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Abstract

Background—While colonoscopy screening is widely used in several European countries and 

the United States, no randomised trials exist to quantify its benefits. The Nordic-European 

Initiative on Colorectal Cancer (NordICC) is a multinational, randomized controlled trial aiming at 

investigating the effect of colonoscopy screening on CRC incidence and mortality. This paper 

describes the rationale and design of the NordICC trial.

Material and methods—Men and women age 55 to 64 years are drawn from the population 

registries in the participating countries and randomly assigned to either once-only colonoscopy 

screening with removal of all detected lesions, or no screening (standard of care in the trial 

regions). All individuals are followed for 15 years after inclusion using dedicated national 

registries.
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Results—The primary endpoints of the trial are cumulative CRC-specific death and CRC 

incidence during 15 years of follow up. We hypothesize a 50% CRC mortality-reducing efficacy of 

the colonoscopy intervention and predict 50% compliance, yielding a 25% mortality reduction 

among those invited to screening. For 90% power and a two-sided alpha level of 0.05, using a 2:1 

randomisation, 45,600 individuals will be randomised to control, and 22,800 individuals to the 

colonoscopy group. Interim analyses of the effect of colonoscopy on CRC incidence and mortality 

will be performed at 10 years follow-up.

Conclusions—The aim of the NordICC trial is to quantify the effectiveness of population-based 

colonoscopy screening. This will allow development of evidence-based guidelines for CRC 

screening in the general population.
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Colorectal cancer (CRC) is the most common cancer and the second most common cause of 

cancer-related death within the European Union in men and women combined.1 The clinical 

observations, that sporadic CRC invariably has a polypoid precursor lesion, with a long 

preclinical stage, and that survival depends on stage at detection, have led an increasing 

number of countries to recommend and implement CRC screening.2–4 Three randomized 

controlled trials have shown that screening by fecal occult blood testing (FOBT) can reduce 

mortality from CRC.5–7 Endoscopic screening tests facilitate CRC prevention by removal of 

precursor lesions.8–11 A recently published randomized controlled trial on once only flexible 

sigmoidoscopy screening has shown a reduction of both CRC mortality and incidence.12 The 

possible benefit of primary colonoscopy screening, however, has not been quantified in any 

randomized trial.

Although invasive, inconvenient, and expensive, colonoscopy has conceptual advantages 

compared to other CRC screening tools. First, the high sensitivity for both cancers and 

precursor lesions such as advanced adenomas,13,14 makes colonoscopy suitable both for 

CRC prevention and early cancer detection.4 As the most sensitive CRC screening test, 

colonoscopy is expected to yield the lowest cumulative incidence of interval CRC, that occur 

in between screening examinations.15 Second, colonoscopy examines the entire colon. This 

is a substantial advantage over other CRC screening tests, particularly in light of evidence 

for proximal shift in the distribution of CRC16,17 and the limited sensitivity of other 

screening modalities in detecting right-sided lesions.18,19 Third, colonoscopy is a unique 

one-step screening modality that allows both detection and treatment of precursors in a 

single session. In contrast, a positive FOBT or flexible sigmoidoscopy requires further 

diagnostic work-up, which remains incomplete in 5–20% of the two-step screening 

modalities.20,21 Fourth, colonoscopy does not need to be repeated frequently. This may 

improve screening uptake and simplify screening organization. Finally, unlike FOBT which 

generates many false positive results, colonoscopy has a high specificity.22

Notwithstanding absence of evidence of benefit from randomized controlled trials, 

colonoscopy is increasingly used as a primary screening method.2,23 Current 

recommendations for colonoscopy screening are based on assumptions derived from trials of 
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other screening methods in which colonoscopy was used as a second screening step, usually 

following a positive FOBT test24, and from observational case-control and cohort studies 

that are prone to confounding and selection bias.10,25–27 A recent case-control study 

demonstrated a reduction of CRC mortality after colonoscopy only for left-sided but not 

right-sided CRC, questioning the effectiveness of colonoscopy in reducing CRC mortality 

irrespective of colonic segment.28 Unfortunately, these results were based on billing codes 

instead of actual endoscopy reports which precluded assessment of completion of the 

procedures. However more recent, population based case-control study showed that a 

significant reduction in CRC incidence is achievable for both sides of colonic segment.29 

The decision to undergo a screening examination can be facilitated by designating a 

preferred strategy from a menu of competing tests.30 The American College of 

Gastroenterology endorses colonoscopy as the preferred screening modality.4 However, 

available estimates of uptake rates and mortality-reducing efficacy for FOBT (59–90% and 

25–37%, respectively5–7), flexible sigmoidoscopy (32–65% and 43–59%, 

respectively21,31,32) and colonoscopy (10–60% and 65–69%, respectively26,27,33,34), suggest 

a similar effectiveness of approximately 20–25% reduction in CRC mortality for the three 

screening modalities. Therefore, only a randomized trial mimicking organized, population-

based screening allows accurate modeling of colonoscopy effectiveness and valid 

comparison with other screening modalities.

A randomized controlled trial is the preferred method to quantify both benefits and adverse 

outcomes of screening. Potential adverse outcomes are first directly related to colonoscopy, 

which is the most invasive CRC screening modality, associated with notable morbidity and a 

small, but not negligible death rate (<0.01%).35,36 Secondly, patients who screen positive are 

subjected to subsequent treatments, including surgery for large precursor lesions or cancers, 

that could result in physical and/or psychological harm or death that otherwise would not 

have occurred, if the lesions had never become symptomatic. Although it is unknown how 

many CRC’s remain undetected during one’s lifetime, one series of 379 autopsies uncovered 

unsuspected CRC, which was unrelated to the cause of death, in 2.6% of patients at age over 

70 years.37 Thirdly, through false reassurance, CRC screening may unfavorably impact 

future lifestyle choices,38 which are believed to contribute to an increase in cardiovascular 

deaths after screening examinations.39,40

Finally, the cancer screening guidelines of the European Union require evidence from 

randomised controlled studies to reduce incidence or mortality of the target disease before 

advocating population-wide cancer screening.41

This paper describes the design and methodological solutions of the Nordic-European 

Initiative on Colorectal Cancer (NordICC) study, a multicenter, multinational, population-

based randomised controlled trial to investigate the effect of colonoscopy screening on CRC 

incidence and mortality.

Study aims

The trial is designed to evaluate the effectiveness of colonoscopy as a primary screening 

method for colorectal cancer.
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1. The primary aim is to compare colorectal cancer mortality and incidence between 

the screening group and the control group under the intention-to-screen principle 

during 15 years of follow-up.

2. The secondary aims are: (i) to compare colorectal cancer mortality and incidence 

between the screening group and the control group after adjustment for imperfect 

adherence, and (ii) to evaluate mortality from all causes during 15 years of follow-up.

3. Further predefined study aims (in auxiliary studies) include evaluation of screening 

attendance, and change of lifestyle patterns in the screened group, control group and 

among non-attendees.

Trial design: management versus explanatory approach

The design of randomized controlled trials can be divided into explanatory or pragmatic (the 

latter also called management).42,43 Explanatory studies include a higher degree of control, 

e.g. with the study subjects enrolled, and with inclusion and exclusion criteria, while 

management trials are looser and more like real life.43 It may be argued that explanatory 

trials aim at the efficacy of an intervention, while management studies also intend to 

estimate the benefit of the intervention to the entire population, thereby mimicking 

effectiveness.

Recent evidence from randomized controlled trials on flexible sigmoidoscopy screening 

show a reduction of CRC incidence and mortality after 11 years of follow-up with an 

explanatory design12 (only randomizing those who have agreed to be enrolled in the trial) 

and no apparent effect after 7 years of follow-up with a management trial design 

(randomizing directly from the population registry without prior consent).31 This could 

reflect the difference in the follow-up time, or the difference in the study design of the 

Flexiscope and NORCAPP studies.12,31

In the screening setting, the management trial design measures the effectiveness of the 

screening strategy, thus taking into account not only the efficacy of the screening test but 

also uptake rates, self-selection and the characteristics of the attendees and the non-

attendees. A drawback of the management study design includes the risk of dilution of the 

efficacy of the screening intervention by including non-compliers and subjects who are not 

eligible for the trial. Hence, the efficacy of the intervention may be underestimated. 

Furthermore, in case of low compliance with the intervention, self-selection and 

confounding by lifestyle, the interpretation of non-significant findings may become a 

challenge.

An explanatory study design is estimating the highest possible benefit that could be achieved 

with the screening intervention by random allocation of subjects who are known to be 

eligible and likely to be compliant.12 On the other hand, information about any hypothetic 

effect of the intervention may trigger opportunistic screening activity in the control group, 

and thereby introduce bias for the effect of screening and reduce statistical power achieved 

with higher compliance.
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The NordICC trial may be regarded as a management study. The major reason underlying 

this choice is that with a management study design we intend to answer the question whether 

colonoscopy screening is suitable for organized, population-based programs.

Patient selection and randomization

Figure 1 shows the flowchart of the trial. Men and women 55 to 64 years of age are 

randomly drawn from the population registries in each of the participating countries. The 

eligible population is updated in three to six-month intervals to exclude recent cases of death 

and colorectal cancers occurring in the pre-randomization period. In Poland, the eligible 

population is additionally matched against the opportunistic CRC screening program 

database to exclude individuals who underwent colonoscopy screening within the last 10 

years. Eligible subjects are randomly assigned to either the control or the screening group in 

a two-to-one ratio. Randomization is stratified by sex, birth year and preferably also by 

household (individuals living together are assigned to the same randomization group). Each 

subject randomised to the screening group is matched to two subjects from the control group 

with the same sex and birth year, to facilitate assignment of identical screening and virtual 

screening dates (see below). The randomization process is performed separately by 

independent bodies in each participating country.

The only exclusion criteria are death or diagnosis of colorectal cancer before randomization 

or study entry date (see below or noted above). However, individuals randomized to the 

screening group (and therefore included in the intent-to-screen analysis described below) 

will not be offered colonoscopy if any of the following applies: (i) previous open colorectal 

surgery, (ii) need for long term attention and nursing services (somatic or psychosocial 

reasons, mental retardation), (iii) ongoing cytotoxic treatment or radiotherapy for malignant 

disease, (iv) severe chronic cardiac or pulmonary disease (NYHA III and IV), (v) lifelong 

anticoagulant treatment, (vi) a coronary or cerebrovascular incident requiring hospitalization 

during the last three months, (vii) residence abroad, (viii) unknown residence or message of 

death of the subject (which had not been updated in Population Registry), or (ix) failure to 

provide written informed consent). Individuals with suspicious symptoms are advised to 

consult their physician for further investigation.

Invitation procedures

Each individual in the screening group receives an invitation letter with the appointment date 

and time for a colonoscopy at the corresponding participating centre. In one country (the 

Netherlands) the colonoscopy appointment dates are arranged only after the center receives a 

response phone call from the invitee. The matched control subjects are assigned an identical 

date for a virtual screening appointment, but are not informed of their status as controls.

The baseline invitation schedule is designed to maximize participation and with some local 

variation includes (i) mailing a letter of invitation 6 to 7 weeks prior to the appointment, (ii) 

mailing a reminder letter to non-responders 3 weeks prior to the appointment, and (iii) 

mailing a re-invitation letter to non-responders, if needed. The invitation package contains 

(i) a brief, personalized invitation letter, (ii) a folder with extensive information on the study 
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background and aims, colorectal cancer epidemiology, risks and benefits of colonoscopy and 

organization of screening procedures, (iii) a reply form for informed consent including the 

list of exclusion criteria and the screening centre telephone number to be used for discussing 

medication or diseases that may be relevant for bowel cleansing, endoscopy or polypectomy, 

and (iv) a pre-paid, return envelope. The colonoscopy procedure is offered free of charge. To 

overcome obstacles to screening and to maximize the rate of participation a number of 

additional methods are employed.44 Screening appointments are timed in proximity to 

annual milestones (e.g. birthday) when possible.45 The screening dates and hours are 

flexible, and modified upon request. Bowel cleansing is provided free of charge, either sent 

upon confirmation of attendance one week prior to the appointment date or picked up at the 

nearest pharmacy. For the procedure each participant is offered a free parking spot, one-day 

medical leave certificate, and sedation upon request. In addition, the general practitioners in 

the screening areas receive an informational brochure about the study and colorectal cancer 

screening.

Examination procedures

Bowel preparation

Polyethylene glycol (PEG) based split dose bowel preparation regimens are used as a 

standard in the trial (such as3 L of polyethylene glycol solution with or without two tablets 

of bisacodyl 5mg or 2L polyethylene glycol solution with ascorbic acid). If the proposed 

bowel preparation deters subjects from participation, alternative less volume-intensive 

regimens are offered. The preparation regimen is designed to maximize bowel cleanliness 

without compromising study attendance.

Endoscopic examination

All individuals in the screening group are offered ‘once only’ full colonoscopy. The 

examinations are performed with standard video colonoscopes using carbon dioxide for 

insufflation and an optional magnetic endoscope imaging system for orientation of the 

endoscope position. Technical aids are used to optimize cecal intubation rate and satisfaction 

among the screening subjects.46 At colonoscopy, all detected CRC precursor lesions are 

removed whenever feasible, and other pathological findings are biopsied. Insertion of the 

endoscope is discontinued if the subject expresses serious discomfort or a wish to stop. Post-

screening follow-up or surveillance in NordICC is administered by the local health service 

according to local practice or guidelines. A standard protocol for follow-up of screenees 

with neoplasia is incorporated in the endoscopy and pathology IT software used by all 

participating centres. From January 2011, all centres follow the newly established polyp 

surveillance strategy of the European guidelines for quality assurance in colorectal cancer 

screening and diagnosis.41

Histopathological examination

Dedicated pathologists at the local pathology labs are responsible for tissue examination in 

the respective centres. Histopathological examination follows the guidelines of the World 

Health Organization.47 Online reporting from the pathology labs are integrated with the 
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endoscopy IT module48 to provide continuous measurements of adenoma detection rates and 

to determine pending histopathology reports and issue surveillance instructions.

Endpoint ascertainment

The primary endpoints of the trial are CRC-specific death and CRC incidence. In each 

participating country, the entire study population will be periodically matched against 

Cancer Registries, Population Registries and Registries of Causes of Death. The primary 

analysis is scheduled at 15 years after randomization. An interim analysis of the primary 

endpoints is planned at 10 years of follow-up.

The endpoints of the trial will be evaluated by matching of study subjects to cause of death 

and cancer registries in the participating countries. In addition, independent endpoint 

committee49 in each of the participating countries (including one pathologist, one 

epidemiologist, and one surgeon or oncologist) will evaluate the standardized classification 

of CRC incidence and cause of death, based on patient records and/or death certificates 

according to the International Statistical Classification of Diseases and Related Health 

Problems (tenth revision, ICD-10, guidelines for mortality and morbidity coding).50 

Committee members will be blinded as to the allocation to screening or control arm and all 

information that could identify whether a cancer was screen-detected will be withheld from 

them. Deaths attributable to complications from CRC diagnosis or treatment will be 

assigned as CRC deaths.

Statistical power considerations

Although colonoscopy is regarded as a cancer prevention test, the primary aim of each 

screening modality is to reduce disease specific mortality; therefore, incidence based CRC 

mortality is the variable used for power calculation in the trial. The number of expected 

CRC deaths in the control group is based on CRC incidence, expected stage distribution, the 

relative survival rate by stage of diagnosed CRC, and all cause mortality per country to 

derive an incidence based mortality for the age group 55–64 followed over 10 and 15 years. 

The incidence based CRC mortality estimates per participating countries and the weighted 

average based on number enrolled per country are shown in Table 1. The cumulative CRC 

incidence based mortality over 15 years of follow-up, adjusted for deaths from other causes, 

is expected to be approximately 1%. The estimated effect of screening colonoscopy on CRC 

mortality depends primarily on three variables: attendance to screening, efficacy of 

examination and screening contamination in the control group. The estimates of these 

variables are uncertain. Table 2 provides power calculations for different scenarios of 

efficacy, attendance and contamination. A 25% difference in the CRC mortality is our main 

hypothesis based on an assumption of 50% attendance, 50% screening efficacy and 0% 

effect reduction due to contamination in the control group. A cautious assumption of 50% 

screening efficacy is based on estimates of 65–69% mortality reduction in screening 

colonoscopy or adenoma cohorts when compared with epidemiological data.26,34 We 

anticipate an effect of screening colonoscopy due to early detection of CRC as well as 

removal of adenomas. The assumption of screening attendance is based on 10–60% 

participation to colonoscopy in three population-based randomized controlled trials.27,33,51 
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Given the use of similar invitation materials as in the Norwegian trial, which achieved the 

highest participation27, a 50% attendance is estimated. The randomization is performed in a 

2:1 ratio (control and screening arm, respectively). To detect a 25% difference in mortality 

with power of 0.90 at the 5% level of significance, the study requires 22,800 individuals 

randomized to the screening arm and 45,600 individuals to the control arm. Therefore, we 

plan to screen at least 11 400 individuals, but aim for 15 000 screened individuals to achieve 

adequate power also with lower compliance to screening, more contamination or lower 

effect of the intervention (see Table 2 for the different scenarios that may be applied). 

Presently, the Netherlands, Poland and Norway have started to include participants in the 

trial, and Sweden plans to start recruiting in the near future.

Statistical analysis

The primary analysis will use the date of randomization as the start of follow-up for each 

individual. A secondary analysis will use the date of scheduled screening (virtual screening 

for matched controls) as the start of follow-up. Both analyses are expected to yield similar 

results if the period between randomization and scheduled screening date is short, or if 

randomization to screening does not affect the probability of dropping out of the study 

before the scheduled screening date.31 Each individual’s follow-up will end at CRC death 

(CRC diagnosis for CRC incidence endpoint), loss to follow-up (i.e. emigration) or 15 years 

after randomization, whichever happens first.

For the primary analysis the effect of screening colonoscopy on colorectal cancer mortality 

will be assessed for the time to the event (CRC mortality) in an intention to treat analysis 

using the log rank test stratified by country. We also will perform a Cox proportional hazards 

model analysis, stratified by country, to assess the screening effect as well as that due to any 

cofactors or interaction effects on risk of CRC mortality. We also will derive the Kaplan 

Meier cumulative survival curves and plot the annual hazard ratio to assess the 

proportionality assumption for the Cox modeling. Similar analyses will be performed for the 

impact of screening colonoscopy on CRC incidence. We anticipated that incidence curves 

will be non-proportional in the years immediately following the colonoscopy intervention.

All these analyses will be repeated for per-protocol analysis adjusting for non-compliance.52

We plan one interim analysis at 10 years with the primary analysis at 15 year using the 

O’Brien-Fleming rule.53

NordICC structure and management

The NordICC organizational structure is presented in Figure 2. The scientific committee, 

consisting of at least one member from each of the participating countries, together with the 

head secretariat in Oslo, Norway, coordinates the management, screening, quality control, 

and endpoint observation and publication activity. The scientific committee reports to an 

external data safety and monitoring board (DSMB). The DSMB provides advice to the 

scientific committee on adverse events and endpoint evaluation. The DSMB monitors the 

primary endpoint of the trial after 10 years of follow-up. The coordinating secretariat 

manages administrative work and the screening activities together with national executive 
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committees via the joint database server located at the Cancer Registry of Oslo, and 

connected to all participating centres. During the follow-up period, national endpoint 

committees report on study endpoints to the respective executive committees.

Quality assurance program

Indirect evidence has provided various estimations of the preventive effect of colonoscopic 

polypectomy on colorectal cancer incidence.8,54,55 It has been suggested that observed 

differences in CRC protection may reflect differences in the quality of colonoscopy 

performance.15 Therefore, continuous quality control and improvement is essential to ensure 

highly efficacious examinations. We will use dedicated IT solutions to monitor quality, using 

a centralized database48 and paper-based questionnaires56 to be scanned and merged with 

the database. These IT solutions allow (i) central registration and notification of substandard 

colonoscopy performance (assessed using adenoma detection rates, cecal intubation rates, 

perceived pain and discomfort during and after the screening examination, and satisfaction 

with the screening center personnel), (ii) notification of all complications and adverse 

effects, (iii) notification of screen-positives with no scheduled appointments for adequate 

follow-up, and (iv) notification of missing, inadequate or illogical registration of histological 

findings. In addition, video recording of all colonoscopies during withdrawal allows for 

subsequent analyses of quality.

Ethical issues

At all participating institutions, ethics committees or National Health Councils have 

approved the study protocol prior to recruiting individuals to the trial.. All participants 

randomized to the screening group must provide written informed consent before they are 

examined by colonoscopy. Individuals assigned to the control group will not be informed 

about their status as controls in the present trial. Our study design facilitates a truly 

population-based study, which allows generalization of the effect estimate of the screening 

intervention to the general population, because it mimics national CRC screening program.

Auxiliary studies

Attendance rates for screening colonoscopy

Limited data is available regarding colonoscopy screening attendance rates. This study 

utilizes available information to maximize screening uptake and measure achievable 

attendance rates. The auxiliary studies plan to investigate and compare (i) attendance in 

response to various invitation time schedules (sending the invitation letter and reminder 6 

and 3 weeks vs. 4 and 2 weeks prior to appointment date, respectively), (ii) attendance in 

response to several versions of the invitation letter (choice of endoscopist gender vs. choice 

of definite endoscopist vs. standard content), and (iii) initial non-responder attendance 

following re-invitation or CRC screening directed educational meetings. Once the most 

effective invitation procedure is established, it will be applied to the individuals who remain 

to be invited.
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Change of lifestyle in screening group, control group and non-attendees

Due to false reassurance, screening programs may have a negative impact on future lifestyle 

choices, promoting an unhealthy lifestyle. Such behavioral changes might reduce, eliminate 

or even reverse the overall benefit from screening by increasing CRC or overall mortality.38 

Lifestyle changes over time with and without invitation to colonoscopy screening will be 

monitored in random samples assessing also potential differences in effect of screening on 

lifestyle according to findings at screening.

Further auxiliary studies will be considered provided that they are not regarded detrimental 

to attendance rates.

Conclusions

Although colonoscopy screening is recommended for the prevention of colorectal cancer in 

several European countries and the United States, no randomised trials have quantified its 

possible benefit. This randomized controlled trial has been designed to quantify the long-

term effect of colonoscopy screening on colorectal cancer incidence and mortality. Accrual 

of participants directly from population registries mimics population-based screening, and 

provides an opportunity to explore the logistics and effectiveness of an organized 

colonoscopy screening. Results will become available after 10 and 15 year follow-up.
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Figure 1. 
Flowchart for recruitment of study participants*
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Figure 2. Organizational structure of the NordICC trial*
*Arrows indicate directions of relative dependency.
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Table 1

Estimated incidence based mortality from colorectal cancer per 1000 unscreened controls in actively recruiting 

countries (minimum 11,400 colonoscopies).

10 yrs follow-up 15 yrs follow-up

Netherlands 4.64 9.56

Norway 4.89 9.95

Poland 5.61 10.21

Sweden 4.89 9.95

Weighted average 5.23 10.02
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