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 Purpose: To perform a systematic review and meta-analysis of pub-
lished studies assessing the sensitivity of both computed 
tomographic (CT) colonography and optical colonoscopy 
(OC) for colorectal cancer detection.

 Materials and 
Methods: 

Analysis followed Preferred Reporting Items for System-
atic Reviews and Meta-Analyses recommendations. The 
primary data source was the results of a detailed PubMed 
search from 1994 to 2009. Diagnostic studies evaluating 
CT colonography detection of colorectal cancer were as-
sessed by using predefi ned inclusion and exclusion crite-
ria, in particular requiring both OC and histologic confi r-
mation of disease. Studies that also included a mechanism 
to assess true-positive versus false-negative diagnoses at 
OC (eg, segmental unblinding) were used to calculate OC 
sensitivity. Assessment and data extraction were per-
formed independently by two authors. Potential bias was 
ascertained by using Quality Assessment of Diagnostic Ac-
curacy Studies guidelines. Specifi c CT colonography tech-
niques were cataloged. Forest plots of per-patient sensitiv-
ity were produced on the basis of random-effect models. 
Potential bias across primary studies was assessed by us-
ing the  I   2  statistic. Original study authors were contacted 
for data clarifi cation when necessary.

 Results: Forty-nine studies provided data on 11 151 patients with a 
cumulative colorectal cancer prevalence of 3.6% (414 can-
cers). The sensitivity of CT colonography for colorectal can-
cer was 96.1% (398 of 414; 95% confi dence interval [CI]: 
93.8%, 97.7%). No heterogeneity ( I   2  = 0%) was detected. 
No cancers were missed at CT colonography when both 
cathartic and tagging agents were combined in the bowel 
preparation. The sensitivity of OC for colorectal cancer, 
derived from a subset of 25 studies including 9223 patients, 
was 94.7% (178 of 188; 95% CI: 90.4%, 97.2%). A moder-
ate degree of heterogeneity ( I  2  = 50%) was present.

 Conclusion: CT colonography is highly sensitive for colorectal cancer, 
especially when both cathartic and tagging agents are 
combined in the bowel preparation. Given the relatively 
low prevalence of colorectal cancer, primary CT colonog-
raphy may be more suitable than OC for initial investiga-
tion of suspected colorectal cancer, assuming reasonable 
specifi city.

 q  RSNA, 2011
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 Eligibility Criteria 
 We considered all studies for the pe-
riod from January 1994 (the year CT 
colonography was fi rst described) to 
December 2009 in which patients under-
went CT colonography for the diagnosis 
of colorectal polyps and cancer with 
subsequent OC for verifi cation of the 
CT colonography fi ndings. For a study 
to be included in our review, its focus 
had to be detection of colorectal lesions 
(ie, polyps and masses), and it had to 
include a histologic reference standard 
to discriminate between benign and 
malignant lesions. Studies without suf-
fi cient details regarding lesion detection 
or without subsequent colonoscopic and 
histologic verifi cation were excluded. 
Studies with excessively high cancer 
prevalence because of a priori patient 
selection (eg, known occlusive mass at 
previous endoscopy) were also excluded. 
Because our focus was on sensitivity 
for cancer, we also excluded studies in 
which no malignancies were found. Ad-
ditional exclusion criteria included stud-
ies with fewer than 30 patients, studies 
based on data sets that were artifi cially 
enriched with positive cases, review ar-
ticles, position papers, editorials, com-
mentaries, and book chapters. If there 
was any suspicion of cohort overlap be-
tween studies, potential duplicate stud-
ies were excluded. 

tematic reviews of CT colonography di-
agnostic performance ( 8,9 ) dealt only 
with polyps and not cancer. 

 Owing to the lack of an indepen-
dent reference standard, the sensitivity 
of OC for colorectal cancer has been 
mainly assessed indirectly by evaluating 
the rate of interval cancers diagnosed 
within a short interval after the index 
examination ( 10,11 ). Blinding of CT 
colonography results during subsequent 
OC, with either segmental or posttest 
unblinding of CT colonography results, 
allows for immediate retesting and thus 
creates an enhanced reference standard 
by which CT colonography and con-
ventional OC can both be compared ( 12 ). 
Such a study design is primarily intended 
to minimize the likelihood of false-
negative OC diagnoses masquerading 
as CT colonography false-positive di-
agnoses but has the added benefi t of 
allowing a less biased estimate of OC 
sensitivity itself. 

 The aim of this systematic review 
and meta-analysis was to assess the 
sensitivity of both CT colonography 
and OC in the detection of colorectal 
cancer. 

 Materials and Methods 

 Methods for analysis and inclusion cri-
teria were based on Preferred Report-
ing Items for Systematic Reviews and 
Meta-Analyses, or PRISMA, recom-
mendations for systematic reviews and 
meta-analyses ( 13 ) and were specifi ed 
and documented in advance in a formal 
protocol. 

              Colorectal cancer is a major cause of 
morbidity and mortality in West-
ern countries ( 1,2 ). Early stages 

of colorectal cancer are associated with 
a relatively high 5-year survival rate, 
whereas late stages, characterized by 
nodal and distant metastasis, are associ-
ated with poor survival, despite the use 
of intensive and costly chemotherapeu-
tic protocols ( 3,4 ). Despite its relatively 
low sensitivity for colorectal cancer de-
tection, fecal occult blood test screening 
has nonetheless been shown to reduce 
colorectal cancer mortality in controlled 
trials, underlining the importance of 
cancer detection ( 5 ). Screening tests 
that aim to depict colorectal cancer 
directly, including both endoscopic and 
radiologic methods, would be expected 
to be more sensitive than the fecal test 
and therefore depict proportionately 
more early stage cancers, with a contin-
gent benefi cial effect on disease-specifi c 
mortality ( 6 ). 

 Computed tomographic (CT) colonog-
raphy is a minimally invasive imaging 
examination of the colorectum that has 
been endorsed by several key medi-
cal organizations for colorectal cancer 
screening and diagnosis ( 7 ). Most pub-
lished studies of CT colonography have 
focused primarily on detection of col-
orectal polyps, using optical colonoscopy 
(OC) as the reference standard test. Be-
cause of the low prevalence of invasive 
cancer, especially in a screening setting, 
test sensitivity for invasive cancer can-
not be properly evaluated in single stud-
ies owing to the small numbers of can-
cers identifi ed in the screening group. 
Furthermore, the two most recent sys-

 Implications for Patient Care 

 CT colonography and OC should  n

be considered equivalent in 
terms of sesitivity in colorectal 
cancer detection and may be 
complementary. 

 The specifi c CT colonography  n

reader paradigm (primary two-
dimensional vs three-dimensional 
mode) is less important for 
cancer evaluation than the evalu-
ation of benign polyps. 

 Advances in Knowledge 

 CT colonography is highly sensi- n

tive for colorectal cancer detec-
tion across a broad spectrum of 
accepted indications, protocols, 
and techniques, with an overall 
sensitivity in published trials of 
96.1% (398 of 414). 

 The sensitivity of CT colonogra- n

phy for colorectal cancer com-
pares favorably with the sensitiv-
ity of optical colonoscopy (OC) 
(94.7%; 178 of 188). 

  Published online before print  
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whether asymptomatic adults or pa-
tients at higher risk of colorectal neopla-
sia were included,  (b)  the time interval 
between the index and reference tests, 
 (c)  whether the reference standard was 
modifi ed by CT colonography results, 
whether the technical methods for  (d)  
CT colonography or  (e)  OC could be 
replicated on the basis of information 
provided in the included studies, whether 
data on  (f)  CT colonography failures or 
 (g)  incomplete OC examinations were 
provided, whether CT colonography le-
sions were matched at OC on the basis 
of  (h)  size and/or  (i)  segment location, 
and  (j)  how lesions were measured at 
OC. 

 Summary Measures 
 The primary end points of this system-
atic review were  (a)  the per-patient 
sensitivity of CT colonography for can-
cer and  (b)  the per-patient sensitivity 
of OC for cancer. The secondary end 
points of this systematic review were 
to address  (a)  the characteristics of 
cancers missed at CT colonography and 
 (b)  the clinical or technical characteris-
tics associated with cancers missed at 
CT colonography. 

 Data and Statistical Analysis 
 The sensitivity of CT colonography for 
cancer was defi ned for each primary 
study as the proportion of true-positive 
per-patient diagnoses for CT colonog-
raphy among the total number of per-
patient cancers detected by using the 
ultimate reference standard. The sen-
sitivity of OC for cancer was defi ned 
for each primary study that utilized seg-
mental or posttest unblinding as the pro-
portion of true-positive per-patient di-
agnoses for OC among the total number 
of per-patient cancers detected by using 
the ultimate reference standard (ie, fi -
nal results after unblinding). Per-patient 
sensitivity values for CT colonography 
and OC for cancer detection were sum-
marized by using a random-effects model. 
Heterogeneity between primary stud-
ies was assessed by using the  I   2  statis-
tic, which provides an estimate of the 
degree of variance due to heterogeneity 
rather than chance and which is based 
on the traditional measure of variance, 

 (l)  the radiation dose,  (m)  the primary 
mode of CT colonography data interpre-
tation (two-dimensional [2D] vs three-
dimensional [3D]),  (n)  the number of 
study observers,  (o)  the number of 
observers per patient,  (p)  reader ex-
perience,  (q)  whether CT colonography 
results were initially blinded at OC to 
allow an enhanced reference standard 
against which conventional OC results 
could be compared,  (r)  the absolute 
number of cancers,  (s)  the relative prev-
alence of cancer,  (t)  the sensitivity of 
CT colonography for cancer, and  (u)  the 
sensitivity of OC for cancer (when as-
sessable per item  q ). For the purpose of 
this analysis, histologically proved can-
cers were considered as true-positive 
results at CT colonography if they were 
detected prior to OC, surgical, and/or 
pathologic confi rmation and as true-
positive results at OC if they were iden-
tifi ed at initial blinded endoscopy prior 
to the unblinding of CT colonography 
results. The sensitivity of OC could be 
assessed only for studies where crite-
rion  q  applied. We also extracted lesion 
characteristics (location, size, morphol-
ogy) for false-negative cancer diagnoses 
at CT colonography. 

 Multiple attempts were made to con-
tact authors if data presentation was in-
complete or if it was necessary to resolve 
an apparent confl ict or inconsistency 
in the article. These details have been 
cataloged in Appendix E1 (online). The 
additional information most frequently 
required was specifi cally related to study 
performance for histologically proved 
malignant lesions or to further details 
about the cancers missed at CT colonog-
raphy. Extraction was arbitrated by a 
third investigator (S.H., an abdominal 
radiologist with more than 10 years of 
experience in reading CT colonography 
images) in the event of any lack of agree-
ment between the two researchers. 

 Potential Bias in Primary Studies 
 To assess the methodologic quality of 
the included primary studies and to de-
tect potential bias, we used items from 
the Quality Assessment of Diagnostic 
Accuracy Studies, or QUADAS, tool that 
were relevant for our analysis ( 14 ). In 
particular, we tracked the following:  (a)  

 Information Sources 
 A literature search was performed for 
relevant publications in PubMed. The 
Medical Subject Headings, or MeSH, 
terms  colonography, colography, CT 
colonography, CT colonoscopy, CT 
pneumocolon, virtual colonoscopy or 
virtual endoscopy  were used, adopt-
ing “human studies” as the only limit. 
A preliminary search performed by us-
ing other search engines (eg, EMBASE 
and Scopus), failed to detect any addi-
tional references not already identifi ed 
by PubMed, so we did not use these 
search engines further. The full articles 
of all potential studies that satisfi ed our 
inclusion criteria were retrieved, and 
additional manual searches of their ref-
erence lists were performed to identify 
any additional studies that may have been 
missed by using the above-mentioned 
procedure. 

 Study Selection 
 Potential studies were initially screened 
on the basis of article title and abstract 
by two researchers (P.J.P, an abdominal 
radiologist with nearly 10 years of expe-
rience with CT colonography, and C.H., 
a gastroenterologist with more than 
15 years of experience in performing 
OC). The reviewers checked whether in-
clusion and exclusion criteria were met, 
and, for all articles with even a remote 
potential for study inclusion, the full text 
was retrieved and reviewed. 

 Data Extraction and List of Items 
 Data extraction was performed inde-
pendently by the two reviewers, using 
predefi ned data extraction forms. From 
each primary study, reviewers inde-
pendently abstracted the following:  (a)  
the year of publication,  (b)  the country 
where the study was performed,  (c)  
whether it was a single- or multicenter 
study,  (d)  the screening or nonscreening 
population characteristics, whether  (e)  
cathartic preparation and/or  (f)  fecal 
tagging was performed,  (g)  whether in-
travenous contrast material was rou-
tinely administered,  (h)  whether prone 
and supine images were obtained,  (i)  
the type of CT scanner (single- or multi-
detector) used,  (j)  the collimation used, 
 (k)  the reconstruction interval used, 
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the Cochrane Q statistic ( 15 ). Values of 
 I   2  equal to 25%, 50%, and 75% were 
assumed to represent low, moderate, 
and high heterogeneity, respectively. 
When heterogeneity in sensitivty was 
present, meta regression analysis and 
Galbraith plots were used to determine 
characteristics that contributed the most 
to the heterogeneity. All collected vari-
ables were used in the meta regression. 
The meta-analysis was performed with 
software (Meta-DiSc;  http://www.hrc.es
/investigacion/metadisc_en.htm ). 

 It is important to note and under-
stand that the specifi city of CT colonog-
raphy (and OC) for cancer detection 
could not be assessed on the basis of 
these published trials because the num-
ber of false-positive and true-negative 
results for cancer assessment is not 
known because of the usual defi ni-
tion of CT colonography (and OC) test 
positivity according to lesion size and 
not morphology or likely histologic na-
ture. Specifi cally, benign polyps are al-
most always included as a true-positive 
fi nding, especially when they are large, 
and this obscures the necessary cancer-
specifi c false-positive versus true-negative 
data needed for calculation of speci-
fi city for cancer. Many relevant lesions, 
particularly large, advanced adenomas, 
would be included in the false-positive 
category for cancer but are rarely re-
ported in this way. Any cancer detected 
at OC that was smaller than the le-
sion size threshold for CT colonogra-
phy positivity was considered a false-
negative fi nding at CT colonography. 

 Results 

 Study Selection 
 A fl ow diagram of this systematic re-
view, with the number of articles re-
trieved, included, and excluded, as well 
as the reasons for exclusion, is shown 
in  Figure 1  . The last search was per-
formed in December 2009. In summary, 
3334 articles were identified in the 
PubMed search. After nonpertinent ar-
ticles were excluded, 157 studies were 
considered for inclusion on the basis of 
a review of their abstracts. From among 

 Figure 1 

  
  Figure 1:  Flowchart of meta-analysis.  CTC  = CT 
colonography.   

these 157 potential articles, an addi-
tional 108 articles were excluded, with 
the reasons for exclusion provided in 
 Figure 1  (excluded studies are reported 
in Table E1 [online]). One study was 
excluded because of cohort duplication 
with another study. This left 49 studies 
for inclusion in the systematic review 
( 16–64 ). 

 Characteristics of the Included Studies 
 Overall, 29 (59%) of 49 studies were 
performed in Europe, 12 (24%) were 
performed in the United States, fi ve 
were performed in Asia, two were per-
formed in Australia, and one was per-
formed in Africa. Only six (12%) of 
49 studies were multicentric. A simulta-
neous evaluation of both CT colonogra-
phy and OC cancer detection rates was 
possible for 25 studies, while lack of 
post-OC verifi cation prevented assess-
ment of OC sensitivity in the remaining 
24 studies. To obtain further informa-
tion, 16 authors were contacted, as de-
tailed in Appendix E1 (online). 

 Patient Cohort 
 A total of 11 551 patients were enrolled 
in the selected studies ( Table 1  ). The 
number of patients enrolled per study 
ranged from 32 to 2531, with a median 
of 101. Only six studies (with 4883 
patients—42.3% of the total) included 
only asymptomatic subjects who were 
typically representative of individuals 
in a screening setting. The remaining 
43 studies (with 6668 patients—57.7% 
of the total) examined a symptomatic 
and/or disease-enriched population. 
When we considered only the 25 series 
in which simultaneous evaluation of CT 
colonography sensitivity and OC sensitiv-
ity was permitted, 9223 patients were 
available for the analysis (79.8% of the 
total). Of note, fi ve of the six screening 
studies allowed assessment of OC sen-
sitivity for cancer. 

 CT Colonography Technique 
 A cathartic bowel preparation for CT 
colonography, usually based on polyeth-
ylene glycol or sodium phosphate, was 
used in 44 (90%) of 49 studies, and a 
noncathartic preparation was used in 
the remaining fi ve studies. Fecal tagging 

was used in all patients in 12 (24%) of 
49 studies, was used in a subgroup of 
the study population in one series, and 
was not used in the remaining studies. 
A multidetector CT scanner was uti-
lized in 35 (71%) of 49 studies, while a 
single-detector CT scanner was used 
in 14 series. Both prone and supine 
images were acquired in 41 (84%) of 
49 studies, while in the remaining eight 
studies, a single position was used. In-
travenous contrast material was rou-
tinely administered to all patients in 
only 11 (22%) of 49 studies. A primary 
3D mode of lesion detection was cho-
sen in 11 (22%) of 49 studies, while a 
primary 2D mode was used in 38 stud-
ies. The number of observers per study 
was greater than one in 36 (73%) of 
49 studies, and the number of observ-
ers per patient was greater than one 
in 24 (49%) of 49 series. Further de-
tails on the technical characteristics of 
the CT colonography examinations are 
provided in  Table 1 . Colonoscopy was 
performed after cathartic preparation 
in all studies. 
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 Colorectal Cancer Prevalence 
 Overall, 414 colorectal cancers were de-
tected in the included studies in 11 551 
patients, corresponding to a prevalence 
of less than 4% overall ( Tables 2  ,  3  ). A 
total of 20 cancers were diagnosed in 
the screening studies in 4883 individu-
als, corresponding to a prevalence of 
less than 0.5%, and 394 cancers were 
found in the disease-enriched studies 
with 6668 patients, corresponding to a 
prevalence of nearly 6%. The number 
of cancers per study ranged from one 
to 41, with a median of six. When re-
stricting our analysis to studies in which 
CT colonography fi ndings were withheld 
for the initial OC evaluation (ie, those 
used to assess OC sensitivity)—studies 
that included 9223 patients—the overall 
number of cancers was 188, correspond-
ing to a cancer prevalence of about 2%. 

 Potential for within-Study Bias 
 Results of quality assessment of the in-
dividual studies are reported in Tables 
E2 and E3 (online). Radiologists were 
generally aware of the clinical indica-
tions for CT colonography in the in-
cluded studies, so we may presume that 
a higher prevalence of disease was ex-
pected in the nonscreening studies, po-
tentially leading to an overestimation of 
the sensitivity of CT colonography. A 
short interval between CT colonogra-
phy and OC verifi cation was noted in 
all studies, excluding the possibility of 
disease progression. Colonoscopy is an 
imperfect reference standard for de-
tection of lesions, including cancer. For 
this reason, OC test characteristics may 
be enhanced by knowledge of the prior 
CT colonography results, whether the 
results are unblinded to the endosco-
pist prior to the initial OC examina-
tion, segmentally unblinded during the 
initial examination, or unblinded after 
the procedure—leading to the need for 
repeat OC in some cases. In detail, in-
traprocedural segmental unblinding was 
adopted in 18 studies, whereas post-
OC unblinding with a second OC for 
potential misses was allowed for dis-
cordant lesions measuring greater than 
5 mm and 10 mm or larger in two and 
four studies, respectively. Repeat OC 
was performed in all patients in one 
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 Table 2 

 Distribution of Cases of Invasive Colorectal Cancer in All Included Studies 

Reference No. of Cancers
No. of True-Positive CT 
Colonography Findings

No. of False-Negative CT 
Colonography Findings

Fenlon et al ( 16 ) 3 3 0
Fletcher et al ( 17 ) 14 14 0
Morrin et al ( 18 ) 8 8 0
Mendelson et al ( 19 ) 6 4 2
Regge et al ( 20 ) 5 5 0
Spinzi et al ( 21 ) 8 7 1
Yee et al ( 22 ) 8 8 0
Wessling et al ( 23 ) 1 1 0
Laghi et al ( 24 ) 30 30 0
Macari et al ( 25 ) 6 6 0
Wong et al ( 26 ) 5 5 0
Thomeer et al ( 27 ) 7 7 0
Pineau et al ( 28 ) 10 10 0
Ginnerup Pedersen et al ( 29 ) 11 11 0
Bruzzi et al ( 30 ) 3 3 0
Taylor et al ( 31 ) 6 5 1
Iannaccone et al ( 32 ) 22 22 0
Pickhardt et al ( 33 ) 2 2 0
Munikrishnan et al ( 34 ) 10 9 1
Iannaccone et al ( 35 ) 6 6 0
Vogt et al ( 36 ) 4 4 0
Hoppe et al ( 37 ) 8 7 1
Van Gelder et al ( 38 ) 4 4 0
Cotton et al ( 39 ) 8 6 2
Abdel Razek et al ( 40 ) 14 14 0
Iannaccone et al ( 41 ) 2 2 0
Arnesen et al ( 42 ) 5 4 1
Wessling et al ( 43 ) 3 3 0
Rockey et al ( 44 ) 9 7 2
Selçuk et al ( 45 ) 2 2 0
Kalra et al ( 46 ) 18 18 0
Reuterskiöld et al ( 47 ) 10 10 0
Haykir et al ( 48 ) 16 16 0
Arnesen et al ( 49 ) 5 4 1
Johnson et al ( 50 ) 5 5 0
Chaparro Sánchez et al ( 51 ) 3 3 0
Florie et al ( 52 ) 2 2 0
Johnson et al ( 53 ) 7 7 0
Kim et al ( 54 ) 1 1 0
Roberts-Thomson et al ( 55 ) 9 8 1
Taylor et al ( 56 ) 2 2 0
Yoon et al ( 57 ) 6 6 0
Liedenbaum et al ( 58 ) 22 21 1
Regge et al ( 59 ) 41 39 2
Nagata et al ( 60 ) 11 11 0
Fisichella et al ( 61 ) 3 3 0
Graser et al ( 62 ) 1 1 0
White et al ( 63 ) 18 18 0
Ozsunar et al ( 64 ) 4 4 0

Note.—All data were calculated on the basis of a per-patient analysis.

study. In the remaining 22 series, there 
was no provision for secondary evalua-
tion of OC results. As mentioned, the 
unavoidable use of OC as the reference 
standard for both tests could lead to 
potentially underestimating the sensi-
tivity of CT colonography and overesti-
mating the sensitivity of OC, especially 
if the CT colonography results were not 
unblinded to the endoscopist. As shown 
in Tables E2 and E3 (online), the ma-
jority of the included studies reported 
data on technical failures for either CT 
colonography or OC, as well as ample 
information to allow for replication of 
the study by others. 

 To assess the accuracy of CT colonog-
raphy on the basis of subsequent colonos-
copy results, a lesion-matching algorithm 
between CT colonography and OC is 
required. Both size-based and location-
based matching was clearly described 
in 36 studies, while either size or loca-
tion was the only parameter listed in 
four series. 

 Synthesis of Results 
 The results of the included individual 
studies are provided in  Table 4  . 

 CT colonography sensitivity for 
cancer.—  In the included studies, CT 
colonography depicted 398 (96.1%) of 
414 histologically proved cancers (95% 
confi dence interval [CI]: 93.8%, 97.7%), 
as shown in  Figure 2  . Interstudy hetero-
geneity ( I   2 ) was 0% ( Fig 3  ). The main 
characteristics of the 16 cancers missed 
at CT colonography are listed in  Table 4 . 
Six (38%) of the 16 missed cancers were 
located proximal to the splenic fl exure, 
and 10 were located in the rectosigmoid 
colon. 

 OC sensitivity for cancer.—  In the 25 
included studies that allowed compari-
son between initial OC and OC sub-
sequently enhanced by knowledge of 
prior CT colonography results, initial 
OC depicted 178 (94.7%) of 188 can-
cers (95% CI: 90.4%, 97.2%) ( Fig 2 ). 
Interstudy heterogeneity ( I   2 ) was 50%. 
The moderate degree of heterogene-
ity when estimating OC sensitivity was 
mainly related to one study ( 50 ), in 
which a 20% OC sensitivity for can-
cer was calculated ( Fig 3 ). When we 
ex cluded this study, a low degree of 
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 Table 4 

 Clinical and Technical Characteristics of the 16 Cancers Missed at CT Colonography 

Reference Lesion Location in Colon Lesion Morphology Size (mm) Bowel Preparation Fecal Tagging Previous Radiologist Experience

Liedenbaum et al ( 58 ) Rectum Flat 25 Noncathartic Yes Experienced
Regge et al ( 20 ) Sigmoid Protruding mass 30 Cathartic No  . 50 Examinations
Regge et al ( 20 ) Cecum Sessile 20 Cathartic No  . 50 Examinations
Munikrishnan et al ( 34 ) Sigmoid Annular 60 Cathartic No  . 200 Examinations
Roberts-Thomson et al ( 55 ) Ascending Protruding mass 40 Cathartic No 50–100 Examinations
Arnesen et al ( 42 ) Rectum Flat — Cathartic No 12 Examinations
Rockey et al ( 44 ) Cecum Polypoid 100 Cathartic No Not specifi ed
Rockey et al ( 44 ) Rectum — 30 Cathartic No Not specifi ed
Hoppe et al ( 37 ) Ascending — 7 Cathartic No  . 30–60 Examinations
Cotton et al ( 39 ) Rectum Pedunculate 17 Cathartic No  . 10 Examinations
Cotton et al ( 39 ) Ascending Sessile 7 Cathartic No  . 10 Examinations
Mendelson et al ( 19 ) Transverse Polypoid 10 Cathartic No  . 50
Mendelson et al ( 19 ) Sigmoid Polypoid 15 Cathartic No  . 50
Spinzi et al ( 21 ) Rectum Polypoid 30 Cathartic No  . 100
Taylor et al ( 31 ) Sigmoid Protruding mass 25 Cathartic No  , 50
Arnesen et al ( 49 ) Rectum Flat 12 Cathartic No Experienced

 Table 3 

 Distribution of Cases of Invasive Colorectal Cancer in 25 Studies 
in which OC Sensitivity Could also Be Assessed 

Reference No. of Cancers
No. of True-Positive 
OC Findings

No. of False-Negative 
OC Findings

Pineau et al ( 28 ) 10 10 0
Ginnerup Pedersen et al ( 29 ) 11 11 0
Taylor et al ( 31 ) 6 5 1
Pickhardt et al ( 33 ) 2 1 1
Iannaccone et al ( 35 ) 6 6 0
Hoppe et al ( 37 ) 8 8 0
Van Gelder et al ( 38 ) 4 3 1
Cotton et al ( 39 ) 8 8 0
Iannaccone et al ( 41 ) 2 2 0
Arnesen et al ( 42 ) 5 4 1
Rockey et al ( 44 ) 9 9 0
Reuterskiöld et al ( 47 ) 10 10 0
Arnesen et al ( 49 ) 5 4 1
Johnson et al ( 50 ) 5 1 4
Chaparro Sánchez et al ( 51 ) 3 3 0
Florie et al ( 52 ) 2 1 1
Johnson et al ( 53 ) 7 7 0
Kim et al ( 54 ) 1 1 0
Roberts-Thomson et al ( 55 ) 9 9 0
Taylor et al ( 56 ) 2 2 0
Yoon et al ( 57 ) 6 6 0
Liedenbaum et al ( 58 ) 22 22 0
Regge et al ( 59 ) 41 41 0
Fisichella et al ( 61 ) 3 3 0
Graser et al ( 62 ) 1 1 0

Note.—All data were calculated on the basis of a per-patient analysis.

heterogeneity ( I   2   ,  50%) remained. 
No variable at meta regression was 
found to explain the residual degree of 
heterogeneity. 

 False-negative results at CT 
colonography.—  The lesion character-
istics of all 16 cancers missed at CT 
colonography in the included studies 
are shown in  Table 4 . Ten (62%) of 
16 missed cancers were located in the 
rectosigmoid colon, including six within 
the rectum, and six (38%) were located 
proximal to the splenic fl exure. There 
were no cancers missed at CT colonog-
raphy in the studies where both cathar-
tic bowel preparation and fecal tagging 
were used. 

 Additional analyses.—  As expected 
because of the lack of heterogeneity, the 
estimate of CT colonography sensitivity 
for colorectal cancer was robust to ad-
ditional subanalysis. As an example, we 
report in  Figure 4   the estimates of CT 
colonography sensitivity in screening 
and nonscreening series. 

 Discussion 

 Our meta-analysis shows that the pooled 
sensitivities of CT colonography and 
OC for colorectal cancer were about 
96% and 95%, respectively. When one 
considers the large number of cancer 
cases included, the wide range in CT 
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 Figure 2 

  

  Figure 2:  Forest plots of studies included in the meta-analysis show 
individual and pooled estimates for diagnostic sensitivity for colorectal 
cancers for  (a)  CT colonography and  (b)  OC.   

 Figure 3 

  
  Figure 3:  Galbraith plots of included studies show the sensitivity of  (a)  CT colonography and  (b)  OC for 
colorectal cancer detection. In  b , the study by Johnson et al ( 50 ) (the data point at lower right, under the 
green line) appears to be mainly responsible for the heterogeneity detected in this estimate.   

colonography techniques used, and the 
lack of heterogeneity in the CT colonog-
raphy sensitivity estimate, our study re-
sults support the clinical equivalence be-
tween CT colonography and OC for the 
detection of invasive cancer. We pur-
posely chose not to restrict our inclusion 
criteria to state-of-the-art techniques or 
technology, so that our estimates could 
be appropriately generalized to daily 
practice. This decision resulted in a wide 
variety of different technical combina-
tions, including single- and multidetec-
tor CT scanners, variable use of fecal 
tagging and intravenous contrast mate-
rial, and the use of standard supine and 
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review, suggesting that CT colonography 
is now mature enough to be regarded 
as a universal procedure. 

 High sensitivity for colorectal can-
cer is crucial, whether dealing with 
symptomatic patients or asymptomatic 
screening. We found a 10-fold differ-
ence in cancer prevalence between as-
ymptomatic screening and symptom-
atic study populations ( , 0.5% vs 6%). 
While it is often argued that diagnostic 
test performance may improve in line 
with presumed disease prevalence (ow-
ing perhaps to increased reader vigilange 
or clinical suspicion), we found that the 
sensitivity of CT colonography remained 
high regardless of disease prevalence. 

 Most cancers missed at CT colonog-
raphy were located in the rectosigmoid 
colon, including six within the rectum, 
whereas only 38% (six of 16) were lo-
cated proximal to the splenic fl exure. 
The relative lack of missed right-sided 
cancers by CT colonography would seem 
to complement OC, where most missed 
cancers appear to be right sided ( 9,66 ). 
In general, the right colon is relatively 
easy to distend and therefore evaluate 
at CT colonography, whereas the in-
creased distance in physical endoscopy 
makes right-sided evaluation more chal-
lenging. The relative increase in missed 
rectosigmoid cancers at CT colonography 
may relate to challenges with luminal 
distention and may possibly have been 
due in part to the prevalent anatomic 
distribution of cancer in the included 
studies. 

 We identifi ed a subset of primary 
CT colonography studies that utilized 
a more optimal colonoscopic reference 
standard that incuded a provision for 
cancers initially missed at colonoscopy 
but detected at CT colonography, en-
abling us to compare the sensitivity of 
CT colonography and conventional OC 
(before unblinding of CT colonography 
results). OC sensitivity for cancer can-
not be ascertained in previous tandem 
colonoscopy studies owing to the small 
sample sizes, the very low prevalence of 
cancer in these studies, and the subop-
timal method of using colonoscopy as its 
own reference standard ( 67 ). The only 
available estimates of OC cancer sen-
sitivity have previously been limited to 

is important to note that the use of ei-
ther a primary 2D mode or a primary 
3D mode for lesion detection, which is 
a critical distinction for polyp sensitivity 
( 65 ), had little impact on cancer detec-
tion, as most invasive cancers are read-
ily detectable on 2D views. Interestingly, 
fi ve continents were represented in our 

prone imaging versus single-position 
imaging. Despite this considerable vari-
ability in CT colonography techniques, 
there was very little heterogeneity in 
the sensitivity data, implying that CT 
colonography is a highly robust method 
for cancer detection, regardless of the 
specifi c technique used. In particular, it 

 Figure 4 

  
  Figure 4:  Forest plots of studies included in the meta-analysis show indi-
vidual and pooled estimates for diagnostic sensitivity of CT colonography for 
colorectal cancer in  (a)  screening and  (b)  nonscreening studies.   
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was that, by considering only invasive 
cancers and not advanced adenomas, 
we may inadvertently deemphasize the 
importance of cancer prevention, which 
is not our intent. 

 In conclusion, this systematic re-
view and meta-analysis has provided 
point estimates of CT colonography 
and OC sensitivity for invasive cancer. 
Not only does the pooled sensitivity of 
CT colonography for colorectal cancer 
appear similar to that of OC, but its 
sensitivity was maintained despite wide 
variation in technique, which is impor-
tant with regard to the generalizability 
and widespread implementation of CT 
colonography. In contrast, the presence 
of substantial heterogeneity in the data 
for OC suggests a need for greater un-
derstanding of the performance of this 
test. Given the relatively low prevalence 
of colorectal cancer, even among symp-
tomatic cohorts, our fi ndings suggest that, 
assuming a reasonable level of specifi city, 
primary CT colonography may be more 
suitable than OC for the initial investiga-
tion of suspected colorectal cancer. 
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at assessing interobserver variability in 
cancer detection at OC are needed. 

 There were limitations to our analy-
sis. OC was the only reference standard 
used to assess CT colonography sensitiv-
ity in 24 studies, whereas an improved 
reference standard that included the CT 
colonography fi ndings was applied in the 
remaining 25 studies. For this reason, 
our point estimates may underestimate 
the sensitivity of CT colonography, since 
it is possible that some lesions misclas-
sifi ed as false-positive CT colonography 
fi ndings were actually cancers represent-
ing false-negative fi ndings at OC. We 
present our sensitivity data for cancer 
with the implicit assumption that subse-
quent surgery would ultimately lead to 
a reduction in colorectal cancer mortal-
ity. However, detection of late-stage col-
orectal cancer does not improve 5-year 
survival ( 3 ). Unfortunately, none of the 
included studies reported cancer staging 
according to the TNM or Duke classi-
fi cation, so we could not estimate the 
proportion of early stage cancers de-
tected at CT colonography. One recent 
study ( 72 ) of CT colonography screen-
ing in more than 10 000 adults showed 
that the detected asymptomatic cancers 
were of an earlier stage compared with 
symptomatic cancers. As described ear-
lier, we could not include a specifi city 
assessment in our review, because pub-
lished studies generally report specifi c-
ity for all lesions, including polyps, but 
not specifi cally for cancer. In a recent 
study ( 73 ) that included a CT colonog-
raphy screening cohort of more than 
5000 adults, the vast majority of col-
orectal cancers measured larger than 
3 cm. Considering the relationship at 
CT colonography between diagnostic ac-
curacy and lesion size ( 33,53 ), it is un-
likely that the specifi city of CT colonog-
raphy for colorectal cancer would suffer 
disproportionately given the very high 
sensitivity for CT colonography reported 
in our analysis. Investigators in a recent 
study from New Zealand ( 74 ) evaluated 
the sensitivity of CT colonography for 
cancer by using their national cancer 
registry database as the reference stan-
dard in nearly 4000 adults and found 
a similar sensitivity of 95% (123 of 
131). One fi nal limitation of our study 

the indirect observation of interval car-
cinomas in cohorts of patients after OC 
( 9,68 ). According to our meta-analysis, 
conventional OC is a very sensitive test 
for detecting invasive cancer, supporting 
its use in patients at high risk for col-
orectal cancer, such as those with a pos-
itive fecal test or with a hereditary non-
polyposis colorectal cancer syndrome 
( 7 ). There was, however, unexpected 
heterogeneity in our point estimate, 
suggesting the presence of signifi cant 
interstudy variability. In particular, very 
poor performance for OC was reported 
in one CT colonography study, in which 
only one of fi ve cancers was prospec-
tively detected at OC ( 50 ), whereas all 
cancers were identifi ed at CT colonogra-
phy. In this study, all OC examinations 
were performed by a staff gastroenter-
ologist or were supervised by one of ap-
proximately 50 experienced staff gastro-
enterologists and colorectal surgeons. In 
chemopreventive studies, in which OC 
was usually repeated 1 year after the in-
dex examination, an unexpectedly high 
rate of colorectal cancer has been re-
ported ( 69 ), especially when compared 
with the very low rate of interval cancer 
reported in the National Polyp Study 
( 70 ), suggesting pronounced interob-
server variability for cancer detection. 
Similarly, recommendations for the fi rst 
surveillance examination after colorec-
tal cancer surgery have been changed 
from 3 years to 1 year owing to the 
unexpectedly high rate of interval can-
cers after a pre- or perioperative OC 
examination ( 71 ). When OC was per-
formed by nongastroenterologists in 
cohort studies, a disappointingly low 
sensitivity of 88% was reported ( 68 ). 
Finally, a recent population study ( 66 ) 
showed that the risk of right-side colon 
cancer mortality within 6–24 months 
after a negative index OC examination 
was actually increased compared with 
that in the reference population, strongly 
suggesting the likelihood of missed 
right-sided cancer at OC. When one 
couples the heterogeneity found in our 
analysis for OC with the dire conse-
quences of missing a cancer, OC sensi-
tivity for cancer should become a major 
issue in the evaluation of OC quality. 
In particular, dedicated studies aimed 
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