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Background: Validated rectal cancer staging groups T3 tumours in a single stage and depth of mesorectal 
invasion subclassification is not standard practice. Our aim is to report concordance between magnetic 
resonance imaging (MRI) and endorectal ultrasound (ERUS) for preoperative staging of T3 rectal tumours 
using a 5-mm cut-off point and possible survival implications.
Methods: Prospective cohort study including patients staged preoperatively as cT3 by ERUS or magnetic 
resonance imaging. The maximum depth of penetration beyond the outer longitudinal muscle layer was 
measured according to a 5-mm cut-off point. Concordance rate and Kappa coefficient were calculated for 
both techniques. Primary end-points were disease free survival and overall survival (OS) for both groups.
Results: A total of 97 patients were included. Disease-free survival in depth of mesorectal invasion ≤5 
and >5 mm measured by ERUS was 130.80 (119.20–142.30) vs. 88.38 (56.13–120.64) months (P=0.020), 
respectively, and 129.90 (117.90–141.90) vs. 93.60 (64.50–122.70) months (P=0.045) when measured by 
magnetic resonance imaging. Depth of mesorectal invasion ≤5 mm measured by ERUS and MRI was a 
prognostic factor for both OS [ERUS P=0.009; MRI P=0.019] and DFS (ERUS P=0.026; MRI P=0.054) 
after Cox regression analysis.  
Conclusions: T3 subclassification above and below 5mm is feasible by ERUS, shows good concordance 
with validated magnetic resonance and can easily be incorporated into the diagnostic workup for these 
patients with possible survival implications.
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Introduction

The current rectal cancer staging systems such as the TNM 
Classification of Malignant Tumors (TNM) and American 
Joint Committee on Cancer (AJCC) based on tumour 
infiltration, lymph node invasion and metastatic spread, 
are currently the standard for colorectal cancer and reflect 
prognosis (1). Pathological T3 rectal cancers defined as 
depth of mesorectal invasion (DMI) beyond the muscularis 
propria are a heterogeneous group which are normally 
classified in a single-stage category. There have been several 
proposals for subclassifying them as T3a–T3d (2-4) but 
this has not become standard practice and is presently 
an optional rather than a compulsory reporting item (5). 
However, there is a need to substratify these tumours, fine-
tune the indications for preoperative neoadjuvant therapy 
and avoid unnecessary pelvic radiation and long-term 
complications.

Several authors have reported the prognostic influence 
of postoperative histopathological DMI regardless of lymph 
node status and have suggested that this parameter should 
be included in therapeutic decision making (6,7). Three-, 4, 
5- and 6-mm cut-off points have been studied and proposed 
as independent risk factors for tumour recurrence and long-
term survival (6-12). The 5-mm cut-off point proposed by 
Merkel et al. (3,4) has recently gained more popularity and 
there are a handful of studies reporting the value of this 
histopathological cut-off point (10,13) as an independent 
prognostic indicator.

Preoperative or clinical subclassification of T3 rectal 
tumours was assessed in the MERCURY trial and the 
magnetic resonance imaging (MRI) measurement of 
DMI has been shown to be precise and equivalent to 
histopathological measurements (14-16). The preoperative 
MRI based DMI of 4- and 5-mm cut-off point have 
been used (13,15,17) with promising results. Endorectal 
ultrasound (ERUS) has long been regarded as a valuable 
staging method in local assessment of primary rectal cancer. 
ERUS has been proposed as a locoregional sating method 
by identifying tumours which may benefit from surgery 
alone vs. neoadjuvant therapy (18), moreover, it allows the 
identification of the circumferential resection margin for 
anterior tumours (19) or the subclassification of T3 tumours 

according to maximum tumour thickness (20) with high 
accuracy when compared to histopathological findings. 
However, ERUS subclassification of T3 tumours according 
to DMI has been scarcely reported (15,21). The hypothesis 
of this study is that ERUS has a good concordance with 
MRI for preoperative staging of T3 rectal tumours and 
could be used as a prognostic factor. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-880/rc). 

Objectives

We aimed to investigate the concordance between MRI and 
ERUS for preoperative staging of T3 rectal tumours using 
the 5 mm cut-off point and its role as a prognostic indicator. 

Methods

Study design and population

A prospective consecutive cohort single centre study was 
carried out in patients undergoing definitive curative 
surgery for rectal cancer from 2008 through 2018 and 
followed up until March 2020. Data was collected from a 
prospective institutional endorectal ultrasound database 
and subsequently analysed. Surgery was performed by one 
of 5 members of a highly specialized colorectal unit from a 
tertiary hospital, the Universitary Clinic Hospital of Valencia 
(Spain). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Institutional Review Board of Universitary 
Clinic Hospital and informed consent was taken from all 
individual participants. Patients with clinical T3 rectal 
tumours (less than 15 cm from the anal verge by rigid 
proctoscopy) were consecutively selected. We considered 
tumors of the lower third of the rectum up to 7 cm from the 
anal margin, of the middle third between 7.1 and 12 cm, and 
of the upper third those located between 12.1 and 15 cm. 

All patients underwent pre-treatment staging by both 
ERUS and MRI less than 4 weeks before first treatment 
(either surgery or neoadjuvant therapy), and those 
with a T3 diagnosis by either technique were included 
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regardless of lymph node status. Exclusion criteria 
were emergency surgery, more than one primary site, 
synchronous metastasis, peritoneal carcinomatosis at the 
time of surgery, a local transanal excision, and if they 
developed metachronous tumours. Patients in whom both 
techniques staged the tumour other than T3 or either of 
the radiological techniques could not be performed (patient 
or technical related factors) were also excluded from the 
study. Indications for neoadjuvant or adjuvant treatment 
are discussed at the weekly multidisciplinary team, and 
are individualized for each patient. General indications 
for treatment are based on patient performance status, 
tumour distance from the anal verge, presence of lymph 
nodes, perineural and vascular invasion, and circumferential 
resection margin involvement. The standard neoadjuvant 
chemotherapeutic regiments used were a total of 45–50 Gy 
in 25–28 fractions and concomitant capecitabine 825 mg/m2  
oral every 12 h, or short course of radiotherapy 25 Gy  
over 5 days (5 Gy/fraction) without preoperative 
chemotherapy. Adjuvant therapy regimen used was 
FOLFOX, a total of 6 postoperative cycles.

Data collection and follow-up

Patient follow-up was performed with 6 monthly serum 
carcinoembryonic antigen (CEA) levels, rigid proctoscopy 
and chest/abdominal computed tomography scan performed 
after elevation of CEA levels or at yearly intervals if the 
latter were normal. The outcome variables were: (I) 
concordance between MRI and ERUS measurements of 
DMI and (II) 5-year disease-free survival (DFS). Other 
variables analysed were age, sex, American Society of 
Anesthesiologists (ASA) score, tumour stage, lymph nodes, 
lymphovascular and perineural invasion, resection margins, 
overall survival (OS) and 1- and 2-year local recurrence.

ERUS was performed on an outpatient basis, rectal 
preparation was performed with a 250-mL rectal enema  
2 hours before the procedure. A 6–16 MHz multifrequency 
360º transducer (B & K Medical Systems Pro Focus 2202® 
scanner and B-K 2050 probe, Herlev, Denmark) was used 
and all ultrasounds were performed by 1 of 2 surgeons 
with over 15 years’ experience in the technique. Real-time 
dynamic interpretation was performed in two-dimensional 
(2D) followed by 3D, using 0.2-mm slices throughout 
the length of the rectum and producing 300 sequential 
images that were automatically reconstructed as a cube, 
which could be saved for subsequent interpretation. This 
automated reconstruction of the images reduces human 

error as the ultrasound probe does not need to be moved 
throughout the examination and can be subsequently saved, 
allowing post examination analysis of the 3D-EAUS scan in 
coronal, sagittal or axial planes as deemed necessary. 

MRI evaluation was performed and interpreted by a 
radiologist specialized in rectal MRI with a 1.5-T, magnetic 
resonance whole-body imager (signa Echo-Speed Plus with 
EXCITE; GE Medical Systems, Milwaukee, WI, USA) with 
a maximal gradient capacity of 33 mT/m and an 8-element 
pelvic phased array coil. Axial, sagittal, coronal and oblique 
planes with T2-weighted sequences, with torsopa coil and 
rectal washings prior to the test, in a 1.5-T GE machine 
were obtained. Axial oblique sequence is field of view (FOV) 
22 mm, matrix 256×256 with a slice thickness of 3 mm. 
Both ERUS and MRI interpreters were blinders as to the 
results of the other examination. 

The standard rectal MRI protocol in the evaluation of 
rectal cancer includes performing 2D fast spin-echo (FSE) 
T2-weighted sequences without fat suppression, using a 
small FOV and a section thickness less than 3 mm (high-
resolution protocol). Images in this sequence should be 
obtained in the (I) oblique axial plane (perpendicular to 
the tumor), as incorrect plane obliquity leads to blurring 
of the muscularis propria, which can cause incorrect T 
staging; (II) sagittal plane, which is determined by the 
longitudinal tumor axis; and (III) oblique coronal plane 
(parallel to the anal canal), which is important to depict 
low rectal tumors and to better evaluate their relationship 
with the anal sphincter. These sequences have a proven 
high diagnostic accuracy, between 90% and 100%, for the 
evaluation of tumor invasion into the mesorectal fascia 
(MRF) and adjacent organs and are recommended by the 
Magnetic Resonance Imaging and Rectal Cancer European 
Equivalence (MERCURY) group (14). FSE T2-weighted 
MRI with a large FOV without fat suppression obtained in 
the axial plane of the entire pelvis, from the aortic bifurcation 
to the sphincter, allows for evaluation of distant lymph node 
chains (e.g., inferior mesenteric, lateral, and inguinal). In 
the sagittal plane, from one side of the pelvic wall to the 
other, FSE T2-weighted MRI allows for localization of the 
primary tumor, enabling the measurement of its height and 
its relationship to the midline structures, such as the anal 
verge. Routine bowel preparation is not recommended.  

For each patient, the maximum DMI beyond the outer 
longitudinal muscle layer was measured on the workstation 
for both ERUS and MRI images using electronic calipers. 
Measurement of the maximum extramural depth from 
outer muscle layer to outer edge of tumour was recorded in 
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millimetres. Maximum DMI was measured from the outer 
border of the muscularis propria (when identified) (Figures 
1,2) to the deepest edge of mesorectal tumour invasion; if 
the muscularis propria could not be clearly identified due to 
destruction by tumour invasion or excessive inflammatory 
reaction, an imaginary line connecting both break points of 
the muscularis propria was traced, and the deepest edge of 
mesorectal tumour invasion was measured from this point 
(Figure 3) (9,14,15). Patients were divided into DMI ≤5 mm 
and DMI >5 mm.

Statistical analysis

A descriptive analysis was performed, and quantitative 

variables were tested for normality with the Shapiro-
Wilk test. Qualitative data were expressed as n (%) and 
quantitative data as median (range). The chi-squared test 
was used for categorical variables and U-Mann Whitney for 
comparison between continuous variables. The concordance 
rate and the Kappa coefficient between DMI measured 
by MRI and ERUS (degree of non-random agreement 
between different measurements of the same variable) were 
calculated. The Kappa coefficient varies between −1 and 
1, considering: κ=−1, random match; κ<0.2, poor match; 
κ=0.2–0.4, low match; κ=0.4–0.6, moderate match; κ=0.6–
0.8, good match; κ=0.8–1, very good match. Pearson’s 
correlation was used to demonstrate the relationship 
between measurements by both radiological techniques. 

Figure 1 Early [≤5 mm depth of mesorectal invasion (DMI)] T3 rectal tumour with a clearly visible muscularis propria. Arrow represents 
DMI. (A) Endorectal ultrasound. (B) Magnetic resonance imaging. 

Figure 2 Early, nodular [≤5 mm depth of mesorectal invasion (DMI)] T3 rectal tumour with a partially interrupted muscularis propria. 
Arrow represents DMI. (A) Endorectal ultrasound imaging. (B) Magnetic resonance imaging. 

A B

A B
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The Bland-Altman method was used to compare DMI 
measured by ERUS and MRI.

DFS for either technique using the 5-mm DMI cut-off 
point was calculated using the Kaplan-Meier curves and 
log-rank test to assess for differences between curves. Cox 
regression analysis was used to assess if 5-mm DMI was 
prognostic for DFS and OS. Statistical analysis was carried 
with the IBM® SPSS® Statistics Version 26 for MAC. 
P<0.05 was considered statistically significant. Statistical 
tests were two-sided.

Results 

A total of 151 patients staged as cT3 either by ERUS or 
MRI were initially included. After applying the exclusion 
criteria, a final cohort of 97 patients with a median age of 
67.5 years (43–90 years), 64 (66.0%) male was defined for the 
study (Figure 4). Median follow-up was 84 months. Forty-

five (46.4%) patients were classified as ASA score II, median 
distance of the tumour from the anal verge was 7.10 cm  
(2–14 cm), 46 (47.4%) were diagnosed as lower third rectal 
tumour, 45 (46.4%) as middle third and 6 (6.2%) as upper 
third (Table 1). 

ERUS staged 6 (6.2%) patients as T2, 89 (91.8%) as T3 
and 2 (2.1%) patients as T4. MRI staged 2 (2.1%) patients 
as T1, 9 (9.3%) as T2, 84 (86.6%) as T3 and 2 (2.1%) as 
T4. Anal sphincter invasion was reported in 9 (9.3%) by 
ERUS and in 4 patients (4.1%) by MRI. 

ERUS nodal status was N0 28 (28.9%), N1 57 (58.8%) 
and N2 12 (12.4%), and by MRI: N0 24 (24.7%), N1 48 
(49.5%) and N2 25 (25.8%). Nineteen patients (19.6%) 
developed a recurrence during the follow-up period, the 
majority of which were systemic 14 (14.4%) patients. 
Thirty patients (30.9%) died during the study period, where 
disease progression was the most common cause in 13 
patients (13.4%).  

There was good concordance between ERUS and 
MRI when the DMI ≤5-mm cut-off point was used with 
a kappa value of 0.775, as shown in Table 2. Concordance 
was highest and “very good” for tumours located in the 
mid rectum, followed by “good” for lower rectal tumours 
and “moderate” for upper rectal tumours with kappa 
values of 0.872, 0.698 and 0.571 respectively (Table 2). The 
correlation between ERUS and MRI measurement of rectal 
wall invasion was 77.03% (P<0.001; 95% CI: 0.6745042–
0.8406164). The Bland-Altman chart showed that most of 
the points were between the established agreement limits 
(Figure 5). The smallest differences in mean measurements 
between the two radiological techniques appeared in T3 

Figure 3 Advanced [>5 mm depth of mesorectal invasion (DMI)] T3 rectal tumour with an interrupted muscularis propria. Blue line 
represents imaginary muscularis propria, joining both breaking points. Arrow represents DMI. (A) Endorectal ultrasound imaging. (B) 
Magnetic resonance imaging. 

Figure 4 Study flow diagram. MRI, magnetic resonance imaging; 
ERUS, endorectal ultrasound.

A B

151 patients diagnosed as cT3 
by MRI or ERUS

54 patients excluded: 
•	 Incomplete ERUS due to tumor 

stenosis (n=35)
•	 MRI contraindications (n=19)

97 patients included for the 
analysis 
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Table 1 Patient and tumor characteristics according to imaging technique and depth of mesorectal invasion

Characteristics
DMI by ERUS DMI by MRI

≤5 mm >5 mm P value ≤5 mm >5 mm P value

N 78 [80] 19 [20] n.a. 77 [79] 20 [21] n.a.

Male 48 [62] 16 [84] 0.103 46 [60] 18 [90] 0.015

Age (years) 70 65 0.709 70 68 0.646

ASA score 0.017 0.094

I 17 [22] 1 [5] 17 [22] 1 [5]

II 30 [38] 15 [79] 31 [40] 14 [70]

III 30 [38] 3 [16] 28 [36] 5 [25]

IV 1 [1] 0 [0] 1 [1] 0 [0]

Rectal tumour location 0.981 0.404

Upper 1/3 5 [6] 1 [5] 4 [5] 2 [10]

Middle 1/3 36 [46] 9 [47] 34 [45] 11 [55]

Lower 1/3 37 [48] 9 [47] 39 [50] 7 [35]

LAR 58 [74] 15 [79] 0.775 58 [75] 15 [75] 1.000

ERUS and MRI T stage 0.265 0.014

T1 0 [0] 0 [0] 2 [3] 0 [0]

T2 6 [8] 0 [0] 9 [12] 0 [0]

T3 71 [91] 18 [95] 66 [86] 18 [90]

T4 1 [1] 1 [5] 0 [0] 2 [10]

ERUS and MRI N stage 0.141 0.047

N0 26 [33] 2 [11] 23 [30] 1 [5]

N1 44 [56] 13 [68] 37 [48] 11 [55]

N2 8 [11] 4 [21] 17 [22] 8 [40]

Sphincter involvement ERUS/MRI 7 [9] 2 [11] 1.000 1 [1] 3 [15] 0.024

MRI assessment of circumferential 
resection margin

n.a. 0.000

Free n.a. n.a. 59 [77] 7 [35]

Threatened 11 [14] 4 [20]

Involved 7 [9] 9 [45]

Histopathological features

Mucinous neoplasm 5 [6] 1 [5] 1.000 5 [6] 1 [5] 1.000

Pathological AJCC stage 0.247 0.110

0 7 [9] 1 [5] 7 [9] 1 [5]

I 31 [40] 5 [26] 32 [42] 4 [20]

II 18 [23] 3 [16] 17 [22] 4 [20]

Table 1 (continued)
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Table 1 (continued)

Characteristics
DMI by ERUS DMI by MRI

≤5 mm >5 mm P value ≤5 mm >5 mm P value

III 22 [28] 10 [53] 21 [27] 11 [55]

Differentiation 0.303 0.510

Well 7 [9] 5 [26] 14 [18] 4 [20]

Moderate 68 [87] 12 [63] 60 [78] 14 [70]

Poor 3 [4] 2 [11] 4 [5] 2 [10]

Lymphovascular involvement 11 [14] 6 [32] 0.096 11 [14] 6 [30] 0.097

Perineural infiltration 13 [17] 6 [32] 0.113 13 [17] 6 [30] 0.210

Surgical resection margin 0.601 0.757

R0 74 [95] 18 [95] 73 [95] 19 [95]

R1 3 [4] 1 [5] 3 [4] 1 [5]

R2 1 [1] 0 [0] 1 [1] 0 [0]

Quality of mesorectum 0.446 0.691

Satisfactory 54 [69] 12 [63] 51 [66] 14 [70]

Partially satisfactory 16 [21] 6 [32] 18 [23] 5 [25]

Unsatisfactory 8 [10] 1 [5] 8 [10] 1 [5]

Oncological treatment 0.002 0.029

None 28 [36] 1 [5] 27 [35] 2 [10]

Neoadjuvant chemotherapy + RT 34 [44] 16 [84] 34 [44] 16 [80]

Adjuvant chemotherapy 33 [42] 14 [74] 34 [44] 13 [65]

1-year recurrence 7 [9] 4 [21] 1.000 8 [10] 3 [15] 0.377

2-year recurrence 1 [1] 0 [0] 1.000 1 [1] 0 [0] 1.000

OS (months)* 141.50  
(134.00–149.00)

109.10  
(75.00–133.00)

0.004** 141.38  
(133.00–149.00)

110.90  
(86.90–135.30)

0.012**

DFS (months)* 130.80  
(119.20–142.30)

88.38  
(56.13–120.64)

0.020** 129.90  
(117.90–141.90)

93.60  
(64.50–122.70)

0.045**

5-year CRD 8 [10] 5 [26] 0.154 8 [10] 5 [25] 0.154

Results are expressed as n [% DMI and imaging technique] unless otherwise stated. *, mean (95% confidence intervals); **, log rank 
analysis. OS, overall survival; DMI, depth of mesorectal invasion; DFS, disease-free survival; CRD, cancer-related death; MRI, magnetic 
resonance imaging; ERUS, endorectal ultrasound; AJCC, American Joint Committee on Cancer; n.a., not applicable; LAR, low anterior 
resection with primary anastomosis. 

tumours with a parietal invasion less than or equal to 5 mm. 
The mean difference in parietal invasion in T3 tumours 
was 0.3215 mm (95% CI: −0.293 to 0.936 mm). This meant 
that, on average, ERUS measured 0.3215 mm more than 
MRI. The lower agreement limit was −5.652 mm (95% CI: 
−6.720 to −4.590 mm) and the upper agreement limit was 

6.300 mm (95% CI: 5.232–7.360 mm).
DFS and OS were calculated for the 5-mm DMI cut-off 

point. There were statistically significant differences with 
increased DFS and OS for the DMI ≤5 mm measured by 
ERUS and MRI, OS (ERUS P=0.004; MRI P=0.012) and 
DFS (ERUS P=0.020; MRI P=0.045) (Table 1 and Figure 6). 
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Table 2 Kappa test results of concordance between MRI and ERUS for the whole group and stratifying according to location at the rectum

Group MRI ≤5 mm MRI >5 mm Total Kappa value

Total group

ERUS ≤5 mm 74 (76.3) 4 (4.1) 78 (80.4) 0.775

ERUS >5 mm 3 (3.1) 16 (16.5) 19 (19.6)

Total 77 (79.4) 20 (20.6) 97 (100.0)

Upper third

ERUS ≤5 mm 4 (66.7) 1 (16.6) 5 (83.3) 0.571

ERUS >5 mm 0 (0) 1 (16.7) 1 (16.7)

Total 4 (66.7) 2 (33.3) 6 (100.0)

Middle third

ERUS ≤5 mm 34 (75.6) 2 (4.4) 36 (80.0) 0.872

ERUS >5 mm 0 (0) 9 (20.0) 9 (20.0)

Total 34 (75.6) 11 (24.4) 45 (100.0)

Lower third

ERUS ≤5 mm 36 (78.3) 1 (2.2) 37 (80.4) 0.698

ERUS >5 mm 3 (6.5) 6 (13.0) 9 (19.6)

Total 39 (84.8) 7 (15.2) 46 (100.0)

Values expressed as n (% of total group). MRI, magnetic resonance imaging; ERUS, endorectal ultrasound. 

Figure 5 Bland-Altman chart comparing depth of mesorectal invasion measurement between endorectal ultrasound (ERUS) and magnetic 
resonance imaging (MRI).

Bland-Altman plot
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Univariant Cox regression analysis was performed for the 
variables OS and DFS, and DMI ≤5 mm measured by ERUS 
and MRI was found to be a prognostic factor (Table 3).  
Multivariant analysis was performed for the variables OS 
and DFS. DMI >5 mm measured by ERUS was found to 
be independent prognostic factors for DFS (P=0.026) and 
for OS (P=0.013). DMI >5 mm measured by MRI was not 
found to be an independent prognostic factor for DFS 
(P=0.054) or OS (P=0.053). 

Discussion

The present study shows that pre-treatment subdivision 
of T3 rectal tumours using a 5-mm cut-off point offers 
a “good” overall concordance between ERUS and MRI 
measurements, which increases to a “very good” match for 
mid rectal tumours, “good” match for low rectal tumours 
and “moderate” for superior rectal cancers. The Bland-
Altmann plot showed an acceptable match between the 
ERUS and MRI measurement. MRI is currently the gold 
standard (4,14,22-24) for pre-treatment staging of rectal 
cancer with reported accuracy ranging from 66% to 92% 
for T stage and from 60% to 90% for nodal metastases 
(25,26), but these results show that the same measurements 
can be taken with ERUS and this latter technique could 
also be useful for clinically staging rectal tumours. ERUS 
has previously been shown to have an overall accuracy for 
T staging ranging from 62% to 92% and for lymph node 
metastases from 64% to 88% (18,20,21,27) and offers 
several advantages over MRI for pre-treatment cancer 
staging. It is widely available, and surgeon performed digital 
rectal exam and rigid proctoscopy are intrinsic components 
of the technique. The association of these three tools 
offers a very complete overview of tumour characteristics, 
distance from the anal verge and possibility of sphincter 

Figure 6 Kaplan-Meier curve showing disease-free survival (DFS) for 5-mm depth of mesorectal invasion (DMI). (A) Kaplan-Meier curve 
for DMI measured by endorectal ultrasound (ERUS). (B) Kaplan-Meier curve for DMI measured by magnetic resonance imaging (MRI).

A BERUS DFS

DMI DMI
≤5 mm
>5 mm

≤5 mm
>5 mm

≤5 mm
>5 mm

≤5 mm
>5 mm

P=0.02 P=0.045

MRI DFS

0              50            100            150           200
Time, months

1.0

0.8

0.6

0.4

0.2

0.0

C
um

ul
at

iv
e 

su
rv

iv
al

0              50            100            150           200
Time, months

1.0

0.8

0.6

0.4

0.2

0.0

C
um

ul
at

iv
e 

su
rv

iv
al

Number at risk

Time, months

78                        53                         36                         1

19                         9                           2                          0

0                         50                        100                      150

Number at risk

Time, months

77                           50                            36                           1

20                           12                             2                            0

0                            50                          100                         150

Table 3 Cox regression analysis for T3 depth of mesorectal 
invasion <5 mm by MRI and ERUS

Variable HR 95% CI P value

OS

MRI 0.249 0.078–0.794 0.019

ERUS 0.214 0.133–0.882 0.009

DFS

MRI 0.396 0.154–1.012 0.054

ERUS 0.343 0.133–0.388 0.026

OS, overall survival; DFS, disease-free survival; MRI, magnetic 
resonance image; ERUS, endorectal ultrasound; DMI, depth of 
mesorectal invasion; HR, hazard ratio; CI, confidence interval. 
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invasion. The higher accuracy rates reported for ERUS 
than for MRI in low rectal tumours (19,22) could explain 
the lower concordance between ERUS and MRI for low 
vs. mid rectal tumours observed in this study. Conversely, 
ERUS has limited use in stenotic tumours, in the evaluation 
of the circumferential resection margin (19) and for 
assessing distant nodal invasion whereas MRI has a higher 
cost, longer exam duration and several contraindications 
such as patients with a pacemaker, intrauterine device, or 
claustrophobia (22). Our current policy is to use both ERUS 
and MRI as complementary techniques in the diagnostic 
work up of rectal tumours. To our knowledge, this is the 
first study comparing the concordance between MRI and 
ERUS for preoperative staging of T3 rectal tumours using a 
5-mm cut-off point and the findings assist in fine-tuning the 
indications for neoadjuvant therapy, avoiding unnecessary 
toxicity and improving overall oncological results. 

The results of this study also serve to illustrate the 
prognostic importance of distinguishing between minimally 
invasive (≤5 mm) and advanced (>5 mm) T3 disease. There 
was a statistically significant increased DFS and OS in 
patients with DMI ≤5 mm when measured by both ERUS 
and MRI. These results are similar to those by Merkel et al.,  
with cancer related 5-year survival rate for pathological 
DMI ≤5 mm and DMI >5 mm of 85% vs. 54% (P<0.001) (3).  
ERUS measurement of DMI has been scarcely reported in 
the literature. Harewood et al. (21) described a 2-mm cut-
off ERUS measurement of DMI for predicting survival 
and Zong et al. (15) reported a diagnostic accuracy of up 
to 86.9% for ERUS T3 sub-classification above or below 
5 mm but did not use the results to predict survival. ERUS 
measurement of maximal tumour thickness (MTT) has also 
been used for substaging. Esclapez et al. (18) divided the 
T3 stage into uT3a (uMTT ≤19 mm) and uT3b (uMTT 
>19 mm). We believe that this technique has some intrinsic 
problems in tumours with a large intraluminal component, 
which could be overstaged with this measurement and that 
ERUS of DMI is more reliable and comparable to MRI and 
pathological T3 substaging. Although DMI has been used 
to predict prognosis, there are few studies which report 
invasion of DMI measured by ERUS and its relation to 
survival (15,21). 

Pa t i en t s  w i th  T3  rec t a l  tumours  r epre sen t  a 
heterogeneous prognostic group. Five-year DFS ranges 
from 25–71%, and DMI infiltration is one of the main 
prognostic factors (13). This is due to the higher probability 
of lymphovascular invasion and deposits of malignant cells 
in mesorectal fat in tumours with increased DMI (9). In 

1993, the Union for International Cancer Control (UICC) 
proposed a cut-off value for DMI in pT3 rectal cancers 
in order to categorize pT3 subgroups and select the best 
treatment and follow-up for each patient (10). Several 
histopathological cut-off points have been chosen, such as 
2 mm (21), 4 mm (6,9) or 6 mm (12). The 5-mm cut-off 
point has been the most widely used and validated value 
for stratifying T3 patients (3,13) both before and after 
neoadjuvant treatment (4). The 5-year recurrence rate for 
T3 rectal tumours in our study was 16.5%, similar rates 
are reported in the literature ranging from 8.1% to 17.1%, 
confirming the heterogeneity of T3 rectal tumour (28).  
After multivariant analysis, it seems that DMI >5 mm 
measured by ERUS is an independent prognostic factor for 
OS and DFS.

There are several limitations to this study. It is a single-
centre study with MRI scans performed by one specialized 
radiologist and ERUS by two different surgeons. Inter-
observer variability was not assessed, though all scans and 
images were reviewed and assessed by all members of 
the multidisciplinary team during the weekly colorectal 
cancer meeting. Patients who had received neoadjuvant 
therapy were included in the study and therefore MRI and 
ERUS measurements were not compared to pathological 
assessment. These measurements have been widely validated 
in previous studies and we believe that this study simulates 
a more “real-life” scenario where initial treatment plans are 
based on clinical staging techniques and not on pathological 
specimen. Patients with DMI >5 mm had a worse prognosis 
despite a larger number having received neoadjuvant 
therapy. The study required a wide time span in order to 
recruit a large enough cohort of patients with T3 tumours 
with both ERUS and MRI evaluation, as a proportion of 
patients were lost because either technique could not be 
performed due to technical difficulties. The strengths of 
this study are that it is the first study to report concordance 
rates between MRI and ERUS for T3 evaluation using a 
5-mm cut-off point and their respective significant survival 
implications. All imaging techniques were performed by 
experts in rectal MRI and ERUS and the relatively large 
number of patients and long rigorous follow-up are other 
significant strengths of the study. 

Conclusions

In summary, T3 subclassification above and below 5 mm is 
feasible by ERUS, shows good concordance with validated 
MRI measurements and can easily be incorporated as a 
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complementary technique into the diagnostic workup 
and reporting for these patients, with possible survival 
implications for rectal cancer patients. 
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