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Abstract

OBJECTIVE—This study summarizes the literature on the detection of cancer among
indeterminate extracolonic findings on CT colonography in five targeted organs.

MATERIALS AND METHODS—We searched PubMed for English-language literature
published between January 1, 1994 and December 31, 2010. We describe extracolonic findings in
the kidney, lung, liver, pancreas, and ovary suspect for malignancy as they are associated with
high mortality. For each organ, we calculated the median prevalence, positive predictive value
(PPV), and false positive rate of malignancy, and a pooled false-positive rate across studies.

RESULTS—Of 91 publications initially identified, 24 were eligible for review. Indeterminate
renal masses on CT colonography had 20.5% median PPV and low pooled false positive rate of
1.3% (95% CI 0.6-2.0). In contrast, indeterminate masses of the lung, liver, pancreas, and ovary
had low PPV (medians ranged from 0-3.8%). Indeterminate masses of the ovary resulted in the
highest pooled false-positive rate of 2.2%. Results were similar in studies of both screening and
non-screening populations. We estimated the probability of false positive results through the
detection of significant extracolonic findings as 46 per 1,000 for men and 68 per 1,000 for women.

CONCLUSIONS—Indeterminate renal masses newly detected on CT colonography have an
estimated one in five chance of malignancy and therefore warrant further follow-up to provide a
definitive diagnosis. Conversely, indeterminate masses of the lung, liver, pancreas, and ovary are
associated with high false positive rates and merit more conservative clinical follow-up.
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Introduction

Computed tomographic (CT) colonography was first described as a method to assess colon
neoplasia in 1994 [1]. CT colonography involves insufflation of the colon and rectum with
gas, and the acquisition of thin-section CT images to visualize polyps and masses using both
two-dimensional and three-dimensional interpretation [2]. Multiple studies have
demonstrated that the accuracy of CT colonography is similar to traditional (optical)
colonoscopy for detection of adenomas and colorectal cancer (i.e., sensitivity of 91.3% and
specificity of 93.1% for lesions >5 mm) [3]. Both of these screening techniques require
cathartic bowel preparation, which is a major deterrent to colorectal cancer screening for
patients. However, because CT colonography does not require sedation, it has the potential
to increase overall adherence to colorectal cancer screening [4] and is associated with fewer
risks than optical colonoscopy.

Unlike traditional colonoscopy, CT colonography can identify extracolonic findings (i.e.,
outside the colon or rectal lumen) because the lung bases, abdomen, and pelvis are included
in the examination. To guide management of extracolonic findings, the Working Group on
Virtual Colonoscopy developed a rating of extracolonic findings using a scale of E1 to E4
[5]. Under this system, E3 and E4 findings are potentially significant to the patient’s health
but incompletely characterized on CT colonography, and usually require further imaging
and medical follow-up for definitive characterization. E3 findings (e.g., pulmonary nodules
<1 cm or cystic renal or adnexal masses) are likely insignificant and might require non-
urgent follow-up. E4 findings (e.g., solid renal masses or pulmonary nodules >1 cm) are
likely significant and require urgent follow-up.

Whether the detection of potentially significant extracolonic findings results in a net benefit
from the diagnosis and treatment of disease, or a net harm from the work-up of false positive
findings is unclear [6, 7]. Understanding the outcomes (i.e., true positive and false positive
rates) of detecting these findings could help clinicians in considering the necessity for
follow-up. We performed a review of the literature of the CT colonography and extracolonic
findings to determine the median prevalence and positive predictive value (PPV) of true
disease, and false positive rate of extracolonic findings associated with high mortality,
specifically indeterminate masses of the kidney, lung, liver, pancreas, and ovary that are
suspected to be malignant. We also compared differences between populations receiving CT
colonography for screening vs. non-screening presentation (i.e., with symptoms).

Materials and methods

Literature Review

We performed a PubMed/MEDLINE search CT colonography literature under the subject
headings CT colonography, extracolonic and virtual colonoscopy, limited to articles
published from January 1, 1994 through December 31, 2010. We identified 91 unique
manuscripts that were reviewed for inclusion (Figure 1).. Publications were excluded after
review of the abstract if they were review articles (n=30), not written in English (n=3) or
editorials (n=2). For the 56 remaining publications, full text articles were reviewed for
further inclusion in the final review. We were specifically interested in extracolonic findings
within the kidney, lung, liver, pancreas, and ovary that are suspected to be malignant.
Studies were excluded if they did not contain any primary data on extracolonic findings on
CT colonography (n=20), did not report on the use of CT colonography only (n=4); reported
on extracolonic findings in organs other than our target organ sites (n=3), reported overall
extracolonic findings combined but not by type (n=3) or included a study population that
overlapped with another publication included in the review (n=2). The final study population
included 24 unique publications. Two reviewers conducted separate assessments of the
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publications, and any discrepancies between the two reviews were adjudicated with another
contributor.

From each article, the reviewers abstracted the sample size, age and gender distribution,
presence of patient symptoms, the number of incident extracolonic findings detected of
interest, and the numbers of subjects with a diagnosed carcinoma. Many studies reported the
number of extracolonic findings by type (e.g., renal mass), allowing multiple findings per
person across types. For simplicity, we assumed that the number of reported findings by
type represented the total number of individuals with that finding. Some studies did not
report the follow-up or diagnosis of detected extracolonic findings. We included these
studies in the review to demonstrate the range of reported results across studies, and their
data are listed as not available when the data are missing.

Study populations were categorized as screening (i.e., patients presenting for CT
colonography for screening and without symptoms of disease); non-screening (i.e., patients
presenting for CT colonography due to symptoms of colorectal cancer); or mixed/unknown
(i.e., the study population included both screening and non-screening populations or did not
specify the patient population).

Targeted Extracolonic Findings

The extracolonic findings of interest in our analysis included incident indeterminate masses
of the kidney, lung, liver, pancreas, and ovary suspect for primary neoplasm. These findings
were targeted because they are associated with high-mortality diseases. We did not evaluate
aortic abdominal aneurysms, which are also associated with high mortality, because they are
definitively diagnosed on CT colonography. We also did not include extracolonic findings
that were not associated with a primary tumor. For example, lymphadenopathy is a
potentially significant finding, but it is associated with multiple potential diagnoses (e.g.,
primary lymphoma, metastatic disease) rather than a single disease, making it difficult to
determine the false positive rate or PPV for this finding. Finally, we did not consider ovarian
dermoids diagnosed on CT colonography as a true positive disease as these masses can be
reliably diagnosed on unenhanced CT [8], and are associated with a low rate of malignant
conversion (0.2-2%) [9, 10]. For ovarian findings, our calculations were restricted to the
reported study sample of women within each publication.

Statistical Analysis

For each study, we used the available data to calculate the prevalence of true disease, the
false positive rate, and the PPV associated with cancers of the kidney, lung, liver, pancreas,
and ovary initially detected on CT colonography. Because disease status was verified only
for individuals with a positive extracolonic finding on CT colonography, we only observed
the total number of individuals with a negative finding. Therefore, to calculate prevalence
and false positive rates, we assumed that CT colonography was 100% sensitive for detecting
extracolonic disease present at the time of the examination, and all individuals without a
reported extracolonic finding were true negatives. Our study-level outcomes were defined
as:

Prevalence = the number of persons with the targeted disease per 1000

False positiverate (FPR) = the number of persons without the targeted disease who
have extracolonic findings per 100

Positive predictive value (PPV) = the number of persons with disease-specific
extracolonic findings who were diagnosed with the targeted disease per 100
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Several studies only presented the number of extracolonic findings or the number of true
positives. In these circumstances, we could not calculate all measures of interest. Using
available data, we calculated the median prevalence and PPV of true disease, and the false
positive rate as a summary across all studies. Results are presented stratified by population
type. Further, we calculated study- and organ-specific binomial confidence intervals (Cls)
for rate estimates for prevalence, PPV, and false positive rate. We used a beta-binomial
model [11] to obtain maximum likelihood estimates of pooled false positive rates. Under the
beta-binomial model, the number of events observed in the /h study is assumed to follow a
binomial distribution with probability pj. Across studies, the event probabilities are assumed
to follow a beta distribution with unspecified mean and variance. For example, to model
false positive rates we assumed that for the ith study and th outcome, the number of
individuals with a false positive result out of NJj patients without disease follows a binomial
(FPR; N, distribution and that across studies, FPR ;follows a beta distribution. Because
studies focused on different populations, we did not calculate the pooled estimate of the true
disease prevalence or PPV. All analyses were conducted using Stata v12 software [12, 13].

Publications included in this review represented a range of sample sizes, participant ages
and symptoms, and geographic populations from North America, Europe, Australia, and
Asia. The findings across all organ sites are described in Table 1.

Renal findings were the most commonly cited extracolonic finding, reported in 22
publications (Tables 1 and 2). The overall median prevalence, PPV, and false positive rate
was 3.2/1000 persons, 20.5%, and 1.1%, respectively (Table 1). The PPV was higher in non-
screening populations (PPV = 25.0%) for detection of renal cancer compared to screening
populations (PPV=1.5%).

Indeterminate lesions were described less frequently in other organs. Findings from the lung
were the second most commonly cited extracolonic finding (Table 1 and 3). However, there
was a low prevalence of malignancy detected and low overall PPV of 3.8% (Table 1).
Similarly, findings indicating a mass in the liver and pancreas had a low median prevalence
and PPV (Table 1). Extracolonic findings detected in the ovary were relatively common
(Table 4), but the overall median PPV was zero. There were no striking differences between
screening and non-screening populations for findings in the lung, liver, pancreas or ovary.

Pooled false positive rates were <2% for most findings (Figure 2). Ovarian findings had the
highest pooled false positive rate (2.2%). For renal findings, the overall false positive rate
was 1.3% overall (Figure 2) and increased to 1.8% among studies focused only on a
screening population (Figure 3).

If we assume independence of the extracolonic findings associated with the five cancer sites
and use the pooled false positive rate for each extracolonic finding, then the estimated
probability that CT colonography would detect a potentially significant false positive
extracolonic finding defined from our analysis would be 46/1,000 in men and 68/1000 in
women.

Discussion

Our literature review summarizes the reporting and outcomes of incident extracolonic
findings detected on CT colonography. Indeterminate renal masses were associated with a
high PPV and lowest false-positive rate, suggesting that CT colonography might provide
useful clinical information about incident renal tumors, particularly in the non-screening
population. In contrast, indeterminate masses of the liver, pancreas, and ovary were
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associated with a low PPVs suggesting that these lesions could be followed clinically with
or without further imaging.

Screening for colorectal cancer is important given the burden of this disease in the US [14].
CT colonography has the potential to improve overall adherence rates to screening.
However, both clinicians and patients should understand both the likelihood of newly
detected extracolonic findings on CT colonography and the chances that these findings
correspond to false positive results. Given that the incidence of the cancers included in this
systematic review are rare in the US population, ranging from 6 to 60 new cases per 100,000
[14], it is not surprising that detection of these cancers on CT colonography is also rare. Our
estimates of false positive findings associated with indeterminate masses for the five
targeted organs were relatively low in the screening population. One example is the pooled
low false positive rate for renal findings among a screening population. Our stratified
analysis demonstrated that the lowest PPV was often found in screening populations, except
for lung findings. We estimate that the work-up of extracolonic findings associated with
these five cancer sites would result in 36 false positive findings for every 1000 disease-free
men screened and 58 false positive findings for every 1000 disease-free women screened.
The higher overall false positive rates among women are due to the much higher rate of false
positive ovarian findings.

Findings with a high PPV have potentially greater clinical value and therefore may warrant
more complete evaluation. We found the highest PPV for indeterminate masses of the
kidney (20%); consistent with the relatively high (and rising) incidence of renal cell
carcinoma in the United States [15]. In contrast, PPVs were extremely low for indeterminate
masses of the liver, pancreas, and ovary. Because PPV is closely related to disease
prevalence when the sensitivity of a test is fixed [16], drawing conclusions about PPV across
studies with different disease prevalence is difficult. However, our findings suggest
potentially important differences across these extracolonic findings.

Indeterminate ovarian masses were not predictive of cancer, particularly in the screening
population, suggesting that these masses should be followed conservatively. This conclusion
is supported by prior work evaluating surgically resected adnexal lesions, which were found
to be primarily benign tumors [17, 18]. In our review of ovarian findings, the majority of
lesions that were benign on resection were identified as cystic ovarian lesions [17-22]
corresponding to cysts (simple or complex), benign mucinous or serous cystadenomas,
cystadenofibromas, mature teratomas or inflammatory lesions (abscesses) on pathology. We
do not know if these findings demonstrated other concerning imaging features that would
explain why these women underwent surgical intervention. Nonetheless, these results
suggest that indeterminate cystic ovarian masses that are newly detected on CT
colonography might benefit from less aggressive clinical follow-up, with or without
imaging, than solid ovarian masses.

The need for clear guidelines relating to follow-up and reporting of extracolonic findings on
CT colonography is underscored by the wide range of definitions of findings used by studies
included in this review. Many studies describing indeterminate renal masses included only
renal masses, while others included complex cystic masses, and some provided no finding
definitions. Similar ambiguity was seen for other lesions, most often for ovarian findings,
with several studies including cysts as indeterminate ovarian masses [18, 23-27] with either
no lesion size, or a range of sizes included [19, 28]. Lesion size is relevant because most
women receiving CT colonography are post-menopausal, and size is an important factor in
ovarian lesion management for these women [29]. Although no size criteria exist for
defining an indeterminate ovarian mass on CT, the literature suggests that lesions <1 cm can
be ignored while those >3 cm should be evaluated with ultrasound [30]. Considering the
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high number of benign renal and ovarian cysts visualized on CT, high-priority follow-up
should be assigned only to masses that meet strict criteria for indeterminate categorization.
The establishment of such definitions could limit unnecessary follow-up of these findings,
thereby reducing the range we observed for prevalence and false positive rates for the organs
we investigated. However, whether establishing and adhering to guidelines will lead to
improved patient outcomes is uncertain, particularly given the indolent growth of some
cancers such as renal cancer [31].

While our study provides a useful overview of published work on extracolonic findings, it
has some limitations. The studies we reviewed did not consistently report exam outcomes
across the study sample. Many studies did not explicitly report the number of patients with
extracolonic findings, instead reporting the number of extracolonic findings. Many studies
did not describe either the receipt of additional work-up based on extracolonic findings or
the outcomes of any additional work-up. Although some patients probably did not undergo
additional work-up for the findings included in these studies because of underlying clinical
conditions, prior knowledge of the finding, or patient choice was not usually specified. The
result of reporting variability is that the number of patients with extracolonic findings or
with true disease is not reported in several manuscripts. Other sources of variability included
the wide range of patient ages, the inclusion of symptomatic patients at the time of CT
colonography, and the use of different CT colonography protocols. Finally, we summarized
targeted findings only from publications that reported specific findings. By excluding
studies that did not report any findings, including null extracolonic findings for targeted
diseases, we likely overestimated disease prevalence in the study population. Hence, our
estimate of prevalence might overestimate the true cancer rate in the underlying population.
Despite these limitations, we believe that the reported findings provide insight into
extracolonic findings from CT colonography as used in current practice.

While the low overall rate of false positive findings for cancer from all indeterminate masses
is reassuring, it points to the need for more judicious reporting and follow-up of newly
detected indeterminate extracolonic findings, particularly when CT colonography is used as
a colorectal cancer screening test used in the asymptomatic screening population. Even very
low false positive rates can drive multiple subsequent tests that result in relatively few
detected cancers. Patient distress and inconvenience [32] associated with extracolonic
findings, the impact of extracolonic findings on the cost-effectiveness of CT colonography,
and methods for prioritizing effective follow-up of extracolonic findings all deserve further
study. As a first step, our results suggest that more priority should be given to follow-up of
indeterminate renal masses detected on CT colonography, and that less emphasis could be
given to cystic ovarian lesions. In addition, both research and clinical practice could be
improved by creating clearer definitions of indeterminate extracolonic findings on CT
colonography.
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FIGURE 1.

Selection of manuscripts included in the literature review
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FIGURE 2.

False positive rates for malignancy per 100 disease-free individuals by target organ.
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FIGURE 3.
False positive rates for malignancy per 100 disease-free individuals in screening populations
for renal cancer.
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Summary of reviewed published literature of CT colonography by calculation of median test properties™

TABLE 1

across five target organ sites, stratified by screening and non-screening populations, through 2010.

Page 12

Target organ No. of studies False positiverate (per 100) Prevalence (per 1000) Positive Predictive Value (per 100)
Renal
Screening 6 1.0 0.6 15
Non-screening 13 1.0 4.2 25.0
Mixed/Unknown 3 - - -
Overall 22 11 2.2 20.5
Lung
Screening 6 0.2 0.1 20.0
Non-screening 6 0.7 0.7 0
Mixed/Unknown 3 - - -
Overall 15 0.7 0.1 3.8
Liver
Screening 4 0 12 0
Non-screening 8 1.8 0 0
Mixed/Unknown 2 - - -
Overall 14 13 0 0
Pancreas
Screening 2 0.1 0 0
Non-screening 5 1.4 12 25.0
Mixed/Unknown 1 - - -
Overall 8 0.5 0.5 0
Ovary
Screening 5 15 0 0
Non-screening 9 3.7 0 10.0
Mixed/Unknown 1 - - -
Overall 15 25 0 0

*
Summarized across studies with available data for the calculation.

- cannot be calculated due to missing data on the number of true positive results.
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