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In recent years, early-stage rectal cancers have been found 
more commonly because of an increase in colorectal can-

cer screening. Total mesorectal excision has been widely 
adopted, with improvement in patient outcomes. Unfortu-
nately, substantial risk for perioperative morbidity, such as 
sexual dysfunction or permanent stoma, accompanies this 
radical procedure (1,2). Therefore, minimally invasive local 
excision is usually suggested for rectal adenomas and well-
selected stage T1 tumors; local excision in combination 
with chemoradiotherapy is used in patients with high-risk 
stage T1 cancers (3,4), while stage T2 tumors are usually 
treated with total mesorectal excision (3–6).

To determine the most appropriate treatment option, 
differentiation of stage cT1 cancer from stage cT2 can-
cer is of particular importance (7–9). Endoscopic US is 

considered more accurate than MRI in the staging of intra-
mural lesions (10,11). However, this technique has limita-
tions in the evaluation of more advanced tumors because 
of its narrow field of view compared with that of MRI. 
Moreover, its accuracy depends highly on sonographer ex-
perience (12,13). Although the National Comprehensive 
Cancer Network suggests both MRI and endoscopic US 
for clinical staging, MRI is preferred (14). In some institu-
tions, individuals with newly diagnosed rectal cancer un-
dergo MRI, whereas endoscopic US is recommended for 
those showing intramural lesions at MRI (15,16). How-
ever, this strategy is associated with a longer waiting time 
and higher expenditure.

At present, staging MRI is largely performed with T2-
weighted imaging, which is considered a better sequence for 
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Background:  Accurate differentiation of stage T0–T1 rectal tumors from stage T2 rectal tumors facilitates the selection of appropriate 
surgical treatment. MRI is a recommended technique for local staging, but its ability to distinguish T1 from T2 tumors is poor.

Purpose:  To explore the value of a submucosal enhancing stripe (SES), an uninterrupted enhancing band between the rectal tumor 
and the muscular layer on contrast material–enhanced T1-weighted images, as a potential imaging feature to differentiate T0–T1 
from T2 rectal tumors.

Materials and Methods:  This retrospective study included patients with pT0–T1 and pT2 rectal tumors who underwent pretreatment 
MRI and rectal tumor resection between January 2012 and November 2019. Two radiologists independently evaluated tumor char-
acteristics (SES; status of muscularis propria [SMP]; and tumor shape, location, and size) at MRI. The associations of clinical and 
imaging characteristics with stage T0–T1 or T2 tumors were assessed, b values were calculated, and predictive models were built. 
The diagnostic accuracies for the differentiation of T0–T1 tumors from T2 tumors with SES and SMP were compared.

Results:  Data from 431 patients (mean age, 60 years 6 10 [standard deviation]; 261 men) were evaluated. SES (b = 3.9; 95% CI: 
3.1, 4.7; P , .001), SMP (b = 1.3; 95% CI: 0.7, 1.9; P , .001), and carpetlike shape (b = 1.6; 95% CI: 0.5, 2.8; P = .01) were in-
dependent factors distinguishing T0–T1 tumors from T2 tumors. The diagnostic accuracy was 87% (95% CI: 84, 90; 376 of 431) 
for SES and 67% (95% CI: 63, 72; 290 of 431) for SMP (P , .001).

Conclusion:  Submucosal enhancing stripe (SES) at contrasted-enhanced MRI, status of muscularis propria (SMP) on T2-weighted 
images, and tumor shape can serve as independent imaging features to differentiate stage T0–T1 rectal tumors from stage T2 rectal 
tumors. Moreover, SES is a more accurate feature than is SMP.
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delineating rectal wall layers (10,17). Regularity or irregularity of 
the muscularis propria is the major criterion for distinguishing 
stage T0–T1 from stage T2 with T2-weighted imaging (11,18). 
However, focal loss or mild irregularity of the muscularis pro-
pria can occur, resulting in high overstaging rates of 69%–95% 
(11,17,19,20). Contrast material–enhanced MRI is generally 
considered unnecessary for tumor staging because identification 
of individual rectal wall layers is still difficult (10,21). However, 
the reports of these studies did not mention the status of sub-
mucosal enhancing stripe (SES), an uninterrupted enhancing 
band between the rectal tumor and the muscular layer (10,21). 
Because submucosa contains abundant blood vessels, the status 
of SES may indicate the incidence or extent of tumor invasion. 
To our knowledge, no studies have evaluated the benefit of using 
SES as an imaging feature in the differentiation of stage T0–T1 
from stage T2 rectal tumors.

Therefore, the purpose of this study was to explore the value 
of SES in the differentiation of stage T0–T1 rectal lesions from 
stage T2 rectal lesions and to compare the diagnostic ability to 
differentiate T0–T1 tumors from T2 tumors using SES at con-
trast-enhanced MRI with the diagnostic ability to differentiate 
these tumors using the status of muscularis propria (SMP) at 
T2-weighted imaging.

Materials and Methods

Study Population
We retrospectively reviewed the medical records of 3716 con-
secutive patients who underwent prospective rectal MRI from 
January 2012 to November 2019. Our institutional review 
board approved this retrospective study and waived the re-
quirement for informed consent. Patients with primary rectal 
adenomas or rectal adenocarcinomas who had not previously 
received treatment and who underwent elective tumor resec-
tion within 3 weeks of undergoing MRI were eligible for this 
study. Patients were excluded if they underwent neoadjuvant 
chemoradiotherapy before surgery, if they underwent chemo-
therapy or other palliative treatment, if they did not receive 
any treatment in our institute, if they had histopathologically 
proven stage T3–T4 lesions or T2 lesions with tumor invasion 

to the outer longitudinal layer of muscularis propria, or if they 
had an affected margin treated with local excision with unclear 
tumoral invasion depth (Fig 1). In consideration of the fact that 
stage T2 lesions that infiltrated the outer longitudinal layer of 
the muscularis propria are relatively easily differentiated from 
stage T1 lesions, only early-stage T2 lesions that infiltrated the 
inner circular layer were included in this study.

MRI Acquisition
MRI examinations were performed with a 3.0-T system (Dis-
covery MR750; GE Healthcare, Waukesha, Wis) with a phased-
array surface coil. In our institution, bowel preparation included 
glycerin enema, administration of 10 mg of raceanisodamine 
hydrochloride (except in patients with contraindications), and 
50–60 mL US gel for distention before MRI examinations.

Oblique axial, sagittal, and coronal non–fat-saturated high-
spatial-resolution T2-weighted images were obtained orthogonal 
or parallel to the long axis of the tumor. Axial T1-weighted imag-
ing, fat-saturated T2-weighted imaging, and diffusion-weighted 
imaging (b values of 0 sec/m2 and 1000 sec/m2) covering the 
whole pelvis were also performed. Contrast-enhanced MRI was 
performed by using the three-dimensional T1-weighted gradi-
ent-echo sequence 15 seconds after intravenous administration 
of 0.2 mL per kilogram of body weight gadopentetate dimeglu-
mine (Magnevist; Bayer Healthcare, Berlin, Germany) at a rate 
of 2.0 mL/sec. Six sets of oblique axial images were obtained, 
with the direction being parallel to high-resolution T2-weighted 
images; this was followed by acquisition of one set of sagittal 
and coronal images. The exact MRI protocols are summarized 
in Table E1 (online).

Image Analysis
Two gastrointestinal radiologists (H.M.Z., Y.L.; 21 years and 17 
years of experience in rectal MRI, respectively) independently 
reviewed the MRI scans. The two readers were blinded to any 
clinical or histopathologic information and achieved a unified 
evaluation standard to identify the MRI parameters through dis-
cussion before the independent analysis. In total, four reading 
sessions were presented: two sessions for independent analysis 
of T2-weighted and contrast-enhanced images separated by at 
least 2 weeks, and two sessions to reach consensus in cases with 
discrepancies on qualitative parameters. The mean of quantita-
tive parameters was applied for the following uni- and multivari-
able analyses. The evaluated MRI characteristics of rectal cancer 
included tumor location, tumor shape, SES, SMP, distance from 
the tumor to the anal verge, maximum tumor length, and maxi-
mum tumor circumference. These characteristics are described 
in Table 1 and Figures 2 and 3.

Clinical Information and Histopathologic Tumor Node 
Metastasis Staging
Clinical information, including age, sex, and preoperative 
levels of carcinoembryonic antigen and carbohydrate antigen 
19–9, was evaluated. The threshold values of carcinoembry-
onic antigen and carbohydrate antigen 19–9 levels were based 
on the normal ranges used at our institution (0–5 ng/mL and 
0–37 U/mL, respectively).

Abbreviations
SES = submucosal enhancing stripe, SMP = status of muscularis propria

Summary
Submucosal enhancing stripe at contrast material–enhanced MRI 
is a prospective imaging feature that enables differentiation of stage 
T0–T1 rectal tumors from stage T2 rectal tumors.

Key Results
	n The frequency of a submucosal enhancing stripe (SES) at contrast 

material–enhanced MRI was different between stage T0–T1 and 
stage T2 rectal tumors (SES was present in 84% of T0–T1 tumors 
vs 8% of T2 tumors; P , .001).

	n The accuracy of differentiation of stage T0–T1 rectal tumors from 
T2 rectal tumors for presence of SES was higher than that obtained 
by using the status of muscularis propria (87% vs 67%; P , .001).
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(n = 56), absence of contrast-enhanced MRI scans (n = 38), and 
insufficient image quality (n = 4). The final study population 
consisted of 431 patients (mean age 6 standard deviation, 60 
years 6 10; age range, 35–84 years; 261 men) (Table 2).

Among the 431 patients, 21 had T0 lesions (adenoma with 
or without low-grade intraepithelial neoplasia), 83 had Tis le-
sions (carcinoma in situ), 145 had T1 lesions (tumor invading 
the submucosa), and 182 had T2 lesions (tumor invading the 
inner circular layer of the muscularis propria only). The 431 
patients were divided into two groups: a stage T0–T1 (T0, 
Tis, T1) group and a stage T2 group. There were 249 patients 
(mean age, 60 years 6 10 [standard deviation]; age range, 35–
82 years; 144 men) in the T0–T1 group and 182 (mean age, 
60 years 6 10; age range, 35–84 years; 117 men) in the T2 
group (Fig 1).

Clinical and MRI Characteristics Associated with T0–T1 and 
T2 Lesions
Patients' clinical and MRI findings are described in Table 2. 
The distribution of age, sex, preoperative carcinoembryonic 
antigen level, and preoperative carbohydrate antigen 19–9 level 
did not differ between the T0–T1 group and the T2 group (P = 
.99, P = .18, P = .50, and P = .05, respectively).

Among the 249 patients with T0–T1 lesions, 209 (84%) 
had an uninterrupted SES between the rectal tumor and the 
muscular layer at contrast-enhanced T1-weighted imaging (Fig 
4, A–C). On the basis of the tumor growth patterns, four types 
of SES contours were found (Fig 2). In the T2 group, 15 of 182 

Surgical methods included local excision (n = 96) and total 
mesorectal excision (n = 335), which are detailed in Table E2 
(online). The existing pathologic reports presented tumor stag-
ing according to the American Joint Committee on Cancer Tu-
mor Node Metastasis staging system.

To further explore the possible factors that affect the diagnos-
tic accuracy of SES, a specialized pathologist (S.M.Z.) with 21 
years of experience in histopathology was invited to re-review the 
histopathologic samples that were potentially misdiagnosed after 
MRI evaluation using SES as an assessed imaging feature. The 
depth of tumor infiltration into the submucosa or muscularis 
propria was measured precisely for those samples.

Statistical Analysis
The significance of each variable was assessed with univariable 
analysis of stage T0–T1 (T0, Tis, and T1) and stage T2 lesions. 
According to the Q-Q plot, the continuous variables were 
compared by using the t test or Mann-Whitney U test. Cat-
egorical variables were compared by using the x2 test. Bonfer-
roni corrections were used for multiple comparisons. P , .05 
was considered to indicate a significant difference. Heat maps 
were generated to show the distribution of variables between 
stage T0–T1 and stage T2 groups. The accuracy, sensitivity, 
and specificity for the differentiation of stage T0–T1 tumors 
from stage T2 tumors by using SES or SMP were calculated 
and compared with the McNemar test.

Interobserver agreement was quantified by using the k sta-
tistic for categorical variables (k = 0–0.20, poor agreement; k = 
0.21–0.40, fair agreement; k = 0.41–0.60, moderate agreement; 
k = 0.61–0.80, good agreement; and k = 0.81–1.00, excellent 
agreement) and the intraclass correlation coefficient (or ICC) for 
continuous variables (ICC = 0–0.49, poor agreement; ICC = 
0.50–0.75, moderate agreement; ICC = 0.76–0.90, good agree-
ment; ICC = 0.91–1.00, excellent agreement) (22).

All variables that were significant at univariable analysis  
(P , .05) were candidates for multivariable regression analysis. 
Backward stepwise selection was applied. The b values and 95% 
CIs were calculated. The multivariable model was built by using 
the regression equation, and the receiver operating characteristic 
curve was plotted to evaluate the power of the model. Statisti-
cal analyses were conducted by using R software, version 3.6.1 
(https://www.r-project.org/).

Results

Study Participants
Among the 3716 patients, 1971 were excluded because they 
underwent neoadjuvant chemoradiotherapy before surgery (n 
= 1473), received chemotherapy or other palliative treatment  
(n = 320), or did not receive any treatment in our institute (n = 
178) (Fig 1). Subsequently, a total of 1745 patients who had rectal 
adenoma or adenocarcinoma and underwent primary resection 
were included. Among these patients, 1314 were excluded for 
presence of histopathologically proven T3–T4 lesions (n = 993), 
presence of T2 lesions with tumor invasion to the outer longi-
tudinal layer of the muscularis propria (n = 223) or lack of spe-
cific indication of involvement of the layer of muscularis propria  

Figure 1:  Flowchart shows study inclusion and exclusion criteria. nCRT = neo-
adjuvant chemoradiotherapy.
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imaging, but 73% (133 of 182) of the patients with stage T2 
lesions had an irregular or even interrupted proper muscle layer 
(P , .001).

Seventy-seven patients with T0–T1 lesions overstaged with 
SMP were accurately identified according to the SES. The di-
agnostic accuracy, sensitivity, and specificity for SES were 87% 
(95% CI: 84, 90; 376 of 431), 84% (95% CI: 79, 88; 209 of 
249), and 92% (95% CI: 87, 95; 167 of 182), respectively. The 
diagnostic accuracy, sensitivity, and specificity for SMP were 
67% (95% CI: 63, 72; 290 of 431), 63% (95% CI: 57, 69; 157 

(8.2%) lesions had an SES, whereas up to 92% (167 of 182) 
of the T2 lesions did not (P , .001) (Fig 4, D–F). According 
to the pathologist's review, of the 40 T0–T1 tumors without 
SES, nine were stage Tis tumors and 31 were stage T1 tumors. 
Twenty-six of the 31 (84%) T1 tumors showed tumor invasion 
to the deep third of the submucosa, and 11 of 15 (73%) T2 tu-
mors with SES had only focal tumor invasion to the superficial 
muscularis propria.

Furthermore, 63% (157 of 249) of the patients with T0–
T1 lesions showed regular muscularis propria at T2-weighted 

Figure 2:  Contrast material–enhanced T1-weighted MRI scans show submucosal enhancing stripe (SES) evaluation criteria and examples. A–D, Presence of SES as 
an uninterrupted enhancing stripe between the rectal tumor and the muscular layer with varied contours based on the tumor growth pattern (arrows). E–H, Absence of SES 
(arrows). In, A, E, the tumor growth pattern is pedunculated polypoidal; in, B, F, the tumor growth pattern is sessile polypoidal; in, C, G, the tumor growth pattern is carpetlike; 
and in, D, H, the tumor growth pattern is focal rectal wall thickening.

Table 1: MRI-based Evaluation of Tumor Characteristics

Characteristic Evaluation or Measurement Classification
Tumor location Judged by oblique axial T2-weighted images  

according to position of tumoral main body;  
rectal wall is divided into four parts along two  
orthogonal lines that pass through perceived 
center of lumen

Anterior, posterior, left, and right side

Tumor shape Categorized according to tumor structure in  
T2-weighted images

Pedunculated polypoidal (pedunculated and 
protruding into the lumen), sessile polypoidal 
(sessile and protruding into lumen), carpetlike 
(flat surface with villous feature), and focal wall 
thickening

Submucosal enhancing stripe Oblique axial, sagittal, and coronal contrast  
material–enhanced T1-weighted sequences were 
used for assessment; identical results based on at 
least two sequences were recorded

Presence: uninterrupted enhancing stripe between 
rectal tumor and muscular layer 
Absence: disappeared or interrupted enhancing 
stripe

Status of muscularis propria Assessed with T2-weighted images, with particular  
attention to inner border of muscularis propria

Regular, irregular

Distance from tumor to anal verge Distance of inferior border of tumor to anal verge  
on sagittal T2-weighted images

…

Maximum tumor length Maximum tumor length on sagittal T2-weighted 
images

…

Maximum tumor circumference Maximum tumor circumference via oblique axial 
T2-weighted images

…
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maximum tumor length, and maximum tumor cir-
cumference showed different distributions between 
the two groups.

Interobserver Agreement for MRI Findings
Interobserver agreement for SMP was moderate 
(k = 0.54; 95% CI: 0.46, 0.62), and the other 
predictors showed good to excellent agreement, 
with k values ranging from 0.78 (95% CI: 0.73, 
0.83) to 0.93 (95% CI: 0.90, 0.96) and intraclass 
correlation coefficients ranging from 0.97 (95% 
CI: 0.96, 0.98) to 0.99 (95% CI: 0.98, 0.99). 
Details of interobserver agreements are provided 
in Table 3.

Multivariable Logistic Regression Analysis
Multivariable analysis showed that SES (P , 
.001), SMP (P , .001), and tumor shape (P = 
.03) (Table 4) were independent factors that en-
abled differentiation of stage T0–T1 tumors from 
stage T2 tumors. Lesions with SES (b = 3.9; 95% 
CI: 3.1, 4.7), regular SMP (b = 1.3; 95% CI: 
0.7, 1.9), carpetlike shape (b relative to focal wall 
thickening = 1.6; 95% CI: 0.5, 2.8), or a combi-
nation thereof had greater likelihood to be stage 
T0–T1 tumors than did other lesions. The mul-
tivariable model showed diagnostic ability, with 
an area under the receiver operating characteristic 
curve of 0.92 (95% CI: 0.90, 0.95) (Fig 6).

Discussion
Precisely distinguishing T0–T1 from T2 rec-
tal tumors is essential for selecting appropriate 
treatment. We aimed to evaluate the ability of a 
submucosal enhancing stripe (SES) at contrast-
enhanced MRI to differentiate stage T0–T1 le-
sions from stage T2 lesions. In our study, 84% 
(209 of 249) of T0–T1 lesions had SES compared 

with only 8.2% (15 of 182) of T2 lesions (P , .001). The SES 
was superior to the status of muscularis propria (SMP) in the 
differentiation of stage T0–T1 lesions from T2 lesions, with a 
diagnostic accuracy of 87% (376 of 431) versus 67% (290 of 
431) (P , .001).

The submucosa, located between the muscularis mucosa 
and the muscularis propria, is a loose connective tissue layer 
that contains abundant blood vessels (23). After injection of 
contrast media, it highlighted a continuous and integrated en-
hancing stripe at T1-weighted imaging. Theoretically, the pres-
ence of SES in patients with a rectal tumor meant that the 
tumor did not penetrate through the submucosa, independent 
of whether the tumor had invaded it or not, a feature that was 
helpful in the differentiation of stage T0–T1 from stage T2 
rectal tumors. We also found that 77 T0–T1 lesions that were 
overstaged by using the parameter of SMP at T2-weighted im-
aging were accurately identified with use of SES at contrast-
enhanced T1-weighted imaging. Thus, although contrast-en-
hanced T1-weighted imaging is not routinely recommended 

of 249), and 73% (95% CI: 66, 79; 133 of 182), respectively (all 
P , .001 for comparisons with SES), in the differentiation of 
stage T0–T1 tumors from stage T2 tumors.

Up to 90% (65 of 72) of the pedunculated polypoidal tu-
mors and 88% (43 of 49) of carpetlike tumors were seen in 
the T0–T1 group, and 65% (138 of 211) of tumors with focal 
rectal wall thickness belonged to the T2 group (P , .001). Tu-
mor location did not differ between the T0–T1 and T2 groups 
(P = .69).

Maximum tumor length and maximum tumor circumfer-
ence of T2 tumors were larger than those of T0–T1 tumors (me-
dian, 2.1 cm [interquartile range or IQR, 1.2] vs 1.4 cm [IQR, 
1.5] for maximum tumor length [P , .001]) (median, 2.6 cm 
[IQR, 1.2] vs 1.7 cm [IQR, 1.7] for maximum tumor circum-
ference [P , .001]). No association was found in the distance 
from the tumor to the anal verge between stage T0–T1 and T2 
tumors (median, 5.7 cm [IQR, 4.6] vs 5.9 cm [IQR, 4.0]; P = 
.91). A heat map (Fig 5) shows the distribution of all the vari-
ables between T0–T1 and T2 groups; tumor shape, SES, SMP, 

Figure 3:  T2-weighted MRI scans show, A, B, status of muscularis propria (arrows) and, C–F, 
tumor shapes (arrows). Examples are shown for, A, regular and, B, irregular muscularis propria, as 
well as, C, pedunculated polypoidal, D, sessile polypoidal, E, carpetlike, and, F, focal rectal wall 
thickening.
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primary villous features if accompanied by extensively malig-
nant transformation and deeper invasion.

The multivariable model that incorporated SES, SMP, and 
tumor shape enabled successful differentiation of stage T0–T1 
tumors from stage T2 tumors with an area under the curve of 
0.92. Except for SMP with moderate interobserver agreement, 
the interobserver agreements were good to excellent for the other 
predictors. The defined evaluation methods in the study are re-
producible, and in a collaborative way these tested features can 
be used to distinguish stage T0–T1 tumors from stage T2 tu-
mors very well.

It is well known that the malignancy potential of rectal 
adenomas increases with an increase in size (24,25); however, 
there are no reports focused on the association of tumor size 
with the depth of tumor invasion. In our study, tumor size, 
which includes the maximum tumor length and maximum 

for most rectal MRI examinations, our results suggest that it 
can be recommended in patients suspected of having intramu-
ral rectal cancer at T2-weighted imaging for further differentia-
tion of T0–T1 tumors from T2 tumors.

Although far from satisfactory, the diagnostic ability of 
SMP in this study was much better than what has been re-
ported before (11,19,20). This was probably because of the 
improved image quality with updated and improved MRI field 
strength and coil design compared with the equipment used 10 
years ago. However, the interobserver agreement for SMP was 
only moderate, which may limit its clinical application. Pedun-
culated polypoidal and carpetlike tumors were more frequently 
found in stage T0–T1 tumors but were seldom seen in stage T2 
tumors in the current study. We speculated that the stalk of the 
pedunculated tumor would be damaged from tumor invasion 
to the muscularis propria; the carpetlike tumors would lack 

Table 2: Clinical and MRI Characteristics of Patients with Stage T0–T1 or Stage T2 Rectal Lesions

Characteristic Total (n = 431) Stage T0–T1 (n = 249) Stage T2 (n = 182) P Value
Age (y)* 60 6 10 60 6 10 60 6 10 .99
Sex .18
  Male 261 (61) 144 (58) 117 (64) ...
  Female 170 (39) 105 (42) 65 (36) ...
CEA level .50
  5 ng/mL 326 (76) 189 (76) 137 (75) ...
  .5 ng/mL 51 (12) 27 (11) 24 (13) ...
  Missing 54 (13) 33 (13) 21 (12) ...
CA19–9 level .05
  37 U/mL 359 (83) 201 (81) 158 (87) ...
  .37 U/mL 16 (3.7) 13 (5.2) 3 (1.6) ...
  Missing 56 (13) 35 (14) 21 (12) ...
Tumor location .69
  Anterior 127 (30) 68 (27) 59 (32) ...
  Posterior 105 (24) 62 (25) 43 (24) ...
  Left 94 (22) 55 (22) 39 (21) ...
  Right 105 (24) 64 (26) 41 (23) ...
Tumor shape ,.001
  Pedunculated polypoidal 72 (17) 65 (26) 7 (3.8) ...
  Sessile polypoidal 99 (23) 68 (27) 31 (17) ...
  Carpetlike 49 (11) 43 (17) 6 (3.3) ...
  Focal wall thickening 211 (49) 73 (29) 138 (76) ...
SES ,.001
  Present 224 (52) 209 (84) 15 (8.2) ...
  Absent 207 (48) 40 (16) 167 (92) ...
SMP ,.001
  Regular 206 (48) 157 (63) 49 (27) ...
  Irregular 225 (52) 92 (37) 133 (73) ...
Median DTA (cm)† 5.9 (4.4) 5.7 (4.6) 5.9 (4.0) .91
Median MTL (cm)† 1.8 (1.5) 1.4 (1.5) 2.1 (1.2) ,.001
Median MTC (cm)† 2.1 (1.6) 1.7 (1.7) 2.6 (1.2) ,.001

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses. CA19–9 = carbohydrate antigen 19–9, 
CEA = carcinoembryonic antigen, DTA = distance from the tumor to the anal verge, MTC = maximum tumor circumference, MTL = 
maximum tumor length, SES = submucosal enhancing stripe, SMP = status of muscularis propria.
* Data are mean 6 standard deviation.
† Data in parentheses are the interquartile range. 
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show relatively large maximum tumor length or maximum 
tumor circumference but with slight tumor invasion. Tumor 
thickness was not evaluated in this study because it is largely 
influenced by the tumor shape.

The study had several limitations. First, it was a retrospective 
study with inherent selection bias. Second, stage T0, Tis, and T1 

tumor circumference, was a significant factor in the differentia-
tion of stage T0–T1 lesions from stage T2 lesions according 
to univariable analysis; however, it lost its predictive potential 
after multivariable analysis. Measurement of maximum tumor 
length and maximum tumor circumference may be affected by 
different tumor shapes. For example, carpetlike tumors usually 

Figure 4:  MRI scans in patients with rectal cancer. A–C, Images in a 74-year-old woman with stage T1 rectal cancer. A, T2-weighted image 
shows a rectal tumor with sessile polypoidal shape and irregular muscularis propria. B, Contrast material–enhanced T1-weighted image shows 
a tumor with a submucosal enhancing stripe (SES) (arrows). C, Photomicrograph shows the tumor invades the submucosa (arrow), with a normal 
muscularis propria (red ˘ = submucosa; blue ˘ = muscularis propria). (Hematoxylin-eosin stain; original magnification, 320.) D–F, Images in a 
67-year-old man with early-stage T2 rectal cancer. D, T2-weighted image shows a rectal tumor with focal rectal wall thickening and regular muscu-
laris propria. E, Contrast-enhanced T1-weighted image shows a tumor without SES (arrows). F, Photomicrograph shows the tumor invades the sub-
mucosa into the inner circular layer of the muscularis propria (black arrow) (red ˘ = submucosa; blue ˘ = muscularis propria). (Hematoxylin-eosin 
stain; original magnification, 350.)

Figure 5:  Heat map shows the distribution of clinical and MRI features between stage T0–T1 and stage T2 groups. Each row in the heat map corresponds to a unique 
feature, color coded as detailed in the legends on the left and below the heat map. Each column corresponds to one patient. Tumor shape, submucosal enhancing stripe 
(SES), status of muscularis propria (SMP), maximum tumor length (MTL), and maximum tumor circumference (MTC) showed different distribution between T0–T1 and T2 
groups. CA19–9 = carbohydrate antigen 19–9, CEA = carcinoembryonic antigen, DTA = distance from the tumor to the anal verge.
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independent predictor in the differentiation of stage T1 or lower 
rectal tumors from stage T2 tumors. In addition, SES is superior 
to status of muscularis propria in terms of reliability and repro-
ducibility. Performance of rectal MRI with contrast enhance-
ment may be beneficial in patients with early stage tumors for 
determining appropriate care.

Author contributions: Guarantors of integrity of entire study, H.O., X.M.Z., 
C.W.Z., H.M.Z.; study concepts/study design or data acquisition or data analysis/
interpretation, all authors; manuscript drafting or manuscript revision for important 
intellectual content, all authors; approval of final version of submitted manuscript, 
all authors; agrees to ensure any questions related to the work are appropriately 
resolved, all authors; literature research, L.J.W., Y.L., W.J.P., S.M.Z., H.M.Z.; clini-
cal studies, L.J.W., Y.L., S.M.Z., F.Y., H.O., X.M.Z., C.W.Z., H.M.Z.; statistical  
analysis, L.J.W., Y.L., S.M.Z., F.Y., H.M.Z.; and manuscript editing, L.J.W., Y.L., 
S.M.Z., H.M.Z.

Disclosures of Conflicts of Interest: L.J.W. disclosed no relevant relationships. 
Y.L. disclosed no relevant relationships. W.J.P. disclosed no relevant relationships. 
S.M.Z. disclosed no relevant relationships. F.Y. disclosed no relevant relationships. 
H.O. disclosed no relevant relationships. X.M.Z. disclosed no relevant relation-
ships. C.W.Z. disclosed no relevant relationships. H.M.Z. disclosed no relevant 
relationships.

References
	 1.	 Leijtens JWA, Koedam TWA, Borstlap WAA, et al. Transanal endoscopic micro-

surgery with or without completion total mesorectal excision for T2 and T3 rectal 
carcinoma. Dig Surg 2019;36(1):76–82.

	 2.	 Stijns RCH, Tromp MR, Hugen N, de Wilt JHW. Advances in organ preserving 
strategies in rectal cancer patients. Eur J Surg Oncol 2018;44(2):209–219.

	 3.	 Cutting JE, Hallam SE, Thomas MG, Messenger DE. A systematic review of local 
excision followed by adjuvant therapy in early rectal cancer: are pT1 tumours the 
limit? Colorectal Dis 2018;20(10):854–863.

	 4.	 Sasaki T, Ito Y, Ohue M, et al. Postoperative chemoradiotherapy after local resection 
for high-risk T1 to T2 low rectal cancer: results of a single-arm, multi-institutional, 
phase II clinical trial. Dis Colon Rectum 2017;60(9):914–921.

	 5.	 Westrich G, Venturero M, Schtrechman G, et al. Transanal minimally invasive sur-
gery for benign and malignant rectal lesions: operative and oncological outcomes 
of a single center experience. J Laparoendosc Adv Surg Tech A 2019;29(9):1122–
1127.

tumors were categorized as one group. The study focused on the 
differentiation of T1 or lower stage tumors from stage T2 tumors 
to select appropriate patients who can undergo minimally invasive 
surgery. Initially, we also tried to test whether the distance from the 
inner border of the tumor to the tip end of SES can help distin-
guish stage Tis tumors from stage T1 tumors or can help predict 
the submucosal invasion depth but failed because that measure-
ment was impeded by many factors. Third, to strictly evaluate im-
aging features for the differentiation of stage T0–T1 tumors from 
T2 tumors, only early T2 tumors that infiltrated the inner muscu-
lar layer were included in the study; therefore, the number of T2 
tumors was relatively smaller than the number of T0–T1 tumors. 
However, we believe that the results obtained by strictly selecting 
patients will be more reliable for supporting the treatment strategy. 
Fourth, we did not perform validation on an external cohort, and 
our results should be externally validated.

In conclusion, this study shows that submucosal enhanc-
ing stripe (SES) status in contrast-enhanced MRI, along with 
status of muscularis propria and tumor shape, can serve as an 

Table 3: Interobserver Agreement between Two Radiolo-
gists for MRI Findings

Variable Interobserver Agreement*
Tumor location 0.93 (0.90, 0.96)
Tumor shape 0.78 (0.73, 0.83)
Submucosal enhancing stripe 0.86 (0.81, 0.90)
Status of muscularis propria 0.54 (0.46, 0.62)
Distance from tumor to anal verge 0.97 (0.96, 0.98)
Maximum tumor length 0.99 (0.98, 0.99)
Maximum tumor circumference 0.99 (0.98, 0.99)

Note.—Data in parentheses are 95% CIs.
* Quantified by using k statistic for categorical variables and 
intraclass correlation coefficient for continuous variables.

Table 4: Multivariable Analysis of Variables Associated 
with Stage T0–T1 Rectal Lesions

Variable b Value P Value
Submucosal enhancing stripe ,.001
  Present 3.9 (3.1, 4.7)
  Absent …
Status of muscularis propria ,.001
  Regular 1.3 (0.7, 1.9)
  Irregular …
Tumor shape .03
  Pedunculated polypoidal 0.4 (−0.8, 1.7) .50
  Sessile polypoidal −0.2 (−1.1, 0.7) .71
  Carpet-like 1.6 (0.5, 2.8) .01
  Focal wall thickening …

Note.—Data in parentheses are 95% CIs. Number of stage T0–
T1 rectal lesions, 249; number of all lesions, 431. The reference 
categories for each variable are as follows: submucosal enhancing 
stripe, absence; regular status of muscularis propria, irregular; pe-
dunculated polypoidal, focal wall thickening; sessile polypoidal, 
focal wall thickening; carpetlike, focal wall thickening.

Figure 6:  Receiver operating characteristic (ROC) curve analysis of multivari-
able models for differentiating stage T0–T1 from stage T2 rectal tumors. The blue 
area is the 95% CI of the ROC curve. Submucosal enhancing stripe (SES), status 
of muscularis propria (SMP), and tumor shape were included in the multivariable 
model, and the area under the ROC curve (AUC) is 0.92 (95% CI: 0.90, 0.95).



Wan and Liu et al

Radiology: Volume 00: Number 0— 2020  n  radiology.rsna.org	 9

	 6.	 Halverson AL, Morris AM, Cleary RK, Chang GJ. For patients with early rectal 
cancer, does local excision have an impact on recurrence, survival, and quality of life 
relative to radical resection? Ann Surg Oncol 2019;26(8):2497–2506.

	 7.	 São Julião GP, Celentano JP, Alexandre FA, Vailati BB. Local excision and endo-
scopic resections for early rectal cancer. Clin Colon Rectal Surg 2017;30(5):313–
323.

	 8.	 Klessen C, Rogalla P, Taupitz M. Local staging of rectal cancer: the current role of 
MRI. Eur Radiol 2007;17(2):379–389.

	 9.	 Chan BPH, Patel R, Mbuagbaw L, Thabane L, Yaghoobi M. EUS versus magnetic 
resonance imaging in staging rectal adenocarcinoma: a diagnostic test accuracy meta-
analysis. Gastrointest Endosc 2019;90(2):196–203.e1.

	10.	 Beets-Tan RGH, Lambregts DMJ, Maas M, et al. Magnetic resonance imaging for 
clinical management of rectal cancer: updated recommendations from the 2016 Eu-
ropean Society of Gastrointestinal and Abdominal Radiology (ESGAR) consensus 
meeting. Eur Radiol 2018;28(4):1465–1475 [Published correction appears in Eur 
Radiol 2018;28(6):2711.].

	11.	 Kim H, Lim JS, Choi JY, et al. Rectal cancer: comparison of accuracy of local-region-
al staging with two- and three-dimensional preoperative 3-T MR imaging. Radiol-
ogy 2010;254(2):485–492.

	12.	 Goldenberg BA, Holliday EB, Helewa RM, Singh H. Rectal cancer in 2018: a prim-
er for the gastroenterologist. Am J Gastroenterol 2018;113(12):1763–1771.

	13.	 Horvat N, Petkovska I, Gollub MJ. MR imaging of rectal cancer. Radiol Clin North 
Am 2018;56(5):751–774.

	14.	 Benson AB, Venook AP, Al-Hawary MM, et al. Rectal Cancer, Version 2.2018, 
NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw 
2018;16(7):874–901.

	15.	 Moreno CC, Sullivan PS, Mittal PK. MRI evaluation of rectal cancer: staging and 
restaging. Curr Probl Diagn Radiol 2017;46(3):234–241.

	16.	 Yimei J, Ren Z, Lu X, Huan Z. A comparison between the reference values of MRI 
and EUS and their usefulness to surgeons in rectal cancer. Eur Rev Med Pharmacol 
Sci 2012;16(15):2069–2077.

	17.	 Heo SH, Kim JW, Shin SS, Jeong YY, Kang HK. Multimodal imaging evaluation in 
staging of rectal cancer. World J Gastroenterol 2014;20(15):4244–4255.

	18.	 Chun HK, Choi D, Kim MJ, et al. Preoperative staging of rectal cancer: com-
parison of 3-T high-field MRI and endorectal sonography. AJR Am J Roentgenol 
2006;187(6):1557–1562.

	19.	 Kim YW, Cha SW, Pyo J, et al. Factors related to preoperative assessment of the cir-
cumferential resection margin and the extent of mesorectal invasion by magnetic reso-
nance imaging in rectal cancer: a prospective comparison study. World J Surg 2009; 
33(9):1952–1960.

	20.	 MERCURY Study Group. Extramural depth of tumor invasion at thin-section MR 
in patients with rectal cancer: results of the MERCURY study. Radiology 2007;243 
(1):132–139.

	21.	 Vliegen RF, Beets GL, von Meyenfeldt MF, et al. Rectal cancer: MR imaging in local stag-
ing--is gadolinium-based contrast material helpful? Radiology 2005;234(1):179–188.

	22.	 Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coef-
ficients for reliability research. J Chiropr Med 2016;15(2):155–163 [Published cor-
rection appears in J Chiropr Med 2017;16(4):346.].

	23.	 Eidelman S, Lagunoff D. The morphology of the normal human rectal biopsy. Hum 
Pathol 1972;3(3):389–401.

	24.	 Durán-Martínez M, Medina-Fernández FJ, Martínez-Dueñas JL, Díaz-López C, 
Briceño-Delgado J. Endoanal resection of a giant villous adenoma in the middle 
rectum - a video vignette. Colorectal Dis 2018;20(4):357.

	25.	 Rickenbacher A, Bauerfeind P, Rössler F, Turina M. Sequential endoscopic and surgi-
cal removal of giant rectal adenomas extending to the dentate line. Tech Coloproctol 
2018;22(5):379–381.


