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Purpose

Restaging after neoadjuvant treatment is done for planning the surgical approach and,
increasingly, to determine whether additional therapy or resection can be avoided for
selected patients.

Materials and Methods

Local restaging after neoadjuvant chemoradiation therapy (nCRT) was performed in 270
patients with locally advanced (cT3or4 or N+) rectal cancer. Abdomen and pelvic computed
tomography (APCT) was used in all 270 patients, transrectal ultrasound (TRUS) in 121
patients, and rectal magnetic resonance imaging (MRI) in 65 patients. Findings according
to imaging modalities were correlated with pathologic stage using Cohen’s kappa (k) to test
agreement and intra-class correlation coefficient o to test reliability.

Results

Accuracy for prediction of yp T stage according to three imaging modalities was 45.2%
(k=0.136, =0.380) in APCT, 49.2% (k=0.259, a=0.514) in rectal MRI, and 57.9%
(k=0.266, 0=0.520) in TRUS. Accuracy for prediction of yp N stage was 66.0% (k=0.274,
0=0.441) in APCT, 71.8% (k=0.401, 0=0.549) in rectal MRI, and 66.1% (k=0.147, 6=0.272)
in TRUS. Of 270 patients, 37 (13.7%) were diagnosed as pathologic complete responder
after nCRT. Rectal MRI for restaging did not predict complete response. On the other hand,
TRUS did predict three complete responders (k=0.238, a=0.401).

Conclusion

APCT, rectal MRI, and TRUS are unreliable in restaging rectal cancer after nCRT. We think
that multimodal assessment with rectal MRI and TRUS may be the best option for local
restaging of locally advanced rectal cancer after nCRT.
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Introduction

According to some recent reports, neoadjuvant chemora-
diation therapy (nCRT) followed by curative surgery has
become the therapy of choice in locally advanced rectal can-
cer. nCRT was introduced to improve local disease control,
and several large randomized trials have demonstrated a sig-
nificant benefit from this treatment, with reduced local
recurrence rates and improved survival. Currently, com-
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bined-modality therapy including surgery, radiotherapy,
and chemotherapy is recommended for the majority of
patients with stage II or III rectal cancer [1-3].

In the diagnostic work-up of rectal cancer, several imaging
techniques are available for staging. Staging is built on two
principals. These are defining the local anatomy, allowing
for surgical planning, and estimating the prognostic stage by
revealing any distant metastases. In most rectal cancer
patients, surgical decisions are based on initial stage at diag-
nosis but may be altered according to response to nCRT [4].
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Downstaging after nCRT may permit sphincter or even
organ-preserving approaches including close follow-up,
"wait-and-see." without resection [5-9], while upstaging after
nCRT may require more aggressive approaches such as mul-
tivisceral resection [10]. However, according to many inves-
tigators, imaging modalities including abdomen and pelvic
computed tomography (APCT), transrectal ultrasound (TR
US), rectal magnetic resonance imaging (MRI), or positron
emission tomography computed tomography (PET-CT) for
restaging after nCRT have very low accuracy [11-14].

In the current study, we evaluated the accuracy of APCT,
rectal MRI, and TRUS for local restaging after nCRT and
investigated the best modality for local restaging after nCRT.

Materials and Methods

Data from patients diagnosed with adenocarcinoma of the
rectum less than 12 cm from the anal verge by rigid proc-
tosigmoidoscopy before nCRT in St. Vincent’s Hospital, The
Catholic University of Korea, between January 2007 and
December 2013 were collected. Among these patients, 270
patients were enrolled in this study. After obtaining review
board approval from our institute (VC14RISI0160), the data
and clinical information of these 270 patients were analyzed
retrospectively.

All 270 patients had clinical T3 to T4 or N positive tumors.
All of the analyzed patients underwent neoadjuvant radio-
therapy with conventional fractionation, as follows: 1.8 Gy
per day; five fractions per week; and a total dose of 50.4
Gy/28 fractions (45 Gy/25 fractions initially to the whole
pelvis, followed by 5.4 Gy /3 fractions as a boost to the gross
tumor). All patients received two cycles of concurrent
chemotherapy with radiotherapy (5-fluorouracil [5-FU], 400
mg/m? intravenously 1 hour before radiotherapy and leu-
covorin, 20 mg/m? intravenously immediately before each
dose of 5-FU on days 1-5 and days 29-33). Surgical treatment
was performed within 6 to 8 weeks after the end of neoadju-
vant therapy in all patients.

Imaging studies for restaging after nCRT were performed
approximately 4 weeks after completion of radiotherapy.
Since nCRT was applied to rectal cancer patients in our
institute, all rectal cancer patients who received nCRT have
been re-evaluated routinely before radical surgery by con-
trast-enhanced APCT. We added TRUS in July 2010 and rec-
tal MRI in February 2012 as a routine preoperative procedure
for restaging in rectal cancer patients who received nCRT.
Consequently, APCT was performed in all 270 patients,
TRUS in 121 patients, and MRI in 65 patients. Considering
imaging modalities performed in individual patients, only
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APCT was performed in 144 patients for restaging, APCT
and TRUS in 61 patients, and APCT, TRUS, and rectal MRI
in 60 patients, and APCT and rectal MRI were performed for
restaging in five patients who were not able to undergo
TRUS because of luminal stricture by tumor. All APCT and
rectal MRI were reviewed by two radiologists and all TRUS
by two colorectal surgeons.

For T staging in TRUS, a clinical complete response of the
primary lesion after nCRT was defined when the primary
lesion after nCRT was movable and homogenous hypoe-
choic, remarkably reduced in size, had an intact whole rectal
wall structure (especially hyper-echoic submucosal line)
which was destructed before nCRT, and did not infiltrate to
perirectal tissue (Fig. 1).

For node characterization in APCT and rectal MRI, a com-
bination of short axis dimension greater than 5 mm and node
morphology was used in prediction of nodal involvement.
For node characterization in TRUS, hypoechoic lymph nodes
with an irregular contour or greater than 5 mm were defined
as metastatic lymph nodes. In the current study, clinical N
positive was defined when lymph node involvement was
suspected by each imaging modality.

Our data were analyzed using the reference standard of
pathologic findings. Radiologic findings were correlated
with pathologic stage using Cohen’s unweighted kappa (k)
to test agreement and intra-class correlation coefficient o to
test reliability. k-values of 0.2 to 0.4 indicate fair agreement,
0.4 to 0.6 indicate moderate agreement, and greater than 0.6
indicate excellent agreement. Kk > 0.5 was considered accept-
able for the ability to predict pathologic findings. If &-value
> 0.5, the result was considered acceptable. Continuous vari-
ables were compared using Student’s t test and expressed as
the meantstandard deviation. Categorical variables were
analyzed using the y? test. Significance was defined as a
p-value of < 0.05. All statistical analyses were performed
using the SPSS ver. 12.0 for Windows (SPSS Inc., Chicago,
IL).

Results

Of the 270 patients, 168 were males, and 102 were females.
The mean age was 62.8+10.8 years (range, 34 to 84 years).
None of our patients experienced any radiation-related or
chemotherapy-related major adverse effects more serious
than a grade 3 reaction, according to the Common Toxicity
Criteia ver. IL

Table 1 shows the relationship between predicted T stage
(ycT) according to each imaging modality used for restaging
after nCRT and pathologic T stage (ypT) after surgery.
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Fig. 1. A clinical complete response of the primary lesion after neoadjuvant chemoradiation therapy (nCRT) was defined
when the primary lesion after nCRT was homogenous hypoechoic, reduced in size, had an intact whole rectal wall structure
(B), especially hyper-echoic submucosal line, which was destructed before nCRT (A), and did not infiltrate to perirectal tis-
sue.

Table 1. Analysis of the agreement between T stage according to the imaging modalities used for restaging after neoadjuvant
therapy and pathologic T stage after surgery

T stage Under-stage Agreement Over-stage K o p-value
APCT 41(15.2) 122 (45.2) 107 (39.6) 0.136 0.380 < 0.0001
Rectal MRI 7 (10.8) 32 (49.2) 26 (40) 0.259 0.514 0.002

TRUS 9(7.4) 70 (57.9) 42 (34.7) 0.266 0.520 < 0.0001

Values are presented as number (%). APCT, abdomen and pelvic computed tomography; MRI, magnetic resonance imaging;
TRUS, trans-rectal ultrasound.

Table 2. Analysis of the agreement between N stage according to the imaging modalities used for restaging and pathologic
lymph node involvement after surgery

N stage Under-stage Agreement Over-stage K o p-value
APCT 30 (11.1) 178 (66.0) 62 (23.0) 0.274 0.441 < 0.0001
Rectal MRI 8 (12.5) 46 (71.8) 10 (15.6) 0.401 0.549 0.001

TRUS 30 (24.8) 80 (66.1) 11(9.1) 0.147 0.272 < 0.0001

Values are presented as number (%). APCT, abdomen and pelvic computed tomography; MRI, magnetic resonance imaging;

TRUS, trans-rectal ultrasound.

Accuracy for prediction of ypT stage according to three
imaging modalities was 45.2% (k=0.136, ®=0.380) in APCT,
49.2% (k=0.259, ®=0.514) in rectal MRI, and 57.9% (k=0.266,
«=0.520) in TRUS. Although three imaging tools had low
accuracy and low agreement, of those three tools, TRUS was
at least the most accurate. The majority of errors were due to
over-staging in all three modalities.

Table 2 shows the relationship between N stage (ycN)
according to the imaging modalities used for restaging after

nCRT and pathologic N stage (ypN) after surgery. Accuracy
for prediction of yp N stage was 66.0% (k=0.274, a=0.441) in
APCT, 71.8% (k=0.401, ®=0.549) in rectal MRI, and 66.1%
(k=0.147, ®=0.272) in TRUS. Errors were mainly caused by
over-staging in APCT and rectal MRI and under-staging in
TRUS.

Accuracy for overall T and N stage is shown in Table 3.
Rectal MRI (k=0.326, 6=0.613) was the most reliable tool
among three modalities for prediction of overall T and N
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Table 3. Analysis of the agreement between T and N stage according to the imaging modalities used for restaging and

pathologic T and N stage

T and N stage Under-stage Agreement
APCT 56 (20.7) 89 (32.9)
Rectal MRI 11 (16.9) 30 (46.2)
TRUS 35 (28.9) 48 (39.6)

Over-stage K x p-value

103 (38.1) 0.144 0.521 < 0.0001
24 (36.9) 0.326 0.613 <0.0001
38 (31.5) 0.203 0.315 0.020

Values are presented as number (%). APCT, abdomen and pelvic computed tomography; MRI, magnetic resonance imaging;

TRUS, trans-rectal ultrasound.

Table 4. Prediction of complete response

ypCR  ypRD p-value 3 x
APCT
yc CR 2 6 0.301 0.042  0.087
ycRD 35 227
Rectal MRI
ycCR 0 0 Not measured?
yc RD 8 57
TRUS
yc CR 3 2 0.016 0238  0.401
ycRD 13 103

CR, complete response; RD, residual disease; APCT,
abdomen and pelvic computed tomography; MRI, mag-
netic resonance imaging; TRUS, trans-rectal ultrasound.
Yk and & statistics could not be measured because rectal
MRI failed to predict yc CR.

stage.

In the current study, 37 of 270 patients (13.7%) were diag-
nosed as pathologic complete responder after nCRT. Rectal
MRI for re-staging did not predict complete response. That
is because TO state was not predicted by rectal MRI. On the
other hand, TRUS did predict three complete responders
(k=0.238, &=0.401) (Table 4).

Discussion

Although several methods for precise staging of rectal can-
cer have been described, TRUS, rectal MRI, and APCT are
the most commonly used. Accurate staging of rectal cancer
should ideally determine depth of invasion and presence of
lymph node metastases and should determine the resectabil-
ity of locally advanced tumors. After radiation, however, the
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interpretation of findings becomes more difficult, and the
accuracy of all these examinations decreases.

By previous literature, TRUS, APCT, and rectal MRI in rec-
tal cancer patients without nCRT had an acceptable accuracy
rate in predicting the pathologic stage. However, they
insisted that the accuracy rates of these imaging modalities
after nCRT were decreased [14-16]. In the setting of nCRT,
studies using APCT have reported accuracy of 46.3% to 74%
for prediction of ypT stage and 35% to 76% for prediction of
ypN stage. Studies using TRUS have reported 38.3% to 92.8%
for prediction of ypT stage and 72.6% for prediction of ypN
stage [15,16]. In addition, some investigators demonstrated
that standard MRI is not sufficient for restaging after nCRT
[14]. These authors explained that the accuracy of radiologi-
cal restaging after nCRT is impaired due to the difficulty in
differentiating fibrotic or reactive tissue from residual tumor.

Lymph node staging with TRUS remains difficult and is
less accurate than T staging [17-19]. Staging of bulky, distal
and/or stenotic lesion with TRUS can be challenging due to
the limited field of view and the inability of probes to trans-
verse the lesion. In addition, TRUS can evaluate only perirec-
tal or mesorectal lymph nodes, thereby limiting the screening
capacity of this method. In contrast, other imaging modalities
such as APCT and rectal MRI can visualize the iliac and
mesenteric or retroperitoneal nodes, allowing for more com-
prehensive lymph node staging. For lymph node staging,
pre-nCRT rectal MRI also has low accuracy when the size cri-
terion of 5 mm is used. Kim et al. [20] suggested that a lymph
node of size > 5 mm is a significant risk factor for pelvic
recurrence in rectal cancer. In addition to size, some imaging
findings such as spiculated or indistinct border and mottled
heterogeneous appearance could be useful in prediction of
regional lymph node involvement in patients with rectal can-
cer [21]. However, due to the downsizing effect of radiation,
it is difficult to adapt the size criterion for the prediction of
lymph node involvement after nCRT, and there are no defi-
nite criteria for differentiating metastatic lymph node and
irradiated lymph node change upon post-nCRT rectal MRI
using morphologic criteria.

In the current study, rectal MRI was the most accurate
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imaging modality for local restaging after nCRT. In particu-
lar, rectal MRI can be helpful in determining the circumfer-
ential resection margin of total mesorectal excision specim-
ens by providing information on the distance between the
outermost edge of the tumor and the mesorectal fascia [22].
However, rectal MRI did fail to predict complete responder.
On the other hand, although TRUS was a less accurate
imaging modality with a limitation in prediction of ypN
stage, it was more accurate than rectal MRI for prediction of
pathologic complete responder as well as ypT stage. Statisti-
cal values of TRUS for pathologic complete response; the
overall accuracy was 106/121 (87.6%), 18.8% of sensitivity,
98.1% of specificity, 60% of positive predictive value, and
88.8% of negative predictive value. In our study, five patients
were predicted as ycTO stage by TRUS. All five of these
patients were predicted complete responders by TRUS. On
pathologic examination, three of these five patients were
pathologic complete responders and one was ypTON1 and
the other one was ypTIN1. One of these five patients was
predicted ycN+ by MRI. However, pathologic finding indi-
cated that he was a complete responder. In view of a tailored
surgical option including local excision for good responder
after nCRT, a false-negative diagnosis reflected by a negative
predictive value may be crucial for planning a surgical treat-
ment [16].

The limitations of our study are that three imaging modal-
ities were not performed in all patients and that APCT and
rectal MRI were interpreted by several radiologists whereas
TRUS by a single surgeon. In addition, we did not evaluate
the accuracy of PET-CT, which, as recently mentioned, has
the potential for superiority in restaging for locally advanced

rectal cancer. However, due to limitations of the Korean
health care insurance system, routine performance of PET-
CT for restaging is not practical. We think that a well-
designed large scale study including various imaging studies
performed by co-work between radiologist and surgeon spe-
cialized in colorectal cancer is needed.

Conclusion

Given the low correspondence between pathologic status
prediction and actual pathologic assessment, each imaging
modality including CT, MRI, and TRUS is unreliable in
restaging rectal cancer after nCRT. Restaging after nCRT is
challenging with all modalities due to difficulty in reliably
differentiating between radiation-induced changes and the
tumor itself. However, based on our results, rectal MRI
might be helpful for overall tumor condition after nCRT and
TRUS for predicting complete responder. We think that rec-
tal MRI and TRUS may be complementary, not alternative
options for local restaging of locally advanced rectal cancer
after nCRT.
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