
Abstract. – BACKGROUND: For these patients
with colorectal cancers, improving their quality of
life is just as important as clearing them of their
tumor burden.

AIM: To assess the reference value to surgeons
of magnetic resonance imaging (MRI) and endorec-
tal ultrasound (EUS) in local staging of rectal cancer.

PATIENTS AND METHODS: According to the
criteria we set, 69 patients received MRI and 60 pa-
tients received EUS, all by senior doctors. We
compared two groups in staging accuracy of
depth of penetration (T), lymph nodes positive (N)
and combined T and N (TN) result. Strategy one
(Str1.) was chosen based on MRI or EUS staging.
Strategy two (Str2.) took into account clinical para-
meters, such as computed tomography (CT) and
colonoscopy. Strategy three (Str3.) was the best
treatment strategy; this was, in part, based on
analysis of patients’ specimen pathological re-
sults. Compared to Str.1 and Str.2, the use of Str.3
as the reference standard separately reflected the
reference values of MRI and EUS for surgeons and
actual treatment accuracy.

RESULTS: EUS had higher sensitivity in T1 (p =
0.044 < 0.05) and specificity in T2 (p = 0.039 <
0.05) than MRI. MRI had higher sensitivity in N
staging (p = 0.046 < 0.05) and was more accurate
in pT1~4N1~2 (p < 0.05) than EUS. Reference val-
ues for surgery (comparing appropriate rates of
Str.1 with Str.3) of MRI and EUS were 79.7% vs.
76. 7%, respectively p > 0.05). The actual treat-
ment accuracy (comparing appropriate rates of
Str.2 with Str.3) was increased up to 94.2% vs.
91.7%, respectively (p > 0.05).

CONCLUSIONS: EUS is good for early-stage
patients but MRI for local advanced ones. Strate-
gies both could be improved by combining clini-
cal factors that lead to similar reference values
for surgery.
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Introduction

Nearly one million individuals are diagnosed
with colorectal cancers each year and approxi-
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mately 30%-40% arise from the rectum1. Among
people under the age of 40, rectal cancer rates are
increasing across races and in both sexes2. For
these patients, improving their quality of life is
just as important as clearing them of their tumor
burden.

Traditional rectal cancer surgery is associated
with high rates of local recurrence (5%-20%)3.
However, with the combination of improved
surgical technique using total mesorectal exci-
sion and neo-adjuvant therapy, there has been a
significant reduction in local recurrence and im-
proved survival4,5. The surgeon also aims to
achieve a microscopic tumor free resection with
minor injury as a local excision, endoscopic
submucosal dissection6, and transanal endo-
scopic microsurgery (TEM)7. Careful preopera-
tive assessment of the tumor can identify high-
risk patients that are categorized by circumfer-
ential resection margin (CRM) or basement po-
tentially positive. Patients in the former group
undergo a long course of chemoradiation prior
to surgery8,9; those in the latter group are not
considered for local resection10.

Accurate preoperative local staging of rectal
cancer is a crucial prognostic factor in rectal can-
cer. In addition to the size, location, and distance
from the anal verge, local staging incorporates
the assessment of mural wall invasion (T), CRM,
and the nodal status for metastasis (N). Digital
rectal examination does not have an objective cri-
terion standard11. Computed tomography (CT) is
useful for revealing advanced disease and distant
metastases, but it is not as good at observing de-
tails12. More recently, magnetic resonance imag-
ing (MRI) and endorectal ultrasound (EUS) have
been used for local staging in rectal cancer due to
their relatively high accuracy rates13-15. Compara-
tive research between them has shown they have
similar accuracy in T and N staging16-19. The ef-
fect of diagnosis on patients was not mentioned,
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probably because of a lack of multidisciplinary
teams. The aim of this study was to determine
the effect of diagnosis of MRI and EUS on rectal
cancer patients by comparing them based on cho-
sen therapy, which was determined by combined
T and N (TN) staging accuracy.

Patients and MethodS

This prospective study was approved by the
Institutional Review Board of Ruijin Hospital,
Shanghai, China and written informed consent
was obtained from all patients.

Patients
From January to December 2011, patients with

proven histological primary rectal cancer and eval-
uated in the Departments of Surgery, Gastroen-
terology, or Radiology were considered for enroll-
ment in the study. To avoid selection bias, all con-
secutive patients were asked to participate in this
prospective investigation if they met all of the fol-
lowing inclusion criteria: (1) underwent
colonoscopy and biopsy that proved rectal cancer;
(2) no evidence of metastasis from CT; (3) under-
went MRI or EUS staging; (4) first time being di-
agnosed; (5) resectable and had surgery in our
Hospital; (6) written informed consent. Also, they
must not have met and of the exclusion criteria: (1)
underwent both MRI and EUS; (2) received neo-
adjuvant chemoradiation; (3) history of rectal
surgery including endoscopically removed polyp
with cancer; (4) multiple tumor in alimentary tract.

MRI/EUS Technique and Analysis
All patients had two staging results. One was

done by preoperative MRI or EUS (mTN, uTN),
and the other was based on pathological stage
obtained after surgery (pTN). Results for T, N,
and TN staging at both MRI and EUS were com-
pared with histopathological staging of the surgi-
cal specimen, which was the reference standard
(refer to AJCC Cancer Staging Manual H201020).

EUS was performed at a 3T MRI unit (GE-signa
HDx3.0T, GE Medical Systems, Milwaukee, WI,
USA) in both sagittal and axial planes. Two experi-
enced technicians evaluated the MRI images. EUS
was performed with a 360-degree radial echo-en-
doscope (Fujinon EG400, Fujinon Corp., Tokyo,
Japan) and a 15MHz high-frequency ultrasound
probe (SP-701, SP-702). The operators were senior
gastroenterology physicians that facilitated in diag-
nosis and staging of rectal cancer.

For MRI, T staging was standardized based on
interpretation of layer characteristics and signal
intensity21. A node was regarded as positive if it
was greater than 8 mm along the short axis, if it
had spiculated or indistinct borders, or if it dis-
played a mottled heterogenic pattern22-24. The ex-
tent of wall invasion of EUS was assessed ac-
cording to the criteria described by Hildebrandt
and Feifel25. The sonographic criteria for identi-
fying involved lymph nodes were as follows: size
greater than 5 mm, heterogeneous or hypoechoic,
and sharply demarcated borders26-28 .

Treatment Analysis and
Reference Standard

Reference value of MRI or EUS for surgeons
remains uncertain. We adopted three treatment
strategies based on NCCN clinical practice
guidelines in Oncology-Rectal cancer29 by one
group including transanal excision, transabdomi-
nal resection and advised neo-adjuvant therapy.

Strategy one (Str1.) is the treatment strategy
chosen by MRI or EUS staging; strategy two
(Str2.) was the treatment strategy surgeons per-
formed after it was combined with clinical para-
meters (digital rectal examination, CT,
colonoscopy, contraindications for radio-
chemotherapy, and patient options); strategy
three (Str3.) was the best treatment strategy for
patients, and it was based on their specimen
pathological results (Table I).

Str.1or Str.2 would be appropriate, over or inad-
equate when compared with Str.3, which was the
reference standard (Table II). Reference value was
defined as percentage of appropriate rate of Str.1;
actual treatment accuracy was appropriate rate of
Str.2 and clinical influence was found by compar-
ing these two rates. Direct influence was agree-
ment of stage correct and Str.1 correct plus stage
wrong and Str.1 wrong. Reliability was agreement
of stage correct and Str.1 correct (Figure 1).

Statistical Analysis
Statistical Package for the Social Sciences

(SPSS, version 15, Inc., Chicago, IL) was used
for statistical analyses. The paired samples t-test
was performed to test whether the difference be-
tween two groups was statistically significant.
Continuous variables are expressed as
mean±standard deviation. Comparisons between
qualitative variables were performed by using the
Chi-square test with the Yates’ correction when
needed. Standard formulas were used in sensitiv-
ity, specificity, positive predictive value (PPV),
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negative predictive value (NPV), and mean over-
staging and understaging rate with 95% CI calcu-
lated according to the criterion standard. Concor-
dance was stated as follows: kappa value 0.00-
0.20 poor agreement; 0.21-0.40 fair agreement;
0.41-0.60 moderate agreement; 0.61-0.80 good
agreement, and 0.81-1.00 excellent agreement. p
< 0.05 was considered statistically significant.

Results

Patient Characteristics
Patients were prospectively enrolled from Jan-

uary to December 2011. We reviewed the charts
and database of 587 patients with rectal cancer
evaluated in our hospital. A total of 202 met the
inclusion criteria. Of these, 63 were excluded be-
cause of one or more exclusion criteria. That is,
they underwent both MRI and EUS (n = 16), re-
ceived neoadjuvant chemoradiation (n = 32), had
a rectal surgery history (n = 13), had multiple tu-
mors in the alimentary tract (n = 2), or had more
than one of above (n = 2). The final study popu-
lation consisted of 129 consecutive patients (MRI
69pts; EUS 60pts) with a mean age of 62 years
old (range 24-88 years). Surgery was performed
on all patients. The difference between the two
groups was not statistically significant (p < 0.05)
(Table III).

T and N Staging
T, N and TN staging result showed for 69 pa-

tients (total 19 overstaged and 8 understaged),
MRI correctly assessed 55 for T, 53 for N, and 42
for TN. For 60 patients in the EUS group (total
13 overstaged, and 12 understaged), there were
50 for T, 42 for N, and 35 for TN correct (Table
IV, Figure 2). T accuracy of MRI vs. EUS was
79.7% vs. 83.3% (p > 0.05), respectively. For N,
it was 76.8 vs. 70.0% (p > 0.05), respectively,
which was similar to other publications 16-19, 30.
Combined TN staging accuracy was 60.9% and
58.3% in MRI and EUS (p > 0.05), respectively
(Table V). It was much lower than T or N alone
and caused higher over and under staging rates.
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Strategy one Strategy two Strategy three
(Str1.) (Str2.) (Str3.)

Transanal excision mT1N0 or uT1N0 mT1N0 or uT1N0 without pT1N0 or pT1Nx without
high risk features* high risk features

Transabdominal resection mT2N0 or uT2N0 m,uT2N0 or m,uT1N0 with pT2N0 or pT1Nx with
high risk features* high risk features

Transabdominal resection and mT1-2N1-2, mT3-4N0-2 mT1-2N1-2, mT3-4N0-2 or pT1-2N1-2,
advised neo-adjuvant therapy or uT1-2N1-2. mT3-4N0-2 uT1-2N1-2, mT3-4N0-2 pT3-4N0-2

Table I. Standards for strategies based on.

*High risk features included > 30% circumference of bowel, < 3 cm in size, fixed, positive margins, lymphovascular invasion
and poorly differentiated tumors.

Str.1 or Str.2

Transanal excision Transabdominal resection Neoadjuvant therapy

Str.3 Transanal excision Appropriate Over Over
Transabdominal resection Inadequate Appropriate Over
Advice neoadjuvent therapy Inadequate Inadequate Appropriate

Table II. Criterion for strategies.

Figure 1. Design of the research.

Actual treatment
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Accuracy between these two methods had no sta-
tistical significance.

Inner groups, sensitivity, and PPV were higher
in pT3-4 than in pT1-2 in MRI (p < 0.05). This

difference was not observed in EUS. Comparing
the two groups, EUS had higher sensitivity in T1
(p = 0.044 < 0.05) and specificity in T2 (p =
0.039 < 0.05). MRI had higher sensitivity in N
staging (p = 0.046 < 0.05) and higher accurate in
staging pT1~4N1~2 (p < 0.05) (Table VI). Statis-
tical results were similar to the meta analysis pre-
viously reported41-43. MRI and EUS had their
own characters.

Clinical Relevance
Reference values for surgery of MRI and EUS

was 79.7% vs. 76.7% p > 0.05), respectively. 3
and 4 cases might be under treated in MRI and
EUS, while 11 and 10 might be over treated. The
actual treatment accuracy increased to 94.2% vs.
91.7% (p > 0.05). 2 cases were under treated and
2 were over treated in both groups. MRI and
EUS had similar reference values and actual
treatment accuracy for patients (Figure 3).

Combined clinical factors showed statistically
significant differences (MRI p = 0.021 < 0.05,
EUS p = 0.047 < 0.05). 14.7% (total 19) of pa-
tients avoided being mistreated. All changes oc-
curred in pT1~2N0~2, and accuracy increased
from 51.9% to 88.9% in MRI (10 cases, 7 in
T1N0-2; 3 in T2N0-2) and from 60.6% to 87.9%
in EUS (9 cases, 4 cases in T1N0-2; 5 cases in
T2N0-2). Appropriate rates of Str.1 and Str.2 in
pT3~4N0~2 was higher than in pT1~2N0~2 in
both groups (p < 0.01). The reference values of
MRI and EUS can be significantly improved up-
on by clinical factors (Figure 3).

Another reason for high appropriate treatment
rates with relatively poor TN staging accuracy
was that some stages had the same treatment
strategy. Direct influence was 81.16% in MRI
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Characteristics Value

Age (years)
Mean ± SD 62 ± 14
Range 24-88

Sex-no. (%)
Male 77 (59.7%)
Female 52 (40.3%)

Range from anus-no. (%)
Below peritoneal reflection 59 (45.7)
Above peritoneal reflection 70 (52.3)

Median interval between exam and surgery
Mean ± SD 1 ± 2
Range 1-5

Type of pathological-no. (%)
Adenocarcinoma 126 (97.7%)
Mucinous carcinoma 2 (1.55%)
Squamous cell carcinoma 1 (0.78%)

Type of tumor differentiation-no. (%)
Well 14 (10.9%)
Media 93 (72.1%)
Low 21 (16.3%)
Undifferentiated 1 (0.78%)

Gross type of tumor-no. (%)
Protruded 68 (52.7%)
Infiltrating 24 (18.6%)
Ulceration 37 (28.7%)

pT-no. (%)
T1 28 (21.7%)
T2 32 (24.8%)
T3 38 (29.5%)
T4 31 (24.0%)

pN-no. (%)
N0 83 (64.3%)
N1~2 46 (35.7%)

Table III. Patient and tumor characteristics.

Figure 2. T3 malignant tumor stranding in MRI and EUS.T3 tumor located in the left side that penetrated the rectal wall and
invaded perirectal fat (*). A, MRI view, showed more details. B, EUS view.



and 81.67% in EUS (p > 0.05). The reliability of
MRI was 60.87% and 58.33% for EUS (p >
0.05). It was much lower than the reference value
(p < 0.05) (Figure 4).

Discussion

Endorectal ultrasound (EUS) has long been
the only imaging method for staging rectal can-
cer. In our research, EUS had higher sensitivity
in T1 (p = 0.044 < 0.05) and specificity in T2 (p

= 0.039 < 0.05) than MRI. We suggest that early-
stage patients undergo EUS, especially in preop-
erative staging of T1 patients who can be avoided
from unnecessary TME (total mesorectal exci-
sion).

Early reports show that MRI has not been able
to accurately predict T-stage unless an endorectal
coil is used31,32. With the development of the
technique, MRI can achieve almost the same ac-
curacy as EUS33,34. Based on our MRI data, we
found that sensitivity and PPV (pay-per-view)
were higher in pT3-4 than in pT1-2 (p < 0.05)
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MRI EUS

T1 T2 T3 T4 Total T1 T2 T3 T4 Total

Pathological stage T1 6 0 0 0 6 14 1 0 0 15
T2 6 12 3 0 21 1 14 1 0 16
T3 0 3 21 1 25 0 2 11 3 16
T4 0 0 1 16 17 1 0 1 11 13
Total 12 15 25 17 69 16 17 13 14 60

MRI EUS

N0 N1-2 Total N0 N1-2 Total

Pathological stage N0 31 4 35 31 9 40
N1-2 12 22 34 9 11 20
Total 43 26 69 40 20 60
T stage

MRI EUS

Under Correct Over Total Under Correct Over Total

N stage Under 0 4 0 4 0 8 1 9
Correct 4 42 7 53 5 35 2 42
Over 0 9 3 12 0 7 0 9
Total 4 55 10 69 5 50 5 60

Table IV. T and N stage results by MRI and EUS contrasted to pathological stage.

Figure 3. Mean over and inadequate treatment rates for MRI and EUS.



2074

and MRI had higher sensitivity in N staging (p =
0.046 < 0.05) and was more accurate in diagnosis
of pT1~4N1~2 (p < 0.05). Thus, we suggest MRI
for local advanced patients that may benefit from
more intensive preoperative treatments.

The way to improve staging accuracy is impor-
tant and suffering. Only extremely experienced di-
agnosticians, with a large case volume of rectal

carcinoma patients, can accurately read MRI or
EUS data and translate that into therapy-relevant
decisions. T1 patients may under treated cause un-
aware of nodal metastasis before local resection.
As reported, lymph node involvement in T1 is 2-
20%33. Survival after transanal endoscopic micro-
surgery (TEM) for T1 rectal cancer is limited
mainly because of recurrence34. Diffusion-weight-
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T N TN

MRI EUS (p) MRI EUS (p) MRI EUS (p)

Accuracy (%) 79.7 83.3 NS 76.8 70.0 NS 60.9 58.3 NS
95% CI (%) (70.2-89.2) (73.8-92.7) (66.8-86.8) (54.0-81.6) (49.4-72.4) (45.8-70.8)
Overstaging (%) 8.3 8.3 NS 17.4 15.0 NS 27.5 20.0 NS
Understaging(%) 5.8 8.3 NS 5.8 15.0 NS 11.6 21.4 NS
Kappa 0.721 0.778 0.535 0.325 0.562 0.514
Agreement Good Good Moderate Fair Moderate Moderate

Table V. Accuracy, overstaging, understaging, kappa and agreement for T and N staging by MRI or EUS according to patho-
logical stage.

NS: not significant.

T1 T2 T3 T4 N

MRI EUS (p) MRI EUS (p) MRI EUS (p) MRI EUS (p) MRI EUS (p)

Sensitivity (%) 50 87.5 0.044 80 77.8 NS 84.0 84.6 NS 94.1 78.6 NS 84.6 55.0 0.046
Specificity (%) 100 97.7 NS 83.3 97.6 0.039 90.9 89.4 NS 98.1 95.7 NS 72.1 77.5 NS
PPV (%) 100 93.3 NS 57.1 87.5 NS 84.0 68.8 NS 94.1 84.6 NS 64.7 55.0 NS
NPV (%) 90.5 95.6 NS 93.8 93.2 NS 90.9 95.5 NS 98.1 93.6 NS 64.7 77.5 NS

Table VI. Sensitivity, specificity, positive and negative predictive values for T1-4 and N staging by MRI or EUS according to
pathological stage.

NS: not significant.

Figure 4. Relationship between staging and treatment.



ed MRI, three dynamic contrast-enhanced MRI,
and EUS-guided lymph node fine needle punc-
tures are being taken to improve the accuracy of N
staging35,36. In the clinic, the diagnostic accuracy of
EUS in staging rectal carcinoma does not recapit-
ulate the extremely good results reported in the lit-
erature37. The main reason for this lower perfor-
mance is the operator dependency of EUS. MRI is
reported to overstage T from 15% to 30%38. In our
study, it was slightly lower, and this might be due
to the fact that our readers had a stable and consis-
tent learning curve.

An advance in preoperative assessment
through accurate staging is a solid base for multi-
disciplinary team (MDT). Although not com-
pletely equal to a multidisciplinary approach,
MRI or EUS staging proved to significantly im-
prove the outcomes of patients with rectal malig-
nancy39,40. If we only consider MRI or EUS,
79.7% or 76.7% of patients, respectively, would
receive the appropriate therapy (p > 0.05). Con-
sidering clinical factors such as patient tumor
history, family history, health condition, digital
rectal examination by experienced surgeons, and
other tests, the actual treatment strategy in-
creased to 94.2% in MRI and 91.7% in EUS (p >
0.05). Both could lead to similar reference values
for surgery and could be significantly improved
upon by combining clinical factors.

There are some researches about clinical rele-
vance of MRI. One report states that MRI analy-
sis of CRM predict survival outcomes for good
and poor responders provides an opportunity for
MDT to offer additional treatment options before
planning definitive surgery21,41. Another report
supports an anatomically based MRI staging sys-
tem for low rectal cancer to predict the planes of
surgical excision42. These differ from our re-
search since they report either on local advanced
patience or whether or not anus preserve excision
(APE) surgery. Thus they are not suitable for
comparison.

Limitations
We used either MRI or EUS staging for two

reasons. One was strategies could not be made if
patients took both of them and had different stag-
ing results. The other was to reduce patients cost.
The diagnosis of these two methods in one pa-
tient is our next avenue of research. According to
preoperative staging, we recommend that locally
advanced patients should take adjuvant therapy.
However, not all did. But this has no influence in
comparing treatment strategy. Taylor et al43 also

state that Stages I, II, and III rectal cancers may
be best managed by surgery alone if staged by
high-resolution magnetic resonance imaging.
More researches should be done to normalize
neo-adjuvant therapy.

Conclusions

EUS is good for early-stage patients but MRI
for local advanced patients. Combined TN staging
accuracy in MRI and EUS are similar in that both
could lead to similar reference values for surgery.
Furthermore, both of them can be significantly im-
proved upon by combining clinical factors.
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