
CT Colonography in Colorectal Cancer Screening: Identifying
Risk Factors for the Detection of Advanced Neoplasia

Cesare Hassan1, B. Dustin Pooler2, David H. Kim2, Antonio Rinaldi3, Alessandro Repici3,
and Perry J. Pickhardt2
1Digestive Endoscopy Unit, Nuovo Regina Margherita Hospital, Rome, Italy
2Department of Radiology, University of Wisconsin School of Medicine and Public Health,
Madison, WI
3Digestive Endoscopy Unit, Humanitas Institute, Milan, Italy

Abstract
Background—Our aim was to determine if age, sex, positive family history (FH+) for colorectal
cancer, and body mass index (BMI) are important predictors of advanced neoplasia in the setting
of screening CT colonography (CTC).

Methods—Consecutive patients referred for first-time screening CTC from 2004 to 2011 at a
single medical center were enrolled. Results at pathology were recorded for all patients
undergoing polypectomy. Logistic regression was used to identify significant predictor variables
for advanced neoplasia (any adenoma ≥10mm or with villous component, high-grade dysplasia, or
adenocarcinoma). Odds ratio (OR) was used to express the association between study variables
(age, sex, BMI and FH+) and advanced neoplasia.

Results—7,620 patients underwent CTC screening. Of these, 276 (3.6%; 95% CI: 3.2–4.1%)
were ultimately diagnosed with advanced neoplasia. At multivariate analysis, age (mean OR per
10-year increase: 1.8; 95% CI: 1.6–2) and male sex (OR: 1.7; 95% CI: 1.3–2.2) were independent
predictors of advanced neoplasia, whereas BMI and FH+ were not. Number needed to screen
(NNS) to detect one case of advanced neoplasia varied from 51 in women ≤55 years to 10 in men
>65 years. The number of post-CTC colonoscopies needed to detect one case of advanced
neoplasia varied from two to four.

Conclusions—Age and sex were important independent predictors of advanced neoplasia risk in
subjects undergoing screening CTC, whereas BMI and positive family history were not. These
results have implications for appropriate patient selection.

Keywords
Advanced adenomas; Advanced neoplasia; CT colonography; Colorectal cancer prevention;
Colorectal cancer screening

Corresponding author: Cesare Hassan, MD, Department of Gastroenterology, ONRM Hospital, Via Morosini 30, Rome, 00153,
cesareh@hotmail.com, phone/fax: 00390658446608.

Competing interests: None

Contributors: All authors were involved in conception and design, or analysis and interpretation of data; drafting the article or revising
it critically for important intellectual content; and final approval of the version to be published; CH and BDP had full access to all the
data in the study; PJP had final responsibility for the decision to submit for publication.

NIH Public Access
Author Manuscript
Cancer. Author manuscript; available in PMC 2014 July 15.

Published in final edited form as:
Cancer. 2013 July 15; 119(14): 2549–2554. doi:10.1002/cncr.28007.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Colorectal cancer (CRC) is the second leading cause of cancer death in developed
countries. 1 Evidence suggests that screening asymptomatic populations can reduce CRC
mortality2 and that removal of precursor adenomas may reduce the incidence of colorectal
cancer.3 Computed tomographic colonography (CTC) has been well-studied and found to be
a valid screening test for colorectal cancer and other advanced neoplasia,4–9 as well as
demonstrating both cost-effectiveness11, 12 and a high degree of acceptance among
patients.13, 14

Advanced neoplasia has been considered a valid target for CRC screening tests, including
CTC.4, 9, 10 Identification of important risk factors for advanced colonic neoplasia could
impact both risk stratification and development of risk reduction strategies.15 Age and sex
have been shown to be strictly associated with the detection of advanced neoplasia at
colonoscopy screening,16, 17 while the role of body mass index (BMI) is still
controversial.17–21 Positive family history (FH+) for CRC has also been shown to predict
the risk of advanced neoplasia at screening colonoscopy.16, 17 The role of these risk factors
in stratification of screening CTC patients is currently unclear.

The primary aim of this study was to derive and validate a model for the detection of
advanced colorectal neoplasia during screening CTC using age, sex, FH+, and BMI as
predictive variables. Our secondary aims were to determine the number needed to screen
(NNS) at CTC and the number of post-CTC colonoscopies needed in order to detect one
case of advanced neoplasia for those variables shown to be predictive of advanced neoplasia
risk. This information may be useful to refine future screening recommendations.

Methods
Study Design

The study protocol was HIPAA-compliant and approved by our institutional review board.
The need for signed informed consent was waived. We prospectively enrolled 8,321
consecutive asymptomatic individuals for first-time CTC examination for the purpose of
colorectal cancer screening. We excluded patients with a prior history of colorectal cancer,
inflammatory bowel disease, polyposis syndromes, or prior history of colorectal surgery, as
well as those referred from incomplete OC. After appropriate exclusions, a total of 7,620
asymptomatic patients comprise the screening CTC study population (Table 1). Patient age,
sex, FH+ for CRC, and body mass index (BMI), were recorded. FH+ for CRC was strictly
defined according to ACS criteria as having one first-degree relative diagnosed by age 60, or
two first-degree relatives diagnosed at any age.

A positive CTC examination was defined as any examination in which any polyp ≥6 mm in
size was found. In accordance with C-RADS, positive patients with any large polyp (≥10mm
in size) or more than two small polyps (6–9mm in size) found at CTC were referred for
colonoscopy with polypectomy.23 Patients with one or two small polyps were given the
option of either colonoscopy with polypectomy or CTC polyp surveillance. Patients with a
negative exam result at CTC were recommended to undergo routine screening in five years.

The results of colonoscopy and polypectomy, as well as the final histologic result at
pathology, were recorded for all patients undergoing colonoscopy. Concordance was
recorded for the CTC findings of patients undergoing colonoscopy with polypectomy using
colonoscopy findings as the reference standard. In discordant cases where the CTC findings
were not confirmed, the finding was considered a CTC false positive unless additional
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imaging or repeat colonoscopy demonstrated that the lesion was missed at initial
colonoscopy.

The findings on colonoscopy were categorized on the basis of the most advanced lesion
identified.16 Advanced neoplasia was defined as any adenoma ≥10mm in diameter, any
adenoma with a villous component or high grade dysplasia at histology, or any
adenocarcinoma.16, 17

CT Colonography Technique
The CTC technique used in our screening program has been described elsewhere.24 Briefly,
patients underwent a bowel preparation protocol beginning one day prior to CTC consisting
of a cathartic cleansing agent. Residual fluid and fecal material was tagged using 2.1% w/v
barium and diatrizoate. Colonic insufflation was achieved and maintained throughout image
acquisition using automated continuous carbon dioxide delivered through a rectal catheter.
Patients were routinely scanned in both supine and prone positions with decubitus
positioning used as needed.25 Images were acquired with 8-to-64-section multidetector CT
scanners using 1.25 mm collimation, 1-mm reconstruction interval, 120 kVp, and either a
fixed tube current-time product (50–75 mAs) or tube-current modulation (range, 30–300
mA). Interpretation of CT examinations by the radiologists was performed using both three-
dimensional reconstructions for initial polyp detection and two-dimensional cross-sectional
images for secondary detection and polyp confirmation.6, 7, 26

Statistical Analysis
Stepwise multiple logistic regression analysis was used to identify significant predictor
variables for advanced neoplasia on a per-patient basis. The prediction model was built
using JMP 98.0 version 8.0 (SAS; Cary, North Carolina; USA) stepwise logistic regression
analysis with an entry criteria of p<0.05. Odds ratio (OR) was used to express the
association between study variables (age, sex and BMI) and the selected outcome. To test
the accuracy of the multivariate model in predicting the selected outcome, the study
population was randomly divided into derivation and validation groups of equal size. Once
the model was established using the exploratory group, the parameter estimates were tested
in the validation group in order to check goodness-of-fit (Hosmer–Lemeshow test). The
procedure was repeated 20 times. Point estimates for NNS were derived from the inverse of
the point estimates for prevalence. We derived the confidence intervals (CI) for the NNS by
inverting the values for the 95% CIs for risk proportions. As noted previously, patients with
one or two small polyps (6–9mm) found at CTC were given the option of either colonoscopy
with polypectomy or CTC polyp surveillance, presumably resulting in an underestimation of
the advanced neoplasia rate. Consequently, in a secondary analysis, we adopted the same
regression model to predict the rate of advanced neoplasia for small polyps undergoing CTC
surveillance and generate an adjusted advanced neoplasia detection rate.

Results
A total of 7,620 persons had first-time CTC screening in the study period (Table 1). The
mean age [±SD] in years for the entire population was 56.7±7.3. Men accounted for 46.3%
of this cohort. A positive family history for CRC was reported by 200 (3%) subjects. Mean
BMI was 28.1±7.1, with 5,062 (66.4%) presenting with a BMI ≥25. CTC examination was
positive (at least one polyp ≥6 mm) in 1,087 (14.3%; 95% CI: 13.5–15.1%) patients. Of
these, 735 (67.6%) underwent colonoscopy, while the remaining 352 (32.4%) entered CTC
surveillance for small polyps. Overall, 480/7,620 patients (6.3%) had at least one adenoma.
Of these, 276/7,620 (3.6%; 95% CI: 3.2–4.1%) had at least one advanced neoplastic lesion.
Table 2 reports the distribution of colorectal lesions according to histology and risk factors,
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as well as the association between the study variables and the risk of advanced neoplasia at
univariate analysis.

Multivariate modeling indicated age (mean OR per 10-year increase: 1.8; 95% CI: 1.6–2.0)
and male sex (OR: 1.7; 95% CI: 1.3–2.2) as independent predictors of advanced neoplasia
risk, while FH+ (OR: 1.2; 95% CI: 0.6–2.4) and BMI (OR: 1.0; 95% CI: 0.9–1.1) were not.
When dividing the study population into derivation and validation samples, the Hosmer–
Lemeshow test confirmed the goodness-of-fit of the model with a mean p-value (among 20
iterations) of 0.3 for the validation data set (where p <0.05 would indicate a lack of fit).
Figure 1(a) and Table 3 show the NNS to detect advanced neoplasia according to age and
sex, with figure 1(b) depicting the same analysis after adjustment with the multivariate
model predicting advanced neoplasia rate for the positive patients with small detected
lesions (6–9 mm) entering CTC polyp surveillance. Table 3 shows the number of post-CTC
colonoscopies needed to detect one case of advanced neoplasia according to age and sex.

Discussion
According to our study, age and sex are significantly associated with the detection of
advanced neoplasia in a large cohort of first-time CTC screening patients, allowing for
clinically relevant risk stratification of the study population. The wide interval in the
estimates of the NNS with CTC to detect one case of advanced neoplasia, ranging from 10
to 51 (7–37 when adjusting for 6–9 mm polyps still in surveillance) closely approximates
the 10–36 NNS interval shown by Regula, et al. in a large cohort of patients undergoing
primary screening colonoscopy.16 This suggests equivalence in the role of age and sex in
stratifying average-risk subjects between CTC and colonoscopy. The more than four-fold
variation in NNS to detect advanced neoplasia according to age and sex may be informative
when planning for general population screening. In cases of limited resources, which is
likely to occur when considering all adults over 50 are recommended for CRC screening, it
makes sense for health systems to target patients with a higher expected benefit in order to
best utilize available economic and medical resources. This would not be new in the field of
CRC screening, as shown by the adoption of a selective cut-off for the exploitation of
colonoscopy resources following sigmoidoscopy or immunochemical fecal testing.2, 3, 10

Our observation of an exponential reduction of the NNS according to increasing age would
also be consistent with the adoption of a higher age cut-off for initial population screening as
with the recently recommended 55–65 age interval for sigmoidoscopy screening.3 Although
gender has not been explicitly included in any guidelines, our analysis would confirm a
substantial difference in prevalence of advanced neoplasia between men and women, as
already outlined by Regula et al.16 For example, as shown by the prediction model in Figure
1, women appeared to reach the same NNS as men with an approximate 10-year delay. It
would appear reasonable to propose different age recommendations for screening by CTC
according to sex, while perhaps a less costly strategy, such as fecal occult blood testing,
could be employed earlier. Specifically, women <65 years and men <55 years have an NNS
below the study-wide mean NNS of 28, suggesting that screening these patients represents a
somewhat less efficient use of CTC.

The adoption of non-invasive CRC screening approaches, including CTC, necessitates post-
test referral to colonoscopy following positive examinations. The ultimate efficiency of any
non-invasive approach would greatly depend upon the number of post-test colonoscopies
needed to detect one case of advanced neoplasia as a matter of avoiding unnecessarily
redundant procedures. When stratifying our study population according to age and sex, there
is a two-fold difference in the efficiency of post-CTC colonoscopy exploitation, ranging
from 2 to 4 procedures to detect one case of advanced neoplasia. In the case of limited
endoscopic capacity, this information could trigger more conservative non-endoscopic
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surveillance policies for those CTC-positive subjects at lower risk of advanced neoplasia or
the adoption of more selective post-CTC dimensional cut-off for referring subjects to
polypectomy.

Despite an apparent association at univariate analysis, our study failed to confirm any
association between BMI and the detection of advanced neoplasia at multivariate analysis,
casting doubt on the relevance of this factor in stratifying the average-risk population for
CRC screening with CTC. Of note, two-thirds of the study population reported a ≥25 BMI,
so any eventual impact of this variable would have been substantial. Our result supports a
previous predictive model for advanced neoplasia at colonoscopy.17 The lack of association
between BMI and advanced neoplasia was also confirmed by a recent meta-analysis –
including 168,201 subjects – that failed to show any statistically significant association
between these two variables.18, 19 Of note, the same meta-analysis showed a slight – but
statistically significant – increase in colorectal adenomas prevalence (i.e. also including non-
advanced adenomas), when comparing subjects with a BMI of ≥25 with those with
BMI<25.18, 19 This is also in line with a previous report from our group in a separate CTC
screening series, also showing an association between higher visceral adiposity
measurements on CTC and the presence of adenomas (including non-advanced).20

Therefore, as suggested by the same Authors of the meta-analysis, obesity seems to be
involved in the tumor initiation (i.e. adenoma formation) rather than in tumor progression
(i.e. advanced neoplasia).18

We could not confirm the role of a positive family history for CRC in stratifying for
advanced neoplasia risk. When considering the relatively low prevalence of FH+ – 3% in
our cohort as compared with 13.3% in a previous endoscopic series –16, we cannot exclude
that such lack of association may be simply due to a sample size bias. In a recent well-
design endoscopic study, a moderate association between a positive family history for CRC
and the risk of advanced neoplasia has been shown in a Chinese population. Thus, further
studies specifically looking at siblings of CRC-patients are needed to clarify the role of CTC
in these high-risk subjects.21

We acknowledge limitations to our study. One-third of our positive patients entered non-
invasive CTC surveillance of their 6–9 mm polyps, potentially underestimating the
prevalence of advanced neoplasia in our population. We attempted to address this bias by
calculating the adjusted advanced neoplasia rate at multivariate analysis. In addition,
although our CTC screening cohort is among the largest ever reported, the confidence
intervals for our five-year age groups are quite large. However, the four-fold difference
among point-estimates for NNS, as well as the linear model prediction according to age and
sex, are likely to be informative for policy makers.

In conclusion, age and sex appear to be useful variables in predicting risk of advanced
neoplasia at screening CT colonography, whereas BMI and FH+ do not appear to have a
major impact. These findings could be useful in stratifying patients undergoing CTC
screening.
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Figure 1.
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(a) Numbers needed to screen (NNS) in order to detect advanced neoplasia, according to age
and sex. (b) The same data are reported after simulation to predict advanced neoplasia in
those subjects undergoing CTC surveillance for small polyps. Dotted lines represent the
yearly values of NNS as estimated by the multivariate model.
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Table 1

Characteristics of the study population.

Characteristic All (N=7,620) Women (N=4,093) Men (N=3,527)

Age – yr

Mean ± SD 56.7±7.3 56.5±7.3 57.0±7.5

Age group – N (%)

<50 294 (3.9) 162 (4.0) 132 (3.7)

50–54 3,123 (41.0) 1,720 (42.0) 1,403 (39.8)

55–59 2,024 (26.5) 1,103 (26.9) 921 (26.1)

60–64 1,266 (16.6) 660 (16.2) 606 (17.2)

≥65 913 (12.0) 448 (10.9) 465 (13.2)

Positive family history

N (%) 200 (2.6%) 119 (2.9) 81 (2.3)

BMI

Mean ± SD 28.1±7.1 27.8±8.5 28.4±5.1

≥25, N (%) 5,125 (67.3) 2,411 (58.9) 2,714 (76.9)

Positive CTC, N (%) 1,087 (14.3) 480 (11.7) 607 (17.2)

Patients to polypectomy, N (%) 735 (9.6) 341 (8.3) 394 (11.2)
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Table 3

Number needed to screen (NNS) with CTC to detect one case of advance neoplasia and number of post-CTC
colonoscopies to detect one case of advanced neoplasia, according to age and sex.

Age/Sex No. Needed to Screen to Detect Advanced Neoplasia
(95% CI)

No. of post-CTC Colonoscopies Needed to Detect Advanced
Neoplasia (95% CI)

<55 years

Male 32 (25–44) 3.1 (2.5–4)

Female 51 (39–75) 3.4 (2.6–4.6)

55–59 years

Male 26 (19–38) 2.4 (2–3.3)

Female 48 (34–81) 4.0 (2.9–6.1)

60–64 years

Male 18 (13–25) 2.2 (1.8–3)

Female 33 (23–58) 3.1 (2.2–4.8)

≥65 years

Male 10 (8–14) 1.8 (1.5–2.2)

Female 14 (10–21) 2 (1.6–2.7)
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