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funding to improve health service also in routine clinics
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Abstract

We are far from having seen the ideal method of screening for colorectal cancer (CRC) and the downsides of screening have not
been fully addressed. Funding of adequately sized screening trials with a 10—15-year perspective for endpoints CRC mortality
and incidence is difficult to get. Also, with such time horizons, there will always be an ongoing study to be awaited before feeling
obliged to invest in the next. New, promising screening methods may, however, emerge far more often than every 10th year,
and the knowledge gap may easily widen unless research is made a key responsibility for any ongoing cancer screening program.
Previous lost battles on screening research may be won if accepting that scientific evidence may be obtained within the
framework of screening programs — provided that they are designed as platforms for Comparative Effectiveness Research
(CER). Accepting that CER-based screening programs should be preferred to non-CER programs and seriously compete for
their funding sources, then CER screening programs may not be considered so much as contenders for ordinary clinical
research funds. Also, CER within a screening framework may benefit patients in routine clinics as shown by screening research
in Nordic countries. The Nordic countries have been early contributors to research on CRC screening, but slow in

implementing screening programs.
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Background and scope

History has shown that the level of evidence required to
justify a screening program is a continuous source for
debate. Many programs have been launched long
before adequately sized screening trials have shown
an effect on cancer mortality or incidence — also for
colorectal cancer (CRC) (Figure 1). Although some
CRC screening methods have now been shown effec-
tive, we have yet to see the ideal screening method in
terms of effectiveness and avoidance of overdiagnosis,
overtreatment, and unnecessary anxiety. Thus, imple-
mentation of CRC screening is hardly justifiable unless
combined with research to fill in knowledge gaps and
improve services both for screenees and for patients.
This was the case in the 1980s [1,2] and it still holds
true [3] — after 30 years of insufficient research.

The World Health Organization (WHO) has
defined a series of basic criteria to be fulfilled before
considering mass public health screening [4]. For
cancer screening, this includes high prevalence of
the type of cancer in question and its importance as
a health problem in the population, detectable
precursor or early-stage lesions, a safe and suitable
method for detection and an effective treatment
shown to give better prognosis when applied to early
stage, asymptomatic disease than when detected later
as a result of patients seeking advice due to symptoms.
So far, there is only CRC screening that has lived up
to these standards, demonstrated in a series of ran-
domized controlled studies (RCT's) using fecal occult
blood testing (FOBT) [5-7] and flexible sigmoidos-
copy (FS) [8-11]. Published results from RCTs on
FOBT so far have been limited to guaiac-based
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Figure 1. Time lines from start of recruitment in randomized controlled studies on screening with FOBT, flexible sigmoidoscopy, and CS until
year of first publication showing an effect on CRC mortality and/or incidence. From the CS studies, results are not expected for many years yet.
Examples of countries where regional or national screening has been implemented before emergence of results from trials are shown in gray
boxes at the bottom (not a complete listing). Study periods from start of inclusion until first results showing effect: Minnesota 1976-1993 [21],
Nottingham 1981-1996 [22]; Geteborg 1982-2008 [35]; Funen 1985-1996 [20]; PLCO 1993-2012 [9]; SCORE 1995-2011 [11]; FlexiSig
1996-2010 [8]; NORCCAP 1999-2014 [10]; NordICC 2008 -> [23]; CS, E — the COLONPREY trial in Spain on CS vs/iFOBT 2009 -> [24];
CS, USA - the Veterans Administration CONFIRM trial on colonoscopy vs/iFOBT 2013 -> (http://clinicaltrials.gov/show/NCT01239082);
CS, S — the Swedish SCREESCO trial on CS vs/iFOBT vs/controls (three arms) 2014 -> (http://clinicaltrials.gov/show/NCT02078804).
Abbreviations: CS = Colonoscopy; iFOBT = Immunochemical fecal occult blood testing.

FOBT (gFOBT), but there are ongoing studies using
immunochemical FOBT (iFOBT), which is specific
for human blood. Results from RCT's on colonoscopy
(CS) screening are not expected for many years to
come (Figure 1).

Case detection of other gastrointestinal cancers by
surveillance of high-risk patients (“case finding,” but
sometimes called “screening”) may be beneficial as
shown for ultrasound and serum alpha-fetoprotein
surveillance of patients with hepatitis B [12-14].
The same applies to well-established practice of offer-
ing surveillance to members of cancer syndrome
families. Population screening and prevention pro-
grams for gastric cancer have long been established in
high-prevalence countries in Asia, apparently without
prior RCTs having cancer mortality or incidence as
end points (ref. cervical cancer screening, which was
also introduced without prior RCTs). Although the

number of new cases of gastric cancer worldwide is
estimated to be close to one million per year (1.2 mil-
lion for CRCQC), it is declining and population screen-
ing programs are not likely to be launched in Europe
[15]. There are, however, ongoing trials on eradica-
tion of Helicobacter pylori as a primary preventive
measure [15]. In this review, I shall discuss mass
public health screening for CRC, and how the knowl-
edge gap has been met also for the benefit of patients
in routine clinics and challenges for the future.

CRC screening perspectives

Worldwide, CRC is considered a major health prob-
lem with ~1.2 million new cases per year and more
than 0.6 million deaths. In Europe, it is the number
two incident cancer (447,000 per year) after breast
cancer and second to lung cancer in terms of cancer-
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related cause of death (215,000 per year) [16]. Symp-
toms are unspecific and often emerging at a late stage
beyond prospects of surgical cure. Life-lengthening
therapy for advanced CRC has improved, but the gain
is largely marginal with exceedingly high costs of new
drugs [17]. The more cost-ineffective a treatment is,
the more attractive may screening appear —not least to
health-care providers and politicians facing galloping
costs for treatment of advanced cancer disease.

In Europe, the lifetime risk of CRC is about 5%
with a 50% 5-year survival. Life itself being 100%
“deadly,” this implies that 97.5% of Europeans will
die from something else than CRC. So, why should
average risk citizens not responsible for health budgets
bother about screening? An analogy to screening may
be found in house insurance. Both represent some
kind of investment from many (pay an insurance
premium or invest time for screening participation
with personal inconvenience and exposure to proce-
dure risks) for the benefit of very few (those who will
have their house on fire or get CRC at some time in
the future). Thus, screening is a question of cost
(harm) versus potential benefit as it may be acknowl-
edged by the target population and the health-care
provider. These two players may have opposing inter-
ests: screenees participate to obtain confirmation of
being healthy — probably accepting some inconve-
nience, but little or no procedural risk to obtain
this confirmation. Health-care providers, on the other
hand, screen to detect as many concealed early-stage,
asymptomatic CRCs as possible. Thus, information
material supporting invitees to make a genuinely well-
informed decision on participation should be devel-
oped jointly by providers and participants. This is
often not the case and providers may easily oversell
benefits neglecting the downsides of screening
[18,19].

Prerequisite principles for screening were laid down
by WHO in the 1960s [4]. Many regional and national
screening programs have been launched with the best
political intentions of doing good, but lacking scien-
tific evidence. This applies also to CRC screening
programs. Screening for FOBT was introduced in
some countries long before results from large-scale
randomized trials emerged in the 1990s [20-22] and
the same has happened for FS and CS (Figure 1)
[23,24].

Nordic work on CRC screening

In a series of important studies to understand phys-
iological gastrointestinal blood loss and develop a new
test for FOBT, Jan Dybdahl performed a population-
based feasibility study in 1982 obtaining 55% com-
pliance among 754 persons invited to be screened at

age 54-64 years using standard Hemoccult-II and a
new Tetramethylbenzidine test [25]. Although proven
feasible, the benefit of using FOBT as a mass screen-
ing method at that time was considered highly ques-
tionable in several countries as also pointed out by
Dybdahl then [25] and later by others [26].

In 1983, the first ever randomized feasibility study
on FS screening was launched — the Telemark Polyp
Study (TPS) from which 27-year follow-up results
were recently published [27,28]. This was a small-
scale RCT with only 400 invited to be screened, but it
was population-based with 81% attendance [29] — a
much higher compliance than observed in contem-
porary and succeeding FOBT and FS studies. The
key target lesion for CRC prevention through endos-
copy screening has been the colorectal adenomatous
polyp, but the knowledge about its natural course was
very limited in the 1980s. In spite of poor level of
evidence, guidelines advised to have all polyps
removed followed by what later appeared to be over-
anxious post-polypectomy surveillance strategies.
This restricted iz sizu studies on growth of polyps.
Nevertheless, two i sizu studies on polyps were per-
formed in Norway [30,31]. Only in recent years have
others pursued this line of research [32]. Statistically,
90-95% of polypectomies may be considered a waste
of time representing overtreatment in terms of
CRC prevention, but we do not know which
5-10% to go for to prevent overtreatment. Gradually,
post-polypectomy surveillance intervals have been
extended and groups of patients have been down-
graded to not require any surveillance at all [33,34].

Among the early Nordic CRC screening trials, the
Danish Funen [6] and the Swedish Geteborg [35]
studies were among the first ever and frequently cited
large-scale RCTs on gFOBT screening — both show-
ing a relative CRC mortality reduction of 16% [36].
In more recent years, the Finnish were the first to
pioneer randomization of a stepwise introduction of a
national gFOBT screening program [37]. Among the
large-scale trials on endoscopy screening, the Norwe-
gian CRC Prevention INORCCAP) trial was one out
of four large-scale RCTs on FS launched in the 1990s
[8-11,38]. Of these, the NORCCAP trial was the only
study inviting straight from the population registry —
thus mimicking invitation routines as expected in a
national screening program. After 11-year follow-up,
the results were, however, very similar to the other
trials — a relative reduction of 27% for CRC mortality
and 20% for incidence [10] by intention-to-treat
(screen) analysis with 65% attendance.

With a time horizon of at least 10 years and often
tens of thousands of participants to obtain sufficient
statistical power, screening trials are resource
demanding in every sense of the word — often



requiring international collaboration. In the 1990s,
there was an initiative to launch an RCT comparing
gFOBT and FS screening with recruitment of
40,000 participants from 10 European centers. This
never materialized, but separate valuable publications
on baseline data were published from centers in
Sweden [39] and Denmark [40]. After several years
of failure to raise money for an RCT on CS screening
in Norway (NORCCAP-II), a Nordic collaboration
that quickly extended to include several EU countries
succeeded in fund-raising for the Nordic Initiative on
Colorectal Cancer (the NordICC trial) [23]. The
screening phase of this study was successfully com-
pleted in 2014 with participating centers in Poland,
the Netherlands, Sweden, and Norway. In Sweden,
recruitment started in 2014 in the three-armed RCT
Screening of Swedish Colons comparing CS with
iFOBT versus controls (http://clinicaltrials.gov/
show/NCT02078804). This is a good example of
large-scale parallel testing of more than one screening
modality, similar to a much smaller Dutch study
comparing gFOBT, iFOBT, and FS [41]. Imagine
the knowledge level we would have been at now if
such multiarmed trials had been launched when trials
on CS screening were first suggested 20-25 years ago.

In the late 1980s, the reigning Nordic attitude was
not to start CRC screening programs unless in com-
bination with research [2]. This attitude prevailed in
2005 [42] in spite of the recommendations on pro-
grammatic screening from the EU Commission in
2003 [43] and the World Organization on Digestive
Endoscopy (OMED) in 2004 recommending even
opportunistic (non-programmatic) CRC screening
[44] — which was in opposition to the view taken by
the EU Commission only accepting programmatic
screening with quality assurance at all levels. This
reflects different attitudes to screening organization
both within Europe and the USA, but also between
the two continents [45]. Both in the feasibility study
phase of CRC screening and later in performing large-
scale RCTs, the Nordic countries have been early
contributors and pioneers, but hesitant implementers
of screening programs.

Filling the knowledge gap within screening
trials — also for the benefit of patients in routine
clinics

The efficacy of a screening method and the effec-
tiveness of a ‘screening-program-to-be’ should be
proven before implementing screening programs
proper. Also, the level of evidence for current prac-
tice should be no less for screening a presumptively
healthy population not having asked for this service
than for worried patients seeking our health service
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for advice and treatment — ‘to the best of our ability.’
If anything, level of evidence should probably be
higher for the healthy [46] than for the sick accep-
ting some risk if there is a prospect of improving
health. The pressure on health-care providers to
obtain good-level evidence may therefore be higher
in screening than routine clinics. Thus, standards
for evidence leading to change of current practice
may be improved also for patients in routine
clinics through studies performed within a screening
framework.

The utmost level of evidence is multiple, well-
designed large-scale randomized controlled trials.
Randomized trials on mass public screening are
resource demanding, time consuming, and expensive
with a time frame of 10-15 years for the most valid
end points — CRC incidence and mortality. National
research funds may not be able to cope with the
requirements of screening trials without substantial
redistribution of funding otherwise meant to be avail-
able for competing applicants in other fields of
research. Also, the time horizon of screening trials
appears not very attractive to funders, health-care
providers, or politicians. A time horizon of 10-15
years further implies that there will likely always be
an ongoing study, the results of which ‘we shall have
to await before making any decisions on further stud-
ies or screening programs.’ This was the case in the
late 1980s when initiatives were taken (and failed) to
launch large-scale RCTs on FS and/or CS screening —
still while we were awaiting the first results from
ongoing trials on FOBT screening (Figure 1). If these
initiatives had succeeded, we would long since have
known what may be gained by ‘going the extra mile’
with full CS rather than ‘half-way’ FS screening
compared to FOBT. Not affording to have several
studies running in parallel means that the knowledge
gap widens as new, promising screening modalities
may emerge far more often than every 10th year. As a
result, we will always find ourselves having insufficient
evidence of efficacy and effectiveness once a political
decision is made of implementing a screening pro-
gram. Such programs are not run on research funds,
but health insurance or taxpayers’ money. Those
administering these sources should be more aware
of the benefits of funding well-designed RCT's as part
of piloting screening rather than launch an ordinary
screening program without an explicit research man-
date. Although expensive, an RCT pilot is much
cheaper than going straight for a program launch —
particularly when what may be gained is poorly
documented. A screening program built on good
intentions with poor evidence may prove to be of
no benefit and a misuse of taxpayers’ money. The
stepwise randomized introduction of the Finnish


http://clinicaltrials.gov/show/NCT02078804
http://clinicaltrials.gov/show/NCT02078804

722 G. Hoff

Oslo + telemark
M and W, age 50-64 years

n=21,000
Health Screening effect
economics on lifestyle
On attendance:
blood sample,
case- and family history
Blood: Stool:
folate: | | calprotectin,
metabolism FS FS + FOBT molec. markers
n=10,500 n=10,500
Medical \l/ ; il i .
genetics Neoplasia or +ve FOBT: BBl
colonoscopy path. projects
Endoscopist Endoscopic methodology Gene-
performance (CO,, endoscopes, hygiene) environment

Figure 2. The NORCCAP trial on flexible sigmoidoscopy screening (white squares) with add-on study topics (gray squares) having resulted in

48 original scientific publications and 10 PhDs (per January 2015).

CRC screening program using FOBT as screening
modality is exemplary in this respect [47,48].

Many fights and frustrations over lost battles on
screening research can be surpassed if accepting that
proof needed may be obtained within the framework
of a piloting screening program — provided that it is
designed as a platform for Comparative Effectiveness
Research (CER) with a series of randomized and
observational studies. One such piloting study was
the NORCCAP trial, basically an RCT study on FS
screening versus ‘care as usual’ (no screening) [38].
NORCCAP never proceeded to a full program, but a
new pilot was launched 10 years after NORCCAP in
2012 — the Bowel Cancer Screening in Norway pilot
study (BCSN). Not only is this an RCT comparing
once-only FS with biennial iFOBT (immunochemical
test for FOBT) in 140,000 invitees, but the idea is to
add on further randomization arms if or when
the program is to be rolled out on a national basis
(http://www .kreftregisteret.no/tarmkreftscreening).
The Finnish model of stepwise, randomized intro-
duction of a screening program was adopted by the
Swedes when starting gFOBT screening in the Stock-
holm and Gotland counties in 2008 [49] — to be able
to assess effects on CRC mortality. The Danes, having
had an early lead in CRC screening studies in the
1980s and 1990s led by Ole Kronborg, implemented
countrywide gFOBT screening in 2014 without ran-
domization. Several ongoing gFOBT-based programs
are now considering converting to iFOBT.

In addition to answering the number one question
on impact of CRC screening on incidence and mor-
tality, the NORCCAP trial was designed with a series

of additional topics to be addressed as illustrated
in Figure 2. One of these has been the study of
possible long-term effects of screening on lifestyle.
Recently published results from this showed that
possible unfavorable effects of screening on lifestyle
are modest, but worth being aware of to consider
lifestyle counseling as an integrated part of cancer
screening programs [50]. This particular sub-study
was strictly screening-related, but other add-on stud-
ies may benefit patients in routine clinics. One such
example is a series of RCTs on CO, insufflation
carried out within the CER concept of the NORC-
CAP trial [51-53]. Through the Norwegian national
quality assurance program Gastronet [54], these stud-
ies have strongly contributed to more than 90% of
colonoscopies in Norway now being performed with
CO, insufflation and CO, being recommended in the
European Guidelines for CRC screening and diag-
nosis [55]. Also, the add-on studies on endoscopy
performance and patient-reported outcome measures
(PROM) in terms of pain and discomfort experienced
by screening participants have contributed to further
focus on endoscopist training and surveillance in QA
programs for the benefit of patients in routine clinics
[56,57] — a topic also addressed in other screening
studies [58]. Gastronet was the first QA program for
CS performance together with the British Global
Rating Scale program [59] — both launched indepen-
dent of each other in 2003. Gastronet was designed
within the NORCCAP trial framework in 1999 and
subsequently adopted in routine clinics in Norway in
2003 with emphasis on PROM [54]. Both the CO,
and the PROM issues are examples where research
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within a screening framework has substantially con-
tributed to change of practice and improved services
for patients in routine clinics.

There is some concern about the recent emergence
of sessile serrated adenomas/polyps (SSA/Ps), once
regarded as innocuous hyperplastic polyps, but now
considered possibly playing an active part in a polyp—
cancer sequence. Endoscopic removal of these may
carry a 10 times increased risk of perforation in the
proximal colon where these polyps are most often
found — without evidence to quantify what may be
gained in terms of CRC prevention by having them
removed [60]. A recent study from NORCCAP with
11-year follow-up of SSA/Ps left i siru provided
evidence that these lesions may be markers of an
increased risk of CRC rather than themselves playing
an active role in a polyp—cancer sequence [61]. Again,
this represents screening trial sub-studies shown to be
of benefit for patients in routine clinics where guide-
lines on how to handle these polyps are about to set an
‘overkill’ standard (just to be ‘on the safe side’) —
possibly exposing patients to unnecessary risks of
complications [62].

Examples from screening trials contributing to
closing the knowledge gap for the benefit of routine
patients is listed in Table I.

Attendance and acceptability

Having found the perfect screening modality (some
time in the future) will hardly have any effect if it is
not being used or found acceptable by the target
population. The ‘perfect screening method’ cannot
be expected to be effective if only accepted by, say
10% of the target population. This may vary
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considerably with time and between countries and
cultures. This emphasizes the need to obtain as much
screening-related information as possible from the
target population, relevant for the target population
and presented to the target population when trying to
optimize the screening service. Results from your own
peer group are expected to be more convincing than
results from remote groups in other countries/cul-
tures. In general, attendance for FOBT screening
appears to be higher for women (55-60%) than for
men (50-55%). For FS screening, the sex difference
is not so obvious, but attendance is often 5-10% lower
than for FOBT. In spite of these general observations,
there are differences poorly accounted for — e.g. how
could the population-based TPS on FS screening
achieve 81% attendance in 1983 while NORCCAP
had 65% in 1999-2001 and BSCN around 50% in
2012-2014 — all in similar Norwegian populations
and using the same bowel prep and screening
method? Similarly, how did the Danish Funen trial
achieve 65% attendance for FOBT in the 1980s while
their FOBT screening pilot in 2005-2006 had less
than 50% compliance [63]? These observations may
reflect declining beliefs in screening in Norway and
Denmark — which is in contrast to a stable and high
attendance for FOBT screening (70%) in Finland
[37]. A Dutch study comparing gFOBT with iFOBT
and FS showed attendance rates of 50%, 62%, and
32%, respectively. In spite of only 32% compliance,
FS gave the highest yield per 1000 invited (not only
per attendee) [41] — emphasizing the need to not only
consider compliance, but efficacy of the screening
method to address the program effectiveness in a
public health perspective. While FS came out
as the winner in this Dutch population, it may not

Table I. Examples of CRC screening trials contributing to reduce the knowledge gap relevant for patients in routine clinics.

Trial Topic References
TPS* Association between smoking and colorectal polyps (first-time documentation) [68]
Studies on growth of n sizu polyps (first time intentionally leaving unresected polyps i situ)  [30]
NORCCAP** Studies on CO, insufflation during lower GI endoscopy [51-53]
Inter-endoscopist variation in adenoma detection rate (first-time documentation) [56]
Need for systematic training of endoscopists [56,57]
Need for national colonoscopy QA program [54]
Follow-up study on SSA/P (first-time long-term observation of unresected SSA/P in situ) [61]
UK Flexible sigmoidoscopy  Inter-endoscopist variation in adenoma detection rate [58]
screening Trials on bowel prep
[69,70]
NordICC*# Testing prototype endoscopes [71]
BCSN* RCT on lifestyle intervention (recruiting)

Abbreviations: BCSN = Bowel Cancer Screening in Norway; CRC = Colorectal cancer; iFOBT = Immunochemical fecal occult blood testing;
NORCCAP = Norwegian Colorectal Cancer Prevention; NordICC = Nordic-European Initiative on Colorectal Cancer; RCT = Randomized
controlled study; SSA/P = Sessile serrated adenomas/polyps; TPS = Telemark Polyp Study.

*Small-scale RCT on flexible sigmoidoscopy screening; Norway.

**Large-scale RCT on flexible sigmoidoscopy, a pilot study mimicking a CRC screening program; Norway.

#Large-scale RCT on flexible sigmoidoscopy screening; United Kingdom.

’:‘#Large—scale RCT on colonoscopy screening; Poland, the Netherlands, Sweden, and Norway.

SA large-scale RCT on flexible sigmoidoscopy versus iFOBT screening, a pilot study mimicking a CRC screening program; Norway.
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be so in, e.g., one of the Nordic populations. Only
randomizations within programs or trials may show
what is most beneficial for any defined target
population.

Acceptability of the screening test itself is one issue,
e.g. the advantage of getting away with only one stool
sample for iFOBT compared to three for gFOBT, but
the unpleasantness of bowel prep for CS and the CS
itself for screen-positives and any risks involved are
important downsides of screening. This will be an
increasing part of the overall acceptability issue of
screening as the full implications of participation
dawns upon invitees. Again, reliable quality assurance
programs conveying these downsides from attendees
to the target population are important means of
improving services and providing the most reliable,
relevant information for consent [19].

The future for CRC screening

o The principal discussion on whether to have mass
population screening or not will remain — even if all
running and planned CRC screening programs con-
vert to a CER concept. It is only a matter of level of
discussion — on which level of knowledge do we
discuss. The prevalence of CRC may change inde-
pendent of screening activity and the prospects of
cure evenif CRCis diagnosed ata symptomatic stage
may improve to render screening obsolete (ref.
improved prognosis of testis cancer since the 1960s).

¢ New and less invasive screening tests will emerge.
Eventually they need to be tested within the frame-
work of existing screening programs.

¢ CSwillremain the cornerstone for workup of screen-
positives. Apart from surgery, there is no alternative
to endoscopic treatment of lesions detected.

e The quality of CS and training of endoscopists will
attract increasing attention [55,64,65].

e Overdiagnosis and overtreatment of colorectal
lesions will be addressed. We have seen an increasing
understanding of progression and regression of
polyps [32,66] and acknowledgment that some ade-
nomas may carry no increased risk of CRC [34] and
some lesions may be less active players in a polyp—
cancer sequence than anticipated [61]. Virtual
microscopy will develop to aid in this process [67].

¢ PROM like pain, discomfort, and satisfaction with
information and services will attract more attention
as part of addressing the acceptability of screening.

Conclusion

The Nordic countries have been slow in implemen-
ting CRC screening for its population, but reasonably

active in contributing to research on CRC screening —
also contributing to raise standards in health services
for patients in routine clinics. Granted that competi-
tion for funding is inevitable, research on screening
should not be considered a contender for usually very
limited clinical research funds, but may be a serious
competitor for funding of screening programs that are
not based on CER principles.

Declaration of interest: The author reports no
conflicts of interest. The author alone is responsible
for the content and writing of the paper.
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