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OLORECTAL CANCER IS A MA-
jor public health issue that has
received much attention in re-
cent years. Conventional colo-
noscopy is widely accepted as the best
available method for detection and ex-
clusion of precursor lesions, with the ad-
vantage that most can be removed at the
same examination."? However, there is

See also p 1772.
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Context Conventional colonoscopy is the best available method for detection of co-
lorectal cancer; however, it is invasive and not without risk. Computed tomographic
colonography (CTC), also known as virtual colonoscopy, has been reported to be rea-
sonably accurate in the diagnosis of colorectal neoplasia in studies performed at ex-
pert centers.

Objective To assess the accuracy of CTC in a large number of participants across
multiple centers.

Design, Setting, and Participants A nonrandomized, evaluator-blinded, nonin-
feriority study design of 615 participants aged 50 years or older who were referred for
routine, clinically indicated colonoscopy in 9 major hospital centers between April 17,
2000, and October 3, 2001. The CTC was performed by using multislice scanners im-
mediately before standard colonoscopy; findings at colonoscopy were reported be-
fore and after segmental unblinding to the CTC results.

Main Outcome Measures The sensitivity and specificity of CTC and conventional
colonoscopy in detecting participants with lesions sized at least 6 mm. Secondary out-
comes included detection of all lesions, detection of advanced lesions, possible tech-
nical confounders, participant preferences, and evidence for increasing accuracy with
experience.

Results A total of 827 lesions were detected in 308 of 600 participants who under-
went both procedures; 104 participants had lesions sized at least 6 mm. The sensitivity of
CTC for detecting participants with 1 or more lesions sized at least 6 mm was 39.0%
(95% confidence interval [Cl], 29.6%-48.4%) and for lesions sized at least 10 mm, it
was 55.0% (95% Cl, 39.9%-70.0%). These results were significantly lower than those
for conventional colonoscopy, with sensitivities of 99.0% (95% Cl, 97.1%->99.9%) and
100%, respectively. A total of 496 participants were without any lesion sized at least 6
mm. The specificity of CTC and conventional colonoscopy for detecting participants with-
out any lesion sized at least 6 mm was 90.5% (95% Cl, 87.9%-93.1%) and 100%, re-
spectively, and without lesions sized at least 10 mm, 96.0% (95% Cl, 94.3%-97.6%)
and 100%, respectively. Computed tomographic colonography missed 2 of 8 cancers.
The accuracy of CTC varied considerably between centers and did not improve as the
study progressed. Participants expressed no clear preference for either technique.

Conclusions Computed tomographic colonography by these methods is not yet ready
for widespread clinical application. Techniques and training need to be improved.
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consumer resistance to colonoscopy,
which may be perceived as invasive and
not without risk. There is a need for sim-
pler screening methods that would al-
low colonoscopy to be used more selec-
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tively and efficiently.>* Computed
tomographic colonography (CTC),
sometimes called virtual colonoscopy,
is a promising candidate.>® Computed
tomographic colonography involves he-
lical computed tomographic scanning
of the colon after cathartic preparation
and colonic distension. Several single-
center studies have reported sensitivi-
ties of more than 90% for detection of
lesions sized 10 mm or more,'*! but
other studies reported lower data rang-
ing from 61% to 78%.'*'" The largest re-
cent single-center study reported poor
results and considerable variation be-
tween readers, with sensitivities of 32%,
34%, and 72%.'® Although detection
(and exclusion) of all lesions is the ul-
timate goal, the key screening param-
eter is the ability to detect participants
with clinically significant lesions be-
cause the detection of any lesion would
lead logically to colonoscopy, which
should detect nearly all lesions. The defi-
nition of a clinically significant lesion is
important. Most physicians agree that it
is crucial not to miss participants with
lesions sized more than 10 mm in di-
ameter and it is desirable to detect all le-
sions sized more than 6 mm. Studies
have reported CTC sensitivities of 85%,
90%, 96%, and 100% for the detection
of participants with lesions sized at least
10 mm and sensitivities of 84%, 88%,
93%, and 94% with the threshold at 6
mm.'"'2*1 Most of these studies were
initiated by committed radiologists,
many of them pioneers in the tech-
nique, and were restricted to single
centers. To be valuable as a screening
tool, CTC must perform well in rou-
tine practice. Our goal was to assess the
accuracy of CTC in a large number of
participants across multiple centers.
Since this study was completed, good
results have been reported from a study
conducted in 3 US Armed Services
Hospitals."

METHODS

Study Design

The study was a nonrandomized, evalu-
ator-blinded, noninferiority design in
which each participant underwent CTC
followed up with conventional colonos-
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copy within 2 hours. Participants aged
50 years or older who were scheduled for
a clinically indicated elective conven-
tional colonoscopy were invited to par-
ticipate. The study did not include a
screening population and excluded par-
ticipants who had undergone colonos-
copy within 3 years. Participants were in-
structed to consume a clear liquid diet
(a minimum of 8 oz of liquids every
hour) for 24 hours before the CTC ex-
amination, and 45 mL of laxative (C. B.
Fleet Company Inc, Lynchburg, Va) in
8 oz of cold water. Another 45 mL of the
laxative was consumed on the day of
the examinations. The radiologist dis-
tended the colon with room air or car-
bon dioxide (by hand pump or auto-
matic insufflator) and obtained a
standard computed tomography (CT)
scout film to determine adequate bowel
distension. Participants were not given
oral or intravenous contrast media or
smooth muscle relaxants. Imaging was
performed by using 2-section and 4-sec-
tion CT scanners. A nominal slice width
of 2.5 mm and a reconstruction incre-
ment of 1.5 mm were used for Picker and
Siemens software (Picker International
Inc, Cleveland, Ohio, and Siemens Medi-
cal Solutions, Iselin, NJ). Sites with Gen-
eral Electric (GE Medical Systems,
Waukesha, Wis) equipment used a
nominal slice thickness of 5.0 mm and
a reconstruction increment of 1.0 mm.
Complete scans of the colon were per-
formed in the prone and supine posi-
tions, each in a single breath hold. Scans
were read in 2-dimensional slices, and
when necessary by focal 3-dimensional
snapshot reconstructions. The radiolo-
gists (DJ.V.,, W.CS.,,KK K., SA. CB,
M.A.T., ARW.,, RB.I, HB.) recorded
their interpretations in 5 sealed enve-
lopes, 1 each for the following colon seg-
ments: the rectum and sigmoid, descend-
ing colon and splenic flexure, transverse
colon and hepatic flexure, ascending co-
lon, and the cecum. Endoscopists were
blinded to the CTC results during inser-
tion of the colonoscope. The colon was
examined on withdrawal, with the re-
sults recorded for each segment. After
each segment was examined and the re-
sults recorded, the CTC results for that

segment were revealed to the endosco-
pist, allowing immediate reexamina-
tion for any discrepancy. This tech-
nique of “segmental unblinding” has
been used in other studies.’* The ra-
diologists and endoscopists were in-
structed to record the adequacy of the
bowel preparation (presence of fluid or
stool) for each colon segment as well as
the level of confidence for each de-
tected polyp and each colon segment.
Confidence data were recorded as de-
terminate or indeterminate. Full 3-di-
mensional automated video reconstruc-
tions (3-dimensional “fly-throughs”)
were examined later by the same radi-
ology readers without referring back to
their initial 2-dimensional reviews. The
3-dimensional fly-through results were
included in the secondary analyses. A
preference questionnaire was sent home
with each participant with instructions
to return the completed form to the clini-
cal center within 48 hours.

The protocol was approved by the in-
stitutional review board at each par-
ticipating center, and all participants
provided written informed consent. An
independent data and safety monitor-
ing committee was assembled to re-
view participant safety and progress of
the study.

Criterion Standard

The criterion standard for the diagno-
sis of lesions was defined as a combi-
nation of the initial findings of conven-
tional colonoscopy, any additional
findings on conventional colonos-
copy after segmental unblinding to the
CTC reports, and the results of addi-
tional diagnostic tests performed at a
later date when clinically indicated. This
means that the positive predictive value
for conventional colonoscopy was 100%
by definition. Lesion size was defined
by measurement of any removed le-
sion (before fixation) or, if the polyp
was not retrieved, by comparison with
biopsy forceps during colonoscopy. The
data from each participant were re-
viewed by 2 independent evaluators
(V.L.D,,Y.Y.P.) by using a matching al-
gorithm, depending on the size and lo-
cation of each identified lesion. Le-

©2004 American Medical Association. All rights reserved.



Patent Owner's Ex. 2014, Page 3

sions found at CTC and conventional
colonoscopy were considered to be the
same lesion (ie, true matches) if their
sizes agreed within 50% and if they were
in the same or adjacent segments.

Setting

Nine clinical centers (8 in the United
States and 1 in England) were re-
cruited in which there were gastroen-
terologists and radiologists who agreed
to collaborate in the study. Each center
was limited to 3 named endoscopists and
2 radiologists. Radiologists were re-
quired to have performed at least 10
CTC procedures. Optical disks of 5 of
their examinations performed accord-
ing to protocol procedures were mailed
to a central panel of radiologists for re-
view of image quality, not diagnostic ac-
curacy, before starting the study.

Outcome Measures

The primary outcome measure was the
sensitivity and specificity of CTC (e,
the initial radiologist’s report, without
any later fly-through data) and con-
ventional colonoscopy in identifying
participants with and without lesions
sized at least 6 mm.

Secondary outcome measures in-
cluded the correct detection rate for le-
sions of any size for CTC and conven-
tional colonoscopy, the detection of
advanced lesions, the positive and nega-
tive predictive values for CTC and con-
ventional colonoscopy, fly-through
data, effect of increasing experience
with reading the CTC images, and par-
ticipant preferences for CTC vs con-
ventional colonoscopy.

Statistical Considerations

The goal of the study was to assess
whether the differences between the
sensitivity and specificity of CTC and
conventional colonoscopy in the de-
tection of colorectal lesions were small
enough to use CTC as a tool for the di-
agnosis of colorectal lesions. Because
both CTC and conventional colonos-
copy were performed on the same par-
ticipant, McNemar paired-sample test
approach was used for the calculation
of the sample size.?®?' Assuming the

©2004 American Medical Association. All rights reserved.
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sensitivity (and specificity) of conven-
tional colonoscopy was 95% (and 98%)
for identifying participants with (and
without) at least 1 lesion sized at least
6 mm, 248 participants with at least 1
lesion sized at least 6 mm were neces-
sary to assess the sensitivity of the CTC
(power=90%). Approximately 160 par-
ticipants were required to assess the
specificity of CTC. Assuming a 6-mm
or more lesion prevalence of 25% and
a dropout rate of 5%, approximately
1050 participants were required for en-
rollment.

The data were processed, managed,
and analyzed by the Clinical Innova-
tion Group. Statistical analyses were
conducted using SAS version 8.2 (SAS
Institute, Cary, NC).

RESULTS

Recruitment was slower than ex-
pected. For this reason, the study was
stopped after 615 participants were en-
rolled between April 17, 2000, and Oc-
tober 3, 2001. Mean (SD) age of the par-
ticipants was 01 years (8.34 years); 45%
were men, 87% were white, and 13.5%
had a history of colon polyps. Reasons
for colonoscopy included overt and oc-
cult rectal bleeding, change in stool
habit, abdominal pain, and surveil-
lance after polypectomy. Six hundred
three participants underwent CTC, 602
had conventional colonoscopy, and 600
had both procedures. Recruitment var-
ied widely between centers, from 10 to
188 participants per center.

Lesions

By the criterion standard, a total of 827
true lesions were detected. In order of
frequency, these lesions were found in
the sigmoid colon (30.7%), rectum
(17.2%), ascending colon (17.2%),
transverse (10.5%), descending (9.9%),
cecum (7.5%), hepatic flexure (5.3%),
and splenic flexure (1.7%). The le-
sions were detected in 308 partici-
pants (51%), varying from 1 to 20 le-
sions per participant. Of the total 827
lesions, 654 (79.1%) were 1 to 5 mm,
119 (14.4%) were 6 to 9 mm, and 54
(6.5%) were at least 10 mm. There were
29 advanced lesions of more than 6 mm

in diameter (19 adenomas with vil-
lous features, 2 with high-grade dys-
plasia, and 8 cancers).

Primary Outcome

One hundred four participants had at
least 1 lesion sized at least 6 mm. The
CTC identified 41 of these partici-
pants (sensitivity, 39.0%; 95% CI,
29.6%-48.4%), whereas conventional
colonoscopy identified 103 (sensitiv-
ity, 99.0%; 95% CI, 97.1%->99.9%).
Four hundred ninety-six participants
were without any lesion sized at least
6 mm. The CTC identified 449 of these
participants (specificity, 90.5%; 95% CI,
87.9%-93.1%), whereas conventional
colonoscopy identified all of them
(specificity, 100%).

Secondary Outcomes

The sensitivity and specificity of CTC
and conventional colonoscopy for de-
tecting participants with lesions were
assessed also for other lesion sizes
(TABLE 1). The sensitivity of CTC for
detecting participants with lesions sized
at least 10 mm was 55.0% (95% ClI,
39.9%-70.0%), substantially less than
conventional colonoscopy (sensitiv-
ity, 100%). For detecting participants
without lesions sized at least 10 mm,
the specificity for CTC was 96.0% (95%
CI, 94.3%-97.6%) and 100% for con-
ventional colonoscopy. The sensitiv-
ity of CTC for detecting participants
with advanced lesions was 64%; 2 of 8
cancers were missed (a 17-mm lesion
in the rectum and a 7-mm lesion in the
ascending colon).

Colonoscopy reached the cecum in
98.5% of participants. The CTC and ini-
tial conventional colonoscopy exami-
nations both failed to detect 2 large le-
sions (2.0 cm in the transverse colon
and 4.3 cm in the rectum, which were
both found by surgery); both of these
patients had other lesions sized at least
10 mm that were detected by conven-
tional colonoscopy. Conventional colo-
noscopy also missed one 7-mm lesion
in the sigmoid colon and 19 lesions of
1 to 5 mm. In 95 participants (16%),
immediate endoscopic evaluation was
needed after opening the envelope with
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]
Table 1. Detection of Participants With and Without Lesions*

Initial Conventional Colonoscopy

Computed Tomographic Colonography

True Total No. of [ ] ]
Lesion Participants No. of Participants Sensitivity, % No. of Participants Sensitivity, %
Size, mm With Lesions With Detected Lesions (95% ClI) With Detected Lesions (95% Cl)
=61 104 103 99.0 (97.1->99.9) 41 39.0 (29.6-48.4)
=10 42 42 100 23 55.0 (39.9-70.0)
6-9 76 75 98.6 (95.9->99.9) 23 30.0 (19.7-40.3)
1-5 274 265 96.7 (94.6-98.8) 37 13.5(9.5-17.5)
Initial Conventional Colonoscopy Computed Tomographic Colonography
True Total No. of [ ] ]
Lesion Participants No. of Participants Specificity, % No. of Participants Specificity, %
Size, mm Without Lesions Without Detected Lesions (95% ClI) Without Detected Lesions (95% ClI)
=61 496 496 100 449 90.5 (87.9-93.1)
=10 558 558 100 535 96.0 (94.3-97.6)
6-9 524 524 100 488 93.1 (90.9-95.2)
1-5 326 326 100 295 90.5 (87.3-93.7)

Abbreviation: Cl, confidence interval.

*Participants with multiple lesions are represented in more than 1 size category.

TPrimary outcome.

Table 2. Detection of Individual Lesions

Initial

Computed Tomographic

Conventional Colonoscopy Colonography

[ | [ 1

True Criterion No. of No. of

Lesion Standard Detected Sensitivity, % Detected Sensitivity, %
Size, mm  (No. of Lesions) Lesions (95% ClI) Lesions (95% ClI)

=6 173 170 98.0 (95.9->99.9) 55 32.0 (25.0-38.9)
=10 54 52 96.0 (90.8->99.9) 28 52.0 (38.7-65.3)
6-9 119 118 99.0 (97.2->99.9) 27 22.7 (15.2-30.2)
1-5 654 635 97.0 (95.7-98.3) 50 7.64 (5.60-9.68)

Abbreviation: Cl, confidence interval.

the segmental CTC report. This re-
vealed 15 lesions in 13 participants. One
was the 7-mm lesion noted and the
other remaining lesions were 1 to 5 mm
in size. In these 95 participants, 88%
of the lesions reported by the CTC were
false-positive. The CTC correctly iden-
tified 55 of 173 lesions sized at least 6
mm (sensitivity, 32.0%; 95% ClI,
25.0%-38.9%), whereas conventional
colonoscopy identified 170 lesions (sen-
sitivity, 98.0%; 95% CI, 95.9%-
>99.9%) (TABLE 2). For lesions sized
atleast 10 mm, sensitivities were 52.0%
(95% CI, 38.7%-65.3%) and 96.0%
(95% CI, 90.8%->99.9%) for CTC
and conventional colonoscopy, re-
spectively.

Radiologists used 3-dimensional
snapshots for trouble-shooting in 60%
of the cases in which lesions were sus-
pected. The rate of correct lesion iden-
tification was 28% when snapshots were
used and 13% when they were not used.

1716
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Technical issues that might affect in-
terpretation were analyzed. Several cen-
ters reported anecdotally that CTC in-
terpretation was hindered by colon fluid
but the data did not confirm this as a
major issue. The CTC identified 14%
of the lesions when preparation was
rated optimal (small amount of fluid)
and 10% when suboptimal (large
amount of fluid or stool). There were
no obvious differences with the type of
colon distension (hand-pump or insuf-
flator, air or carbon dioxide), pres-
ence or absence of diverticula, or
whether the radiologist rated the re-
port as confident.

Fly-through data were analyzed at a
later date by the same radiology read-
ers without referring back to their ini-
tial 2-dimensional review. The sensi-
tivity and specificity for detecting
participants with and without at least
1 lesion sized at least 6 mm were 45.0%
(95% CI, 35.4%-54.6%) and 93.0%

(95% CI, 90.8%-95.2%), respectively
(TABLE 3). The sensitivity for detec-
tion of individual lesions was 15% for
any size and 36.4% for those lesions
sized at least 6 mm. Incorporating the
fly-through data with the initial evalu-
ation increased the sensitivity of CTC
for the primary outcome (detection of
participants with lesions =6 mm) by
17% to 56% but reduced specificity by
5%. For participants with lesions sized
at least 10 mm, the fly-through data in-
creased the sensitivity by 12% to 67%,
and decreased the specificity by 1%.

The positive predictive values for
conventional colonoscopy detection of
lesions and participants were both 100%
by definition because the conven-
tional colonoscopy result was part of the
criterion standard. The positive pre-
dictive values for CTC detection of
lesions and participants and the nega-
tive predictive values for both proce-
dures are shown in TABLE 4. The posi-
tive predictive value for CTC detection
of participants with lesions sized at least
6 mm was 46.6% (95% CI, 42.9%-
50.3%), and for those participants with
lesions sized at least 10 mm was 50.0%
(95% Cl, 35.6%-64.4%). Negative pre-
dictive values for participants identi-
fied as not having a lesion sized at least
6 mm were 87.7% (95% CI, 84.9%-
90.5%) for CTC and 99.8% (95% CI,
99.4%->99.9%) for conventional colo-
noscopy.

©2004 American Medical Association. All rights reserved.
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Analysis of all cases across all sites by
sequential accrual blocks of 10 partici-
pants showed no evidence for in-
creased accuracy of CTC later in the
study for participants with or without
a lesion sized at least 6 mm (P=.08) or
forlesions sized atleast 10 mm (P=.72).

Of the 518 preference questionnaires
that were returned to the clinical cen-
ters, 46% of the participants preferred
CTC, 41% preferred conventional colo-
noscopy, and 13% had no preference.
Participants were also asked to rate their
experience compared with what they ex-
pected. For CTC, 62% stated that the
procedure was better or much better than
anticipated, 23% stated it was as antici-
pated, and 14% stated worse or much
worse than anticipated. The respective
data for conventional colonoscopy were
71%, 23%, and 6%. The respective rat-
ings for the bowel preparation were 50%,
32%, and 18%.

COMPUTED TOMOGRAPHIC COLONOGRAPHY (VIRTUAL COLONOSCOPY)

Minor adverse events were experi-
enced by 14 participants (2.3%). These
included 1 episode of mild bleeding af-
ter polypectomy and 8 cases in which
lesions of possible clinical relevance
were observed outside of the colon on
the CT scans.

COMMENT

The main result of this study was sur-
prising and disappointing. The pri-
mary outcome measure, the sensitiv-
ity of CTC for the detection of
participants with lesions sized at least
6 mm, was only 39% and was not much
higher (55%) with a threshold of 10
mm. These data contrast remarkably
with many other studies, almost all of
which come from single-center stud-
ies in which the lead author was a ra-
diologist. An obvious question is
whether the radiologists in our study
were sufficiently experienced. All were

well trained and experienced in CT ab-
dominal imaging. They had to have per-
formed atleast 10 CTC cases and have
5 recorded procedures reviewed cen-
trally for quality, but not accuracy, be-
fore starting the study. Only 1 of the
centers had substantial prior involve-
ment with the technique. It contrib-
uted the most participants (n=184) and
had the best results, with a primary out-
come sensitivity of 82%. These data
were very similar to previous data pub-
lished from the same center." The sen-
sitivity for all other centers combined
was only 24%, with no correlation be-
tween increasing experience and accu-
racy. Analysis of all the data in sequen-
tial blocks of 10 did not show any
progressive improvement in accuracy
as the number of cases increased (ie, no
evidence of a “learning curve”). How-
ever, because there was no formal feed-
back to the participating radiologists

Table 3. Results of Fly-Through Interpretations

Criterion Standard
(No. of Per Participant Sensitivity Per Participant Specificity Per Lesion Sensitivity
Participants) I 1 1 1
1 No.ofParticipants No. of Participants No. of
Lesion True True With Detected Sensitivity, %  Without Detected  Specificity, %  Total No. Detected Sensitivity, %
Size,mm Positive Negative Lesions (95% Cl) Lesions (95% Cl) of Lesions Lesions (95% Cl)
=6 104 496 47 45.0 (35.4-54.6) 462 93.0 (90.8-95.2) 173 63 36.4 (29.2-43.6)
=10 42 558 25 59.5 (44.7-74.3) 547 98.0 (96.8-99.2) 54 30 55.6 (42.3-68.9)
6-9 76 524 27 35.5 (24.7-46.9) 495 94.5 (92.5-96.5) 119 33 27.7 (19.7-35.7)
1-5 274 326 48 17.5(13.1-21.9) 295 90.5 (87.3-93.7) 561 39 6.95 (4.85-9.05)

Abbreviation: Cl, confidence interval.

]
Table 4. Positive and Negative Predictive Values for Computed Tomographic Colonography and Conventional Colonoscopy

Computed Tomographic Colonography per Participant

Computed Tomographic Colonography per Lesion

True Total No. of No. of Positive Total No. of Positive
Lesion Participants With a Participants Predictive Value, % Lesions With a No. of Predictive Value, %
Size, mm  Positive Test Result With Lesions (95% CI) Positive Test Result Lesions (95% CI)
=6 88 41 46.6 (42.9-50.3) 135 55 41.0 (32.7-49.39)
=10 46 23 50.0 (35.6-64.4) 58 28 48.0 (35.1-60.9)
6-9 59 23 39.0 (26.6-51.4) 77 27 35.0 (24.3-45.7)
1-5 68 37 55.0 (43.2-66.8) 123 50 41.0 (32.3-49.7)
Computed Tomographic Colonography per Participant Initial Conventional Colonoscopy per Participant
| I
True Total No. of No. of Negative Total No. of Negative
Lesion Participants With a Participants Predictive Value, % Participants With a No. of Participants Predictive Value, %
Size, mm  Negative Test Result Without Lesions (95% CI) Negative Test Result Without Lesions (95% CI)
=6 512 449 87.7 (84.9-90.5) 497 496 99.8 (99.4->99.9)
=10 554 535 96.5 (95.0-98.0) 558 558 100
6-9 541 488 90.2 (87.7-92.7) 525 524 99.8 (99.4->99.9)
1-5 532 295 55.5 (561.3-59.7) 335 326 97.3 (95.6-99.0)

Abbreviation: ClI, confidence interval.

©2004 American Medical Association. All rights reserved.
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during the trial, aspects of learning were
missing. Only another study after in-
tensive and specific training would
clarify this issue. It is worrisome that
a recent large study from the Mayo
Clinic showed substantial variation in
reporting among 3 radiologists, de-
spite the fact that each had experience
of more than 150 CTC examinations,
with colonoscopy correlation.'® Con-
versely, the Armed Services study had
excellent results despite relatively little
prior experience.'

The use of colonoscopy as the crite-
rion standard in this study may be criti-
cized, because colonoscopy cannot claim
complete accuracy, even in the hands of
experts.”*? Indeed, 2 large lesions were
missed by colonoscopy in patients who
had other identified lesions. However,
this design, including segmental un-
blinding, has been used in other major
studies and it is difficult to conceive of
arealistic alternative.'>'%**% The CTC
reported numerous lesions that were not
observed at the initial colonoscopy
evaluation but 88% of these were judged
to be false-positives when the endosco-
pist reexamined the suspect area.

The fly-through data were not in-
cluded in the primary outcome be-
cause all centers could not guarantee
to complete the readings within the
2-hour time frame before colonos-
copy. Later analysis of the fly-through
data did increase the sensitivity of CTC
in our study and improved software
now makes these elements easier and
quicker to report.

Patient preference is an important is-
sue, with discrepant results in the litera-
ture. Our participants did not indicate a
strong participant preference for CTC
over conventional colonoscopy but the
use of sedation for most colonoscopies
may be relevant. However, the prefer-
ence question is complex and the an-
swer may depend on how itis framed.2**
Participants might opt for CTC as seem-
ing to be less invasive. However, the
bowel preparation (now needed for both
examinations) is the worst part. Many
participants may opt to go directly to
colonoscopy if they know that there is
approximately a 20% chance that colo-

1718 JAMA, April 14, 2004—Vol 291, No. 14 (Reprinted)

noscopy will be needed also for treat-
ment, with a second bowel preparation.

The study recently reported from the
Armed Services medical centers had re-
markably different results.” In a screen-
ing population of 1233 adults, the CTC
detected 93.8% of polyps sized more
than 10 mm in diameter and 88.7% of
participants with lesions sized more
than 6 mm. The possible reasons for
these results are being debated. The
study differed from other studies in us-
ing 4-section and 8-section scanners,
the 3-dimensional fly-through as the
primary diagnostic tool, and intensive
bowel preparation, including oral con-
trast and barium. It is not stated how
the barium may have affected the ac-
curacy of colonoscopy.

Even if the results of CTC continue
to be good in the hands of experts, it
has yet to be proven that this expertise
can be taught and disseminated reli-
ably into daily practice. There is an anal-
ogy with the barium enema examina-
tion. Published data mostly showed
good accuracy but everyday experi-
ence was less satisfactory.®

Currently, CTC may have applica-
tion in patients with obstructing tu-
mors,”?° and in patients where colo-
noscopy is incomplete for other
reasons.’ The fact that the technique
may detect extracolonic lesions can be
observed as an advantage or a disad-
vantage.”

The CTC technology is evolving.
Scanners are becoming more sophisti-
cated and faster. Prepless CTC using
electronically subtractable fecal mark-
ers is a tantalizing possibility.**** The
combination of electronic cleansing and
faster 3-dimensional reconstruction ap-
pears promising.’” Radiation expo-
sure can be eliminated by using mag-
netic resonance scanning.’® There is
even the possibility of automating le-
sion recognition, which could greatly
reduce the burden of reporting (now in
excess of 1000 images per patient).'8378

Our results indicate that CTC using
these techniques is not ready for rou-
tine use at this time, as many others
have concluded.*"** There is an ob-
vious need for continuing collabora-

tion between radiologists and gastro-
enterologists in further evaluation of
this exciting new technology. If and
when results do justify widespread in-
troduction, similar multidisciplinary
collaboration will be needed to ensure
its efficient application.
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