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Assessment of the Prognostic Factors for a
Local Recurrence of Rectal Cancer: the
Utility of Preoperative MR Imaging

Objective: To determine the utility of MR imaging in evaluating the prognostic
factors for a local recurrence of rectal cancer following a curative resection.

Materials and Methods: The preoperative MR images obtained from 17
patients with a local recurrence and 54 patients without a local recurrence, who
had undergone a curative resection, were independently evaluated by three radi-
ologists. The following findings were analyzed: the direct invasion of the perirectal
fat by the primary rectal carcinoma, involvement of the perirectal lymph nodes,
perirectal spiculate nodules, perivascular encasement, and an enlargement of the
pelvic wall lymph nodes. The clinical and surgical profiles were obtained from the
patients’ medical records. The association of a local recurrence with the MR find-
ings and the clinicosurgical variables was statistically evaluated.

Results: Of the MR findings, the presence of perivascular encasement (p =
0.001) and perirectal spiculate nodules (p = 0.001) were found to be significant
prognostic factors for a local recurrence. Of the clinicosurgical profiles, the pres-
ence of a microscopic vascular invasion (p = 0.005) and the involvement of the
regional lymph nodes (p = 0.006) were associated with a local recurrence.
Logistic regression analysis showed that the presence of perirectal spiculate nod-
ules was an independent predictor of a local recurrence (odds ratio, 7.382; 95%
confidence interval, 1.438, 37.889; p = 0.017).

Conclusion: The presence of perirectal spiculate nodules and perivascular
encasement on the preoperative MR images are significant predictors of a local
recurrence after curative surgery for a rectal carcinoma. This suggests that pre-
operative MR imaging can provide useful information to help in the planning of
preoperative adjuvant therapy.

local recurrence is the major cause of morbidity and mortality in rectal
cancer patients (1). Advances in surgical techniques, including a total
mesorectal excision (TME), and adjuvant therapy such as pre- and

postoperative adjuvant therapy (chemotherapy and/or irradiation) have significantly
lowered the rate of a local recurrence of rectal cancer (2 5). The histopathologically
determined tumor stages including the depth of the tumor invasion, the presence of a
regional lymph node or distant metastasis, and the presence of lymphovascular or
perineural invasion are regarded to be the risk factors associated with the high
recurrence rate (1, 6). However, the outcome of an individual patient cannot be
predicted, and the above findings are assessable only after surgery. If the prognostic
factors related to the high recurrence rate can be identified in addition to the preopera-
tive staging, treatment planning can be tailored to each patient with a reduced
probability of over- or under-treatment. The patients with such poor prognostic factors
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will be good candidates for preoperative neoadjuvant
therapy.

The current diverse options of preoperative neoadjuvant
therapy or surgical techniques require an accurate preoper-
ative staging modality (7 9). With the advent of high-
resolution techniques using phased-array coils, the role and
accuracy of MR imaging in making a preoperative evalua-
tion of rectal cancer has increased recently (10 17). MR
imaging for a preoperative evaluation of rectal cancer has
been used to estimate the depth of a tumor invasion (11,
15), to assess the involvement of the sphincter or pelvic
structures (12, 14), and to determine the regional lymph
node involvement (10, 16). Recently, Brown et al. (17)
reported that MR imaging is also useful for making a
preoperative assessment of the prognostic factors.
However, to our knowledge, the significance of the MR
imaging findings for a local recurrence has not been
evaluated by a comparison with the long-term follow-up
results. The aim of this study was to determine the utility
of MR imaging in evaluating the prognostic factors for a
local recurrence of rectal cancer following a curative
resection.

MATERIALS AND METHODS

Subjects
Between October 1996 and December 2000, 320 rectal

cancer patients, who had undergone preoperative MR
imaging and a curative resection using TME, were selected
from the radiological and surgical database. In our institu-
tion, preoperative pelvis MR imaging was routinely
performed for the purpose of providing a staging
procedure. Twenty-one patients with a local recurrence
and/or distant metastasis were retrieved from those 320
patients. Four patients, who received preoperative therapy
between MR imaging and surgery, were excluded in order
to eliminate the effect of the preoperative adjuvant
therapy on the local recurrence. Finally, 17 patients were
enrolled in this study as the locally recurrent group. They
consisted of nine men and eight women (mean age 59
[range 22 77] years), and had undergone a surgical
resection within the two weeks of the MR imaging (mean 6
[range 2 14] days). The recurrent sites were the anasto-
motic sites (n=9), the pelvic sidewall (n=7), and the
regional lymph node (n=1). The tumor recurrences were
confirmed by open surgery (n=2), a tissue biopsy (n=9),
and a clinical evaluation (n=6). The biopsy were carried
out using a sigmoidoscope or colonoscope (n=7), an open
biopsy (n=1), and an image guided method (n=1). The
clinical diagnosis of a local recurrence was based on the
follow-up CT or MR imaging showing a gradually increas-

ing mass in the surgical area, an increased level of the
serum carcinoembryonic antigen (CEA), and a worsening
of the clinical course. For the purpose of comparison, the
non-recurrent 54 patients (27 men and 27 women, mean
age 56 years old) meeting the following criteria were
retrieved: 1) they underwent preoperative MR imaging
followed by curative surgery within two weeks without
neoadjuvant therapy, as in the recurrent group, 2) no
radiological or clinical evidence of a local recurrence or a
distant metastasis for at least three years, 3) a postopera-
tive pathological stage higher than T1 regardless of the N
stage based on the TNM system (Table 1) (18), and 4)
medical records with a pathological report and the MR
images that could be used to review each case. Only those
patients with a pathological stage higher than T1 were
selected because all patients in the recurrent group had
tumors higher than T1. Distant hepatic metastases were
noted in two patients with a local recurrence on the
preoperative MR images and a combined curative
resection of the primary and metastatic lesion was
performed. However, no distant metastases were noted on
the preoperative MR images of the non-recurrent patients.

Clinical Manifestations and Pathologic Findings
Based on the medical records of the subjects, the follow-

ing variables from the recurrent and non-recurrent groups
were compared: patients’ age, gender, surgical methods,
postoperative adjuvant treatment, and pathological
findings from the surgical specimens, including the depth of
the tumor invasion (T stage), the status of the lymph node
involvement (N stage), tumor location, maximum diameter
of the tumor, histological grades, the presence of a
microscopic vascular invasion, and the involvement of the
resection margin. The analysis was performed by dividing
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Table 1. TNM Staging System for Rectal Carcinoma

Stage Level of Involvement

Tumor

T1 Limited to mucosa and submucosa
T2 Extension into but not through muscularis propria
T3 Invasion of perirectal fat
T4 Invasion of adjacent structures

Nodes

N0 No involved lymph nodes
N1 Fewer than four regional nodes positive for tumor
N2 More than four regional nodes positive for tumor

Metastasis

M0 No metastasis
M1 Distant metastasis



the surgical methods into a low anterior resection and an
abdominoperineal resection, and by dividing the tumor
locations into the distal, middle, and proximal regions
according to the endoscopic findings. The pathological
stages were divided according to the TNM system (18).
The presence of a microscopic vessel invasion was
determined according to the original pathological reports.
The histological grades were divided into two grades: well
or moderately differentiated and poorly differentiated. The
circumferential resection margin was considered to be
narrow when the distance from the main tumor or the
mesorectal tumor deposit to the lateral surgical margin was
described as being < 1 mm in the original pathological
reports (19). Both findings of a narrow circumferential
resection margin and the involvement of the proximal or
distal margin were grouped together as an involvement of
the resection margin.

MR Imaging
MR imaging was performed on a 1.5-T whole-body

system (Horizon, GE Medical Systems, Milwaukee, Wis.)
using a pelvic phased-array coil. Tap water was then
administered to the rectum to most patients using a rectal
tube until the patient indicated discomfort. The total
volume used was between 200 and 500 mL. After the
localizer images were obtained, if not contraindicated, 20
mg of scopolamine butylbromide (Buscopan; Boehringer
Ingelheim, Germany) was injected intravenously in order
to minimize the peristalsis and to alleviate the rectal
spasm.

With the patient in a feet-first, supine position, axial T1-
weighted conventional spin-echo images of the pelvis were
obtained using a 24 cm field of view (FOV) in a 5-mm
section thickness, 1.5-mm intersection gap, 500 600/8
10 (repetition time msec/echo time msec), 256 192
matrix, and 1 signal acquired. The axial, sagittal, and
coronal T2-weighted fast spin-echo images were then
obtained using a 24 26-cm FOV in a 5-6-mm section
thickness, a 1 2.5-mm intersection gap, 4,000
6,000/75 105 (repetition time msec/echo time msec), a
512 256 matrix, an echo train length of 10 12, and the
two signals were averaged.

Image Analysis
Three gastrointestinal radiologists (O.Y.T., L.J.S., K.J.H.),

who were not involved in the preoperative interpretation
of the MR examination, analyzed the hard copy images
retrospectively. The MR images of the locally recurrent
patients were mixed with the non-recurrent patients, and
the reviewers analyzed the MR images independently in
random order without the clinical or pathologic data. Each

reviewer recorded all of the following items: 1) a direct
invasion of the perirectal fat by the primary rectal
carcinoma, 2) involvement of the perirectal lymph nodes,
3) perirectal spiculate nodules, 4) perivascular encasement,
and 5) an enlargement of the pelvic wall lymph node. An
interruption of the outer muscular layer and/or a grossly
rounded or nodular appearance of the outer margin of the
rectal mass were considered to be the indicators of a direct
invasion of the perirectal fat by a primary rectal
carcinoma. The direct invasion of the perirectal fat with a
rounded or nodular margin, which penetrated the outer
wall of the rectum, was analyzed separately again because
it was believed that the two findings might have a different
sensitivity and specificity for an invasion of the perirectal
fat. The lymph nodes in the perirectal space was consid-
ered a metastatic lymph nodes if they exhibited the follow-
ing: 1) its size was > 5 mm in the short axis diameter (20),
2) its signal intensity was heterogeneous, or 3) it had an
irregular margin with a preserved nodal configuration (21).
A perirectal spiculate nodule was defined as a solid nodule
in the perirectal space that was separated from the primary
rectal mass and had irregular spiky projections on the
outer border without any configuration suggesting a nodal
structure. A perivascular encasement was defined as an
irregular margined soft tissue nodule or conglomerated
lymph nodes that were closely attached to the branch of
the perirectal vessels. The condition of the small lymph
node or tumor nodule simply located adjacent to the vessel
was not included in this finding. An enlargement of the
lateral pelvic lymph node was defined as those cases with a
lymph node > 1 cm along the pelvic wall external to the
perirectal fascia (21). Each finding was defined as being
present when more than two reviewers recorded the
finding as being present.

The clinicosurgical profiles and MR imaging findings of
the recurrent and non-recurrent groups were compared by
a Student’s t, a Chi-square or a Fisher’s exact test. Logistic
regression analysis was used to determine the independent
significant factors affecting the local recurrence for the
significant variables. p values < 0.05 were considered
significant. A test was used to assess the interobserver
variability in terms of the lesion detection and the differen-
tiation of a benign lesion from a malignant focal hepatic
lesion. The degree of agreement was categorized as
follows: value of < 0, poor; of 0.00 0.20, slight
agreement; of 0.21 0.40, fair agreement; of 0.41
0.60, moderate agreement; of 0.61 0.80, substantial
agreement; and of 0.80 1.00, almost perfect agreement
(22).
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Fig. 1. Spiculate nodule with a perivascular encasement depicted on the preoperative MR images obtained from a 70-year-old man with
recurrent rectal cancer.
A-D. (A) T1-weighted spin-echo, and (B) T2-weighted fast spin-echo images, obtained in a transverse plane show a spiculate nodule
(arrowheads) partially surrounding the mesorectal vessel (thin arrows). The mesorectal vessel appears as a tiny dot with dark signal
intensity. The T2-weighted fast spin-echo (C) sagittal, and (D) coronal, MR images show the primary tumor (arrows) in the rectum. The
spiculate nodule (arrowheads) surrounding the mesorectal vessel (thin arrows) can also be seen.

C D

A B

Table 2. Comparison of the MR Imaging Findings of the Recurrent and Non-recurrent Groups

MR Findings NR* (n=54) LR* (n=17) p value

Perivascular encasement 1 (2%) 06 (35%) 0.001   
Perirectal spiculate nodule 4 (7%) 08 (47%) 0.001   
Enlargement of the pelvic wall lymph node 5 (9%) 05 (29%) 0.052   
Perirectal lymph node involvement 35 (65%) 14 (82%) 0.143   
Irregularity of the outer wall of the rectum 47 (87%) 16 (94%) 0.381   
Nodular extension of tumor into perirectal fat 19 (35%) 09 (53%) 0.344   

Note. Data are number of patients. Data in parentheses are percentages.
* NR = non-recurrence, LR = local recurrence.   Chi-square test.   Fisher’s exact test.



RESULTS

For the 17 patients in the recurrent group, the time
interval between surgery and local recurrence ranged from
five to 48 months (mean duration: 17 months). A local
recurrence occurred within two years in 15 (88%) patients
(mean duration: 14.6 months) and at 34 and 48 postopera-
tive months in the remaining two patients. The follow-up
periods in the non-recurrent patients ranged from 40 to 65
months (mean duration: 53 months).

For a direct invasion of the perirectal fat by the primary
rectal carcinoma, when the irregularity and nodular
bulging of the outer wall of the rectum were used as the
criteria, the sensitivity, specificity, positive predictive value
(PPV), and negative predicted value (NPV) of the preoper-
ative MR imaging were 94%, 26%, 78%, and 63%,
respectively. However, when only nodular bulging was
used as the criterion, they were 48%, 84%, 89%, and
37%, respectively. For regional lymph node involvement,
the sensitivity, specificity, PPV, and NPV of the MR
imaging were 77%, 35%, 35%, and 77%, respectively.

Table 2 shows a comparison of the preoperative MR
imaging findings between the two groups. Perirectal
spiculate nodules and perivascular encasement were signif-
icantly more common in the recurrent group than in the
non-recurrent group (Figs. 1, 2). Enlarged pelvic wall
lymph nodes were also more commonly observed in the
recurrent group, but the difference was only marginally
significant (p=0.052) (Fig. 3). The statistical analysis
results showed moderate to substantial agreement between
the observers on the MR imaging findings as follows:
0.52 0.61 for outer wall penetration, of 0.38 0.49 for
regional lymph node involvement, and of 0.47 0.68 for
the presence of spiculate nodules.

Table 3 shows a comparison of the clinicosurgical profiles
between the two groups. The microscopic vessel invasion
and N stage were more common in the recurrent group
than in the non-recurrent group. The lateral margin was
narrow or involved in two patients from the recurrent
group and in three from the non-recurrent group. Distal
margin involvement was observed in two patients from the
recurrent group, but in none from the non-recurrent group.
Involvement of the resection margin was more common in
the recurrent group, but the difference was only marginally
significant (p=0.052). The other variables were not associ-
ated with a local recurrence.

Table 4 shows the results of the logistic regression
analyses of the MR imaging and clinicosurgical findings.
Because the seven patients with a perivascular encasement
belonged to the 12 patients who had a perirectal spiculate
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Table 3. Comparison of the Clinicosurgical Profiles of the
Recurrent and Non-recurrent Groups

NR (n=54) LR (n=17) p value

Age 56.7 11.2 56.7 8.7 0.989#

Gender 0.362  
Men 27 (50%) 10 (59%)
Women 27 (50%) 07 (41%)

Surgical Methods 0.563  
Low anterior resection 37 (69%) 12 (71%)
Abdominoperineal resection 17 (31%) 05 (29%)

Postoperative adjuvant therapy 0.380  
No 12 (22%) 05 (29%)
Yes 42 (78%) 12 (71%)

Location (from anal verge) 0.701  
Distal 10 (19%) 02 (12%)
Middle 24 (44%) 07 (41%)
Proximal 20 (37%) 08 (47%)

Maximum tumor diameter 5.6 2.4 5.2 2.9 0.505#

T stage 0.659  
T2 15 (28%) 04 (23%)
T3 38 (70%) 12 (71%)
T4 1 (2%) 1 (6%)

N stage 0.006  
N0 42 (78%) 07 (41%)
N1 08 (15%) 04 (24%)
N2 4 (7%) 06 (35%)

Microscopic vascular invasion 0.005  
No 49 (91%) 10 (59%)
Yes 5 (9%) 07 (41%)

Histologic grade 0.289  
Well or moderate 49 (91%) 14 (82%)
Poor 5 (9%) 03 (18%)

Involvement of resection margin 0.052  
Negative 51 (94%) 13 (77%)
Positive 3 (6%) 04 (23%)

Note. Data are number of patients. Data in parentheses are
percentages.
* NR = non-recurrence, LR = local recurrence.
# t-test,   Chi-square test,   Fisher’s exact test.

Table 4. Results of Multivariate Logistic Regression
Analysis of the Significant Findings

Significant Findings Odds Ratio 95% CI p value

Perirectal spiculate nodule 7.382 1.438, 37.889 0.017
Microscopic vascular invasion 3.055 0.581, 16.071 0.187
Histologic N stage 1.467 0.563, 3.819 0.433
Involvement of resection margin 3.059 0.393, 23.822 0.286

Note. CI = confidence interval.



nodule, the perivascular encasement and perirectal
spiculate nodule were grouped together, and only the
latter was included in the logistic regression analysis.
Therefore, logistic regression analysis included the perirec-
tal spiculate nodule, the histopathologically determined
pathological node status, vascular invasion, and the
involvement of the resection margin. The results showed
that the presence of a perirectal spiculate nodule (odds
ratio, 7.382; 95% confidence interval, 1.438 37.889; p
value, 0.017) was the only variable independently predic-
tive of a local recurrence.

DISCUSSION

The perirectal spiculate nodule observed on the MR
images in this study has not been reported elsewhere. On a
routine analysis of the preoperative MR images of rectal
cancer, a perirectal spiculate nodule is not normally consid-
ered to be an independent finding but it might be catego-
rized as either a metastatic lymph node or a tumor nodule
of a T3 disease. It may either be a metastatic lymph node
with an extranodal extension (16) or a perirectal tumor
deposit described in colon cancer (18, 23, 24). Goldstein et
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Fig. 2. Perirectal spiculate nodule depicted on the preoperative MR images (A) in a 62-year-old man and (B) in a 58-year-old woman
with rectal cancer. A transverse T2-weighted fast spin-echo axial MR image shows a nodule with irregular margin (arrowheads) in the
perirectal fat adjacent the primary rectal tumor (arrows).

A B

Fig. 3. Enlargement of the pelvic wall lymph node demonstrated on the preoperative MR images obtained in a 60-year-old woman with
recurrent rectal cancer.
A. A transverse T2-weighted fast spin-echo image shows a nodular tumor deposit (arrow) at the right pelvic wall out of the endopelvic
fascia (arrowheads). The patient underwent a pelvic wall, lymph node dissection at the right side, and right internal iliac lymph node
involvement was demonstrated.
B. Contrast-enhanced transverse CT scan obtained six months after surgery. A pelvic wall recurrence was demonstrated in the follow-up
CT at the same site of the enlarged pelvic wall lymph node (arrow).

A B



al. (23) described the pericolic tumor deposit as a grossly
palpated adenocarcinoma within the pericolic adipose
tissue, but not within the lymph node, probably represent-
ing an adenocarcinoma extending along the nerves or
vessels, and indicating a poor prognosis. According to new
edition of the American Joint Committee on Cancer
(AJCC) cancer staging handbook (18), there was some
comment about the tumor nodule on the perirectal adipose
tissue. A tumor nodule in the pericolorectal adipose tissue
of a primary carcinoma without histological evidence of a
residual lymph node in the nodule is classified in the pN
category as a regional lymph node metastasis if it has the
form and smooth contour of a lymph node. If the nodule
has an irregular contour, it should be classified in the T
category and be coded as either V1 (microscopic venous
invasion) or V2 (if it was grossly evident), because there is
a strong likelihood that it represents a venous invasion
(18). These statements suggest that an irregular shaped
tumor nodule in the perirectal space is a significant
prognostic factor and should be dealt with separately.
Therefore, special attention needs to be paid to perirectal
spiculate nodules in MR images and it should be evaluated
separately from metastatic lymph node. The perirectal
spiculate nodule might indicate the biological aggressive-
ness of the primary carcinoma and the locally advanced
disease, which requires more intensive therapy.

A perivascular encasement has also never been
addressed before. In general, a vascular invasion is highly
suggested when the tumor is in close contact with a vessel.
Microscopic vascular invasion of a rectal tumor has been
reported to be a dismal sign of an increased rate of local
recurrence and poor survival (1, 6, 25, 26). Brown et al.
(17) reported a tubular structure on the MR images as a
gross tumoral vascular invasion. However, a gross vascular
invasion can be observed in advanced diseases after a
microscopic invasion progresses to the gross scale. A
review of the histopathological reports, three from seven
patients (43%) with the MR findings of a perivascular
encasement had a microscopic vascular invasion, which is
in contrast to nine out of 64 patients (14%) without them.
Although a microscopic vascular invasion was more
frequent in those patients with perivascular encasement, a
histological vascular invasion was not always described in
the pathological reports of patients with a perivascular
encasement. Because the surgical specimens in this study
had not been analyzed using whole mount histology with a
direct radiological-pathologic correlation, the precise
relationship between the perivascular encasement and the
microscopic vascular invasion could not be determined.
However, because perivascular encasement was closely
related to the vessels and microscopic vascular invasions

are more frequently reported in patients with them, it was
hypothesized that perivascular encasement might be
related to a vascular invasion. The radiological-pathologi-
cal correlated studies should be followed in order to verify
this hypothesis.

A perirectal lymph node metastasis is a well-known risk
factor for a local recurrence (3, 27, 28). However, in this
study, the accuracy of the preoperative MR imaging for
determining the involvement of the perirectal lymph nodes
was low, as in previous reports (10, 11, 13, 29). Therefore,
the regional lymph node metastasis determined by the MR
imaging was not associated with a local recurrence in this
study, even though the nodal status determined histologi-
cally was. MR imaging cannot accurately diagnose the
presence of a microscopic metastasis in the regional lymph
nodes, and it is also inaccurate in estimating the nodal
status based on the size criteria (10, 16). Brown et al. (16)
reported that prediction of nodal involvement in rectal
cancer with MR imaging could be improved by using the
border contour and the signal intensity characteristics of
the lymph nodes instead of the size criteria. If the encour-
aging criteria suggested by Brown et al. (16) are consid-
ered, the accuracy of the nodal staging with MR imaging is
expected to increase.

In this study, a direct invasion of the perirectal fat by the
primary rectal carcinoma, as determined by either MR
imaging or the histological examination, was not associated
with the local recurrence. This is to be expected because
the current TME technique is useful in eliminating tumors
despite their transmural extension (3, 28).

Statistical analysis of the pelvic lymph node enlargement
showed a value close to statistical significance. When TME
was used as the standard surgical technique, a pelvic node
dissection is not usually performed. Controversy still
remains as to the potential benefits of a pelvic node dissec-
tion as well its unwanted effects on voiding and sexual
dysfunction (30 33). Nonetheless, a lymph node dissec-
tion or preoperative radiotherapy at the affected site is an
option that can be considered when a lymph node enlarge-
ment is observed on the preoperative MR images for a
reduction of a local recurrence (21).

There are many treatment options for rectal cancer
patients. With the introduction of the TME technique (3)
and preoperative radiotherapy (34 36), the rate of a local
recurrence has been reduced significantly. Some institutes
in Europe recommend the use of preoperative radiother-
apy as a routine treatment modality to boost survival (34,
35). Considering the recurrence rate in those patients who
underwent surgery only, preoperative radiotherapy would
mean that more than 70% of the patients would receive
unnecessary additional treatment. Therefore, accurate
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staging should precede the application of radiotherapy.
Furthermore, the discrimination between locally advanced
disease with a high risk of a local recurrence and localized
disease with a low risk is needed. In this study, the
preoperative MR image could provide not only the
preoperative staging but also the potential for providing
information on a local recurrence.

This study has several limitations. First, the total number
of study cases and the overall number of cases with a local
recurrence were small. Second, the histopathological
findings of the surgical specimen were based on the
original pathological reports without direct radiological-
pathologic correlations. However, these findings were
clinically correlated with the local recurrence by the
follow-up study. These results should be verified by further
studies using a large population and a pathological correla-
tion in order for these findings to be a useful guideline for
treatment. Third, the follow-up period of the patients was
relatively short. However, because a local recurrence
usually occurs within 2 3 years in most cases (21, 30), is
believed that this limited follow-up period did not
adversely affect these results.

In conclusion, the results of this study indicate that the
perirectal spiculate nodule and perivascular encasement
depicted by the preoperative MR images are significant
predictors of a local recurrence after curative surgery on a
rectal carcinoma. These MR findings may be helpful in
planning the appropriate preoperative adjuvant therapy.
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