34. Ventura L, Mantellini P, Grazzini G, et al. The impact of im-
munochemical faecal occult blood testing on colorectal cancer 
incidence. Dig Liver Dis 2014; 46: 82-6.

35. Zorzi M, Fedeli U, Schievano E, et al. Impact on colorectal 
cancer mortality of screening programmes based on the faecal 
immunochemical test. Gut 2015; 64: 784-90.
36. Costantini AS, Martini A, Puliti D, et al. Colorectal cancer 
mortality in two areas of Tuscany with different screening expo-
sures. J Natl Cancer Inst 2008; 100: 1818-21.
37. Laing SS, Bogart A, Chubak J, Fuller S, Green BB. Psycho-
logical distress after a positive fecal occult blood test result 
among members of an integrated healthcare delivery system. 
Cancer Epidemiol Biomarkers Prev 2014; 23: 154-9.
38. Parker MA, Robinson MH, Scholefield JH, Hardcastle JD. 
Psychiatric morbidity and screening for colorectal cancer. J Med 
Screen 2002; 9: 7-10.
39. Patel SS, Kilgore ML. Cost effectiveness of colorectal cancer 
screening strategies. Cancer Control 2015; 22: 248-58.
40. Schoen RE, Pinsky PF, Weissfeld JL, et al. Colorectal cancers 
not detected by screening flexible sigmoidoscopy in the Prostate, 
Lung, Colorectal, and Ovarian Cancer Screening Trial. Gastro-
intest Endosc 2012; 75: 612-20.
41. Atkin WS, Edwards R, Kralj-Hans I, et al. Once-only flexible 
sigmoidoscopy screening in prevention of colorectal cancer:  
a multicentre randomised controlled trial. Lancet 2010; 375: 1624-
33.
42. Holme Ø, Løberg M, Kalager M, et al. Effect of flexible sig-
moidoscopy screening on colorectal cancer incidence and mor-
tality: a randomized clinical trial. JAMA 2014; 312: 606-15.
43. Segnan N, Senore C, Andreoni B, et al. Baseline findings of 
the Italian multicenter randomized controlled trial of “once-
only sigmoidoscopy” — SCORE. J Natl Cancer Inst 2002; 94: 
1763-72.
44. Atkin W, Wooldrage K, Parkin DM, et al. Long term effects 
of once-only flexible sigmoidoscopy screening after 17 years of 
follow-up: the UK Flexible Sigmoidoscopy Screening randomised 
controlled trial. Lancet 2017; 389: 1299-311.
45. Blom J, Yin L, Lidén A, et al. A 9-year follow-up study of 
participants and nonparticipants in sigmoidoscopy screening: 
importance of self-selection. Cancer Epidemiol Biomarkers Prev 
2008; 17: 1163-8.
46. Nishihara R, Wu K, Lochhead P, et al. Long-term colorectal-
cancer incidence and mortality after lower endoscopy. N Engl J 
Med 2013; 369: 1095-105.
47. Kahi CJ, Imperiale TF, Juliar BE, Rex DK. Effect of screening 
colonoscopy on colorectal cancer incidence and mortality. Clin 
Gastroenterol Hepatol 2009; 7: 770-5.
48. Manser CN, Bachmann LM, Brunner J, Hunold F, Bauerfeind 
P, Marbet UA. Colonoscopy screening markedly reduces the 
occurrence of colon carcinomas and carcinoma-related death: 
a closed cohort study. Gastrointest Endosc 2012; 76: 110-7.
49. Eldridge RC, Doubeni CA, Fletcher RH, et al. Uncontrolled 
confounding in studies of screening effectiveness: an example 
of colonoscopy. J Med Screen 2013; 20: 198-207.
50. García-Albéniz X, Hsu J, Bretthauer M, Hernán MA. Effec-
tiveness of screening colonoscopy to prevent colorectal cancer 
among Medicare beneficiaries aged 70 to 79 years: a prospective 
observational study. Ann Intern Med 2017; 166: 18-26.
51. Brenner H, Stock C, Hoffmeister M. Effect of screening sig-
moidoscopy and screening colonoscopy on colorectal cancer 
incidence and mortality: systematic review and meta-analysis of 
randomised controlled trials and observational studies. BMJ 2014; 
348: g2467.
52. Lin JS, Piper MA, Perdue LA, et al. Screening for colorectal 
cancer: updated evidence report and systematic review for the 
US Preventive Services Task Force. JAMA 2016; 315: 2576-94.
53. Knudsen AB, Zauber AG, Rutter CM, et al. Estimation of 
benefits, burden, and harms of colorectal cancer screening 
strategies: modeling study for the US Preventive Services Task 
Force. JAMA 2016; 315: 2595-609.
54. Stoop EM, de Haan MC, de Wijkerslooth TR, et al. Participa-
tion and yield of colonoscopy versus non-cathartic CT colonogra-

The New England Journal of Medicine 
Downloaded from nejm.org at SBBL on July 9, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



Special Report

n engl j med 378;18 nejm.org May 3, 20181740

phy in population-based screening for colorectal cancer: a ran-
domised controlled trial. Lancet Oncol 2012; 13: 55-64.
55. Pickhardt PJ, Choi JR, Hwang I, et al. Computed tomograph-
ic virtual colonoscopy to screen for colorectal neoplasia in asymp-
tomatic adults. N Engl J Med 2003; 349: 2191-200.
56. Kim DH, Pickhardt PJ, Taylor AJ, et al. CT colonography ver-
sus colonoscopy for the detection of advanced neoplasia. N Engl 
J Med 2007; 357: 1403-12.
57. Johnson CD, Chen M-H, Toledano AY, et al. Accuracy of 
CT colonography for detection of large adenomas and cancers. 
N Engl J Med 2008; 359: 1207-17.
58. Graser A, Stieber P, Nagel D, et al. Comparison of CT colo-
nography, colonoscopy, sigmoidoscopy and faecal occult blood 
tests for the detection of advanced adenoma in an average risk 
population. Gut 2009; 58: 241-8.
59. Iafrate F, Iussich G, Correale L, et al. Adverse events of com-
puted tomography colonography: an Italian National Survey. Dig 
Liver Dis 2013; 45: 645-50.
60. Emilsson L, Holme Ø, Bretthauer M, et al. Systematic review 
with meta-analysis: the comparative effectiveness of aspirin vs. 
screening for colorectal cancer prevention. Aliment Pharmacol 
Ther 2017; 45: 193-204.
61. Elmunzer BJ, Singal AG, Sussman JB, et al. Comparing the 
effectiveness of competing tests for reducing colorectal cancer 

mortality: a network meta-analysis. Gastrointest Endosc 2015; 
81(3): 700-709.e3.
62. Hassan C, Giorgi Rossi P, Camilloni L, et al. Meta-analysis: 
adherence to colorectal cancer screening and the detection rate 
for advanced neoplasia, according to the type of screening test. 
Aliment Pharmacol Ther 2012; 36: 929-40.
63. Littlejohn C, Hilton S, Macfarlane GJ, Phull P. Systematic re-
view and meta-analysis of the evidence for flexible sigmoidoscopy 
as a screening method for the prevention of colorectal cancer. 
Br J Surg 2012; 99: 1488-500.
64. Castells A, Quintero E, Álvarez C, et al. Rate of detection of 
advanced neoplasms in proximal colon by simulated sigmoidos-
copy vs fecal immunochemical tests. Clin Gastroenterol Hepatol 
2014; 12(10): 1708-16.e4.
65. Sali L, Mascalchi M, Falchini M, et al. Reduced and full-
preparation CT colonography, fecal immunochemical test, and 
colonoscopy for population screening of colorectal cancer: 
a randomized trial. J Natl Cancer Inst 2015; 108: 108.
66. Zorzi M, Hassan C, Capodaglio G, et al. Long-term perfor-
mance of colorectal cancer screening programmes based on the 
faecal immunochemical test. Gut 2017 November 3 (Epub ahead 
of print).
DOI: 10.1056/NEJMsr1714643
Copyright © 2018 Massachusetts Medical Society.

early job alert service available at the nejm careercenter

Register to receive weekly email messages with the latest job openings  
that match your specialty, as well as preferred geographic region,  

practice setting, call schedule, and more. Visit the NEJM CareerCenter  
at nejmjobs.org for more information.

The New England Journal of Medicine 
Downloaded from nejm.org at SBBL on July 9, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 


