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
Dysadherin Ms3 1:4,000 MW Tokyo/fapan original
E-cadherin HECD-1 1:4,000 MW Tokyo/Japan original
Ki-67 MIB-1 1:500 MW Glostrup/Denmark DAKO
Laminin5vy2 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 Novocastra
p53 DO-7 1:500 MW Newcastle/UK Novocastra

AR = Antigen retrieval; MW = microwave.

1; 1:2,000 dilution, established in our laboratory [43]), anti-B-
catenin antibody (clone 14; 1:5000 dilwtion, Transduction
Laboratories, Lexington, Ky., USA), anti-COX-2antibody (160112;
1:200 dilution, Cayman, Ann Arbor, Mich., USA), anti-lamin-
in5y2 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 (Ma695;
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-bulfered saline, incubated
with biotin-labeled anti-mouse 1gG antibody and avidin-biotin
complex (ABC kit, Vector Laboratories, Peterborough, UK) and
visualized using diaminobenzidine tetrahydrochloride. The sec-
tions were counterstained with hematoxylin. As internal positive
controls for dysadherin and laminin5y2 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. Asinternal positive controls for COX-
2, MUC-1, B-catenin, matrilysin, p53 and Ki-67 staining, colon
cancer samples known to stain positively for each antibody were
used. Asa negative control, normal 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
discrepancies were resolved by joint review of the slides in ques-
tion. After selecting three markers - dysadherin, E-cadherin and
matrilysin - from the training cohort, group I, immunchisto-
chemical stainings were scored by a third independent patholo-
gist (Y.F.) to allow validation of the evaluation of the immunohis-
tochemical results.

The percentages of tumor cells positive for p53, Ki-67, -
catenin, COX-2, laminin5vy2, dysadherin, E-cadherin and MUC-
1 were evaluated sem itatively as the ratio of the number of
positive tumor cells relative to the total number of tumor cells.
Cutoff indices were fixed 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]. Expression of dysadherin and B-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 laminin5y2 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
staining 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 tumor 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 y? 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 sel Lo a
threshold of 0.05 for inclusion and 0.15 for exclusion. Fach se-
lected independent liver m is factor was given a coefficient
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 eight
distinct groups, and the Akaike Information Criterion (AIC) test
[45] to the combination set of markers. AIC is widely used as a
criterion for model selection. The model with the minimum AIC
is chosen as the best one, and the AIC is therefore formally biased
against overly complex models. The immunohistochemical meta-
static score (IMS) was calculated according to the formula com-
posed of selected factors. The scoring formula was applied to pa-
tients in groups 11 and 111 as well as those in group L. The thresh-
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Fig. 1. Immunchistochemical 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 cyloplasm of cancer cells
(b). Membranous dysadherin (c) and E-cadherin (d) expression
was observed at the cell-cell borders of cancer cells. Ki-67 (e) and

old was set at five points. Two theoretical potential groups at risk
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 fo

the Occurrence of Liver Metastasis

The associations between clinicopathological factors
and liver metaslasis 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 nuclei of cancer cells. Lam-
inin5y2 (f) and matrilysin expression (g) was predominately in-
tracytoplasmic, and preferentially located at the invasive front.
MUC-1 (h) expression was located at the surface of glandular
structures of cancer cells.

marker is shown in figure 1. The associations between
liver metastasis and immunohistochemical 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 1, 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 immunohisto-
chemical molecular markers

Characteristics Liver metastasis pvalue  Characteristics Liver metastasis p value
n=49) (n-390) (n=21) (n-129
B-Catenin: membranous
<65 years 27 226 <270% 3 21
=65 years 22 164 0.759 270% 18 108 1.000
Gender B-Catenin: cytoplasmic
Female 18 154 <50% 9 54
Male 3 236 0.758 =50% 12 75 1000
Tumor location B-Catenin: nuclear
Colon 35 238 <50% 12 88
Rectum 14 152 0.210 250% 9 1 0.328
Maximum tumor diameter COX-2
<4.5cm 30 191 <10% 12 76
24.5cm 19 199 0.129 =10% 9 53 1.000
Pathological tumor status Dysadherin
T, 1 31 <50% 5 75
Ty 46 345 =50% 16 54 0.004
Ty 2 14 0.351 E-cadherin
Lymph node metastasis Reduced 1 77
Absent 11 183 Preserved 17 52 0.0006
Present 38 207 0.001 Ki-67
Histological grade <30% 11 55
G 18 170 >30% 10 74 0.480
Gy 30 201 Laminin5y2
G, | 18 0474 <10% 2 10
Lymphatic invasion =10% and <50% 12 67
Absent 8 93 250% 7 22 0.005
Present 41 297 0.282 Matrilysin
Venous invasion <30% 5 69
Absent 11 149 =30% 16 60 0.017
Present 38 241 0.039 MUC-1
<10% 12 72
T3 = Tumor invades the muscularis propia; T, = tumor invades >10% 9 57 1.000
through the muscularis propia into the subserosa or peritoneal  ps3
tissues; Ty = tumor directly invades other organs or structures <10% 9 48
and/or perforates the visceral peritoneum; G, = well-differenti- >10% 12 81 0.801
ated adenocarcinoma; G, = moderately differentiated adenocar-
cinoma; Gy - poorly differentiated adenocarcinoma including B-Catenin: membranous/cytoplasmic/nuclear - Membra-

signet-ring cell adenocarcinoma 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 set in the 150 individuals of group Iis shown
in figure 2. The area under the curve value was 0.807.
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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 1069, On the other hand, when the model included
dysadherin, E-cadherin and matrilysin, the AIC was
104.9. As a result, although matrilysin was not significant
in the multivariate regression analysis, it was included in
the formula. Additionally, we obtained the Hosmer-
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Fig. 2. Receiver-operating characteristic curve of the immuno-
histochemical metastatic scores for 150 independent patients
(group 1).

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

Variable  Estimate  Standard Odds ratio (95% P

Intercept 44458 0787 <0.0001
Dysadherin = 14216 0.569 4144 (1.357,1266)  0.013
E-cadherin 1L.7611  0.603 5.819(1.782, 19.01)  0.004
Matrilysin 1.0931 0.573 2984 (0.969,9.186)  0.056

Table 5. Scoring formula for predicting liver metastasis in CRC
patients: IMS

IMS = 3 x dysadherin score + 4 X E-cadherin score +
2% matrilysin score

Dysadherin score

0 for low expression (<50% of tumor cells positive)

1 for high expression (>50% of tumor cells positive)
E-cadherin score

0 for preserved (>80% of tumor cells positive)

1 for reduced (<80% of tamor cells positive)
Matrilysin score

0 for low expression (<30% of tumor cells positive)

1 for high expression (>30% of tumor cells positive)

IMS = Immunochistochemical metastatic score.

Formula for Predicting Liver Metastasis

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

Predictive Formula for Liver Metastasis

A formula for predicting liver melastasis was estab-
lished using the above three markers. The predictive for-
mula: 3% 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)] + 2x 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 58.9% (76 of 129) in the
training cohort (group I).

Confirmation of the Evaluation of

Immunohistochemistry by the Third Independent

Pathologist

Slides 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 1), confirming the evaluation done by
the other two pathologists. Each 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 I1), 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 I1I) from the

Kitasato University

The discriminating performance of the prediction
formula was validated in a blinded manner using the sec-
ond independent validation cohort, group II1, consisting
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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 found 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 for 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
atumor [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

18 Oncology 2008;75:32-41

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 (datanot 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 to reveal a significant association between lamin-
in5v2 expression and liver metastasis, the x* test showed
that laminin5y2 was significantly associated with liver
metastasis, confirming the results of previous studies [17,
39]. The expression of p53, Ki-67, COX-2, B-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-
lasis 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] investigated five clinico-
pathological factors and seven molecular markers - TGF-
«, IGF-1I, MMP-2, VEGF, CD34, c-erb B2 and EGFR - in
101 patients, comprising 49 patients without evidence of
melastasis, 27 with synchronous liver metastasis and 25
with metachronous liver metastasis. Using multivariate
analysis, they found that TGF-, IGF-11and 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 about 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 expression profiles, including
the identification of prognostic subclasses. Eschrich et
al. [50] reported that in 78 patients with Dukes B and C
slage 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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