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Abstract

AIM: To assess the value of computed tomography (CT)
for diagnosis of synchronous colorectal cancers (SCRCs)
involving incomplete colonoscopy.

METHODS: A total of 2123 cases of colorectal cancer
(CRC) were reviewed and divided into two groups
according to whether a complete or incomplete colo-
noscopy was performed. CT results and final histological
findings were compared to calculate the sensitivity and
specificity associated with CT for detection of SCRCs
following complete vs incomplete colonoscopy. Factors
affecting the CT detection were also analyzed.

RESULTS: Three hundred and seventy-four CRC
patients underwent incomplete colonoscopy and 1749
received complete colonoscopy. Fifty-six cases of
SCRCs were identified by CT, and 36 were missed. In
the incomplete colonoscopy group, the sensitivity and
specificity of CT were 44.8% and 93.6%, respectively.
The positive and negative predictive values were 23.6%
and 95.0%, respectively. In contrast, the sensitivity and
specificity of CT for the complete colonoscopy group
were 68.3% and 97.0%, while the positive and nega-
tive predictive values were 22.2% and 98.7%, respec-
tively. In both groups, the mean maximum dimension
of the concurrent cancers identified in the CT-negative
cases was shorter than in the CT-positive cases (incom-
plete group: P = 0.02; complete group: P < 0.01) Topo-
graphical proximity to synchronous cancers was iden-
tified as a risk factor for missed diagnosis (P = 0.03).

CONCLUSION: CT has limited sensitivity in detecting
SCRCs in patients receiving incomplete colonoscopy.
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Patients with risk factors and negative CT results should
be closely examined and monitored.

Key words: Synchronous colorectal cancer; Computed
tomography; Colonoscopy
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Core tip: This retrospective study aimed to evaluate the
diagnostic accuracy of computed tomography (CT) in
predicting synchronous colorectal cancers, especially
in patients with incomplete colonoscopy. The study
suggested that CT remains a feasible option when
complete colonoscopy cannot be performed. However,
the sensitivity of CT is limited due to several factors
such as small tumor size, lumen conditions, and tumor
location.
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INTRODUCTION

Cases of synchronous colorectal cancers (SCRCs)
involve the detection of two or more primary colo-
rectal carcinomas in a single individual upon an initial
diagnosis of colorectal cancers (CRC). Currently, the
Warren and Gates criteria'™ are used to diagnose
SCRCs clinically. These criteria include the following
key elements: (1) each tumor must be proved to
be malignant; (2) each tumor must be distinct; (3)
the probability of one tumor being a metastasis of
another must be excluded; and (4) the synchronous
lesions must be diagnosed simultaneously or within 6
mo of initial diagnosis™®. In cases of SCRCs, the most
advanced cancer (as determined by TNM staging) is
usually defined as the index cancer, while the less-
advanced tumors are considered concurrent lesions
to the index cancer (Figure 1).

SCRCs are of major clinical importance because
a missed diagnosis of concurrent lesions can lead to
remnant cancer. The prognosis of SCRCs is typically
identical to that of solitary cancer®* as long as any
synchronous lesions present are correctly diagnosed
prior to surgery. Colonoscopy is ideal for detecting
synchronous lesions, except when bowel preparation
is inadequate. Moreover, the presence of a scirrhous
carcinoma may hinder the passage of an endoscope
through the lumen®™!. As a result, incomplete colo-
noscopy due to these or other factors can result in
failure to detect additional lesions. In developing
countries, such as China, conventional computed
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tomography (CT) is typically used to examine the
remnant bowel not examined by colonoscopy because
CT colonography (CTC) is generally not available.
Therefore, the goal of this study was to evaluate the
diagnostic accuracy of CT in predicting cases of SCRCs,
especially in patients that have undergone incomplete
colonoscopy.

MATERIALS AND METHODS

Subjects

Between January 2002 and August 2011, 2186 patients
with CRC were treated at the Shanghai Sixth People’s
Hospital. Sixty-three patients underwent colonoscopy
or CT alone, and these cases were excluded. Cases of
SCRCs were defined as patients with more than one
primary colorectal adenocarcinoma present at the time
of resection, or within 6 mo following resection. For
each patient, the most advanced carcinoma according
to T staging was identified as the index carcinoma,
while the remaining less-advanced cancers were
identified as concurrent carcinomas. If carcinomas with
the same T stage were present, the lesion with the
largest volume was identified as the index carcinoma.
The remaining 2123 patients were divided into two
groups according to those that underwent incomplete
vs complete colonoscopy (Figure 2). The main reasons
for incomplete colonoscopy included: colorectal ob-
struction, elongation of the colon, inadequate bowel
preparation, intolerance to the procedure, and di-
verticular disease.

Imaging techniques

All patients included underwent preoperative CT
using a Lightspeed VCT (GE Medical Systems, United
States). Patients were examined in the supine position
and received an intravenous injection of contrast
medium. Images were obtained using a conventional
method with 5-mm thick sections (120 KV, 350 mA). All
of the images were retrospectively and independently
reviewed by at least two radiologists with knowledge
of each patient’s history, clinical presentation, and
colonoscopy outcome. However, the radiologists were
blinded to any information regarding operative find-
ings or final diagnosis. Final CT interpretations had
to be approved by both radiologists. If there were
significant discrepancies, the images in question would
be submitted to two additional senior radiologists for
evaluation in order to obtain a final conclusion.

Analysis and statistics

Detailed pathological characteristics of the concurrent
lesions for this cohort were collected by two surgeons
(RRS and QCZ), and these characteristics included:
maximum lesion dimension, gross appearance, dif-
ferentiation, and location. The pathological results
were taken as the reference standard against which
the CT findings were compared. Furthermore, the
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Figure 1 lllustrated model of synchronous colorectal cancers.

determination of positive or negative CT findings
depended on whether both the index cancer and the
concurrent cancers were simultaneously detected.

Overall sensitivity, specificity, positive predictive
value, and negative predictive value for CT were
calculated using cross-tabulation statistics. Fisher’
s exact test or y° test was applied to categorical
variables. Numerical data (mean maximum dimen-
sion and average distance of concurrent lesion to
index tumor) are expressed as mean + SD, and were
compared using Student’s t test. A P value < 0.05 was
considered statistically significant.

RESULTS

A total of 374 CRC patients underwent incomplete
colonoscopy and four cases of SCRCs were missed
due to poor bowel preparation. A total of 1749
patients received complete endoscopy and no case of
SCRCs was missed. Cancer specimens were obtained
from all 2123 patients either by surgery (n = 1916) or
colonoscopy (n = 207). Using CT, 56 cases of SCRCs
were identified, and 36 cases were not. Regarding the
missed cases, 30 patients had SCRCs detected during
surgery, while the remaining six were identified
during postoperative colonoscopy that was performed
up to 6 mo after surgery. There were no patients
with local recurrence in the anastomosis. In addition,
all of the cases of SCRCs in this cohort only had one
concurrent lesion detected, and none of the patients
had three or more CRCs simultaneously identified.
There were no significant differences in patient sex,
age, gross tumor appearance, cancer differentiation,
location, or the presence of colonic obstruction for the
incomplete and complete colonoscopy groups (Table 1).

Size of the concurrent cancers

The mean maximum dimension of the concurrent
cancers identified in the CT-negative cases was shor-
ter than that of the CT-positive cases, and this was
independent of whether a complete or incomplete
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colonoscopy was performed (Table 1). Regarding
the missed lesions for the two groups, the largest
diameters were 65 mm and 45 mm for the incomplete
and complete colonoscopy groups, respectively. Mo-
reover, the smallest cancers visualized by CT for the
two groups had mean maximum dimensions of 25
mm and 20 mm, respectively, and in both groups they
presented as local thickening of the colon.

Topographical relationship of the index and concurrent
cancers

Concurrent cancers were located in the same bowel
segment as the index cancers in 14 patients in the
incomplete group and 25 in the complete group.
Furthermore, > 60% of these concurrent cancers
were missed by CT (Figure 3), with 68.8% (11/16)
being in the incomplete colonoscopy group and 60.0%
(12/20) in the complete colonoscopy group (Table 1).
In contrast, 23.1% and 30.2% of cases, respectively,
involved the index and concurrent cancers in different
bowel segments (Table 1). Furthermore, the mean
distance from index cancer to concurrent cancers was
36.77 cm (CT positive) vs 19.88 cm (CT negative)
in the incomplete group and 36.65 cm (CT positive)
vs 24.00 cm (CT negative) in the complete group.
Therefore, topographical adjacency between index
and concurrent cancers is one of the risk factors
for missing diagnosis of SCRCs. The anatomical
distribution of the index and concurrent cancers
detected are listed in Table 2.

Sensitivity and specificity

A histological examination revealed 92 cases of
SCRCs in this cohort, with 29 in the incomplete group
and 63 in the complete group. The corresponding
sensitivity and specificity of CT for the incomplete
group was 44.8% and 93.6%, respectively (Table 3),
while the positive and negative predictive values were
23.6% and 95.0%, respectively. In contrast, these
values for the complete colonoscopy group were
68.3%, 97.0%, 22.2% and 98.7%, respectively.

DISCUSSION

The prevalence of SCRCs has been reported to range
from 3% to 6%™%”). In the present study, the pre-
valence was 4.3% for 92 cases of SCRCs recorded
within 10 years in a single-center database. Although
the prevalence of SCRCs is not high, missed diagnosis
can lead to errors in treatment and poor prognosis.
Currently, colonoscopy is regarded as the best method
for the direct detection of SCRCs. However, for cases
that involve elongation of the colon™, poor bowel
preparation, diverticulitis, or bowel obstruction®, colo-
noscopy may not be able to visualize entire segments
of the colon. In a recent study, CTC was shown to
be a valuable technique for preoperative colonic vis-
ualization of patients who had undergone incomplete
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Figure 2 Flow diagram of the present study. “Positive” refers to synchronous colorectal cancers (SCRCs) detected by computed tomography (CT), while “negative”

refers to SCRCs not detected by CT.

Table 1 Clinical and pathological features of the concurrent carcinomas detected by computed tomography

Concurrent lesions Incomplete colonoscopy P value Complete colonoscopy P value
CT+ (n=13) CT-(n = 16) CT+ (n = 43) CT- (@ = 20)
Sex (M/F) 8/5 11/5 26/17 16/4
Median age (yr) 63 69 66 63
Mean maximum dimension (mm) 3811 24+5 0.02 37+13 25+9 <0.01
Gross appearance 0.20 0.18
Protruding 9 7 23 10
Ulcerated 2 5 9 8
Sclerotic 2 4 11 2
Differentiation 0.17 0.06
Well 3 4 9 8
Moderate B 7 22 4
Poor 5 5 12 8
Location 0.71 0.41
Ascending colon 5 4 14 6
Transverse colon 2 2 6 4
Descending colon 4 5 13 6
Sigmoid colon 2 3 8 1
Rectum 0 2 2 3
Colonic obstruction 0.46 -
Yes 6 10 0 0
No 7 6 43 20
Average distance to index tumor (cm) 36.77 £ 6.86 19.88 +4.16 0.04 36.65 + 3.55 24.00+5.11 0.05
Located in the same bowl segments with index tumor 0.03 0.03
Yes 3 11 13 12
No 10 5 30 8

colonoscopy!®*'l, Furthermore, positron emission

tomography (PET)/CT has also been recommended as
a supplementary technique to increase the accuracy
of CTC!"?., However, the use of CTC is not widespread,
mainly due to the lack of accepted guidelines for
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analysis of the results, and limited numbers of pro-
fessionals with this experience!™®. In addition, most
patients in developing countries cannot afford to
undergo PET. Therefore, CT is a more accessible
method, and the aim of the present study was to
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Table 2 Anatomical distribution of index and concurrent
cancers in this cohort

Index lesion Concurrent lesions

Ascending Transverse Descending Sigmoid Rectum

colon colon colon colon
Incomplete group
Ascending colon 6 1 3 1 1
Transverse colon 0 2 1 0 0
Descending colon 2 1 4 1 0
Sigmoid colon 1 0 1 2 1
Rectum 0 0 0 1 0
Total 9 4 9 5 2
Complete group
Ascending colon 10 1 4 3 1
Transverse colon 3 3 2 0 1
Descending colon 2 7 1 2
Sigmoid colon 0 2 1 4 0
Rectum 2 2 5 1 1
Total 20 10 19 9 ®

evaluate the predictive value of CT for cases of SCRCs,
especially when colonoscopy was incomplete.

The overall sensitivity of CT in the present study
was 44.8% for cases involving incomplete colonoscopy
and 68.8% for complete colonoscopy. Both of these
percentages are lower than those reported for solitary
cancers detected by CT (range: 72%-84%)"**],
Moreover, the sensitivity of CT for colorectal
neoplasms depends on the condition of the lumen
and the size of the lesion. Correspondingly, sensitivity
of CT can reach as high as 95% when the lumen is
distended with air, yet can be as low as 68% when
the colon is collapsed™. In the present series, >
50% of the incomplete colonoscopy cases were due
to poor bowel preparation as a result of obstruction.
In addition, concurrent lesions that were smaller in
size were more likely to be neglected by CT in both
the incomplete and complete colonoscopy groups. For
example, the average maximum dimension in the CT-
positive group was about 38 mm, and it was about
25 mm in the negative group. In most cases, smaller
concurrent lesions also initially presented as local
thickening on CT, and in the incomplete group were
often obscured by remnant fecal material caused by
poor bowel preparation. However, recent studies!*®™]
have demonstrated that 7%-11% of cases involving
colonic wall thickening detected by CT were predicted
to have an underlying carcinoma, and colonoscopy
was proposed. Taken together, these results indicate
that missed diagnosis occurs in a certain proportion of
SCRCs when complete colonoscopy is not additionally
performed.

Another important factor associated with false-
negative findings on CT in the present cohort was
proximity of index and concurrent cancers within
the same bowel segment. Previously, the right and
left colon have been reported to be frequent sites of
SCRCs!™. Moreover, the topographical proximity of
carcinomas on CT may lead to misdiagnosis of SCRCs
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Table 3 Overall sensitivity and specificity in the two groups

CT findings Histological findings  Sensitivity (%) Specificity (%)
Positive Negative Total

Incomplete 448 (26.5,64.3) 93.6 (90.5, 96.0)

group

Positive 13 22 35

Negative 16 323 339

Complete 683 (55.3,79.4) 97.0 (96.0, 97.8)

group

Positive 43 51 94

Negative 20 1635 1655

Total 92 2031 2123

Values in parentheses are 95%CI. CT: Computed tomography.

as a solitary cancer (Figure 3). For example, two
individual cancers in the same bowel segment could
be misinterpreted as an extension of a single cancer
by CT. Generally, the direction of CRC infiltration is
not along the long axis of the bowel, but rather is
circumferential. Therefore, when an abnormal length
of colon involvement by cancer presents on CT,
SCRCs should be considered. For these suspected
cases, careful palpation should be performed at the
beginning of an operation because the resection range
of bowel segments depends on the location of the
cancers. Furthermore, if the SCRCs can be detected
initially, then an extended bowel segment procedure
can be scheduled in advance. Alternatively, if the
concurrent cancer is detected only after the resection
of the index cancer, removal of an additional bowel
segment may be needed. Although supplementary
resection is not complex, it is inconsistent with the en
bloc principle of radical cancer resection.

There were some limitations associated with the
present study. First, this was a retrospective single-
center study. Therefore, differences in experience and
professionalism among the radiologists of this center
may have influenced the detection accuracy of SCRCs
by CT. Second, the CT instrument used in this study
was older and may have had a lower detection rate
for SCRCs. Third, the operator-dependent changes
should be taken into consideration, which may also
have influenced the imaging results. Therefore, the
results of the present study need to be verified in
a multicenter prospective investigation with a large
number of cases that can be analyzed using up-to-
date CT instruments.

In conclusion, the present study provides evidence
regarding the capacity for CT to diagnose SCRCs,
especially in patients that have undergone incomplete
colonoscopy. The limited detection rate of CT that was
observed may have been due to several factors such
as small tumor size, lumen conditions, and tumor
location. However, CTC and PET/CT are not readily
available at all institutions, especially in developing
countries, therefore, CT remains a feasible option
when complete colonoscopy cannot be performed.
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Case 1

Case 2

Figure 3 More than 60% of these concurrent cancers were missed by computed tomography. Case 1: A 56-year-old woman with both index and concurrent
cancers located in different bowel segments that were detected by computed tomography (CT). Colonoscopy was hindered by the presence of sigmoid cancer. “A”
shows the ascending colon and “S” is the sigmoid colon. The green arrows indicate the concurrent cancer and the yellow arrows indicate the index cancer; Case
2: A 68-year-old man with an index and concurrent cancer both located in the ascending colon. This case was misdiagnosed by CT as a solitary cancer due to the
proximity of the two lesions. In addition, colonoscopy was hindered by the presence of a scirrhous carcinoma (index cancer indicated with yellow arrows). The green
arrows indicate the concurrent cancer.
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Accordingly, it is important to identify the factors
that can lead to false-negative results. Furthermore,
both careful exploration during intraoperative colo-
noscopy™®?” and close monitoring during the follow-
up period are key to obtaining accurate diagnosis and
treatment of SCRCs.
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Background

Synchronous colorectal cancers (SCRCs) refer to two or more primary
colorectal cancers (CRCs) in a single individual with a prevalence ranging from
3% to 6%. SCRCs are clinically important because neglect of lesions leads
to remnant cancer. Colonoscopy is ideal for detecting synchronous lesions
but some factors may prevent the colonoscope from visualizing whole bowel
segments. Conventional computed tomography (CT) is usually applied in these
cases to examine the remnant bowel not accessible to colonoscopy.
Research frontiers

CT colonography (CTC) is also known as virtual colonoscopy. With ad-
vancements made in scanning technology and three-dimensional (3D)
postprocessing modalities, this method has been used to detect colorectal
cancers, especially small tumors. CTC has been shown to be a valuable
technique for preoperative colonic visualization of patients who have undergone
incomplete colonoscopy. However, good bowel preparation is necessary for
accurate diagnosis.

Innovations and breakthroughs

Currently, colonoscopy is regarded as the best method for the direct detection
of SCRCs. However, for cases that involve elongation of the colon, poor bowel
preparation, diverticulitis, or bowel obstruction, colonoscopy may not be able to
visualize entire segments of the colon. CTC or positron emission tomography
(PET) was shown to be valuable for preoperative detection of lesions in
patients undergoing incomplete colonoscopy. PET and CTC in most patients in
developing countries are not widespread, mainly due to limited numbers of well-
trained professionals, and high expense. Therefore, CT is a more accessible
method, and the present study was the first to evaluate the predictive value of
CT for cases of SCRCs, especially when colonoscopy was incomplete.

Applications

The study suggested that CT remains a feasible option when complete
colonoscopy cannot be performed. However, the sensitivity is limited when the
tumor is small or index cancer is adjacent to concurrent cancers.
Terminology

SCRCs refer to two or more primary CRCs consistent with the following key
elements: (1) each tumor must be proved to be malignant; (2) each tumor
must be distinct; (3) the probability of one tumor being a metastasis of another
must be excluded; and (4) the synchronous lesions must be diagnosed
simultaneously or within 6 mo of initial diagnosis.
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Pang et al evaluated the diagnostic accuracy of CT in patients with SCRCs.
It was a well-designed study, and the paper is well written. It addresses an
interesting clinical area.
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