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Abstract

AIM: To compare the sensitivity and specificity of two
imaging techniques, endoscopic ultrasound (EUS) and
magnetic resonance imaging (MRI), in patients with
rectal cancer after neoadjuvant chemoradiation therapy.
And we compared EUS and MRI data with histological
findings from surgical specimens.

METHODS: Thirty-nine consecutive patients (51.3%
Male; mean age: 68.2 £ 8.9 years) with histologically
confirmed distal rectal cancer were examined for stag-
ing. All patients underwent EUS and MRI imaging be-
fore and after neoadjuvant chemoradiation therapy.

RESULTS: After neoadjuvant chemoradiation, EUS and
MRI correctly classified 46% (18/39) and 44% (17/39)
of patients, respectively, in line with their histological
T stage (P > 0.05). These proportions were higher for
both techniques when nodal involvement was consid-
ered: 69% (27/39) and 62% (24/39). When patients
were sorted into T and N subgroups, the diagnostic
accuracy of EUS was better than MRI for patients with

TO-T2 (44% vs 33%, P > 0.05) and NO disease (87%
vs 52%, P = 0.013). However, MRI was more accurate
than EUS in T and N staging for patients with more ad-
vanced disease after radiotherapy, though these differ-
ences did not reach statistical significance.

CONCLUSION: EUS and MRI are accurate imaging
techniques for staging rectal cancer. However, after
neoadjuvant RT-CT, the role of both methods in the as-
sessment of residual rectal tumors remains uncertain.
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INTRODUCTION

Endoscopic ultrasound (EUS) is the most accurate imag-
ing technique for evaluating local invasion of rectal can-
cer and perirectal lymph nodes. Its overall accuracy for T
staging before radiation therapy (RT) ranges from 73%
to 94%, and from 70% to 80% for N staging'". The find-
ings of rectal EUS serve to decide the type of treatment:
surgery or preoperative chemoradiation (RT-CT)”. The
response to neoadjuvant therapy must also be assessed
accurately in patients with rectal cancer.

The benefits of this treatment have been reported in
different studies, reporting lower local recurrence rates in
patients with locally advanced rectal tumors. Rectal EUS
helps select a group with advanced locoregional disease
(stage T3 or T4) in whom this preoperative treatment
offers most benefit” .

The accuracy of EUS in staging rectal cancer ranges
from 80% to 95% compared to 65%-75% for computed
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tomography (CT) and 75%-85% for magnetic resonance
imaging (MRI)M]. There is still debate about the role
of cross-sectional imaging to restage rectal cancer after
RT-CT, and data are scanty on accuracy, sensitivity, and
specificity rates, suggesting that these modalities are not
efficient enough for restaging;

The aim of this prospective study was to evaluate
the diagnostic accuracy of two imaging techniques, EUS
and MRI, in patients with rectal cancer, before and after
neoadjuvant RT-CT. We compared the EUS and MRI
data with histological findings on surgical specimens.

MATERIALS AND METHODS

Over a 2-year period (January 2007 to January 2009), 50
patients with histologically confirmed distal rectal cancer
were referred to our Unit for rectal endosonography to
stage the disease. Out of these, thirty-nine consecutive
cases (51.3% Male; mean age: 68.2 * 8.9 years) were
enrolled (drop-out from the study: 11 patients).

Both examinations were done, in random order,
by two experienced endosonographers (> 300 rectal
examinations/year) and an expert radiologist, before
and after RT. The second examiner was blind to the first
one’s conclusions. Patients were included in the study if
they had rectal cancer shown by either EUS or MRI, and
were scheduled for neoadjuvant RT.

Usually, 30-40 d after termination of the RT protocol,
patients were re-assessed by either EUS or MRI, followed
by surgical excision during the same week. All patients
gave informed consent.

Subjects with a history of rectal surgery, recurrent
rectal cancer, or severe systemic illness were excluded
from the study. Ten patients had neoplastic sub-stenosis
of the lumen; therefore, it was not possible to evaluate
their iliac lymph nodes by EUS.

These two subgroups were formed to see whether
the diagnostic accuracy of EUS or MRI was related to
the tumor T stage after RT.

EUS protocol: Rectal EUS was performed using an
oblique-forward viewing echo-endoscope (Pentax: FG-
G36UX, FG-38UX, EG-3630U). All examinations were
done with the patient lying on the left side under con-
scious sedation (midazolam i.v). Patients were prepared
with colonic lavage before EUS. The echo-endoscope
was inserted and advanced beyond the lesion, under
direct vision, to the rectosigmoid junction, high enough
to detect iliac vessels on the EUS picture. Tumors were
targeted to determine the depth of infiltration into or
through the rectal wall. Frequencies commonly em-
ployed ranged from 7.5 to 10 MHz (Figure 1).

MRI protocol: All MRI examinations were performed
on a 1.5T MRI scanner (Gyroscan Intera, Philips, The
Nederlands). Iron contrast medium rectal distension
and IM hypotonizing medication were performed. MRI
examinations were performed before and after iv con-
trast media infusion (0.2 mL/kg). Multiplanar TSE T2
weighted sequences (TR: 4450, TE: 120, matrix: 512 X
344, NSA: 6, FOV: 240) were performed in order to local

Figure 1 Rectal EUS. A: Before neoadjuvant chemoradiation treatment:
evidence of perirectal fat tissue invasion, with fat speculation; B: After neoadjuvant
chemoradiation treatment: reduction of tumor size and perirectal fat invasion.

Figure 2 Rectal RMI. A: Before neoadjuvant chemoradiation treatment:
evidence of perirectal fat tissue invasion, with fat spiculation, and enlarged
mesorectal lymph nodes; B: After neoadjuvant chemoradiation treatment:
reduction of tumor size, perirectal fat invasion, enlarged lymph nodes; non-
homogeneous mesorectal fat tissue.

stage rectal cancer; axial TSE T2 weighted sequences (TR:
3950, TE: 80, matrix: 528 X 372, NSA: 3, FOV: 370) were
performed to analyze the presence of pathological lymph
nodes (N). Axial FFE T1 weighted sequences (TR: 196,
TE: 4.6, matrix: 320 X 216, NSA: 4, FOV: 250) with and
without Fat Saturation, before and after contrast medium
and sagittal FFE T1 weighted sequences (TR: 196, TE:
4.6, matrix: 320 X 216, NSA: 4, FOV: 250) with Fat Satu-
ration, after contrast medium, were also performed. The
MRI protocol used in our hospital is very similar to that
commonly reported in the literature. Our Institute can be
considered a medium-high flow hospital for rectal cancer
staging; in fact, we performed at least 50 rectal contrast
enhanced MRI in 1 year (Figure 2).
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Neoadjuvant chemoradiation treatment: Chemora-
diotherapy consisted of administration of Oxaliplatin
100 mg/ m’ every 2 wk for three courses plus continuous
infusion of 5-FU 200 rng/rnZ/die for six consecutive
weeks. Concomitant hyperfractionated radiotherapy at
a total dose of 45 Gy (1.25 Gy twice daily for 5 d every
week with a four-field box technique, with 6-18 MeV
photons) was started the same day as the second course
of Oxaliplatin. EUS and pelvic MRI wete repeated just
before surgery to establish the clinical response.

Surgical treatment: Laparoscopic or laparotomic nerve
sparing surgical resection (either low anterior or abdom-
ino-perineal resection) with total mesorectal excision
(IME) was scheduled 6-8 wk after completion of neoad-
juvant treatment. Criteria for sphincter preservation were
acceptable sphincter function, assessed with preoperative
rectal manometry; and absence of direct invasion of the
sphincter apparatus. These criteria remained unchanged
throughout the treatment period. Creation of temporary
loop ileostomy or colostomy was performed in selected
cases as judged necessary by the surgeon.

Rectal cancer staging
Rectal tumors were staged using the tumor-node-metas-

tasis system (T’ N

Statistical analysis

Pre-operative EUS and MRI findings were compared
to assess the concordance between the two methods.
K-statistics were used to check how well EUS and MRI
classified subjects in the T and N stage groups. The
degree of agreement was quantified by weighted «, which
assumes the categories (T1, T2, efc.) are ordered and
accounts for how far apart EUS and MRI ate in classifying
them.

EUS and MRI were repeated after RT, and the find-
ings were compared with the T and N stages established
on the basis of histological examination of surgical spec-
imens. The proportions of concordant results between
each method and histology were compared using the

AT TO-T2 T3-T4 AlIN NO N1-2

n 89 18 21 &) 23 16
MRI 44% 33% 52% 62% 52% 75%
EUS 46% 44% 48% 69% 87% 44%

MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasound.

test (2 X 2 table). Patients were considered all together
and sorted into two subgroups according to their histo-
logical T stage: the first group had TO-T2 stage cancer
and the second T3-T4.

RESULTS

After neoadjuvant chemoradiation therapy, histological ex-
amination of surgical specimens was done for all patients,
with the following results: 9 T0; 1 T1; 8 T2; 21 T3. Nodal
involvement was NO in 23; N1 in 14; N2 in 2. There were
18 patients with T0-T2 disease, 21 T3 (no T4), 23 without
nodal metastasis (NO disease) and 16 with N1-N2 disease.
EUS and MRI correctly classified patients in line with
their histological T stage in 46% (18/39) and 44% (17/39)
(NS) of cases, respectively. These proportions were higher
for both techniques when nodal involvement was consid-
ered: staging was correct in 69% (27/39) and 62% (24/39).
Interestingly, when patients were sorted into T and N
subgroups, the diagnostic accuracy of EUS was better
than MRI for patients with T0-T2 (44% vs 33%, NS) and
NO disease (87% vs 52%, P = 0.013). However, MRI was
more accurate for patients with more advanced disease
(both T and N) after RT, though these differences did not
reach statistical significance (Tables 1 and 2).

DISCUSSION

The prognosis for rectal cancer strongly correlates with
the histopathological stage at diagnosis. Many imaging
techniques are available, but each one differs in accuracy
and applicability""™". Accurate staging is important for
planning surgery and deciding on adjuvant treatment.
ERUS (endorectal ultrasound) and MRI are considered
to be the most accurate modalities for determining local
tumor stage. Two recent meta-analyses have compared
EUS, CT and MRI for rectal cancer staging, Bipat ef a/'
found that ERUS was the most accurate modality when
compared with CT and MRI for the evaluation of the T
stage in rectal cancer. For lymph node involvement, the
results of ERUS, CT and MRI were comparable. However,
the T-staging system does not discriminate between T3
tumors with close or involved circumferential resection
clearance. In this meta-analysis, the distance of the tumor
from the rectal fascia or the anticipated circumferential
resection clearance was not evaluated. Lahaye ¢z a/"”
conducted another meta-analysis regarding the accuracy
of preoperative imaging for predicting the two most
important risk factors that they recognized for local
recurrence in rectal cancer; the circumferential resection

www.wjgnet.com



5566 ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol

November 28, 2009 Volume 15 Number 44

clearance and the lymph node status. Major progress has
been made in the preoperative staging in rectal tumors
by MRI and several authors have indicated that a tumor-
free circumferential clearance of more than 1 mm can
be predicted using this method. For nodal status, ERUS
was slightly, but not significantly, better than MRI.

The introduction of trans-rectal EUS has made it
easler to see the pattern of the layers of the rectal wall,
improving treatment allocation by establishing the depth
of tumor invasion more accurately“(”m. EUS is the
most accurate tool for evaluating local invasion of rectal
cancer and perirectal lymph nodes. Its overall accuracy
before radiation ranges from 73% to 94% in T staging,
and from 70% to 80% in N staging, Comparative studies
found EUS very accurate in staging rectal cancer from
80% to 95%, compared to 65% to 75% for CT and 75%
to 85% for MRI"”.

CT and MRI have proved disappointing for detecting
small neoplastic lesions. MRI is not significantly superior
to CT because of the limited resolution of conventional
MRI techniques. It has, however, been reported useful in
determining the status of the circumferential resection
margin (meso-rectum), which is important for assessing
the risk of local recurrence!"”

Recent data suggest that EUS staging of rectal cancer
after RT-CT is inaccurate!, while MRI seems to be cost-
effective in selecting appropriate patients for neoadjuvant
therapy and its use is justified for local staging. After
RT-CT, EUS and MRI might be useful to demonstrate
tumor shrinkage and down-staging in responsive tumors,
which might occasionally disappear completely“7’18’20’23].
Increasing reflectivity and signal changes indicate fibrosis,
but unless significant tumor bulk remains, neither modality
seems to be able to exclude the persistence of tumor cells
within fibrosis™**.

Finally, EUS-FNA (endoscopic ultrasound-guided
fine-needle aspiration) was proposed for N staging of
rectal cancer following neoadjuvant chemoradiation'™.

This study compared rectal EUS and MRI for staging
rectal cancer before and, in particular, after neoadjuvant
RT-CT. As reported in other studies, at the first staging
examination after the diagnosis of rectal cancer, EUS
and MRI offer similar accuracies. However, if we con-
sider the degree of agreement between the two proce-
dures in rectal cancer, EUS (without lymph node biopsy)
and MRI give concordant results in T and N staging
only in 64% and 54% of patients. Moreover, they only
give concordant results for both T and N stages in one
third of patients. The strength of agreement between
EUS and MRI in staging advanced rectal cancer was very
poot, implying that each method has limitations.

After RT, both EUS and MRI offered poor diagnostic
performance in the assessment of T and N stages com-
pared to the “gold standard”, i.e. histological examination
of surgical specimens. In the present study, compared to
MRI, EUS offered significantly superior diagnostic accu-
racy in assessing nodal involvement after RT, giving much
better results in patients with NO disease. A higher pro-
portion of false-positive results of MRI in patients without
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Figure 3 Rectal EUS and elastosonography before neoadjuvant chemor-
adiation treatment. Elastography showing hard tissue inside the lesion.

nodal metastasis are probably due to the effects of RT
on perirectal tissues (edema, inflammation, and fibrosis),
which renders MRI unreliable for excluding nodal disease.
Both methods were weak in restaging the persistence
and degree of tumor invasion of the rectal wall, and this
might be mainly due to microscopic persistence (under-
staging) in the wall or to inflammatory and scar changes
in perirectal fat (over-staging). These might explain the
lower sensitivity and accuracy of both methods in re-
staging after RT.

The recent development of elastosonography, a new
real-time EUS modality that gives a fairly qualitative im-
age of tissue elasticity, might improve the accuracy and
sensitivity of EUS in this setting. In a preliminary report,
we showed that adding elastosonography to real-time
EUS boosted the accuracy in T staging of the disease™.
The ability of elastosonography to distinguish tissues
with different levels of elasticity means it can detect
inflammatory (soft) tissues and tumor (hard) separately,
particularly when the real-time modality does not ex-
clude the suspicion of perirectal invasion (Figure 3).

Therefore, in the modern era of GI-oncology it
seems that patients benefit mostly from interdisciplinary
approaches. In considering the value of a diagnostic
technique, based on its ability to influence the therapeutic
choices by allowing a better selection of patients, we be-
lieve that in this situation these two modalities are com-
plementary.

In conclusion, EUS and MRI are both accurate for
staging rectal cancer. In particular, in pre-therapy staging,
EUS is a good modality for T staging while MRI obtains
other information, including the clearance. However,
after RT-CT, neither method is reliable for establishing
the T stage. EUS seems significantly better than MRI for
assessing the N stage, but until significant improvements
in both methods are achieved, their use in this setting
should be considered only in controlled trials.

COMMENTS

Background

Endoscopic ultrasound (EUS) and magnetic resonance imaging (MRI) are both
accurate for staging rectal cancer. However, after radiation therapy-computed
tomography (RT-CT), neither method is reliable for establishing the T stage. EUS
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seems significantly better than MR for assessing the N stage but until significant
improvements in both methods are achieved, their use in this setting should be
considered only in controlled trials.

Innovations and breakthroughs
This study compared rectal EUS and MRI for staging rectal cancer after neoad-
juvant RT-CT.

Peer review

This study compared rectal EUS and MRI for staging rectal cancer after
neoadjuvant RT-CT and provides a good basis for selecting the best surgical or
medical strategy in patients with rectal cancer.
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