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ABSTRACT

Background and study aims Participation in and quality

of colorectal cancer (CRC) screening varies greatly and it is

unclear how much of CRC screening guideline quality me-

trics reach patients. The aims of this prospective observa-

tional study were to provide data from everyday practice in

Austria.

Patients and methods All employees aged ≥50 years

were invited and received a stool-based-test (FIT (cut-off

25 mcg Hb/g) and M2PK), which could be dropped off at

the workplace. All individuals with positive tests were called

and offered a colonoscopy near their workplace/home in ≤

3 weeks performed by unselected endoscopists. Non-atten-

dees received email and telephone reminders.

Results Of 10,239 eligible employees (2706 males, 7533

females), 2390 (23%) (plus 673 <50 years) median age 53

(interquartile range 50;56) participated in the stool-based

screening (18% males, 25% females). Of 3063 tests, 747

(24%) were positive. The follow-up rate for 616 individuals

who accepted or eventually underwent colonoscopy was

84% (n =517). The adenoma detection rate (ADR) was

20.5% (31% in men, 17% in women) and varied substantial-

ly, ranging from 15% in hospitals (excluding the study cen-

ter) to 18.5% among office-based endoscopists, and up to

36% in the study center. Most European Society of Gastroin-

testinal Endoscopy-recommended performance indicators

were unmet, including the polyp detection rate (PDR),

ADR, reporting of polyp characteristics, and bowel prepara-

tion adequacy.

Conclusions There is a serious gap between recommen-

ded standards and real-world CRC screening colonoscopy

quality. Implementation of CRC screening should not only

be accompanied by strategies to increase participation

rates but focus on implementation of rigorous, mandatory

colonoscopy quality assurance programs.
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Introduction
Colorectal cancer (CRC) is the third most common cancer
worldwide with survival rates that are heavily dependent on
the pathologic stage at presentation [1, 2]. Consequently,
many countries have established organized CRC screening pro-
grams [3] based on evidence from epidemiological and sigmoi-
doscopy trials that has demonstrated significant reductions in
CRC incidence and mortality with screening efforts [1]. The
only high-quality randomized controlled trial on screening co-
lonoscopy published so far [4] has incited much discussion be-
cause it failed to show a significant reduction in overall and
CRC-related mortality and effects were significant only in the
adjusted per-protocol analysis. The NordICC trial has shed light
on significant issues concerning screening endoscopy. Essential
prerequisites for effective screening are the participation rate,
with the recommended target uptake being above 65% [5], and
colonoscopy service quality. Unfortunately, uptake and accep-
tance in the general population varies greatly, ranging from 1%
to 73% [3] and depends on factors such as high invitation cover-
age, easy expedited access to recommended tests, timely fol-
low-up examinations, direct mail outreach with reminders, re-
cent health care contact, as well as stool-based screening [6,
7, 8]. To improve quality, the European Society of Gastroente-
rology (ESGE) has proposed several key performance indicators
(KPIs), such as the adenoma detection rate (ADR), to measure
and determine high-quality screening colonoscopy [9]. These
recommendations have only been implemented systemically
by some, for example, in the context of the Dutch national
CRC screening program [10].

In Austria, no organized national CRC screening program ex-
ists, and the exact uptake of opportunistic screening is mostly
unknown, but not higher than 18% [11]. Furthermore, no man-
datory quality assurance for any gastrointestinal endoscopy
service exists in Austria. Thus, the performance quality of
screening colonoscopy outside of high-performance, self-eval-
uating centers and endoscopists is unknown. The intent of this
study was to assess two critical aspects of CRC screening in the
context of a pragmatic, direct, corporate-based screening in-
itiative by measuring participation rates of a well-defined tar-
get population with facilitated follow-up test access and asses-
sing performance and quality of unselected screening colonos-
copy in the state of Lower Austria. We aimed to provide pro-
spective, real-world data to allow for more realistic calculations
of effects of CRC screening based on screening uptake and un-
selected endoscopist service quality and to guide future efforts
of screening implementation.

Methods
This observational study was conducted alongside a corporate
preventive health initiative from September 2021 through sum-
mer of 2023 organized by the study team and supported and
funded by the Landesgesundheitsagentur (LGA) for its employ-
ees. The LGA is a state-wide, public health care provider in the
state of Lower Austria with ~28,000 employees. All employees
aged ≥ 50 years were eligible and personally invited (target

population) to participate in the screening. The current retire-
ment age in Austria (maximum age of eligible persons) is 65 for
men and 60 for women. Employees younger than age 50 years
were not invited; however, they were not prohibited from parti-
cipating. The study was approved by the Ethics Committee of
the state of Lower Austria (GS4-EK-4/735–2021).

Setting and population

The LGA operates hospitals and nursing care facilities across the
state. All employees aged ≥ 50 years received an email invita-
tion and personal letter to participate in a CRC screening pro-
gram. All facilities across the state were divided into (adminis-
trative) regions and included consecutively over the period of
approximately 18 months. Regions were “active” for a defined
period (time for stool test drop-off). To promote the preventive
health initiative and provide further information, members of
the study team traveled to larger facilities within the regions
and handed out promotional materials and could be approa-
ched in case of questions.

Screening protocol and logistics

The CRC screening protocol consisted of a stepwise approach
with a stool test and a follow-up colonoscopy in case of a posi-
tive result. Eligible employees collected a stool-based CRC
screening test (comprising a fecal immunochemical test [FIT],
ScheBo Hb Smart ELISA, cut-off 25 mcg Hb/g stool; and a M2-
PK test ScheBo Tumor M2-PK ELISA, cut-off 4 U/mL [12, 13]) at
their workplace. To maximize simplicity and convenience for
participants, drop-off boxes were set up at each facility where
stool tests could be dropped off during weekdays during the ac-
tive phase, together with the informed consent form and con-
tact information. Tests were collected several times a week
and transported to a central laboratory (at the study center),
where they were stored and analyzed according to manufactur-
er instructions.

In case of a positive result, the participant was called person-
ally to be offered a colonoscopy near their workplace/home at
an office-based endoscopist. Alternatively (especially if no
endoscopists operated in the vicinity), the participant could
opt to undergo colonoscopy at a nearby hospital (e. g., their
workplace). Participants were offered a timely slot within 2 to
4 weeks of the phone call (i. e., prioritized, as was part of the in-
centive to participate). If participants were initially undecided
or had accepted the colonoscopy offer, but no colonoscopy
had been performed according to a centralized list, participants
received a reminder email as well as a personal phone call with
another offer.

After the colonoscopy was performed, the study team col-
lected the colonoscopy and histology reports.

Outcomes and statistical analysis

Descriptive statistics were calculated to summarize the target
and screening population, as well as results from the colonos-
copy reports.

The participation rate was calculated as: [persons aged ≥ 50
with a stool test/eligible population]. The colonoscopy accep-
tance rate was calculated as: [stool test-positive persons with
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colonoscopy report available/persons with a positive stool
test]. To account for possible non-participants or persons lost
to follow-up having undergone colonoscopy outside of the
health initiative, the maximum possible acceptance rate was
calculated also: i.e [everyone with a colonoscopy + everyone
lost to follow-up +everyone reportedly having undergone colo-
noscopy recently before the study + everyone who refused to
participate in the study] divided by [the number of persons
with a positive stool test].

Analysis of quality metrics was based on published ESGE
guidelines on performance measures for lower gastrointestinal
endoscopy [9]. Main outcome measures were the polyp detec-
tion rate (PDR), adenoma detection rate (ADR), cecum intuba-
tion rate, rate of adequate bowel preparation (defined as Bos-
ton Bowel Preparation Scale (BBPS) > 5 or equivalent according
to the description in the report), and reporting of polyp size and
classification. Successful cecum intubation was derived from
the report, because photo-confirmation was impossible in
many instances due to low quality of photographs taken or
none being included in the report. Because of repeated cases
where bowel preparation was reported to be adequate and the
cecum reportedly intubated, but inadequate visualization of
the mucosa was mentioned due to “extensive looping of the co-
lon,” “extensive curving of the colon,” or “extensive folds redu-
cing vision” a combined endpoint of “cecum intubated and
adequate visualization of the mucosa” was also calculated. Fur-
thermore, the advanced adenoma detection rate (AADR) was
calculated according to the 2012 US Multi-Society Task Force
on Colorectal Cancer definition [14], i. e., villous histology,
high-grade dysplasia, size ≥ 10mm, or ≥ 3 adenomas, but also
including tubulovillous histology, because it often is included in
current publication.

Categorical variables are reported as absolute and relative
frequencies and continuous variables as arithmetic mean and
standard deviation (SD) or median and 25% to 75% interquartile
range (IQR) as appropriate. Continuous variables were compar-
ed using the t-test or Mann-Whitney test, for categorical data,
Fisher’s exact test was used, where odds ratios (OR) were de-
rived from. Statistical significance was defined by P < 0.05. All
analyses were conducted as two-sided tests. Data were ana-
lyzed and graphics were produced in Graphpad Prism 10 for
Windows (GraphPad Software, Boston, Massachusetts, United
States).

Results
Population and stool testing

The health initiative was active from September 2021 through
spring of 2023, with colonoscopy reports being collected until
August 2023.Of 10,239 eligible employees (7533 females
[73.6%], 2706 males [26.4%]) older than age 50 years, 2390
(23.3%) participated in the stool-based screening (▶Table 1).
The participation rate was 25% (n =1890) for women and 18%
(n =500) for men. The median age was 54 years (IQR 52–57),
51 (IQR 51–58) for men and 53 (IQR 50–56) for women. Fur-
thermore, 673 people younger than age 50 years opted to par-
ticipate. Of those, 584 (84%) were women and 109 (16%) men.

In total, 3063 individuals participated in stool testing, the me-
dian age was 53 years (IQR 50;56), 2454 (80%) were women,
and 609 (19.9%) were men. Women were statistically signifi-
cantly more likely to participate than men (OR 1.48, 95% confi-
dence interval [CI] 1.32–1.65, P < 0.0001), and were younger
than men (P < 0.0001).

Of the 3063 stool tests performed, 747 (24.4%) were posi-
tive. The positivity rate was 23.3% among women and 28.7%
among men. Tests of women were less likely to be positive (RR
0.79, 95% CI 0.69–0.94 P < 0.01) and men older than age 50
years had the highest rate of positive tests (30%). Most tests
were M2PK positive (23.3% of persons who underwent testing
and 95.4% of positive tests), and M2PK-only positive (18.5% of
persons who underwent testing, and 76% of positive tests), a
minority were FIT-positive (5.8% of persons who underwent
testing, and 24% of positive tests). The rate of FIT positivity
was numerically higher among participants older than age 50
years vs younger than age 50 years (6.2% vs. 4.8%, P =0.20).

Seven hundred forty-seven people with positive tests were
offered a colonoscopy, of which 593 individuals (79.4%) initially
accepted the offer (▶Table1). The acceptance rate was higher
in women (80%) than men (77%). Eventually, 616 (82.5%) ac-
cepted and/or had a colonoscopy performed and 131 (17.5%)
refused or are still undecided (calculated maximum possible ac-
ceptance rate 89%). The follow-up rate for individuals who ac-
cepted and/or had a colonoscopy performed was 84.1% (n =
518; 1 person had a virtual colonoscopy), i. e., they underwent
colonoscopy and a colonoscopy report (including histology, if
applicable) was available for analysis. The median age was 53
years (IQR 50;56), 398 (77%) were female and 119 (23%) were
male, and 480 (92.8%) were older than age 45.

Colonoscopies

In total, 58 office-based and 24 hospital-based endoscopy units
performed the 517 colonoscopies. Most were performed by of-
fice-based physicians (n =340, 65.8%) and the rest were per-
formed at hospitals (34.2%). More colonoscopies were per-
formed by internists and/or gastroenterologists (58.8%) than
by surgeons (41.2%).

Among 517 colonoscopies, an adenoma was detected in 106
(20.5%, ADR) (▶Fig. 1 and ▶Table 2). A polyp was reportedly
found in 204 (39.5%) colonoscopies; however, the (histological)
PDR was 32.5%. The AADR was 3.9%, consisting mostly of ≥ 3
adenomas (11/20 cases). No sessile serrated lesions with dys-
plasia, no polyps with villous histology, and no high-grade dys-
plasias were detected. No CRCs were detected. The majority of
detected polyps were diminutive, i. e. 52% were < 5mm in size,
16.7% were 5 to 10mm, and 5.4% were > 10mm. In 27.5% of
cases, no size at all was mentioned in the report.

The ADR was higher among men (31.1%) than women
(17.3%) (OR 2.15, 95%CI 1.34–3.44, P < 0.01), and numerically
higher in people older than age 50 years (21.2%) than younger
than age 50 years (17.8%) (P =0.16). The highest ADR of all sub-
groups was among men older than age 50 years with a positive
FIT (32.3%), while among women older than age 50 years with a
positive FIT, the ADR was 16.2%.
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▶Table 1 Epidemiological information.

Eligible population

Total n = 10,239

▪ Women, n (%) 7,533 (73.6%)

▪ Men, n (%) 2,706 (26.4%)

Participants

Total n = 3,063

▪ Women, n (% of participants) 2,454 (80.1%)

▪ Men, n (% of participants) 609 (19.9%)

▪ Age (years), median (IQR) 53 (50–56)

Participants aged > 50, total n = 2,390

Participation rate (of invited) 23.3%

▪ Women, n (% of invited*) 1,890 (25.1%)

▪ Men, n (% of invited*) 500 (18.5%)

▪ Age (years), median (IQR) 54 (52–57)

Participants aged < 50, total (not invited) n =673

▪ Women, n (% of aged < 50) 564 (83.8%)

▪ Men, n (% of aged < 50) 109 (16.2%)

▪ Age (years), median (IQR) 47 (42–49)

Stool tests positive n =747

% of persons who underwent testing

M2PK positive % (n) 23.3% (713/3063)

M2PK only positive % (n) 18.5% (568/3063)

FIT-positive % (n) 5.8% (179/3063)

Subgroups of stool test-positive individuals

▪ Test-positive women, n (%‡) 572/2,454 (23.3%)

▪ Test-positive men, n (%‡) 175/609 (28.7%)

▪ Test-positive aged > 50, n (%‡) 590 (24.7%)

▪ Test-positive aged< 50, n (%‡) 159 (23.6%)

Colonoscopy initially accepted 616

Colonoscopy accepted & performed† n =518 (84.1%)

▪ Women, n (%§) 398 (77.0%; 80.2%)

▪ Men, n (%§) 119 (23.0%; 76.6%)

▪ Aged > 50, n (%§) 410 (79.3%; 78.6%)

▪ Aged < 50, n (%§) 107 (20.7%; 81.1%)

▪ Age (years), median (IQR) 53 (50–56)

*Equals participation rates for men and women.
†Report available for analysis = follow-up rate of people who accepted.
‡Percentage of the respective group.
§Percentage of colonoscopy group and percentage of respective subgroup with positive stool test.
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Quality criteria

Concerning published quality indicators, the following results
were obtained (▶Table2). The cecum intubation rate was
96.7% (independent verification including visual confirmation
could not be obtained). Bowel preparation was estimated to
be adequate (corresponding to a BBPS > 5) in 87.8% of cases.
However, the complete colonoscopy rate – i. e., a combined
endpoint of cecum intubated and adequate visualization of the
mucosa – was 84.7% (▶Fig. 2). A BBPS score was reported in
48.7% and the withdrawal time was reported in only 10.1% of
endoscopies.

Although required/recommended by guidelines, a PARIS
classification was reported in only 25.5%. A PARIS and NICE/
JNET classification was reported in only 21.1% (12.2%, when ex-
cluding the study center) (▶Fig. 2 and ▶Table2). When consid-
ering only polyps > 5mm, a PARIS and NICE/JNET classification
was mentioned in 46.5% (17.2%, when excluding the study cen-
ter). Polyp size was also only mentioned in 48.0% (72.5% if “di-
minutive polyp” was counted as size reported). Concerning po-
lypectomy method, when looking at polyps < 10mm, most
were removed via forceps (54.0%), while 5.8% were removed
via hot snare (endoscopic mucosal resection [EMR]). Only
54.5% (6/11) of polyps > 10mm were removed during the index
colonoscopy. Most polyps (4/11) were removed using hot snare
(EMR), one with cold snare, one without reporting the method
and five were not removed (▶Table2).

The overall ADR was 20.5%. However, it varied substantially
by endoscopist. The ADR tended to be higher among endosco-
pies performed at a hospital than by office-based physicians
(24.3% vs. 18.3%, P =0.13). Also, internists and/or gastroenter-

ologists had significantly higher ADRs than surgeons (23.0% vs.
16.9%, P =0.012). The highest ADR was achieved at the study
center (35.6%), the lowest ADR was among hospitals excluding
the study center (15.3%) or surgeons (16.9%), respectively. If
the study center was excluded, the average study-wide ADR
was 19.1%.

Discussion
This observational study on stool test-based CRC screening of a
large, defined, target population and unselected endoscopists
performing follow-up colonoscopies reveals moderate-to-poor
quality of endoscopies in a region without mandatory quality
assurance and low participation rates despite considerable ef-
forts directed at increasing screening participation.

An important factor for effective CRC screening (FIT-based
or not) is high-quality colonoscopy. Robust quality metrics,
such as the ADR, have been shown to be inversely linked to in-
terval cancers [15]. Hence, the ESGE recommends several key
performance indicators to be met for screening colonoscopy
[9]. In our study, the average ADR was 20.5% and the histologi-
cally confirmed PDR was 33%, below the recommended 25%
and 40% respective (overall screening) margins. Colonoscopy
was performed in a pre-screened (stool test) population, with
studies reporting average ADRs in a FIT-positive population
ranging from 47% to 73% [16, 17, 18, 19]. The ADRs of endos-
copist subgroups in our study ranged from 15% to 36%, with
the latter in the study center, where colonoscopies were per-
formed also by trainees (mostly artificial intelligence-assisted)
versus only board-certified endoscopists elsewhere. Collective-
ly, this points to a systematic quality issue of provided colonos-
copies. However, it is crucial to exercise caution when directly
comparing our data and other FIT-positive screening popula-
tions. First, most referrals came from M2PK-positive tests,
which are associated with lower ADRs compared with FIT [12,
13] – accordingly the FIT-positive ADR was 26% (vs. 19%
M2PK-only positive). Second, the expected ADR in prescreened
populations is dependent on the FIT positivity cutoff; therefore,
ADRs cannot be compared indiscriminately between studies
[17, 20], and FIT cutoffs might need to be different in males
and females (and possibly according to age) [21]. Third, and
most importantly, our population was young (median age 53
years) and female predominant (77%). Both factors are asso-
ciated with lower expected overall ADRs [19, 22]. Data on unse-
lected (hence not stool pretested) populations around 50 years
of age show an ADR around 16%, closer to our 20.5% [22]. Data
on sex-specific ADRs report the adenoma prevalence as almost
two times more likely in males [22]. Nonetheless, critical issues
remain. Looking at detailed data, the advanced adenoma rates
of unselected younger populations are still reported to be
around 4% to 5% using very stringent definitions [22], compar-
ed with 3.9% in our prescreened population with looser defini-
tions (or 1.2% applying the same definition). Furthermore,
most other (age-/prescreening-independent) KPIs and report-
ing standards were also not met, such as adequate bowel prep-
aration, complete colonoscopy rates, or appropriate polyp
characterization. Important factors such as withdrawal times

ADR

20.5 %

39.5 %

32.0 %

25.6 %

crude PDR hPDR ADR-FIT+

ESGE standards

%
100
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50

40

30

20

10

0

▶ Fig. 1 Major quality metrics. ESGE standards are target perform-
ance measures as defined by the European Society of Gastrointesti-
nal Endoscopy. ADR, adenoma detection rate; crude PDR, polyp
detection rate as reported in the colonoscopy reports; hPDR, histo-
logically confirmed polyp detection rate; ADR-FIT + , adenoma de-
tection rate in the fecal immunochemical test-positive group.
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were mostly not reported and could not be calculated based on
reports. This underscores the importance of report quality as
an important factor, especially in quality control. The efficacy
of endoscopy screening has been demonstrated in clinical
trials, per-protocol analyses of trials, and simulation studies
[1, 4, 23]. Screening reduces incidence of and morbidity and
mortality from CRC [1, 24]. Cancers are detected at an earlier
stage [24] and surgical data in high-uptake countries [25]
show that patients with screening-detected cancers have re-
duced 30-day postoperative mortality. However, looking at sur-
gical referral pathways, only 10.6% of CRC surgeries result from
screening [2]. Trying to reconcile these data, there seems to be
a disconnect between intended outcomes of colonoscopy
screening and real-world results for the general population.

Analyses exploring causes of post-colonoscopy CRC point to-
ward quality issues at the heart of the problem [26, 27]. While
screening may be effective, the effect size of morbidity and
mortality reduction can be expected to be considerably smaller
if the average, real-world performance of colonoscopies falls
significantly short of the published KPIs [1, 4, 10, 28]. Some
countries have reacted and established mandatory quality as-
surance [10, 29]. Our data support the indispensability of such
measures to deliver minimum quality endoscopy, which usually
is the basis for calculations of cost-effectiveness calculations of
large-scale CRC screening. We believe that rigorous regular
benchmarking/quality control followed by training and educa-
tion offers are the only effective measures for improving and
maintaining quality standards. Crucially, this should be accom-

▶Table 2 Quality indicators.

Colonoscopies n =517

Cecum intubated*, n (%) 500 (96.7%)

Adequate bowel preparation†, n (%) 454 (87.8%)

Complete colonoscopy‡, n (%) 438 (84.7%)

BBPS reported, n (%) 252 (48.7%)

Withdrawal time reported, n (%) 52 (10.1%)

Sedation provided, n (%) 492 (95.2%)

▪ Sedation medication reported, n (%) 454 (87.8%)

▪ Propofol only, n (%) 191 (36.9%)

▪ Propofol and midazolam, n (%) 165 (31.9%)

ADR % (n) 20.5% (106)

▪ ADR age > 50 % (n) 21.2% (87)

▪ ADR age < 50 % (n) 17.8% (19)

▪ FIT-positive % (n) 25.6% (32)

▪ M2PK-only age > 50 % (n) 18.9% (74)

PDR % (n), histologically confirmed 32.3% (167)

Colonoscopies with polyps reported 204

Polyp size reported, n (%) 98 (48.0%)

Polyp size reported (“diminutive” counted as size reported), n (%) 148 (72.5%)

PARIS and NICE/JNET classification reported 43 (21.1%)

▪ PARIS and JNET or NICE for polyps > 10 mm§ 4/11 (36.4%)

Polypectomy method Forceps Cold snare Hot snare (EMR)

Polyps < 5mm (including “diminutive”) 74 (70.5%) 22 (21.0%) 2 (1.9%)

Polyps 1–10mm (including “diminutive”) 93 (57.8%) 30 (24.8%) 6 (3.7%)

Polyps > 10 mm 0 1/11 4/11

ADR, adenoma detection rate; BBPS, Boston Bowel Preparation Scale; EMR, endoscopic mucosal resection; FIT, fecal immunochemical test; JNET, Japan NBI Expert
Team; NICE, NBI International Colorectal Endoscopic; PDR, polyp detection rate.
*Reportedly, visual photo documentation verification could not be performed
†As reported
‡Composite of cecum intubated and adequate mucosa visualization reported (see “outcomes and statistical analysis” in full text).
§JNET was never reported.
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panied by a mandatory centralized CRC database, which is to be
implemented with the currently planned Austrian colorectal
cancer screening program.

Structured or unstructured CRC screening programs have
been established in most European countries. Unfortunately,
uptake is highly variable, ranging from 1% to 73%, even in orga-
nized programs [3, 20]. To increase effectiveness, the European
guidelines [5] recommend a well-defined target population, an
exhaustive population registry, and invitation coverage of at
least 95%. Further factors associated with increased participa-
tion are FIT-based screening, easy access to recommended
tests, timely follow-up examinations, and direct mail outreach
with reminders [6, 7, 8]. All these were present in this screening
initiative. Even more so, a public relations effort accompanied
the screening, and one could argue for a more aware (health-
care-associated) population [30] and personal setting within a
corporate framework. Nonetheless, uptake was only 23%, far
below the 65% needed for effective screening [5]. Apart from
stool test screening participation, follow-up colonoscopy after
a positive test is a critical issue due to the high-risk setting of
this population (and uselessness of a stool test alone). The co-
lonoscopy follow-up rate was approximately 73% despite re-
minder phone calls and emails, well below the 90% recommen-
ded by the European guidelines [5]. A recent study investigated
a patient navigation program to increase follow-up colonosco-
py adherence and with considerable effort, 79.7% of patients
were reached after up to 18 phone call attempts [31]. Unfortu-

nately, only 59.2% of patients reached underwent follow-up co-
lonoscopy within 12 months. Regrettably, CRC screening ef-
forts generally are plagued by low participation rates [3, 4, 7,
32], one of the focal points of the heated debate around the
NordICC trial. Data on the CRC screening uptake of health care
providers, although very scarce, show uptakes of up to 70% for
physicians [33]. Studies comparing CRC screening interven-
tions for different occupational backgrounds do not exist. How-
ever, few studies investigated occupational screening in gener-
al, reporting participation rates of 4% to 33% [34, 35]. For ex-
ample, in a US study distributing stool tests to employees
through educational seminars, the authors estimated that a
stool kit reached 8.7% of eligible employees and 4.4% were suc-
cessfully screened [34]. On the other hand, a workplace screen-
ing initiative for firefighters achieved a 33% stool test return
rate, but only 55% of respondents were aged 50 years or older
[35]. Data on occupational background and screening partici-
pation indicate that compared with healthcare professionals,
other professions are 9% to 30% less likely to be up to date
with cervical, breast, and CRC screening, but these data do not
stem from corporate interventional studies [30].

This study has several limitations. First, reasons for not parti-
cipating in the stool screening and not undergoing colonoscopy
after a positive test are mostly unknown, because they could
not be recorded. It is possible that some participants had re-
cently undergone colonoscopy. Due to data protection and
privacy legislation, it was not possible to link the target popula-
tion with insurance billing data. Second, the number of colo-
noscopies per individual endoscopist was low, making a more
granular analysis impossible. Nevertheless, the main aim of
the study was to assess the overall effectiveness of unselected
endoscopies, and selection of specific endoscopists to increase
case numbers could have introduced significant bias and re-
duced generalizability. Lastly, despite a target population of
~10,000, the final number of colonoscopies was low. On the
other hand, low participation rates in CRC screening are quite
common and this finding is in line with reports from many orga-
nized screening programs in various countries [3, 7, 32].

Conclusions
In conclusion, although data have shown that CRC screening
with FIT or colonoscopy has the potential to substantially re-
duce morbidity and mortality, results of this study expose the
heart of the matter – low participation rates despite great ef-
forts to facilitate initial and follow-up test access and moder-
ate-to-poor performance of unselected endoscopists. The low
overall service quality of unselected endoscopists providing ev-
eryday public health care screening is a critical issue. Imple-
mentation of CRC screening should not only be accompanied
by strategies to increase participation rates but focus on imple-
mentation of rigorous colonoscopy quality assurance programs
and regular benchmarking with feedback. Otherwise, health
care systems risk significant reductions in effectiveness in com-
parison to risk-benefit calculations assuming high-quality
endoscopy services.
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▶ Fig. 2 Key performance indicators. ESGE standards are target
performance measures as defined by the European Society of Gas-
trointestinal Endoscopy. Complete colonoscopy, composite of ce-
cum intubated and adequate mucosa visualization reported (see
full text); BBPS, Boston Bowel Preparation Scale; Polyp class., PARIS
and NICE (or JNET) reported; Polyp class. > 1 cm, PARIS and NICE (or
JNET) reported in polyps > 1 cm.

Prosenz Julian et al. Areas of improvement… Endosc Int Open 2024; 12: E1425–E1433 | © 2024. The Author(s). E1431



Acknowledgement
The authors want to thank Dr. Silvia Bodi, MSc for her support in
implementation of this screening project. We also want to
thank Prof. Dr. Martin Willheim and Ms. Klaudia Riml-Pany for
critical support in the stool test analyses, and Dr. Gerald Op-
peck for important help in recruiting office-based endoscopists
to perform the colonoscopies. The authors want to acknowl-
edge the contribution of NÖ Landesgesundheitsagentur, legal
entity of University Hospitals in Lower Austria, for providing
the organizational framework to conduct this research. The au-
thors also would like to acknowledge support from Open Ac-
cess Publishing Fund of Karl Landsteiner University of Health
Sciences, Krems, Austria.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Brenner H, Heisser T, Cardoso R et al. Reduction in colorectal cancer
incidence by screening endoscopy. Nat Rev Gastroenterol Hepatol
2023; 21: 125–133 doi:10.1038/s41575-023-00847-3

[2] Franklyn J, Lomax J, Labib P et al. Colorectal cancer outcomes deter-
mined by mode of presentation: analysis of population data in Eng-
land between 2010 and 2014. Tech Coloproctol 2022; 26: 363–372

[3] Colorectal Cancer Screening Across Europe. 2018 UEG (United Euro-
pean Gastroenterology).https://ueg.eu/files/779/67d96d458abde-
f21792e6d8e590244e7.pdf

[4] Bretthauer M, Loberg M, Wieszczy P et al. Effect of colonoscopy
screening on risks of colorectal cancer and related death. N Engl J Med
2022; 387: 1547–1556 doi:10.1056/NEJMoa2208375

[5] Moss S, Ancelle-Park R, Brenner H et al. European guidelines for qual-
ity assurance in colorectal cancer screening and diagnosis. First Edi-
tion–Evaluation and interpretation of screening outcomes. Endos-
copy 2012; 44: SE49–SE64 doi:10.1055/s-0032-1309788

[6] Kaminski MF, Robertson DJ, Senore C et al. Optimizing the quality of
colorectal cancer screening worldwide. Gastroenterology 2020; 158:
404–417 doi:10.1053/j.gastro.2019.11.026

[7] Cardoso R, Guo F, Heisser T et al. Utilisation of colorectal cancer
screening tests in European countries by type of screening offer: Re-
sults from the European Health Interview Survey. Cancers (Basel)
2020; 12: 1409

[8] Singal AG, Gupta S, Skinner CS et al. Effect of colonoscopy outreach vs
fecal immunochemical test outreach on colorectal cancer screening
completion: A randomized clinical trial. JAMA 2017; 318: 806–815
doi:10.1001/jama.2017.11389

[9] Kaminski MF, Thomas-Gibson S, Bugajski M et al. Performance meas-
ures for lower gastrointestinal endoscopy: a European Society of
Gastrointestinal Endoscopy (ESGE) Quality Improvement Initiative.
Endoscopy 2017; 49: 378–397 doi:10.1177/2050640617700014

[10] Bronzwaer MES, Depla A, van Lelyveld N et al. Quality assurance of
colonoscopy within the Dutch national colorectal cancer screening
program. Gastrointest Endosc 2019; 89: 1–13

[11] Frösch B, Antony K, Ivansits S. Übersicht nationaler Kolonkrebs-
Screening-Programme. 2016: Gesundheit Österreich; Vienna:

[12] Caviglia GP, Cabianca L, Fagoonee S et al. Colorectal cancer detection
in an asymptomatic population: fecal immunochemical test for he-
moglobin vs. fecal M2-type pyruvate kinase. Biochem Med (Zagreb)
2016; 26: 114–120 doi:10.11613/BM.2016.012

[13] Leen R, Seng-Lee C, Holleran G et al. Comparison of faecal M2-PK and
FIT in a population-based bowel cancer screening cohort. Eur J Gas-
troenterol Hepatol 2014; 26: 514–518 doi:10.1097/
MEG.0000000000000025

[14] Lieberman DA, Rex DK, Winawer SJ et al. Guidelines for colonoscopy
surveillance after screening and polypectomy: A consensus update by
the US Multi-Society Task Force on Colorectal Cancer. Gastroenterol-
ogy 2012; 143: 844–857 doi:10.1053/j.gastro.2012.06.001

[15] Kaminski MF, Regula J, Kraszewska E et al. Quality indicators for colo-
noscopy and the risk of interval cancer. N Engl J Med 2010; 362:
1795–1803 doi:10.1056/NEJMoa0907667

[16] Kligman E, Li W, Eckert GJ et al. Adenoma detection rate in asympto-
matic patients with positive fecal immunochemical tests. Dig Dis Sci
2018; 63: 1167–1172

[17] Zorzi M, Antonelli G, Barbiellini Amidei C et al. Adenoma detection
rate and colorectal cancer risk in fecal immunochemical test screen-
ing programs: an observational cohort study. Ann Intern Med 2023;
176: 303–310

[18] Corley DA, Jensen CD, Chubak J et al. Evaluating different approaches
for calculating adenoma detection rate: Is screening colonoscopy the
gold standard? Gastroenterology 2023; 165: 784–787 e4
doi:10.1053/j.gastro.2023.05.025

[19] Mohan BP, Khan SR, Daugherty E et al. Pooled rates of adenoma de-
tection by colonoscopy in asymptomatic average-risk individuals with
positive fecal immunochemical test: a systematic review and meta-a-
nalysis. Gastrointest Endosc 2022; 96: 208–222 e14

[20] Navarro M, Nicolas A, Ferrandez A et al. Colorectal cancer population
screening programs worldwide in 2016: An update. World J Gastro-
enterol 2017; 23: 3632–3642 doi:10.3748/wjg.v23.i20.3632

[21] Vanaclocha-Espi M, Ibanez J, Molina-Barcelo A et al. Optimal cut-off
value for detecting colorectal cancer with fecal immunochemical
tests according to age and sex. PLoS One 2021; 16: e0254021

[22] Penz D, Waldmann E, Hackl M et al. Colorectal cancer and precursor
lesion prevalence in adults younger than 50 years without symptoms.
JAMA Netw Open 2023; 6: e2334757

[23] van den Berg DMN, Nascimento de Lima P, Knudsen AB et al. NordICC
Trial results in line with expected colorectal cancer mortality reduc-
tion after colonoscopy: A modeling study. Gastroenterology 2023;
165: 1077–1079 e2

[24] Cardoso R, Guo F, Heisser T et al. Colorectal cancer incidence, mor-
tality, and stage distribution in European countries in the colorectal
cancer screening era: an international population-based study. Lancet
Oncol 2021; 22: 1002–1013 doi:10.1016/S1470-2045(21)00199-6

[25] Wilhelmsen M, Njor SH, Roikjaer O et al. Impact of screening on short-
term mortality and morbidity following treatment for colorectal can-
cer. Scand J Surg 2021; 110: 465–471 doi:10.1177/
14574969211019824

[26] Troelsen FS, Sorensen HT, Pedersen L et al. Root-cause analysis of 762
Danish post-colonoscopy colorectal cancer patients. Clin Gastroen-
terol Hepatol 2023; 21: 3160–3169.e5

[27] Zessner-Spitzenberg J, Waldmann E, Jiricka L et al. Comparison of
adenoma detection rate and proximal serrated polyp detection rate
and their effect on post-colonoscopy colorectal cancer mortality in
screening patients. Endoscopy 2023; 55: 434–441

Funding Information

Karl Landsteiner Privatuniversität für Gesundheitswissenschaften
http://dx.doi.org/10.13039/501100022308
SF_0047

E1432 Prosenz Julian et al. Areas of improvement… Endosc Int Open 2024; 12: E1425–E1433 | © 2024. The Author(s).

Original article



[28] Rutter MD, Senore C, Bisschops R et al. The European Society of Gas-
trointestinal Endoscopy Quality Improvement Initiative: developing
performance measures. Endoscopy 2016; 48: 81–89 doi:10.1055/s-
0035-1569580

[29] Lee TJ, Siau K, Esmaily S et al. Development of a national automated
endoscopy database: The United Kingdom National Endoscopy Data-
base (NED). United European Gastroenterol J 2019; 7: 798–806
doi:10.1177/2050640619841539

[30] Mon HM, Robb KA, Demou E. Effectiveness of workplace cancer
screening interventions: a systematic review. BMC Cancer 2024; 24:
999 doi:10.1186/s12885-024-12649-0

[31] Gautom P, Rosales AG, Petrik AF et al. Evaluating the reach of a patient
navigation program for follow-up colonoscopy in a large federally
qualified health center. Cancer Prev Res 2024; 17: 325–333
doi:10.1158/1940-6207.CAPR-23-0498

[32] Basu P, Ponti A, Anttila A et al. Status of implementation and organi-
zation of cancer screening in The European Union Member States-
Summary results from the second European screening report. Int J
Cancer 2018; 142: 44–56

[33] Litwin O, Sontrop JM, McArthur E et al. Uptake of colorectal cancer
screening by physicians is associated with greater uptake by their pa-
tients. Gastroenterology 2020; 158: 905–914

[34] Hannon PA, Vu T Ogdon S et al. Implementation and process evalua-
tion of a workplace colorectal cancer screening program in eastern
Washington. Health Promot Pract 2013; 14: 220–227 doi:10.1177/
1524839912443240

[35] Walsh JM, Potter MB, Arora M et al. A workplace colorectal cancer
screening program in firefighters: lessons learned. Occup Med (Lond)
2014; 64: 255–258

Prosenz Julian et al. Areas of improvement… Endosc Int Open 2024; 12: E1425–E1433 | © 2024. The Author(s). E1433


