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ABSTRACT 

Background 

Colorectal cancer, a leading cause of mortality and morbidity in Ontario, can be prevented 
through early diagnosis and removal of precancerous polyps. Colon capsule endoscopy is a 
relatively new, minimally invasive test for detecting colorectal polyps.  
 

Objective 

The objectives of this analysis were to evaluate the diagnostic accuracy and safety of colon 
capsule endoscopy for the detection of colorectal polyps among adult patients with signs or 
symptoms of colorectal cancer or with increased risk of colorectal cancer, and to compare colon 
capsule endoscopy with alternative procedures. 
 

Review Methods 

A literature search was performed using Ovid MEDLINE, Ovid MEDLINE In-Process and Other 
Non-Indexed Citations, Ovid EMBASE, the Wiley Cochrane Library, and the Centre for Reviews 
and Dissemination database, for studies published between 2006 and 2014. Data on diagnostic 
accuracy and safety were abstracted from included studies. Quality of evidence was assessed 
using Grading of Recommendations Assessment, Development, and Evaluation (GRADE). 
 

Results 

The search yielded 2,189 citations. Five studies, all of which evaluated PillCam COLON 2 
(PCC2), met the inclusion criteria. The per-patient sensitivity and specificity for detecting 
colorectal polyps were meta-analyzed. Colon capsule endoscopy, using PCC2, had a pooled 
sensitivity and specificity of 87% (95% confidence interval [CI] 77%–93%) and 76% (95% CI 
60%–87%), respectively, for the detection of a colorectal polyp at least 6 mm in size (GRADE: 
very low). PCC2 had a pooled sensitivity and specificity of 89% (95% CI 77%–95%) and 91% 
(95% CI 86%–95%), respectively, for the detection of a colorectal polyp at least 10 mm in size 
(GRADE: low). One study directly compared PCC2 with computed tomographic (CT) 
colonography and found no statistically significant difference in accuracy (GRADE: low). Few 
adverse events were reported with PCC2; 3.9% of patients (95% CI 2.4%–6.5%) experienced 
adverse effects related to bowel preparation. Capsule retention was the most serious adverse 
event and occurred in 0.8% of patients (95% CI 0.2%–2.4%) (GRADE: very low).  
 

Conclusions 

In adult patients with signs, symptoms, or increased risk of colorectal cancer, there is low-quality 
evidence that colon capsule endoscopy using the PCC2 device has good sensitivity and 
specificity for detecting colorectal polyps. Low-quality evidence does not show a difference in 
accuracy between colon capsule endoscopy and CT colonography. There is very low-quality 
evidence that PCC2 has a good safety profile with few adverse events; capsule retention is the 
most serious complication.  
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PLAIN LANGUAGE SUMMARY 

Colon capsule endoscopy is a new procedure that allows doctors to see inside the colon (large 
intestine) to look for growths, called polyps, that can develop into cancer. In this procedure, the 
patient swallows a pill fitted with two miniature cameras. As the capsule travels through the 
patient’s gastrointestinal tract, the cameras send pictures of the colon to a data recorder. 
Doctors then review the images to look for polyps. If polyps are found, they can be investigated 
further and, if necessary, removed through a different procedure, which can reduce the patient’s 
risk of colorectal cancer.  
 
We looked at the research evidence regarding the accuracy and safety of colon capsule 
endoscopy. We found that colon capsule endoscopy has good accuracy in detecting colorectal 
polyps in adults with higher risk of colorectal cancer. We also compared the accuracy of colon 
capsule endoscopy with computed tomography (CT) scan of the colon (colonography), another 
diagnostic technique used to detect colorectal polyps. The available evidence did not show a 
difference between colon capsule endoscopy and CT colonography in terms of their accuracy. 
 
Colon capsule endoscopy was generally safe. Less than 4% of patients experienced an adverse 
event, such as nausea, and these events were mostly due to the bowel preparation required for 
the procedure. The most serious complication associated with colon capsule endoscopy was 
the capsule becoming stuck at a narrowed spot in the digestive tract. This happens rarely, but 
when it does the patient requires surgery or colonoscopy to remove the capsule.  
 
Compared with conventional colonoscopy, the colon capsule endoscopy procedure may be 
preferred by patients because it less invasive and uncomfortable and does not require that they 
be sedated. However, colon capsule endoscopy cannot replace colonoscopy. If polyps are 
found, a colonoscopy or other procedure may be needed to further investigate and remove 
precancerous polyps.     
  



 

Ontario Health Technology Assessment Series; Vol. 15: No. 14, pp. 1–39, July 2015 6 

TABLE OF CONTENTS  

LIST OF TABLES ...................................................................................................................... 7 

LIST OF FIGURES .................................................................................................................... 7 

LIST OF ABBREVIATIONS ....................................................................................................... 8 

BACKGROUND ......................................................................................................................... 9 

Objectives of Analysis ................................................................................................................................... 9 

Clinical Need and Target Population ............................................................................................................ 9 

Description of Disease or Condition ...................................................................................................... 9 

Prevalence and Incidence ..................................................................................................................... 9 

Ontario Context ..................................................................................................................................... 9 

Technology .................................................................................................................................................. 10 

Description of Colon Capsule Endoscopy ........................................................................................... 10 

Bowel Preparation Regimen Required With Colon Capsule Endoscopy ............................................ 10 

Regulatory Status of Colon Capsule Endoscopy ................................................................................ 11 

Scope of Analysis ........................................................................................................................................ 11 

EVIDENCE-BASED ANALYSIS ...............................................................................................12 

Research Questions .................................................................................................................................... 12 

Research Methods ...................................................................................................................................... 12 

Literature Search ................................................................................................................................. 12 

Inclusion Criteria ................................................................................................................................. 12 

Exclusion Criteria ................................................................................................................................ 12 

Outcomes of Interest ........................................................................................................................... 13 

Statistical Analysis ...................................................................................................................................... 13 

Quality of Evidence ..................................................................................................................................... 13 

Results of Evidence-Based Analysis .......................................................................................................... 14 

Diagnostic Accuracy of PillCam COLON 2 ......................................................................................... 17 

Comparative Diagnostic Accuracy of PillCam COLON 2 and Computed Tomographic  
Colonography ...................................................................................................................................... 21 

Safety of PillCam COLON 2 ................................................................................................................ 21 

Discussion ................................................................................................................................................... 23 

Limitations ................................................................................................................................................... 24 

CONCLUSIONS .......................................................................................................................25 

EXISTING GUIDELINES RELEVANT TO COLON CAPSULE ENDOSCOPY..........................26 

ACKNOWLEDGEMENTS .........................................................................................................29 

APPENDICES...........................................................................................................................30 

Appendix 1: Literature Search Strategies ................................................................................................... 30 

Appendix 2: Evidence Quality Assessment ................................................................................................ 31 

REFERENCES .........................................................................................................................35 

 

 



 

Ontario Health Technology Assessment Series; Vol. 15: No. 14, pp. 1–39, July 2015 7 

LIST OF TABLES 

Table 1: Characteristics of Included Studies Reporting on the Diagnostic Accuracy of  
PillCam COLON 2 .........................................................................................................16 

Table 2: Polyp-Matching Algorithms and Diagnostic Accuracy Outcomes Reported by  
Included Studies ............................................................................................................18 

Table 3: Comparative Accuracy of PillCam COLON 2 and Computed Tomographic 
Colonography ................................................................................................................21 

Table 4: Summary of Adverse Events Reported in Included Studies .........................................23 
Table 5: Existing Guidelines for the Use of Colon Capsule Endoscopy in Screening for 

Colorectal Cancer ..........................................................................................................26 
Table 6: Existing Guideline for the Potential Implementation of Colon Capsule Endoscopy ......28 
Table A1: GRADE Diagnostic Accuracy Evidence Profile for PillCam COLON 2 for Detection  

of Colorectal Polyps .......................................................................................................31 
Table A2: GRADE Diagnostic Accuracy Evidence Profile: PillCam COLON 2 Compared With 

Computed Tomographic Colonography .........................................................................32 
Table A3: GRADE Evidence Profile for PillCam COLON 2: Adverse Events .............................33 
Table A4: Risk of Bias for Studies of PillCam COLON 2 (QUADAS-2) ......................................34 
 
 

LIST OF FIGURES 

Figure 1: Citation Flow Chart .....................................................................................................14 
Figure 2: Forest Plots of Accuracy of PillCam COLON 2 in the Detection of Colorectal Polyps  

of Varying Sizes ............................................................................................................19 
Figure 3: SROC Curves of PillCam COLON 2 in the Detection of Colorectal Polyps of  

Various Sizes ................................................................................................................20 
 
 

  



 

Ontario Health Technology Assessment Series; Vol. 15: No. 14, pp. 1–39, July 2015 8 

LIST OF ABBREVIATIONS 

CI Confidence interval 

CT Computed tomographic  

GRADE Grading of Recommendations Assessment, Development, and Evaluation 

NaP Sodium phosphate 

PCC PillCam COLON 

PCC2 PillCam COLON 2 

SROC Summary receiver operating characteristic 

 
  



 

Ontario Health Technology Assessment Series; Vol. 15: No. 14, pp. 1–39, July 2015 9 

BACKGROUND 

Objectives of Analysis 

The objectives of this analysis were to evaluate the diagnostic accuracy and safety of colon 
capsule endoscopy for the detection of colorectal polyps among adult patients with signs or 
symptoms of colorectal cancer or with increased risk of colorectal cancer, and to compare colon 
capsule endoscopy with alternative procedures. 
 

Clinical Need and Target Population 

Description of Disease or Condition 

Colorectal cancer is a cancer in the colon or rectum. Most colorectal cancers develop from 
precancerous polyps. (1) A colorectal polyp, also called an adenoma, is a protrusion of the 
mucosal surface inside the colon or rectum. These polyps can be benign and asymptomatic, 
and only dysplastic polyps have the potential to become malignant. The size of the polyp affects 
both the structure of the tissue and the degree of dysplasia. Larger colorectal polyps are more 
likely to carry precancerous components and to be dysplastic. An estimated 1% to 5% of 
adenomatous colorectal polyps will progress to invasive cancer if they are high-grade (severe) 
dysplastic or larger than 10 mm in diameter. (2) Colorectal polyps larger than 10 mm are 
considered to be advanced adenoma, while colorectal polyps less than 5 mm generally carry 
much less risk. (3) Colorectal adenomas have been found in 11% to 40% of patients with 
average risk of colorectal cancer and at higher rates in the high-risk population. (4, 5) Typically, 
people at higher risk of colorectal cancer are those with family history of the disease or signs or 
symptoms of colorectal cancer such as rectal bleeding or abdominal mass. (2) 
 
Since progression from normal mucosa to invasive cancer can take 10 to 15 years, early 
diagnosis and removal of precancerous polyps is highly effective in preventing the development 
of colorectal cancer. (6, 7) Canadian clinical guidelines recommend that patients with symptoms 
and known or suspected colonic disease be promptly examined with colonoscopy and that 
patients without symptoms undergo regular screening. (3)  
 

Prevalence and Incidence 

Colorectal cancer is the third most prevalent cancer in Canada. (8) It is the second leading 
cause of cancer deaths in men and women combined. (9) It was estimated that in 2014, a total 
of 24,400 Canadians would have colorectal cancer and 9,300 would die from the disease. (10) 
In 2013, 8,700 Ontarians were estimated to have colorectal cancer, from which 3,350 Ontarians 
died. (11)  
 

Ontario Context 

In Ontario, screening for colorectal cancer is recommended every 2 years using the fecal occult 
blood test for everyone aged 50 to 74 years without any symptoms of colorectal cancer. For 
people with increased risk for colorectal cancer or with signs and symptoms of colorectal 
cancer, colonoscopy is the standard procedure for immediate diagnosis. Many experts believe 
that colonoscopy is the gold standard for colorectal cancer screening as the procedure allows 
for the visualization of the entire colon as well as the detection and removal of colorectal polyps 
during the same procedure. Patients who have an incomplete colonoscopy or contraindications 
to the procedure are offered virtual colonoscopy, such as computed tomographic (CT) 
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colonography. Both colonoscopy and CT colonography are covered under the Ontario Health 
Insurance Plan, although CT colonography is covered only in certain circumstances. (12) 
 

Technology 

Description of Colon Capsule Endoscopy 

Colon capsule endoscopy is a relatively new diagnostic technology for examining the colon. It is 
a minimally invasive procedure and does not require sedation.  
 
In 2006, Given Imaging Ltd. launched its first generation of colon capsule endoscopy, PillCam 
COLON (PCC). The device is a capsule, designed to be ingested by patients, that takes images 
of the colon as it passes through the gastrointestinal tract. Each side of the capsule is equipped 
with a camera and an automatic LED (light-emitting diode). Images captured are transmitted to 
a data recorder that the patient wears externally. The data are compiled and analyzed by 
RAPID software (Given Imaging Ltd., Yoqneam, Israel), for review by the clinician. A systematic 
review showed suboptimal sensitivity and specificity of PCC for detection of significant 
colorectal polyps (a polyp at least 6 mm in diameter or at least three polyps of any size). (13)  
 
A second generation of the device, PillCam COLON 2 (PCC2), was launched in 2010. PCC2 
includes new designs in the capsule, data recorder, and software for processing and viewing 
images. The new capsule is slightly bigger, measuring 11.6 mm × 31.5 mm, than the previous 

capsule, which measured 11 mm × 31 mm. The angle of view from both cameras has been 
widened to 172° from 156°, allowing nearly 360° coverage of the colon. The battery of the 
previous capsule lasts about 10 hours with an inactive period of 1 hour and 45 minutes. This 
has been redesigned in PCC2 to allow automatic identification of the small bowel. The new 
capsule works at a slow frame rate of only 14 images per minute until small-bowel images are 
detected. After reaching the small bowel, the capsule switches into an adaptive frame rate, 
capturing 35 images per second when in motion and 4 images per second when it is virtually 
stationary. The improved frame rate increases the number of images taken during rapid colon 
transit, thus improving colon visualization and further saving battery energy. The new data 
collector can alert patients undergoing the procedure to continue the bowel preparation 
according to the protocol. The new RAPID software includes a tool for estimating polyp size and 
provides a thorough analysis of the mucosal surface and flat lesions. The procedure is complete 
when the anal verge is visualized or when the capsule is excreted. (14-16)  
 

Bowel Preparation Regimen Required With Colon Capsule Endoscopy  

Adequate cleansing of the colon is essential for the visualization of the colonic mucosa. Colon 
capsule endoscopy requires boosters to help propel the capsule because the colon has only a 
few spontaneous longitudinal contractions per day. Sodium phosphate (NaP) is the most 
commonly used booster. One or two boosters of NaP are typically used in addition to 
polyethylene glycol solution, which is also used in preparation for colonoscopy. The NaP 
booster accelerates the transit of the PCC2 capsule through the small and large bowels within 
the operating time of the capsule. The use of NaP may be associated with electrolyte 
disturbances, acute nephropathy, or kidney failure, and low doses of NaP are generally 
administered in colon capsule endoscopy in order to reduce the risk of NaP-related adverse 
events. 
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Regulatory Status of Colon Capsule Endoscopy  

PCC and PCC2 (Given Imaging Ltd., Yoqneam, Israel) are the only colon capsule endoscopy 
devices licensed by Health Canada and are indicated for visualization of the colon. These 
devices have the following licence numbers and issue dates:  
 

 PillCam COLON (Given Imaging Ltd., Yoqneam, Israel), Licence No. 73088, Class II. 
First issued in January 2007. The company stopped marketing the first-generation 
device as of 2010 

 PillCam COLON 2 (Given Imaging Ltd., Yoqneam, Israel), Licence No. 73088, Class II. 
First issued in November 2009 

 

Scope of Analysis 

The European Society of Gastrointestinal Endoscopy has recommended colon capsule 
endoscopy as an alternative to colonoscopy for colorectal cancer screening in average-risk 
individuals. (17) In a preliminary scoping of the literature, only one trial evaluating PCC2 in the 
screening context, which has recruited 884 patients of average risk for colorectal cancer, was 
identified. The researchers involved with this trial have, to date, reported their data only in an 
abstract form. (18) Colon capsule endoscopy has also been proposed as an alternative or 
complementary diagnostic test for patients who have had contraindications to colonoscopy, 
have had an incomplete colonoscopy, or have refused the procedure. Studies on the use of 
colon capsule endoscopy in patients with incomplete colonoscopy exist, (19-21) but they do not 
provide diagnostic accuracy data and instead report on diagnostic yield. 
 
Therefore, based on an initial scoping review and in consultation with clinical experts, we 
focused on evaluating colon capsule endoscopy in patients with signs or symptoms of colorectal 
cancer or with increased risk of colorectal cancer. We specifically focused on whether colon 
capsule endoscopy can act as a replacement diagnostic test for CT colonography in this patient 
population.  
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EVIDENCE-BASED ANALYSIS 

Research Questions 

 What are the sensitivity and specificity of colon capsule endoscopy, using the PillCam 
COLON 2 device (PCC2), for the detection of colorectal polyps among adult patients 
either with signs or symptoms of colorectal cancer or with increased risk of colorectal 
cancer? 

 What are the sensitivity and specificity of colon capsule endoscopy, using PCC2, 
compared with computed tomographic (CT) colonography for the detection of colorectal 
polyps among adult patients either with signs or symptoms of colorectal cancer or with 
increased risk of colorectal cancer?  

 What are the adverse events associated with the use of PCC2? 

 

Research Methods 

Literature Search 

Search Strategy 
A literature search was performed on December 12, 2014, using Ovid MEDLINE, Ovid 
MEDLINE In-Process and Other Non-Indexed Citations, Ovid EMBASE, EBSCO Cumulative 
Index to Nursing & Allied Health Literature (CINAHL), and EBM Reviews, for studies published 
from January 1, 2006, to December 12, 2014. (Appendix 1 provides details of the search 
strategies). Abstracts were reviewed by a single reviewer and, for those studies meeting the 
eligibility criteria, full-text articles were obtained. Reference lists were also examined for any 
additional relevant studies not identified through the search.  
 

Inclusion Criteria  

 English-language full-text publications 

 Publication between January 1, 2006, and December 12, 2014 

 Randomized controlled trials, non-randomized clinical trials, systematic reviews, and 
meta-analyses 

 Studies that investigated PCC2 manufactured by Given Imaging Ltd. 

 Adult patients (at least 18 years old)  

 Patients undergoing colon examination because of signs or symptoms of colorectal 
cancer or because of an increased risk of colorectal cancer 

 

Exclusion Criteria  

 Studies that investigated the first generation of PCC, since it is no longer marketed 

 Studies that investigated small-bowel diseases 

 Studies that included only patients with low or average risk of colorectal cancer  

 Studies that did not use colonoscopy as the reference standard 

 Studies that did not report accuracy data 
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Outcomes of Interest  

 Sensitivity (proportion of people with disease who are diagnosed as having the disease) 

 Specificity (proportion of people without disease who are diagnosed as not having the 
disease) 

 Adverse events  
 

Statistical Analysis 

A bivariate random effects model was used to synthesize the sensitivity and specificity reported 
in the included studies. (22) In the analysis, the reference tests compared with the PCC2 were 
assumed to be perfect. The numbers of true-positives, false-positives, false-negatives, and true-
negatives were extracted from the published studies, and the 95% confidence intervals were re-
calculated. Common measures of heterogeneity such as I2 index and Cochrane’s Q statistics 
were not used since they are not reliable when the number of studies is small. They are also not 
designed for quantifying heterogeneity in a bivariate meta-analysis of diagnostic accuracy where 
sensitivity and specificity are synthesized simultaneously. (23) Instead, the heterogeneity 
among the included studies was assessed by visually examining the summary receiver 
operating characteristics (SROC) space and the forest plots. All models were fitted under the 
general assumption that the reference standard was independent of the index test, conditional 
on disease status. All analyses were performed using R 3.1.2 software. 
 

Quality of Evidence 

The quality of evidence for each included study was examined using the revised Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool. (24) The quality of the body of 
evidence for each outcome was examined according to the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) Working Group criteria. (25) The overall 
quality was determined to be high, moderate, low, or very low using a step-wise and structural 
methodology. 
 
Study design was the first consideration; the starting assumption was that randomized 
controlled trials are high quality. For diagnostic tests, cross-sectional or cohort studies in 
patients with diagnostic uncertainty and direct comparison of test results with an appropriate 
reference standard are also considered to be high quality. (26) Five additional factors—risk of 
bias, inconsistency, indirectness, imprecision, and publication bias—were then taken into 
account. Limitations in these areas resulted in downgrading the quality of evidence. Finally, 
three main factors that may raise the quality of evidence were considered: the large magnitude 
of effect, the dose-response gradient, and any residual confounding factors. (25) For more 
detailed information, please refer to the latest series of GRADE articles. (25)  
 
The quality assessment of the evidence is provided in Appendix 2. 
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As stated by the GRADE Working Group, the final quality score can be interpreted using the 
following definitions: 
 
High High confidence in the effect estimate—the true effect lies close to the 

estimate of the effect 
 

Moderate Moderate confidence in the effect estimate—the true effect is likely to be close 
to the estimate of the effect, but may be substantially different 
 

Low Low confidence in the effect estimate—the true effect may be substantially 
different from the estimate of the effect 
 

Very Low Very low confidence in the effect estimate—the true effect is likely to be 
substantially different from the estimate of effect 

 

Results of Evidence-Based Analysis 

The database search yielded 2,189 citations published between January 1, 2006, and 
December 12, 2014 (with duplicates removed). Articles were excluded based on information in 
the title and abstract. The full texts of potentially relevant articles were obtained for further 
assessment. Figure 1 shows the breakdown of when and for what reason citations were 
excluded from the analysis. 
 
Five studies met the inclusion criteria. Reference lists of the included studies and clinical trials 
registries were screened to identify other relevant studies, and no additional citations were 
identified.  

 
 
Figure 1: Citation Flow Chart  

 

 

Search results (excluding 
duplicates) 
n = 2,189 

Full-text studies reviewed 
n = 44 

Included Studies (5) 

Nonrandomized clinical trials: n = 5 

Citations excluded based on title and 
abstract n = 2,145 

Citations excluded based on full text 
n = 39 

Reasons for exclusion 

Abstract review: 
investigated small-bowel 
diseases (n = 638), non-
eligible study type (n = 109), 
first-generation device 
(n = 6), not relevant 
(n = 1,366), wrong 
population (n = 26) 

Full text review: bowel 
preparation study (n = 1), 
non-eligible study type 
(n = 24), outcomes of 
interest not reported (n = 4), 
first-generation device 
(n = 8), investigated small-
bowel diseases (n = 1), 
wrong population (n = 1) 
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The five included studies were as follows: one conducted in Israel, reported by 
Eliakim et al, (27) and four conducted in Europe, reported by Spada et al, (28) Rondonotti et al, 
(29), Hagel et al (30), and Holleran et al. (31) The target populations of the included studies 
were mainly adult patients with known or suspected colonic disease, who were scheduled to 
undergo colonoscopy. On average, patients were 50 to 63 years old. About 54% to 66% were 
male, and most patients were recruited because they had high risk of colorectal cancer and 
positive findings from previous tests. The characteristics of the included studies are summarized 
in Table 1. 
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Table 1: Characteristics of Included Studies Reporting on the Diagnostic Accuracy of PillCam COLON 2 

Study, 
Country 

N 
(Excluded)a 

Population Indications for Colonoscopyb, n Index 
test(s) 

Reference 
Standard 

Sponsorshipc 

Eliakim et al, 
2009 (27) 

Israel 

104 (6) Mean age 49.8 y 
(range 18–57 y); 

33 female, 65 
male 

Patients scheduled to undergo colonoscopy for known or 
suspected colonic disease: 

 Personal or family history of CRC, 33 
 CRC screening, 31 
 Hematochezia or positive FOBT, 21 
 Various symptoms (e.g., diarrhea/ constipation, 

abdominal pain), 17 
 Iron-deficiency anemia, 3 

PCC2 OC Given Imaging 

Spada et al, 
2011 (28) 

Europe 

117 (8) Mean age 60 y 
(SD 9 y); 45 
female, 72 male 

Patients scheduled to undergo colonoscopy for known or 
suspected colonic disease: 

 Personal history of polyps/positive findings, 52 
 Recent change in bowel habits, 27 
 CRC screening, 25 
 Rectal bleeding/hematochezia, 23 
 Abdominal pain, 18 
 Positive FOBT, 7 

PCC2 OC Given Imaging 

Rondonotti et 
al, 2014 (29) 

Italy 

54 (4) Mean age 59.2 y 
(SD 5.8 y); 21 
female, 29 male 

Patients in the national CRC screening program with 
positive iFOBT for whom colonoscopy was offered, 50 

PCC2 
and CTC 

OC, PCC2, 
and CTC 
combined 

Fondazione 
Cariplo 

Hagel et al, 
2014 (30) 

Germany 

24 (1) Mean age 51 y 
(range 24–75 y); 
10 female, 
14 male 

Patients scheduled to undergo colonoscopy for known or 
suspected colonic disease: 

 CRC screening – positive family history, 5 
 CRC screening – no increased risk, 8 
 Polyp surveillance, 7 
 Suspected inflammatory bowel disease, 2  
 Surveillance colonoscopy in ulcerative colitis, 2 

PCC2 OC Given Imaging 

Holleran et al, 
2014 (31) 

Ireland 

62 Mean age 62.5 y 
(SD 5.8 y); 28 
female, 34 male 

Patients in a pilot CRC screening program with at least 1 
positive FOBT result, 62  

PCC2 OC Given Imagingd 

Abbreviations: CRC, colorectal cancer; CTC, computed tomographic colonography; FOBT, fecal occult blood test; iFOBT, immunochemical fecal occult blood test; OC, optical colonoscopy; PCC2, PillCam 
COLON 2; SD, standard deviation; y, year.  
aPatients were excluded from analysis for withdrawal of consent, protocol violation, incomplete preparation, or technology failure  
bPatients could have more than one reason for being referred to colonoscopy. 
cGiven Imaging is the manufacturer of the PillCam COLON 2 and Fondazione Cariplo is a private philanthropic foundation that funds research projects. 
dGiven Imaging supplied the PCC2 capsules free of charge. 
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Diagnostic Accuracy of PillCam COLON 2 

Colonoscopy was used as the reference standard in four studies. In these studies, patients 
underwent colon capsule endoscopy using PCC2, followed by colonoscopy after capsule 
ingestion or on the next day. (27, 28, 30, 31) The colonoscopy was performed by the 
endoscopist without any knowledge of the results from the PCC2 in all four studies. In the fifth 
study, the results of the three procedures—colonoscopy, CT colonography, and colon capsule 
endoscopy using PCC2—were integrated to form the reference standard. (29) Patients 
underwent the PCC2 first and, after 15 days, they underwent CT colonography in the morning, 
followed by colonoscopy later that day. The endoscopists performing colonoscopy were blinded 
to the PCC2 and CT colonography results but were unblinded after inspecting the right colon. If 
PCC2 or CT colonography found any colorectal polyp that was not reported by the colonoscopy, 
the endoscopists reached the cecum again and re-inspected the right colon. The same 
procedure was repeated for the transverse and left colons. The authors defined this procedure 
as double unblinded colonoscopy and used it as the reference standard. 
 
Three studies reported per-patient sensitivity and specificity of PCC2 for detecting colorectal 
polyps at least 6 mm and 10 mm in diameter, respectively. (27-29) Hagel et al (30) reported per-
patient sensitivity and specificity for detecting a colorectal polyp of any size as well as per-polyp 
sensitivity and specificity of PCC2 for detecting a colorectal polyp by size or location. Holleran et 
al (31) reported per-patient sensitivity and specificity of PCC2 for detecting any size colorectal 
polyps. The polyp-matching algorithms differed between the included studies and are 
summarized in Table 2. 
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Table 2: Polyp-Matching Algorithms and Diagnostic Accuracy Outcomes Reported by Included 
Studies 

Study Reference 
Standard 

Polyp-Matching Algorithm or Rules Accuracy Data 
Reported 

Eliakim et al, 
2009 (27) 

OC A true-positive result was recorded when the colonoscopy 
found at least a colorectal polyp in corresponding size range 
and assumed a margin of 50% for size measurement error by 
PCC2. 

 Per patient based on 
colorectal polyp size: 

≥ 6 mm 
≥ 10 mm 

Spada et al, 
2011 (28) 

OC For a colorectal polyp to match, it had to be within 50% of the 
size of the largest estimate of the two measures and found in 
same or adjacent segment. 

True-positive was classified as at least one of colorectal polyps 
of each size class found in same or adjacent segment. 

 Per patient based on 
colorectal polyp size: 

≥ 6 mm 
≥ 10 mm 

 Per patient based on 
size of neoplastic 
lesions 

≥ 6 mm 
≥ 10 mm 

Rondonotti 
et al, 2014 
(29) 

Integrated 
results of 
OC, CTC, 
and PCC2 

When CTC or PCC2 showed at least 1 colorectal polyp 6 mm 
or larger, confirmed by the RS, the individual was classified as 
true-positive. If neither the comparative test nor the reference 
standard identified at least 1 colorectal polyp 6 mm or larger, 
the individual was classified as true-negative. The individual 
was categorized as false-positive when the CTC or PCC2 
identified at least 1 colorectal polyp 6 mm or larger, not 
confirmed by the reference standard, and, conversely, as 
false-negative if the colorectal polyp was missed by the PCC2 
or CTC. When 2 or more colorectal polyps were detected in 
the same person, the largest polyp was considered. The 
calculation was repeated by setting the colorectal polyp 
threshold to 10 mm or larger.  

 Per patient based on 
colorectal polyp size 
with correction for 
polyp size mismatch: 

≥ 6 mm 
≥ 10 mm 

 Per patient based on 
colorectal polyp size 
without correction for 
polyp size mismatch: 

≥ 6 mm 
≥ 10 mm 

Hagel et al, 
2014 (30) 

OC Matching of colorectal polyps recorded by PCC2 and by 
flexible colonoscopy was performed by comparing size, 
location (right, transverse, and left colon) and morphology.  

Matching of polyp size was determined if the size measured in 
OC was within 50% of its reference standard measure at 
PCC2.  

 Per patient based on 
≥ 1 colorectal polyp 
of any size 

 Per polyp based on 
colorectal polyp size: 

< 6 mm 
6–9 mm 
≥ 10 mm 

 Per polyp based on 
colorectal polyp 
location: 

Right colon 
Transverse 
Left colon 

Holleran et 
al, 2014 (31) 

OC Not described  Per patient based on 
any colorectal polyp 
of any size 

 Per patient based on 
significant neoplasia 
(defined as more 
than 3 polyps in 1 
individual or any 
polyp > 10 mm) 

Abbreviations: CTC, computed tomographic colonography; OC, Optical Colonoscopy; PCC2, PillCam COLON 2.   
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Per-Patient Sensitivity and Specificity 
 
The per-patient sensitivity and specificity for colorectal polyps of varying sizes reported by the 
included studies (27-31) are summarized in Figure 2. 
 
We used a bivariate model to calculate the pooled per-patient sensitivity and specificity and their 
95% confidence regions. This model assumed that the reference standard of each study was 
perfect. For detecting colorectal polyps 6 mm or greater in diameter, the pooled per-patient 
sensitivity was 87% (95% CI 77%–93%) and the pooled per-patient specificity was 76% (95% CI 
60%–87%). For detecting colorectal polyps 10 mm or greater, the pooled per-patient sensitivity 
was 89% (95% CI 77%–95%) and the pooled per-patient specificity was 91% (95% CI 86%–
95%). The pooled per-patient sensitivity and specificity of PCC2 for the detection of colorectal 
polyps of any size were 89% (95% CI 66%–97%) and 75% (95% CI 45%–91%), respectively. 
Figure 3 shows the SROC curves for detecting colorectal polyps of varying sizes. There is a 
greater degree of heterogeneity among the studies for the detection of polyps 6 mm or greater 
than among studies for the detection of polyps 10 mm or greater. 
 
Detection of Colorectal Polyps ≥ 6 mm 

 
Detection of Colorectal Polyps ≥ 10 mm 

 
Detection of Colorectal Polyps of Any Size 

 
Figure 2: Forest Plots of Accuracy of PillCam COLON 2 in the Detection of Colorectal Polyps of 

Varying Sizes 

Abbreviations: CI, confidence interval; FN, false-negative; FP, false-positive; TN, true-negative; TP, true-positive. 
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Figure 3: SROC Curves of PillCam COLON 2 in the Detection of Colorectal Polyps of Various Sizes 

Abbreviation: SROC, summary receiver operating characteristics.  

Note: The solid red dot in the SROC indicates the pooled estimates of sensitivity and specificity. The dashed red line shows the 95% confidence region 
of the pooled estimate, and represents the uncertainty around the pooled sensitivity and specificity. 

 
 

  

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Detection of Colorectal Polyps 6 mm or Greater

False Positive Rate

S
e

n
s
it
iv

it
y

S
e

n
s
it
iv

it
y

False-Positive Rate

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Detection of Colorectal Polyps 10 mm or Greater

False Positive Rate

S
e

n
s
it
iv

it
y

S
e

n
s
it
iv

it
y

False-Positive Rate

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Detection of Colorectal Polyps of Any Size

False Positive Rate

S
e

n
s
it
iv

it
y

S
e

n
s
it
iv

it
y

False-Positive Rate



 

Ontario Health Technology Assessment Series; Vol. 15: No. 14, pp. 1–39, July 2015 21 

Other accuracy outcomes were reported in the included studies but were not included in the 
pooled analysis. Spada et al (28) reported the per-patient sensitivity and specificity in detection 
of only neoplastic polyps. For detecting a neoplastic polyp at least 6 mm in size, the per-patient 
sensitivity and specificity were 90% (95% CI 80%–99%) and 64% (95% CI 52%–76%), 
respectively. For 10 mm, the per-patient sensitivity and specificity were 93% (95% CI 84%–
100%) and 95% (95% CI 90%–100%), respectively. Holleran et al (31) reported a per-patient 
sensitivity of 89% (no CI reported) and per-patient specificity of 96% (no CI reported) for 
detecting significant lesions (defined as more than three polyps in one individual or any polyp 
larger than 10 mm). 
 

Comparative Diagnostic Accuracy of PillCam COLON 2 and Computed 
Tomographic Colonography 

One study presented diagnostic accuracy data of PCC2 directly compared with CT 
colonography. (29) That study reported the per-patient sensitivity and specificity of CT 
colonography for detecting polyps 6 mm or greater and 10 mm or greater. Overall, the results 
showed that PCC2 and CT colonography had comparable accuracy in the detection of 
colorectal polyps. For detecting any colorectal polyp at least 10 mm in size, PCC2 had a higher 
sensitivity than CT colonography but the difference was not statistically significant. Table 3 
summarizes the comparison between PCC2 and CT colonography.  
 
Table 3: Comparative Accuracy of PillCam COLON 2 and Computed Tomographic Colonography  

 

Abbreviations: CI, confidence interval; CTC, computed tomographic colonography; PCC2, PillCam COLON 2. 
aData from Rondonotti et al, 2014. (29)  
bP value was calculated by testing the null hypothesis that the relative sensitivity and specificity of PCC2 versus CTC was equal to 1. (32) 

 
 

Safety of PillCam COLON 2 

Five studies presented safety data for PCC2 compared with other diagnostic modalities. Eliakim 
et al (27) reported that, of 104 patients, one could not swallow the PCC2 capsule (1.0%) and 
one patient had a capsule that was corrupted due to technical failure (1.0%). The authors did 
not report any adverse event directly related to the capsule procedure. Overall, eight adverse 
events related to bowel preparation in seven patients (6.7%) were reported: five mild to 
moderate cases of headache/nausea resolved within 24 hours; two cases of mild vomiting 
resolved within 48 hours; and one case of urinary retention was rated by the authors as a 
severe adverse event unrelated to the study. No complications were reported for colonoscopy. 
 
Spada et al (28) reported three cases of capsule retention (2.6%), where the capsule impacted 
against a tumour and was retrieved by colonoscopy or surgery. One patient (0.9%) was not able 
to swallow the capsule. There was technical failure of the device for four patients (3.4%): two 
cases were due to the data recorder and the other two were due to problems with the capsule. 
In an additional two patients (1.7%), the capsule remained in the cecum during the entire 

Outcomes PCC2, % (95% CI)a CTC, % (95% CI)a P Valueb 

Colorectal polyp size ≥ 6 mm    

Sensitivity 88 (62–98) 88 (62–98) 0.99 

Specificity 88 (71–96) 85 (67–94) 0.72 

Colorectal polyp size ≥ 10 mm    

Sensitivity 93 (64–100) 79 (49–94) 0.26 

Specificity 92 (76–98) 92 (76–98) 0.99 
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procedure. A total of seven (6.0%) mild to moderate adverse events were reported: five patients 
experienced vomiting, nausea, or abdominal pain related to the bowel preparation and two 
experienced fatigue because of the long procedure. One patient (0.9%) experienced severe 
abdominal pain during colonoscopy. 
 
Rondonotti et al (29) reported that two of 50 patients undergoing the PCC2 procedure (4.0%) 
had difficulties in swallowing the capsule. All patients excreted the capsule naturally and no 
adverse events related to the preparation or examination were reported. Ten of 50 patients 
(20%) undergoing CT colonography procedures reported mild, self-limiting abdominal pain 
related to bowel preparation, and two patients (4%) experienced severe pain during the 
procedure. No complications were reported for colonoscopy. 
 
Hagel et al (30) reported that all 24 patients were able to swallow the capsule. One patient 
reported headache during preparation for the PCC2 procedure. No other adverse events were 
reported with PCC2. One colonoscopy examination was terminated in the transverse colon due 
to unmanageable pain in the patient. No further complications were reported for colonoscopy. 
 
All 62 patients in the study by Holleran and colleagues (31) were able to swallow the colon 
capsule. No adverse events were reported for PCC2. One participant (2 %) was admitted 24 
hours after colonoscopy with a post-polypectomy bleed, which required a blood transfusion, 
repeat colonoscopy, and clipping of a visible vessel at the polypectomy base. 
 
In summary, 14 of 357 patients (3.9%, 95% CI 2.4%–6.5%) reported mild to moderate adverse 
events associated with PCC2. The events were primarily related to bowel preparation and 
included headache, nausea, vomiting, abdominal pain, and fatigue. Four patients (1.1%, 95% CI 
0.4%–2.8%) had difficulties in swallowing the capsule. The capsule was retained in three 
patients (0.8%, 95% CI 0.2%–2.4%), and they required further surgery or colonoscopy to 
remove the capsule. Five patients (1.4%, 95% CI 0.6%–3.2%) experienced technical failure due 
to the capsule or the data recorder. The adverse events reported in the included studies are 
summarized in Table 4.  
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Table 4: Summary of Adverse Events Reported in Included Studies 

Study Total, 
n 

PillCam COLON 2, n (%) Colonoscopy, 
n (%) 

CTC, n (%) 

AEs 
Related to 

Bowel 
Preparation 

Difficulty in 
Swallowing 

Capsule 

Capsule 
Retention 

Technical 
Failure 

Eliakim et al, 
2009 (27) 

104 7 (6.7) 1 (1.0) 0 1 (1.0) 0 N/A 

Spada et al, 
2011 (28) 

117 7 (6.0) 1 (0.9) 3 (2.6) 4 (3.4) 1 (0.9)  
Pain 

N/A 

Rondonotti et 
al, 2014 (29) 

50a 0 2 (4.0) 0 0 0 10 (20)  
Mild pain 

2 (4)  
Severe pain 

Hagel et al, 
2014 (30) 

24 1 0 0 0 1 (4.2)  
Pain 

N/A 

Holleran et 
al, 2014 (31) 

62 0 0 0 0 1 (1.6)  
Bleedb 

N/A 

Total 357 14 (3.9) 4 (1.1) 3 (0.8) 5 (1.4) 3 (0.8%) 12 (24%) 

Abbreviations: AE, adverse event; CTC, computed tomographic colonography; N/A, not applicable. 
aAdverse events were not reported for 4 patients excluded from the analysis. 
bThe patient developed a post-polypectomy bleed, which required a blood transfusion, repeat colonoscopy, and clipping of a visible vessel at the 
polypectomy base. 

 
 

Discussion 

In a patient population at higher risk of colorectal cancer, colon capsule endoscopy using 
PillCam COLON 2 (PPC2) demonstrated good sensitivity in identifying patients with colorectal 
polyps. The lower specificity reported by the included studies may be due to polyp size 
mismatching between colon capsule endoscopy and colonoscopy (generating false-positives). 
Alternatively, it may be the case that polyps were missed by colonoscopy, in which case the 
specificity would be greater than we report. We identified heterogeneity in the sensitivity and 
specificity values reported, which may have been due to differences in the level of bowel 
preparation among the included studies; adequate bowel preparation is essential for polyp 
detection with colon capsule endoscopy.  
  
One study directly compared colon capsule endoscopy with CT colonography. There was no 
statistically significant difference in sensitivity between colon capsule endoscopy and CT 
colonography, in identifying polyps 10 mm or greater in diameter. Colon capsule endoscopy had 
the same specificity as CT colonography in identifying both larger and smaller polyps and the 
same sensitivity in identifying smaller polyps (≥ 6 mm). The two diagnostic modalities have 
similar accuracy.  
 
In general, colon capsule endoscopy was well tolerated by patients in the included studies. The 
most common adverse events were headache, nausea, and vomiting, which were primarily 
related to the bowel preparation. Capsule retention was the most serious complication and 
occurred in fewer than one in 100 patients. 
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The role of colon capsule endoscopy in patients who have signs, symptoms, or increased risk of 
colorectal cancer remains uncertain. Some authors have suggested that, due to the low number 
of false-positive results, the use of colon capsule endoscopy can decrease the number of 
patients exposed to unnecessary colonoscopy. (31) However, a high level of false-negative 
results may result in late diagnosis of colorectal cancer. This may be of particular concern in the 
patient population included in this review (i.e., people at higher risk of colorectal cancer), who 
will have a higher pretest probability of colorectal cancer. 
 
Others have suggested that colon capsule endoscopy be used for patients with incomplete 
colonoscopy as capsule endoscopy can identify significant findings and guide further 
endoscopic investigations, and patients largely accept the procedure. (21) However, research 
from studies in patients with incomplete colonoscopies is limited as diagnostic accuracy is not 
reported due to the lack of a reference standard. 

 
Limitations 

Interpretation of the results of this review is limited by several factors.  
 
First, the accuracy of colonoscopy, which was used as the reference standard or as component 
of the reference standard in all the included studies, may be imperfect. It was reported that the 
miss rate for colorectal polyps of any size by colonoscopy was 22% (2% for size ≥ 10 mm, 13% 
for size 5–10 mm, and 26% for size 1–5 mm). (33) Colorectal polyps missed by colonoscopy 
potentially affect the estimated accuracy of PCC2.  
 
Second, the colorectal polyp size was calculated by software specifically designed for PCC2. 
The accuracy of this software in estimating the size of colorectal polyps had not been previously 
validated.  
 
Finally, the patient populations of the included studies were adults who agreed to undergo two, 
and even three, procedures (colon capsule endoscopy, colonoscopy, and CT colonography). 
These patients may not reflect those in real-world settings, and therefore the results of the 
analyses might not be generalizable to a wider population. 
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CONCLUSIONS 

In patients with signs or symptoms of colorectal cancer or with increased risk of colorectal 
cancer, colon capsule endoscopy, using the PillCam COLON 2 device, has: 

 

 87% sensitivity and 76% specificity for detecting a colorectal polyp at least 6 mm in size 
(GRADE: very low) 

 89% sensitivity and 91% specificity for detecting a colorectal polyp at least 10 mm in size 
(GRADE: low)  

 89% sensitivity and 75% specificity for detecting a colorectal polyp of any size (GRADE: 
very low)  

 No statistically significant difference in sensitivity or specificity compared with that of 
computed tomographic colonography (GRADE: low) 

 A good safety profile with few adverse events (GRADE: very low), although there is a 
risk of capsule retention, which may require surgery or colonoscopy to remove the 
capsule 

Colon capsule endoscopy enables visualization of the entire colon and has good accuracy as a 
diagnostic test. However, the technology lacks the capability to support biopsy or removal of 
polyps, which is possible with conventional colonoscopy.  
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EXISTING GUIDELINES RELEVANT TO COLON CAPSULE ENDOSCOPY  

Thirteen guidelines on screening for colorectal cancer were identified, of which eight made no 
reference to colon capsule endoscopy. Five guidelines did refer to colon capsule endoscopy but 
stated that the use of the technology in colorectal cancer screening is unclear due to insufficient 
evidence. The recommendations on colon capsule endoscopy are summarized in Table 5. A 
protocol for a revised guideline on colorectal cancer screening has recently been published, but 
colon capsule endoscopy was specifically excluded from the assessment of screening 
tests. (34) 
 
Table 5: Existing Guidelines for the Use of Colon Capsule Endoscopy in Screening for Colorectal 

Cancer 

Organization, Year Recommendations Strength of 
Evidence 

Strength of 
Recommendation 

Asia Pacific Working 
Group on Colorectal 
Cancer, 2015 (35) 

“A role for capsule endoscopy in colorectal 
cancer screening is not defined. It may be used 
in cases when total colonoscopy is not possible.” 

II-2a Bb 

British Columbia Medical 
Services Commission, 
2013 (36) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 

American College of 
Physicians, 2012 (37) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 

Korean Society of 
Gastrointestinal 
Endoscopy, 2012 (38) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 

Cancer Council 
Australia, 2011 (39) 

“While there is interest in its potential for imaging 
the large bowel, the place for video-capsule 
colonoscopy is still uncertain.” 

NR NR 

Scottish Intercollegiate 
Guidelines Network, 
2011 (40) 

“Colon capsule endoscopy is a new and relatively 
non-invasive modality for examining the colon. At 
present there is insufficient evidence to 
determine its role in the diagnosis of colorectal 
cancer.” 

2++c NR 

British Society of 
Gastroenterology and 
the Association of 
Coloproctology of Great 
Britain and Ireland, 2010 
(41) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 

Canadian Association of 
Gastroenterology, 2010 
(42) 

Colon capsule endoscopy is mentioned as a 
possible alternative to computed tomographic 
colonoscopy in select patients; however, no 
recommendation is made because 
“contemporary comparative studies are limited.” 

N/A N/A 

European Commission, 
2010 (43) 

“There currently is no evidence on the effect of 
new screening tests under evaluation on CRC 
incidence and mortality. New screening 
technologies such as … capsule endoscopy 
should therefore not be used for screening the 
average-risk population.” 

IVd De 

National Comprehensive 
Cancer Network, 2010 
(44) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 
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Organization, Year Recommendations Strength of 
Evidence 

Strength of 
Recommendation 

American College of 
Gastroenterology, 2008 
(45) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 

U.S. Multi-Society Task 
Force on Colorectal 
Cancer, 2008 (46) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 

U.S. Preventive Services 
Task Force, 2008 (47) 

No mention of the use of CCE in the screening 
for CRC 

N/A N/A 

Abbreviations: CCE, colon capsule endoscopy; CRC, colorectal cancer; N/A, not applicable; NR, not reported. 
aEvidence obtained from well-designed cohort or case-control study. 
bThere is fair evidence to support the statement. 
cHigh-quality case-control or cohort studies with a very low risk of confounding or bias and a high probability that the relationship is causal. 
dRetrospective case-control studies or systematic reviews of case-control studies, time-series analyses. 
eIntervention not recommended. 

 
 
We also identified one guideline written specifically to provide general recommendations on the 
potential implementation of colon capsule endoscopy. (17) The guideline states that colon 
capsule endoscopy is feasible and safe and appears to be accurate when used in average-risk 
patients. The recommendations are summarized in Table 6. 
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Table 6: Existing Guideline for the Potential Implementation of Colon Capsule Endoscopy 

Organization, Year Recommendations 
Strength of 
Evidence 

Strength of 
Recommendation 

European Society of 
Gastrointestinal 
Endoscopy, 2012. (17) 

“CCE is feasible and safe and appears to be 
accurate when used in average-risk individuals.” 

2++a Db 

 “There is a lack of specific studies based in the 
setting of screening. CCE screening may be cost-
effective if it increases screening uptake compared 
with colonoscopy.” 

4c Db 

 “Patients at high risk for CRC, because of alarm 
symptoms or signs, or a family or personal history 
of CRC, are at increased risk of advanced 
colorectal neoplasia and cancer. These patients 
should be referred for colonoscopy. However, in 
patients for whom colonoscopy is inappropriate or 
not possible, the use of CCE could be discussed 
with the patient.” 

4c Db 

 “CCE is a feasible and safe tool for visualization of 
the colonic mucosa in patients with incomplete 
colonoscopy and without stenosis.” 

3d Db 

 “Randomized studies comparing CCE with 
radiological imaging or conventional endoscopic 
modalities are needed to confirm the efficacy of 
CCE in this setting and to better define the 
patients for whom CCE is most suitable.” 

4c Db 

 “Contraindications for CCE are similar to those for 
small-bowel capsule endoscopy. The use of 
sodium phosphate as a booster should be avoided 
in patients at increased risk of sodium phosphate 
toxicity. Other kinds of booster preparations are 
under investigation and may be considered in 
patients at increased risk of sodium phosphate 
toxicity.” 

4c Db 

Abbreviations: CCE, colon capsule endoscopy. 
aHigh-quality case-control or cohort studies with a very low risk of confounding or bias and a high probability that the relationship is causal. 
bEvidence level 2− or 3 or 4; or extrapolated evidence from studies rated as 2+. 
cNonanalytic studies, e. g., case reports, case series. 
dExpert opinion. 
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APPENDICES 

Appendix 1: Literature Search Strategies 

Search date: December 12, 2014 
Databases searched: Ovid MEDLINE, Ovid MEDLINE In-Process, EMBASE, All EBM 
Databases (see below) 
 
Database: EBM Reviews - Cochrane Database of Systematic Reviews <2005 to October 
2014>, EBM Reviews - ACP Journal Club <1991 to November 2014>, EBM Reviews - 
Database of Abstracts of Reviews of Effects <4th Quarter 2014>, EBM Reviews - Cochrane 
Central Register of Controlled Trials <November 2014>, EBM Reviews - Cochrane Methodology 
Register <3rd Quarter 2012>, EBM Reviews - Health Technology Assessment <4th Quarter 
2014>, EBM Reviews - NHS Economic Evaluation Database <4th Quarter 2014>, EMBASE 
<1980 to 2014 Week 49>, All Ovid MEDLINE(R) <1946 to Present> 
 
Search Strategy: 
 

# Searches Results 

1 exp Colonic Diseases/ use mesz,acp,cctr,coch,clcmr,dare,clhta,cleed 204786  

2 exp colon disease/ use emez 370552  

3 exp Colonic Polyps/ use mesz,acp,cctr,coch,clcmr,dare,clhta,cleed 6864  

4 exp colon polyp/ use emez 14416  

5 
((colon* adj2 disease*) or ((colorectal or colonic) adj2 (cancer* or neoplasm* or carcinoma* 
or tumo?r*)) or polyp* or (rectal adj2 bleed*)).ti,ab. 

644171  

6 or/1-5 1027936  

7 exp Capsule Endoscopy/ 7104 

8 exp Capsule Endoscopes/ use mesz,acp,cctr,coch,clcmr,dare,clhta,cleed 438 

9 exp capsule endoscope/ use emez 685  

10 
(((capsule* or videocapsule* or wireless) adj2 (endoscop* or enteroscop*)) or (colon adj2 
capsule*) or pillcam* or pill cam* or (capsule* adj2 (wireless or camera* or video)) or WCE or 
given imaging).ti,ab. 

19371  

11 or/7-10 21162  

12 6 and 11 3292 

13 
limit 12 to english language [Limit not valid in CDSR,ACP Journal 
Club,DARE,CCTR,CLCMR; records were retained] 

2951  

14 limit 13 to yr="2006 -Current" [Limit not valid in DARE; records were retained] 2626  

15 remove duplicates from 14 2189  

 



 

Ontario Health Technology Assessment Series; Vol. 15: No. 14, pp. 1–39, July 2015 31 

Appendix 2: Evidence Quality Assessment  

Table A1: GRADE Diagnostic Accuracy Evidence Profile for PillCam COLON 2 for Detection of Colorectal Polyps 

Number of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Upgrade 
Considerations 

Quality 

Per-patient accuracy of PillCam COLON 2 for detection of colorectal polyps ≥ 6 mm 

3 (diagnostic 
accuracy studies) 

Serious 
limitations (−1)a 

Serious 
limitations (−1)b 

No serious 
limitations 

Serious limitations 
(−1)c 

Undetected None ⊕ Very low 

Per-patient accuracy of PillCam COLON 2 for detection of colorectal polyps ≥ 10 mm 

3 (diagnostic 
accuracy studies) 

Serious 
limitations (−1)a 

No serious 
limitations 

No serious 
limitations 

Serious limitations 
(−1)c 

Undetected None ⊕⊕ Low 

Per-patient accuracy of PillCam COLON 2 for detection of colorectal polyps of any size 

2 (diagnostic 
accuracy studies) 

Serious 
limitations (−1)a 

No serious 
limitations 

No serious 
limitations 

Serious limitations 
(−1)c 

Undetected None ⊕⊕ Low 

Abbreviations: GRADE, Grading of Recommendations Assessment, Development, and Evaluation. 
aIn 4 of 5 studies reporting any diagnostic accuracy data, the patients were not selected randomly or consecutively; in 1 study the reference standard integrated results from the two index tests; in 4 of 5 studies 
not all patients were included in the analysis. 
bInconsistency in the range of specificities reported that could not be explained by the quality of the studies or included population. 
cSmall sample size. 
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Table A2: GRADE Diagnostic Accuracy Evidence Profile: PillCam COLON 2 Compared With Computed Tomographic Colonography 

Number of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Upgrade 
Considerations 

Quality 

Per-patient accuracy of PillCam COLON 2 versus computed tomographic colonography for detection of colorectal polyps ≥ 6 mm 

1 (diagnostic 
accuracy study) 

Serious 
limitations (−1)a 

No serious 
limitations 

No serious 
limitations 

Serious limitations 
(−1)b 

Undetected None ⊕⊕ Low 

Per-patient accuracy of PillCam COLON 2 versus computed tomographic colonography for detection of colorectal polyps ≥ 10 mm 

1 (diagnostic 
accuracy study) 

Serious 
limitations (−1)a 

No serious 
limitations 

No serious 
limitations 

Serious limitations 
(−1)b 

Undetected None ⊕⊕ Low 

Abbreviations: GRADE, Grading of Recommendations Assessment, Development, and Evaluation. 
aPatients were not selected randomly or consecutively; the reference standard integrated results from the two index tests; and not all patients were included in the analysis. 
bSmall sample size. 
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Table A3: GRADE Evidence Profile for PillCam COLON 2: Adverse Events 

Number of Studies 
(Design) 

Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Upgrade 
Considerations 

Quality 

Adverse events 

5 (diagnostic 
accuracy studies) 

Serious 
limitations (−1)a 

No serious 
limitations 

No serious 
limitations 

Serious limitations 
(−1)b 

Undetected None ⊕ Very low 

Abbreviations: GRADE, Grading of Recommendations Assessment, Development, and Evaluation. 
aPoor reporting of adverse events (lack of detail on definition of events, monitoring of events). 
bSmall sample size. 
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Table A4: Risk of Bias for Studies of PillCam COLON 2 (QUADAS-2) 

Author, Year Risk of Bias 

 Patient Selection Index Test Reference Standarda Flow and Timing 

Eliakim et al, 2009 (27) Highb Low Low Highc 

Spada et al, 2011 (28) Highb Low Low Highc 

Rondonotti et al, 2014 (29) Highb Low Highd Highc 

Hagel et al, 2014 (30) Highb Low Low Highc 

Holleran et al, 2014 (31) Low Low Low Low 

Abbreviations: QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies. 
aThe accuracy of the reference standard was imperfect but the associated risk of bias was assumed to likely be low. 
bPatients were not selected randomly or consecutively. 
cNot all patients were included in the analysis. 
dThe reference standard integrated results from the two index tests (computed tomographic colonography and PillCam COLON 2) and colonoscopy. 
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