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Clinicopathological characteristics and prognostic factors of advanced colorectal mucinous

adenocarcinoma

Aims: Mucinous adenocarcinoma (MUC) is a histo-
logical variant of colorectal adenocarcinoma. The aim
of the present study was to characterize clinicopatho-
logical features and identify prognostic factors of MUCs.
Methods and results: A total of 181 patients with MUC
who underwent surgery between 1975 and 2003 were
reviewed. The clinicopathological features of these
patients were compared with those of 4125 non-MUC
patients. Univariate and multivariate analyses were
conducted to identify significant prognostic factors in
102 patients with pT3 or pT4 tumour who underwent
curative surgery. Patients with MUCs tended to present
with more advanced clinical stages. The overall 5-year
survival rate of MUC patients was lower than that of

non-MUC patients; however, no prognostic difference
was found when patients with the same clinical stages
were compared. Multivariate analysis revealed male
sex, bowel obstruction and infiltrating growth type as
independent prognostic factors. Five-year cancer-spe-
cific survival rates for MUC patients with <1, 2 and 3
risk factors identified by multivariate analysis were
95.5%, 52.1% and 0.0%, respectively (P < 0.001).
Conclusions: Mucinous adenocarcinoma represents a
distinct clinicopathological entity. Sex, bowel obstruc-
tion and growth patterns might be useful prognostic
factors to identify patients with a high risk of recur-
rence after curative resection of advanced MUCs.

Keywords: growth pattern, mucinous adenocarcinoma, prognostic factor

Abbreviations: CI, confidence interval; MUC, mucinous adenocarcinoma

Introduction

Mucinous adenocarcinoma (MUC) is a histological
subtype of colorectal adenocarcinoma characterized
by abundant pools of extracellular mucin.! According
to several estimates, MUCs account for 4.5-15% of all
colorectal carcinomas.™ The clinicopathological fea-
tures of MUCs are distinct from those of non-MUCs.
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Namely, MUCs are more common among younger
patients®” and develop preferentially in the proximal
colon,}+6-8-10

Unfortunately, research on the prognostic signifi-
cance of mucinous histology has provided inconsistent
results. Whereas some studies have suggested that
MUCs have a worse prognosis compared with non-
MUCs,1#11-1% others reported no differences.’1517
Although Wu et al.'?> and Umpleby et al.*® reported
worse overall survival of MUCs, they suggested that
this was merely a reflection of MUCs presenting with a
more advanced disease stage, rather than mucinous
histology itself being an independent prognostic factor.



However, Connelly et al.'! performed a stage-matched
analysis and showed that MUCs had a worse 5-year
survival among stage B patients. Furthermore, Kane-
mitsu et al* conducted a multivariate analysis and
found mucinous histology to be an independent prog-
nostic factor for poor overall survival. Currently, it
remains unclear whether MUCs have a different
prognosis from non-MUCs.

Because MUCs have distinct clinicopathological prop-
erties, MUC prognostic factors might also be different
from those of non-MUCs. Previously reported prognostic
factors for MUCs include age, *'® sex,* tumour location,*
tumour spread beyond the bowel wall,!® lymph node
metastasis,'# liver metastasis,'*° peritoneal dissemi-
nation,'* absence of a Crohn-like infiltrate'® and higher
tumour stage.**2"18 Recently, certain histopathological
characteristics of the tumour-invasive front, such as an
invasive margin (expanding versus infiltrating)?® and
tumour budding,?! have been reported as prognostic
factors in rectal cancer. However, these emerging
histological prognostic factors in colorectal cancers have
not been tested extensively in MUCs.

In the present study, we reviewed a large consecutive
series of colorectal adenocarcinoma cases to test
whether mucinous histology is an independent prog-
postic factor in colorectal cancer. In addition, we
examined other potential prognostic factors for 5-year
cancer-specific survival, including histological charac-
teristics of the invasive front.

Materials and methods
CASES

We investigated consecutive colorectal adenocarci-
noma surgical cases treated between 1975 and 2003
at the National Cancer Center Hospital in Tokyo. Cases
included 181 patients with MUCs and 4125 patients
with non-MUCs, including well, moderately and poorly
differentiated adenocarcinomas, as well as signet-ring
cell carcinomas. In accordance with World Health
Organization criteria,?” a histological diagnosis of MUC
was made when extracellular mucin accounted for
>50% of tumour volume. Tumours were staged
according to the International Union Against Cancer
tumour—-node-metastasis (TNM) system.>® Median fol-
low-up times in the MUC and non-MUC patients were
5.2 and 6.0 years, respectively.

PATHOLOGICAL ANALYSIS

All surgically resected specimens were first fixed in 10%
(vol/vol) formalin, then embedded in paraffin, and
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finally stained with haematoxylin and eosin for path-
ological evaluation. Clinical and pathological charac-
teristics (age, sex, tumour location, tumour size, stage,
pathological T, pathological N, distant metastasis, liver
metastasis and peritoneal dissemination) were recorded
prospectively by the hospital pathologists.

Of the 181 cases with MUC, 102 pT3 or pT4 cases
that underwent curative surgery were examined fur-
ther for the purposes of identifying potential prognostic
factors of MUCs. Three pathologists (T.Y., H.T. and
T.S.) retrospectively reviewed haematoxylin and eosin-
stained sections representing the maximum diameter of
the tumours for detailed histological evaluation.
Mucinous carcinoma was classified into two types:
one composed of well or moderately differentiated
carcinoma in a mucinous lake, and the other composed

Figure 1. Tumour-invasive front of mucinous adenocarcinomas
(haematoxylin and eosin staining). A, The invasive front of the
tumour was classified as the expansive growth type when a distinct or
reasonably well circumscribed border was evident. B, The invasive
front was classified as the infiltrating growth type in the presence of
irregular infiltration of small mucin pools which contained tumour
cells.

37



164 T Yamaguchi et al.

of poorly differentiated or signet-ring cell carcinoma.
Histology of the invasive front was also classified into
the expansive growth type or the infiltrating growth

type. The expansive growth type lesions were charac-
terized by a tumour growth pattern with a distinct
circumscribed border at the invasive front (Figure 1A).

Table 1. Clinicopathological

C -
mu Non-MUC . features of 181 patients
(n=181) (n = 4125) P-value with mucinous adenocarci-
noma (MUC) and 4125
Median age (range) years 59 (28-88) 60 (19-93) 0.837 patients with non-MUC
Sex
Male 104 (57.5) 2435 (59.0) 0.674
Female 77 (42.5) 1690 (41.0)
Tumour location
Proximal colon 68 (37.6) 923 (22.4) <0.001
Distal colon and rectum 113 (62.4) 3202 (77.6)
Median tumour size (range) mm 65 (14-160) 42 (3-220) <0.001
Stage
| 8 (4.4 888 (21.5) <0.001
] 37 (20.4) 1072 (26.0)
L 72 (39.8) 1433 (34.7)
v 64 (35.4) 732 (17.7)
pT
T 0 521 (12.6) <0.001
T2 14 (7.7) 631 (15.3)
T3 100 (55.2) 2147 (52.0)
T4 67 (37.0) 826 (20.0%)
pN
NO 49 (27.1) 2041 (49.5) <0.001
N1 53 (29.3) 1207 (29.3)
N2 79 (43.6) 877 (21.3)
Distant metastasis
MO 117 (64.6) 3393 (82.3) <0.001
M1 64 (35.4) 732 (17.7)
Liver metastasis
Negative 159 (87.8) 3603 (87.4) 0.843
Positive 22 (12.2) 522 (12.7)
Peritoneal dissemination
Negative 148 (81.8) 3953 (95.8) <0.001
Positive 33 (18.2) 172 (4.2)
Values in parentheses are percentages unless noted otherwise.
© 2012 Blackwell Publishing Ltd, Histopathology, 61, 162-169.
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The infiltrating growth type lesions were characterized
by an irregular infiliration of small mucin pools which
contained tumour cells (Figure 1B).

Tumour budding was defined as isolated cancer cells
or those forming a cluster composed of fewer than five
cells in the invasive frontal region.?! Microscopic
abscess formation was defined as the presence of debris
and leucocytes (mainly neutrophils) at the invasive
tumour margin.?*

To test the reproducibility of the categorization of
tumour growth pattern, four observers (T.Y., H.T., S.S.
and R.K.) were asked to review independently 55
consecutive MUCs and to assess histology of the
invasive front according the definition described above.
The results were analysed to evaluate interobserver
agreement, as described below.

STATISTICAL ANALYSIS

All statistical analyses were performed using computer
software (P version 7.0; SAS Institute Inc., Cary, NC,
USA, 1989-2007). The chi-square test or Mann-
Whitney U-test was used for comparison of two groups.
Survival rates were calculated by the Kaplan-Meier
method and differences were compared statistically by
the log-rank test. Cox’s proportional hazards model was
used for multivariate analysis. Data differences between
groups were considered statistically significant at
P < 0.05. Interobserver agreement (reproducibility)
was tested by obtaining k-scores?® according to a
widely used statistical chart that grades the strength of
agreement into six categories (poor, x-value <0.00;
slight, 0.00-0.20; fair, 0.21-0.40; moderate, 0.41-
0.60; substantial, 0.61-0.80; and almost perfect,
0.81-1.00).

Results

CLINICOPATHOLOGICAL ANALYSIS OF MUC AND
NON-MUC

Table 1 summarizes the clinicopathological features of
the 181 patients with MUC and the 4125 patients with
non-MUC. MUCs were located more frequently in the
proximal colon, and tended to be larger than non-
MUCs. Patients with MUCs presented with more
advanced disease, with significantly higher stage,
pathological T and pathological N, and increased
incidence of distant metastasis. Although the incidence
of liver metastasis did not differ significantly between
MUCs and non-MUCs, peritoneal dissemination was
more frequent in MUCs. The overall survival rate of
MUC patients was lower than that of non-MUC

© 2012 Blackwell Publishing Ltd, Histopathology. 61, 162-169.
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Table 2. Overall survival rates of patients with mucinous
adenocarcinoma (MUC) and those with non-MUC

MucC Non-MUC
5-year 5-year
No. of survival No.of survival
patients rate (%) patients rate (%) P-value
Stage

I 8 100 888 957 0.768
" 37 89.2 1072 89.1 0.137
1] 72 63.9 1433 73.7 0.097
v 64 10.9 732 19.1 0.318
Total 181 519 4125 729 <0.001

patients. However, when comparisons were made
between stage-matched groups, the patient survival
rates did not differ significantly between MUC and non-
MUC (Table 2).

PROGNOSTIC PACTORS AFFECTING THE OUTCOME
OF MUC

In order to identify clinicopathological factors affecting
cancer-specific survival, we further analysed 102 MUC
patients with pT3 or pT4 tumour who underwent
curative surgery. None of these patients died due to
acute presentation or postoperative complications. The
results of univariate analyses are summarized in
Table 3. Among these, histology of the tumour-inva-
sive front represents an increasingly recognized prog-
nostic factor. We therefore assessed interobserver
agreement in the assessment of the tumour-invasive
front using four independent observers to review 55
MUCs. The results showed a k-value of 0.79, indicating
‘substantial’ reproducibility.

All variables considered as potential prognostic
factors were included in a Cox’s proportional hazards
model to identify independent prognostic factors. Mul-
tivariate analysis identified male sex, presence of bowel
obstruction and infiltrating growth type as independent
prognostic factors (Table 4).

Based on this result, we defined three risk groups
depending on the number of risk factors that were
identified by multivariate analysis: a low-risk group
(one risk factor or no risk factors), an intermediate-risk
group (two risk factors) and a high-risk group (all three
risk factors). Five-year cancer-specific survival rates for
the low-, intermediate- and high-risk groups were
95.5%, 52.1% and 0.0%, respectively (P < 0.001;
Figure 2).
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Table 3. Clinicopathological features and cancer-specific
survival rates in 102 patients with pT3 or pT4 mucinous
adenocarcinoma (MUC) who underwent curative surgery

5-year
cancer-specific
No. of survival
patients  rate (%) P-value
Age
<60 years 54 77.7 0.604
260 years 48 785
Sex
Male 58 68.2 0.021
Female 44 88.3
Tumour location
Proximal colon 48 80.7 0.433
Distal colon 54 73.3
and rectum
Tumour size
<65 mm 43 82.7 0.247
265 mm 59 72.8
Bowel obstruction
Negative 79 85.6 <0.001
Positive 23 60.9
pT
T3 68 80.2 0.257
T4 34 70.2
pN
NO 37 97.1 <0.001
N1 37 783
N2 28 48.4
Lymphatic invasion
Negative 52 92.0 <0.001
Positive 50 61.8
Venous invasion
Negative 84 79.2 0.331
Positive 18 66.7
Perineural invasion
Negative 89 83.7 <0.001
Positive 13 30.8
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Table 3. (Continued)

5-year
cancer-specific
No. of survival
patients  rate (%) P-value
Histopathological grading of the mucinous component
Well/moderate 78 86.8 <0.001
Poor/sig 24 45.8
Tumour budding
Negative 74 87.5 <0.001
Positive 28 48.4
Invasive tumour front
Expansive 60 94.8 <0.001
growth type
" Infiltrating 42 51.4
growth type
Microscopic abscess formation
Negative 84 719 0.017
Positive 18 100
Discussion

Previous studies have yielded conflicting data regard-
ing the clinical importance of distinguishing MUC from
non-MUC. Some studies have suggested that MUCs
have a worse prognosis compared with non-
MUCs,}*11-1% whereas others reported no significant
differences.® 517 There are several potential reasons
for the inconsistent results regarding MUC prognosis. .
First. most of the studies were performed using a
relatively limited number of cases. Additionally, the
definition of MUC has not been consistent across
studies. Depending on the study, MUCs have been
defined as tumours with a mucinous component of
at least 50%*%1%15 or >60%.11113 Also, different
non-MUC groups were used for comparison. While
Kanemitsu et al.* included only well and moderately
differentiated adenocarcinomas in the comparison
group, Akino etal'* used only well-differentiated
adenocarcinomas, and Xie et al.’® analysed all colorec-
tal carcinomas including tumours other than adeno-
carcinoma, such as undifferentiated carcinomas. Some
studies did not even describe detailed histology of the
non-MUC group.!! These differences in study design

" might explain, at least in part, the inconsistent results.

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 162~169.



Table 4. Multivariate analysis of clinicopathological factors
affecting cancer-specific survival

Hazard
ratio 95% Cl P-value
Sex
Female 1.00 1.39-12.81 0.011
Male 4.22
Bowel obstruction
Negative 1.00 1.83-12.49 0.001
Positive 478
Invasive tumour front
Expansive growth type 1.00 1.43-52.82 0.019
Infiltrating growth type  8.69

Cl, Confidence interval.

In the present study, we analysed a large consecutive
series of colorectal adenocarcinoma cases, including
181 MUC patients and 4125 non-MUC patients. The
diagnosis of MUC was made according to the World
Health Organization criteria.®> All other adenocarci-
noma patients, irrespective of their histological sub-
types, were included in the non-MUC group, as all these
adenocarcinoma subtypes can be tumour components
of MUCs. Conversely, non-adenocarcinoma cases, such
as undifferentiated and squamous cell carcinomas,
were excluded due to their distinct clinical behaviour.

The overall survival rate of MUC patients was
significantly lower than that of non-MUC patients.
However, when comparisons were made between
stage-matched groups, the patient survival rates did
not differ between the two groups. These observations
imply that the poor overall survival seen in MUC
patients is not due to the aggressiveness of MUC per se,
but instead reflects the fact that MUC patients present
with disease in a more advanced stage than non-MUC
patients. Our observation is in agreement with two
previous studies that analysed a relatively large num-
ber of MUCs.'>13

Nine variables (sex, bowel obstruction, pathological
N, lymphatic invasion, perineural invasion, histopath-
ological grading of the mucinous component, tumour
budding, invasive tumour front and microscopic
abscess formation) were found to be associated signif-
icantly with cancer-specific survival for patients with
curative resection of pT3 or pT4 MUC in univariate
analysis. Among these, multivariate analysis revealed
male sex, presence of bowel obstruction and infilirating
growth type as independent prognostic factors. Male

© 2012 Blackwell Publishi
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Figure 2. Cancer-specific survival based on the number of
prognostic risk factors.

sex has been reported to be a predictor of poor
prognosis colorectal cancers in several studies.2® Addi-
tionally, in agreement with the current study, Kane-
mitsu et al.* reported that sex was a prognostic factor
in MUC. Nevertheless, the reason for the poorer
prognosis among men remains unclear. Bowel obstruc-
tion has also been reported to represent a marker of
poor prognosis in colorectal cancer.?”~?° Korenaga
et al.?® suggested that this might result from a greater
likelihood for obstructing tumours to have metastasized
through the lymphatics or spread to the visceral
peritoneum by the time of diagnosis. The present study
showed that bowel obstruction is also associated with
poorer prognosis in MUC.

In colorectal adenocarcinomas, histological features
of the invasive front have been proposed as important
prognostic factors. Jass et al.?° suggested that tumour
classification based on the nature of the advancing
tumour margin (divided into expanding and infiltrating
types) was important for predicting survival in rectal
cancer. Ueno et al.?! reported that tumour budding is
correlated with the aggressiveness of rectal cancer. For
MUC, few studies have examined the prognostic signif-
icance of histological features at the tumour-invasive
front. Okuyama et al.3° reported the presence of bud-
ding as the only significant predictor of postoperative
survival in both univariate and multivariate propor-
tional hazard models. Kakar et al.}® classified MUCs
into those with pushing and infiltrative advancing
fronts, and showed that infiltrative growth was not
related significantly to a poorer prognosis.

The present study classified the invasive front of
MUCs according to growth patterns and to the presence
of budding. Univariate analysis showed that both an
infiltrative growth pattern and the presence of budding
were related significantly to poorer prognosis. Multi-
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variate analysis further identified infiltrative growth
pattern as an independent prognostic factor. Of note,
our study also showed ‘substantial’ reproducibility for
the classification of the tumour-invasive front, superior
to that seen with conventional histological prognostic
factors, including lymphatic or vascular invasion.3!3
Since evaluation of the tumour-invasive front can be
performed on routine histological preparations and is
reasonably reproducible, it represents a potential prog-
nostic marker for use in regular diagnostic practice.

Risk group classification using three independent
prognostic factors identified by multivariate analysis
could be useful in predicting cancer-specific survival of
patients who have undergone curative surgical resec-
tion of advanced MUCs. While confirmatory studies of
independent cohorts are required, the identification of a
high-risk group would contribute to appropriate selec-
tion of patients for adjuvant chemotherapy.

In conclusion, our study confirms that MUC is a
distinct clinicopathological entity. The overall survival
of MUCs is worse than that of non-MUCs; however, this
is due probably to the fact that MUC patients present
with advanced disease stages. Sex, bowel obstruction
and histology of the tumour-invasive front are inde-
pendent prognostic factors of advanced MUCs, which
predict the behaviour of the tumour and aid classifica-
tion into low, intermediate and high risk groups.
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The goal of this study was to clarify the clinical significance of mesorectal extension in pT3 rectal cancer. This currently
remains unclear. Data from 975 consecutive patients with pT3 rectal cancer that underwent curative surgery at 28 institutes
were reviewed. The distance of the mesorectal extension (DME) was measured histologically, The optimal prognostic cut-off
point of the DME for oncologic outcomes was determined using the receiver operating characteristic curve and Cox regression
analysis. When patients were subdivided into two groups according to the optimal cut-off point, DME < 4 mm and DME > 4
mm, DME was found to be a powerful independent risk factor for postoperative recurrence. A DME > 4 mm was significantly
correlated with distant and local recurrences at Stage llA and lIB diseases. The recurrence-free 5-year-survival rate was
significantly higher in patients with a DME < 4 mm [86.6% at Stage HA (p = 0.00015), and 68.7% at Stage HIB (p < 0.0001)]
than in patients with a DME > 4 mm (71.3% at Stage llA and 49.1% at Stage H1iB). No significant difference was noted in the
oncologic outcomes between the two groups at Stage IlIC. A value of 4 mm provides the best prognostic cut-off point for
patient stratification and for the prediction of oncologic outcomes. A subclassification based on a 4-mm cut-off point may
improve the utility of the TNM 7th staging system except for Stage HIC. These findings warrant further prospective studies to
determine the reliability and validity of this cut-off point.
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The influence of the distance of mesorectal extension (DME)
on prognosis in patients with pT3 rectal cancer remains
unclear. In 1990, Cawthorn et al.' advocated stratifying mes-
orectal extension (ME) using a cut-off point of 4 mm, and in
1993, the International Union Against Cancer (UICC) pro-
posed optional cut-off points for ME in the context of pT3
and pT4 tumors.? Thereafter, several studies have described
prognostic heterogeneity in patients with pT3 rectal can-
cers, >'2 and they used different prognostic cut-off points to
stratify the ME (eg, microscopic invasion,” 2 mm,® 3
mm,>'? 4 mm,"””* 5 mm*'®!"! or 6 mm®). Furthermore, the
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clinical significance, statistical appropriateness and reliability
of these cut-off points remain controversial, partly because

. these studies had small samples sizes with underpowered sta-

tistical analyses and included cohorts from only a single insti-
tution. The goal of this study was to retrospectively analyze a
large multi-institutional database from the Study Group of
the Japanese Society for Cancer of the Colon and Rectum
(JSCCR) to determine the optimal cut-off point for stratifica-
tion of DME to predict the clinical outcomes in patients with
pT3 rectal cancer.

Material and Methods

All protocols contained within this study were approved by
the Ethics Committee of the JSCCR and by the local Institu-
tional Review Board. Data were derived from 1,009 patients
with pT3 rectal cancer from 28 member institutions of the
Study Group of the JSCCR on Extramural ME of Rectal Can-
cer. All patients had primary rectal adenocarcinoma that was
located in the lower two-thirds of the rectum. Patients with
rectosigmoid colon cancer were not included in this study.
None of the patients received radiotherapy or neoadjuvant
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chematherapy before operative management in this study.
Total mesorectal excision (TME) and histologically defined
curative surgery were performed in each patient by well-
trained colorectal surgeons strictly according to the standard
technique™ between 1995 and 1999. Thirty-two colorectal
surgeons took part in this study and all were trained in
TME. The TME quality including longitudinal and circumfer-
ential resection margins (CRM) was independently evaluated
by expert surgeons and local pathologists according to the
rules defined by the JSCCR.'"* The CRM positive case was
not included in this study. Pelvic lymph node dissection was
performed in 593 patients (60.8%). Of the 1,009 patients,
clinicopathological information was available for 975 patients,
which were eligible for analysis. Thirty-four patients were
excluded because of insufficient clinical and follow-up infor-
mation. Four hundred twenty-five patients (43.6%) received
abdominoperineal resection and 550 patients (56.4%)
received sphincter-saving operation. The median number of
retrieved lymph nodes was 28 (range: 2-129).

The dlinicopathological data and follow-up system were
based on the rules defined by the JSCCR.'* Patients were
restaged according to the pathological TNM classification
(7th edition)'>'¢ identifying 463 patients at Stage IIA, 422
patients at Stage IIIB and 90 patients at Stage IIIC. According
to the postoperative adjuvant treatment protocol of each
institution, peroral 5-fluorouracil (5-Fu)-based chemotherapy,
such as doxifluridine (5’DFUR), 1-hexylcarbamoyl-5-fluo-
rouracil (HCFU) or uracil-tegafur (UFT), were most fre-
quently administered. One hundred and seventy-seven
patients with Stage II (38.2%) and 270 patients with Stage III
(52.7%) diseases received postoperative chemotherapy.

Follow-up studies were also conducted in patients and
consisted of measurement of serum tumor marker, chest
X-ray and abdominal ultrasound examination every 3 months
for the first 3 years, and then every 6 months for the follow-
ing 2 years. When recurrence was suspected based on the
seram tumor marker, digital examination and/or ultrasonog-
raphy, the final diagnosis was made using rectoscopy, compu-
terized tomography (CT) and/or magnetic resonance imaging
(MRI) and other diagnostic tools. Local recurrence was
defined as the presence of radiologically confirmed or histo-
logically proven tumor occurring via nonhematogenous
mechanisms within the pelvis and within the field of the ini-
tial surgery. Distant metastasis included hematogenous me-
tastases to the liver, lung, bone, brain, kidney or other
organs. Peritoneal dissemination, intra-abdominal, para-
aortic, subclavicular, mediastinal and inguinal lymph node
metastases also qualified as other recurrences. The outcomes
of all patients were precisely investigated. As of January 1995,
the eligible surviving patients had been followed for a median
period of 86 months (range: 1-166 months).

Measurement of DME

All surgically resected specimens were opened along the anti-
mesenteric side. They were fixed in 20% formalin for at least
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48 hr after pinning to a wooden or cork board. Next, one or
more longitudinal sections of the tumor were sliced at the
point of maximum extramural invasion. They were embed-
ded in paraffin after division into blocks of suitable size and
were then routinely processed for staining with hematoxylin
and eosin and elastica Van Gieson. Using these sections,
tumors in the pT3 category were subdivided based on the
histological measurement of the maximum depth (mm) of
invasion beyond the outer border of the muscular layer (ie.,
DME). Pathological workshops were held by six specialized
pathologists before this study to standardize the measurement
of DME. Histological tumor depth measurements were car-
ried out without prior knowledge of patient clinical informa-
tion according to our methods previously reported.”” When
the outer border of the muscular layer was completely identi-
fiable (sometimes identifiable as fragments of muscle), the
distance from the outer border of the muscular layer to the
deepest part of the invasion was measured. When the outer
border of the muscular layer was not entirely identifiable due
to destruction by invasion or excessive inflammatory reac-
tion, an estimate of the outer border was obtained by draw-
ing a straight solid line between both break points in the
muscular layer.

Statistical analysis

Statistical analysis was performed using StatView 5.0 and
JMP 8.0 (SAS Institute Inc, Cary, NC, USA) for Windows.
All clinicopathological independent variables (15 items) were
coded for analysis. These were: gender (female: 0, male: 1);
size of tumor (< 5 cm: 0, > 5 cm: 1); location of tumor
(middle-third: 0, lower-third: 1); gross type (expansive: 0,
infiltrative: 1); histology (well-differentiated adenocarcinoma
[well]: 0, others :1); lymphatic invasion (negative-to-minimal
[lyo-1]: 0, moderate-to-severe [ly2-3]: 1); venous invasion
(negative-to-minimal [v0-1]: 0, moderate-to-severe [v2-3): 1);
circumferential resection margin (CRM) (> 1 mm: 0, < 1
mm: 1); lymph node (LN) metastasis (negative: 0, positive:
1); number of retrieved LN (>12: 0, < 12: 1); operative
methods (sphincter-saving operation (SSO): 0, abdominoperi-
neal resection (APR): 1); pelvic LN dissection (no: 0, yes: 1);
autonomic-nerve-saving operation (no: 0, yes: 1); postopera-
tive chemotherapy (no: 0, yes: 1) and DME (£ X mm: 0, >
X mm: 1). Overall recurrence (absent: 0, present: 1), distant
metastasis (absent: 0, present: 1), local recurrence (absent: 0,
present: 1) and survival (alive: 0, dead: 1) were coded as de-
pendent variables. Univariate logistic regression analysis and
multivariate Cox regression analysis were used to estimate
the independent risk factors for overall postoperative recur-
rence. The receiver operating characteristic (ROC) curve and
multivariate Cox regression analysis were used to determine
the optimal cut-off point of the DME for recurrence-free sur-
vival. The Kaplan-Meier method and the log-rank test were
used for calculating survival rates. The level for statistical sig-

nificance was determined at p < 0.05, and the confidence

interval (CI) was determined at the 95% level.

E
g
ke
oy
L




3
{

=
1<
o
Y
-
o
EN S
L]
=~
]
2K

1222

Results

Measurement of the DME

The mean DME for the 975 cases of pT3 rectal cancer was
4.8 * 4.4 mm (median: 3.7 mm; range: 0.1-30 mm).

Postoperative recurrence after curative surgery

Postoperative recurrence occurred in 336 patients (34.5%),
including 89 patients (19.2%) at Stage IIA, 183 patients
(43.4%) at Stage IIIB and 64 patients (71.1%) at Stage IIIC.
Eighty patients (8.2%) had local recurrence only, whereas 171
patients (17.5%) had distant metastasis only, and 24 patients
(2.5%) had both local recurrence and distant metastases. The

T3:975 cases
1.0
=4
% 0.8
E_ 0.8
2
B2 04 : AUC = 0.6296
2 & :
ol o2
2
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0 02 04 06 08 10

False positive fraction
(1-specificity)

Figure 1. Cut-off point of the distance of mesorectal extension
using ROC curve analysis. A cut-off value of 4 mm showed the best
point with higher true-positive (sensitivity) recurrence rate
(0.5863), lower false-positive (1-specificity) recurrence rate
(0.3709) and highest accuracy rate (0.6144) among all cut-off
points (odds ratio: 2.4, 95% CI (1.835-3.149), p < 0.00001).
[Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.}

Significance of ME in pT3 rectal cancer

remaining 61 patients had other recurrence including perito-
neal dissemination, intra-abdominal, para-aortic, subclavicu-
lar, mediastinal or inguinal lymph node metastases. The
stage-specific local recurrence rate was 5.4% at Stage IIA,
8.8% at Stage IIIB and 20% at Stage I1IC. The recurrence rate
of distant metastasis was 10.6% at Stage IIA, 22.2% at Stage
IIIB and 31.1% at Stage IIIC.

Cut-off point for DME

To find an optimal prognostic cut-off point, continuous vari-
able analysis of the DME was applied to the ROC curve. As
shown in Figure 1, a cut-off value of 4 mm had the best point
with higher true-positive (sensitivity) recurrence rate (0.5863),
lower false-positive (1-specificity) recurrence rate (0.3709) and
highest accuracy rate (0.6144) among all cut-off points (odds
ratio [OR]: 2.4, 95% CI: 1.835-3.149, p <0.00001). The ROC
curve analysis was valid as a statistical model (area under curve
(AUC): 0.6296, OR: 1.08, 95% CIL 1.052-1.119, p <0.0001).
Results from the log-rank and multivariate Cox regression anal-
yses for recurrence-free survival are summarized in Table 1. A
cut-off value of 4 mm was associated with the highest chi-

. square value (43.320), lowest p-value (p = 0.00000) and high

hazard ratio (HR) of 2.11. The lower/upper limits of CI (L/U
ratio) had higher reliability (0.6414) when this cut-off point
was compared with other cut-off points. A cut-off value of 4
mm had the greatest influence on recurrence-free survival.
Thus, the best prognostic cut-off point for DME was deter-
mined as 4 mm, and patients were stratified into two groups
according to this value (< 4 mm and > 4 mm).

Independent risk factors for postoperative

overall recurrence

Univariate and multivariate regression analyses showed that
lymph node metastasis was the most powerful independent
risk factor for overall postoperative recurrence. The DME
was also validated as a powerful independent risk factor by
multivariate Cox regression analysis (chi-square: 26.147, HR
(95% CI): 1.80 (1.438-2.257), p <0.00001) (Table 2).

Table 1. Cut-off points of distance of mesorectal extension (DME) for recurrence-free (RP) survival using log-rank and multivariate Cox

regression analyses

DME (mm) No. of patients RF survival at 5-years Chi-square HR (95% Cl:L-U) L/U ratio Log-rank p-value
>1vs. <1 814 vs. 161 64% vs. 80% 15.111 2.06 (1.432-2.973) 0.4817 0.00010
>2 vs. <2 679 vs. 296 61% vs. 80% 30.401 2.19 (1.658-2.896) 0.5725 <0.00001
>3 vs. <3 535 vs. 440 59% vs. 77% 34.162 2.02 (1.598-2.548) 0.6272 <0.00001
>4 vs. <4 435 vs. 540 55% vs. 76% 43.320 2.11 (1.687-2.630) 0.6414 0.00000
>5vs. <5 334 vs. 641 54% vs. 73% 38.657 2.00 (1.609-2.495) 0.6449 <0.00001
>6 vs. <6 274 vs. 701 55% vs. 71% 29.611 1.87 (1.493-2.344) 0.6369 <0.00001
>7 vs. <7 225 vs. 784 54% vs. 70% 23.936 1.81 (1.426-2.293) 0.6219 <0.00001
>8 vs. <8 160 vs. 815 54% vs. 69% 17.803 1.76 (1.353-2.285) 0.5921 0.00003
>9 vs. <9 125 vs, 850 52% vs. 69% 17.110 1.82 (1.368-2.407) 0.5683 0.00004
>10 vs. <10 95 vs. 880 53% vs. 68% 13.361 1.80 (1.313-2.466) 0.5324 0.00026

Abbreviations; DME, distance of mesorectal extension; HR, hazard ratio; Cl, confidence interval; L, lower limit; U, upper limit.

46

Int. J. Cancer: 131, 1220-1227 (2012) © 2011 UICC



Akagi‘ etal.

Table 2. Independent risk factors for postoperative overall recurrence
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Univariate logistic regression analysis

Multivariate Cox regression analysis

Variable s:ct:r::nce Chi-square  OR (95% CI) p-value Chi-square  HR (95% CI) p-value

Gender

Male vs. female 34% vs. 35%  0.082 0.96 (0.721-1.276)  0.7745

Size of tumor

>5 cm vs. >5 cm 34% vs. 36%  0.497 0.91 (0.697-1.85) 0.4807

Location of tumor

Lower-third vs. 38% vs. 27%  12.548 1.68 (1.261-2.243)  0.0004 2.082 1.24 (0.926-1.654)  0.1491
middle-third

Gross type

Infiltrative vs. 46% vs. 33%  7.966 1.77 (1.191-2.640)  0.0048 7.756 1.56 (1.141-2.138)  0.0054
Expansive

Histology

Others vs. well 38% vs. 27%  10.634 1.65 (1.221-2.229)  0.0011 6.551 1.41 (1.084-1.833) 0.0105

Lymphatic invasion

ly2-3 vs. ly0-1 49% vs. 28%  43.032 2.56 (1.932-3.386)  0.00000 8.945 1.44 (1.135~1.838) 10.0028

Venous invasion

V2-3 vs. v0-1 40% vs. 32% 5.738 1.40 (1.063-1.843)  0.0166 0.014 0.99 (0.778-1.249)  0.9054

DME

>4 mm vs. <4 mm 45% vs. 26%  39.947 2.39 (1.823-3.128)  0.00000 26.147 1.80 (1.438-2.257)  <0.00001

CRM

21 mmvs, >1 mm 37% vs. 34%  0.559 1.16 (0.791-1.686)  0.4547

Lymph node metastasis

Positive vs. negative  48% vs. 19% 85,772 3.92 (2.934-5.229)  0.00000 53.554 2.70 (2.070-3.525)  0.00000

Number of retrieved LN

<12 vs. >12 39% vs. 34% 1.101 1.25 (0.822-1.910)  0.2940

Operative methods

APR vs. 5SSO 43% vs. 28%  21.794 1.89 (1.447-2.470) <0.00001 8.899 1.49 (1.147-1.937)  0.0029

Pelvic LN dissection )

Yes vs. no 36% vs. 31%  2.579 1.25 (0.952-1.644)  0.1083

Autonomic nerve saving

Yes vs. no 34% vs. 35%  0.003 0.99 (0.638-1.533)  0.9593

Postoperative chemotherapy

Yes vs. no 36% vs. 33%  1.466 1.18 (0.904-1.535)  0.2259

Abbreviations: OR, odds ratio; HR, hazard ratio; Cl, confidence interval; well, well differentiated adenocarcinoma; others, moderately differentiated,
poorly differentiated and mucinous adenocarcinoma, ly0-1, v0-1, negative to minimal invasion; ly2-3, v2-3: moderate to severe invasion; DME,
distance of mesorectal extension; CRM, circumferential resection margin; LN, lymph node; APR, abdominoperineal resection; 5SSO, sphincter saving

operation.

Distant metastasis and local recurrence

The distant metastasis rate was significantly higher in
patients with DME > 4 mm at Stage IIA (16.7%, HR: 2.72,
95% CI: 1.529-4.820, p = 0.0006) and Stage IIIB (26.6%, HR:
1.87, 95% CI: 1.275-2.749, p = 0.0014) (Table 3). The local
recurrence rate was higher in patients with DME > 4 mm at
Stage 1A (7.7%, HR: 2.11, 95% CI: 0.960-4.614, p = 0.0632)
and at Stage IIIB (10.6%, HR: 1.75, 95% CI: 1.007-3.036, p =
0.0471). No significant difference was noted in distant metas-
tasis or in local recurrence when stratifying Stage IIC
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according to the cut-off point of 4 mm (p = 04716 and p =
0.5003, respectively). In all Stage III, however, significant dif-
ference was noted in either distant or local recurrence at the
cut-off point of 4 mm.

Recurrence-free and cancer-specific survival rates

The recurrence-free 5-year-survival rate was significantly
higher in patients with a DME < 4 mm than in patients
with a DME > 4 mm: 86.6% versus 71.3% (p = 0.00015; HR:
0.44; 95% CI: 0.286-0.683) at Stage IIA and 68.7% versus
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Significance of ME in pT3 rectal cancer

Table 3. Distant Metastasis and Local Recurrence at the Cut-off Value of 4 mm Using Cox Regression Analysis

Distant metastasis

Local recurrence

p-value

- TNM Stage (7th ed) No. of patients (%) HR (95% CD) No. of patients (%) HR (95% CI) p-value
Stage HIA (n = 463)
<4 mm (n = 295) 21 (7.1) 1 12 (4.1) 1
>4 mm (n = 168) 28 (16.7) 2.72 (1.529-4.820) 0.0006 13 (7.7) 2.11 (0.960-4.614) 0.0632
Stage B (n = 422) '
<4 mm (n = 204) 36 (17.6) 1 14 (6.9) 1
>4 mm (n = 218) 58 (26.6) 1.87 (1.275-2.749) 0.0014 23 (10.6) 1.75 (1.007-3.036) 0.0471
Stage IIIC (n = 90)
<4 mm (n = 41) 11 (26.8) 1 7(7.1) 1
>4 mm (n = 49) 17 (34.7) 1.28 (0.654-2.504) 0.4716 11 (22.4) 1.31 (0.594~2.904) 0.5003
All Stage 1l (n = 512)
<4 mm (n =.2145) 47 (19.2) 1 21 (8.6) 1
>4 mm (n = 267) 75 (28.1) 1.73 (1.238-2.411) 0.0013 34 (12.7) 1.61 (1.025-2.532) 0.0386
Abbreviations: HR, hazard ratio; Cl, confidence interval.

a b

100 1 86.6 % < 4mm (n=295) 100

%) | x (%)

1 687 % < 4 mm (n=204)
4 713 % > 4 mm (n=168)
50 ; 50 ]

1 <£4mm; HR:044, 95%CI|.0.286.0.683
>4 mm; HR:2.26, 95%C1:1.466-3.492
0 { logrank p=0.00015
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49.1 % >4 mm (n=218)
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Figure 2. Recurrence-free survival. The recurrence-free 5-year-survival rate was significantly higher with a distance of the mesorectal
extension (DME) < 4 mm [86.6% (p=0.00015) at Stage llA (a) and 68.7% (p<0.0001) at Stage HIB (b)] than with DME > 4 mm. No
significant difference was noted between the two groups at Stage lIC [p = 0.2679, (d)].

49.1% (p < 0.0001; HR: 0.54; 95% CI: 0.399-0.730) at Stage
IIB (Fig. 2). In addition, the cancer-specific 5-year-survival
rate of patients with a DME < 4 mm was significantly higher
when compared with patients with a DME > 4 mm: 91.3%
versus 83.2% (HR: 0.52, 95% CI: 0.325-0.843, p = 0.0066) at
Stage IIA and 79.2% versus 60.4% (HR: 0.54, 95%CI: 0.390-
0.751, p = 0.0002) at Stage IIIB. However, no significant
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difference was noted in the recurrence-free and in the
cancer-specific survival rates at Stage 1IIC (p = 0.2679 and
P = 0.0791, respectively).

Discussion

The 7th edition of TNM staging systems'>'¢ is strong prog-
nostic predictors in patients with colorectal cancer. Several

Int. J. Cancer: 131, 1220-1227 (2012) © 2011 UICC
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reports each from a single institution have also shown that
there was prognostic heterogeneity among patients with pT3
rectal cancers>™'! leading investigators to advocate subdivi-
sion of category pT3. In 1993, the UICC proposed optional
subdivisions for pT3 and pT4 tumors? Unfortunately, pro-
posed cut-off points for the DME as a prognostic measure-
ment have varied from 3 to 6 mm among these different
studies. A cut-off point of 3 mm for the DME had no prog-
nostic significance,'’> whereas a recent multi-institutional
study carried out by our group demonstrated that a cut-off
point of 4 mm could independently delineate adverse prog-
nosis of pT3NO rectal cancers (TNM 6 edition).!” This
study was focused on pT3NO0-2 rectal cancers based on the
new TNM 7th staging system.'*'® Another large multi-insti-
tutional study analyzed patient data from the Erlangen Regis-
try for Colo-Rectal Carcinomas (ERCRC) and the Study
Group Colo-Rectal Carcinoma (SGCRC) registries.* The pT3
tumors were subdivided into pT3a (DME < 5 mm) and
pT3b (DME > 5 mm), and the prognostic heterogeneity was
reported. Another author examined two different patient
databases and reported the oncologic outcomes that varied,
based on a cut-off point of 6 mm.° In combination, data
from these studies confirm the prognostic heterogeneity asso-
ciated with different DMEs. However, the clinical significance
and validity of the various proposed cut-off points remain
unclear. This study utilized ROC curve and Cox regression
analyses and demonstrated that a cut-off point of 4 mm pro-
duced the most useful predictor of oncologic outcomes in
patients with pT3 rectal cancer.

Important risk factors for postoperative overall recurrence
are summarized in Table 2. Although lymph node metastasis
was the most powerful independent risk factor, DME was
also a powerful independent risk factor. However, the cir-
cumferential resection margin, number of retrieved lymph
nodes, venous invasion and postoperative chemotherapy were
not extracted as independent risk factors for predicting out-
comes. Therefore, the combination of lymph node status and
DME was analyzed to predict prognosis and stratify the
TNM 7th staging system.">'¢

Previous studies have reported that local recurrence at
Stage II and III following TME for rectal cancer can vary
from 4 to 21%'5"% and from 8 to 36%,'%2%%* respectively. A
multicenter prospective randomized trial organized by the
Dutch Colorectal Cancer Group™ reported that the 2-year
local recurrence rate after surgery alone with TME was 5.7%
in Stage II patients and 15.0% in Stage IIl patients, which is
consistent with findings from this study. Some studies have
investigated the relationship between DME stratification and
local recurrence. The local recurrence rate was significantly
higher in patients with pT3b tumors with a DME > 5 mm
(Stage II: 15.4%, Stage III: 34.0%) than in patients with pT3a
tumors with a DME < 5 mm (Stage II: 5.5%, Stage II
17.1%) in the ERCRC cohort.* However, there was no signifi-
cant difference when making the same comparison in the
SGCRC cohort* No significant correlation was found
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between local recurrence and DME stratification around a
cut-off value of 6 mm,® and this finding is consistent with
observations by other investigators.™'> However, in patients
with overall Stage III rectal cancer, local recurrence seems to
be associated with a DME > 4 mm (p = 0.0386, Table 3).

It has been reported that distant metastasis was signifi-
cantly different when patients were stratified by a cut-off
value of 3 mm (< 3 mm, 0% vs. > 3 mm, 46.7%, p = 0.01),
although the number of patients in that analysis was rela-
tively small.’ In this study, DME was strongly associated with
distant metastasis, even more so than local recurrence. An
increased DME is presumably associated with undetectable
lymphovascular invasion and microtumor deposits in the
mesorectal adipose tissues that increase the risk of local re-
currence and/or distant metastases. In the Stage IIIC based
on the TNM 7th edition,'>® however, distant metastasis
and/or local recurrence may occur regardless of the grade of
ME because the malignant behavior is more aggressive.

Other authors have also reported that DME was an im-
portant predictor of recurrence-free and cancer-specific sur-
vival."**¢ For example, the ERCRC reported that the cancer-
related 5-year-survival rate was significantly higher for pT3a
tumors than for pT3b tumors (91.2% vs. 77.2% at Stage II
and 77.8% vs. 40.3% at Stage III), which was similar to our
findings. Other similar outcomes were noted for Dukes B
tumors (66% vs. 37%) and Dukes C tumors (30% vs. 18%) at
a cut-off value of 4 mm, and for Stage II tumors (73% vs.
52%) and Stage III tumors (40% vs. 27%) at a cut-off value
of 6 mm."® In our statistical analyses, DME was a powerful
predictor for stratifying patients in Stages IIA and IIIB. How-
ever, DME may be not a useful predictor in patients with
Stage IIIC because of extremely advanced disease. Thus,
DME is a useful predictor of postoperative recurrence and
survival, and improves the utility of the TNM 7th staging
system except for Stage IIIC. In addition, these findings raise
questions regarding the optimal management of rectal cancer
patients with a DME > 4 mm. How does this apply to pre-
operative and/or postoperative treatments? Willett ef al® rec-
ommended selecting patients with rectal cancer for postoper-
ative adjuvant therapy according to the depth of tumor
invasion into the perirectal fat. Diagnostic techniques using
MRI enable accurate measurement of the DME, which corre-
lates well with pathological measurements.**** Indeed, use of
a cut-off value that can be assessed by preoperative MRI
would present an efficient strategy to select patients for pre-
and/or postoperative adjuvant treatments including chemora-
diotherapy (CRT). In this series, between 1995 and 1999,
postoperative adjuvant chemotherapy was given perorally
according to the local criteria at each institute.

In European countries, preoperative CRT is the standard
strategy for T3 rectal cancer to control local recurrence. In
Japan, prophylactic pelvic lymph node dissection has been of-
ten performed rather than using preoperative CRT for mid-
lower rectal cancer to control local recurrence.*®*” Recently,
the Dutch Colorectal Cancer Group has reported that
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preoperative CRT has decreased local recurrence rate to
10.6% in Stage III rectal cancers, *® which is consistent with
findings from this study without using preoperative CRT (55/
512: 10.7%, Table 3). Moreover, there was no survival benefit
in those who received irradiation,”® That is why, neoadjuvant
CRT for Stage III rectal cancer has been seldom performed
in Japan.

More intensive adjuvant treatments including CRT may
be needed for patients with a DME > 4 mm or with Stage
IC disease to eradicate isolated tumor cells, to prevent post-
operative recurrence and to improve survival.

In conclusion, a DME value of 4 mm provides the best
prognostic cut-off point to stratify patients with pT3 rectal
cancer and predict oncologic outcomes. A subclassification
based on a 4-mm cut-off point may improve the utility of
the TNM 7th staging system except for Stage IIIC. Intensive
chemotherapy is needed for patients with a DME > 4 mm or
with Stage IIIC disease. These findings warrant further pro-
spective studies to determine the reliability and validity of
this cut-off point.
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