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Abstract Most colorectal cancers (CRC) are preventable
through screening and polyp removal; however, CRC remains
fixed as the second leading cause of cancer mortality in the
USA. This is largely due to suboptimal screening participa-
tion. This review of current literature explores the use of CT
colonography (CTC), also known as virtual colonoscopy, as
another option for CRC screening. Relevant recent research
topics include exploring the elimination of pre-procedure co-
lon cleansing, the extension of recommended CTC screening
intervals, the implications of extracolonic findings, and the
significance of CTC radiation dose in a benefit/risk analysis.
Peer-reviewed literature supports CTC as a viable option to
safely screen average and moderate risk patients for CRC with
polyps and cancer detection rates comparable to optical colo-
noscopy. CTC has the potential to raise CRC screening rates
in population health management efforts.
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Introduction

CT colonography (CTC), also known as virtual colonoscopy,
is an imaging exam produced from antithetical computed to-
mography (CT) images of the colon. The objective of the
exam is to evaluate both intraluminal and extraluminal aspects
of'the colon and rectum for pathology, specifically polyps and/
or colorectal neoplasms. Views consist of both two and three-
dimensional images. The 3-D view is a “virtual” view similar
to the traditional optical colonoscopy (OC) endoscopic views.
Several single site studies were conducted in the 1990s dem-
onstrating the efficacy of the exam, but failed to achieve wide-
spread acceptance in the medical community. In 2008, a 15-
site multicenter randomized clinical trial was conducted by the
American College of Radiology Imaging Network (ACRIN)
and sponsored by the National Cancer Institute and the
National Institute of Health. This trial involved 2600 screen-
ing participants age 50 and older. It confirmed CTC could be
performed using a standardized format by multiple radiolo-
gists with statistically significant results. The ACRIN results
satisfied acceptable screening sensitivity and specificity rates
(sensitivity 90%+/— 3, specificity 86%+/—2) for lesions
10 mm or greater in size [1]. This multi-centered trial found
CTC to be comparable to optical colonoscopy (OC), the co-
lorectal cancer (CRC) screening gold standard. The ACRIN
study results propelled CTC into mainstream consideration by
the American Cancer Society (ACS), the American
Gastroenterological Association (AGA), healthcare advocacy
groups, and several other medical societies [2]. Numerous
commercial insurance companies began approving CTC as a
screening option as opposed to an “investigational tool” only
to be used under certain circumstances in which traditional
optical colonoscopy was not an option. Continued review of
the accuracy and benefits vs. risks of CTC and other available
screening options resulted in the June 2016 “Classification A”
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recommendation by the US Preventive Services Task Force
(USPSTF) to the Center for Medicare Services (CMS). This
recommendation strongly urges facilities to include CTC as a
colorectal screening option for average and moderate risk
asymptomatic patients [3+¢]. Despite the growing evidence
over the past 7 years in support of the benefits of CTC,
CMS has not reconsidered their 2009 decision not to provide
national coverage for CTC screenings of Medicare patients.
This review explores the current role of CTC as a screening
tool for CRC.

Indications Similar to optical colonoscopy, CTC is appropri-
ately used in screening asymptomatic average and moderate
risk patients starting at age 50, as per the USPSTF and
American Cancer Society recommendations for general screen-
ing [4]. OC and CTC are the only options for screening with
potential to prevent cancer by detecting polyps. Other screen-
ing options, including fecal immunochemical test for blood
(FIT) testing, DNA testing, and guaiac testing, were designed
to detect cancers, not pre-cursor cancerous polyps [1, 5, 6°°].
OC, although reimbursed by the CMS, is not always preferred
or chosen by screening candidates. Prior patient surveys have
found reluctance due to a variety of reasons including cultural
stigmatisms, fear of anesthesia and/or invasive testing, taking
off work for the exam, and challenges with necessary assisted
transportation post exam [7, 8]. Guidelines by the USPSTF and
many commercial insurers agree CTC “should be offered as an
additional option” to screening candidates [3e¢].

CTC is not an appropriate screening exam for high-risk
patients (inflammatory bowel disease, lynch syndrome,
polyposis syndromes, etc.). Polyps commonly inherent to
these high-risk screening candidates either have characteris-
tics for which CTC is not sensitive in detecting or the number
of expected polyps requiring polypectomy is extremely high,
and therefore OC is likely to be needed anyway [9, 10].
Surveillance screening by CTC is however indicated in pa-
tients with prior CRC in certain clinical settings [11, 12]. The
use of [V contrast with CTC is not a requirement for a screen-
ing examination, but more appropriate in special clinical set-
tings requiring a diagnostic CTC and evaluation of other ab-
dominal organs.

Accuracy As previously mentioned, the ACRIN trial con-
firmed sensitivity of CTC in detecting lesions greater than or
equal to 10 mm; but how does CTC perform with polyps
under 10 mm? The standard for sensitivity in polyp detection
size is set by OC and based on the well-known natural history
of CRC transforming from a polyp (Online Resource 1). OC
can detect polyps as small as 6 mm with high sensitivity. Is
this the required threshold in polyp size for accuracy in detec-
tion? Past studies on polyp transformation determined the
prevalence of carcinoma within a polyp is directly related
not only to the type of polyp, but the size of the polyp [13].
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Two large studies, the US Clinical Outcomes Research
Initiative (CORI), a data base of 13,992 patients; and a multi-
center Korean study of 17,834 in concert, reported a low
0.03% cancer rate in diminutive polyps [14, 15].
Commensurate with those findings, Butterly et al., in evaluat-
ing 3192 asymptomatic screening candidates with Optical
Colonoscopy and polyp removal, found carcinoma in only
0.9% of 5-10 mm polyps, and 0% of diminutive polyps
[16]. Seven CTC studies published from January 1, 2008 to
December 31, 2014 found sensitivity and specificity in detect-
ing adenomas 6 mm or larger, again comparable with OC
(sensitivity ranging from 73% [95% CI, 58-84%] to 98%
[95% CI, 91-100%]; specificity ranging from 89% [95% CI,
84-93%] to 91% [95% CI, 88-93%]). The variability was
thought to be related to variance in both the CTC protocols
and the research design [1, 6¢¢]. These studies are predomi-
nantly supportive of CTC as an appropriate screening exam if
the standard threshold is capable of detecting lesions 6 mm
and greater in size.

The accuracy of CTC in detecting diminutive polyps
(polyps less than 6 mm) is not as sensitive as OC. Does that
make CTC less appropriate for screening? Not according to
studies which argue that, given the low rate of cancer preva-
lence in diminutive polyps, surveillance of those polyps is an
appropriate management strategy [1]. In 2005, Zalis et al. pub-
lished a management strategy for CTC findings which includ-
ed diminutive polyps [17]. This strategy was called the CT
Colonography Reporting and Data System (C-RADS)
(Table 1). C-RADS was a proposal for standardized reporting
of CTC findings with a recommendation scheme including
surveillance, not polypectomy, for diminutive polyps. This
recommendation was based on earlier data and principles of
polyp transformation. Additional documented research was
needed. In 2011, Kim and Pickhardt explored alternative strat-
egies for managing the “diminutive polyps” via surveillance.
Their study, supportive of this management strategy, demon-
strated that the pathologic results of polypectomy for diminu-
tive polyps did not result in a management change [18]. Later,
Kim and Pickhardt reviewed negative CT screening cases
(those with polyps less than 6 mm) 5-10 years after their
initial CT screening and demonstrated additional support of
this management strategy for diminutive polyps [19¢¢]. In
2014, Pooler and associates reported the retrospective review
of 7 years of data from 6769 screening exams with outcomes
categorized utilizing the C-RADS classification [20]. Their
results reinforced the literature on polyp size and relevance
to management of diminutive polyps with surveillance.
Findings were also commensurate to detection rates expected
with OC, including the prevalence rates of advanced neoplasia
[21]. C-RADS is structured reporting language supported by
the ACR. Plans are underway to require use of C-RADS in the
ACR’s national registry data collection program to ensure
quality and consistency in reporting on CTC exams [22°].
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Table 1 Categorization and
management recommendations Co
for colonic findings

Inadequate study/awaiting prior comparisons

* Inadequate prep: cannot exclude lesions >10 mm because of presence of fluid/feces

* Inadequate insufflation: one or more colonic segments collapsed on both views

* Awaiting prior colon studies for comparison

C1 Normal colon or benign lesion; continue routine screening®

* No visible abnormalities of the colon

* No polyp >6 mm

* Lipoma or inverted diverticulum

» Non-neoplastic findings (e.g., colonic diverticula)

C2 Intermediate polyp or indeterminate finding: surveillance colonoscopy recommended®

* Intermediate polyp 6-9 mm, <3 in number

* Indeterminate findings, cannot exclude polyp >6 mm in technically adequate scan

C3 Polyp, possibly advanced adenoma: follow-up colonoscopy recommended

* Polyp >10 mm

* >3 polyps, each 6-9 mm

C4 Colonic mass, likely malignant: surgical consultation recommended®

* Lesion compromises bowel lumen, demonstrates extracolonic invasion

This system was established by Zalis et al. and supported by CT Colon Cancer Committee: Yee J, Chang KJ,
Dachman AH, Kim DH, McFarland EG, Pickhardt PJ et al. The Added Value of the CT Colonography Reporting
and Data System. J Am Coll Radiol. 2016;13(8):931-5. doi:10.1016/j.jacr.2016.04.031., with permission from

the American College of Radiology ®

*Every 5 to 10 years

® Evidence suggests that surveillance can be delayed at least 3 years, subject to individual patient circumstance

¢ Communicate to referring physician as per accepted guidelines for communication, such as the ACR Practice
Guideline for Communication: Diagnostic Radiology. Subject to local practice, endoscopic biopsy may be

indicated

Recent accuracy concerns raised by the CMS were specific
to screening the Medicare-aged population. Multiple studies
have found no statistically different detection rate in the
Medicare population as compared to younger ones. For exam-
ple, the 2012 study by Cash, which evaluated over 1400
Medicare-aged patients, demonstrated outcomes comparable
to OC [23]. Also, John and associates conducted the National
CT Colonography trial involving Medicare patients and again
demonstrated accuracy results comparable to OC [5]. Regge
et al. also conducted a randomized clinical trial of population
screening comparing CTC to sigmoidoscopy in the Medicare
population and found performance rates better in CTC [24].

Additional challenges in polyp detection accuracy by CTC
are focused on specific polyp subgroups such as serrated
polyps, flat polyps, or carpet lesions. Serrated polyps classi-
fied as sessile serrated adenomas (SSA) or traditional serrated
adenomas (TSA) are cancerous precursors for many sporadic
CRCs [25]. Accuracy of detecting serrated polyps is excep-
tionally important given that these lesions are thought to be
more difficult to detect with any screening exam, including
OC, as they blend with the mucosa, have flattened morpholo-
gy and a mucin covering. In 2016, Kim et al. reported the
ability to detect serrated polyps with a prevalence of 3.1%
(254 of 829 screening patients) comparable to OC [26]. This
was allowing for the exclusion of polyps less than 6 mm in

their study, which is standard of practice for CTC. Flat polyp
detection rates by CTC have also been found to have a sensi-
tivity rate equivalent to OC [27¢]. Sakamoto’s study of 460
polyps in 2012 found detection rates ranged from 80 to 87.5%
in flat polyps 6 mm or greater [28]. More studies are needed,
however, to validate consistent detection rates. Lastly, carpet
lesions (laterally spreading lesion >3 c¢cm) were evaluated by
CTC in 2014 and found to be effective at depicting 18 carpet
lesions in 18 patients out of 9152 with no false positives [29].
Carpet lesions were again confirmed as detectable in CTC
studies by Coppola et al. in 2014 and in 2007 by Park et al.
[27+, 30]. A common factor noted in several CTC studies
leading to increased conspicuity of these difficult lesions is
by optimizing the preparation. By combining a cathartic, to
cleanse the colon, and an oral barium, to coat the frequently
subtle lesions, experienced radiologists can increase their ac-
curate detection rates of these more challenging polyps.

Exam Preparation
CTC and OC share similarities in the need for dietary modifi-
cation and bowel cleansing with a laxative prior to the exam.

The laxative is a large dis-satisfier among many screening
candidates and has been shown to cause avoidance by
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screeners for routine CRC screening exams [3 1, 32]. Large-
volume polyethylene glycol (PEG) (4 L) is commonly used
for OC and results in significant residual fluid. Therefore,
saline cathartics, such as sodium phosphate or magnesium
citrate, are preferred for CTC. In 2008, high-dose sodium
phosphate, the first line laxative for CRC, was associated with
increased risk of acute phosphate nephropathy [7]. Borden
et al. found magnesium citrate to be as effective as high-
dose sodium phosphate for CTC, especially in patients at risk
for phosphate nephropathy [33]. Keedy et al. compared bowel
preparation using reduced volume PEG (2 L) with single dose
magnesium citrate [34]. They concluded that both laxatives
provide adequate bowel cleansing and that limited bowel
preparations may increase patient compliance with CRC
screening. In addition to the use of laxatives in CTC,
bisacodyl tablets and a suppository, or contact laxative, are
also utilized for complete colon cleansing.

Slow-to-increase screening rates and candidate dissatisfac-
tion with laxative preparations has led to ongoing attempts to
decrease, if not eliminate, the cathartic laxative preparation. In
2017, a multicenter prospective trial by Utano et al. aimed to
evaluate the diagnostic accuracy and patient acceptance of
reduced laxative CTC in a population with a positive recent
fecal immunochemical test (FIT) [31¢]. They concluded that
reduced laxative CTC is accurate in the detection of polypoid
neoplasms 6 mm or larger, but is less accurate in the detection
of non-polypoid neoplasms. Reduced laxative CTC also had a
high patient acceptance and is an efficient triage examination
for patients with a positive FIT.

After 2008, stool tagging became a widely accepted addition-
al bowel cleansing technique. Stool tagging increased detection
sensitivity in otherwise challenging screening exams, e.g., can-
didates with chronic constipation or the inability to comply suf-
ficiently with bowel cleansing. The tagging of stool/residual
fluid process requires the candidate to ingest small quantities
of barium (30 ml t.i.d and/or water soluble contrast) the day
before the exam. The contrast tagged stool will have a high
density and therefore is easily differentiated from soft tissue
density polyps. In segments of the bowel with tagged high den-
sity fluid, the polyp, if present, would appear as a filling defect.

Electronic cleansing (EC) is another technique that has po-
tential as a future preparation option beneficial in use with
screening candidates challenged with chronic constipation.
A computerized algorithm “virtually cleanses” the colon of
tagged fecal material, thereby allowing reduced or non-
cathartic CTC. Current electronic cleansing techniques, how-
ever, produce several artifacts limiting its utility. With the
advent of dual energy CT scanners in clinical practice, there
has been renewed research in EC which is performed based on
material decomposition capability of dual energy scanners
with potential to improve the quality of EC [35, 36].

The variety of bowel preparations and a lack of standard-
ized terminology between full and reduced catharsis have
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made it difficult to compare the different bowel preparation
options for CTC [37]. Several studies have indicated that re-
duced bowel preparation for CTC is tolerated better by pa-
tients in comparison to a full bowel preparation used for OC
[31e, 38, 39]. All said, neither bowel preparation, that for OC
nor that for CTC, is likely to have any benefit over the other in
being viewed as “favorable” by screening candidates. The
benefit of bowel cleansing in both exams, however, is the
opportunity for optimized efficient patient care. In the appro-
priate clinical context, OC and CTC can be performed for
same day follow-up. OC exams may be incomplete due to
anatomical obstructions, strictures, etc. thus necessitating
CTC. CTC may detect a polyp which can undergo same day
polypectomy by OC. In this context, CTC and OC are com-
plimentary exams in the screening and surveillance effort.

Exam Performance

The physical steps required for the performance of a CTC
exam have several advantages as a screening option to many
who would otherwise not be screened safely, if at all. First, the
colon is insufflated with CO2 via a short balloon tipped rectal
tube using a pressure controlled mechanical insufflation de-
vice. Manual room air can also be used, but has become less
common. Distention of the colon can also be accomplished by
insertion of the balloon tip tube into a stoma in patient’s post
partial colectomies. A study comparing the two insufflation
techniques found that both produced reliable colonic disten-
tion with minimal patient discomfort, but CO2 performed bet-
ter in both categories [40]. Another study found both methods
of insufflation to have similar patient acceptance but better
colonic distention with CO2 [41]. Next, the patient is scanned
in the supine and prone positions, with a scan time of less than
25 s for each position. For patients who are frail, immobile, or
have severe comorbidities which prevents them from lying in
the prone position, the study can be performed in the bilateral
decubitus positions. The purpose of the two position scan is to
move any residual stool and thereby help differentiate from
the fixed position of a true polyp. Mobility of residual fluid
between the two positions uncovers portions of the colonic
wall previously submerged under the fluid. It also allows for
a second chance to distend any segment of colon that was not
distended in the first position. Patients who cannot be anes-
thetized, have limited mobility, have coagulopathies, etc., can
usually undergo successful screening CTC exams.

Safety

Complications Complications resulting from CTC are rare; of
those, colonic perforation is the most clinically significant. A
review of 50,860 both asymptomatic screening patients and
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symptomatic diagnostic patients indicated a total perforation
rate of 0.035% [32, 42—44]. Of the total CTC perforations,
0.015% presented as symptomatic and required treatment. In
comparison, OC has a symptomatic perforation rate requiring
treatment ranging from 0.02 to 0.2%. The randomized clinical
trial by Regge et al. comparing CTC to sigmoidoscopy in the
Medicare population found complication rates were greater in
sigmoidoscopy [24]. The USPSTF review of 11 randomized
clinical trials also found no significant adverse results from
CTC including perforation [45].

Radiation Dose In assessing the risk/benefit of CTC as a
mainstream screening test, potential harm from radiation must
be evaluated. The updated evidence report on CRC screening
by the USPSTF published in 2016 is summarized in articles
by Cardis and associates (2005) on risk of cancer with low-
dose radiation and by Brenner and associates (2007) on radi-
ation doses with CT [46, 47]. Although the USPSTF recom-
mended CTC as a screening exam for CRC, they concluded
that even though the radiation dose is small (sometimes up to
7 mSv), the cumulative radiation dose from 5-year intervals of
CTC screening could “convey a small excess risk” to devel-
oping cancer [6+¢]. The radiation dose currently recommended
by the ACR equates to half the amount of radiation used for
CT scans of the abdomen (10 mSv). This dose was set by the
American Association of Physicists in Medicine (AAPM), the
professional organization responsible for optimizing the
benefits/risks for patients undergoing medical radiation in
compliance with federal and state regulations [48]. The
AAPM more strongly states, “predictions of likelihood of re-
sultant cancer incidence in those screened by CTC are highly
speculative and are thus discouraged”. In addition, advances
in CT scanner technology since the ACRIN trial have resulted
in consistently reduced radiation doses [49+, 50]. In 2011,
Berrington de Gonzalez et al. conducted a risk-benefit analy-
sis of radiation-related cancer risks from CTC screening using
risk projection models based on biological effects of ionizing
Radiation (BEIR) VII [51]. Benefits were found to clearly
outweigh the radiation risks of developing cancer by a range
of 24:1-35:1.

Extracolonic Findings An additional concern in the use of
CTC is the potential harm to patients secondary to discovery
of extracolonic findings. The concern has been twofold, one
driven from the exposure of patients to downstream workups
and the other from the potential patient distress caused by false
positive findings, a factor to be considered in any screening
exam. Pickhardt et al. study of 2010 (n = 10, 286) detected
non-colonic malignancy in 0.35% of CTC screening exami-
nations [52]. More recently, in 2015, Pooler and associates
published the results of 7952 asymptomatic first-time CTC
screening adults. Extracolonic findings were noted in only
2-3%; but 68% of those were clinically significant, e.g.,

malignancies and aneurysms [53¢¢]. The USTSPF 2016 final
report summarized the review of the aforementioned articles,
along with 20 additional articles, stating extracolonic findings
in CTC screening were common, occurring in 40-70% with
5-37% of these requiring diagnostic testing. As found in mul-
tiple studies, only ~3% needed definitive medical or surgical
treatment. The treated 3% could be argued as beneficial to
patients, not harmful.

Three studies from 2012 to 2014 attempted to evaluate the
potential harm to patients from mental distress related to
extracolonic findings of CTC screening. Plumb and associates
evaluated patient and provider tolerance for incidentally dis-
covered extracolonic findings secondary to CTC screening for
CRC [54e¢]. They concluded that both patients and healthcare
providers found the workups of incidental extracolonic find-
ings acceptable in exchange for diagnosing an occasional ma-
lignancy. Von Wagner and associates evaluated the acceptance
and psychological consequences of CTC as compared to OC
in a randomized multicenter clinical trial of symptomatic pa-
tients [55]. The study looked at both short- and long-term
results and found CTC more acceptable to patients in the short
term and no significant difference in the long term; therefore,
the harm from distress is no greater for CTC than OC per this
study. Zafar et al. evaluated the utilization of CTC in the
Medicare population in 2013. Their study also revealed that
the elderly have increased fear and anxiety associated with
more invasive forms of CRC screening and may find CTC
more acceptable [56]. All in all, studies to date do not support
concerns of psychological harms to screening patients greater
that the current gold standard, optical colonoscopy.

Extracolonic findings can also result in increased overall
costs to screening. Low cost is a core principle of screening
initiatives taken into consideration by many healthcare policy
makers and experts in population health management.
Pyenson and associates evaluated the cost differential of
CTC and OC in the Medicare population by modeling several
scenarios for additional testing due to extracolonic findings,
follow-up, and outcomes. Results revealed CTC to be 29%
less costly than OC. The degree of cost advantage varied be-
tween scenarios, but was always positive for CTC screening
[57+¢]. Additional action taken by the ACR to help avoid both
inappropriate and potentially immense costs associated with
incidental extracolonic findings was to adopt the E-RADS or
extracolonic categorization schemata as an appendix to C-
RADS (Table 2) [17, 20]. E-RADs is based on documented
evidence-based outcomes and analysis of varied extracolonic
findings and their proven management schemata. In several
cases, that includes “no workup is indicated”.

Patient Acceptance Acceptance/tolerance by candidates is an
insurmountable factor in the success of a screening program.
Prior studies have concluded the elderly have increased anx-
iety, fear, and discomfort associated with invasive CRC

@ Springer



298

Curr Colorectal Cancer Rep (2017) 13:293-301

Table 2 Categorization and
management recommendations EO
for extracolonic findings, El
including examples

Limited examination. Compromised by artifact; evaluation of extracolonic soft tissues is severely limited.
Normal results or anatomic variant. No extracolonic abnormalities visible.

a. Anatomic variant, e.g., retroaortic left renal mass.

E2  Clinically unimportant finding. No workup indicated. Examples:

a. Liver, kidney: simple cysts

b. Gallbladder: cholelithiasis without cholecystitis

c. Vertebra: hemangioma

E3  Likely unimportant finding, incompletely characterized. Subject to local practice and patient preference,
workup may be indicated. Examples:

a. Kidney: minimally complex or homogeneously hyperattenuating cyst

E4  Potentially important finding. Communicate to referring physician as per accepted practice guidelines.

a. Kidney: solid renal mass
b. Lymphadenopathy

c. Vasculature: aortic aneurysm

d. Lung: non-uniformly calcified parenchymal nodule >1 cm

This system was established by Zalis et al. and adopted by the American College of Radiology: Yee J, Chang K1J,
Dachman AH, Kim DH, McFarland EG, Pickhardt PJ et al. The Added Value of the CT Colonography Reporting
and Data System. J Am Coll Radiol. 2016;13(8):931-5. doi:10.1016/j.jacr.2016.04.03 1., with permission from

the American College of Radiology ®

screening exams and may prefer CTC [55, 56]. Also, the el-
derly are more likely to have incomplete OC necessitating an
alternative CRC screening exam. The 2013 study by Zafar and
associates studied the utilization of CTC in Medicare patients
2 years prior to the denial of coverage in 2009 by the CMS.
They concluded when CTC was reimbursable, at least 1/3 of
the 10,538 asymptomatic Medicare beneficiaries chose CTC
over OC. The remaining 2/3 predominantly underwent CTC
due to incomplete OC. They also found that women may
prefer CTC related to fear of OC, but also that provider pref-
erence may play a role in the decision [56]. Several studies
have looked at the benefit of navigators in CTC compliance in
the most at risk population for CRC, the low income and
minority populations [58-61]. A significant increase in suc-
cessful screening completion was observed and thought to be
related to an improved understanding of CTC requirements by
the screening candidates.

Reimbursement Incumbent to the successful role of CTC as a
screening exam for asymptomatic candidates is a low to no out
of pocket expense. Currently, screening colonoscopy is a cov-
ered service by many commercial insurances across the USA.
It is best to confirm coverage in each local environment.
Coverage determination for various insurers can be found
posted online by different healthcare advocacy groups includ-
ing the ACR and ACS [62¢, 63]. Screening exams approved
by the CMS require no co-pay from the candidate per the
Affordable Healthcare Act [64]. The CMS, however, has not
approved national coverage for CTC as a screening exam.
Alternatively, CMS approves the use of CTC as a diagnostic
tool, including surveillance, for patients unable to complete
OC under specific circumstances: an obstructing neoplasm,
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intrinsic scarring/stricture, aberrant anatomy, obstruction from
prior surgery, radiation risk, diverticular disease, extrinsic
compression, or patient safety. An OC of the colon must have
been attempted or there must be documentation of a patient
safety issue preventing an attempt of OC before the CMS will
reimburse diagnostic CTC studies [65¢].

Conclusion CTC has continued to grow in acceptance in the
medical community through supportive evidence-based out-
comes. Although the USPSTF suggested more trials or obser-
vational studies on the significance of extracolonic findings
are needed, they too found current data on CTC strong enough
to support and fully recommend CTC as an exam to screen
average and moderate risk candidates for colorectal cancer.
CT colonography has an appeal to certain screening candi-
dates that otherwise would not have screened and thus has a
definite positive role to play in the effort to decrease the “slow
to change” and unnecessarily high colorectal cancer rates and
cancer deaths through screening and detection of precancer-
ous polyps and cancers. The lack of complete financial cov-
erage for CTC is a hindrance to its effectiveness as a CRC
screening exam, but this may change as many healthcare or-
ganizations and CRC advocacy groups are uniting in petition-
ing CMS to allow national coverage.

Compliance with Ethical Standards

Conflict of Interest Vasantha Vasan declares that she has no conflict of
interest.
Cecelia Brewington is a member of the CT Colonography Committee

for the American College of Radiology.


http://dx.doi.org/10.1016/j.jacr.2016.04.031

Curr Colorectal Cancer Rep (2017) 13:293-301

299

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

*« Of major importance

Johnson CD, Chen MH, Toledano AY, Heiken JP, Dachman A, Kuo
MD, et al. Accuracy of CT colonography for detection of large
adenomas and cancers. N Engl J Med. 2008;359(12):1207—17.
doi:10.1056/NEJM0a0800996

Levin B, Lieberman DA, McFarland B, Andrews KS, Brooks D,
Bond J, et al. Screening and surveillance for the early detection of
colorectal cancer and adenomatous polyps, 2008: a joint guideline
from the American Cancer Society, the US Multi-Society Task
Force on Colorectal Cancer, and the American College of
Radiology. Gastroenterology. 2008;134(5):1570-95. doi:10.1053/
j-gastro.2008.02.002.

Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW,
Epling JW, Garcia FA, et al. Screening for Colorectal Cancer: US
Preventive Services Task Force Recommendation Statement.
JAMA. 2016;315(23):2564-75. doi:10.1001/jama.2016.5989.
This statement by the US Preventive Services Task Force
strongly recommends colon cancer screening for adults
starting at age 50. The USPSTF also recommends CT
colonography as a safe and beneficial screening exam in
reducing the prevalence and mortality of colon cancer in the
population.

Lieberman D. Colorectal cancer screening: practice guidelines. Dig
Dis. 2012;30(Suppl 2):34-8. doi:10.1159/000341891.

Johnson CD, Herman BA, Chen MH, Toledano AY, Heiken JP,
Dachman AH, et al. The National CT Colonography Trial: assess-
ment of accuracy in participants 65 years of age and older.
Radiology. 2012;263(2):401-8. doi:10.1148/radiol.12102177.

Lin JS, Piper MA, Perdue LA, Rutter CM, Webber EM, O’Connor
E, et al. Screening for colorectal cancer: updated evidence report
and systematic review for the US Preventive Services Task Force.
JAMA. 2016;315(23):2576-94. doi:10.1001/jama.2016.3332.
This article reviews over 95 studies that have been conducted
for CT screening information since the USPSTF published their
original recommendation in 2008. The article reviews the test
performance of CT colonography to optical colonoscopy and
found that both exams provide equivalent results with CT
colonography having little to no risk of serious adverse events.
The article also evaluates the decreased radiation dose exposure
in CT screening exams (approximately 1-5 mSv).

U.S. Food and Drug Administration. FDA requires new safety mea-
sures for oral sodium phosphate products to reduce risk of acute
kidney injury. In: News & Events. U.S. Department of Health &
Human Services, U.S. Food & Drug Administration. 2008. http://
www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
2008/ucm116988.htm. Accessed Feb 9 2017.

Pooler BD, Baumel MJ, Cash BD, Moawad FJ, Riddle MS, Patrick
AM, et al. Screening CT colonography: multicenter survey of pa-
tient experience, preference, and potential impact on adherence.
AJR Am J Roentgenol. 2012;198(6):1361-6. doi:10.2214/AJR.
11.7671.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.ee

20.

21.

2200

McFarland EG, Fletcher JG, Pickhardt P, Dachman A, Yee J,
McCollough CH, et al. ACR Colon Cancer Committee white paper:
status of CT colonography 2009. J] Am Coll Radiol. 2009;6(11):
756-772 e4. doi:10.1016/j.jacr.2009.09.007.

Almond LM, Bowley DM, Karandikar SS, Roy-Choudhury SH.
Role of CT colonography in symptomatic assessment, surveillance
and screening. Int J Color Dis. 2011;26(8):959-66. doi:10.1007/
s00384-011-1178-8.

ACR Colon Cancer Committee of the Comission on General Small
and Rural Practice. Practice Parameter for the Performance of
Computed Tomography (CT) Colonography in Adults (Resolution
2). In: The Process for Developing ACR Practice Parameters and
Technical Standards. American College of Radiology Diagnostic
Radiology: Computed Tomography (CT) Practice Parameters and
Technical Standards. 2014. https://www.acr.org/~/media/ACR/
Documents/PGTS/guidelines/CT _Colonography.pdf. Accessed
January 16 2017.

Rex DK, Johnson DA, Anderson JC, Schoenfeld PS, Burke CA,
Inadomi JM, et al. American College of Gastroenterology guide-
lines for colorectal cancer screening 2009 [corrected]. Am J
Gastroenterol. 2009;104(3):739-50. doi:10.1038/ajg.2009.104.
Pickhardt PJ, Kim DH, Pooler BD, Hinshaw JL, Barlow D, Jensen
D, et al. Assessment of volumetric growth rates of small colorectal
polyps with CT colonography: a longitudinal study of natural his-
tory. Lancet Oncol. 2013;14(8):711-20. doi:10.1016/S1470-
2045(13)70216-X.

Lieberman D, Moravec M, Holub J, Michaels L, Eisen G. Polyp
size and advanced histology in patients undergoing colonoscopy
screening: implications for CT colonography. Gastroenterology.
2008;135(4):1100-5. doi:10.1053/j.gastr0.2008.06.083.

Yoo TW, Park DI, Kim YH, Kim HS, Kim WH, Kim TI, et al.
Clinical significance of small colorectal adenoma less than 10
mm: the KASID study. Hepato-Gastroenterology. 2007;54(74):
418-21.

Butterly LF, Chase MP, Pohl H, Fiarman GS. Prevalence of clini-
cally important histology in small adenomas. Clin Gastroenterol
Hepatol. 2006;4(3):343-8. doi:10.1016/j.cgh.2005.12.021.

Zalis ME, Barish MA, Choi JR, Dachman AH, Fenlon HM,
Ferrucci JT, et al. CT colonography reporting and data system: a
consensus proposal. Radiology. 2005;236(1):3-9. doi:10.1148/
radiol.2361041926.

Kim DH, Pickhardt PJ. Colorectal cancer: managing diminutive
polyps-what is the optimal approach? Nat Rev Gastroenterol
Hepatol. 2011;8(3):129-31. doi:10.1038/nrgastro.2011.19.
Pickhardt PJ, Pooler BD, Mbah I, Weiss JM, Kim DH. Colorectal
findings at repeat CT colonography screening after initial CT
colonography screening negative for polyps larger than 5 mm.
Radiology, 2017. 282(1):139—48. doi:10.1148/radiol.2016160582.
Pickhardt’s article supports the evidence based screening
interval of 5-10 years for screening patients receiving a
negative initial CTC screening exam. The article also supports
the non-reporting management strategy for diminutive lesions
since cancer rates are very low in these lesions.

Pooler BD, Kim DH, Lam VP, Burnside ES, Pickhardt PJ. CT
Colonography Reporting and Data System (C-RADS): benchmark
values from a clinical screening program. AJR Am J Roentgenol.
2014;202(6):1232—7. doi:10.2214/AJR.13.11272.

Lieberman DA, Weiss DG, Bond JH, Ahnen DJ, Garewal H,
Chejfec G. Use of colonoscopy to screen asymptomatic adults for
colorectal cancer. Veterans Affairs Cooperative Study Group 380.
N Engl J Med. 2000;343(3):162-8. doi:10.1056/
NEJM200007203430301.

Yee J, Chang KJ, Dachman AH, Kim DH, EG MF, Pickhardt PJ,
et al. The added value of the CT colonography reporting and data
system. J Am Coll Radiol. 2016;13(8):931-5. doi:10.1016/j.jacr.
2016.04.031. Several experts in the field of CT colonography

@ Springer


http://dx.doi.org/10.1056/NEJMoa0800996
http://dx.doi.org/10.1053/j.gastro.2008.02.002
http://dx.doi.org/10.1053/j.gastro.2008.02.002
http://dx.doi.org/10.1001/jama.2016.5989
http://dx.doi.org/10.1159/000341891
http://dx.doi.org/10.1148/radiol.12102177
http://dx.doi.org/10.1001/jama.2016.3332
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2008/ucm116988.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2008/ucm116988.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2008/ucm116988.htm
http://dx.doi.org/10.2214/AJR.11.7671
http://dx.doi.org/10.2214/AJR.11.7671
http://dx.doi.org/10.1016/j.jacr.2009.09.007
http://dx.doi.org/10.1007/s00384-011-1178-8
http://dx.doi.org/10.1007/s00384-011-1178-8
https://www.acr.org/%7E/media/ACR/Documents/PGTS/guidelines/CT_Colonography.pdf
https://www.acr.org/%7E/media/ACR/Documents/PGTS/guidelines/CT_Colonography.pdf
http://dx.doi.org/10.1038/ajg.2009.104
http://dx.doi.org/10.1016/S1470-2045(13)70216-X
http://dx.doi.org/10.1016/S1470-2045(13)70216-X
http://dx.doi.org/10.1053/j.gastro.2008.06.083
http://dx.doi.org/10.1016/j.cgh.2005.12.021
http://dx.doi.org/10.1148/radiol.2361041926
http://dx.doi.org/10.1148/radiol.2361041926
http://dx.doi.org/10.1038/nrgastro.2011.19
http://dx.doi.org/10.1148/radiol.2016160582
http://dx.doi.org/10.2214/AJR.13.11272
http://dx.doi.org/10.1056/NEJM200007203430301
http://dx.doi.org/10.1056/NEJM200007203430301
http://dx.doi.org/10.1016/j.jacr.2016.04.031
http://dx.doi.org/10.1016/j.jacr.2016.04.031

300

Curr Colorectal Cancer Rep (2017) 13:293-301

23.

24.

25.

26.

27.»

28.

29.

30.

31

32.

33.

34.

express their support of C-RADS as a first step towards a stan-
dardized reporting system for the assessment and management
strategy of colonic and extracolonic findings with the potential
to evolve. The acceptance of C-RADS and E-RADS has been
adapted for the ACR’s CTC National Data Registry with the
potential of broad acceptance.

Cash BD, Riddle MS, Bhattacharya I, Barlow D, Jensen D, del Pino
NM, et al. CT colonography of a Medicare-aged population: out-
comes observed in an analysis of more than 1400 patients. AJR Am
J Roentgenol. 2012;199(1):W27-34. doi:10.2214/AJR.11.7729.
Regge D, lussich G, Senore C, Correale L, Hassan C, Bert A, et al.
Population screening for colorectal cancer by flexible sigmoidosco-
py or CT colonography: study protocol for a multicenter random-
ized trial. Trials. 2014;15:97. doi:10.1186/1745-6215-15-97.
Goldstein NS. Clinical significance of (sessile) serrated adenomas:
another piece of the puzzle. Am J Clin Pathol. 2005;123(3):329-30.
doi:10.1309/8H7M-UH9E-T9U2-1R2E.

Kim DH, Matkowskyj KA, Lubner MG, Hinshaw JL, Munoz Del
Rio A, Pooler BD, et al. Serrated polyps at CT colonography: prev-
alence and characteristics of the serrated polyp Spectrum.
Radiology. 2016;280(2):455-63. doi:10.1148/radiol.2016151608.
Coppola F, Regge D, Flor N, Papadopoulos D, Golfieri R. Flat
lesions missed at conventional colonoscopy (CC) and visualized
by CT colonography (CTC): a pictorial essay. Abdom Imaging.
2014;39(1):25-32. doi:10.1007/s00261-013-0052-2. This study
evaluates the experience of false negative findings incurred
with conventional colonoscopy that were simultaneously
positively identified by CT colonography and confirmed with
a second endoscopy. Coppola finds CT colonography is
comparable to colonoscopy as a screening exam.

Sakamoto T, Mitsuzaki K, Utsunomiya D, Matsuda K, Yamamura
S, Urata J, et al. Detection of flat colorectal polyps at screening CT
colonography in comparison with conventional polypoid lesions.
Acta Radiol. 2012;53(7):714-9. doi:10.1258/ar.2012.110685.
Pickhardt PJ, Lam VP, Weiss JM, Kennedy GD, Kim DH. Carpet
lesions detected at CT colonography: clinical, imaging, and patho-
logic features. Radiology. 2014;270(2):435-43. doi:10.1148/radiol.
13130812.

Park SH, Lee SS, Choi EK, Kim SY, Yang SK, Kim JH, et al. Flat
colorectal neoplasms: definition, importance, and visualization on
CT colonography. AJR Am J Roentgenol. 2007;188(4):953-9. doi:
10.2214/AJR.06.0436.

Utano K, Nagata K, Honda T, Mitsushima T, Yasuda T, Kato T,
et al. Diagnostic performance and patient acceptance of reduced-
laxative CT colonography for the detection of polypoid and non-
polypoid neoplasms: a multicenter prospective trial. Radiology.
2017;282(2):399-407. doi:10.1148/radiol.2016160320. This
study evaluates the comparable diagnostic accuracy in
neoplasms larger than 6 mm and the increased patient
acceptance rate for reduced-laxative CT colonography. Utano
also discusses CT colonography as an efficient triage examina-
tion for patients with a positive FIT. Higher patient acceptance
can lead to increased screening rates and detection of colonic
neoplasms.

lafrate F, Tussich G, Correale L, Hassan C, Regge D, Neri E, et al.
Adverse events of computed tomography colonography: an Italian
National Survey. Dig Liver Dis. 2013;45(8):645-50. doi:10.1016/j.
dld.2013.02.020.

Borden ZS, Pickhardt PJ, Kim DH, Lubner MG, Agriantonis DJ,
Hinshaw JL. Bowel preparation for CT colonography: blinded com-
parison of magnesium citrate and sodium phosphate for catharsis.
Radiology. 2010;254(1):138-44. doi:10.1148/radiol.09090398.
Keedy AW, Yee J, Aslam R, Weinstein S, Landeras LA, Shah JN,
et al. Reduced cathartic bowel preparation for CT colonography:
prospective comparison of 2-L polyethylene glycol and magnesium

@ Springer

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.-

citrate. Radiology. 2011;261(1):156—64. doi:10.1148/radiol.
11110217.

Cai W, Kim SH, Lee JG, Yoshida H. Informatics in radiology dual-
energy electronic cleansing for fecal-tagging CT colonography(1).
Radiographics. 2013;33(3):891-912. doi:10.1148/rg.333125039.
Cai W, Yoshida H. Electronic cleansing in CT colonography: past,
present, and future. In: Yoshida H, Cai W, editors. Virtual
Colonoscopy and Abdominal Imaging. Computational Challenges
and Clinical Opportunities: Second International Workshop, Held
in Conjunction with MICCAI 2010, Beijing, China, September 20,
2010, Revised Selected Papers. Berlin, Heidelberg: Springer Berlin
Heidelberg; 2011. p. 1-8.

Mahgerefteh S, Fraifeld S, Blachar A, Sosna J. CT colonography
with decreased purgation: balancing preparation, performance, and
patient acceptance. AJR Am J Roentgenol. 2009;193(6):1531-9.
doi:10.2214/AJR.09.2342.

Zalis ME, Blake MA, Cai W, Hahn PF, Halpern EF, Kazam IG,
et al. Diagnostic accuracy of laxative-free computed tomographic
colonography for detection of adenomatous polyps in asymptomat-
ic adults: a prospective evaluation. Ann Intern Med. 2012;156(10):
692-702. doi:10.7326/0003-4819-156-10-201205150-00005.
Jensch S, Bipat S, Peringa J, de Vries AH, Heutinck A, Dekker E,
et al. CT colonography with limited bowel preparation: prospective
assessment of patient experience and preference in comparison to
optical colonoscopy with cathartic bowel preparation. Eur Radiol.
2010;20(1):146-56. doi:10.1007/s00330-009-1517-0.

Shinners TJ, Pickhardt PJ, Taylor AJ, Jones DA, Olsen CH. Patient-
controlled room air insufflation versus automated carbon dioxide
delivery for CT colonography. AJR Am J Roentgenol. 2006;186(6):
1491-6. doi:10.2214/AJR.05.0416.

Burling D, Taylor SA, Halligan S, Gartner L, Paliwalla M, Peiris C,
et al. Automated insufflation of carbon dioxide for MDCT
colonography: distension and patient experience compared with
manual insufflation. AJR Am J Roentgenol. 2006;186(1):96—103.
doi:10.2214/AJR.04.1506.

Pendsé DA, Taylor SA. Complications of CT colonography: a re-
view. Eur J Radiol. 2013;82(8):1159—65. doi:10.1016/j.ejrad.2012.
04.011.

Stoop EM, de Haan MC, de Wijkerslooth TR, Bossuyt PM, van
Ballegooijen M, Nio CY, et al. Participation and yield of colonos-
copy versus non-cathartic CT colonography in population-based
screening for colorectal cancer: a randomised controlled trial.
Lancet Oncol. 2012;13(1):55-64. doi:10.1016/S1470-2045(11)
70283-2.

Fletcher JG, Silva AC, Fidler JL, Cernigliaro JG, Manduca A,
Limburg PJ, et al. Noncathartic CT colonography: image quality
assessment and performance and in a screening cohort. AJR Am J
Roentgenol. 2013;201(4):787-94. doi:10.2214/AJR.12.9225.

An S, Lee KH, Kim YH, Park SH, Kim HY, Kim SH, et al.
Screening CT colonography in an asymptomatic average-risk
Asian population: a 2-year experience in a single institution. AJR
Am J Roentgenol. 2008;191(3):W100-6. doi:10.2214/AJR.07.
3367.

Cardis E, Vrijheid M, Blettner M, Gilbert E, Hakama M, Hill C,
et al. Risk of cancer after low doses of ionising radiation: retrospec-
tive cohort study in 15 countries. BMJ. 2005;331(7508):77. doi:10.
1136/bmj.38499.599861.E0.

Brenner DJ, Hall EJ. Computed tomography—an increasing source
of radiation exposure. N Engl J Med. 2007;357(22):2277-84. doi:
10.1056/NEJMra072149.

The American Association of Physicists in Medicine. Mission,
Policies & Procedures. In: AAPM. The American Association of
Phisicists in Medicine. 2016. http://aapm.org/. Accessed January 17
2017.

Lambert L, Danes J, Jahoda J, Masek M, Lisy J, Ourednicek P.
Submilisievert ultralow-dose CT colonography using iterative


http://dx.doi.org/10.2214/AJR.11.7729
http://dx.doi.org/10.1186/1745-6215-15-97
http://dx.doi.org/10.1309/8H7M-UH9E-T9U2-1R2E
http://dx.doi.org/10.1148/radiol.2016151608
http://dx.doi.org/10.1007/s00261-013-0052-2
http://dx.doi.org/10.1258/ar.2012.110685
http://dx.doi.org/10.1148/radiol.13130812
http://dx.doi.org/10.1148/radiol.13130812
http://dx.doi.org/10.2214/AJR.06.0436
http://dx.doi.org/10.1148/radiol.2016160320
http://dx.doi.org/10.1016/j.dld.2013.02.020
http://dx.doi.org/10.1016/j.dld.2013.02.020
http://dx.doi.org/10.1148/radiol.09090398
http://dx.doi.org/10.1148/radiol.11110217
http://dx.doi.org/10.1148/radiol.11110217
http://dx.doi.org/10.1148/rg.333125039
http://dx.doi.org/10.2214/AJR.09.2342
http://dx.doi.org/10.7326/0003-4819-156-10-201205150-00005
http://dx.doi.org/10.1007/s00330-009-1517-0
http://dx.doi.org/10.2214/AJR.05.0416
http://dx.doi.org/10.2214/AJR.04.1506
http://dx.doi.org/10.1016/j.ejrad.2012.04.011
http://dx.doi.org/10.1016/j.ejrad.2012.04.011
http://dx.doi.org/10.1016/S1470-2045(11)70283-2
http://dx.doi.org/10.1016/S1470-2045(11)70283-2
http://dx.doi.org/10.2214/AJR.12.9225
http://dx.doi.org/10.2214/AJR.07.3367
http://dx.doi.org/10.2214/AJR.07.3367
http://dx.doi.org/10.1136/bmj.38499.599861.E0
http://dx.doi.org/10.1136/bmj.38499.599861.E0
http://dx.doi.org/10.1056/NEJMra072149
http://aapm.org

Curr Colorectal Cancer Rep (2017) 13:293-301

301

50.

51.

52.

5300

54,00

55.

56.

57 .00

reconstruction technique: a feasibility study. Acta radiologica.
2015;56(5):517-25. This study demonstrates the potential for
radiation doses in CT colonography to be less than 1 mSv in
both prone and supine imaging acquisitions. Decreased risk
and increased benefits for patient safety is essential in an effi-
cient CT colonography screening program.

Chang KJ, Yee J. Dose reduction methods for CT colonography.
Abdom Imaging. 2013;38(2):224-32. doi:10.1007/s00261-012-
9968-1.

Berrington de Gonzalez A, Kim KP, Knudsen AB, Lansdorp-
Vogelaar I, Rutter CM, Smith-Bindman R, et al. Radiation-related
cancer risks from CT colonography screening: a risk-benefit anal-
ysis. AJR Am J Roentgenol. 2011;196(4):816-23. doi:10.2214/
AJR.10.4907.

Pickhardt PJ, Kim DH, Meiners RJ, Wyatt KS, Hanson ME,
Barlow DS, et al. Colorectal and extracolonic cancers detected at
screening CT colonography in 10,286 asymptomatic adults.
Radiology. 2010;255(1):83—-8. doi:10.1148/radiol.09090939.
Pooler BD, Kim DH, Pickhardt PJ. Potentially important
extracolonic findings at screening CT colonography: incidence
and outcomes data from a clinical screening program. AJR
American journal of roentgenology. 2016;206(2):313-8. doi:10.
2214/AJR.15.15193. Pooler writes in support of the E-RADS
reporting system and the necessity of follow-up for category E4
findings that could prove to be clinically significant. Although
uncommon, extracolonic findings increase the patient’s stan-
dard of care and can aid in the surveillance or treatment of
once unknown findings.

Plumb AA, Boone D, Fitzke H, Helbren E, Mallett S, Zhu S, et al.
Detection of extracolonic pathologic findings with CT
colonography: a discrete choice experiment of perceived benefits
versus harms. Radiology. 2014;273(1):144-52. doi:10.1148/radiol.
14131678. This article demonstrates patient and provider
tolerance for extracolonic findings in order to diagnose an
occasional malignancy. Thus, strengthening the need for a
standardized reporting system such as E-RADS.

von Wagner C, Ghanouni A, Halligan S, Smith S, Dadswell E,
Lilford RJ, et al. Patient acceptability and psychologic conse-
quences of CT colonography compared with those of colonoscopy:
results from a multicenter randomized controlled trial of symptom-
atic patients. Radiology. 2012;263(3):723-31. doi:10.1148/radiol.
12111523.

Zafar HM, Yang J, Harhay M, Lev-Toaff A, Armstrong K.
Predictors of CT colonography utilization among asymptomatic
medicare beneficiaries. J Gen Intern Med. 2013;28(9):1208-14.
doi:10.1007/s11606-013-2414-4.

Pyenson B, Pickhardt PJ, Sawhney TG, Berrios M. Medicare cost
of colorectal cancer screening: CT colonography vs. optical colo-
noscopy. Abdom Imaging. 2015;40(8):2966-76. doi:10.1007/
500261-015-0538-1. Pyenson evaluates the cost effectiveness of
CT colonography screenings when compared to optical

58.

59.

60.

61.

62.¢

63.

64.

65.¢

colonoscopy. Lower expenses for Medicare patients can
increase screening rates for colon cancer.

Christie J, Itzkowitz S, Lihau-Nkanza I, Castillo A, Redd W,
Jandorf L. A randomized controlled trial using patient navigation
to increase colonoscopy screening among low-income minorities. J
Natl Med Assoc. 2008;100(3):278-84.

Percac-Lima S, Grant RW, Green AR, Ashburner JM, Gamba G,
Oo S, et al. A culturally tailored navigator program for colorectal
cancer screening in a community health center: a randomized, con-
trolled trial. J Gen Intern Med. 2009;24(2):211-7. doi:10.1007/
s11606-008-0864-x.

Lasser KE, Murillo J, Lisboa S, Casimir AN, Valley-Shah L,
Emmons KM, et al. Colorectal cancer screening among ethnically
diverse, low-income patients: a randomized controlled trial. Arch
Intern Med. 2011;171(10):906—12. doi:10.1001/archinternmed.
2011.201.

Dietrich AJ, Tobin JN, Robinson CM, Cassells A, Greene MA,
Dunn VH, et al. Telephone outreach to increase colon cancer
screening in medicaid managed care organizations: a randomized
controlled trial. Ann Fam Med. 2013;11(4):335-43. doi:10.1370/
afim.1469.

American Cancer Society. Medicare Coverage for Colorectal
Cancer Testing. In: Medicare Coverage for Cancer Precention
and Early Detection. American Cancer Society, Cancer Screening
Guidelines. 2017. https://www.cancer.org/healthy/find-cancer-
early/cancer-screening-guidelines/medicare-coverage-for-cancer-
prevention-and-early-detection.html. Accessed Jan 21 2017. The
ACS provides coverage information for Medicare patients in
different areas. Low financial costs beared by the patient can
lead to increased colon cancer screening rates.

American College of Radiology. Private Payer Coverage. In: CT
Colonography Resources American College of Radiology https:/
www.acr.org/Quality-Safety/Resources/CTC-Resources. Accessed
Jan 21 2017.

U.S. Department of Health & Human Services. 15 Covered
Preventive Services for Adults. In: Preventive Services Covered
Under the Affordable Care Act. U.S. Department of Health &
Human Services. 2010. https://www.hhs.gov/healthcare/facts-and-
features/fact-sheets/preventive-services-covered-under-aca/#.
Accessed Jan 21 2017.

Centers for Medicare & Medicaid Services. Local Coverage
Determination (LCD): Virtual Colonoscopy (CT Colonography)
(L34055). Centers for Medicare & Medicaid Services. 2015.
https://www.cms.gov/medicare-coverage-database/details/lcd-
details.aspx?LCDId=34055&ver=4&Date=&DoclID=
L34055&bc=iAAAABAAAAAAAA%3d%3d&. Accessed
Jan 21 2017. Medicare services continues to deny coverage for
CTC studies unless an attempted optical colonoscopy or a
patient safety issue prevents a successful colonoscopy
screening. Allowing multiple options for patients to choose
from can lead to increased rates and compliance with
screening programs.

@ Springer


http://dx.doi.org/10.1007/s00261-012-9968-1
http://dx.doi.org/10.1007/s00261-012-9968-1
http://dx.doi.org/10.2214/AJR.10.4907
http://dx.doi.org/10.2214/AJR.10.4907
http://dx.doi.org/10.1148/radiol.09090939
http://dx.doi.org/10.2214/AJR.15.15193
http://dx.doi.org/10.2214/AJR.15.15193
http://dx.doi.org/10.1148/radiol.14131678
http://dx.doi.org/10.1148/radiol.14131678
http://dx.doi.org/10.1148/radiol.12111523
http://dx.doi.org/10.1148/radiol.12111523
http://dx.doi.org/10.1007/s11606-013-2414-4
http://dx.doi.org/10.1007/s00261-015-0538-1
http://dx.doi.org/10.1007/s00261-015-0538-1
http://dx.doi.org/10.1007/s11606-008-0864-x
http://dx.doi.org/10.1007/s11606-008-0864-x
http://dx.doi.org/10.1001/archinternmed.2011.201
http://dx.doi.org/10.1001/archinternmed.2011.201
http://dx.doi.org/10.1370/afm.1469
http://dx.doi.org/10.1370/afm.1469
https://www.cancer.org/healthy/find-cancer-early/cancer-screening-guidelines/medicare-coverage-for-cancer-prevention-and-early-detection.html
https://www.cancer.org/healthy/find-cancer-early/cancer-screening-guidelines/medicare-coverage-for-cancer-prevention-and-early-detection.html
https://www.cancer.org/healthy/find-cancer-early/cancer-screening-guidelines/medicare-coverage-for-cancer-prevention-and-early-detection.html
https://www.acr.org/Quality-Safety/Resources/CTC-Resources
https://www.acr.org/Quality-Safety/Resources/CTC-Resources
https://www.hhs.gov/healthcare/facts-and-features/fact-sheets/preventive-services-covered-under-aca/
https://www.hhs.gov/healthcare/facts-and-features/fact-sheets/preventive-services-covered-under-aca/
https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId=34055&ver=4&Date=&DocID=L34055&bc=iAAAABAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId=34055&ver=4&Date=&DocID=L34055&bc=iAAAABAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId=34055&ver=4&Date=&DocID=L34055&bc=iAAAABAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId=34055&ver=4&Date=&DocID=L34055&bc=iAAAABAAAAAAAA%3d%3d&

	The Role of CT Colonography as a Screening Tool for Colorectal Cancer
	Abstract
	Introduction
	Exam Preparation
	Exam Performance
	Safety
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



