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Colorectal cancer (CRC) screening programmes are far from perfect. Many crucial questions 14 

remain, yet expensive CRC screening services are implemented throughout the world without a 15 

plan on how to evaluate and improve the service. The time is ripe for improving the design of CRC 16 

screening programmes. 17 

A prerequisite for introducing new health services should be that efficacy has been shown in 18 

randomized clinical trials (RCT). CRC screening services, however, have often been introduced on 19 

political grounds prior to favorable results on CRC mortality in RCTs which additionally have not been 20 

designed for separate sex and age-group analyses [1-6].   21 

There is concern that CRC screening may not be suitable for a ‘one-size fits all’ approach. Recent 22 

studies have shown that women, in contrast to men, have little or no benefit from either 23 

sigmoidoscopy or fecal occult blood testing (FOBT) [7-9], and screening efficacy may be lower for 24 

colonoscopy and FOBT with advancing age [10, 11]. 25 

Under such circumstances, it is important that screening programmes are designed to generate 26 

knowledge about efficacy and safety valid for the target population because: 27 



a. Continuous comparative effectiveness research (CER) can yield essential information at key 28 

decision points in the screening programme during roll-out and full coverage.  29 

 30 

I. In a roll-out phase of a programme stretching over several years, randomization 31 

should provide a no-screening control group until roll-out is complete (randomized 32 

implementation) 33 

II. After complete roll-out, the screening programme should incorporate randomized 34 

arms for testing of new methods and strategies (randomized testing). 35 

b. Trials may be outdated when results are ready because new tests emerge. A frequent excuse 36 

for not funding new trials has been to await results from ongoing studies. Parallel and time-37 

saving rather than successive, serial trials may be conducted within screening programmes. 38 

 39 

c. Problems with funding sufficiently large, stand-alone trials will be minimized when 40 

performed within the framework of a screening programme. Funding for screening trials has 41 

proved difficult. These are large, expensive trials with a time horizon of more than 10 years. 42 

Political patience has proved to be much shorter, and screening programmes have been 43 

introduced prematurely [1]. 44 

 45 

As an example of randomized implementation, the Finnish FOBT screening programme used guaiac-46 

FOBT (gFOBT) in a randomized roll-out in 2004 [12]. Randomized implementation during a roll-out 47 

phase stretching over years was accepted since it takes time to build up a screening organization and 48 

sufficient capacity for histopathology and colonoscopy services required whichever primary 49 

screening modality is chosen. In 2016, the Finnish programme was halted because evaluation of the 50 

randomized introduction showed no reduction in CRC mortality [13]. The Polish colonoscopy 51 

screening programme similarly introduced randomized roll-out in 2012 [14]. An example of 52 

randomized testing is the Norwegian screening pilot programme launched in 2012 with 53 



randomization between immunochemical FOBT (iFOBT) and sigmoidoscopy. The national CRC 54 

screening programme itself, planned to start in 2019, is aiming for randomization between iFOBT and 55 

colonoscopy screening. Those who do not accept randomization, will be screened with iFOBT.   56 

Randomized comparison of newer methods and strategies should be encouraged in the full-coverage 57 

phase of a programme.  58 

These examples show that randomized implementation and randomized testing integrated as part of 59 

a screening programme, is both feasible and scientifically justified. We suggest that any programme 60 

should be designed in a way that enables assessment of efficacy and safety of different methods, 61 

screening strategies (how to invite, when to invite, whom to invite) and organization (e.g. travelling 62 

distance to screening facilities).  63 

Only two of the currently used screening methods have been through RCTs with sufficient follow-up 64 

time to provide results on CRC mortality:  gFOBT and sigmoidoscopy.[15]. Studies on test 65 

performance suggest that iFOBT is better than gFOBT [16] and intuitively, colonoscopy should be 66 

better than sigmoidoscopy which only covers the distal colon. Still, we do not know the ultimate 67 

additional gain on CRC mortality and incidence, how to secure equal service for women and men 68 

(although different cut-off values for iFOBT positivity have been suggested [17]) and possible 69 

improvements by targeting specific age groups. FOBT screening must be repeated biennially and 70 

causes a number of false positive tests with subsequent exposure to colonoscopy. Colonoscopy 71 

screening, the “gold standard” examination for patients with colon symptoms, leads to 72 

overtreatment of polyps in a screening setting with increased complication rates as techniques and 73 

technologies improve detection and encourage more aggressive polypectomy in the thin-walled 74 

proximal colon [18, 19].   Accepting imperfection of current CRC screening should make it easier to 75 

embrace the concept that the road towards a continuously improving screening programme should 76 

be paved with randomized trials within the existing programme to improve the programme itself. 77 

With most of the western world soon to be covered by CRC screening programmes, there will not be 78 



a valid population for RCTs on screening outside the programme target population. There is a long 79 

list of important issues to address when planning and running a screening programme [20]. 80 

Integration of RCTs when appropriate should be added to this list. 81 

In summary, screening programmes should address the limited knowledge traditionally supporting 82 

implementation of screening.  They should be designed to fill general knowledge gaps in CRC 83 

screening in general, and for the local programme in particular. Knowledge may reveal that 84 

programmes do not deliver according to expectations and underpin a need for further integrated 85 

studies for continuous improvement – or closing down. 86 

Conflict of interest: All authors have been or are engaged in the planning, running or evaluation of 87 

large randomized trials on CRC screening or screening programmes.  88 

Funding: The authors received no funding to prepare this manuscript 89 

Contributorship: Geir Hoff drafted the manuscript. All authors contributed substantially to revisions 90 

and all agreed to submission of the present version. 91 

 92 

 93 

References 94 

1. Hoff G: Gastrointestinal cancer screening: screening may release new research funding to 95 
improve health service also in routine clinics. Scandinavian journal of gastroenterology 96 
2015, 50(6):718-726. 97 

2. Bretthauer M, Kaminski MF, Loberg M, Zauber AG, Regula J, Kuipers EJ, Hernan MA, 98 
McFadden E, Sunde A, Kalager M et al: Population-Based Colonoscopy Screening for 99 
Colorectal Cancer: A Randomized Clinical Trial. JAMA internal medicine 2016, 176(7):894-100 
902. 101 

3. Quintero E, Castells A, Bujanda L, Cubiella J, Salas D, Lanas A, Andreu M, Carballo F, Morillas 102 
JD, Hernandez C et al: Colonoscopy versus fecal immunochemical testing in colorectal-103 
cancer screening. The New England journal of medicine 2012, 366(8):697-706. 104 

4. Koskenvuo L, Malila N, Pitkaniemi J, Miettinen J, Heikkinen S, Sallinen V: Sex differences in 105 
faecal occult blood test screening for colorectal cancer. The British journal of surgery 2018. 106 

5. Miller EA, Pinsky PF, Schoen RE, Prorok PC, Church TR: Effect of flexible sigmoidoscopy 107 
screening on colorectal cancer incidence and mortality: long-term follow-up of the 108 
randomised US PLCO cancer screening trial. The lancet Gastroenterology & hepatology 2019, 109 
4(2):101-110. 110 



6. Shaukat A, Mongin SJ, Geisser MS, Lederle FA, Bond JH, Mandel JS, Church TR: Long-term 111 
mortality after screening for colorectal cancer. The New England journal of medicine 2013, 112 
369(12):1106-1114. 113 

7. Chacko L, Macaron C, Burke CA: Colorectal cancer screening and prevention in women. 114 
Digestive diseases and sciences 2015, 60(3):698-710. 115 

8. Holme O, Loberg M, Kalager M, Bretthauer M, Hernan MA, Aas E, Eide TJ, Skovlund E, Lekven 116 
J, Schneede J et al: Long-Term Effectiveness of Sigmoidoscopy Screening on Colorectal 117 
Cancer Incidence and Mortality in Women and Men: A Randomized Trial. Annals of internal 118 
medicine 2018, 168(11):775-782. 119 

9. Brenner H, Haug U, Hundt S: Sex differences in performance of fecal occult blood testing. 120 
The American journal of gastroenterology 2010, 105(11):2457-2464. 121 

10. Garcia-Albeniz X, Hsu J, Bretthauer M, Hernan MA: Effectiveness of Screening Colonoscopy 122 
to Prevent Colorectal Cancer Among Medicare Beneficiaries Aged 70 to 79 Years: A 123 
Prospective Observational Study. Annals of internal medicine 2017, 166(1):18-26. 124 

11. Selby K, Jensen CD, Lee JK, Doubeni CA, Schottinger JE, Zhao WK, Chubak J, Halm E, Ghai NR, 125 
Contreras R et al: Influence of Varying Quantitative Fecal Immunochemical Test Positivity 126 
Thresholds on Colorectal Cancer Detection: A Community-Based Cohort Study. Annals of 127 
internal medicine 2018. 128 

12. Malila N, Anttila A, Hakama M: Colorectal cancer screening in Finland: details of the 129 
national screening programme implemented in Autumn 2004. Journal of medical screening 130 
2005, 12(1):28-32. 131 

13. Pitkaniemi J, Seppa K, Hakama M, Malminiemi O, Palva T, Vuoristo MS, Jarvinen H, Paimela 132 
H, Pikkarainen P, Anttila A et al: Effectiveness of screening for colorectal cancer with a 133 
faecal occult-blood test, in Finland. BMJ open gastroenterology 2015, 2(1):e000034. 134 

14. Kaminski MF, Kraszewska E, Rupinski M, Laskowska M, Wieszczy P, Regula J: Design of the 135 
Polish Colonoscopy Screening Program: a randomized health services study. Endoscopy 136 
2015, 47(12):1144-1150. 137 

15. Holme O, Bretthauer M, Fretheim A, Odgaard-Jensen J, Hoff G: Flexible sigmoidoscopy 138 
versus faecal occult blood testing for colorectal cancer screening in asymptomatic 139 
individuals. The Cochrane database of systematic reviews 2013, 9:CD009259. 140 

16. Hol L, Wilschut JA, van Ballegooijen M, van Vuuren AJ, van der Valk H, Reijerink JC, van der 141 
Togt AC, Kuipers EJ, Habbema JD, van Leerdam ME: Screening for colorectal cancer: random 142 
comparison of guaiac and immunochemical faecal occult blood testing at different cut-off 143 
levels. British journal of cancer 2009, 100(7):1103-1110. 144 

17. van Turenhout ST, Oort FA, van der Hulst RW, Visscher AP, Terhaar sive Droste JS, Scholten P, 145 
Bouman AA, Meijer GA, Mulder CJ, van Rossum LG et al: Prospective cross-sectional study 146 
on faecal immunochemical tests: sex specific cut-off values to obtain equal sensitivity for 147 
colorectal cancer? BMC gastroenterology 2014, 14:217. 148 

18. Heldwein W, Dollhopf M, Rosch T, Meining A, Schmidtsdorff G, Hasford J, Hermanek P, 149 
Burlefinger R, Birkner B, Schmitt W et al: The Munich Polypectomy Study (MUPS): 150 
prospective analysis of complications and risk factors in 4000 colonic snare polypectomies. 151 
Endoscopy 2005, 37(11):1116-1122. 152 

19. Rutter MD, Nickerson C, Rees CJ, Patnick J, Blanks RG: Risk factors for adverse events related 153 
to polypectomy in the English Bowel Cancer Screening Programme. Endoscopy 2014, 154 
46(2):90-97. 155 

20. Lynge E, Tornberg S, von Karsa L, Segnan N, van Delden JJ: Determinants of successful 156 
implementation of population-based cancer screening programmes. European journal of 157 
cancer 2012, 48(5):743-748. 158 

 159 


