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Summary Background and aim: Patients with stage T3 or T4 rectal cancer are candidates for
neoadjuvant chemoradiation therapy. The aim of this study is to clarify the usefulness of
circumferential tumor extent determined by computed tomography (CT) colonography in
differentiating T3 or T4 from T1 or T2 rectal cancer.
Methods: Seventy consecutive rectal cancer patients who underwent curative-intent surgery
were enrolled in this study. All patients underwent colonoscopy and CT colonography on the
same day. The circumferential tumor extent was estimated in 10% increments. The patholog-
ical T stage was used as the reference.
Results: The median circumferential tumor extent evaluated by colonoscopy for T1 (n Z 6), T2
(n Z 21), and T3/T4 (n Z 43) were 10%, 30%, and 80%, respectively (T1/T2 vs. T3/T4,
p < 0.0001). The median circumferential tumor extent evaluated by CT colonography for T1,
T2, and T3/T4 is 10%, 30%, and 70%, respectively (T1/T2 vs. T3/T4, p < 0.0001). The correlation
coefficient between colonoscopy and CTcolonography was very high (0.94). By defining a circum-
ferential tumor extent�50% by CTcolonography as the criterion for stage T3 or T4, the sensitivity,
specificity, positive predictive value and accuracy were 72%, 88%, 91%, and 79%, respectively.
Conclusion: Circumferential tumor extent �50% determined by CT colonography is a simple and
potentially useful marker to identify candidates for neoadjuvant chemoradiation therapy.
Copyrightª 2015, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights reserved.
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1. Introduction
Patients with stage T3 or T4 rectal cancers are potential
candidates for neoadjuvant chemoradiation therapy.
Therefore, the preoperative T stage is important for rectal
cancer patients. Endorectal ultrasound (EUS), magnetic
resonance imaging (MRI), and computed tomography (CT)
scan are useful tools to assess the T stage, and some or all
of these studies have been used to evaluate patients for
neoadjuvant therapy.

Preoperatively determining the T stage of colorectal
cancer by CT was initially disappointing.1,2 However, along
with the development of CT scanners and improved tech-
niques for bowel preparation, the accuracy improved.3e5

Multidetector CT (MDCT) scanners now allow high-quality
three-dimensional images to be obtained within several
seconds, and various kinds of postprocessing techniques
have become available for CT colonography (CTC). In our
previous study, CTC was useful for preoperative assessment
of T stage in colorectal cancer.6

The circumferential extent of a tumor is one factor that
represents the amount and invasion area of a rectal cancer.
A circumferential extent of a tumor of 75% or more has
been shown to be a risk factor for the intramural distal
spread of rectal cancer.7 The circular growth of the tumor
was associated with more advanced T stage and positive
lymph node status, and patients with circular tumors were
more likely to receive preoperative adjuvant radiation.8,9

Circumferential tumor extent was reported to be a simple
predictor of tumor response and downstaging by preoper-
ative chemoradiation therapy for rectal cancer.10 Circum-
ferential tumor extent was also reported to be a good
prognostic indicator in patients with rectal cancer.11e13

However, no report has analyzed the relationship be-
tween circumferential tumor extent and T stage in patients
with rectal cancer.

The aim of this study is to demonstrate the accuracy of
differentiating T3/T4 from T1/T2 lesions by determining
the T stage of rectal cancer using circumferential tumor
extent evaluated by CTC.

2. Materials and methods

From April 2003 to June 2007, consecutive rectal cancer
patients who underwent resection with curative-intent at
Jichi Medical University Hospital were enrolled in this
study. Patients who received preoperative radiation or who
had familial adenomatous polyposis or colitic cancer were
excluded. The study was approved by the Jichi Medical
University Institutional Review Board, and informed con-
sent was waived.

All patients underwent colonoscopy and subsequently
CTC on the same day. The details of the CTC procedure are
described in a previous study.6 Colonoscopy was performed
using standard techniques, and the circumferential tumor
extent was determined by a single experienced endoscopist
(KT). CTC was performed using four-row or 16-row MDCT
with the patient in the prone position after insufflation with
room air. A single radiologist (K.U.) reconstructed the CTC
images with the use of a workstation (ZAIO M900; ZAIO
Software, Tokyo, Japan; slice thickness, 2 mm) and
determined the circumferential tumor extent without
knowing the results of the colonoscopy. Circumferential
tumor extent was estimated in 10% increments for both
colonoscopy and CTC by independent examiners. Circum-
ferential tumor extent was expressed as the median and
interquartile range, and compared using the Man-
neWhitney U test. Sensitivity, specificity, and predictive
values were calculated based on pathological T stage.

3. Results

Images from a single patient with rectal cancer estimated
by both colonoscopy and CTC (endoluminal image) to be
60% in circumferential extent are shown in Fig. 1. The
median (interquartile range) circumferential tumor extent
evaluated by colonoscopy for T1, T2, and T3/T4 were 10%
(10e20), 30% (20e30), and 80% (20e100), respectively
(Table 1). Circumferential tumor extent evaluated by co-
lonoscopy for T1/T2 was significantly smaller than that for
T3/T4 (p < 0.0001). The median (interquartile range) of
circumferential extent evaluated by CTC (endoluminal
image) for T1, T2, and T3/T4 were 10% (10e10), 30%
(20e30), and 70% (20e100), respectively. Circumferential
tumor extent evaluated by CTC for T1/T2 was significantly
smaller than that for T3/T4 (p < 0.0001). The circumfer-
ential tumor extent could not be estimated by CTC for one
patient in this study. In that particular patient, the tumor
was T2, near the anal verge, and the insufflation was
incomplete, but the circumferential tumor extent was
estimated at 20% by colonoscopy. The correlation coeffi-
cient was very high (0.94) between the circumferential
tumor extent evaluated by colonoscopy and CTC (Table 2).

Based on these results, we propose a criterion for
differentiating T1/T2 lesions from T3/T4 lesions as a
circumferential extent of 10e40% and 50e100%, respec-
tively. The sensitivity, specificity, positive predict value,
and accuracy of differentiating T3/T4 from T1/T2 by this
criterion are 72% (31/43), 88% (23/26), 91% (31/34), and
78% (54/69), respectively (Table 3).

4. Discussion

A high level of agreement between physicians was reported
for determining the circumferential extent of a tumor by
physical examination in the assessment of patients with
rectal cancer.14 In this study, the correlation coefficient
was very high between the circumferential extent evalu-
ated by colonoscopy and CTC (Table 2). Therefore, the
circumferential tumor extent can be an objective and
reliable feature of a rectal cancer with small interobserver
variability. The circumferential tumor extent increased
along with the pathological T stage (Table 1). The result
indicated that the circumferential tumor extent had cor-
relation with pathological T stage, and a circumferential
tumor extent �50% is a good criterion for classifying stage
T3/T4 lesions with a high positive predictive value (91%).

However, three pT2 tumors were determined to have a
circumferential extent �50% by CTC (Table 3). Two of these
three pT2 tumors were near the anus and insufflation was
incomplete, but had a circumferential extent <50% by co-
lonoscopy. The third of these three pT2 tumor was a



Figure 1 (A) Colonoscopy image of a tumor with 60% circumferential extent. (B) Computed tomography (CT) colonography,
endoluminal image of a tumor with 60% circumferential extent. (C) CT axial image of a tumor with 60% circumferential extent. (D)
CT colonography, air enema image of a tumor with 60% circumferential extent.
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laterally spreading tumor (LST).15,16 However, 12 of 43 T3/
T4 tumors were found to have a circumferential tumor
extent <50% by CTC. Therefore, T staging using circum-
ferential extent by CTC is thought to be incomplete for the
tumors near the anus, LSTs, and tumors with a circumfer-
ential extent <50%. Other modalities should be added to
evaluate the T stage for these tumors.

In general, EUS, MRI, and CT scan are useful for pre-
operatively determining the T stage, and some or all of
them have been used for assessment. However, their
optimal role is not fully defined. EUS is reported to be
most accurate for the staging of superficial rectal tumors,
Table 1 Circumferential tumor extent and pathological T
stage.

Colonoscopy CTC
(endoluminal image)

pT1 (n Z 6) 10% (10e10%) 10% (10e10%)
pT2 (n Z 21) 30% (20e30%) 30% (20e30%)
pT3/T4 (n Z 43) 80% (20e100%) 70% (20e100%)

Circumferential tumor extent is expressed as the median
(interquartile range).
CTC Z CT colonography.
but not as useful for the staging of advanced rectal can-
cers.17e19 EUS has high operator dependence and is re-
ported to have substantial interobserver variability.19 MRI
has high spatial and organ resolution, and is suitable for
the staging of both superficial and advanced rectal tumors.
Endorectal MRI could be as accurate as EUS for staging of
superficial tumors,20 and MRI was superior to conventional
CT (not MDCT) for the prediction of tumor invasion in
surrounding pelvic structures.21,22 However, it is very
difficult to differentiate stage T2 from stage T3 lesions
even with MRI. MRI could not distinguish between spicu-
lation in the perirectal fat caused by fibrosis alone (pT2
stage) and spiculation caused by fibrosis that contains
tumor cells (pT3 stage).23 High cost, lengthy acquisition
time, and a limited field of view are other problems
associated with MRI.

MDCT has superior contrast and spatial resolution and
capability for reconstruction in multiple planes, provides
better performance than conventional CT,24,25 and is equal
to MRI in the preoperative local staging of rectal carci-
noma.26 Maras-Simunic et al27 reported that T staging by
CTC in patients with obstructive colon cancer showed very
high overall accuracy (97.6%). The accuracy was higher
than the results in the present study (78%). The low pro-
portion of T1/T2 tumor and high proportion of T3/T4 in
their study (T1/T2:T3/T4 Z 2:39) may have contributed to



Table 2 Correlation between the circumferential tumor extent evaluated by colonoscopy and CTC.

CTC Colonoscopy

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Total

10% 6 3 0 0 0 0 0 0 0 0 9
20% 1 7 2 0 0 0 0 0 0 0 10
30% 0 1 10 2 1 0 0 0 0 0 14
40% 0 0 0 1 0 1 0 0 0 0 2
50% 0 0 2 1 2 1 0 0 0 0 6
60% 0 0 0 0 0 2 1 2 0 0 5
70% 0 0 1 0 0 0 0 2 1 0 4
80% 0 0 0 0 0 0 0 3 0 1 4
90% 0 0 0 0 0 0 0 0 0 1 1
100% 0 0 0 0 0 0 1 0 2 11 14
Total 7 11 15 4 3 4 2 7 3 13 69

Bold figures represent concordance of colonoscopy with CTC.
Correlation coefficient Z 0.94.
CTC Z CT colonography.

Table 3 Pathological T stage and circumferential tumor
extent.

Circumferential extent Pathological T stage Total

T1/T2 T3/T4

10e40% 23 12 35
50e100% 3 31 34
Total 26 43 69

Sensitivity, 72%; specificity, 88%. Positive predictive value, 91%;
negative predictive value, 78%.
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the high accuracy observed. The results showed that T
staging by CTC was useful in patients with advanced tu-
mors. In addition, MDCT has the advantage in that a single
investigation can be used to combine local, regional, and
distant staging, with fast acquisition time and relatively low
cost. Therefore, to evaluate a patient for neoadjuvant
chemoradiation therapy, we recommend that CTC be per-
formed in addition to colonoscopy for patients with
advanced rectal cancers. Other testing modalities should
be added for patients with tumors near the anus, LSTs, and
tumors with a circumferential extent <50%.

In conclusion, a circumferential tumor extent >50%
determined by CTC is a simple and potentially useful
marker to identify candidates for neoadjuvant chemo-
radiation therapy with a high positive predictive value.
References

1. Freeny PC, Marks WM, Ryan JA, Bolen JW. Colorectal carci-
noma evaluation with CT: preoperative staging and detection
of postoperative recurrence. Radiology. 1986;158:347e353.

2. Thompson WM, Halvorsen RA, Foster Jr WL, Roberts L,
Gibbons R. Preoperative and postoperative CT staging of rec-
tosigmoid carcinoma. Am J Roentgenol. 1986;146:703e710.

3. Harvey CJ, Amin Z, Hare CM, et al. Helical CT pneumocolon to
assess colonic tumors: radiologicepathologic correlation. Am J
Roentgenol. 1998;170:1439e1443.
4. Filippone A, Ambrosini R, Fuschi M, Marinelli T, Genovesi D,
Bonomo L. Preoperative T and N staging of colorectal cancer:
accuracy of contrast-enhanced multi-detector row CT colo-
nographydinitial experience. Radiology. 2004;231:83e90.

5. Nagata K, Endo S, Kudo SE, Kitanosono T, Kushihashi T. CT air-
contrast enema as a preoperative examination for colorectal
cancer. Dig Surg. 2004;21:352e358.

6. Utano K, Endo K, Togashi K, et al. Preoprerative T staging of
colorectal cancer by CT colonography. Dis Colon Rectum. 2008;
51:875e881.

7. Ueno H, Mochizuki H, Hashiguchi Y, et al. Preoperative pa-
rameters expanding the indication of sphincter preserving
surgery in patients with advanced low rectal cancer. Ann Surg.
2004;239:34e42.

8. Lee SH, Hernandez de Anda E, Finne CO, Madoff RD, Garcia-
Aguilar J. The effect of circumferential tumor location in
clinical outcomes of rectal cancer patients treated with total
mesorectal excision. Dis Colon Rectum. 2005;48:2249e2257.

9. Ulrich A, Himmer K, Koch M, Kienle P, Büchler MW, Weitz J.
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