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Abstract

Objective: The purpose of this study was to establish a new
formula predicting liver metastasis in patients with colorec-
tal cancer (CRC). Metheds: Nine previously reparted predic-
tive markers for liver metastasis and/or prognosis (COX-2,
dysadherin, E-cadherin, B-catenin, Ki-67, p53, laminin5vy2,
matrilysin and MUC-1) were immunohistochemically investi-
gated in 439 consecutive patients with CRC. We tried to de-
termine the combination of molecules which best predicted
liver metastasis. A formula for predicting liver metastasis
was constructed using a training cohort comprising 150 cas-
es, and applied to a validation cohort comprising 190 cases
and another comprising 99 cases from an outside hospital
Results: A combination of dysadherin, E-cadherin and matri-
lysin was identified to be best for predicting liver metastasis
(area under the curve value, 0.807). The predictive formula

3x dysadherin score [0 for low expression (<50% of tumaor
cells positive) or 1 for high expression (>509%])] + 4x E-cad-
herin score [0 for preserved (>80% of tumor cells positive) or
1 for reduced (=BO%)] + 2 x matrilysin score [0 for low ex-
pression (=30% of tumor cells positive) or 1 for high expres-
sion (>30%]] was able to discriminate patients with liver me-
tastasis in the training cohort with a sensitivity of 85.7% and
a specificity of 58,9%. The discriminative capacity of the for-
mula was validated in the first cohort with a sensitivity of
87.0% and a specificity of 66.5%, and in the second cohort
with a sensitivity of B0% and a specificity of 60.0%. Conclu-
sions: We have established a formula for predicting liver me-
tastasis in patients with CRC, and confirmed that it has a high
sensitivity potentially useful for clinical application.
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Introduction

Colorectal cancer (CRC) is the third most common
malignant tumor in the world [1]. Its prognosis after cu-
rative resection depends exclusively on the development
of metachronous metastases, especially liver metastasis
[1]. To improve the prognosis of CRC, the most important
considerations are the selection of patients at high risk for
liver metastasis and subsequently the institution of ap-
propriate adjuvant therapy. Adjuvant therapy in patients
with CRC after curative resection has been reported to be
useful for improving overall and disease-free survival [2-
4]. Resection of liver metastases offers a chance for pro
longed survival [5, 6]. Patients with intermediate-stage
disease (stage IT or IIT) have a recurrence rate of about
20-50%, including liver and lung metastases, recurrence
in lymph nodes and peritoneal dissemination [2, 3, 7].
The remaining 50-80% have no recurrence, and there-
fore these patients underwent unnecessary adjuvant che-
motherapy. To increase the survival benefit from adju-
vant chemotherapy and the early de.cction rate of surgi-
cally resectable liver metastasis, the selection of patients
at high risk for liver metastasis is essential.

Conventional risk factors for liver metastasis include
lymph node metastasis, venous, serosal and lymphatic in-
vasion, tumor dedifferentiation, white streak sign and re-
section margin [1, 8-14]. The accuracy of diagnosing liv-
er metastasis using these conventional markers has been
reported to be between 24 and 98% in terms of sensitiv-
ity, and between 34 and 97% in terms of specificity [l,
8-13]. Recently, many molecular markers have been re-
ported to be useful for predicting liver metastasis and
thus prognosis in CRC patients [15-19]. Therefore, in the
present study, we tried to determine the best combination
of the immunohistochemically detectable molecules al-
ready reported for predicting liver metastasis, and to es-
tablish a new formula tor accurate prediction of liver me
tastasis in CRC patients,

Materials and Methods

Patients and Samples

Four hundred thirty nine patients with CRC were selected
from the lists of patients treated at the National Cancer Center
Hospital { Tokyo, [apan) between 1995 and 1998 and the Kitasato
University (Kanagawa, Japan) between 2000 and 2002, The pa
tients included 267 (60.8%) men and 172 (39.2%) women, ranging
inage from 21 1o 93 yvears (median 62 years). Sample selection was
restricted to consecutive cases diagnosed as stage 11 (44.2%, 194
of 439) or TIT(55.8%, 245 of 439). All patients had undergone cu
rative resection. None of the patients had received Chl:luulhtrum'
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or radiotherapy preoperatively. Follow-up studies were complete
in all patients, ranging from 0.1 to 8.3 years (median, 5.5 years),
Two patients who were followed up for 0.1 months died of pulmo-
nary embolism 3 and 4 days after surgery, respectively. Recur-
rence after surgery was diagnosed by ultrasonography, computed
tomugraphy and angiography. Tumor location, lymph node, liver
and lung metastases, tumor size, and lymphatic and venous inva-
sion were all classified according to the TNM classification [20]

Histologically, tumors were classified according to the Interna

tional Histological Classification of Tumors of the World Health
Organization [21]. Among the study cases, 188 (42 8%) were clas-
sified as well-differentiated adenocarcinomas, 231 (52.6%) as
moderately differentiated, 11 (2.5%) as poorly differentiated, 6
(1.37%) as mucinous and 2 (0.46%) as signct-ring-cell adenocar-
cinomas. During the follow-up period, liver metastases were ob

served 1n 49 (11.2%) cases, and at the time of writing this has
proved fatal in 28 (57.2%) cases. .

Wedivided the 439 patients into three groups. Group Linclud-
ed 150 consecutive patients, 94 men (62.7%) and 56 women
(37.3%), ranging in age from 21 to 87 years (median, 63 years),
aperated on at the National Cancer Center Hospital between Jan-
uary 1, 1995, and July 1, 1996. In group 1. 21 patients (14%) devel-
oped liver metastases and were used as a traiming cohort. Group
I included 190 consecutive patients, 116 men (61.1%) and 74
women (38.9%), ranging in age from 32 to 93 years (median, 62
years), who were aperated on at the National Cancer Center Hos-
pital between July 1, 1996, and January 1, 1998, In group 11, 24
paticnts (12.6%) developed liver metastases; they were used as the
first validation cohort. Group [1 included 99 consecutive pa
tients, 57 men (57.6%) and 42 women (42.4%), ranging in age from
27 to 85 years (median, 62 years), who were operated on at the Ki-
tasato University between January 1, 2000, and January 1, 2003.
Tn group 111, 5 patients (5.1%) developed liver metastases, they
were used as the second validation cohort

Search Strategy and Selection Criteria for Antibodies

We selected nine previously reported molecules for immuno-
histochemical study - B-catenin [22-26], cyclooxygenase-2 (COX-
2) [16, 27, 28], dysadherin [18, 29-31], E-cadhenin [18, 23, 32|, Ki-
67 [33.34), p53 (11, 34-36), matrilysin [37, 38], MUC-1 19, 3] and
lamininSy2 [17, 39, 40] - as the prognostic significance of the ex-
pression of these markers has already been reported in several
papers in which multivanate logistic regression analysis was per-
formed, and reliable figures and descriptions of immunaostaining
were demonstrated (table 1),

Tmmunohistochemistry

Resected primary colon cancers were cross-sectioned in order
ta obtain tissue sections according to the general rules for clinical
and pathological studies on cancer of the colon, rectum and anus
[41]. Representative tissue sections taken at the maximum cross-
section, vach containing the deepest site of cancer invasion, were
subjected to immunohistochemical staining using the avidin-bi-
otin peroxidase complex method [42] After deparaffinization in
sylenc and rehydration in ethanol, the sections were heated in
trate buffer (10 mu, pH 6.0) at 120°C for 10 min for antigen re
trieval. Endogenous peroxidase was blocked with 0.3% hydrogen
peroxidase in methanol for 20 min. The sections were then incu-
bated with anti-dysadherin antibody (M53, 1:500 dilution, estab
lished in our laboratory [31]), anti-E-cadherin antibody (HECD-
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Table 1. List of antibodies used and working conditions

Antibody Clone Dilution AR City/location Source
B-Catenin 14 1:5,000 MW Lexington/Ky /USA Transduction
cox-2 160112 1:200 Mw Ann Arbor/Mich./USA Cayman
Dysadhenn M53 1:4,000 MW Tokyo/Japan ongnal
E-cadhenin HECD.1 1:4,000 MW Tokyo/lapan original
Ki-67 MIB-1 1:500 MW Glostrup/Denmark DAKO
Laminin5y2 1-97 1:4,000 MW Tokyo/Japan original
Matrilysin 141B-2 1:800 MW Tokyo/Japan Fine Chemical
MUC-1 Ma695 1:200 MW Newcastle/UK Novogastra
p53 DO-7 1:500 Mw Newcastle/UK Novocastra

AR = Antigen retneval, MW = microwave

1 1:2,000 dilution, established in our laboratory [43]), anti-B-
catenin antibody (clone 14; 1:5000 dilution, Transduction
Laboratories, Lexington, Ky, USA), anti- COX-2antibody (160112;
1:200 ditution, Cayman, Ann Arbor, Mich., USA), anti-lamin-
in3y2 antibody (1-97; 1:4,000 dilution, established in our labora

tory [40]), anti-Ki-67 antibody (MIB-1, 1:500 dilution. Dako,
Glostrup, Denmark), anti-matrilysin antibody (141B-2; 1:800 di-
lution, DFC, Toyama, Japan), anti-MUC-1 antibody (Ma645:
1:200 dilution, Novocastra, Newcastle upon-Tyne, UK) and anti-
p53 antibody (DO7; 1:500 dilution, Novocastra) at 4°C, The sec

tions were washed with phosphate-buffered saline, incubated
with biotin-labeled anti-mouse IgG antibody and avidin biotin
complex (ABC kit, Vector Laboratorics, Peterborough, UK) and
visualized wsing diaminobenzidine tetrahydrochloride. The sec-
tions were counterstained with hematoxylin. As internal positive
controls for dysadherin and laminin3y2 staining, positive stain-
ing of endothelial cells present in the primary tumor tissue was
used. As an internal positive control for E-cadherin staining,
membranous staining of normal epithelial cells adjacent to the
tumor specimens was used. As internal positive controls for COX-
2, MUC-1, B-catenin, matrilysin, p53 and Ki-67 staining, colon
cancer samples known to stain positively for cach antibody were
used. As a negative contral, nermal mouse IgG (Vector Laborato-
ries, Burlingame, Calif., USA) was used instead of the primary
antibody

Evaluation of Immunohistochemistry

All the slides were first reviewed by two observers (H.O. and
Y.N.) independently without knowledge of the clinical data. All
discrepancics were resolved by joint review of the slides in ques
tion. After selecting three markers - dysadherin, E-cadhenin and
matrilysin = from the traming cohort, group I, immunohisto-
chemical stainings were scored by a third independent patholo
gist (Y.F) to allow validation of the evaluation of the immunohis
tochemucal results

The percentages of tumor cells positive for p33, Ki-67, B
catenin, COX-2, laminin3y2, dysadherin, F-cadherin and MUC-
1 were evaluated semiquantitatively as the ratio of the number of
positive tumor cells relative to the total number of tumor cells
Cutollindices were lixed according to previous reports as follows
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Expression of E-cadherin was defined as preserved when mem-
brane staining of >80% of the tumor cells was observed and re-
duced when membrane staining <80% of the tumor cells was
observed [18] Fxpression of dysadherin and fi-catenin was de

fined as high when membrane staining >50% of the tumor cells
was observed, and as low when membrane staining =50% of the
cells was observed [18]. Expression of laminin5+y2 was categorized
into three groups as: few, <10% of tumor cells positive; moderate,
10-50% of tumor cells positive, and high, =>50% of tumor cells
positive [17]. Expression of matrilysin was defined as high when
>30% of tumor cells were stained at the invasive front, and as low
when =30% of cells were stained at the invasive front [15, 38,
Expression of COX-2 was defined as positive when cytoplasmic
stamning of >10% of tumor cells was observed [16]. Expression of
MUC-1 [19] and p53 and Ki-67 [34) was defined as positive when
>10% of tumaor cells were stained,

Statistical Analysis

All the data were tabulated, and statistical tests were per
formed with SAS version 9.1 (SAS Institute, Cary, N.C., USA). The
relationship between clinicopathological findings and the scores
of immunohistochemical markers were analyzed by Fisher's exact
test for a two- by two contingency table or by the x test for other
contingency tables

Selection of the best combination of markers was performed
in group I by a stepwise selection procedure in a multivariate lo
gistic regression model, The stepwise procedure was set to a
threshold of 0.05 for inclusion and 0.15 for exclusion. Each se-
lected independent liver metastasis factor was given a coelficient
suggested by the multivariate logistic regression model, as a pa-
rameter estimate. In order to evaluate the goodness of fit for the
final model, we applied the Hosmer-Lemeshow test [44] on erght
distinct groups, and the Akaike Information Criterion (AIC) test
[45] 1o the combination set of markers. AIC is widely used as a
criterion for model selection. The model with the minimum ALC
15 chosen as the hest one, and the AIC is thereflore formally biased
against overly complexmodels Theimmunohistochemical meta-
static score (IMS) was calculated according to the formula com
posed of selected factors. The scoring formula was applied 1o pa
tients in groups [T and [IT as well as those in group | The thresh
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Fig. 1. Immunohistochemical staining pattern of each molecular
marker (x400). B-Catenin expression was localized at the cell-
cell borders, in the cytoplasm and in the nuclei of cancer cells (a).
COX-2 expression was observed in the cytoplasm of cancer cclls
(b). Membranous dysadherin (¢) and E-cadherin (d) expression
was ohserved at the cell-cell borders of cancer cells. Ki-67 (e) and

old was set at five points. Two theoretical potential groups at nisk
for liver metastasis were defined as follows: group A, low risk of
liver metastasis, total score 0 = IMS =< 4; group B, high risk of
liver metastasis, total score 5 < IMS

Results

Biomarkers in Primary Colon Cancers with Respect to

the Occurrence of Liver Metastasis

The associations between clinicopathological factors
and liver metastasis in all samples are shown in table 2.
The representative staining pattern of each molecular

Formula for Predicting Liver Metastasis

P53 expression (i) was observed in the nucler of cancer cells. Lam-
inin5y2 (f) and matrilysin expression (g) was predominately in
lraq‘lupl.mmt, and |:|n'|‘|:rt11t|:4||)|I located at the invasive front
MUC 1 (h) cxpression was located at the surface of glandular
structures of cancer cells.

marker is shown in figure 1. The associations between
liver metastasis and immunochistochemical molecular
markers in group I are shown in table 3. There was a sig-
nificant association between liver metastasis and E-cad-
herin (p = 0.001), laminin5y2 (p = 0.005), dysadherin
(p = 0.004) and matrilysin expression (p = 0.017; table 3).

Identification of Candidate Markers in the Training

Cohort, Group I, by Stepwise Analysis of the Logistic

Regression Model

Although two markers - dysadherin and E-cadhe
rin - were significantly associated with liver metastasis
(p = 0.013 and 0.004, respectively) by the multivariate re-
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Table 2. Association between liver metastasis and clinicopatho
logical factors in all samples

Table 3. Association between liver metastasis and immunohisio
chemical molecular markers

Charactenistics Liver metastasis pvalue  Characteristics Liver metastasis p value
positive negative positive negative
(n=49)  (n=390) (n=21) (n=129)
Age B-Catenin: membranous
«65 years 27 226 <70% 3 21
*65 years 22 64 0.759 270% 18 108 1.000
Gender B-Calenin: cytoplasmic
Female 18 154 <50% 9 54
Male 31 236 0.758 >50% 12 75 1.000
Tumaor location B-Catenin: nuclear
Colon 35 138 <50% 12 58
Rectum 14 152 0.210 >500% 9 41 0.328
Maximum tumor diameter COX-2
<4.5cm 0 191 <10% 12 76
z4.5cm 19 199 0129 210% 9 53 1.000
Pathological tumor status Dysadherin
T 1 31 <50% 5 7
T, 46 345 250% 16 54 0.004
T, 2 14 0.351 E-cadherin
Lymph node metastasis Reduced 4 i
Absent 11 183 Preserved 17 52 0.0006
Present 38 207 0.001 Ki-67
Histological grade <30% 1 55
Gy 18 170 >30% 10 74 0.480
G, 30 201 LamininSy2
G, 1 18 0.474 <10% 2 40
Lymphatic invasion 210% and <50% 12 7
Absent 8 93 >50% 7 22 0.005
Present 41 297 0.282 Matrilysin
Venous invasion <30% 5 69
Absent I 149 230% L6 60 0.017
Present 18 241 0.039 MUC-1
< 10% 12 72
T: = Tumor invades the muscularis propia; T, = tumor invades > 10% g 57 1.000
through the musculans propia into the subserosa or peritoneal 33
tissues; T, = tumor directly invades other organs or structures <10% 9 48
andlor perforates the visceral peritoneum; G, = well-differents = 10% 12 A1 0.801
ated adenocarcinoma; G: = moderately differentiated adenocar
cnomi; Gy = puol‘])f differentiated adenocarcinoma mcludmg B-Catenin: membranous/cytoplasmic/nuclear = Membra-

signet-ring cell adenocaramoma and mucinous adenocarcino
ma

gression model, three markers - dysadherin, E-cadherin
and matrilysin - were selected as candidate markers to
establish a formula using a stepwise selection procedure
in the multivariate logistic regression model (table 4)
This combination set of markers showed an AIC value of
104.9. The receiver-operating characteristic curve of this
combination setin the 150 individuals of group 1is shown
in figure 2. The area under the curve value was 0.807.

6 Chvondiopy 200K 75:32-11

nous/cytoplasmic/nuclear staining of B-catenin

We carried out a stepwise method using the minimum
value of the AIC as the selecting criterion, In cases where
the model included dysadherin and E-cadherin, the AIC
was 106.9. On the other hand, when the model included
dysadherin, E-cadherin and matrilysin, the AIC was
104.9. As aresult, although matrilysin was not significant
in the multivariate regression analysis, it was included in

the formula. Additionally, we obtained the Hosmer-

Ochiat ctal
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Fig. 2, Receiver-operating characteristic curve of the immuno
histochemical metastatic scores for 150 independent patients
(group I).

Table 4. Summary of the stepwise selection of the logistic regres
sion model

Variable Estimate  Standard Odds ratio (95% P
ereor confidence interval)  value
Intercept -44458 0.787 <0,0001
Dysadherin - 14216 0,569 4.144 (1.357, 12.66) 0013
E-cadherin 17611 0.603 5819 (1.782,19.01) 0.004
Matrilysin Lo2al 0573 2.984 (0.96Y, 9.186) (L056

Table S. Scoring formula for predicting liver metastasis in CRC
patients: IMS

IMS = 3% dysadherin score + 4 % E-cadherin score +
2 x matrilysin score
Dysadherin score
0 for low expression (<30% of tumor cells positive)
1 for high expression (=50% of tumor cells positive)
E-cadherin score
0 tor preserved (=80% of tumor cells positive]
1 for reduced (=80% of tumor cells posttive)
Marrilysin score
0 for low expression (<30% of tumor cells positive)
| for high expression (>30% of tumor cells positive)

IMS = Immunvhistochemical metastatic score.

Formula for Mredicting Liver Metastasis

Lemeshow x? with 6 degrees of freedom equal to 2.647
and p = 0.852. Tt appeared, therefore, that our model fit
was acceplable.

Predictive Formula for Liver Metastasis

A formula for predicting liver metastasis was estab-
lished using the above three markers. The predictive for-
mula: 3x dysadherin score [0 for low expression (<50%
of tumor cells positive) or 1 for high expression (>50% of
tumor cells positive)] + 4x E-cadherin score [0 for pre-
served (>80% of tumor cells positive) or 1 for reduced
(=80% of tumor cells positive)] + 2 matrilysin score [0
for low expression (<30% of tumor cells positive) or 1 for
high expression (>30% of tumor cells positive)] was es-
tablished (table 5). Total scores calculated using this for-
mula predicted liver metastasis with a sensitivity of 85.7%
(18 of 21) and a specificity of 589% (76 of 129) in the
training cohort (group I).

Confirmation of the Evaluation of

Immunohistochemistry by the Third Independent

Pathologist

Shdes immunostained for dysadherin, E-cadherin
and matrilysin were also evaluated by the third indepen-
dent pathologist, and the expression of these markers was
significantly correlated with liver metastasis in the train-
ing cohort (group I), confirming the evaluation done by
the other two pathologists. Fach concordance rate for the
dysadherin, E-cadherin and matrilysin expression scores
between a third pathologist and the other two patholo-
gists was 72, 70 and 78%, respectively. The concordance
rate for the risk of liver metastasis calculated by our new
formula between a third pathologist and the other two
pathologists was 69%.

Confirmation of the Prediction Formula in the

Validation Cohort (Group 11)

The discriminating performance of the prediction
formula was validated in a blinded manner using an in-
dependent validation cohort (group IT), consisting of 190
patients, The same calculation showed a predictive accu-
racy with a sensitivity of 87.0% (20 of 23) and a specific-
ity of 66.5% (111 of 167).

Confirmation of the Prediction Formula in the

Second Validation Cohort (Group I11) fram the

Kitasato University

The discriminating performance of the prediction
formula was validated in a blinded manner using the sec-
ond independent validation cohort, group 1, consisting

Oncology 208,75 3241 37




of 99 patients from the Kitasato University Hospital. The
same calculation showed a predictive accuracy with a
sensitivity of 80% (4 of 5) and a specificity of 60.0% (56 of
94).

Discussion

We used a supervised learning method which requires
the use of a training data set of known markers to iden-
tify the best combination ofimmunchistochemical mark-
ers for predicting liver metastasis in patients with CRC
after curative surgery, and dysadherin, E-cadherin and
matrilysin expression was {ound to be the best combina
tion for this purpose. Patients were divided into two cat
egories - a high-risk group for liver metastasis and a low-
risk group for liver metastasis - based on the scores ob
tained using the formula. The choice of a threshold should
primarily depend on the purpose of the overall clinical
scheme; some investigators may require a higher sensitiv-
ity tor clinical applications while sacrificing specificity,
whereas others may choose the opposite. In this study, we
determined 5 as the threshold, for which the sensitivity
was >80%, and can be regarded as sufficient for use as a
screening test. Liver metastasis was predicted with an ac-
curacy of 85.7% in terms of sensitivity and 58.9% in terms
of specificity using our formula. Pathological risk factors
for liver metastasis have been reported to be venous, lym-
phatic and serosal invasion, tumor dedifferentiation,
lymph node metastasis and white streak sign, observed
macroscopically at the invasive front of the cut surface of
a tumor [1, 8-14]. We used stepwise multivariate analysis
to look for the best combination set of markers for pre
dicting liver metastasis, including conventional clinico-
pathological factors. However, no conventional clinico-
pathological factors were selected as candidate markers
useful for constructing a predictive formula for liver me-
tastasis, indicating that our formula is able to predict liv-
er metastasis more precisely than conventional clinico-
pathological factors. Additionally, we applied survival
analysis to liver metastasis event data. The results ob-
tained were similar to those of logistic regression analy-
sis, and the selected markers were the same as those se-
lected by the Cox regression models (data not shown). We
also performed multivariate analysis using the logistic re-
gression model between liver metastasis and immuno-
histochemical molecular markers for patients with 219
colon cancers and patients with 140 rectal cancers sepa-
rately. In both cancer groups, all three selected mark-
ers - dysadherin, E-cadherin and matrylsin - showed a

Chcology 200URTS 32-11

similar tendency in the stepwise logistic regression mod-
el (data not shown). Our formula was validated using in-
dependent sets of patients, including 190 from our insti-
tution and 99 from another institution. Furthermore, our
new predictive formula was validated not only in cases
from an outside hospital but also by a third independent
pathologist who was instructed to evaluate immuno-
stained slides without prior knowledge of the cases. This
predictive formula might be helpful for selecting patients
who should undergo adjuvant chemotherapy after cura-
tive surgery, or who require close follow-up to detect liv-
er metastasis at a sufficiently early stage for curative re-
section, and ultimately for avoiding unnecessary adju-
vant chemotherapy in patients who are unlikely to
develop liver metastasis. In order for our formula to be
applied for practical clinical care, however, it must be val-
idated in a large-scale prospective clinical trial.

We examined the differences in immunohistochemi-
cal positivity for the three molecular markers between
older samples (resected between 1995 and 1996) and rela-
tively new samples (resected between 1997 and 2001) in
order to evaluate the suitability of older samples for im-
munohistochemical study. There were no differences in
immunohistochemical positivity for the three molecular
markers between the two sample groups (data not shown)
Therefore, we consider that even older samples, such as
specimens resected over 10 years ago, are reliably appli-
cable for immunohistochemical study for prediction of
liver metastasis.

Our study showed that E-cadherin, dysadherin and
matrilysin expression was significantly correlated with
liver metastasis, confirming the results of previous stud-
ies [15, 18-38], Although multivariate logistic analysis
failed 10 reveal a significant association between lamin-
in5y2 expression and liver metastasis, the x* test showed
that laminin5v2 was significantly associated with liver
metastasis, confirming the results of previous studies [17,
39] The expression of p53, Ki-67, COX-2, A-catenin or
MUC-1 failed to demonstrate any significant association
with liver metastasis, even though these markers were se-
lected on the basis of the fact that their prognostic sig-
nificance had been reported in several previous papers (3,
16,19, 26, 28, 34]. These discrepancies could be explained
on the basis of differences in treatment modalities, scor-
ing system, sample size analyzed, tumor heterogeneity
and interobserver variations in evaluating immuno-
stained slides.

A number of previous studies have investigated the
usefulness of combining several molecular markers for
predicting liver metastasis in CRC patients [46-48]. Na-
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gai et al. [11] analyzed 100 patients, comprising 48 with
liver metastasis and 52 without evidence of liver metasta-
sis, and established a predictive formula for liver metas-
tasis using a combination of factors such as tumor loca-
tion, host inflammatory cell reaction, p53 staining, and
extent of tumor and venous invasion using multivariate
analysis. The predictive value for liver metastasis was
81.3% in terms of sensitivity and 92,3% in terms of spec-
ificity [11]. Barozzi et al. [49] mvestigated five chinico-
pathological factors and seven molecular markers - TGF-
a, IGF-1I, MMP-2, VEGF, CD34, c-erb B2 and EGFR - in
101 patients, comprising 49 patients without evidence of
metastasis, 27 with synchronous liver metastasis and 25
with metachronous liver metastasis. Using multivariate
analysis, they found that TGF-«, IGF-ITand MMP-2 were
independent predictors of liver metastasis. They reported
that if the expression levels of all three of these molecular
markers were high, then the probability of liver metasta-
sis was 99.5%, whereas if the expression levels of all three
were low, then the probability of liver metastasis was only
0.3% [49]. Although the sensitivity and specificity in
these previous reports were high, their sample sizes were
rather small in comparison with our present study. Also,
before drawing any conclusions aboul their usefulness,
these previous reports need to be validated in patients
from an outside hospital and by another independent pa-
thologist to confirm the accuracy of the immunostaining
evaluation.

Several recent studies have demonstrated the poten-
tial clinical utility of gene expressioa proliles, including
the identification of prognostic subclasses. Eschrich et
al. [50] reported that in 78 patients with Dukes B and C
stage disease, a 43-gene signature was demonstrated to
identify 3-year survival significantly better with a sensi-
tivity of 73% and a specificity of 84%. Wang et al. [51]
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identified a 23-gene signature that predicted prognosis
in 74 patients with Dukes B stage disease with a sensitiv-
ity of 72% and a specificity of 83%. Bertucci et al. [52]
found a 244-gene signature that separated 22 patients
from among a group with all stages of CRC with a sig-
nificant difference in 5-year survival of 100 vs, 30% (p =
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present, however, the cost of cDNA analysis, the com-
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In conclusion, we have established a formula for pre-
dicting liver metastasis in CRC patients and confirmed
its high sensitivity potentially for clinical application.
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Intersphincteric Resection for Very Low Rectal
Adenocarcinoma: Univariate and Multivariate Analyses
of Risk Factors for Recurrence
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Background: The wim of this study was to analyze the nisk factors for local and distant
recurrence after intersphincteric resection (ISR) for very low rectal adenocarcinoma

Methods: One hundred twenty consecutive patients with T1-T3 rectal cancers located 1-5
(median 3) em from the anal verge underwent ISR. Univariate and multivaniate analyses of
prospectively recorded climcopathologic parameters were performed.

Results: Fifty patients had disease categonzed as stage 1, 21 as stage 11, 46 as stage [11, and
3 as stage 1V on the basis of International Union Against Cancer tumor, node, metastasis
staging system. Median follow-up time was 3.5 years. The 3-year rates of local and distant
recurrence were 6% and 13%, respectively. Univariate analysis of the risk factors for local
recurrence revealed pathologic T, pathologic stage, focal dedifferentiation, microscopic
resection margins, and preoperative serum CA 19-9 level to be statistically significant. Mul-
tivariate analysis showed resection margin, focal dedifferentiation, and serum CA 199 level to
be independently significant. Univariate analysis of the risk factors for distant recurrence
indicated tumor location, combined resection, tumor annularity, pathologic N, lateral pelvie
lymph node metastasis, pathologic stage. histologic grade, lymphovascular invasion, peri-
neural invasion, and adjuvant chemotherapy to be significant. Multivariate analysis idennfied
pathologic N, histologie grade, and tumor location to be independently significant

Conclusion: Profiles of nisk factors for local and distant recurrences after ISR are different
With local recurrence, the resection margin, focal dedifferentiation, and serum CA 19-9 level
are important. For distant recurrence. the lymph node status. histologic grade, and tumor
location need 10 be taken o account

Key Words: Rectal cancer—Surgery—Intersphincteric  resection—Local  recurrence—Recur-
rence—Prognostic lactor

Standurd  surgery for patients with massively
invasive rectal adenocarcinoma located within 5 em
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from the anal verge is abdominoperineal resection.’'
To avoid permanent colostomy for such patients,
modern ntersphinctenic resection (ISR) was devel-
oped in the 1980s and became well established in the
1990s.~" ISR is currently defined as a procedure
obtaining sufficient margins by removing part or
whole of the internal sphincter and restoring bowel
continuity for rectal cancers mvolving or next to the
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anal canal. ISR is usually performed in combination
with total mesorectal excision. Cautious performance
of this operation has been reported to allow satis-
factory results with regard to both defecatory func-
tion and oncologic outcome.™

In our previous study, we showed that ISR with
meticulous dissection and irrigation after closure of
the distal stump does not increase nisk of local or
distant recurrence.” ISR without radiotherapy is
usually sufficient for patients with T1-T2 tumors.
However, with T3 tumors, neoadjuvant therapy
should be considered if resection margins are esti-
mated to be insufficient.”

Appropriate selection of patients who are at high
risk for recurrence is essential to reduce unnecessary
toxicity and costs of neoadjuvant and adjuvant
therapy for those at low risk. Selection criteria are
thus needed 10 stratify patients for neoadjuvant and
adjuvant therapy and also for clinical trials. At
present, however. lhere have been few studies
addressing nisk factors for recurrence alter ISR. The
aim of this study was thus to conduct retrospective
exploratory analysis of the risk factors for local and
distant recurrences after ISR for very low rectal
adenocarcinoma.

PATIENTS AND METHODS

Between October 1993 and February 2007, 122
patients with massively invasive rectal adenocarcino-
mas located within 5 em from the anal verge underwent
ISR at the National Cancer Center Hospital, Tokyo.
Selection criteria for ISR were as follows: (1) sufficient
medical fitness: (2) normal sphincter function: (3) dis-
tance between the tumor and the anorectal junction
(upper edge of the surgical anal canal) of <2 ¢m; (4) no
involvement of the external sphincter; and (5) no signs
of disseminated disease. The patients were assessed
with chest and abdominal computed tomography
(CT), digital anorectal examination, and radiological
studies, including endorectal ultrasound, thin-section
helical CT, or high-resolution magnetic resonance
imaging (MR1), Approval by the institutional review
bourd was not required for the observitional study. All
patients gave informed consent for usage of their data
for analysis,

Univariate and multivariate analyses of 26 pro-
spectively recorded clinicopathologic variables were
conducted for the 120 consecutive patients who did
not receive neoadjuvant radiotherapy. Data from the
remaining two given radiotherapy were excluded
from the present analysis.

Surgical Procedures

The surgical procedures were described previously”
and are basically similar to those originally docu-
mented by Schiessel et al.*’ The intersphincteric
plune between the puborectalis and the internal
sphincter was dissected cautiously as caudal as pos-
sible under direct vision by electrocautery. If the
lower edge of the tumor was reached, the anal canal
was closed just below the tumor. and then washed
with povidone 1odine followed by saline. A sell-
holding retractor was applied to the anal canal, the
internal sphincter was circumferentially incised and
the intersphincteric plane was dissected. A resection
margin of at least | cm was always attempted. After
removal of the rectum, the pelvic cavity and anal
canul were washed. and then a coloanal anastomosis
was made.

Histopathologic Examination

Results of histopathologic examination were pro-
spectively documented in the pathology report form.
Evaluated vanables included gross tumor morphol-
ogy, pathologic depth of transmural invasion (pT).
pathologic regional lymph node metastasis (pN),
pathologic lateral pelvic lymph node metastasis,
pathologic distant metastasis (pM), pathologic stage,
histopathologic grade, lymphovascular invasion,
perineural invasion, mucin production, focal dedif-
ferentiation. and circumferential and distal resection
margins. pT, pN, pM, pathologic stage, and histop-
athologic grade were classified according to the
International Union Aguainst Cancer tumor, node,
metastasis (TNM) classification.” Perineural invasion
was defined as the presence of cancer cells inside the
perineurium.'” Focal dedifferentiation was defined as
the presence of polvgonal, noncolumnar cancer cells
which had a single or a solitary trabecular form with
indistinct polarity and had a diffusely infiltrative
pattern at the invasive front.'""”

Follow-up

All of the patients were followed up with a median
follow-up time of 3.5 (range, .9-11.7) years for those
who remained alive, and 93 patients (78%) could be
followed up for more than 2 vears, Patients with stage
I tumors were examined by chest and abdominopelvic
CT, as well as carcinoembryonic antigen measure-
ment every year for at least 5 vears. Patients with
stage IT tumors were examined every 6 months for 2
years, then yearly for at least 3 years. Patients with

Db Nk Ol ol EE A 10 Naw
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stage III tumors were examined every 4 months for 2
years, then every 6 months for at least 3 years

Statistical Analysis

The starting point for the recurrence-free interval
was the day of surgery. and data on panents who
were alive or free of recurrence were censored al the
last follow-up. Local recurrence was defined as con-
fined to the pelvis and distant recurrence as present
outside of the pelvis.

Survival curves were estimated by the Kaplan-
Meier method. and differences in survival were eval-
uated with the log rank test. Multivaniate analysis
was performed by Cox regression model with the
forward stepwise method (likelihood ratio). All sta-
tistical analyses were conducted by SPSS for Win-
dows. version 11.0J (SPSS-Japan, Tokyo, Japan). P
values were two sided and were considered to be
statistically significant at <.05.

RESULTS

Clinicopathologic Findings

Findings for 26 clinicopathologic variables related
to patient and tumor charactenistics, treatment. and
pathology are summarized in Table |. There were 92
male and 28 female paticnts with a median age of 57
(range, 26-75) years. The median distance from the
anal verge to the tumor was 3 (range, 1-5) cm.

A total of 103 patients underwent partial resection
of the internal sphincter and |7 underwent complete
resection. A small part of the external sphincter was
resected in six patients to obtain sufficient surgical
margins. All patients underwent total mesorectal
exaision. In addition to total mesorectal excision, 46
patients received extended lateral pelvic lymph node
dissection. The median number of lymph nodes re-
moved at surgery was 29 (range, 4-88), and 108 pa-
tients (90%) underwent dissection of 12 or more
nodes. Combined resection of adjacent organs was
performed for 12 patients, Two patients with a soli-
tary liver metastasis and one with a solitary lung
metastasis underwent complete resection of their
metastases. A total of 108 patients had a protective
stoma, which was closed 3 months after ISR. Post-
operatively, 26 patients with stage III disease and |
with curatively resected liver metastasis received
adjuvant chemotherapy with 5-fluorouracil plus leu-
covonn, or uricil-tegafur plus leucovorin on the basis
of the results (rom the National Surgical Adjuvant

Ann Sirg Oocid, Vol 15, Nu. 10, 2008
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Breast and Bowel Project Protocol C-06."" or oral
uracil-tegafur on the basis of the results of the
National Surgical Adjuvant Study of Colorectal
Cancer 01 randomized trial. '

The median tumor size was 3.7 (range, 1-12) cm.
Data on TNM classifications and histopathologic
findings are provided in Table |. Resection margins
were macroscopically negative in all patients, but
microscopically positive in four. One patient had
both circumferential and distal positive margins, and
the other three had a circumferential positive margin.
Excluding these four patients, the median distal
margin was 1.2 (range, .3-4) cm.

Of 39 patients (33%) who experienced complica-
tions, 30 were treated conservatively and 9 received
surgery. Of 15 patients (13%) with apastomotic
leakage, 6 underwent emergency operations. One
patient who had anastomotic leakage and sepsis died
on the third postoperative day (30-day mortality
rate = .8%).

Survival and Recurrence

At the last follow-up in February 2008, 112
patients were alive and 8 were dead. Causes of death
included rectal cancer (n = 4 patients), other cancers
(n = 2), anastomotic leakage (n = 1). and cerebral
contusion (1 = 1). The estimated overall 3- and
S-year survival rates were 95% and 91%. respec-
tively, including one hospital death.

A total of 20 patients (17%) experienced recur-
rence. Esumated 3- and 5-year cumulative rates for
overall recurrence were 17% and 23%, respectively
(Fig. 1). Sites of the first recurrence included the
pelvis in six patients, pelvis and lung in one, inguinal
lymph nodes in two, inguinal lymph nodes and lung
in one, lung in four, lung and liver in one, and liver in
five. The incidences of overall recurrence for stage 1,
IL, T11, and TV discase were 5%, 22%, 27%, and 50%.,
respectively.

In total, eight patients (6.7%) developed local
recurrence, with estimated 3- and S-year cumulative
rates of 6% and 10%, respectively (Fig. 1). Detailed
sites of local failure included the internal iliac or
obturator nodes in three patients, circumferential
resection margin in two, anastomosis in one, seminal
vesicle in one, and sacrum in one. The incidences of
local failure for stage 1, 11, 111, and IV disease were
2%. 19%, 7%. and 0%, and for pathological TI, T2,
and T3 tumors were 4%, 2%, and 12%, respectively

Estimated 3- and 5-year cumulative rates for dis-
tant recurrence, found in 15 patients (13%), were
13% and 18%, respectively (Fig. 1). The incidences
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TABLE 1. Univariate analyses of 26 clinicopathologic variables related to patient and tumor characteristics, treatment, and

pathalogy
3-Year cumulative 3-Year cumulative
local recurrence rate e rale
Characteristic No. of patienis % i % P
Sex
Male 92 6 87 I a8
Female 23 7 4
Age
<6 y 71 1] DU 16 57
260 y 49 0 9
Distance of tumor from the anal verpe
<25cm 21 ] q 28 034
225 cm 99 7 I
Internal sphincter resection
Partial 103 T 27 I 14
Complete 17 1} 27
Combined resection
No 108 T 33 1 021
Yes 12 0 13
Extended lateral pelvic lymph node dissection
No 74 5 38 i 25
Yes 46 B 17
Tumor size
<3 5cm 30 5 b1 9 as
235em iy 7 15
Tumor annularity
<34 101 7 33 10 034
=3/4 6 0 4
Unknown 3
Giross umaor contour
Clear 1z 6 (0] i3 17
Diffuse 2 0 0
Unknown 1
Gross anal margin
<l ¢m 28 4 49 18 72
zl em 9 7 12
Pathological depth of transmural invasion (pT)
| 35 0 027 9 035
2 46 i 5
3 44 13 211
Pathological lymph node metastasis (pN)
] 72 5 4 5 <0001
1 30 4 17
2 18 0 0
Histopathologic lateral pelvic lvmph node metastasis
Negative 112 6 2 10 < 0001
Positive # 13 i3
Pathologcal distant metastasis (pM)
0 7 [0 i 1} 14
1 3 i S0
Pathological UICC TNM stage
1 () 1] 02 5 M58
11 21 17 3
1 46 ] 25
Vvl 1] 1] i)
Histapathologwe grade
Well differentiaied 39 3 47 1 029
Moderately differentinted 53 7 12
Poorly differentiuted 8 13 8
Lymphovascular invasion
Negative 48 3 22 2 0077
Pasitive Tl H 22
Unknown |
tht ] A i
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TABLE 1. contnued

3-Year cumulative 3-Year cumulative
local recurrence rate distant recurrence rate
Charactenstic No. of patients % P Y P
Penineural invasion
Negalive w9 6 X0 1] 022
Positive 13 8
Unknown 8
Muain production
Negative 108 5 26 13 80
Positive 12 17 I8
Focal dedifTerentiation
Negative $5 0 018 7 13
Positive 58 13 21
Ul'lknunn T
Microscopic resection margins
Negative 1€ 4 <.0001 14 50
Positive 4 &0 1]
Transfusion
No 112 6 A7 12 21
Yes 8 ] 25
Anastomotic leak
No 105 T 3l 14 55
Yes 13 0 %
Adjuvant chemotherapy
No 93 5 47 8 0008
Yes 27 B 38
Preoperative serum CEA level
<5 ngmL 935 5 73 14 44
25 ngml 25 B 11
Preoperative serum CA 19-9 Jevel
<37 U/mL 113 5 <0001 13 17
237 U/mL 7 e} 25

LICC, International Union Against Cancer; TNM, wumor, node, metastasis system; CEA, carcinoembryonic antigen

40 of distant recurrence for stage I, I, 111, and IV dis-
— Ovenall recurrance ease were 6%, 5%, 22%, and 33%, respectively.
= —— Distant recurrence
e === Local recutrence
0 Univariate Analysis
@
% Cumulative local recurrence was statistically sig-
I e g nificantly associated with pT, pathologic stage. focal
i dedifferentiation, microscopic resection margins, and
é the preoperative serum CA 19-9 level (Table 1)
3 0 Cumulative distant recurrence was statistically
§ significantly associated with distance of the tumor
v from the anal verge, combined resection, tumor
annularity, pN, lateral pelvic lymph node metastasis.
0.;, 1 2 4 4 5 pathologic stage, histopathologic grade, lymphovas-
Time after operation (years) cular invasion, perineural invasion, and adjuvant
No. at risk chemotherapy (Table 1).
Overall 120 109 a &0 39 2
Distant 120 111 7] 81 4 24
Local 120 12 88 66 43 24

Multivariate Analysis

FIG. 1. Cumulative rates for overall recurrence, distant recur- . ao o . =
renee, and local recurrence among 120 paticnts undergoing inter- Multivariate analysis was performed for those fac-

sphincteric resection 1ors associating statistically significantly with cumu-
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—-.= 3 risk factors (n=1)
— 2 risk factors (n=T7)
— 1 rigk factor (n= 52)
=== 0 nsk factor (n= 53)

s 8 8

kN

r.nummn -

8

A 1"""""‘"'"_
it
T e e SR

Cumulative local recurrence rate (%)
P

U
=]

1 2 3 4

Time after operation (years|

Mo, at risk ¢ d
Orisk factor 53 30 39 n 23
1risk factor 52 48 ar -3 12

2risk factors 7 5 4 2 1
3risk factors 1

FI1G. 2. Cumulative rates for local recurrence among 120 patients
undergomyg intersphincteric resection, according to the number of
risk factors for local recurrence.

lative local recurrence and distant recurrence on uni-
variate analysis. The multivanate analysis of lour
variables, excluding pathological stage, revealed that a
positive microscopic resection margin (hazard ratio, 19
[95% confidence interval, 3.3-111;, # = .001), posi-
tive focal dedifferentiation (22 [1.6-333]; P = .021).
and preoperative serum CA 19-9 level of =37 U/mL
(5.6 [1.1=29];, P = .04) were independently associated
with an high local recurrence rate. The 3-year cumu-
lative local recurrence rates for patients with zero, one,
two, and three positive risk factors were estimated to be
0%, 8%, 29%. and 100%,, respectively (Fig. 7).

Multivariate analysis for distant recurrence with
seven variables, excluding pathological stage and
lateral pelvic lymph node metastasis, revealed that
pNI or pN2 (hazard ravo, 13 [95% confidence
interval, 3.0-53); P < .001), poorly differentiated
histology (6.4 [1.4-29]; P = .015). and distance of
tumor from the anal verge less than 2.5 em (3.7 [1.2-
12]: P = .026) were independently associated with a
poorer prognosis. The 3-year cumulative distant
recurrence rates for patients with zero, one, and 1wo
positive risk factors were estimated to be 0%, 23%.,
and 40%, respectively (Fig. 1)

DISCUSSION

In the present study, we found by univariate analysis
that pT, pathologic stage. focal dedifferenuation,

o
o

—
¥ — 2 rink factors (n = 12)
[ — 1risk factor (n=53)
. =" Oriskfactor (n=55)

Cumulative distant recurrence rate (%)

1 2 3 4
Time after operation (years)

No. at risk
Otisk factor 55 52 45 38 15
1risk factor 53 ad 32 21 15 B
2risk factors 12 10 5 3 2 2

FIG. ). Cumulative rates for distant recurrence among 120 pa-
tients undergoing intersphincteric resection, according to the
number of risk factors for distant recurrence.

microscopic resection margins, and preoperative ser-
um CA 19-9 level were statistically significantly asso-
ciated with local recurrence after ISR. On multivanate
analysis, resection margins, focal dedifferentiation.
and serum CA 19-9 level were independently associ-
ated with local recurrence. We could straufy high-nisk
patients by using these three factors, With two or more
factors, the 3-year local recurrence rate was estimated
to be 29% or higher, Therefore, when two or more risk
factors identified here become apparent, neoadjuvant
chemoradiotherapy should be provided to widen
resection margins, or abdominoperineal resection
should be substituted for ISR,

Preaperative radiotherapy or chemoradiotherapy
are generally applied as standard neoadjuvant ther-
apy for T3 and or lymph node positive rectal cancers
in general, in addition to total mesorectal excision.
This is based on evidence that radiotherapy better
reduces local recurrence and prolongs discase-free
and overall survival when compared with surgery
alone,'™"" and that preoperative chemoradiotherapy
is more effective for local control, less toxic, and
more favorable for sphincter preservation than
postoperative therapy.'’

However, neoadjuvant and adjuvant therapy sirat-
egies Lo prevent local and distant recurrence after ISR
have vel to be established. There is great variation in
application of radiotherapy as a neoadjuvant against
local recurrence, with reported rates ranging from 0%
to 88% . Schiessel etal. never provided radiation, even
for T3 wumors, like us, whereas Rullier etal,  irradiate
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all T3 tumors and some T1 and T2 lesions. The other
authors provided radiotherapy 1o 25% o 75% of
patients.”"'*"" Although there is some dependence on
selected patient population, lumor stage, and staging
accuracy, usage also seems to reflect surgeons’ prefer-
ences.

Radiotherapy for rectal cancer in general is well
known to have the potential 1o cause damage to
anorectal " and sexual™* functions. In cases with
very low rectal cancer necessitating ISR, if radiation
is provided, damage to the sphincter is inevitable and
may be catastrophic for some patients whose
sphincters are also damaged by surgery. Chamlou
et al.*’ reported that functional results after ISR are
statistically significantly altered by preoperative
radiotherapy. Ten (42%) of 24 patients who received
preoperative radiotherapy of 45 Gy were incontinent
as compared with 7 (15%) of 46 without radiotherapy

(P = 02)"" Therefore, more selective usage of

radiotherapy in case with ISR seems to be preferable
than in the general rectal cancer population.

Because preoperative radiotherapy 1s known to be
more effective and less toxic,'” it is preferable to
stratify patients preoperatively. For this purpose,
high-resolution MRI is accurate at estimating the
resection margin status. In a prospective study of 408
rectal cancer patients, the MERCURY Study Group
found that high-resolution MRI predicted a clear
circumferential resection margin with an overall
accuracy rate of 88%."

Focal dedifferentiation,' ' also known as “tumor
budding.” ™ can be accurately estimated by exeisional
or transanal submucosal biopsy™" before ISR, The
transanal submucosal biopsy allows specimens to be
removed [rom the boundary zone between the tumor
and the normal mucosa, including the submucosal
tissue with exploratory excisional forceps. On the
basis of this technique, the submucosal invasive
frontal region can be predicted with up to 86%
accuracy.™"

Although the exact relation between CA 19-9 and
local recurrence is unclear, CA 19-9 is easily assess-
able. Thus. preoperative performance of high-reso-
lution MRI, excisional;submucosal biopsy, and
serum CA 199 measurement is recommended for
every candidate for ISR and warrants further inves-
tigation and validation.

In our previous study. we observed the 3-year
cumulative local recurrence rate of 0% in patents
with TI-T2 tumors and thus stated that meticulous
performance of ISR allows local control without
radiotherapy for such lesions.” In the present inves-

tigation. however. we found two cases (2,8%) with

tum Nire Onced 00d 18 Nod I Nas

local recurrence. One patient with a pT1 tumor and a
microscopic positive margin developed anastomotc
recurrence 4.4 years after ISR. Another with a pT2
tumor had liver metastasis 10 months after ISR and
underwent partial hepatectomy. This patient subse-
quently developed lung, liver, arm, and brain metas-
tases, and also experienced pelvic recurrence in a
seminal vesicle 2 years after ISR. Because the former
case had a disease-positive surgical margin and the
latter developed pelvic recurrence after fatal dissem-
inated diseases, these two cases should be regarded as
exceptional. Therefore, we still consider ISR without
radiotherapy to be sufficient treatment for TI1-T2
tumors in general. However, if patients have two or
more of the risk factors we identified in the present
study, neoadjuvant therapy should be considered.

Of the other studies on ISR, only three mentioned
risk factors for local recurrence. Schiessel et al.” re-
ported that only Dukes’ stage and the T stage had an
impact on local failure. Chamlou et al.™ described
overall survival o be statistically significantly influ-
enced by pathologic TNM stage and pT on univariate
analysis, but found no impact of the investigated
factors on local recurrence. Analyzing data of 134
patients with rectal cancer located 2 to 11 (median
6.5) cm from the anal verge, undergoing not only
ISR, but also low antenior resection or coloanal
anastomosis, Paty et al.”” found that mesenteric im-
plants, a positive microscopic resection margin, a T3
tumor, perineural invasion, blood vessel invasion,
and poorly differentiated histology were statistically
significantly associated with pelvic recurrence on
univariate analysis. In line with the previous reports,
pT and pathologic staging were identified as prog-
nostic factors in the present study as well. In addition,
these variables are regarded as category | prognostic
factors.”” Therefore, they should be included with the
above-mentioned list for further validation.

To our knowledge, risk factors for distant as
opposed to local recurrence have hitherto not been
studied separately and sufficiently. We here found
that by univariate analysis, cumulative distant
recurrence was statistically significantly associated
with distance of tumor from the anal verge, combined
resection, tumor annularity, pN, lateral pelvic lymph
node metastasis, pathologic stage, histopathologic
grade, lymphovascular invasion, perineural invasion,
and adjuvant chemotherapy. By multivariate analy-
s1s, pathologic lymph node involvement, histologic
grade, and tumor location were independently asso-
crated with distant recurrence. For patients with one
or more positive nisk factors, the 3-year cumulative
distant recurrence rate was esimated 1o be 23% or
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higher, Because adjuvant chemotherapy for stage 11
and I11 disease 1s believed to reduce distant recur-
rence by 30% to 40%, we recommend adjuvant
chemotherapy for patients with one or more risk
factors, in line with other authors' recommenda-
tions.™'®!*

As we showed, the risk factor profiles for distant
and local recurrence differ, as do the prophylactic
treatments. Therefore, local and distant recurrence
should be analyzed separately. This is now feasible in
the era of modern imaging technologies. with the
availability of high-resolution MRI, multidetector
row CT, and positron emission tomography-CT.
which enable accurate diagnosis and differentiation
of local and distant recurrence.

In conclusion, this retrospective exploratory study
suggests that profiles of risk factors for local and
distant recurrence after ISR may differ greatly. With
local recurrence, the resection margin, focal dedil-
ferentiation, and serum CA 19-9 level seem to be
important. For distant recurrence, the lymph node
status, histologic grade, and tumor location need to
be taken mto account. By using these factors, we may
be able to stratfy patients for neoadjuvant and
adjuvant therapy and also for future clinical trials.
These results warrant further investigation and vali-
dation with larger data sets or in future prospective
trials according to the scoring system we have out-
lined.
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