
Background: Colorectal cancer (CRC) is the second most common cancer diagno-

sis in Norway being the third leading cause of cancer-related deaths. The risk of 

CRC increases with age with 90% of diagnoses occurring in people age 50 years 

or older. CRC survival rates vary based on the disease stage at the time of diag-

nosis. CRC is highly treatable in its earlier stages, and appropriate screening may 

help reduce the incidence and disease burden. Numerous countries, agencies, 

and health organizations have developed guidelines for screening programs. 

However, which screening tests to use, which populations and age groups to 

screen and the frequency of testing are topics that are debated and researched 

world wide. 

The review was requested by the Norwegian Directorate for Health in Septem-

ber 2008 with a timeframe of about four weeks. The aim of this overview is 

to present summarized results from recent research on the effect of popula-

tion-based colorectal cancer screening on mortality and incidence of CRC 

and to evaluate the accuracy of each method. An overview of scree-

Colorectal cancer screening – effect 
on mortality and incidence rate of 
colorectal cancer 
Report from Norwegian Knowledge Centre for the Health Services No 30 –2008

     Overwiew of documentation and international recommendations 

 

     

 



Norwegian Knowledge Centre for the Health Services (Kunnskapssenteret)

PO Box 7004, St. Olavs plass

N-0130 Oslo

(+47) 23 25 50 00

www.kunnskapssenteret.no

Report: ISBN 978-82-8121-229-9 ISSN 1890-1298

no 30–2008

ning methods recommended in international guidelines for 

CRC screening programs with focus on average-risk population is provided.  

Method: We serached for systematic reviews, meta-analyses, and other evi-

dence-based literature for CRC screening in Medline, Cochrane Library and 

HTA databases. We also searched the National Guideline Clearinghouse and 

National Institute for Clinical Excellence websites for relevant reports and 

guidelines. We did not search systematically for primary studies. Results 

from identifi es systematic reviews are presented as a narrative syntheses. 

Main results: Repeated CRC screening using FOBT testing annually or biannual-

ly followed by colonoscopy for participants with positive test results has shown 

a reduction in CRC mortality.  There is so far no solid evidence on mortality 

reduction for the other primary screening tests that are available, but this will 

change with the reporting of fi ndings from ongoing trials. It seems that colorec-

tal screening has no effect on total mortality reduction.

(continued from page one)         
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Executive summary  

 

Background 

 

Colorectal cancer (CRC) is the second most common cancer in Norway and the inci-

dence is increasing for both men and women. The majority of CRCs develops from 

benign adenomatous polyps through the adenoma-carcinoma stage.  CRC may have 

no detectable symptoms while it is developing and spreading to nearby lymph 

nodes. The survival is strongly connected with the tumour stadium at the time of di-

agnosis since early detection and treatment can prevent CRC. This type of cancer is 

potentially well suited for screening and several screening methods are available. 

The Norwegian Directorate of Health requested a review (hasteoppdrag) of CRC 

screening in September 2008. The goal was to summarize the evidence on the effect 

of population-based CRC screening on mortality and incidence of CRC and to evalu-

ate the accuracy of each screening method.  An overview of screening methods used 

internationally was also requested and is also provided in the report.   

 

Method 

The following electronic databases were searched for relevant systematic reviews, 

meta-analyses, HTA reports, and other relevant evidence-based literature on CRC 

screening: Cochrane Database of Systematic Reviews (CDSR Issue 3 2008), Data-

base of Abstracts of Reviews of Effects (DARE Cochrane Library Issue 4, 2008), 

HTA (Cochrane Library Issue 4, 2008), and Medline Ovid (1950 to September 

Week3 2008).  The reference lists of retrieved studies were scanned for relevant ar-

ticles or international guidelines. No systematic search for primary studies was per-

formed. Cost-effectiveness issues were not addressed. 

 

Results 

The search resulted in 154 hits. Numerous international guidelines and screening 

recommendations and other potentially relevant articles and reports were identified 

through the manual search. A total of 53 articles in full text were reviewed against 

specified inclusion-exclusion criteria.  

 

The most commonly used CRC screening tests are the Fecal Occult Blood Test 

(FOBT), flexible sigmoidoscopy, and colonoscopy.  A postive test result for FOBT 

will ususally be followed by colonoscopy. The sensitivity and specificity of the FOBT 
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vary for different brand types (gFOBT and FIT). A systematic review reports the 

pooled estimate of CRC mortality reduction using the gFOBT as a 16% reduction in 

the relative risk of CRC mortality as a consequence of annual or biannual screening. 

There was a 15% relative risk reduction in CRC mortality when only results from bi-

ennial screening programs were included. Attendance rates are diminishing over 

time and the FOBT screening does not seem to affect the incidence of CRC.  

 

The literature identified in this review supports the suitability of flexible sigmoido-

scopy and colonoscopy as a screening tool to detect colorectal abnormalities. Endo-

scopic screening can theoretically prevent development of CRC, but we are still 

awaiting the evidence from well performed controlled studies. Results from com-

pleted randomised trials with sigmoidoscopy will be soon published. A randomized 

controlled trial with colonoscopy screening is planned (NORDCCAP-II/NordICC).

 

Other screening methods, such as virtual colonoscopy or DNA stool testing for  

tumor markers are also under study and the evidence of these methods has not been 

assessed yet. 

 
Conclusions  

 

Several randomized screening trials have demonstrated a reduction in CRC mortal-

ity by repeated FOBT testing annually or biannually followed by colonoscopy for 

participants with positive test results.  

There is so far no solid evidence on CRC mortality reduction for the other primary screen-

ing tests that are available, but this will change with the reporting of findings from 

ongoing trials.  

It seems that colorectal screening has no effect on total mortality reduction. 

Most of the countries that have implemented CRC screening program use stool tests 

(gFOBT or FIT) as the primary screening tests followed by colonoscopy for all par-

ticipants with a positive FOBT.  
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Oppsummering  

Bakgrunn 

Kolorektal kreft (CRC) er den nest hyppigst forekommende krefttypen i Norge, og 

forekomsten er økende både for kvinner og menn. Sykdommen utvikler seg over  

lang tid via godartede forstadier (adenomatøse polypper) til karsinomer i kolon .  

Denne utviklingen av CRC er ofte asymptomatisk. Overlevelsen er sterk avhengig av 

tumorstadiet ved diagnosetidspunktet fordi tidlig oppdagelse og fjerning av adeno-

mer kan forebygge sykdommen. Dette gjør at denne kreftformen er potensielt godt 

egnet for screening og det finnes flere aktuelle screeningsmetoder.   

 

Nasjonalt kunnskapssenter for helsetjenesten fikk i september 2008 en forespørsel 

fra Helsedirektoratet om å utføre en oppsummering av evidensgrunnlaget for popu-

lasjonsscreening for kolorektalkreft. Hensikten var å vurdere effekt av screening på 

mortalitet og insidens av kolorektal kreft samt en vurdering av testegenskaper for 

relevante screeningsmetoder.  Helsedirektoratet har også bestilt en oversikt over 

hvilke tester som anbefales brukt til screening internasjonalt.   

 

Metode 

Følgende elektroniske databaser ble søkt i for relevante systematiske oversikter, me-

taanalyser, HTA rapporter, og annen evidensbasert litteratur om screening av kolo-

rectal kreft: Cochrane Library (Issue 4, 2008): Database of Systematic Reviews 

(CDSR), Database of Abstracts of Reviews of Effects (DARE), Health Technology As-

sesment (HTA), og Medline Ovid (1950 til september, uke3 2008). Vi søkte i refe-

ranselister og i websider for andre relevante artikler og internasjonale retningslinjer 

for screening av kolorektal kreft. Vi gjorde ikke et systematisk søk etter enkeltstudi-

er. Kost-effekt spørsmål er ikke belyst i denne oversikten. 

 

Resultater   

Vi fikk 154 treff. I tillegg identifiserte vi flere internasjonale retningslinjer og scree-

ningsanbefalinger samt potensielt relevante artikler og rapporter via håndsøk. Vi 

vurderte 53 fulltekst artikler i henhold til spesifikke inklusjonskriterier.  

 

Følgende screeningsmetoder for kolorektal kreft er mest brukt: testing av avføring 

for okkult blod (FOBT), deretter endoskopisk screening med fleksibel sigmiodoskopi 

(FS) eller koloskopi.  Alle individer med postivt FOBT må kolonoskoperes for ende-

lig verifisering av diagnosen. Sensitiviteten og spesifisiteten for FOBT varierer med 
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merke og testype (gFOBT eller FIT). FOBT er den eneste screeningsmetoden som 

har vist effekt på dødelighet av kolorektal kreft i store randomiserte studier. En sys-

tematisk oversikt viste en samlet relativ reduksjon på 16 % for dødelighet av kolorek-

talkreft ved bruk av gFOBT-test som screeningsmetode årlig.  

Reduksjon av dødelighet var 15 %  i studier med screening hvert annet år. FOBT tes-

ten hadde ingen effekt på insidens av kolorektal kreft, og det er rapportert svikten-

de oppmøte over tid.  

 

Identifisert forskning viser at sigmoidoskopi og koloskopi egner seg til screening for 

kolorektal kreft. Endoskopisk screening kan teoretisk forebygge kolorektal kreft, 

men vi venter fortsatt på resultater fra gode kontrollerte studier. Data fra store ran-

domiserte studier fra sigmoidoscopiscreening er underveis.  

 

En randomisert kontrollert studie studie med koloskopiscreening er under plan- 

legging, med navnet NORDCCAP-II/NordIcc. Det pågår forskning med andre 

screeningsmetoder som virtuell koloskopi og DNA-markører fra tumor.  

 

Konklusjon 

 

Flere randomiserte screeningstudier har vist en reduksjon i kolorektal dødelighet 

ved gjentatt FOBT årlig eller annet hvert år og etterfulgt av koloskopi for positive 

testresultater.  

Det er så langt ingen solid dokumentasjon for at andre primære screeningsmetoder 

reduserer dødelighet av kolorektal kreft, men dette vil forandre seg når rapporte-

ringen fra pågående studier blir tilgjengelig.  

Det synes at screening for kolorektal kreft påvirket ikke den totale dødeligheten. 

De fleste land som har regionale screenningsprogrammer for kolorektal kreft bruker 

avføringstest (gFOBT eller FIT) som primær screenningsmetode i kombinasjon med 

koloskopi.  
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 9 Preface 

Preface 

This review was requested by the Norwegian Directorate for Health in September 

2008 with a timeframe of about four weeks. The aim of this overview is to present 

summarized results from recent research on the effect of population-based colorec-

tal cancer (CRC) screening on mortality and incidence of CRC and to evaluate the 

accuracy of each method. In addition, we were asked to produce an overview of 

which screening methods are used in other countries.  

The intention of this report is to support well-informed decisions in health care that 

lead to improved quality of the services. The evidence should be considered together 

with other relevant issues, such as clinical experience and patient preference. 

We would like to thank Geir H0ff for sharing his expertise with us in this project.  

The Norwegian Knowledge Centre for the Health Services assumes final responsibil-

ity for the content of this report. 

Oslo, October 2008 

 

Anne Karin Lindahl   Atle Fretheim  Krystyna Hviding  

Director    Research Director Senior advisor, project leader 



 10 Abbrevations 

Abbrevations 

 

ACBE  Air Contrast Barium Enema 

CRC   Colorectal Cancer 

CT   Computed Tomography 

CTC  CT (Computed Tomographic) Colonoscopy or CT Colonography (also 

Virtual Colonoscopy) 

DCBE  Double-Contrast Barium Enema 

FAP   Familial Adenomatous Polyposis 

FIT   Fecal Immunochemical Test (also iFOBT) 

FOBT  Fecal Occult Blood Test 

FS   Flexible Sigmoidoscopy 

gFOBT Guaiac Fecal Occult Blood Test 

HRP   High Risk Polyps 
ICRCSN International Colorectal Cancer Screening Network 

iFOBT Immunochemical Fecal Occult Blood Test  (also FIT) 

LRP   Low Risk Polyps 
MRI   Magnetic Resonance Imaging 

NCI   National Cancer Institute 

NICE  National Institute for Clinical Excellence 

NIH   National Institutes of Health 

NORCCAP Norwegian Colorectal Cancer Prevention Trial 

NPV   Negative Predictive Value 

PLCO  Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (NCI) 

PPV   Positive Predictive Value 

RefMan Reference Manager 

RCT   Randomized controlled trial 

RR   Relative Risk 

SCORE Once-Only Sigmoidoscopy Trial in Italy 

SIGN  Scottish Intercollegiate Guidelines Network 

TC   Total Colonoscopy 

TNM  Tumor Node Metastasis Classification System 

UKFSST UK Flexible Sigmoidoscopy Screening Trial 

USPSTF US Preventive Services Task Force 

WGO  World Gastroenterology Organisation 

WHO  World Health Organization 



 11 Objective 

Objective  

Colorectal cancer (CRC) is highly treatable and has a high cure rate when it is de-

tected in the earliest stages (1;2) with 5-year survival rates ranging from 5% in the 

late stages to 90% when it is diagnosed in the earlier stages. Detecting CRC at an 

early stage is therefore the key issue for screening programmes.   

The aim of this review is to summarize the information concerning the effects of 

various methods for CRC screening. This will be supplemented with information 

about how and where the methods are implemented.  

The following questions are discussed:  

• What is the effect of screening for colorectal cancer on the mortality and 

incidence of colorectal cancer? 

• What is the accuracy of the tests/ methods of screening for colorectal  

      cancer? 

• To what extend other countries have implemented colorectal cancer 

screening and which screening methods were chosen? 
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Background  

The term colorectal cancer (CRC) is used to refer to cancers of the colon and rectum. 

CRC may have no detectable symptoms while it is developing and spreading. By the 

time an individual has noticeable symptoms of CRC, the cancer may have already 

reached an advanced stage of disease.  

 

CRC is highly treatable in its earlier stages, and appropriate screening may help re-

duce the incidence and disease burden of CRC (1-4). The majority of CRCs develop 

from benign adenomatous polyps through the adenoma-carcinoma sequence of 

events. This process is slow and therefore favourable in terms of opportunities for 

intervention and prevention of cancer (5;6). Numerous countries, agencies, and or-

ganizations have developed guidelines for screening programs. However, which 

screening tests to use, which populations and age groups to screen, the frequency of 

testing, and which healthcare practitioners should be responsible for performing 

screening tests are topics that are being debated and researched. The cost-

effectiveness of various screening tests and screening schedules is also under scru-

tiny. 

 

This report concerns screening methods for CRC screening and existing guidelines 

for CRC screening programs. The main focus is average-risk populations. The risks 

and advantages of the various tests will be discussed briefly. Then, a brief overview 

of screening guidelines and recommendations in various countries and which 

screening tests health agencies in those countries are recommending will be pro-

vided. Information about a few ongoing clinical trials will also be presented. 

 

EPIDEMIOLOGY OF COLORECTAL CANCER 

The worldwide incidence of CRC is more than 940,000 a year, and mortality from 

the disease is almost 500,000 a year (4). CRC is the third most common cancer 

worldwide (4;7) and the second most common cancer diagnosis in Norway; it is also 

the third leading cause of cancer-related deaths in Norway. In Norway 3,453 new 

cases were diagnosed in 2006 (1,686 new cases were men and 1,767 new cases were 

women) (Figure 1) (8).  

The lifetime risk of CRC is approximately 5.9% for men and 5.4% for women. The 

risk of CRC increases with age (9) with 90% of diagnoses occurring in people older 
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than 50 (http://seer.cancer.gov/csr). The risk of CRC is also associated with some 

socio-demographic factors and has also been linked to obesity, sedentary lifestyle, 

and smoking (10). Other known risk factors are inflammatory bowel disease, family 

history of CRC, and certain genetic mutations, including familial adenomatous poly-

posis (FAP). 

CRC survival rates vary based on the disease stage at the time of diagnosis. The five-

year survival rate is around 90% for localized disease (cancer has not spread beyond 

the bowel wall), 68% for regional disease (i.e. disease with lymph node involve-

ment), and 5-10% for patients with distant metastasis  (1;2). The overall 5-year 

relative survival rate for colon cancer patients in Norway is 58.2% for women and 

56.7% for men (1997-2001). The 5-year relative survival rate for rectal1 cancer 

patients in Norway is 61.5% for women and 58.7% for men (1997-2001) (8).  

 

Figure 1. Colorectal cancer incidence in Nordic countries (11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

                                                        
1 Rectum, rectosigmoid and anus 
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STAGING OF COLORECTAL CANCER  

The staging of CRC uses the same Tumor Node Metastasis (TNM) classification sys-

tem that is used with other cancer types (12). There are five (0-4) CRC stages (12). 

CRC may also be staged using the Dukes classification system (13).  

Table 1. Colorectal cancer stages 

Colorectal  
cancer stage 

Description of different stages 

Stage 0 This is the earliest stage possible and is also called carcinoma in situ. 
“Carcinoma” refers to cancer that starts in epithelial tissue and “in situ” 
means original position or place. Colorectal cancer is considered stage 0 
when it hasn’t moved from where it started; it’s still restricted to the in-
nermost lining of the colon. 

Stage 1 In this stage, cancer has extended beyond the innermost layer of the colon 
into the middle layers of the colon. Stage 1 correlates to Dukes A colorectal 
cancer. 

Stage 2 This correlates to Dukes B colorectal cancer. Colorectal cancer is consid-
ered stage 2 after it moves beyond the middle layers of the colon. Some-
times colorectal cancer is still considered stage 2 after it has extended into 
nearby organs. 

Stage 3 If colorectal cancer is found in the lymph nodes, it has reached stage 3 
(which correlates to Dukes C colorectal cancer). The subsections (IIIA, 
IIIB, and IIIC) tell you how many lymph nodes are involved. 

Stage 4 Also referred to as Dukes D colorectal cancer, stage 4 is the most advanced 
colorectal cancer stage. In general, stage 4 colorectal cancer may have 
spread to nearby lymph nodes and has spread to other parts of the body. 
Common destinations include the liver and the lungs. 

 

 

 

METHODS FOR COLORECTAL CANCER SCREENING 

There are several CRC screening tests in use and under development. Different tests 

may vary in regard to preparatory measures and in their abilities to detect abnor-

malities; they may also pose different risks to the patient.  

Stool tests 

Fecal Occult Blood Test (FOBT)  

FOBT is a relatively simple test that is widely used (1;14-20). The FOBT involves 

testing a stool sample for occult, or hidden, blood (21). There are two major types of 

FOBTs in use: the guaiac FOBT (gFOBT) and the Fecal Immunochemical Test (FIT 

or iFOBT) (21). Guaiac FOBTs detect the pseudoperoxidase activity of heme in he-

moglobin while FITs detect the globin part of the human hemoglobin molecule and 
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should therefore be more specific in regard to the detection of lower gastrointestinal 

bleeding (9).  

gFOBTs require special dietary restrictions for three to seven days prior to testing; 

this may include the avoidance of meat, aspirin, some vegetables, Vitamin C, and 

other foods or medications (9;21). The drying of the sample for the gFOBT may af-

fect the sensitivity of the test; the sample is sometimes rehydrated to increase sensi-

tivity. This technique, however, reduces the specificity of the test (9;10). 

FITs do not require dietary modifications prior to the collection of a sample, which 

may increase patient compliance and adherence as well as reduce the false positive 

rate (9;10). Numerous commercial solutions are available, and different brands may 

require different collection and testing procedures.  

In general, screening using FOBTs involves collecting and testing more than one 

sample. A positive result or series of FOBT results requires follow-up examination 

with another test, such as a flexible sigmoidoscopy or colonoscopy. Studies have 

found varying rates of sensitivity and specificity for the different types and brands of 

FOBTs (22). 

 

Testing for molecular markers in stool 

Molecular markers (genetic (DNA) or epigenetic) stool testing is being studied for its 

usefulness in identifying CRCs. As the lining of the colon sheds, the cells that are 

shed appear in the stool. This shedding occurs continuously as opposed to the shed-

ding of blood, which is intermittent. Stool tests for molecular markers try to detect 

genetic and epigenetic changes in these cells due to the presence of CRC or precan-

cerous polyps. This type of test is still under development (2;23). 

 

Endoscopy 

Polyps can be seen and removed during endoscopic examination of the bowel; 90% 

of adenomas can be seen and removed during colonoscopy and about 70% can be 

removed during flexible sigmoidoscopy, which is a quicker and generally less diffi-

cult procedure and therefore more appropriate for people who are not at especially 

high risk of CRC (24).
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Figure 2.  Extent of Flexible Sigmoidoscopy and Colonoscopy Examina-

tions (Image from NICE 2004 - (24)) 

 

 

Flexible Sigmoidoscopy 

In a flexible sigmoidoscopy, the rectum and the lower part of the colon, the sigmoid 

colon, are usually examined using a thin, flexible, lighted tube with about a ½ inch 

diameter called a sigmoidoscope (1).  The sigmoidoscope is inserted into the body 

via the rectum (1). The sigmoidoscope includes a camera lens, so polyps or other ab-

normal growths, such as tumors, in the rectum or lower part of the colon may be 

seen during the examination. Due to the limited extent of the examination, abnor-

malities in the upper part of the colon can not be detected using this test. Mandel 

(2005) reported that approximately 50% of lesions may be missed by flexible sig-

moidoscopy (2). 

There are risks associated with sigmoidoscopy, such as perforation or other compli-

cations. Prior to the procedure, patients must perform some type of preparation, 

such as an enema (1) or drinking magnesium citrate, to help clear the bowel. A seda-

tive may or may not be used during the procedure. Several studies have shown that 

the background, training, and experience of the person performing the sigmoido-

scopy or colonoscopy will play a role in the value of sigmoidoscopy or colonoscopy in 

detecting colorectal disease (1;25;26).  

Flexible sigmoidoscopy allows biopsy, which is the removal of tissue samples, and 

the removal of polyps during the procedure (1). A colonoscopy may be required if 

abnormalities are detected during the sigmoidoscopy. 
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Colonoscopy 

Colonoscopy allows examination of the entire length of the colon as well as the rec-

tum using a colonoscope, a thin, lighted, flexible tube-shaped scope with a camera 

lens (1). Colonoscopy may require more extensive bowel preparation than flexible 

sigmoidoscopy. Patients may need to be on a liquid diet for a day or more prior to 

the procedure and also drink solutions, such as “oral lavage solutions,” to ensure 

that the bowel is clean prior to the examination (1). Some form of sedative is often 

used for the colonoscopy examination, but this practice varies internationally 

(1;27;28;29). There is a risk of complications, such as bowel perforation, and side 

effects or other reactions related to the medication used are also possible. In general, 

serious complications are more common in colonoscopy than in sigmoidoscopy (10). 

Colonoscopy ideally allows the visualization of the entire colon and rectum, so pol-

yps and other abnormalities that can not be visualized during the flexible sigmoido-

scopy may be seen during a colonoscopy.  Polyps may be removed and biopsies 

taken during the procedure. Some techniques, such as chromoscopy (or dye spray-

ing), are used to increase the ability of colonoscopy to detect colorectal disease or 

abnormalities (25). As with flexible sigmoidoscopy, the training and experience of 

the person performing the colonoscopy will play a role in the value of the procedure 

for detecting colorectal disease. In some countries (UK, USA) nurses have been 

trained to perform both diagnostic and therapeutic colonoscopies. 

 

Imaging technologies 

Imaging technologies such as double-contrast barium enema (DCBE) and CT 

colonography (virtual colonoscopy), are currently being evaluated as alternatives for 

CRC screening.  DCBE and CT colonography do not allow the healthcare provider to 

biopsy the bowel or remove polyps during the procedure. Therefore, any polyps or 

other abnormalities that are detected require further follow-up by flexible sigmoido-

scopy or colonoscopy. 

Double-contrast barium enema (DCBE) 

A double-contrast barium enema (DCBE) (or air contrast barium enema) involves 

taking x-rays of the entire colon and rectum after the patient has had a barium en-

ema. The barium is drained and then air is injected into the colon (30). X-rays are 

then taken of the colon and rectum. An instrument called a fluoroscope may also be 

used to assist in visualizing the colon. Bowel preparation is needed prior to DCBE. 

Sedation is not needed. It is possible to view abnormalities, such as polyps or can-

cerous growths, using this procedure. Biopsies and polyp removal are not possible 

during a DCBE. Therefore, if abnormalities are detected or suspected, further ex-

amination, such as a colonoscopy, is needed. A single-contrast barium enema study 

in which the colon is filled only with a barium enema and not with air and in which 

larger abnormalities can be identified is also possible (31). Bowel preparation is also 
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necessary prior to a single-contrast study. Perforation of the bowel may occur during 

a barium enema examination. 

CT colonography (Virtual colonoscopy) 

CT (computed tomographic) colonography is a scanning technology that permits a 

minimally invasive evaluation of the entire colon. During a CT colonography, ap-

proximately 2 liters of room air or carbon dioxide are introduced into the colon via a 

small tube inserted into the rectum. Then, CT scanners are used to generate two- 

and three-dimensional computer images of the colon (21;26). These images may re-

veal polyps, cancerous growths, or other abnormalities in the colon. CT colonogra-

phy can not detect flat lesions. Polyps smaller than 10 mm may not be visualized us-

ing virtual colonoscopy (2;21). Sedatives are not required for virtual colonoscopy.  

However, complete bowel preparation is generally used. Oral barium or iodine con-

trast can be used to “tag” fecal matter so that it can be “digitally subtracted from the 

image on the computer” (21;32). Bowel perforation is a risk of CT colonoscopy. It is 

not possible to remove polyps or perform biopsies during a virtual colonoscopy (32).  

 

The equipment used and the experience and training of the examiner play an impor-

tant role in how well CT colonography performs as a screening tool. To reduce the 

risks of exposure to radiation, virtual colonoscopy can also be performed using mag-

netic resonance imaging (MRI) instead of computed tomography (21;33).  

 

 

CRITERIA FOR SCREENING ASSESSMENT 

In 1968, the World Health Organization proposed principles of screening, which 

continue to inform screening policy decisions today. The following criteria for 

screening have been adopted by the WHO and many other countries worldwide (34).  

The condition sought should be an important health problem for the individual 

and community.  

There should be an accepted treatment or useful intervention for patients with 

the disease.  

The natural history of the disease should be adequately understood.  

There should be a latent or early symptomatic stage. 

There should be a suitable and acceptable screening test or examination. 

Facilities for diagnosis and treatment should be available.  

There should be an agreed policy on whom to treat as patients.  

Treatment started at an early stage should be of more benefit than treatment 

started later.  

The cost should be economically balanced in relation to possible expenditure on 

medical care as a whole.  

Case finding should be a continuing process and not a once and for all project.  
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Since 1968, modifications of the original principles have been proposed in response 

to contemporary screening issues and general health care developments. In 1998 the 

United Kingdom National Screening Committee (UKNSC) developed national crite-

ria for appraising the viability, effectiveness, and appropriateness of a screening 

program (35). Ideally, all the following criteria should be met before screening for a 

condition is initiated: 

Screening Criteria set by the UK National Screening Committee 

(www.nsc.nhs.uk) 

The Condition 
• The condition should be an important health problem.  

• The epidemiology and natural history of the condition, including development 

from latent to declared disease, should be adequately understood and there 

should be a detectable risk factor, disease marker, latent period or early symp-

tomatic stage.  

• All the cost-effective primary prevention interventions should have been imple-

mented as far as practicable.  

 

The Test 

• There should be a simple, safe, precise and validated screening test.  
• The distribution of test values in the target population should be known and a 

suitable cut-off level defined and agreed.  
• The test should be acceptable to the population.  
• There should be an agreed policy on the further diagnostic investigation of indi-

viduals with a positive test result and on the choices available to those individu-
als.  

 
The Treatment 
• There should be an effective treatment or intervention for patients identified 

through early detection with evidence of early treatment leading to better out-
comes than late treatment (nsc/criteria/24/3/03 2). 

• There should be agreed evidence-based policies covering which individuals 
should be offered treatment and the appropriate treatment to be offered.  

• Clinical management of the condition and patient outcomes should be optimised 
in all health care providers prior to participation in a screening programme. 

 
The Screening programme 

• There should be evidence from high quality Randomised Controlled Trials that 
the screening programme is effective in reducing mortality or morbidity.  

• There should be evidence that the complete screening programme (test, diagnos-
tic procedures, treatment/ intervention) is clinically, socially and ethically ac-
ceptable to health professionals and the public.  
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• The benefit from the screening programme should outweigh the physical and 
psychological harm (caused by the test, diagnostic procedures, and treatment)  

• The opportunity cost of the screening programme (including testing, diagnosis 
and treatment, administration, training, and quality assurance) should be eco-
nomically balanced in relation to expenditure on medical care as a whole (ie. 
value for money).  

• There should be a plan for managing and monitoring the screening programme 
and an agreed set of quality assurance standards.  

• Adequate staffing and facilities for testing, diagnosis, treatment and programme 
management should be available prior to the commencement of the screening 
programme.  

• Evidence-based information, explaining the consequences of testing, investiga-
tion, and treatment, should be made available to potential participants to assist 
them in making an informed choice.  

• Public pressure for widening the eligibility criteria for reducing the screening in-
terval, and for increasing the sensitivity of the testing process, should be antici-
pated. Decisions about these parameters should be scientifically justifiable to the 
public.  
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Method 

We conducted this review to support the Norwegian Directorate for Health in updat-

ing screening recommendations for CRC screening in the average-risk population. 

 

LITERATURE SEARCH 

We initially searched for systematic reviews, meta-analyses, HTA reports, and other 

evidence-based literature and guidelines for CRC screening. We adapted a search 

strategy from a recent Cochrane systematic review of stool screening for CRC (36). 

The scope of this search was expanded to include other methods: flexible sigmoido-

scopy and colonoscopy. The search strategy was developed in close cooperation with 

our librarian (Marit Johansen). 

The following electronic databases were searched for relevant studies: 

• Cochrane Database of Systematic Reviews (CDSR Issue 3 2008) 

• Database of Abstracts of Reviews of Effects (DARE Cochrane Library Issue 4, 

2008) 

• HTA (Cochrane Library Issue 4, 2008) 

• Medline Ovid (1950 to September Week3 2008) 

 

We scanned the reference lists of retrieved studies for relevant articles or interna-

tional guidelines, and we contacted experts from the field. The literature search was 

limited to systematic reviews and meta-analyses. We did not search systematically 

for primary studies. The search strategy is found in Attachment 1. 

 

We did not identify systematic reviews or meta-analyses on the effects of flexible 

sigmoidoscopy on CRC incidence or mortality. Therefore we decided to report on the 

results from the randomized controlled trials of sigmoidoscopy that were listed in a 

recent overview of screening recommendations (4). We did not perform a systematic 

search for other primary studies of flexible sigmoidoscopy for CRC screening. 

 

To create an overview of screening guidelines and recommendations, we also 

searched the National Guideline Clearinghouse and National Institute for Clinical 

Excellence websites for relevant reports.  
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INCLUSION CRITERIA 

Population:  men and women age 50 or older from general (unselected) popula-

tions. 

Intervention: screening methods for colorectal cancer. 

Primary methods: FOBT, FIT, flexible sigmoidoscopy, or colonoscopy. 

Secondary methods: CT colonoscopy, double-contrast barium enema, or DNA stool 

testing. 

Control: no screening/ usual care or any of the listed screening methods  

Outcomes:  

 Primary: mortality and incidence of CRC  

Secondary: accuracy of the method (sensitivity, specificity, positive predictive 

value, or negative predictive value), harms, and compliance 

 Other: cost-effectiveness, harms 

Languages: Scandinavian languages and English  

 

EXCLUSION CRITERIA  

Population: populations with known risk for development of colorectal                          

cancer 

Interventions: tests for high-risk population (genetic tests)  

SELECTION OF STUDIES 

The assessments of all relevant studies were conducted independently by two sepa-

rate reviewers (KHV, LKJ). Disagreements were discussed in the group until we 

reached an agreement on whether to include the study.  We did not exclude articles 

on the basis of quality criteria since we did not conduct quality assessments system-

atically.  

 

DATA EXTRACTION 

Data extraction was done independently by the reviewers (KHV, LKH, DJV) with a 

cross-verification of data by another reviewer.  

 

DATA SYNTHESIS 

We reported our findings for each question and for each screening method qualita-

tively. We did not perform quantitative synthesis for any results. 
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Results  

IDENTIFIED LITERATURE 

We identified numerous international guidelines and screening recommendations. 

We identified 154 abstracts from literature searches and 80 additional potentially 

relevant articles and reports from reference lists and website searches. A total of 53 

articles in full text were reviewed against specified inclusion-exclusion criteria.  

Table 2.  Search 

Database Date Hits Comment 

CDSR Issue 3 

2008 

17.09.08 12  

DARE (Clib) 

Issue 3 2008 

17.09.08 29  

HTA (Clib) Is-

sue 3 2008 

17.09.08 38  

Medline Ovid 

1950 to Sep-

tember Week 3 

2008 

25.09.08 90 Ovid’s Specificity-filter for reviews 

Manual search 

& website 

 80 Not a systematic search 

 

We have identified different categories of publications, such as systematic reviews, 

meta-analyses, guidelines, and even primary studies. We included some primary 

studies in cases in which they were a supplement to information already summa-

rized in the included systematic reviews. Identified guidelines were mostly used as 

verification and an update of existing systematic review articles about implementa-

tion of CRC screening in different countries. The category and number of publica-

tions included are specified in the table (Table 3).  
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Table 3.  Included publication (numbers and category). 

HTA re-

ports 

Systematic 

reviews and 

Meta-

analysis 

Reviews of 

current 

practice 

Guidelines of current  

practice 

Primary 

studies 

5 HTA re-

ports  

Ref: (10;37-

40) 

10 SR  

 

Ref: 

(22;36;41-48) 

6 reviews  

 

Ref: 

(2;4;49-52) 

10 guidelines 

  

Ref: 

(1;3;14;15;20;21; 

24;53-56) 

14 primary 

studies  

Ref:  

(26;57-69) 

 

 

SUMMARY OF THE INCLUDED SCREENING METHODS 

Table 4.  Characteristics of CRC screening methods. 

Screening Test   Purpose    Considerations Evidence for  
recommendations  
 

FOBT (Fecal Oc-
cult Blood Test) 
– Guaiac 
(gFOBT) – Yearly 
or Every 2 years  

Detects blood 
(“heme” in he-
moglobin) in stool 
sample. 

No bowel preparation needed. 
Requires dietary and drug restric-
tions for 3 to 7 days prior to test – 
avoidance of red meat, some 
vegetables, Vitamin C, iron, and 
aspirin. False negative and false 
positive results are possible. May 
not detect most polyps and some 
cancers.  

Systematic reviews based 
on four RCTs  with follow-
up time up to 18 yrs. (70) 
Concluding that annual and 
biennial FOBT reduces 
mortality rates by 15-16%. 
Not significant effect on 
incidence. 

FIT or iFOBT 
(Fecal Immuno-
chemical Test) –
yearly or every 2 
years 

Detects blood 
(“globin” in he-
moglobin) in stool 
sample. 

No bowel preparation needed. No 
dietary or drug restrictions. False 
negative and false positive results 
are possible. May not detect most 
advanced polyps and some can-
cers. More specific than Guaiac 
FOBT (gFOBT) for lower GI 
bleeding. 

No summarized evidence 
reported on the effect on 
mortality or incidence. A 
single RCT with nearly  
200,000 participants re-
ported 32% reduction in 
mortality from rectal cancer 
(71). Not significant effect 
on incidence. 

Flexible Sigmoi-
doscopy –Every 
5 years 

Allows examina-
tion of rectum 
and lower part of 
the colon. Some-
times allows bi-
opsies. 

Requires some bowel preparation. 
Sedation may or may not be 
used. Risk of perforation and in-
fection. Does not allow examina-
tion of the entire colon so cancers 
and polyps in the unexamined 
portion of the colon will be 
missed. 

No summarized evidence. 
Baseline findings from 4 
RCTs on FS screening 
showed CRC incidence in 
addition to safety and ac-
ceptance. 

Combination: 
FOBT and Flexi-

Increase prob-
ability of detect-

See above. No summarized evidence 
reported on mortality or 
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ble Sigmoido-
scopy 

ing cancers and 
polyps. 

incidence.  

Colonoscopy –
Every 10 years 

Allows examina-
tion of rectum 
and entire colon. 
Allows biopsies 
and removal of 
polyps. 

Requires complete bowel prepa-
ration. Sedation may or may not 
be used. Risk of perforation and 
infection.  May not identify all 
small polyps and cancers. 

Lack of RCTs.  
Metaanalysis of 10 prospec-
tive cohort studies indicated 
that colonoscopy may re-
duce CRC incidence. Some 
indirect evidence that 
screening colonoscopy re-
duces mortality is published 
in National Polyp Study(69).  

Virtual Colono-
scopy (CT 
Colonography or 
MRI) –Every 5 
years 

CT or MRI tech-
nology allows 
computer visuali-
zation of entire 
colon and rec-
tum. 

Requires complete bowel prepa-
ration. Some risk of perforation. 
False positive results are possi-
ble. May not identify polyps and 
cancers smaller than 10 mm in 
diameter. In CT colonography, the 
patient is exposed to radiation. 

No summarized evidence 
for effectiveness in aver-
age-risk population. Several 
meta-analysis reporting 
pooled results from random-
ised studies in high risk 
population. 

 

 

EFFECTIVENESS AND ACCURACY OF SCREENING TESTS 

Stool testing 

We report summarized evidence for the effectiveness and accuracy of FOBT and FIT 

from four systematic reviews that we identified (1;10;38;70). One review was limited 

to gFOBT studies (70), but the others included studies with either gFOBT or FIT. 

The reviews addressed the impact of stool screening tests on CRC mortality and CRC 

incidence and stage at diagnosis. Only one review reported mortality data for FIT 

(38). All reviewers reported accuracy of the included stool tests. 

 

Fecal Occult Blood Test (FOBT) 

Mortality 

Whether screening for CRC using FOBT screening tests reduces mortality due to 

CRC was addressed in one of the systematic reviews we identified (36). Other bene-

fits, harms, and potential consequences of screening were also included. The review 

was restricted to trials that utilized repeat invitations to CRC screening. Four ran-

domized controlled trials with more then 327,000 patients were included in the re-

view. The participants were both men and women aged 45- 80 years from the fol-

lowing countries: Denmark (Funen); Sweden (Gøteborg); United States (Minne-

sota); and the United Kingdom (Nottingham). The FOBT (Hemoccult or Hemoccult 

II) was performed either annually (one trial) or biennially (all four trials). The con-

trol group was not invited to attend a screening program. The patients were followed 

for 11 to 18 years. The number of potential screening rounds ranged from 2 to 11. 

The non-compliance rates for the trials were from 33% to 46% for the first screening 
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and from 22% to 40% for at least one round of screening. Mortality analyses were 

done by intention to treat. Only one out of the four studies included in the review 

clearly stated that they had included deaths from the complications of treatment for 

CRC in their CRC mortality analyses (Funen).  

 

Long-term follow-up of biennial FOBT screening indicated that CRC mortality was 

reduced by between 13% and 21% after 8-13 years of screening in two of the trials 

while no mortality reduction appeared until after 15 to 18 years of screening in the 

other two trials (10;38;70). The pooled estimate of CRC mortality reduction in all 

four FOBT trials at the last follow-up was a 16% reduction in the relative risk of CRC 

mortality (RR 0.84, 95% CI 0.78-0.90). There was a 15% RR reduction in CRC mor-

tality when only results from biennial screening programmes were included. Com-

pliance with screening varied from 60% to 78% in three trials. When the analyses 

included only persons who attended at least one round of screening, the results 

showed a 25% RR reduction (RR 0.75, 95% CI 0.66-0.84). 

All-cause mortality 

Pooled results showed that there was no difference between intervention and control 

groups for all-cause mortality (RR 1.00, 95% CI 0.99-1.02) or for all-cause mortality 

excluding CRC (RR 1.01, 95% CI 1.00-1.03). 

FOBT incidence and identified stage of CRC 

More early stage CRCs (Dukes A) were detected in the FOBT screening groups in 

comparison to the control groups, which had more late-stage CRCs (Dukes C or D) 

across all included trials. Three trials reported the proportion of cancers that were 

screen-detected to be between 23% and 46% for Dukes A (36).  Incidence was un-

changed. (70). Table 5 shows the results for mortality reduction and incidence rate 

of CRC cases in each individual study in the systematic review. 

Table 5. Incidence ratio for CRC mortality and mortality reduction in each of 
the primary studies included in the Cochrane review (36;61) 

Strategies for 
colorectal cancer 
screening: 
FOBT or FIT 

CRC mortality reduction Incidence Rate of  
CRC Cases 

 
Screening group 
(py= person years)        

 
 
 

Control group 
(py= person years)      

Minnesota (A) 
 
Minnesota (B) 
(18 yr follow-up) 
 
 
Nottingham (B) 
(11 yr follow-up) 
 
 
Funen (A) 
 

33% 
(RR 0.67,95% CI 0.51-0.83) 

21% 
 (RR 0.79, 95% CI 0.62-0.97) 

 
13%  

(RR 0.87, 95% CI 0.78-0.97) 
 

16%  
(RR 0.84, 95% CI 0.73-0.96) 

 

 
32-33/1000 

 
 
 
 

1.51/ 1000 
 
 
 

2,06/1000 

 
39/1000 

 
 
 
 

1,53/1000 
 
 
 

2.02/1000 
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Funen (B) 
(17 yr follow-up) 
 
 
Gøteborg (B) 
(9 yr follow-up) 
 
 
Pooled results 
(36) 

11% (RR 0.89, 95% CI 0.78-
1.01) 

 
16% 

(RR 0.84, 95% CI 0.71-0.99) 
 

16% 
(RR 0.84, 95% CI 0.78-0.90 

 
 
 

1.53/1000 
 
 
 

Not reported 
 

 
 
 

1,60/1000 
 
 
 

Not reported 

A=Annual, B=Biennial 

FOBT accuracy 

The sensitivity of the FOBT (Hemoccult) was defined as the proportion of all CRCs 

detected during screening (all screen-detected cancers and interval- cancers within 1 

or 2 years of screening). Sensitivity varied from 55% to 57% for non-rehydrated 

slides and from 82% to 92% for the rehydrated slides (36). The positive predictive 

value (PPV) of the Hemoccult test for CRC in these studies varied from 0.9% to 6.1% 

(Minnesota) for rehydrated slides and from 5.2% to 18.1% for non-rehydrated slides 

(36). This means that 80% to 99% of the positive tests were false positives. Reported 

results from the same systematic review showed low test positivity rate (0.8% to 3.8 

%) and higher positive predictive value for CRC (5% to 18.7%) for not rehydrated 

Hemoccult slides. In comparison, the test positivity rate for rehydrated slides was 

1.7% to 15.4 % and the positive predictive value lower at 0.9% to 6.1%. 

Attendance  

Hewitson et al. reported that the percentage of participants in the screening group 

who completed at least one round of screening ranged from 60% to 78% (36). Com-

pliance with screening was higher for the Minnesota trial than for the European tri-

als (36).  

 

Fecal immunochemical test (FIT) 

Mortality 

We identified only one systematic review which included studies of the effectiveness 

of FITs. The reviewers identified one randomized controlled trial (cluster randomi-

zation) with nearly 200,000 participants from China and a follow-up period of 8 

years (71). The only statistically significant result was a 32% reduction in CRC mor-

tality (RR, 0.68, 95% CI 0.54 to 0.87) in the screening group compared to the con-

trol group. Incidence of CRC was not significantly reduced (RR, 0.98, 95% CI 0.86 

to 1.13). (71) 

Accuracy 

The sensitivity of FIT ranged from 82% to 94% across studies, and the specificity 

was 87% when testing was performed on patients who were examined by colono-

scopy or flexible sigmoidoscopy ((1;10;71). Whitlock et al. reported the results from 
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several studies in which the sensitivity and specificity of gFOBT and FIT were com-

pared. Significant differences were found between the two test methods (10). Four 

FIT tests (Magstream/HemeSelect; FlexSureOBT/Hemoccult ICT; OC-Hemodia; 

Monohaem) had higher sensitivity (61% to 91%) for CRC than estimates for nonre-

hydrated Hemoccult II (25 to 38%) (10). 

 

Attendance 

The participation rate in the study was 66% (one-off screen). All FIT-positive par-

ticipants underwent flexible sigmoidoscopy (71). 

Complications of FOBT or FIT 

Evidence about the harms or negative effects of fecal tests is lacking. There is no di-

rect harm connected to the method, but the relatively high proportion of false posi-

tives may cause further unnecessary investigations, which might be harmful.  Also, 

there is possible harm from the psychological stress and uncertainty that might be 

associated with a positive test result.  

 

Endoscopy 

Flexible Sigmoidoscopy (FS) 

Two systematic review on FS was found, one was excluded because it did not report 

on the incidence or mortality of CRC (44). We used the recent health technology as-

sessments report from the US Agency for Healthcare Research and Quality (ARHQ)  

for outcomes on the accuracy and complication rates for screening with FS (10).  For 

mortality and incidence outcomes we decided to describe the baseline results from 

large primary studies on FS screening as reported in a review aimed at identifying 

recent screening initiatives (4).  

Four large-scale, community-based randomized clinical trials are underway that 

evaluate FS as a screening tool. Initial results have been published from these trials, 

but follow-up data (e.g. mortality data) have not yet been published. All four studies 

are large multi-center studies, one from Norway (NORCCAP) 2 (59), one from the 

UK (UKFSST) 3 (57), one from Italy (SCORE) 4 (64), and one from the USA (PLCO)5 

(68). The European studies integrate biopsy into the sigmoidoscopy screening pro-

cedure and conduct colonoscopy according to prespecified criteria while the Ameri-

can PLCO study does not. The Norwegian study NORCCAP (59) includes a compari-

son between once-only FS and FS plus FOBT. The PLCO study is evaluating the ef-

fectiveness of repeated cancer screening tests (including FS screening every 3-5 

years) on site-specific cancer mortality while the three other studies are offering 

                                                        
2 Norwegian Colorectal Cancer Prevention Trial 
3 UK Flexible Sigmoidoscopy screening Trial 
4 Once-only Sigmoidoscopy Trial in Italy 
5 Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial 
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one-time FS screening. All four are well-designed studies and are expected to pro-

vide reliable evidence concerning health outcomes following FS screening (Table 6). 

Table 6: Characteristics of Flexible Sigmoidoscopy trials  

Sigmoidoscopy 
trials 

No. assigned to 
screened group 
(no. screened) 

& Ages screened 

% with detected CRC 
Stage  

Adenoma 

Complications 
(perforations, 

bleeding) 

UKFSST (57) 
 
UK 
 
(14 centers) 

57 254 
(40 674) 

 
55-64 yrs 

0.34% of those screened,  
 

Dukes stage A and Dukes stage 
B findings: 74% 

 
Adenoma (distal): 12% 

1 perforation 
(4 perforations after 

colonoscopy follow-up) 
 

12 bleeding incidents 

PLCO (68) 
 
USA 
 
(10 centers) 

77 465 
(64 658) 

 
55-74 yrs 

0.29% of those screened,  
 

Stage I and Stage II findings : 
77% 

 
Adenoma (distal): 7.2% 

N/A 

SCORE (64) 
 
Italy 
 
(6 centers) 

17 148 
(9 911) 

 
55-64 yrs 

0.54% of those screened,  
 

Dukes stage A findings: 54% 
 

Adenoma (distal): 10.8% 

1 perforation 
(1 perforation after 

colonoscopy follow up) 
 

1 hemorrhage 

NORCCAP (59) a 
 
Norway 
 
(Oslo/Telemark) 

20 003 
(12 960) 

 
50-64yrs 

0.32% of those screened,  
 

Dukes stage A and Dukes stage 
B findings:N/A   

 
Adenoma (any): 17% 

No serious 
complications, 

0.2% minor 
complications (mostly 
vasovagal reactions) 

a NORCCAP compared once-only FS in one half of the intervention and FS plus FOBT testing in the 
other half of the intervention. N/A not available 
 

CRC mortality  

No large-scale RCTs have been completed that provide data on the impact of FS-

screening on mortality. In two case-control studies, flexible sigmoidoscopy was as-

sociated with a 60-80% reduction in CRC mortality for the area of the colon within 

its reach, and this protective effect appeared to persist for 10 years (62;72).  

Three of the ongoing trials are expected to report mortality data later this year, at 

the earliest. The PLCO trial will not report mortality data until 2010-2012 (68).  

Incidence and identification of stages of CRC 

Cancer and adenoma yields varied across studies (Table 6). We have not pooled 

data across the studies. The results from each study are summarized in Table 6.  
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Cancer yields were relative high in Italy, 0.54%, while in other trials the cancer yield 

was between 0.29% and 0.34%. Most of the cancers were Stage I and II (Dukes A 

and B). For adenomas, yields were relative high in Norway (17%, including all ade-

nomas) compared to the other trials where adenoma yields were lower than in the 

Norwegian study (between 7.2% and 12%, including distal adenomas).  

One small randomized clinical trial of FS screening in Oslo/Telemark (TPS-1; Tele-

mark Polyp studie – 1) reported an 80% reduction in CRC incidence rates with a 13-

year follow-up (67). However, the number of patients and CRC events in this study is 

were small. More information on CRC incidence will appear when the results from 

the four RCTs become available (Table 6). In one study the detection of advanced 

neoplasia by FS alone was about 70%, but the detection rate increased to 76% with 

the addition of FOBT due to the identification of proximal lesions (73).  

Accuracy of FS 

According to the recent HTA report from AHRQ, the estimated sensitivity of flexible 

sigmoidoscopy, with and without biopsy, for advanced neoplasia throughout the co-

lon ranges from 72% to 86% with possibly lower (but less precise) estimates for CRC 

throughout the whole colon (58% to 75%) (10). The imperfect sensitivity of flexible 

sigmoidoscopy is recognized and may be the result of many factors, including lim-

ited examination of the colon, variable performance by examiners, lack of standard-

ized protocols for colonoscopic referral, and differing risks for advanced proximal 

neoplasia among patients (10). Studies comparing flexible sigmoidoscopy to colono-

scopy have found that the shorter exam is 60% to 70% sensitive for CRC and ad-

vanced adenomas in comparison to the complete exam, colonoscopy. The sensitivity 

of FS in detecting advanced neoplasia is reported to be 35-70% by a recent guideline 

(20). This screening method does, however, miss some proximal lesions in individu-

als who have no index distal lesions to warrant colonoscopy. Results vary according 

to several factors, including gender and ethnicity (49). Determining whether the 

sensitivity of FS protocols differs is an important issue. When the results from the 

ongoing trials become available, it will be important to review this issue (10).  

Complications of FS screening 

Baseline and procedural data from all four trials suggest that screening with flexible 

sigmoidoscopy is safe (no major complications and relatively few perforations) 

(57;59;63;64;68).  

The recently published HTA from AHRQ (10) reported on harm from FS. Serious 

complications from FS in average-risk populations (pooling of 6 studies, n=126,985) 

is 3.4 per 10,000 procedures (95 percent CI 0.61 to 19 per 10,000 procedures), and    

are much less common than in colonoscopy (10). Serious complications include perfora-

tion, hemorrhage, diverticulitis, cardiovascular events, severe abdominal pain, and 

death (10). 
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Attendance 
Participants’ attendance rate differs between the FS studies. The Italian SCORE 

study had the lowest compliance with 58% and the US study PLCO had the highest 

compliance with 83%.  

 

Total colonoscopy 

There have been no large population-based RCTs examining the effectiveness of 

colonoscopy in reducing mortality from CRC when colonoscopy is used as the pri-

mary screening tool for this disease (1;10). We identified one HTA report and one 

systematic review  in our search on primary screening of CRC with colonoscopy 

(10;47). ARHQ’s HTA reported on the accuracy and complication rates of screening 

with TS (10).  Niv et al (47) reported on incidence and complication rates.  

Niv et al (47) performed a meta-analysis of 10 prospective cohort studies using 

colonoscopy for screening average-risk populations for CRC; these studies had a to-

tal of 68,324 patients. A weakness of this study is that at least 4 of the included stud-

ies had heterogenous populations including both high- and average-risk partici-

pants. A separate calculation on only average-risk participants was not performed 

because the data were uniformly presented in the primary studies (47). Five of the 

studies were from the USA, one was from Taiwan, and one was done in both the 

USA and Taiwan. Other studies were from Spain, Israel, and Poland. The number of 

participants varied from 627 to  50,148 (47). The pooled results from the meta-

analysis are presented in Table 7. 

 

Table 7. Meta-analysis of prospective cohort studies using total colono-

scopy for screening CRC (47). 

Strategies for 
colorectal cancer 
screening 

Detection of Colorectal cancer Complications – perforations and 
bleedings 

Colonoscopy (pooled 
analysis of 10 studies) 
(47) 
 

0.78% (CI 0.13-2.97%) 
 

Stage I and Stage II findings: 
77% 

 
Advanced adenoma: 5% 

(CI 4-6%) 

Perforations: 0.01% (CI 0.006-0.02%) 
 

Bleeding incidents: 0.05% (CI 0.02-
0.09%) 

 

CRC mortality  

We found no reliable data on the effect of colonoscopy screening on mortality.  

Accuracy of total colonoscopy 

Colonoscopy is generally considered the reference standard for investigation of the 

large bowel and holds an established place in the diagnosis and treatment of CRC. 
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The meta-analysis from Niv et al. (47) did not report on the accuracy of total colono-

scopy .  

Incidence and identification of stages of CRC 

CRC was found in 0.78% of the participants (47). Stage I and II together were found 

in 77% of the cancers diagnosed. At least one adenoma was found in 19% of patients 

(95% CI 15-23%) and advanced adenoma in 5% (95% CI 4-6%). For further in-

formation on incidence, the Na-tional Polyp Study reported a reduction in the 

incidence of CRC when comparing those who had a complete colonoscopy where all 

adenomas were removed to 3 reference groups. The reference groups were patients 

with polyps ≥ 1 cm who declined to undergo surgery, patients who had all rectal 

adenomas removed, and, as the final cohort, a sample of the general population (69).  

Complications of colonoscopy screening 

Complications were rare and are described as pooled results for the 10 cohorts (Ta-

ble 6).  The perforation rate was 1 :10,000 and the bleeding rate was 1:2,000 (for CI, 

see Table 6). The newly published HTA from AHRQ (10) reported on harm from 

colonoscopy. Serious complications from colonoscopy in average-risk populations 

(pooling of 11 studies, n=55,211) occured at a rate of 3.1 per 1,000 procedures  (95% 

CI of 1.68 to 5.76)  (10). These data regarding serious complications included studies 

in which colonoscopy was used as a diagnostic method following by FOBT or FS as 

the primary screening test, and therefore the direct relevance to colonoscopy as a 

screening method is limited (10). Serious complications included perforation, hem-

orrhage, diverticulitis, cardiovascular events, severe abdominal pain, and death (10).  

Chromoscopy 

Four RCTs including 1009 patients were summarized in a Cochrane review compar-

ing colonoscopy with chromoscopy to regular colonoscopy (25). The trials in this 

systematic review included participants in screening programmes for surveillance. 

Chromoscopy was likely to yield significantly more patients with at least one neo-

plastic lesion (OR 1.61 (95% CI 1.24-2.09)) and significantly more patients with 

three or more neoplastic lesions (OR 2.55 (95% CI 1.49-4.35) (25). 

 

CT colonography 

In some clinical guidelines it is recommended that CT colonoscopy (CTC) may be 

used as an alternative to diagnostic colonoscopy. We identified four meta-analyses 

performed with prospective controlled studies assessing the value of CT colonoscopy 

as an alternative to colonoscopy. All identified meta-analyses included studies with 

either asymptomatic or symptomatic high-risk patients or patients with a positive 

FOBT test. No systematic reviews or meta-analyses on the use of CTC as a screening 

method in an average-risk population were identified. Because CTC is included as a 
part of screening programs in some countries, we have briefly described results from 
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recently published systematic reviews and meta-analyses to illustrate the accuracy of 

this method (42;43;48).  

Mortality 

There were no published results from randomized controlled clinical trials to di-

rectly establish the effectiveness of virtual colonoscopy in decreasing CRC 

mortality (1).  

Accuracy 

The sensitivity and specificity of the findings are dependent on the size of polyps. A 

systematic review by Walleser et al. (2007) assessed the value of CT colonoscopy as 

an alternative to regular colonoscopy in FOBT-positive individuals (74) for the de-

tection of lesions 10 mm or greater and cancers in non- screening populations. The 

authors reported a pooled sensitivity of 63% (95% CI 0.55 to 0.71) and specificity of 

95% (95% CI 0.94 to 0.97) for lesions 10 mm or greater. Sensitivity for CRC was 

89% (95% CI 0.70 to 0.98) with specificity of 97% (95% CI, 0.95 to 0.98). The corre-

sponding values for regular colonoscopy were 95% sensitivity (95% CI 0.90 to 0.98) 

and 99.8% specificity (95% CI 0.99-1.00) for lesions 10 mm or greater and 96% sen-

sitivity (95% CI 0.80 to 1.00) and 99.7% specificity (95% CI 0.99 to 1.00) for CRC.  

 

Other identified meta-analyses reported pooled results from studies with sympto-

matic patients or patients with a history of colorectal neoplasia or a positive screen-

ing test (46;42).  One meta-analysis reported a sensitivity of 85% for polyps >9 

mm and 48% for polyps< 6 mm while another reported a sensitivity of 82% for pol-

yps larger than 10 mm and 56% for polyps up to 5 mm (46;42) .  

 

One recent study evaluated the sensitivity of CT colonography in the identification of 

adenomas or cancers at least 10 mm in diameter detected by colonoscopy in asymp-

tomatic adults (2600 participants). 89% of the participants had no CRC risk factors 

other than age. CT colonography detection of adenomas and adenocarcinomas had a 

sensitivity of 90%, a specificity of 86%, a positive predictive value (PPV) of 23%, and 

a negative predictive value (NPV) of 99% for lesions 10 mm or more in size (60).  

Complications 

There is a small risk of bowel perforation during CT colonography. Also, patients are 

exposed to radiation (21;75). 

 

 

 

IMPACT OF SCREENING ON CRC MORTALITY 

The impact of CRC screening on mortality reduction was reported only for gFOBT 

screening using Hemoccult II.  Longer–term follow-up for gFOBT screening trials 

indicates a 16 % mortality reduction. There are no screening trials reporting mortal-
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ity outcomes for any other relevant methods.  We have described below the results 

for mortality reduction for relevant CRC screening methods which were reported in 

included systematic reviews.  
 
Table 8: Reduction in CRC mortality and all-cause mortality 

Screening test Reduction in 

CRC mortal-

ity 

Reduction in all- 

cause mortality 

Evidence 

gFOBT 16% No difference Pooled results from four RCT tri-

als (10;70). 

FIT 32% 

No pooled  

results 

No published results  No summarized evidence or evi-

dence from RCTs. 

Large cohort study reported in 

one SR (10;71) indicated 32% 

CRC mortality reduction. 

 

Flexible  

sigmoidoscopy 

60-80% 

No pooled  

results 

No published results No summarized evidence or evi-

dence from large RCTs. 

Two case-control studies reported 

60-80% reduction in colorectal 

cancer mortality for the area of 

the colon within its reach (62;72). 

 

Colonoscopy No published 

results 

No published results No summarized evidence or evi-

dence from large RCTs. (1;10) 

 

CT colonogra-

phy 

No published 

results 

No published results No summarized evidence or evi-

dence from large RCTs. (1;10) 

 

 

At the time of this report, results from a number of trials or studies of CRC screening 

methods are pending (See Ongoing studies table in Appendix 3). Those studies in-

clude four trials of FS addressing mortality reduction; one is a Norwegian study 

(NORCCAP) (10). 

 

 

ACCURACY OF SCREENING METHODS FOR CRC 

The accuracy of screening methods for CRC varies. Table 9 presents an overview of 

the overall reported accuracy (58) . 
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Table 9: Accuracy of methods for colorectal screening compared with 

colonoscopy (58;74)  

Screening test Sensitivity 

(Polyps)         

Sensitivity 

    (CRC) 

Specificity 

gFOBT 

(unrehydrated) 

10% (5- 20) 

(LRP+HRP) 

  33%( 20-40) 97% (95-99) 

Sigmoidoscopy 85% (80-85) 

(LRP)                         

 

  95% (85-90) 

   (HRP + CRC) 

100%* 

Double-

contrast 

barium enema 

30% (30-50) 

(LRP) 

50% (50-70)     

(HRP) 

  70%(60-90) 86% (80-98) 

CT colono-

scopy 

 

63% (55-71) 

Polyps> 10mm 

  89% (70-98) 97% (95-98)  

95% (94-97) 

*Only valid for lower part of colon 

LRP= Low Risk polyps; HRP= High Risk polyps 

 

 

ATTENDANCE RATE AND DETECTION RATE  

For all screening modalities, the effectiveness decreases substantially as adherence 

to the regimen declines. At the individual level, adherence to the screening regimen 

will be more important in life-years gained than will the particular regimen selected.  

We identified one RCT comparing attendance and detection rates of colonoscopy 

with FS and FIT. The study was done in Italy (SCORE3) (66). The participation rate 

was about 30% for all methods with the lowest rate for total colonoscopy (27%). The 

detection rate of advanced neoplasia was highest using colonoscopy.  

See the results presented below (Table 10).  
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Table 10: Attendance and detection rates, from the SCORE3-study (66). 

Strategies 
for 
colorectal 
cancer 
screening 

Attendance 
rate 

Detection of 
Colorectal 

cancer  

Detection of 
advanced 
adenomas 

Number needed to 
screen to detect 1 

advanced 
adenoma 

FIT 32.3% 
(1965/6075) 

2  
(0.1%) 

21  
(1.1%) 

264 

Sigmoido-
scopy 

32.3% 
(1944/6018) 

12  
(0.6%) 

86  
(4.5%) 

60 

Colonoscopy 26.5% 
(1597/6021) 

13 
(0.8%) 

100 
(6.3%) 

53 

 
 
Current data are insufficient to predict adherence to any specific screening program 

at the population level, but reported adherence from the trials is an important guide 

to say something about expectations (10). 

 

RECOMMENDED SCREENING METHODS  

We identified three recent overview articles (4;39;51) that examined recent and on-

going policies and screening initiatives. There is no consensus on screening recom-

mendations, and many countries have not yet implemented nationwide screening or 

the screening programs only exist on the pilot, research, or local level. In North 

America and Europe as well as in Australia and New Zealand, there is a widespread 

scientific agreement on the value of CRC screening. CRC screening is endorsed by 

the American Cancer Society, the US Preventive Services Task Force (USPSTF), the 

Multi-Society Taskforce on Colorectal Cancer, the American Gastroenterological As-

sociation, the American College of Physicians, the British Society of Gastroenterol-

ogy, the Canadian Taskforce on Preventive Health Care, and the Royal Colleges of 

Physicians in the UK (20).   

A review by Gutierrez-Ibarluzea et al. summarized CRC screening recommandations  

in Europe for average-risk individuals at the population level (39). Within the United 

States, different agencies, organizations, and medical communities present different 

screening recommendations (53;76;77). The US Agency for Healthcare Research and 

Quality (AHRQ) recently reviewed the scientific literature on CRC screening. They 

recommend screening between the age of 50 and 75 years using either FOBT, sig-

moidoscopy, or colonoscopy as the primary test with various screening intervals de-

pending on the type of test (10; 82). Virtual colonoscopy and DCBE is also in use (1). 

The USPSTF concluded that, for adults, age 76 to 85 years, there is moderate cer-

tainty that the net benefits of screening are small while for adults over age 85 the 

benefits of CRC screening do not outweigh the harms. The Canadian Task Force on 

Preventive Health Care recommends both FOBT and FS in periodic health examina-

tions of asymptomatic people over 50 years of age (http://www.cmaj.ca).  Australia 
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has a national guideline.  In Asia, national guidelines are available only in Japan, 

Korea, Taiwan, and Singapore (20). Some Asian countries (Japan and soon Taiwan) 

have started using immunochemical FOBT (FIT) as a screening test. 

 

The European Union recommends the use of annual or biennial FOBTs as a screen-

ing tool for people 50 to 74 years of age; positive FOBT results are to be followed by 

a colonoscopy (14;15). Germany, Austria, France, and the United Kingdom have na-

tional screening programs that include FOBT yearly (Germany and Austria) or every 

2 years (France and the UK). Some countries, such as Germany, recommend colono-

scopy at an interval of every 10 years for additional screening while others, such as 

Austria, use a combination of sigmoidoscopy every 5 years and colonoscopy every 10 

years. The Finnish authorities decided to introduce a CRC screening program in the 

form of a randomized trial (gFOBT vs. no screening). The implementation of CRC 

screening in Finland, which is measured by attendance and the performance of the 

gFOBT, has been considered a success, but the mortality effect is expected to appear 

only after several years (16).   

For an overview of international recommendations for CRC screening, see the tables 

below. (Tables 11-13)(4;39;51).  

Table 11 .Comparison among countries with population screening programs at 
the national level in Europe -Screening Characteristics (4;39;51). 

Country Germany Austria France England, 
Northern 

Ireland and 
Wales 

Czech 
republic 

Italy * Poland 

Periodicity Yearly 
(recommende

d) and 10 
years 

Yearly 
(recommended)
, 5 years, and 

10 years 

Every 2 
years 

Every 2 years Every 2 
years 

Every 2 
years 

Every 10 
years 

Ages 
Screened 

>50 years >50 years 50-74 years 60-69 years >50 years 50-70 
years 

50-65 
years 

Technique(s) 
Used 

FOBT 
(annual) 

Colonoscopy 
(10 years) 

FOBT (annual) 
Sigmoidoscopy 

(5 years) 
Colonoscopy 

(10 years) 

FOBT (un-
rehydrated) 

FOBT (un-
rehydrated) 

FOBT FOBT 
(FS)* 

Colono 
scopy 

Other 
Screenings 

Yes Yes Yes No N/A N/A N/A 

Population 82,310,000 8,206,524 63,213,894 55,045,085 3,700,0001 N/A 6,500,0001 

Comments      * 4 
programs 
One is FS 

 

1Target population in age range 
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Table 12. Comparison among countries with population screening guidelines 
and recommendations  at the national level outside Europe - Screening 
Characteristics (4;39;51). 

Country USA Canada Japan Israel 

Periodicity Yearly , 5 years, and 10 years Every 5 years Every 2 years Yearly 

Ages Screened >50 years >50 years >40 years 50-74 years 

Technique Used FOBT (annual) 
Sigmoidoscopy (5 years) 
Colonoscopy (10 years) 

FS FOBT iFOBT 
(Immunological) 

Other Screenings N/A N/A N/A N/A 

Population 500,0001 500,0001 35,000,0001 700,0001 

Comments National screening guidelines No polyp 
removal 

  

1Target population in age range 

 

Table 13. Research activities in different countries (4;39;51). 

Screening test FOBT Sigmoidoscopy (FS) Total colonoscopy 

Countries Sweden, Taiwan, Finland, 
France, Denmark,  
The Netherlands,  

Italy, Spain, 
 Switzerland, UK,  

Canada, USA, 
 Australia, Taiwan;  

New Zealand 

UK, UK (nurse-led),  
Norway, The Netherlands, 

 Italy,  Belgium,  
Switzerland,  

USA, Canada,  
Austalia; New Zealand 

USA, Italy,  
Switzerland,  
Hong Kong,  

 

 

Screening is available in different settings, but the vast majority of screening activi-

ties are still opportunistic and uncoordinated. In certain localities, large health care 

systems have developed organized screening for their populations. In a recent sur-

vey conducted by the International Digestive Cancer Alliance (IDCA) across Europe, 

21 out of 39 nations have reported national screening guidelines promoted by medi-

cal and professional organizations. (20;52). There are numerous CRC screening tri-

als going on at the local or regional level with FOBT, sigmoidoscopy, or colonoscopy. 

We have made a list of ongoing clinical trials which have completed the inclusion of 

participants. See attachment (2). 
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Discussion 

This review provides an overview of the evidence for the effectiveness of different 

methods for CRC screening. Due to the rapid need for information on this topic, we 

have only assessed existing systematic reviews and a selection of single studies. 

Therefore, we may have missed relevant documentation, particularly studies that 

may have been published recently. 

Our main focus was on the effectiveness of different screening methods for CRC. We 

have not focused on possible negative effects of such screening programs or ad-

dressed cost-effectiveness issues.  

Does screening reduce mortality? 

Several randomized screening trials have demonstrated a reduction in CRC mortal-

ity by repeated FOBT followed by colonoscopy for positive test results. We did not 

find convincing evidence that screening tests other than FOBT / FIT have an effect 

on mortality. However, results from ongoing trials of other methods are underway – 

particularly on flexible sigmoidoscopy. A drawback of FOBT is the relatively low 

sensitivity, leaving a number of cancers undetected.  It is hoped that other methods 

may be more accurate.  
 

Endoscopy could offer an alternative method for the identification of polyps and 

early lesions. How effective this is in regard to reducing mortality from CRC and the 

incidence of CRC is not clear. In addition to the issue of effectiveness, factors such as 

cost, access, and acceptance, may limit the potential of colonoscopy for screening 

purposes. Future trials may also clarify these issues.  

 

Computerized tomography is another method for identifying polyps and early le-

sions, but has similar limitations as colonoscopy in regard to cost, access, and accep-

tance. In addition, possible harm from radiation is a concern. As for the effective-

ness of this method in preventing CRC incidence and mortality, no convincing evi-

dence was found. Relevant ongoing trials are listed in a table within this report. 

 

American researchers recently conducted a modelling exercise to estimate the im-

pact of population screening programmes using different screening-methods. Their 

findings suggested that FOBT, sigmoidoscopy and colonoscopy will be approxi-

mately equally effective in life-years gained (82). 
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Screening Guidelines and Recommendations 

Our overview of different national screening programs was largely based on infor-

mation from three reports articles that reviewed screening guidelines and programs 

within European countries and on international research initiatives on CRC-

screening (4;39;51). Most of the countries that have implemented CRC screening at 

the national level as well as most screening programs at local level report using of 

FOBT as a screening tool at intervals of 1 to 2 years. Exceptions are Poland, which 

uses colonoscopy and Canada which uses flexible sigmoidoscopy as a primary 

screenings tool. Most countries recommend colonoscopy or flexible sigmoidoscopy if 

the FOBT is positive. For average-risk individuals at the population level, recom-

mended screening ages range most often from 50 to 75 years. Japan offers screening 

for individuals over 40 years old. Some other countries do not recommend an upper 

age limit, but many countries do not recommend screening at older ages, typically 

after the mid-70s (39). The AHRQ-report concludes that the net benefits of screen-

ing are small for adults, age 76 to 85 years (10).  Screening for CRC has a rapidly 

evolving science base, so guidelines may be expected to change as additional re-

search results from ongoing studies become available. 

Limitations of Screening  

Screening has important ethical differences from clinical practice as the health ser-

vice is targeting apparently healthy people. CRC screening has the potential to save 

lives or improve quality of life through early diagnosis of serious conditions, but it 

has certain limitations. Firstly, the risks directly related to the screening method 

warrants consideration. The primary established harms of CRC screening are due to 

the use of invasive procedures initially or in the evaluation sequence such as perfora-

tion due to endoscopy. The risk is likely to be small, but real. Also, the question of 

how screening recommendations should be modified or stratified based on a per-

son’s individual level of risk is an important consideration during the development 

of screening guidelines (1;3;21). Another downside of screening is related to the un-

avoidable problems with false positive and false negative results. To what extent 

false results impact negatively on health is not entirely clear. False positive results 

may trigger unnecessary investigations, which might be harmful, and there is also 

the possible harm from the psychological stress and uncertainty due to a positive 

test result.  

Attendance rate 

A key to success for any screening programme is a high attendance rate. To achieve 

this, it is necessary to acquire good understanding of barriers against screening. The 

barriers may be cultural of origin and therefore differ between countries (80). Those 

motivated through genetic predisposition may be eager to attend, while those at 

high-risk due to lifestyle may be more reluctant (81).  

 

In USA where various screening modalities have been in use for more than a decade, 

there is a declining interest in FOBT screening in the population while colonoscopy 
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screening has gained popularity. In the Danish FOBT trial a mortality reduction was 

seen after 10 years of follow up, but this effect was no longer statistically significant 

after 17 year – probably due to a declining interest in participation over time.  

 

The high proportion of false positive tests in FOBT screening programmes generates 

a high work-load due to the need for further investigations.  In the USA 40-50% of 

all colonoscopies are performed as a consequence of screening, either as a primary 

screening activity or as a follow-up of positive results from other screening tests. 

This contribution is less than 5% in Norway, according to an unpublished survey by 

Gastronet (Geir Hoff – personal communication). 

 

Implementing a national screening program 

The implementation of a CRC screening is challenging particularly in regard to at-

tendance rates, as the experience from many countries has shown. Two recent pa-

pers describe the planning of a CRC screening program and report the results of a 

feasibility study that was conducted to test an organizational model (78;79). The im-

pact of a CRC screening program is directly related to its ability to involve the target 

population, to detect cancers and high grade adenomas, and to assure patient safety. 

Thus, the main challenges to address when planning and implementing a CRC 

screening program may be the following (78;79): 

• Obtaining high attendance rates 

• Deciding on which type of screening test to select and/or recommend  

• The knowledge about, as well as attitudes towards, the program among the 

health professionals that are involved (GPs and gastroenterologists) 

• Defining the GP’s role in the screening program 

• Assuring that sufficient resources for endoscopy and other additional workloads 

resulting from the screening program are available (whether endoscopy is used 

as the primary screening tool or only for follow-up investigations).   

 

Well-planned and organized screening interventions have been associated with sta-

tistically greater results (70; 71). 
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Conclusions  

Several randomized screening trials have demonstrated a reduction in CRC mortal-

ity by repeated FOBT testing followed by colonoscopy for positive test results.  

There is so far no solid evidence on mortality reduction for the other primary screen-

ing tests that are available, but this will change with the reporting of findings from 

ongoing trials.  

None of these screening methods seems to reduce incidence of CRC. 

Most of the countries that have national CRC screening programs use stool tests 

(gFOBT or FIT) as the primary screening tests.  
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Appendices 

 

1. SEARCH STRATEGY 

CDSR - Cochrane Library  

 

#1 MeSH descriptor Colorectal Neoplasms explode all trees 

#2 (colorectal* or colon or colonic or bowel* or rectal or rectum or sigmoid or anal 

or anus) NEAR/3 (cancer* or neoplas* or tumor* or tumour* or carcinoma* 

or sarcoma* or adenocarcinoma* or adeno?carcinoma* or adenom* or le-

sion* or CRC):ti or (colorectal* or colon or colonic or bowel* or rectal or rec-

tum or sigmoid or anal or anus) NEAR/3 (cancer* or neoplas* or tumor* or 

tumour* or carcinoma* or sarcoma* or adenocarcinoma* or 

adeno?carcinoma* or adenom* or lesion* or CRC):ab 

#3 (#1 OR #2) 

#4 MeSH descriptor Occult Blood explode all trees 

#5 MeSH descriptor Endoscopy, Gastrointestinal explode all trees 

#6 MeSH descriptor Colonoscopes explode all trees 

#7 MeSH descriptor Sigmoidoscopes explode all trees 

#8 MeSH descriptor Proctoscopes explode all trees 

#9 MeSH descriptor Immunochemistry explode all trees 

#10 MeSH descriptor Immunologic Tests explode all trees 

#11 faecal or fecal or (stool NEAR occult) or FOBTor FOB or haemoccult or hemoc-

cult or sensa or coloscreen or seracult or (ez NEXT detect) or colocare or 

flexsure or hemmoquant or hemeselect or immudia or monohaem or insure 

or hemodia or (instant NEXT view) or immocare or magstream or (guaiac 

near/1 smear*) or endoscop* or proctoscop* or colonoscop* or sigmoido-

scop* or rectosigmoidoscop* or proctosigmoidoscop* or COL or SIG or FSIG 

or (barium near/1 enema) or DCBE or immunologic* or immunodiagnos* or 

immunochemistry:ti or faecal or fecal or (stool NEAR occult) or FOBTor FOB 

or haemoccult or hemoccult or sensa or coloscreen or seracult or (ez NEXT 

detect) or colocare or flexsure or hemmoquant or hemeselect or immudia or 

monohaem or insure or hemodia or (instant NEXT view) or immocare or 

magstream or (guaiac near/1 smear*) or endoscop* or proctoscop* or 

colonoscop* or sigmoidoscop* or rectosigmoidoscop* or proctosigmoido-
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scop* or COL or SIG or FSIG or (barium near/1 enema) or DCBE or immu-

nologic* or immunodiagnos* or immunochemistry:ab 

#12 (#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11) 

#13 MeSH descriptor Mass Screening, this term only 

#14 MeSH descriptor Population Surveillance, this term only 

#15 (screen* or test or tests or testing or tested or (population* near/1 surveillance) 

or (early near/3 detect*) or (early near/3 prevent*)):ti or (screen* or test or 

tests or testing or tested or (population* near/1 surveillance) or (early near/3 

detect*) or (early near/3 prevent*)):ab 

#16 (#13 OR #14 OR #15) 

#17 (#3 AND #12 AND #16) 

 

 

DARE og HTA – Cochrane Library   

 

#1 MeSH descriptor Colorectal Neoplasms explode all trees 

#2 (colorectal* or colon or colonic or bowel* or rectal or rectum or sigmoid or anal 

or anus) NEAR/3 (cancer* or neoplas* or tumor* or tumour* or carcinoma* 

or sarcoma* or adenocarcinoma* or adeno?carcinoma* or adenom* or le-

sion* or CRC) 

#3 (#1 OR #2) 

#4 MeSH descriptor Occult Blood explode all trees 

#5 MeSH descriptor Endoscopy, Gastrointestinal explode all trees 

#6 MeSH descriptor Colonoscopes explode all trees 

#7 MeSH descriptor Sigmoidoscopes explode all trees 

#8 MeSH descriptor Proctoscopes explode all trees 

#9 MeSH descriptor Immunochemistry explode all trees 

#10 MeSH descriptor Immunologic Tests explode all trees 

#11 faecal or fecal or (stool NEAR occult) or FOBTor FOB or haemoccult or hemoc-

cult or sensa or coloscreen or seracult or (ez NEXT detect) or colocare or 

flexsure or hemmoquant or hemeselect or immudia or monohaem or insure 

or hemodia or (instant NEXT view) or immocare or magstream or (guaiac 

near/1 smear*) or endoscop* or proctoscop* or colonoscop* or sigmoido-

scop* or rectosigmoidoscop* or proctosigmoidoscop* or COL or SIG or FSIG 

or (barium near/1 enema) or DCBE or immunologic* or immunodiagnos* or 

immunochemistry 

#12 (#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11) 

#13 MeSH descriptor Mass Screening, this term only 

#14 MeSH descriptor Population Surveillance, this term only 

#15 (screen* or test or tests or testing or tested or (population* near/1 surveillance) 

or (early near/3 detect*) or (early near/3 prevent*)) 

#16 (#13 OR #14 OR #15) 

#17 (#3 AND #12 AND #16) 
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MEDLINE Ovid 

 

1. exp Colorectal Neoplasms/ 

2. ((colorectal$ or colon or colonic or bowel$ or rectal or rectum or sigmoid or anal 

or anus) adj3 (cancer$ or neoplas$ or tumor$ or tumour$ or carcinoma$ or sar-

coma$ or adenocarcinoma$ or adeno?carcinoma$ or adenom$ or lesion$ or 

CRC)).tw. 

3. 1 or 2 

4. exp Occult Blood/ 

5. exp Endoscopy, Gastrointestinal/ 

6. exp Colonoscopes/ 

7. exp Sigmoidoscopes/ 

8. exp Proctoscopes/ 

9. exp Immunochemistry/ 

10. exp Immunologic Tests/ 

11. (faecal or fecal or stool occult or FOBTor FOB or haemoccult or hemoccult or 

sensa or coloscreen or seracult or ez detect or colocare or flexsure or hemmoquant 

or hemeselect or immudia or monohaem or insure or hemodia or instant view or 

immocare or magstream or (guaiac adj2 smear$) or endoscop$ or proctoscop$ or 

colonoscop$ or sigmoidoscop$ or rectosigmoidoscop$ or proctosigmoidoscop$ or 

COL or SIG or FSIG or (barium adj2 enema) or DCBE or immunologic$ or immuno-

diagnos$ or immunochemistry).tw. 

12. or/4-11 

13. Mass Screening/ 

14. Population Surveillance/ 

15. (screen$ or test or tests or testing or tested or (population$ adj2 surveillance) or 

(early adj3 detect$) or (early adj3 prevent$)).tw. 

16. or/13-15 

17. 3 and 12 and 16 

18. limit 17 to "reviews (specificity)
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2. ONGOING CLINICAL TRAILS 

 

Study Title Study 
Sponsors 

Clinical 
Trials. 
gov 
Identi-
fier 

Study  
Start  
Date 

Year  
Com-
pleted  
or Ex-
pected  
Comple-
tion  
Date 

Number  
of  
Participants 

Age of  
Participants 
(Years) 

Study Type  
and Design 

Screening  
Tests  
Involved 

Brief Description 

NORCCAP: 
Norwegian 
Colorectal 
Cancer Pre-
vention Trial 
- Norway 
(Oslo and 
Telemark) 

Norwegian 
Department 
of Health 
and Social 
Affairs, 
Norwegian 
Cancer So-
ciety 

NCT 
00119912 

January 
1999 

Ongoing 
(January 
2017) 

100000  50 to 64 Interventional 
 
Prevention, 
Randomized, 
Active Control, 
Safety/Efficacy 
Study 

Flexible sigmoido-
scopy, FOBT 

Study whether or not flexible 
sigmoidoscopy screening will 
reduce large bowel cancer and 
cancer deaths and if the addi-
tion of FOBT screening will 
also help reduce the mortality 
rate 

Screening 
Tests in De-
tecting Colo-
rectal Cancer  
(Colorectal 
Cancer 
Screening: 
Fecal Blood 
vs. DNA) - 
USA 

Mayo 
Clinic, Na-
tional Can-
cer Institute 
(NCI), 
North Cen-
tral Cancer 
Treatment 
Group 

NCT 
0002502
5 

October 
2001 

Ongoing  
(NS) 

4000  
(projected 
figure) 

50 to 64 (in-
cluded in 
accrual prior 
to June 5, 
2003) and 
65 to 80 

Interventional 
 
Screening, 
Randomized, 
Active Control 

FOBT, DNA-based 
testing of stool and 
blood, colonoscopy 

Compare effectiveness (sensi-
tivity, specificity, and predic-
tive values) of FOBT and 
DNA-based testing (MTAP)  
of stool and blood in identify-
ing colorectal cancer 
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Study Title Study 
Sponsors 

Clinical 
Trials. 
gov 
Identi-
fier 

Study  
Start  
Date 

Year  
Com-
pleted  
or Ex-
pected  
Comple-
tion  
Date 

Number  
of  
Participants 

Age of  
Participants 
(Years) 

Study Type  
and Design 

Screening  
Tests  
Involved 

Brief Description 

Screening for 
Cancer of the 
Prostrate, 
Lung, Colon, 
Rectum, or 
Ovaries 
(PLCO) in 
Older Patients 
- USA 

NCI NCT 
00002540 

Novem-
ber 1993 

Ongoing 
(NS) 

74000 
women, 
74000 men 
(projected) 

55 to 74 Interventional 
 
Randomized 
study, Screening 

Flexible sigmoidoscopy Randomized trial to investigate 
whether  screening methods 
used to detect prostate, lung, 
colon, rectal, or ovarian cancer 
can reduce deaths from these 
cancers 

A Follow-up 
Colonoscopy 
Examination in 
Patients who 
Had Previously 
Undergone 
Screening 
Colonoscopy -
China 

Chinese Uni-
versity of 
Hong Kong -- 
Hong Kong, 
China 

NCT 
00280332 

March 
2006 

November 
2007 

560 50 to 75 Observational 
 
Case control, Pro-
spective 

Colonoscopy “To determine the prevalence of 
colonic neoplasm in patients who 
had previously undergone screening 
colonoscopy,” to determine appro-
priate intervals for re-screening for 
people with average risk, and to de-
termine characteristics that predict 
recurrence of adenoma 

Is Barium En-
ema an Ade-
quate Diagnos-
tic Tests for Pa-
tients with Posi-
tive FOBT? 
(DCBE) – Loca-
tion Not Stated 

VA Caribbean 
Healthcare 
system 

NCT 
00619814 

September 
2003 

October 
2005 

50 50 to 80 Interventional 
 
Diagnostic, Single 
Blind, Single Group 
Assignment, 
Safety/Efficacy 
Study 

Double contrast barium 
enema, Colonoscopy, 
FOBT 

Determine whether double contrast 
barium enema is a suitable alterna-
tive to colonoscopy for the evalua-
tion of patients with positive FOBT 
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Study Title Study 
Sponsors 

Clinical 
Trials. 
gov 
Identi-
fier 

Study  
Start  
Date 

Year  
Com-
pleted  
or Ex-
pected  
Comple-
tion  
Date 

Number  
of  
Participants 

Age of  
Participants 
(Years) 

Study Type  
and Design 

Screening  
Tests  
Involved 

Brief Description 

Long-term Fol-
low-up Study 
Designed to 
Evaluate the 
Relative Risk of 
Two Colono-
scopy Schedules 
for Patients 
with Small Pol-
yps -USA 

Department of 
Veterans Af-
fairs (Central 
Lab-Tucscon, 
AZ) 

NCT 
00032344 

October 
1993 

February 
2007 

3000 50 to 75 Interventional 
 
Diagnostic, Non-
Randomized, Ac-
tive Control, Single 
Group Assignment, 
Efficacy Study 

Colonoscopy Determine risk factors that can be 
used to target more sensitive screen-
ing tests (colonoscopy) towards peo-
ple with higher risk for colon cancer 

Colorectal Neo-
plasia Screen-
ing in Asymp-
tomatic Women 
at Regional 
Navy/Army 
Medical Cen-
ters: The CON-
CeRN --USA 

NCI NCT 
00339950 

February 
2000 

Data Analy-
sis Phase 
ongoing 
(Study con-
clusion date 
not stated ) 

937 40 to 79 
(women only) 

 Observational Colonoscopy, Flexible 
Sigmoidoscopy 

Determine how many advanced co-
lon cancers will be missed if only 
sigmoidoscopies are performed in-
stead of full colonoscopies 

Comparison of 
Barium Enema, 
Computed To-
mographic 
Colonography, 
and Colono-
scopy in Detect-
ing Colon Can-
cer -- USA 

Duke Univer-
sity 

NCT 
00016029 

August 
2000 

Ongoing 
(NS) 

2133 18  and older Interventional 
 
Diagnostic 

Air contrast barium en-
ema, CT colonography, 
Colonoscopy, FOBT 

Compare the effectiveness of air con-
trast barium enema, CT colonogra-
phy, and colonoscopy in detecting 
colon cancer in patients with posi-
tive FOBT or with other risk factors 
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Study Title Study 
Sponsors 

Clinical 
Trials. 
gov 
Identi-
fier 

Study  
Start  
Date 

Year  
Com-
pleted  
or Ex-
pected  
Comple-
tion  
Date 

Number  
of  
Participants 

Age of  
Participants 
(Years) 

Study Type  
and Design 

Screening  
Tests  
Involved 

Brief Description 

Computed To-
mographic 
Colonography 
in Screening 
Healthy Par-
ticipants for 
Colorectal Can-
cer (National 
CT Colonogra-
phy Trial) -USA 

American Col-
lege of Radiol-
ogy Imaging 
Network, NCI  

NCT 
00084929 

February 
2005 

Ongoing 
(NS) 

2607 50 and older Interventional 
 
Screening 

CT colonography (virtual 
colonoscopy), Colonoscopy 

Study effectiveness of CT colonogra-
phy (in comparison to colonoscopy) 
for screening healthy people for 
large colorectal lesions  

Detection of 
Colorectal Can-
cer in Periph-
eral Blood by 
Septin 9 DNA 
Methylation 
Assay - Ger-
many and Hun-
gary 

Epigenomics, 
Inc. 

NCT 
00696345 

January 
2005 

February 
2007 

700 40 and older Observational 
 
Case control, Pro-
spective 

Colonoscopy, Colon cancer 
screening assay to detect 
colon cancer DNA in blood 
plasma 

Testing and development of colon 
cancer screening assay to detect co-
lon cancer DNA in blood plasma 
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