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ABSTRACT

Background and study aims Adherence to colorectal
cancer (CRC) screening is still unsatisfactory in many coun-
tries, thereby limiting prevention of CRC. Colon capsule
endoscopy (CCE), a minimally invasive procedure, could be
an alternative to fecal immunochemical tests or optical co-
lonoscopy for CRC screening, and might increase adherence
in CRC screening. This systematic review and meta-analysis
evaluates the diagnostic accuracy of CCE compared to opti-
cal colonoscopy (OC) as the gold standard, adequacy of
bowel preparation regimes and the patient perspective on
diagnostic measures.

Methods We conducted a systematic literature search in
PubMed, EMBASE and the Cochrane Register for Clinical
Trials. Pooled estimates for sensitivity, specificity and the
diagnostic odds ratio with their respective 95% confidence
intervals (Cl) were calculated for studies providing suffi-
cient data.

Results Of 840 initially identified studies, 13 were included
in the systematic review and up to 9 in the meta-analysis.
The pooled sensitivities and specificities for polyps=6mm
were 87% (95% Cl: 83%-90%) and 87% (95% Cl: 76%-
93%) in 8 studies, respectively. For polyps 210mm, the
pooled estimates for sensitivities and specificities were
87% (95% Cl: 83%-90%) and 95% (95% Cl: 92%-97 %) in 9
studies, respectively. A patients’ perspective was assessed
in 31% (n=4) of studies, and no preference of CCE over OC
was reported. Bowel preparation was adequate in 61% to
92 % of CCE exams.

Conclusions CCE provides high diagnostic accuracy in an
adequately cleaned large bowel. Conclusive findings on pa-
tient perspectives require further studies to increase accep-
tance/adherence of CCE for CRC screening.
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Introduction

Colorectal cancer (CRC) is one of the most common cancers
worldwide as well as one of the leading causes of death from
cancer among women and men [1]. Contrary to other cancers,
CRC usually develops slowly from non-advanced adenomas to
advanced adenomas and CRC over many years [2]. This offers
a great opportunity for prevention in form of screening meas-
ures such as optical colonoscopy (OC) or fecal immunochem-
ical tests (FIT). Despite the variety of secondary prevention
measures being available [3], the number of individuals accept-
ing screening offers for CRC remains low. During the initial 10
years of the German screening colonoscopy program, only
about 25 % of eligible individuals (55-79 years old) actually un-
derwent OC for screening purposes [4]. Substantial efforts
have been made to increase screening participation. This in-
cludes pre-announcement letters, personal invitation that in-
cludes the FIT, and reminder letters for FIT testing or personal
invitations for OC, all of which have led to a higher screening
adherence [5-7]. Further increase in screening adherence
could potentially reduce the incidence of and mortality from
CRC [8]. Nevertheless, barriers such as a lack of awareness of
the risks of CRC and negative attitudes towards the screening
procedures decrease the participation in CRC screening pro-
grams [9].

Therefore, other ways to increase participation in CRC
screening have to be considered, which include alternative pro-
cedures beyond OC or FIT. Colon capsule endoscopy (CCE) has
been available since 2006 and is already recommended in case
of incomplete OC or patient refusal to undergo the OC proce-
dure [10,11]. In addition, CCE has shown considerable advan-
ces in its accuracy to detect polyps with the introduction of
the second-generation capsules. This has been confirmed in a
meta-analysis of CCE studies published in 2016, where polyps
>10mm were detected with a pooled sensitivity and specificity
of 87.3% and 95.3 %, taking OC as the reference standard [12].
CCE might increase participation in CRC screening [13], and
serve as a possible filter test to decide which individual should
undergo OC [14]. However, CCE is not an established part of
CRC screening programs to date.

To support the discussion of CCE as a CRC screening method,
we conducted an updated systematic review and meta-analysis
on the diagnostic accuracy of the second generation CCE (CCE-
2) compared to the gold standard OC. As a secondary aim, we
assessed the patient perspective on diagnostic measures re-
ported in the included clinical trials which will be an important
aspect for the acceptance of CCE in the screening setting.

Materials and methods
Data sources and search strategy

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed. A protocol
was submitted to PROSPERO but no identification number has
been assigned by the time of submission of the manuscript.
PubMed, EMBASE and the Cochrane Central Register of Con-
trolled Trials were searched from inception to January 22,
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2020. Medical subject headings, non-medical subject headings
terms and synonyms for the following terms were used to iden-
tify possible studies for inclusion: Colon AND Polyps AND Colon
capsule endoscopy. The full list of search terms is given in » Ta-
ble1. The reference lists of studies eligible for full-text screen-
ing were searched for additional relevant studies.

Study selection

Eligibility criteria included full-texts of clinical trials published in
English or German language, the use of CCE-2, OC as the refer-
ence standard, a clear comparison of CCE-2 and OC, partici-
pants from an average risk screening population (i.e. persons
at an average risk of developing CRC), patients with family his-
tory of CRC, patients referred after positive FIT/fecal occult
blood test (FOBT) or imaging tests or a study population with a
range of indications. Exclusion criteria included: CCE-2 studies
with other endpoints than polyps, neoplasia, adenomas or
CRC, a suboptimal reference standard (e.g. computed tomo-
graphic colonography [CTC]), and other study designs than
clinical trials (database analysis). Based on our eligibility crite-
ria, two reviewers (TM and S]) performed the study selection in-
dependently. In case of discrepancy, discussion and further re-
view followed.

Data extraction

Data extraction was done independently by two reviewers (TM
and S) or LG) and included the following information: author,
year of publication, country(ies), number of centers, study de-
sign, bowel preparation protocol, availability of either or both
per-patient and per-polyp analysis, timing of OC and CCE-2,
unblinding of CCE-2 results at OC, number of patients enrolled/
included, reasons for exclusion, age (mean or median), sex dis-
tribution, indications for CCE-2/OC, patient perspective ques-
tions/questionnaire and result of patient perspective, rate of
adequate cleansing at CCE-2, CCE-2 excretion rates at different
timings (<8 hours, 8-10 hours, >10 hours), colon transit time,
values of diagnostic accuracy, number of patients with any polyp
size or26mm/=10mm polyps at CCE-2 and OC, number of pa-
tients with at least 1 adenoma of any size or 26 mm/=10mm at
CCE-2 and OC, number of patients with at least 1 invasive CRC at
CCE-2 and OC, rate of adverse events at CCE-2 and OC.

Risk of bias assessment

The Quality assessment of Diagnostic Accuracy in Systematic
Reviews - 2 (QUADAS-2) tool was used to assess methodologi-
cal quality and potential bias among included studies by two in-
dependent reviewers (TM, LG) [15].

Descriptive synthesis

All included full texts were part of the descriptive synthesis for
the following aspects: characteristics of included studies, pa-
tient perspectives, bowel preparation and rate of adequate
cleansing, study related adverse events as well as diagnostic ac-
curacy of polyps and adenomas.
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» Table1 Characteristics of included studies.

Author, Country(ies) Sample Age in Fe-
year size en- years male
rolled| %
included
Rex, 2015 USA, Israel 884/689 MN: 57 56
[19]
Voska, 2019 Czech Republic 236/225 MN: 59 47
[22]
Holleran, Ireland NA/62 MN: 63 45
2014 [14]
Rondonotti, Italy 54/50 MN: 59 42
2014 [24]
Kobaek- Denmark 380/253 MD: 64 42
Larsen,
2017 [21]
Pecere, Italy, Spain 222/178 MN: 61 44
2019 [23]
Adrian-de- Spain 325/233 MD: 55 52
Ganzo, 2015
[25]
Parodi, 2018 Italy, Spain 230/177 MD: 57 55
[26]
Kroijer, 2019 Denmark NA/180 MN: 59 48
[27]
Eliakim, Israel 103/98 MN: 50 34
2009 [20]
Spada, 2011 Italy, Spain, 117/109 MN: 60 39
[28]" Germany, Bel-
gium, Nether-
lands, France,
Sweden
Hagel, 2014 Germany NA/24 MN: 51 42
[18]
Morgan, USA 51/50 MN: 60 55
2016 [29]'
Total! 2,868/ = =
2,328

Indications, n (%)

CRC FOBT/FIT + FDR Perso- Symp- Oth-
Screen- nal[fam- toms er
ing ily his-
tory
689 = = = = =
(100)
225 = = = = =
(100)
- 62 (100) - - _ _
= 50 (100) - - = =
- 253 (100) - - _ _
= 178 (100) - - = =
= = 233 = = =
(100)
= = 177 = = =
(100)
= = = 180 = =
(100)

31(32) 21(21) - 33(34) 20(20) -
25 (21) 7 (6) = 52 (44) 68(58) -
13 (55) = - 7(29) - 4

(16)
28 (56) 1(2) = 11(22) 29(58) -
1011 572 (24.6) 410 283 117 4
(43.4) (17.6)  (12.1) (5.0) (0.2)

CRC, colorectal cancer; FDR, first-degree relative; FIT, fecal immunochemical test; FOBT, fecal occult blood test; MD, median; MN, mean; NA, not available.

1 Some patients were enrolled for more than one indication.

Statistical analysis

Per-patient sensitivity, specificity and the diagnostic odds ratio
(DOR) with the respective 95% confidence interval (Cl) were
calculated among individual studies providing sufficient data
for polyps 26 mm and polyps =10 mm. Heterogeneity was cal-
culated by chi-squared based Q tests and the inconsistency in-
dex 1. Random-effects models were calculated when signifi-
cant heterogeneity (Q test of p<.05 or 12>50%) was present,
otherwise fixed-effects models were used. Subgroup analyses
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were conducted based on the indication when possible. Deek’s
funnel plots were created and Begg’s and Egger’s tests were
done to assess potential publication bias. The analyses were
done using the “meta” and “mada” packages in R version
3.16.3 [16,17]. All statistical tests were two-sided and P<.05
was considered statistically significant.
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Results
Search results

The search identified 840 articles, of which 213 duplicates were
removed (» Fig. 1). After careful title and abstract screening, 38
articles remained for full text review. One additional publica-
tion was identified by screening of the reference list of those
studies. Of the 39 articles selected for full-text review, 26 were
excluded for the following reasons: 12 studies used the first
generation of CCE, for seven articles no full-text was available
(e.g. conference abstracts), three studies were not clinical trials
(e.g. database analysis), two studies enrolled participants with
an indication excluded by our review’s study protocol, one
study had no clear comparison of CCE-two and OC, and one
study assessed a different endpoint. A total of 13 studies met
the criteria to be included in the systematic review, of which
nine were eligible for meta-analyses.

Study characteristics

Study characteristics of included studies are displayed in » Ta-
ble1. Overall, 2,328 participants were included in the studies
(24 [18] to 689 [19]). Mean or median age of participants
ranged from 50 years [20] to 64 years [21] and 34% [20] to
56 % [19] of participants were female. Studies were conducted
among an average risk screening population (n=2) [19,22],
FIT/FOBT +test individuals (n=4) [14,21,23,24], first degree
relatives (FDR) of CRC patients (n=2) [25,26], patients with
personal or family history (n=1) [27], and mixed populations
(n=4) [18,20,28,29]. In total, 1011 (43.4%), 572 (24.6%),
410 (17.6%), 283 (12.1%), 117 (5.0%), 4 (0.2%) participants
were included because of average risk CRC screening, FIT/
FOBT +tests, FDR of CRC patients, personal/family history, gas-
trointestinal symptoms or other reasons, respectively.

Risk of bias and publication bias

The risk of bias for each study is shown in TableA2. A low, un-
clear or high risk of bias was presentin 5, 6, and 1 study, respec-
tively. The index test was rated with a low risk of bias for all
studies. Only 1 study had a high risk of bias for the reference
standard and two for the flow and timing of patients.

The funnel plots for publication bias can be seen in Fig.A1.
There was no evidence for publication bias from the logarithms
of DOR for studies with polyps 26 mm (n=8; Egger’s test: P
=.4741, Begg’s test: P=.6523) or 210mm (n=9, Egger’s test:
P=.7075, Begg’s test: P=1.000).

Patient perspectives

The results of the patient perspective are shown in » Table 2.
Overall, four studies (31%) reported an assessment of the pa-
tient perspective. The participants in one study preferred OC
(n=120, 53%) over CCE-2 (n=105, 47 %) [22], while 41% (n=
72) preferred CCE-2 over OC (n=40, 23 % preferred OC; n=65,
37 % had no preference) in another study. [26] In a trial compar-
ing CCE-2, CTC and OC, 78% (n=39) preferred CCE-2 over CTC
(n=11, 22 %), however “preference for OC” was not given as an
option for that question. [24] In the study by Adrian-de-Ganzo
et al., which allowed patients to switch groups after randomiza-
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PubMed/
Medline (n=300)

EMBASE
(n=482)

CENTRAL
(n=58)

Total number of identified articles (n=2840)

Duplicate articles excluded (n=213)

Articles requiring title/abstract screening (n=627)

Irrelevant articles excluded (n=589)

Articles requiring full text review (n=38)

Additional articles from cross-referencing
(n=1)

Articles requiring full text review, including articles
from cross-referencing (n=39)

Articles excluded (n=26)

= First generation CCE (n=12)

= No full text (n=7)

= Other study design (n=3)

= Study population (n=2)

= No clear comparison of CCE & OC (n=1)
= Different endpoint (n=1)

Articles included in qualitative synthesis (n=13)

Articles included in meta-analysis (n=9)

» Fig.1 Flow diagram of the systematic literature search.

tion to either CCE-2 or OC, 33% (n=39) chose to undergo OC
instead of CCE-2, while only 15% (n=17) decided to undergo
CCE-2 instead of OC [25].

Regarding satisfaction, nine of 11 participants (82 %) receiv-
ing CCE-2 and OC were satisfied with the procedures in one
study [25]. Another study reported similar rates of satisfaction
for CCE-2 (9.1) and OC (9.4) on a 10-point scale among patients
receiving both measures [26].

Bowel preparation and adequate cleansing

The findings on bowel preparation and the rate of adequate
cleansing are displayed in » Table3. The majority (62%) used
some kind of laxative and two doses of polyethylene glycol
(PEG) with 2 to 4L of volume in total. In terms of boosters, sev-
en studies (54 %) used sodium phosphate, three studies (23 %)
PEG alone or in combination with other products (e.g. bisaco-
dyl) and one study each used sodium sulfate or magnesium ci-
trate. Ten studies (77 %) included further optional boosters in
their bowel preparation protocols in case the CCE-2 did not
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> Table2 Studies considering patient perspectives and respective results.

Author, Domain(s) of
year patient perspective
Voska, Acceptability, pre-
2019 [22] ference of methods
Rondonotti, Preference of meth-
2014 [24] ods, reason for
choice
Adrian- Satisfaction
de-Ganzo,
2015 [25]
Choice of CCE/OC
Parodi, Satisfaction, prefer-
2018 [26] ence of methods

Questions|/questionnaire used

Questionnaire (not specified)

Two questions

Endoscopic Satisfaction Question-
naire

Questionnaire to determine rea-
son for changing assigned screen-
ing strategy

Questionnaire, 10-point scales
(discomfort bowel preparation,
swallowing of capsule, during pro-
cedure, nausea/pain OC, satisfac-
tion rate CCE/OC, preference CCE)

Results of patient perspective

Preference

105 (47 %) CCE,

120 (53%) OC

39(78%) CCE,
11(22%) CTC

CCEto 0C: 39
(33%) OC to
CCE: 17 (15%)

72 (41 %) CCE,
40 (23%) OC,
65 (37%) no
preference

Satisfaction

9 (82 %) satis-
fied!

Rate: 9.1 CCE,
9.40C

Other

Reasons: bloating/mild pain
during CTC

CCE less unpleasant’

0C: 35(90%) avoid second
bowel preparation, 3 (8 %)
more confident about OC,
1 (3 %) unpleasant experi-
ence of FDR

CCE: 19 (100 %) fear of OC

CCE, colon capsule endoscopy; OC, optical colonoscopy; CTC, computed tomographic colonography.

" Nine of 11 patients were examined with CCE and OC.

reach pre-defined sections of the gastrointestinal tract in time.
The rate of adequate cleansing for CCE-2 examination ranged
from 61% [29] to 92% [14,27]. There was no clear indication
as to which bowel preparations yielded the highest rate of ade-
quate cleansing for CCE-2 examination.

Adverse events

The reported adverse events (AEs) for each study are shown in
TableA3. In total, 240 mild AEs were reported in 2,328 partici-
pants (10.3%). The proportion of mild AEs in study participants
ranged from 1.7 % [25] to 25.3% [23], of which 83% (33% [22]
to 100% [18, 20, 23, 27]) were related to the bowel prepara-
tion, 10% (8% [19] to 75% [25]) to the OC procedure itself,
and 6% (2% [19] to 60% [26]) to the CCE procedure. A total of
eight moderate or severe AEs due to the OC procedure were re-
ported.

Diagnostic accuracy of any polyps and adenomas

The sensitivities and specificities extracted for individual stud-
ies are reported in Table A4. For any polyps, sensitivity and spe-
cificity ranged from 82 % [22] to 95% [14] and 65% [14] to 86 %
for CCE-2 compared to OC [18,22]. The sensitivity and specifi-
city of CCE-2 for adenomas =6 mm ranged from 81% [23] to 95
% [26] and 80% [26] to 82 % compared to OC [29]. Adenomas >
10mm were detected with a sensitivity and specificity of 85%
[23] to 100% [22], and 92 % [26] to 98 % compared to OC [22].
Adrian-de-Ganzo et al. did not report sensitivities or specifici-
ties but found no significant difference in the detection rate of
non-advanced and advanced adenomas as well as significant le-
sions for CCE-2 and OC [25].
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Diagnostic accuracy for polyps 26mm and 210 mm

The results of the meta-analyses for polyps 26 mm and 210 mm
are shown in »Fig.2, »Fig.3, and Fig.A2. For polyps 26 mm
(n=28 studies), the pooled sensitivity, specificity, and DOR of
CCE-2 were 87 % (95% Cl: 83%-90%), 87 % (95% Cl: 76 %-93 %),
and 49.6 (95%Cl: 22.1-111.4) with OC as the reference stand-
ard, respectively. There was significant heterogeneity present
for specificity (12 91%, P<.01) and the DOR (12 71%, P<.01).
Among the average risk screening population (n=2 studies),
the sensitivity and specificity of CCE-2 were 86 % (95 % Cl: 80 %-
90%)and 95% (95% Cl: 91 %-97 %) compared to OC. Among FIT/
FOBT +, FDR, and study populations with mixed indication (n=5
studies) the sensitivity and specificity for CCE-2 were 88 % (95%
Cl: 82%-93%) and 80% (95 % Cl: 69 %-87 %) compared to OC.

For polyps210mm (n=9 studies), the pooled sensitivity,
specificity, and DOR of CCE-2 were 87% (95% Cl: 83%-90%),
95% (95% Cl: 92%-97 %), and 140.3 (95 % Cl: 89.2-220.6) with
OC as the reference standard, respectively. Significant hetero-
geneity was present for the specificity (12 59%, P=.01) here as
well. When stratifying the pooled estimates according to in-
dication, the sensitivities and specificities of CCE-2 compared
to OC were 85% (95% Cl: 77%-91%) and 98% (95% Cl: 94 %-
99%) for the average risk screening population (n=2 studies)
and 87% (95% Cl: 82%-91%) and 93 % (95% Cl: 88 %-96 %) for
studies among FIT/FOBT + participants (n=3 studies). For FDR
or mixed populations (n=4 studies), the sensitivity and specifi-
city of CCE-2 were 89% (95% Cl: 79%-94%) and 93 % (95% Cl:
89%-95 %) compared to OC.
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> Table3 Bowel preparation and rate of adequate cleansing.

Author, year Bowel preparation Adequate
X cleansing
Laxative (type; PEG Booster (%)
number; dose) (doses,
total) Type Volume Optional CCE
(Total)
Rex, 2015 [19] Senna; 4; 12mg 2,4L NasS 60z 10 mg metoclopramide, 80
30z suprep, 10 mg bisacodyl
Voska, 2019 [22] - 2,4L NaP 30mL 25mL NaP, 2 g glycerin 90
suppository
Holleran, 2014 [14] Senna; 4; NA 2,4L NaP, 75mL 10mg bisacodyl 92
Rondonotti, 2014 [24] Bisacodyl; 4; 5mg 2,200g NaP 45mL - 70
Kobaek-Larsen, 2017 Magnesium 2,2L PEG 1L - 85
[21] oxide; 2; 1000mg Bisacodyl 10mg
Pecere, 2019 [23] Senna; 4 2,4L NaP 60 mL 10mg bisacodyl 88
Adrian-de-Ganzo, Senna; NA; 24 mg 2,2.3L PEG 50mg 50 mg PEG, 15mg mosa- 80
2015 [25] pride, 10 mg bisacodyl
Parodi, 2018 [26] - 2,4L NaP 40mL 10 mg metoclopramide, 68
20 mL NaP, 10 mg bisacodyl
Kroijer, 2019 [27] - 2,2L PEG 1L 10mg bisacodyl 92
Sulfate-based 1L
PEG +gastrografin 1L+75mL
Eliakim, 2009 [20] - 2,2L NaP 30mL 15mL NaP, 10 mg bisacodyl 78
Spada, 2011 [28] Senna; 4; 12mg 2,2L NaP 55mL 10 mg bisacodyl 81
Hagel, 2014 [18] Senna; 4; NA 2,2L NaP 30mL 15mL NaP, 10 mg bisacodyl 90
Morgan, 2016 [29] — 2,4L Magnesium citrate 8oz 10mg metoclopramide 61

50z magnesium citrate
10mg bisacodyl

CCE, colon capsule endoscopy; NA, not available; NaP, sodium phosphate; NaS, sodium sulfate; PEG, polyethylene glycol.

Discussion

This systematic review and meta-analysis focused on the diag-
nostic accuracy, patient perspective, bowel preparation and
rate of adequate cleansing in clinical trials comparing CCE-2
and OC. Our review is an update of a previously performed anal-
ysis [12], including recently published data, and with additional
focus on patient perspective regarding CCE. We found that
CCE-2 has a high diagnostic accuracy for polyps 26mm and
>70mm. Most adverse events were mild and usually related to
bowel preparation rather than the CCE examination itself and
the rate of adequate bowel cleansing varied widely among
studies. Furthermore, there is mixed evidence on whether or
not CCE-2 might be accepted by average risk screening individ-
uals.

The results of our systematic review and meta-analysis are
important when considering CCE-2 as a regular CRC screening
examination. First, the overall diagnostic accuracy of CCE-2 for
polyps and adenomas was adequate and supports the imple-
mentation of CCE-2 as a valuable screening option. This is in
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line with the previously published meta-analysis by Spada et al.
[12], but is corroborated by additional clinical trials (n=4).
When considering the accuracy of CCE-2 compared to OC for
any polyps (regardless of size), the sensitivity was similar to
those for polyps=6mm and highest among FIT+ participants
(95%) [14]. Yet, the specificities for polyps of any size were con-
siderably lower than the specificities for larger polyps (=6 mm).
Only in a few studies, histopathologic diagnoses were reported.
Here, adenomas=6mm and>10mm showed similar sensitiv-
ities as “polyps” of the same size (up to 95% among FDR of
CRC patients [26]). Specificities were only comparable for ade-
nomas and “polyps” 210 mm. Regarding the meta-analyses of
polyps =6 mm and =10 mm, the high overall diagnostic accura-
cy is a good argument to include CCE-2 in routine CRC screen-
ing. However, only two studies were conducted in cohorts of in-
dividuals with average CRC risk [19,22], which underlines the
need for further studies in the screening population. The re-
sults from the pooled analysis of FIT/FOBT + participants indi-
cate that CCE-2 might indeed be a valuable method to offer as
an alternative to OC for FIT/FOBT positive individuals [14, 21,
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Study Events Total Proportion  95%-Cl Weight
Average risk population
Rex 2015 167 192 —l- 0.87 [0.81;0.91] 51.8%
Voska 2019 27 34 = 0.79 [0.62;0.91] 13.2%
Fixed effect model 226 - 0.86 [0.80; 0.90] 64.7%
Heterogeneity: I?=25%, 12=0.0379, P=0.25
FIT+, FDR, mixed
Rondonotti 2014 14 16 0.88 [0.62; 0.98] 4.1%
Parodi 2018 51 56 —_—— 0.91 [0.80;0.97] 10.8%
Eliakim 2019 16 18 0.89 [0.65; 0.99] 4.2%
Spada 2011 38 45 —_—m— 0.84 [0.71; 0.94] 14.0%
Morgan 2016 14 15 0.93 [0.68; 1.00] 2.2%
Fixed effect model 150 o 0.88 [0.82;0.93] 35.3%
Heterogeneity: 1°=0%, 12=0, P=0.84
Fixed effect model 376 - 0.87 [0.83;0.90] 100.0%
Heterogeneity: I?’=0%, 12=0, P=0.77
Residual heterogeneity: 2=0%, P=0.74 05 06 07 08 09 1

Sensitivity
Study Events Total Proportion  95%-Cl Weight
Average risk population
Rex 2015 467 497 : 0.94 [0.91;0.96] 15.5%
Voska 2019 185 191 i} 0.97 [0.93; 0.99] 13.6%
Random effects model 688 - 0.95 [0.91;0.97] 29.2%
Heterogeneity: I?’=56%, 12=0.1298, P=0.13
FIT+, FDR, mixed
Rondonotti 2014 30 34 —i— 0.88 [0.73; 0.97] 12.3%
Parodi 2018 106 121 —— 0.88 [0.80;0.93]  14.9%
Eliakim 2019 61 80 — 0.76 [0.65; 0.85] 15.0%
Spada 2011 41 64 _ 0.64 [0.51;0.76] 15.0%
Morgan 2016 28 35 —_—— 0.80 [0.63; 0.92] 13.5%
Random effects model 334 e 0.80 [0.69; 0.87] 70.8%
Heterogeneity: 1?=74%, 12=0.2926, P<0.01
Random effects model 1022 ——— 0.87 [0.76;0.93] 100.0%
Heterogeneity: I?=91%, 12=0.9200, P<0.01
Residual heterogeneity: 12=72%, P<0.01 05 06 07 08 05 1

Specificity

» Fig.2 Forest plots showing the pooled sensitivity and specificity of CCE-2 for polyps =6 mm.

24]. Itis important to note that due to the miss-rate of polypsin
OC [30] and OC being the reference standard, the number of
false-positive results of CCE might be overestimated. Hence,
the diagnostic accuracy of CCE-2 might be even higher than re-
ported and advances in technology including a third generation
of CCE might enhance the diagnostic accuracy even more. In
sum, CCE-2 is a valuable option for CRC screening. Other than
a standard screening option, it could also be offered to patients
at a higher risk for CRC (FIT/FOBT +or FDR) as a selector for re-
ferral to colonoscopy with polyp removal.

Only four of 13 clinical trials comparing CCE-2 to OC (31%)
reported the patient perspective. Patients’ acceptance of
screening methods is crucial as perception of risk and benefit
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determines the success of a screening measure. The available
studies do not indicate preference for OC [22] vs. CCE-2 [26].
Additionally, in a trial among FDR of CRC patients, where parti-
cipants could still choose between OC or CCE after being ran-
domly assigned to one group, more participants chose OC
over CCE-2 than vice versa. Interestingly, the screening adher-
ence was similar in both groups (CCE-2: 57%, OC: 56%) [25].
However, awareness of CRC is probably higher among FDR,
and the higher probability of polyp detection might have led
to the decision for OC, which allows detection and removal
within one single procedure. According to one study, the lay
public prefers non-invasive procedures (CTC or CCE) to OC for
general diagnostic purposes but not after a positive FIT/FOBT
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Study Events Total Proportion  95%-Cl Weight

Average risk population

Rex 2015 67 79 —— 0.85 [0.75; 0.92] 25.2%
Voska 2019 14 16 0.88 [0.62;0.98]  4.3%
Fixed effect model 95 ——— 0.85 [0.77;0.91] 29.5%

Heterogeneity: I?’=0%, 2=0, P=0.78

FIT+
Holleran 2014 16 18 0.89 [0.65; 0.99] 4.4%
Rondonotti 2014 12 13 0.92 [0.64; 1.00] 23%
Kobaek-Larsen 20172 140 161 —i— 0.87 [0.81;0.92] 45.2%
Fixed effect model 192 - 0.87 [0.82;0.91] 51.9%

Heterogeneity: I’=0%, 12=0, P=0.84

FDR, mixed
Parodi 2018 24 27 e 0.89 [0.71;0.98] 6.6%
Eliakim 2019 7 8 < 0.88 [0.47; 1.00] 2.2%
Spada 2011 28 32 —_— 0.88 [0.71; 0.96] 8.7%
Morgan 2016 7 7 1.00 [0.59; 1.00] 1.2%
Fixed effect model 74 —— 0.89 [0.79;0.94] 18.6%
Heterogeneity: 1?°=0%, 12=0, P=0.97
Fixed effect model 361 - 0.87 [0.83;0.90] 100.0%
Heterogeneity: I?=0%, 2=0, P=1.00
Residual heterogeneity: 2=0%, P=1.00 05 06 07 08 09 1

Sensitivity
Study Events Total Proportion  95%-Cl Weight
Average risk population
Rex 2015 592 610 || 0.97 [0.95; 0.98] 17.0%
Voska 2019 207 209 - 0.99 [0.97; 1.00] 8.8%
Random effects model 819 g 0.98 [0.94;0.99] 24.1%
Heterogeneity: I?=57%, 12=0.3761, P=0.13
FIT+
Holleran 2014 42 44 —n— 0.95 [0.85; 0.99] 7.0%
Rondonotti 2014 34 37 —a— 0.92 [0.78; 0.98] 8.8%
Kobaek-Larsen 20172 85 92 —i- 0.92 [0.85; 0.97] 13.1%
Random effects model 173 - 0.93 [0.88;0.96] 28.8%
Heterogeneity: I?°=0%, 12=0, P=0.77
FDR, mixed
Parodi 2018 143 151 —- 0.95 [0.90; 0.98] 13.8%
Eliakim 2019 71 80 —i— 0.89 [0.80; 0.95] 14.0%
Spada 2011 73 77 —a— 0.95 [0.87;0.99]  10.4%
Morgan 2016 40 43 —— 0.93 [0.81;0.99] 8.8%
Random effects model 351 D 0.93 [0.89;0.95] 47.1%
Heterogeneity: I?=6%, 72=0.0126, P=0.36
Random effects model 1343 > 0.95 [0.92;0.97] 100.0%
Heterogeneity: I?=59%, 12=0.2679, P=0.01
Residual heterogeneity: I2=1%, P=0.42 05 06 07 08 09 1

Specificity

» Fig.3 Forest plots showing the pooled sensitivity and specificity of CCE-2 for polyps =10 mm.
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test [31]. In another study on FIT +individuals, CCE-2 was pre-
ferred over CTC [24]. To our knowledge, there was a single
study investigating average risk screening population, coming
with a 4-fold increase of screening uptake, when offering CCE
as an alternative to OC [13]. Thus, offering CCE as an alternative
outpatient procedure might result in increasing screening ad-
herence [32]. Currently, the cost for a CCE-2 procedure is priced
at about 1,000 EUR [33], which might decrease when imple-
mented as a screening option including automated imaging a-
nalysis. Nevertheless, to be considered cost-effective, an in-
crease of screening uptake of 20% or more for CCE-2 over OC
is required [33]. Also, at defecation, the capsule mostly gets
disposed in the toilet, which is not a sustainable solution for a
high-tech product. A better concept will be needed for capsule
recovery when the capsule is offered to a large number of peo-
ple. In summary, future research should focus on the perspec-
tive of the screening individual, including the question whether
offering CCE would increases participation among average risk
individuals.

Overall, the various bowel preparation protocols resulted in
a wide range of bowel cleanliness at CCE-2 examination (61 %-
92 % “adequate cleansing”). There did not seem to be a clear in-
dication as to which bowel preparation regimen yields the high-
est cleansing rate. For example, among the four studies with a
cleansing rate of 290 %, two used laxatives [14, 18] and two did
not [22,27]. Furthermore, they included different volumes of
PEG and types and volumes of boosters and optional boosters.
Notwithstanding these uncertainties, the rate of adequate
cleansing remains a central issue for the success of CCE exami-
nations, as this influences the diagnostic accuracy [34]. On the
other hand, by pushing for more extensive or complicated bow-
el preparations to reach adequate levels of cleansing, the possi-
bility of discouraging patients and physician alike from consid-
ering CCE at all is quite real. It is clear that a proportion of pa-
tients will not choose CCE in the first place to avoid the second
bowel preparation in case of positive findings [25].

Strengths and weaknesses

Our systematic review and meta-analysis has several strengths.
It gives an update on the diagnostic accuracy of CCE-2 for
polyps 26mm and 210mm, which includes three (26 mm)
and four 210mm) new studies. Additionally, we conducted
stratified analyses based on the indication for CCE-2 and OC ex-
amination. Furthermore, we were able to include multiple stud-
ies that also analyzed adenomas confirmed by histopathology.
An additional aim of the review was the assessment of the pa-
tient perspective, which revealed that clinical trials on CCE-2
and OC have rarely reported the patient perspective in depth.
A general limitation is the small number of studies that could
be included in the meta-analysis based on our protocol. In ad-
dition, the number of newly published clinical trials is very low
(n=4) since the last meta-analysis was published in 2016. The
reasons might range from a poor adaptation of the technology
to awaiting the third generation of CCE, the focus on the pa-
tient perspective of CCE-2 or the evaluation of the impact of
CCE-2 on screening participation. There is a scarcity of studies
among different populations (average risk, FIT/FOBT +or FDR)
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that prohibits generalization of our results. Another main lim-
itation of this meta-analysis is the heterogeneity of specifici-
ties, which was partially controlled by our approach using ran-
dom-effects models. Furthermore, the low number of studies
reporting the patient perspective and the heterogenous assess-
ment do not allow for a clear conclusion on the patient perspec-
tive. For more extensive data on the patient perspective and
bowel preparation, separate reviews focusing on those out-
comes might be needed.

Conclusion

In conclusion, CCE-2 yields appropriate diagnostic accuracy for
polyps 26mm and 210mm in an adequately cleaned large
bowel to be implemented in CRC screening. Future studies are
needed to elucidate clinical utility with a specific focus on pa-
tient perspectives on CCE-2.
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