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ABSTRACT

Background and study aims The Danish CareForCo-
lon2015 trial, launched in 2020 as part of the Danish Colo-
rectal Cancer Screening program, is the largest randomized
controlled trial to date on colon capsule endoscopy (CCE).
This paper presents the interim analysis with the objective
of ensuring the safety of patients in the intervention group
and evaluating the clinical performance of the trial’s prede-
fined clinical parameters.

Patients and methods We evaluated the initial 234 CCEs
according to quality, safety, and completion. The participa-
tion rates and preference distribution of all individuals invi-
ted were analyzed and sample size calculations were adjus-
ted.

Results Fecal immunochemical test and diagnostic partici-
pation rates were 62.1% and 91.1%, respectively. The com-
pletion rate for CCEs was 67.9% and the rate of conclusive
investigations was 80.3%. The polyp detection rate (PDR)
was high (73.5%), only two (0.85%) technical failures in
234 videos were observed, and six suspected cancers were
identified (2.6 %). No major adverse events were recorded.
The required number of invitations had been underestima-
ted due to inaccurate assumptions in sample size calcula-
tions.

Conclusions The trial was efficient and safe in terms of
CCE quality and time to diagnostic investigation. Participa-
tion rates and PDRs were high. The proportion of suspected
cancers was lower than expected and will be followed. The
completion rate for CCEs was acceptable but lower than ex-
pected and the CCE procedure was reviewed for potential
improvements and Resolor was added to the regime. The
number of invitations for the intervention group of the trial
has been adjusted from 62,107 to 185,153.

Introduction

In August 2020, the CareForColon2015 trial [1] (CFC2015) was
launched in Southern Denmark. It is a randomized controlled
trial (RCT) testing colon capsule endoscopy (CCE) as a filter
test for colorectal cancer (CRC) screening. The trial will include
2015 patients undergoing CCE investigations. The primary aim
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of the trial is to compare the number of detected cancers and
intermediate- and high-risk adenomas between the interven-
tion and control groups. In addition, the CFC2015 trial has a
number of secondary aims, including patient acceptability,
complication rate, completion rate, interval CRC rate, patient-
reported outcomes (PRO), long-term cancer incidence rate, so-
cial inequality, development of algorithms aiming to improve
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CCE applicability, and cost-effectiveness of the trial structure of
the active group.The study protocol is described in detail else-
where [1]. Leading up to the initiation and development of the
trial, a number of studies were published highlighting the po-
tential of CCE. The observed benefits ranged from increased
screening participation [2], reduced patient discomfort [3], to
increased detection of high-risk polyps [4].

The interim analysis was included in the study protocol to be
conducted after inclusion of 200 CCE investigations [1]. It was
carried out to ensure efficient and safe procedures in the inter-
vention group of the study, as compared to the usual practice.
The process also allows for modifications to the study.

The CFC2015 protocol defines a number of focus areas for
interim analysis. These include quality of CCE investigations,
participation rate, preference distribution, completion rate,
and sample size considerations. Parameters were defined in
the study protocol, dictating potential consequences and/or
necessary actions from the results of the interim analysis.
These include a revision of the information material and invita-
tion procedure, if the intervention group participation rate is
below 60 %, and a revision of capsule delivery and bowel prepa-
ration procedures, if the CCE completion rate was between 65 %
and 80%. Further, the trial will be terminated if the participa-
tion rate proves to be lower than 55% or if the CCE completion
rate is below 65 %. Moreover, the number of invitations will be
recalculated from the interim results to ensure that the final in-
clusion is accurate and realistic.

The aim of this study was to conduct the interim analysis of
the CFC2015 trial, based on the predefined conditions, thereby
investigating participation rate, preferred investigation type,
CCE completion rate, and the quality of the CCE investigations.
In addition, this study aimed to adjust the sample size calcula-
tions.

The RCT protocol was approved by the Regional Health Re-
search Ethics Committee (Ref. S-20190100). The trial was fur-
ther approved by the Danish data protection agency (Ref. 19/
29858). The trial was registered with clinicaltrials.gov (Ref.
NCT04049357).

Patients and methods

CRC screening in Denmark consists of a fecal immunochemical
test (FIT) followed by colonoscopy if FIT hemoglobin exceeds
100ng/mL [5]. CFC2015 randomizes individuals for regular
CRC screening (control group) or screening with the free choice
between colonoscopy and CCE following positive FIT (interven-
tion group). Individuals in the intervention group are invited to
indicate whether they prefer CCE or colonoscopy if FIT positive
by adding a green or red sticker, respectively, to the sample
tube. Individuals are referred for colonoscopy following CCE if
a polyp larger than 9mm or more than two polyps are found
by the CCE. In cases in which no polyps are detected, the indi-
vidual is subject to an 8-year quarantine from the CRC screen-
ing program. In the case of one to two polyps <9mm, the pa-
tientis invited to re-enter biennial screening and has the oppor-
tunity to submit a new FIT after 2 years. All others, including pa-
tients with incomplete CCE or at least one colonic segment with
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poor bowel preparation, are invited for colonoscopy. The study
will be concluded when 2,015 individuals have undergone CCE.
Exclusion criteria included history of abdominal surgery (excl.
appendectomy), symptomatic Crohn’s disease, cardiac pace-
maker, known renal insufficiency, pregnancy/breast feeding,
allergy toward bowel preparation or booster medication,
known severe constipation or inability to comply either cogni-
tively or physically. For full design and methods of CFC2015,
see the protocol [1]. These interim analyses were conducted 4
weeks after the first 200 CCE evaluations were performed. Data
for analysis were extracted from research databases, from PRO
questionnaires, and from internal participant lists. Information
regarding each individual was extracted if his or her invitation
was dated the same day or before the FIT invitation dates of
the first 200 CCE participants. Data management and descrip-
tive statistics, including proportions and rates, were conducted
using SAS 9.4 (SAS, Gary, North Carolina, United States).

Participation rates

Participation rates were defined for two separate stages; FIT
participation and diagnostic participation after a positive FIT.

FIT participation refers to the proportion of individuals invi-
ted for CRC screening who submit a FIT sample and will be in-
vestigated for the intervention group and the control group.

Diagnostic participation refers to the proportion of individ-
uals with a positive FIT who participate in a following CCE or co-
lonoscopy. Diagnostic participation will be estimated for the in-
tervention group and for the subgroups of indicated preferred
diagnostic procedure.

Completion rates of colon capsule endoscopies

Completion rates were defined in four ways; acceptable bowel
preparation, complete transit, complete investigation, and
conclusive investigation.

Acceptable bowel preparation refers to the proportion of in-
dividuals for whom the bowel preparation was rated fair or bet-
ter on the Leighton-Rex scale [6] for each of the colonic seg-
ments reached by the capsule endoscope. Bowel preparation
was evaluated for each of the colonic segments (cecum, right
colon, transverse colon, left colon, and rectum) and all seg-
ments needed to be fair or better. Complete transit refers to
the proportion of CCEs in which the output images visualize
the hemorrhoidal plexus. Complete investigation rate refers to
the proportion of CCEs in which the output images visualize the
hemorrhoidal plexus and bowel preparation was rated fair or
better on the Leighton-Rex scale for all colonic segments. Con-
clusive investigation refers to the proportion of CCEs in which
either 1) the output images visualize the hemorrhoidal plexus
and bowel preparation was rated fair or better on the Leight-
on-Rex scale or 1) the output images enabled conclusive identi-
fication of more than two polyps, at least one polyp >9mm, or
suspected cancer requiring either a diagnostic or therapeutic
follow-up.

E1713



& Thieme

Quality of colon capsule endoscopies

The quality of CCEs was to be evaluated according to four dif-
ferent characteristics; polyp findings, adverse events (AEs),
time span, and technical issues.

Polyp findings refer to polyps and suspected cancers. Polyp
findings were estimated as average number of polyps per indi-
vidual, as the proportion of individuals with at least one finding
(polyp detection rate [PDR]), and as the proportion of individ-
uals with suspected cancer. Finally, polyp findings were estima-
ted as the proportion of individuals with more than two polyps,
at least one polyp >9mm, or a suspected cancer lesion.

In addition to complications, AEs also refer to both major
and minor events. They were divided into the categories: cap-
sule retention, rectal bleeding, abdominal pain, and other. The
“other” category gave participants the option to describe any
experienced AE not covered by the categories. Participants
were invited to complete an online questionnaire on their CCE
experience 3 days after investigation.

Time span was defined in two ways: time to investigation
and time to diagnostics. Time to investigation was calculated
as days from the date of positive FIT until the date of conducted
CCE. Time to diagnostics was calculated as days from the CCE
investigation until the date on which the CCE video had been
analyzed and the results registered in the patient file.

Technical failures can occur during CCE. The capsule trans-
mits images in real time to a receiver worn on a belt by the par-
ticipant. In case of connection timeout or other recorder dys-
functions, this was noted in the CCE report. The proportion of
CCEs with technical failures leading to repeat CCE or colonosco-
py was estimated.

Sample size adjustments

The assumptions used when calculating the required sample

size (124,214 individuals) in order to recruit 2,015 individuals

for CCE investigation were:

1. FIT-positive rate of 6.9%

2. FIT participation rate of 66 %

3. Of individuals offered the choice between CCE and colonos-
copy, 75 % would choose CCE (preference proportion)

4. Dropout rate for CCE of 5%

If any of these assumptions deviates significantly from reality, it
will affect the number of invitations needed. The FIT-positive
rate was calculated as the proportion of positive FITs among
the samples that were submitted. FIT participation rate was es-
timated as described above and with at least 4 weeks of follow-
up from distribution of the invitation. Preference proportion for
CCE was calculated as the proportion of individuals in the inter-
vention group who had indicated CCE as their preferred investi-
gation by adding a green sticker to the sample tube. Preference
proportion for colonoscopy and no preference indicated were
also calculated. The dropout rate for CCE was defined as the
proportion of individuals who dropped out from the study or
for whom it became evident that they met exclusion criteria
after they indicated their preference for CCE.
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Results

Distribution of CRC screening invitations for the study began on
August 3, 2020. On November 19, 2020, the 200th to 211t CCE
investigations were conducted. For the first 211 CCE partici-
pants, the latest CRC screening invitation was distributed on
October 19, 2020. From August 3 to October 19, 46,242
screening invitations were distributed evenly between the in-
tervention group and the control group.During follow-up, an
additional 23 CCE investigations were concluded for individuals
invited at the same date or before October 19; therefore, these
analyses reflect 234 CCE investigations. The mean age was 62.4
years (range 50.3 to 74.9) and 56.2 % of participants were male.

Participation rate

The FIT participation rates were 62.2 % in the control group and
62.1% in the intervention group, respectively. In the interven-
tion group, 14,461 individuals submitted a FIT sample, of
whom, 1,432 (9.9%) had marked the test tube with a red stick-
er, while 7,235 (50.0%) had marked it with a green sticker. The
remaining 5,794 (40.1 %) sample tubes were not marked. Eigh-
ty-six FIT-positive individuals who had marked with a green
sticker dropped out (»Fig.1). Mean age and gender distribu-
tion did not differ significantly between dropouts and partici-
pants. Overall, the diagnostic participation in the intervention
group was 91.1%. In subgroups of red, green, and no sticker,
the diagnostic participation rates were 80.8%, 96.8%, and
87.5%, respectively (» Table1).

Completion rate of colon capsule endoscopies

In total, 234 CCE investigations were conducted. In 184 (78.6 %),
the bowel preparation was acceptable for segments reached
by the capsule. In 199 investigations (85.0%), the hemorrhoi-
dal plexus was visualized within recording time, and in 159
(67.9%), the hemorrhoidal plexus was visualized with fair or
better bowel preparation. The CCE investigations were conclu-
sive in 188 instances (80.3%) (»Fig.2).

Quality of colon capsule endoscopies

The quality of CCEs was measured in four areas: polyp findings,
AEs, time span, and technical issues.

Polyp findings

The average number of polyps per individual was 2.4 in the
234 investigations (564 polyps in total). The average number
of polyps in the 188 conclusive CCE investigations was 2.9 per
individual (544 polyps in total). In 159 complete investiga-
tions with acceptable bowel preparation, the average was 2.7
(424 polyps in total). The PDR was 73.5% as at least one polyp
of any size was found in 172 individuals. At least one polyp
> 5mm in largest diameter was found in 152 (65.0%) CCE in-
vestigations and at least one polyp >9mm in 97 (41.5%) CCE
investigations. More than two polyps, at least one >9mm, or
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8682 (37.8 %)

46242 invited for CRC screening

22954 (49.6 %)
control group

23288 (50.4 %)

intervention
8827 (37.9 %)

non-partici- non-partici-
pants pants
14272 (62.2 %) 14461 (62.1 %)
FIT participants FIT participants
13609 (95.4 %) 1432 (9.9 %)
FIT negative red sticker 6836 (94.6 %)
FIT negative
16 (0.1 %) FIT 5794 (40.1 %)
ineligible no sticker 25 (0.3 %)
647 (4.5 %) FIT 7235 (50.0 %) FIT ineligible
positive green sticker
6897 (95.3 %) 295 OC
FIT negative
338 (4.7 %) FIT+ 365 (5.1 %) FIT+ 49 dropout
86 (25.4 %) no CCE
E—— 15 awaits
(74.6 %) 6 (1.6 %) changes preference
+ 6 booked for
54 28 4(4.7 %) CCE for CCE
(62.8 %) (32.6 %) phone
with- exclusion call 24 (9.3 %) awaits investigation
draws criteria unsuc- .
— 234 (90.7 %)
underwents
CCE o .
75 10 1 75 (321 %) 29 (38.7 %) conclusive CCE
0ocC dropout awaits incomplete CCE 46 (613 %) lusive CC
159 (67.9 %) (61.3 %) inconclusive CCE
complete CCE
57 (35.8 %) no treatment or further 102 (64.2 %) referred for

diagnostics needed

colonoscopy

» Fig.1 Flowchart of first 46,242 colorectal cancer screening invitations in CareForColon2015.

> Table 1 Diagnostic participation in the intervention group.
Red sticker
Participants 63 (80.8%)

Non-participants 15(19.2%)

Awaiting investigation 3

a suspected cancer were identified in 126 of investigations
(53.8%). A total of six suspected cancers were identified be-
tween six individuals.
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No sticker

238(87.5%)

Green sticker Overall

303 (96.8%) 604 (91.1%)

34(12.5%) 10(3.2%) 59 (8.9%)

12 25 40

Adverse events

The questionnaire was successfully distributed to all 234 indi-
viduals and the response rate was 96% (225 participants). No
capsule retentions or other major AEs were recorded. Minor
AEs or discomfort were reported by 73 participants (31.2%).
When asked specifically, 27 (12%) reported abdominal pain

| ©2021. The Author(s). E1715
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Acceptable bowel preparation
78.60 %
for reached segments

Complete transit 85.00 %

Complete transit and

) 67.90 %
acceptable bowel preparation

Conclusive investigation 80.30 %
0% 50 % 100 %
B Complete proportion M Incomplete proportion

» Fig.2 Completion rates for colon capsule endoscopies.

and 19 (8.2%) reported rectal bleeding. When asked whether
they had experienced any other discomfort, 44 individuals
(19.6%) replied “yes” and added comments (» Table 2).

Time span and technical issues

The average time to CCE from positive FIT was 11.25 days. The
average time to CCE diagnostics from day of capsule ingestion
was 3.5 days.

A technical score was reported as a part of the CCE video
evaluation. One investigation was deemed insufficient, four
had short interruptions, and one had video transmission failure.
In six instances, the technical score was not reported. The par-
ticipant with video transmission failure from CCE was offered
the choice of repeat CCE or colonoscopy, but chose not to un-
dergo further diagnostics. Three of those with no reported
technical video score were due to vomiting resulting in oral
capsule excretion.

Sample size adjustments

For the first 14,461 individuals submitting a FIT sample in the
intervention group, the FIT-positive rate was 4.9 %. The FIT-po-
sitive rate differed between preference groups in the interven-
tion group.The green sticker group had a FIT-positive rate of
4.7%, whereas in the red/no sticker groups, it was 5.1 %. This af-
fects the sample size calculations, as it is needed to adjust the
FIT-positive rate to 4.7% and to alter the order of calculations
compared to the study protocol. The protocol includes a back-
wards calculation from 2,015 needed individuals multiplied by
assumed CCE preference proportion and then FIT positivity
rate. In the adjustment, we switched the two to achieve a pre-
cise estimate. The FIT participation rate was 62.1% in the inter-
vention group (62.2% in the control group). The preference
proportion for CCE was 50.0 %, while 9.9 % preferred colonosco-
py, and 40.1% did not mark the tube. Eighty-six individuals
(25.4%) dropped out or met exclusion criteria after the first
338 FIT-positive individuals with an applied green sticker
(»Fig.1). A summary of assumptions compared to observed
proportions is shown in » Table 3.

The power and sample size calculations conducted before
the study launch had estimated a need for 124,214 individuals
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> Table2 Self-reported adverse events from colon capsule endoscopy.

Events (%)

Rectal bleeding 19(8.2)
Abdominal pain 27 (12.0)
Other 44 (19.6)
Physical pain from other parts of the body 22(9.8)
Gastrointestinal discomfort (other than abdominal

pain) 21(9.3)
Affected energy levels or appetite 5(2.2)
Affected body temperature 3(1.3)
Affected balance, heart rhythm or psyche 4(1.8)

» Table3 Assumed and observed proportions for sample size calcula-
tions.

Assumption Observed

in interim
FIT-positive rate 6.9% 4.7%
FIT participation 66.0% 62.1%
CCE preference proportion 75.0% 50.0%
Dropout rate 5.0% 25.4%

FIT, fecal immunochemical test; CCE, colon capsule endoscopy.

randomized for screening in the two groups, i.e. half in the in-
tervention group.Applying these observed proportions to the
calculations increased this number to 370,306 (185,153 for
the intervention group) (»Fig.3), of which approximately
5.749 positive FIT are expected in the intervention arm.

Discussion

FIT participation was 62.1% and diagnostic participation was
91.1% in the intervention group of the study, which is similar
to rates for the national CRC screening program at 60% and
90 %, respectively [7-9]. High participation rates are essential
for the efficacy of population-based screening programs. In 21
European countries using the FIT-test in CRC screening set-
tings, an overall participation rate of 49.5% was reported,
which is somewhat below the European guideline reference
cut-off of 65% [10].

The CCE completion rate was 67.9 %, sufficient to not termi-
nate the trial. However, adjustments to the procedures will be
pursued. The completion rate was lower than in previous stud-
ies [11-14], although in line with results from other screening
populations [4, 15] and with a conclusive investigation rate of
80.3%. The PDR was 73.5%, whereas in the national CRC
screening program, the adenoma detection rate (ADR) is 49 %.
Six suspected cancers were found (2.6%), whereas in the na-
tional CRC screening, the cancer rate is 4.2% [7]. The PDR ap-
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5 % dropout and exclusion

25 % applies red or no
sticker to sample tube

93.1 % FIT negative

34 % FIT non-participants

50 % randomized for
control group
124214 invitations for
CRC screening

Original calculation New sample size calculations

e
——
e —
E—
e

25.4 % dropout and
exclusion

95.3 % FIT negative

50 % applies red or no
sticker to sample tube

i 37.9 % FIT non-participants
50 % randomized for
control group

370306 invitations for
CRC screening

» Fig.3 a Power flowchart of original calculations and b calculations applying adjustments for assumptions for dropout rate, preference pro-

portion, FIT-positive rate, and FIT participation rate.

pears high from CCE, but the result should be interpreted with
caution, as ADRs do not include hyperplastic polyps. Manual
reading of CCE videos does not allow for confirmatory conclu-
sions about polyp histology; therefore, ADRs from CCE cannot
be calculated prior to pathological assessment. Further, patho-
logical assessment cannot be completed in all CCE-detected
polyps as not all of them are referred for polypectomy with en-
suing pathological assessment. However, we have conducted a
back-to-back study performing CCE and colonoscopy in 253 in-
dividuals from a screening population. The PDR was 74 % for
CCE and 64 % for colonoscopy [4]. This aligns very well with the
results of the current study. Inherent in the assessment of PDR
from CCE will also be the risk of false positives, because the le-
sions are not resected, and therefore, not confirmed pathologi-
cally. False positives can occur either if a polyp finding is not a
polyp or if the same polyp is identified more than once due to
backwards progression of a capsule [16]. Whether the PDR is
higher with CCE than with colonoscopy is therefore difficult to
conclude. It seems, however, very unlikely that the ADR in the
experimental group is significantly lower than in the general
screening population.

Evaluating AEs showed that 12% of CCE patients experi-
enced abdominal pain and 8.2% experienced rectal bleeding,
while 19.6 % described other minor AEs. These proportions are
larger than those reported for colonoscopy.

A less than 1% rate of complications and a less than 0.5%
rate of rectal bleeding is reported with colonoscopy [17,18].
However, these numbers are reports from registered complica-
tions in hospitals and minor AEs do not always lead to hospital-

Deding Ulrik et al. Colon capsule endoscopy... Endosc Int Open 2021; 09: E1712-E1719 | © 2021. The Author(s).

ization or hospital contacts. In a previous study, we asked 200
colonoscopy patients to fill in questionnaires about colonosco-
py-related complications. When collecting information about
these minor AEs systematically as PRO, 14% experienced ab-
dominal pain and 5% experienced bleeding [19]. Further, in
screening individuals undergoing both CCE and colonoscopy,
58.4% experienced medium-high levels of discomfort from co-
lonoscopy, while 5.9% did from CCE [3]. In Denmark, screening
colonoscopies are performed in outpatient clinics, where pa-
tients leave the hospital within 2 hours after colonoscopy, and
many minor complications will not be registered. Our compli-
cation rate might be higher than some comparisons, simply be-
cause we asked the patients.

No major AEs were recorded. This is in accordance with the
results from a recent review reporting no CCE-related AEs in 13
included studies, of which eight introduced CCE as a filter test
following positive FIT in screening populations [15]. The time
spans from positive FIT until CCE and from CCE until CCE diag-
nostics were acceptable and within the time guarantee in the
screening program. Technical issues were limited, as only one
investigation was deemed unusable and one had transmission
failure. In six instances in which the technical score was not re-
ported, half were due to oral capsule excretion.

The assumptions made for sample size calculations had all
been too optimistic, especially the assumed 6.9% FIT-positive
rate and 5% dropout rate compared to 4.7% and 25.4% ob-
served, which led to an underestimation of the needed sample
size for randomization. The sample size, therefore, was adjus-
ted to 370,306 individuals for randomization. This is probably
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an overestimation of the true number, because follow-up from
the FIT invitation date was 8 weeks for individuals with the
shortest follow-up and some might participate after follow-
up.We know from previous analyses that for the first 2 years
of screening in Denmark, 95% of individuals submitting a FIT
sample did so within 42 days [20] and the overestimation,
therefore, is probably limited.

Except for FIT participation and positive rates, it is not possi-
ble to compare results with the control group until the trial has
been terminated, as written consent was not obtained from this
group and the purpose of the interim analyses was to ensure ef-
ficient and safe procedures in the intervention group of the
study. No such concerns are present for the control group, as
they follow a standard screening trajectory. Compared to the
national screening in general, the participation rate appears
high in the intervention group, the PDR is high, and the detec-
tion rate for suspected cancer is low.

Forty percent of participants did not indicate their prefer-
ence for CCE or colonoscopy. Because the information about
the trial was added to an already extensive information package
from the national screening program, it is possible that some
potential participants did not read it. Furthermore, because
this was the second round of screening in Denmark, some of
the participants may previously have participated in screening
and may therefore repeat the participation process from the
earlier round, without reading the trial information. Therefore,
it was decided to revise the patient information even though
the participation rate was acceptable. In addition, we intro-
duced a reminder to FIT-positive individuals in the intervention
group who had not indicated their preference of diagnostic
procedure. The Regional Health Research Ethics Committee
has approved any revised or new patient information.

Conclusions

So far, CareForColon2015 has ensured efficient and safe partici-
pation. Participation rates and PDRs appear higher than in the
general screening program, but the detection rate for suspect-
ed cancer is lower. The completion rate for CCE was acceptable,
therefore, the study will not be terminated earlier than plan-
ned, but the CCE procedures were reviewed and 2mg of Reso-
lor (prucalopride) was added to the regimen. Resolor will be ad-
ministered 45 to 60 minutes prior to capsule ingestion and we
will analyze the potential improvements after screening of 203
patients with CCE. The sample size has been adjusted to
370,306 individuals for randomization.
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