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Abstract

Purpose To evaluate the feasibility of assessing advanced
T-stage (T3-T4) colorectal carcinomas by correlating MRI
with histopathological findings.

Materials and methods The study population comprised
31 patients with 32 lesions (22 colon and 10 rectal carcino-
mas). The relationship between the tumor and bowel layers
on T2- and contrast-enhanced T1-weighted images (T2WI,
CE-T1WI), bowel wall deformity, and the linear architec-
ture of subserosal fat on T2WI scans was independently
assessed by two radiologists. Diagnostic ability and inter-
observer agreement were evaluated using Fisher’s exact test
and kappa statistics, respectively.

Results The sensitivity/specificity for disrupting the outer
layer on T2WI scans for the differentiation between Tis—T2
and T3-T4 colorectal carcinoma was 100/75 % (p < 0.05)
for both observers; on CE-TIWI, it was 88.0/50 %
(p = 0.13) for one and 96.0/50 % (p = 0.11) for the other.
The sensitivity/specificity for recognizing the reticulated
linear architecture to distinguish T3 from T4 colon car-
cinoma was 83.3/84.6 % (p < 0.05) for one reader and
100/92.3 % (p < 0.05) for the other reader.

Conclusion Disruption of the outer low-intensity layer on
T2WI scans was the most important finding for the diag-
nosis of T3-T4 colorectal carcinoma. The reticulated linear
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architecture of the fat tissue was suggestive of T4 colon
carcinoma.
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Introduction

In 2012, an estimated 1.4 million patients presented with
colorectal carcinoma, and 693,900 (49.6 %) died of the dis-
ease [1]. To improve the prognosis of patients with rectal
cancer, the T-, N-, and M-stage must be known [2]. Endo-
scopic ultrasound (EUS) differentiates accurately between
T1 and T2 and between T2 and T3 colorectal carcinomas
[3, 4]. In patients with T3-T4 rectal carcinoma, magnetic
resonance imaging (MRI) yields better results than EUS.
Matsuoka et al. [5] reported that computed tomography
(CT) and MRI studies were of equal usefulness for the
local staging of rectal carcinoma. However, according to
Beets-Tan et al. [6], MRI was highly accurate and superior
to CT for predicting rectal tumor infiltration into surround-
ing structures. Others [7-9] have found that in patients with
rectal carcinoma, MRI accurately assesses the extramural
depth of tumor invasion and predicts clear surgical resec-
tion margins. Therefore, MRI is the accepted modality for
predicting the surgical margin, for the indication of neoad-
juvant therapy, and for the response assessment in patients
with rectal carcinoma [10-14]; like EUS, it can be used for
the evaluation of locally advanced colon cancer [15].

The T-stage of colon cancer dictates the surgical treat-
ment of the primary lesion. Kotake et al. [16] treated T1—
T2 colon cancer by D2 resection (standard low tie) and
T3-T4 lesions by D3 resection (high tie). They reported
that D3 resection with extended lymphadenectomy was
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life prolonging. Combined resection should be performed
to address T4 colon cancers with adhesion or invasion to
adjacent organs. In their phase II trial, Jakobsen et al. [15]
found that neoadjuvant chemotherapy was effective in
patients with locally advanced colon cancer. Therefore, the
T-stage of colon and rectal cancers is important to reach
appropriate treatment decisions.

While CT is commonly used for the T-staging of colon
cancers, the T-staging ability of MRI requires closer evalu-
ation. Rollvén et al. [17], suggested that MRI is superior to
CT studies for the T-staging of colon cancer because their
high soft-tissue discrimination yields information on extra-
mural venous invasion.

We performed a prospective study of the ability of MRI
to correctly T-stage 22 colon and 10 rectal cancers. We
used the T-stage indicated by histopathological findings
as the reference standard and compared it with the T-stage
determined by MRI studies.

Materials and methods
Patients

This prospective study was approved by our institutional
review board; prior informed consent for participation was
obtained from all of the patients.

Between November 2013 and September 2014, 45 con-
secutive patients with 48 colon or rectal cancers underwent
surgery at our institution. We excluded 14 patients with 16
lesions because MRI-related preoperative clipping to mark
the resection site was contraindicated.

Consequently, we enrolled 31 patients with 32 lesions
(15 males and 16 females; mean age: 70.1 years; age
range: 53-89 years). Of the 32 lesions, 5 were located in
the ascending colon, 5 in the transverse colon, 1 in the
descending colon, and 11 in the sigmoid colon; 10 were
rectal lesions. While all patients underwent MRI stud-
ies, 3 patients with bronchial asthma could not undergo
multiphase contrast-enhanced T1-weighted images (CE-
T1WI). Therefore, we evaluated the CE-T1WI scans of
28 patients with 29 lesions. In one patient, the cancer was
intraoperatively diagnosed as T4; the operation was pallia-
tive, and the cancer was not resected. Three patients with
advanced lower rectal carcinoma underwent neoadjuvant
chemotherapy.

Imaging technique
MRI studies were performed 2 or 3 days before the oper-

ation. Scopolamine butylbromide (20 mg; Buscopan,
Boehringer Ingelheim Japan, Tokyo, Japan) was injected
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intravenously to suppress peristalsis. No bowel preparation
was performed.

MRI studies were on a 3 T MR system (SIGNA HDxt
Optimal Edition; GE Healthcare, Milwaukee, WI) using
an 8-channel HD cardiac array coil (GE Healthcare). The
scan timing for multiphase CE-T1WI was 40, 80, 120, and
200 s after the administration of gadopentetate dimeglu-
mine (0.2 ml/kg, 2 ml/sec, Magnevist, Bayer Yakuhin Ltd.,
Osaka, Japan).

T-stage-based treatment

Based on the recommendations of The Japanese Society
for Cancer of the Colon and Rectum, the primary T1-
T2 tumors were addressed by D2 resection and T3-T4
tumors by D3 resection. The combined resection of adja-
cent organs was performed for tumors with adhesion (T3)
or invasion (T4) to adjacent organs. Three patients with
advanced lower rectal carcinoma (T3-T4) received neoad-
juvant chemotherapy.

Pathological study

All of the specimens were cut axially and longitudinally
through the center, embedded in paraffin, cut into thin sec-
tions, and stained with hematoxylin and eosin. A patholo-
gist (R.K.) with 30 years of experience recorded the T-stage
of all resected specimens histopathologically as Tis (limited
to the mucosa), T1 (invading the submucosa), T2 (invading
the muscularis propria), T3 (extending into the subserosa),
and T4 (involving the serous membrane or adjacent organs).
When invasion into the adjacent organs was observed intra-
operatively without pathological confirmation of such inva-
sion, adhesion to adjacent organs was recorded.

Image analysis

All of the images were reviewed by two radiologists (N.N.
and S.0.) with 27 and 21 years of experience reading
gastrointestinal images, respectively. They knew the pur-
pose of the study and the location of the cancers but were
blinded to the information on the T-stage of the disease.
They assessed the MRI scans independently. The MRI find-
ings were recorded for all patients and lesions. This process
involved the following 4 steps.

Step 1 The readers reviewed the number of visible nor-
mal bowel layers near the tumor on T2WI- and CE-
TIWI scans (Fig. 1). The times to peak enhancement
(40, 80, 120, 200 s) on CE-T1WI were also recorded.

Step 2 The status of the outer layer was evaluated on
T2WI and CE-T1WI scans. Others [18, 19] based the
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(a)

Fig.1 Reference images of visible normal bowel layers in patients
with rectal (a) and colon (b—d) cancer. a T2WI: Three layers (1: low-
intensity-, 2: high-intensity-, 3: low-intensity) are observed in the
rectum. b T2WI: Two layers (1: high-intensity, 2: low-intensity) are
seen in the descending colon. The high-intensity area in the lumen is
mucus (m). ¢ CE-T1WI (40 s): Two layers (1: high-intensity, 2: low-

staging on MRI scans on differences in signal intensity;
T1 carcinomas are confined to the mucosa and submu-
cosa (high-intensity layer), T2 tumors invade the muscu-
laris propria (low-intensity layer), and T3 lesions extend
beyond. We classified the tumors as manifesting (a) the
integrity of the outer low-intensity layer, (b) disruption
of the outer layer with no contact with the serosal mem-
brane/adjacent organs, and (c) disruption of the outer
layer with contact with the serosal membrane/adjacent
organs (Fig. 2). To distinguish Tis—T2 from T3-T4, we
defined tumors with the integrity of the outer layer as
Tis—T2 and tumors manifesting disruption of the outer

intensity) are noted in the sigmoid colon. d CE-T1WI (40 s): Only
one layer is observed in the transverse colon. Parameter for T2WI:
TR 2500 ms, TE 80 ms, FOV 240 mm, matrix 512 x 512 mm, slice
thickness 3.0 mm. Parameters for multiphase CE-TIWI: TR 6.4 ms,
TE 1.7 ms, FOV 240 mm, matrix 512 x 512 mm, slice thickness
1.5 mm

layer as T3-T4. Tumors without and with contact with
the serosal membrane or adjacent organs were recorded
as T3 and T4, respectively.

Step 3 Deformity of the bowel wall was evaluated on
T2WI scans and was classified as flat, concave, or con-
vex (Figs. 3, 4). When the bowel wall appeared flat,
we recorded the tumor as Tis—T2; when its shape was
deformed (concave or convex), the tumor was classified as
T3-T4. A concave bowel wall appearance was recorded as
T3, and a convex shape as T4 to distinguish T3 from T4.
Step 4 The linear architecture of the fat was evaluated
on T2WI scans and was classified as absent, exhibiting
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Fig. 2 Reference images of the relationship between the tumor and (b) and CE-T1WI (e): The outer layer (arrow) is disrupted. T2WI (c)
bowel layers on T2WI (a—c) and CE-T1WI (d—f) scans. T2WI (a) and and CE-T1WI (f): The tumor contacts the left ovary (O)
CE-T1WI (d): The integrity of outer layer (arrow) is depicted. T2WI

Fig. 3 Schematic illustration of
the deformity of the bowel wall
and of the linear architecture. a
Concave deformity: The tumor
does not cross the estimated
bowel wall line (black broken
line). b Convex deformity:

The tumor extends beyond the
estimated bowel wall line (white
broken line). ¢ Spiculated linear
architecture: The linear low
intensity area in the mesocolon
is concentrated on the tumor
surface. d Reticulated linear
architecture: The linear low
intensity area in the mesocolon
is distributed in various direc-
tions

(b)

(d)
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Fig. 4 Reference images of bowel wall deformity and of the lin-
ear architecture of fat tissue. a Neither deformity of the bowel wall
nor a linear architecture of fat tissue around the tumor (asterisk) is
observed. b Concave bowel wall deformity (arrow head) and a spic-
ulated linear architecture of the fat (arrow) are present around the

a spiculated architecture, which is defined by the con-
vergence of the linear architecture and tumor, and as
manifesting a reticulated architecture, which is defined
as the distribution of the linear architecture in an irregu-
lar pattern (Figs. 3, 4). To distinguish Tis—T2 from T3—
T4, the absence and presence of a linear architecture was
recorded as Tis—T2 and T3-T4, respectively. To distin-
guish T3 from T4, tumors with spiculation were desig-
nated as T3, and tumors with reticulation were classified
as T4.

The results of radiological and pathological T-staging
were compared by a radiologist (A.I.) who determined the
radiological-histological correlation at the center of surgi-
cal specimens cut axially and longitudinally.

tumor (asterisk). ¢ Convex bowel wall deformity (arrow head) and a
spiculated linear architecture of the fat (arrow) are observed around
the tumor (asterisk). d Convex bowel wall deformity (arrow head)
and a reticulated linear architecture of the fat (arrow) are observed
around the tumor (asterisk)

Statistical analysis

The number of visible layers observed in step 1 was clas-
sified based on their location (transverse colon ascending
and descending colon, sigmoid colon, and rectum). We
compared the findings made at the different locations using
Tukey’s test. The number of specific MRI findings obtained
in steps 2—4 was recorded. The sensitivity and specificity
for distinguishing Tis—T2 from T3-T4 colorectal carci-
noma, and T3 from T4 colon carcinoma were determined
by recording the disruption of the outer layer and contact
with the serosal membrane and adjacent organs on T2WI
and CE-T1WI scans, deformity of the bowel wall, and lin-
ear architecture of the fat. These findings were assessed
using Fisher’s exact test. p values of 0.05 or less were
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considered to indicate a statistically significant difference.
Interobserver agreement was compared using kappa statis-
tics and was categorized as poor (<0.20), fair (0.21-0.40),
moderate (0.41-0.60), good (0.61-0.80), and very good
(0.81-1.00). Statistical tests were performed using SPSS
statistics 22 (IBM, Chicago, IL).

Results
Histopathological diagnosis

The histopathological T-staging of colon and rectal carci-
nomas is shown in Table 1.

Step-wise correlation of MRI and histopathological
findings

As two lesions, one T1 and the other T2, were not depicted
by MRI, 30 were available for study. Table 2 shows the
interobserver agreement for colon and rectal carcinomas,
and Table 3 shows the sensitivity, specificity and p values
recorded for the two observers. These parameters were not
evaluated for the differentiation between T3 and T4 rectal
cancer because our study included no T4 rectal cancers.

Step 1 Table 4 lists the number of visible normal
bowel layers near the tumor on T2WI and CE-T1WI

Table 1 Histopathological T-staging

scans assessed by the two observers. Both T2WI and
CE-T1WI scans tended to depict more layers in the
large intestine of the lower abdomen such as the sig-
moid colon and rectum than in the large intestine of
the upper abdomen, especially the transverse colon.
The outer layer representing the muscularis propria
was depicted on both T2WI and CE-T1WI scans of the
large bowel of all subjects. The time to peak enhance-
ment was 40 s in 22 (75.9 %) and 80 s in 7 (24.1 %) of
29 lesions.

Step 2 T2WI scans were superior to CE-TIWI scans
with respect to the sensitivity and specificity for deter-
mining the status of the outer layer for the differentia-
tion of Tis—T2 from T3-T4 and of T3 from T4 colon
carcinoma. As shown in Table 3, on T2WI scans, there
were statistically significant differences between colo-
rectal and colon carcinomas. Interobserver agreement
for colon carcinoma was very good for T2WI and better
for CE-T1WI scans (x = 0.81 vs. k = 0.49) (Table 2).
Step 3 Bowel wall deformity was identified by one
observer in 16 and by the other in 17 of 19 T3-T4 colon
carcinomas; both readers recorded wall convexity in 5 of
6 T4 colon cancers (Table 3). There was no significant
difference in their distinguishing Tis—T2 from T3-T4
and T3 from T4 cancers; interobserver agreement was
fair (k = 0.35).

Step 4 One observer identified a linear architecture in
16 and the other in 17 of 19 T3-T4 colon carcinomas;
of 6 T4 colon cancers, 5 were recorded as exhibiting a
reticulated linear architecture by one reader; the other
observed this structure in all 6 of these lesions. Reticula-

Tis-T2 T3 T4 tion was reported in 2 of 3 patients with T3 lower rectal
cancers who had undergone neoadjuvant chemotherapy.
Colon (n = 20) 1 13 6 . . .
The reticulated linear architecture was useful only for
Rectum (n = 10) 3 7 0 .. ..
distinguishing between T3 and T4 colon cancer. Interob-
Colorectal (n = 30) 4 20 6 server agreement was good (k = 0.69).
Table 2. Comparison of Colon (n =20) Rectal (n = 10)  Colorectal (n = 30)
interobserver agreement
Step 1
Number of layers on T2WI scans 0.67 0.62 0.74
Number of layers on CE-T1WI scans 0.58 0.62 0.63
Step 2
Status of the outer layer on T2WI scans 0.81 0.81 0.84
Status of the outer layer on CE-T1WI scans  0.49 0.75 0.57
Step 3
Bowel wall deformity 0.35 0.67 0.48
Step 4
Linear architecture 0.69 0.81 0.74

Interobserver agreement was categorized as poor (<0.20), fair (0.21-0.40), moderate (0.41-0.60), good
(0.61-0.80), and very good (0.81-1.00) based on the x value
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Table 3 Sensitivity, specificity and p values recorded for the two observers

Observer 1 Observer 2
Sensitivity Specificity D Sensitivity Specificity p
Colon (n = 20)
T2WI
Tis—T2 vs T3-T4 100 % (19/19) 100 % (1/1) 0.05%* 100 % (19/19) 100 % (1/1) 0.05*
T3 vs T4 83.3 % (5/6) 76.9 % (10/13) 0.04* 83.3 % (5/6) 69.2 % (9/13) 0.06
CE-T1WI
Tis-T2 vs T3-T4 93.75 % (15/18) 0 % (0/1) 1.00 94.4 % (17/18) 0 % (0/1) 1.00
T3 vs T4 66.6 % (4/6) 100 % (12/12) 0.05* 66.6 % (4/6) 91.7 % (11/12) 0.02*
Bowel wall deformity
Tis—T2 vs T3-T4 89.5 % (17/19) 100 % (1/1) 0.15 84.2 % (16/19) 100 % (1/1) 0.20
T3 vs T4 83.3 % (5/6) 38.5 % (5/13) 0.60 83.3 % (5/6) 46.2 % (6/13) 0.33
Linear architecture
Tis-T2 vs T3-T4 84.2 % (16/19) 100 % (1/1) 0.20 89.5 % (17/19) 100 % (1/1) 0.15
T3 vs T4 83.3 % (5/6) 84.6 % (11/13) 0.0095* 100 % (6/6) 92.3 % (12/13) 0.00037*
Rectum (n = 10)
T2WI
Tis-T2 vs T3-T4 100 % (7/7) 66.7 % (2/3) 0.06 100 % (7/7) 66.7 % (2/3) 0.06
CE-TIWI
Tis-T2 vs T3-T4 100 % (7/7) 66.7 % (2/3) 0.06 100 % (7/7) 66.7 % (2/3) 0.06
Bowel wall deformity
Tis-T2 vs T3-T4 71.4 % (5/7) 66.7 % (2/3) 0.50 85.7 % (6/7) 66.7 % (2/3) 0.18
Linear architecture
Tis-T2 vs T3-T4 100 % (7/7) 66.7 % (2/3) 0.067 100 % (7/7) 66.7 % (2/3) 0.067
Colorectal (n = 30)
T2WI
Tis—T2 vs T3-T4 100 % (26/26) 75.0 % (3/4) 0.001* 100 % (26/26) 75.0 % (3/4) 0.001*
T3 vs T4 83.3 % (5/6) 85.0 % (17/20) 0.005%* 83.3 % (5/6) 80.0 % (16/20) 0.01*
CE-T1WI
Tis-T2 vs T3-T4 88.0 % (23/25) 50.0 % (2/4) 0.13 96 % (24/25) 50 % (2/4) 0.11
T3 vs T4 33.3 % (2/6) 100 % (19/19) 0.55 33.3 % (2/6) 89.5 % (17/19) 1.00
Bowel wall deformity
Tis-T2 vs T3-T4 84.6 % (22/26) 75 % (3/4) 0.03* 84.6 % (22/26) 75 % (3/4) 0.03*
T3 vs T4 83.3 % (5/6) 40 % (8/20) 0.38 83.3 % (5/6) 45 % (9/20) 0.35
Linear architecture
Tis-T2 vs T3-T4 88.5 % (23/26) 75 % (3/4) 0.018%* 92.3 % (24/26) 75 % (3/4) 0.0093*
T3 vs T4 83.3 % (5/6) 85 % (17/20) 0.005* 100 % (6/6) 85 % (17/20) 0.0004*

p values were based on Fisher’s exact test to assess the association between each MRI sign and T-stage. p values of 0.05 or less (*) were consid-

ered to indicate a statistically significant difference

T-stage-based treatment

One T2 rectal carcinoma was over-diagnosed as a T3 tumor;
this patient underwent extended lymphadenectomy, including
lateral lymph node (D3) resection. Three T3 colon carcinomas
were over-diagnosed as T4 tumors because T2WI showed inva-
sion into the serosa (n = 1), small intestine (n = 1) and colon
(n = 1); these patients were treated by combined resection of
the serosa or adhering organ. An example is presented in Fig. 5.

Discussion

We studied the correlation between the imaging features
of T3 and T4 colon and rectal cancers and their histopa-
thology. According to earlier ex vivo MRI studies, the 1st
(low-intensity) layer is the mucosa, the 2nd (high-intensity)
layer is the submucosa, and the 3rd (low-intensity) layer
is the muscularis propria; the fat (high-intensity) layer is
the subserosa [20-22]. For a diagnosis of tumor extension
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Table 4 Number of layers of the respective part on T2WI and CE-T1WI

Observerl Observer2

T2WI T (m=4) AD*' (n=6) Sm=10) R*2(m=10) T2WI T¥ (=4 ADMm=6) S®n=100 R* (n=10)
2 layers 4 6 2 layers 4 4 6

3layers O 3layers 0 2 4 9

Observerl Observer2

CE-TIWI T** =4 AD(n=6) S¥*®m=9) R*n=100 CE-TIWI T*" n=4) AD***n=6) S*®n=9) R*”(n=10)
1 layers 4 4 1 1 layers 3 5

2 layers 0 2 8 2 layers 1 1 8 9

T2WI T2-weighted image, CE-T1WI contrast enhanced T1-weighted image, T transverse colon, AD ascending and descending colon, S sigmoid
colon, R rectum

Tukey’s test revealed a significant difference for observer 1 between AD and R (*1), and between T and R (¥2) on T2WI scans. On the CE-T1WI
scans, there was a significant difference between T and S (*3) and between T and R (*4). For observer 2, there was a significant difference
between T and R (*5) on T2WI scans and between T and S (*6), between T and R (*7), between AD and S (*8), and between AD and R (*9) on

CE-T1WI scans

Fig. 5 A 77-year-old male with sigmoid colon carcinoma adhering to
the small bowel (T3). C cancer, S small bowel. a On the T2WI scan,
the cancer is in extensive contact with the small intestine. b Hema-

beyond the bowel wall (T3-T4), the status of the muscula-
ris propria must be known. As the muscularis propria could
be observed on T2WI and CE-T1WI scans of all colon and
rectal cancers, we used its disruption to define T3-T4 car-
cinomas. Earlier studies reported that the accuracy of the
T-staging of rectal carcinoma on T2WI scans acquired with
phased-array coils was 65-95.8 % [19, 23-28]. We found
that T2WI detected extramural spread not only in rectal-
(T3-T4) but also in colon carcinomas (T3-T4). Disruption
of the outer low-intensity layer on T2WI scans is the most
reliable feature for the detection of extramural spread.

For the detection of extramural tumor spread, T2WI
was superior to CE-TIWI. Interobserver agreement was
better for T2WI than CE-TIWI scans of both colon and
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toxylin-eosin staining showed fibrosis and inflammation between the
cancer and small bowel. The broken line indicates the demarcation of
the carcinoma

rectal cancers. The discrepancies of two readers were seen
between the disruption of the outer layer (T3) and con-
tact with the serosal membrane or adjacent organs (T4) on
T2WI. Conversely, discrepancies have been shown not only
between T3 and T4 but also with the integrity of the outer
layer (T2) and disruption of the outer layer (T3) on CE-
T1WI. Vliegen et al. [29] reported that CE-T1WI did not
improve the diagnostic accuracy for the local assessment
of rectal carcinoma, and Gollub et al. [30] found that the
use of contrast medium for rectal MRI did not significantly
improve the readers’ agreement or their ability to detect T4
carcinomas. We believe that with respect to the T-staging of
colon cancers, the administration of contrast medium is not
necessary.
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Bowel wall deformity was present primarily in T3-T4
colorectal cancer. Interobserver agreement for the presence
of bowel wall deformity in patients with colon carcinoma
was fair. This was speculated as follows: the results of
bowel wall deformity were susceptible to the differences in
the focus point of the tumors by each reader.

The most abundant mesenchymal cells—i.e., fibroblasts
and myofibroblasts—in carcinomatous masses promote
tumor progression; histopathologically, this is known as a
desmoplastic reaction [31, 32]. A linear architecture of the
fat on MRI scans is indicative of this reaction in rectal carci-
noma [33]. According to Brown et al. [19], spiculation into
perirectal fat is indicative of a T2 tumor; we observed a spic-
ulated linear architecture in one of two T2 rectal carcinomas.
Conversely, Beets-Tan et al. [12] reported that pre-treatment
spiculation into perirectal fat predicted a T3 tumor.

We observed no significant difference in spiculation
between lower- and higher-stage colon cancers. However,
the incidence of a reticulated architecture was significantly
higher in T4 colon carcinomas than in T3 tumors. We
noted spiculation indicative of a desmoplastic reaction in
the advanced portion of carcinomas with mild subserosal
invasion, and a reticulated pattern reflective of a multidi-
rectional desmoplastic reaction in the fat of patients with
severe invasion into the subserosa and adjacent organs.
Therefore, we propose that a linear architecture should be
considered as a secondary finding suggestive of T3-T4
tumors, while reticulation should alert to T4 lesions. The
interobserver disagreement was seen between speculation
and reticulation because the subtle direction of the linear
architecture was difficult to interpret.

Quaia et al. [34] reported that the linear and reticular
strands reaching the mesorectal fascia on CE-MRI scans
were predictive of invasion into the mesorectal fascia after
neoadjuvant therapy. We observed a reticulated linear
architecture in 2 of 3 lower rectal carcinomas subjected
to neoadjuvant chemotherapy; they were diagnosed as T3
tumors without invasion into the mesorectal fascia. There-
fore, a linear architecture must be evaluated carefully to
avoid over-diagnosing patients who had undergone neoad-
juvant chemotherapy.

For the clinical differentiation between stage T3 and T4
colon carcinomas, we defined tumors in contact with adja-
cent organs on T2WI scans as T4 tumors. Consequently,
based on our definition, three T3 colon tumors were over-
diagnosed as T4 because it was difficult to distinguish inva-
sion into from adhesion to adjacent organs. In addition to
the findings of contact with the serosal membrane or adja-
cent organs, additional observations such as a reticulated
linear architecture may suggest a T4 tumor, and combined
resection is generally performed in the presence of preop-
erative MRI evidence of either adhesion to or invasion into
adjacent organs.

More layers were depicted in the large intestine of the
lower abdomen on both T2WI and CE-T1WI scans. This
may be attributable to motion artifacts due to respira-
tory movement and heart beats; they lower the quality of
images of the upper abdomen (the transverse, ascending,
and descending colon). Additionally, the large intestine of
the lower abdomen (the sigmoid colon and rectum) tended
to be contracted in our study. As a collapsed bowel helps
to assess the bowel layers and depth of tumor invasion,
earlier MRI studies in patients with rectal cancer were per-
formed without bowel dilation [19, 23-26]. We chose the
muscularis propria for T-staging because it was depicted
on all images. In the presence of bowel wall distension,
we over-diagnosed one T2 rectal tumor because the outer
low-intensity layer (muscularis propria) was disrupted on
T2WTI scan. Based on our findings, we suggest that MRI
can be used to identify T3-T4 colon cancer in any part of
the abdomen, but especially in the sigmoid colon.

Although our results demonstrated that MRI is highly
reliable for detecting the extramural spread of colon can-
cer, its diagnostic accuracy vis-a-vis CT in the same patient
remains unclear. CT studies to assess the T-stage detected
extramural spread (T3) in 47.5-80 % of colon carcinomas
[35]. In their meta-analysis, Dighe et al. [36] found that
preoperative staging on multi-detector CT scans was highly
accurate in patients with T3—-T4 colon cancer. As CT is fast
and low-cost and can be used to assess metastatic lesions,
it is an essential modality for the preoperative staging of
colon cancers. However, CT involves radiation exposure
and an iodine contrast medium that is contraindicated in
patients with asthma or impaired renal function and must
be injected for the T-staging of colon cancers. Our findings
indicate that MRI is an alternative in such patients and an
additional modality for the T-staging of colon cancers in
whose presence it is difficult to rule in/rule out extramural
spread and invasion into the serosa/adjacent organs on CT
scans.

Our study has some limitations. First, our study popu-
lation was relatively small because our investigation was
prospective and funds were limited, and we focused on
patients scheduled for colon or rectal cancer surgery. Con-
sequently, it included 25 patients with T3—-T4 tumors and
only four patients with Tis—T2 tumors. The reticulated
linear architecture of the fat tissue was suggestive of the
involvement of the serosa or adjacent organ in the colon
carcinoma, but this study included no patient with T4 rec-
tal carcinoma.

Second, we did not perform N- and M-staging because
our MRI studies focused on the primary lesion in a nar-
row field of view; additional sequences or modalities are
required for N- and M-staging. Moreover, in compliance
with Japanese pathology rules, the mesocolon and lymph
nodes were removed before specimen fixation.
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Third, it remains unclear whether MRI is helpful for
assessing the advisability of endoscopic treatment in
patients with early colon or rectal cancer. As 2 colon can-
cers, one T1 and the other T2, were not depicted on MRI
scans, this modality may not be useful for assessing lower-
stage colon cancers. Because MR colonoscopy does not
involve ionizing radiation and is highly sensitive and spe-
cific for the diagnosis of colonic lesions measuring at least
10 mm [37], it may be useful for the detection of early
colorectal carcinomas.

In conclusion, MRI can be used to assess T3-T4 colon
cancer. Disruption of the outer low-intensity layer repre-
senting the muscularis propria on T2WI scans was the most
important finding for a diagnosis of T3-T4 colon carcinoma.
A reticulated linear architecture of the fat tissue is suggestive
of involvement of the serosa or other organs (T4).
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