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P-cadherin is a calcium-dependent cell–cell adhesion glycoprotein. P-cadherin expression is restricted to the

myoepithelial cells in normal breast tissue, and aberrant staining has also been described in invasive tumors.

Several small studies have reported P-cadherin as a marker of poor outcome in breast cancer patients but its

prognostic significance in relation to other variables has not been established in a large series of breast

cancers. A tissue microarray was constructed from 3992 cases of invasive breast carcinoma, and P-cadherin

expression was evaluated using immunohistochemistry. Median follow-up was 12.5 years. The immuno-

histochemistry-based definitions of cancer subtypes were luminal (ERþ or PRþ /HER2�), luminal/HER2þ
(ERþ or PRþ /HER2þ ), HER2þ (ER�/PR�/HER2þ ), and basal (ER�/PR�/HER2�/CK5/6þ or EGFRþ ).

Clinical covariate and biomarker associations were assessed using contingency tables, and Pearson’s v2 or

Fisher’s exact test. Survival associations were assessed using Kaplan–Meier plots, logrank and Breslow tests,

and Cox proportional hazards regression analysis. P-cadherin was expressed in 34.8% (1290/3710, 50% cut

point) of cases. P-cadherin staining was strongly associated with HER2þ and basal carcinoma subtypes

(Po0.0005). P-cadherin-positive patients showed significantly poorer short-term (0–10 years) overall survival,

disease-specific survival, distant relapse-free interval, and locoregional relapse-free interval in univariable

models (Po0.05). In multivariable Cox models containing standard clinical covariates and cancer subtypes,

P-cadherin did not show independent prognostic value. P-cadherin expression was positively associated with

histological grade, chemotherapy, Ki-67, EGFR, CK5/6, p53, YB-1, and HER2 expression (Po0.002), and

negatively associated with age at diagnosis, ER, PR, and Bcl-2 expression (Po0.0005). This study shows the

value of P-cadherin as a marker of poor prognosis. The large sample size of this series clarifies contradictory

findings of many smaller studies. P-cadherin positivity is associated with high-grade tumor subtypes and

well-established markers of poor prognosis, and may represent a promising antibody therapeutic target.
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Cadherins are a family of transmembrane glycopro-
teins involved in calcium-dependent cell–cell adhe-
sion in many tissues.1,2 Although these proteins are

similar in their domain structure, calcium and
protease sensitivity, and molecular weight, they
have distinct tissue expression patterns and immu-
nological reactivity. P-cadherin is localized in
placenta, whereas E-cadherin and N-cadherin are
found in epithelial and neural tissues, respec-
tively.3–5 P-cadherin has been shown to be crucial
for orderly progression of terminal differentiation of
the epidermis,6 and P-cadherin-mediated adhesion
seems to determine mammary gland growth control
and maintenance of an undifferentiated state in
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embryogenesis.7 E-cadherin and P-cadherin have
important roles in the architecture, function, and
differentiation of the normal adult non-lactating
mammary gland. E-cadherin is expressed by both lu-
minal and myoepithelial cells, whereas P-cadherin
is restricted to myoepithelial/basal cells in normal
breast tissue.5,8,9 During late pregnancy and lacta-
tion, P-cadherin is secreted by epithelial cells, and
its soluble fragment is frequently found in human
milk.10,11 P-cadherin can also be detected in nipple
aspirate fluid,12 and serum from breast cancer
patients.13 Aberrant expression measured by
P-cadherin cDNA has been reported in about 30%
of known mammary cancer cell lines.5 Aberrant
P-cadherin protein has also been found in a minority
of ductal carcinoma in situ,14 and 4–71% of invasive
breast carcinomas.15–18 Increased P-cadherin expres-
sion has been reported to be associated with reduced
expression of E-cadherin and high histological
grade,15 estrogen and progesterone receptor negative
(ER�/PR�) tumors,9,15,17,19–22 increased expression
of epidermal growth factor receptor (EGFR), onco-
protein p53, HER2, and proliferation marker
Ki-67.15,19,20 Several small studies have reported that
P-cadherin is a marker of poor patient survival over
short-term follow-up.9,15,17,19,20,22

Recently, microarray profiling of breast tumors
has identified five distinct tumor subtypes (luminal
A, luminal B, normal breast like, HER2 overexpres-
sing, and basal like) that are associated with
different clinical outcomes.23 Basal-like carcinoma
is characterized by cytokeratin 5 (CK5) and cytoker-
atin 17 (CK17) expression, and the basal epithelial
cell-enriched gene cluster that also includes
P-cadherin.23 Immunohistochemistry can be used
to identify basal-like carcinoma by staining for
P-cadherin, in conjunction with p63 and CK5.24–26

This subset of breast tumors usually lacks the
expression of all three standard biomarkers (ER�/
PR�/HER2�, ie triple-negative phenotype) and
despite increased sensitivity to standard cytotoxic
chemotherapy regimens, has a particularly unfavor-
able prognosis.27 Efforts to identify targets for basal
tumors, which may be used therapeutically or to
further classify these tumors may have clinical
utility.

In this study, we describe the immunohisto-
chemical expression and prognostic value of
P-cadherin protein in a large tissue microarray
series constructed from 3992 primary breast carci-
nomas linked to treatment and outcome informa-
tion. This large sample size allows us to provide
stronger evidence for the role of P-cadherin com-
pared with previous publications involving much
smaller patient cohorts.

Materials and methods

This study cohort included 3992 female patients
with primary invasive breast carcinoma diagnosed

in 1986–1992 and referred to the British Columbia
Cancer Agency for treatment. The clinicopathologi-
cal characteristics and the treatment strategies of the
patients included in this study have previously been
reported.28 The median follow-up was 12.5 years
and the median age at diagnosis was 60 years.
Abstracted clinical information included age, men-
strual status, histological type and grade of tumor,
clinical and pathological TNM stage, status of final
surgical margin at diagnosis, tumor size, number of
involved axillary lymph nodes, type of local and
initial adjuvant systemic therapy, dates of diagnosis,
and first locoregional or distant recurrence and
death. HER2 fluorescent in situ hybridization data
and immunohistochemistry scores were also avail-
able for the following biomarkers: ER, PR, Ki-67,
Bcl-2, HER2, EGFR, CK5/6, keratin 5 (KRT5), p53,
YB-1, and E-cadherin, as previously published.29–35

Ethical approval for the study was obtained from the
Clinical Research Ethics Board of the University of
British Columbia and the British Columbia Cancer
Agency.

Previously frozen breast cancer tissue samples
were fixed in 10% neutral buffered formalin and
embedded in paraffin. Representative areas of
invasive carcinoma were selected and marked on
the hematoxylin and eosin stained slides, and their
corresponding tissue blocks to be sampled for tissue
microarray. Seventeen single core (0.6mm size)
tissue microarray blocks were then assembled using
a manual arrayer (Beecher Instruments, Silver
Springs, MD, USA) as previously described.36 From
each tissue microarray block, 4mm thick sections
were cut and immunostained on a Ventana Dis-
covery XT staining system (Ventana Medical Sys-
tems, AZ, USA). Sections were deparaffinized in
xylene, dehydrated through three alcohol changes,
and transferred to Ventana Wash solution. Endogen-
ous peroxidase activity was blocked in 3% hydrogen
peroxide. Antigen retrieval was performed in mild
cell conditioner 1 and slides were incubated with
anti-P-cadherin mouse monoclonal antibody (1:20
dilution, clone 56, BD Transduction, ON, Canada)
for 32min. Finally, sections were incubated with the
pre-diluted Ventana Universal Secondary Antibody
and DAB Map detection system, counterstained
with hematoxylin, dehydrated, cleared, and moun-
ted. Optimization of immunohistochemical protocol
involved three different antigen-retrieval conditions
and a serial dilution of the antibody to establish the
optimal staining concentration. Although freezing
of the tissue samples prior to formalin fixation could
have potentially affected the immunoreactivity
for P-cadherin, appropriate negative and positive
controls were performed to ensure the quality
and adequacy of staining. The negative control was
performed by omission of the primary antibody, and
myoepithelial/basal cells were used as an internal
positive control.

P-cadherin expression was scored visually
based on the determination of staining intensity
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(0¼negative, 1¼weak, 2¼moderate, 3¼ strong)
and percentage of cells with membranous and/or
cytoplasmic staining (0–100%), as previously re-
ported.37–39 Scores were entered into a standardized
Excel worksheet with a sector map matching each
tissue microarray section. Biomarker information
was considered uninterpretable if there were no
tumor cells in the cores or the cores were missing.
Original scoring grids were converted to tables using
Deconvoluter 1.1040 and combined in a single text
file with TMA-Combiner 1.00.41 The resulting text
files were imported into SPSS 15.0 and R2.4.0 for
Windows.42

The hematoxylin and eosin and P-cadherin
immunohistochemistry images and scores of all
cores used in this study are publicly available at
the companion site (http://www.gpecimage.ubc.ca;
username: pcad; password: abc123). This site was
constructed using the Genetic Pathology Evaluation

Centre database and image viewers provided by
Olympus America. All slides were scanned with the
BLISS scanner (Olympus America, Center Valley,
PA, USA; Bacus Laboratories, Lombard, IL, USA).

The expanded surrogate immunopanel of ER, PR,
HER2, Ki-67, EGFR, and CK5/6 was used to define
five major biologically distinct immunohistochem-
ical subtypes of breast cancer: (1) Luminal A—ERþ
or PRþ and HER2� and Ki-67�; (2) Luminal B—ERþ
or PRþ and HER2� and Ki-67þ . Ki-67 positivity
was defined based on a 14% cut point; (3) Luminal/
HER2þ—HER2þ and ERþ or PRþ ; (4) HER2þ—
HER2þ and ER� and PR�; and (5) Basal—this
subtype was defined differently by two classifica-
tion schemes: the triple-negative phenotype and the
five-biomarker method as published previously.28

Using the triple-negative phenotype method,
basal-like carcinoma is triple-negative (ER�/PR�/
HER2�). Using the five-biomarker method, triple-

Figure 1 Changing hazard structure: hazard curves show marked change between 5 and 10 years in training (a) and validation (b) sets,
2004 censor date.

Table 1 Distribution of the percentage of P-cadherin-positive cells and P-cadherin-staining intensity

P-cadherin measure Training set no. (%) Validation set no. (%) Whole series no. (%)

P-cadherin-staining intensity, categorized
0 953 (50.7) 905 (49.4) 1858 (50.1)
1+ 246 (13.1) 252 (13.8) 498 (13.4)
2+ 285 (15.2) 290 (15.8) 575 (15.5)
3+ 395 (21.0) 384 (21.0) 779 (21.0)

P-cadherin-staining intensity, binarized
Negative (0) 953 (50.7) 905 (49.0) 1858 (50.1)
Positive (1+, 2+, 3+) 926 (49.3) 926 (50.6) 1852 (49.9)

Percentage of P-cadherin-positive cells, binarized (r50% vs 450%)
Negative (0–50%) 1222 (65.0) 1198 (65.4) 2420 (65.2)
Positive (51–100%) 657 (35.0) 633 (34.6) 1290 (34.8)

Percentage of P-cadherin-positive cells, binarized (0% vs any percent positive)
Negative (0%) 953 (50.7) 905 (49.4) 1858 (50.1)
Positive (1–100%) 926 (49.3) 926 (50.6) 1852 (49.9)

Missing 124 158 282
Total 2003 1989 3992
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Table 2 Clinicopathological characteristics of breast cancer patients

Characteristics Training set no.
cases (%)

Validation set no.
cases (%)

Whole series no.
cases (%)

Age at diagnosis (years)
o40 151 (7.5%) 143 (7.2%) 294 (7.4%)
40–49 412 (20.6%) 432 (21.7%) 844 (21.1%)
50–65 697 (34.8%) 728 (36.6%) 1425 (35.7%)
465 743 (37.1%) 686 (34.5%) 1429 (35.8%)

Menstrual status
Premenopausal 594 (29.7%) 586 (29.5%) 1180 (29.5%)
Postmenopausal 1366 (68.2%) 1355 (68.1%) 2721 (68.2%)
Unknown 43 (2.1%) 48 (2.4%) 91 (2.3%)

Histological type of tumor
Ductal 1807 (90.2%) 1806 (90.8%) 3613 (90.5%)
Lobular 160 (8.0%) 143 (7.2%) 303 (7.6%)
Other 36 (1.8%) 40 (2.0%) 76 (1.9%)

Histological grade
Grade 1 119 (5.9%) 90 (4.5%) 209 (5.2%)
Grade 2 798 (39.8%) 765 (38.5%) 1563 (39.2%)
Grade 3 991 (49.5%) 1049 (52.7%) 2040 (51.1%)
Unknown 95 (4.7%) 85 (4.3%) 180 (4.5%)

Tumor size, cm
r2 1040 (51.9%) 1038 (52.2%) 2078 (52.1%)
42–5 850 (42.4%) 817 (41.1%) 1667 (41.8%)
45 103 (5.1%) 118 (5.9%) 221 (5.5%)
Unknown 10 (0.5%) 16 (0.8%) 26 (0.7%)

Percentage of positive/total number of examined axillary lymph nodes
0% 1051 (52.5%) 1037 (52.1%) 2088 (52.3%)
1–25 378 (18.9%) 399 (20.1%) 777 (19.5%)
425% 443 (22.1%) 436 (21.9%) 879 (22.0%)
Unknown 131 (6.5%) 117 (5.9%) 248 (6.2%)

Lymphovascular invasion
Positive 814 (40.6%) 896 (45.0%) 1710 (42.0%)
Negative 1090 (54.4%) 1016 (51.1%) 2106 (52.8%)
Unknown 99 (4.9%) 77 (3.9%) 176 (4.4%)

Local therapy
No breast surgery 30 (1.5%) 30 (1.5%) 60 (1.5%)
Mastectomy±any radiotherapy 1086 (54.2%) 1058 (53.2%) 2144 (53.7%)
Breast-conserving surgery+any radiotherapy 817 (40.8%) 837 (42.1%) 1654 (41.4%)
Breast-conserving surgery alone 70 (3.5%) 64 (3.2%) 134 (3.4%)

Initial systemic therapy
No systemic therapy 846 (42.2%) 830 (41.7%) 1676 (42.0%)
Tamoxifen, no chemotherapy 643 (32.1%) 633 (31.8%) 1276 (32.0%)
Chemotherapy, no hormonal therapy 357 (17.8%) 370 (18.6%) 727 (18.2%)
Chemotherapy+tamoxifen 151 (7.5%) 146 (7.3%) 297 (7.4%)
Other 6 (0.3%) 10 (0.5%) 16 (0.4%)
Unknown 1 (50.0%) 1 (50.0%) 2 (100.0%)

Clinical T stage
T0 7 (0.4%) 8 (0.4%) 15 (0.4%)
T1 946 (48.5%) 977 (50.5%) 1923 (49.5%)
T2 877 (45.0%) 821 (42.4%) 1698 (43.7%)
T3 68 (3.5%) 61 (3.2%) 129 (3.3%)
T4 53 (2.7%) 68 (3.5%) 121 (3.1%)

Clinical N stage
N0 1707 (87.3%) 1718 (88.7%) 3425 (88.0%)
N1 231 (11.8%) 194 (10.0%) 425 (10.9%)
N2 18 (0.9%) 24 (1.2%) 42 (1.1%)
N3 0 (0.0%) 1 (0.1%) 1 (0.0%)
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Table 2 Continued

Characteristics Training set no.
cases (%)

Validation set no.
cases (%)

Whole series no.
cases (%)

Clinical M stage
M0 1931 (96.4%) 1919 (96.5%) 3850 (96.4%)
M1 0 (0.0%) 0 (0.0%) 0 (0.0%)
Missing 72 (3.6%) 70 (3.5%) 142 (3.6%)

Pathological T stage
T0 0 (0.0%) 2 (0.1%) 2 (0.1%)
T1 957 (53.4%) 942 (53.5%) 1899 (53.4%)
T2 736 (41.0%) 693 (39.4%) 1429 (40.2%)
T3 69 (3.8%) 81 (4.6%) 150 (4.2%)
T4 31 (1.7%) 43 (2.4%) 74 (2.1%)

Pathological N stage
N0 1076 (56.8%) 1049 (55.5%) 2125 (56.2%)
N1 780 (41.2%) 808 (42.8%) 1588 (42.0%)
N2 37 (2.0%) 30 (1.6%) 67 (1.8%)
N3 1 (0.1%) 2 (0.1%) 3 (0.1%)

Pathological M stage
M0 417 (20.8%) 399 (20.1%) 816 (20.4%)
M1 0 (0.0%) 0 (0.0%) 0 (0.0%)
Missing 1586 (79.2%) 1590 (79.9%) 3176 (79.6%)

Total 2003 1989 3992

Figure 2 P-cadherin expression in myoepithelial/basal cells in normal terminal duct lobular units (a), and ductal carcinoma in situ (b),
and in tumor cells in invasive ductal carcinoma (c and d). X200.
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negative phenotype can be divided into two groups:
(1) Core Basal—triple-negative subset, which also
expresses EGFR or CK5/6 and (2) five-marker
negative phenotype—ER�/PR�/HER2�/EGFR�/
CK5/6�. Tumors missing any of ER, PR, or HER2
data were categorized as unassigned.

Statistical analysis was performed using SPSS
17.0 and R-2.10.0. Clinical covariate and biomarker
associations were assessed using contingency tables,
and significance of associations was determined
using Pearson’s w2 or Fisher’s exact test. Survival
and relapse interval associations were graphically
assessed using Kaplan–Meier plots. Significance of
time-to-event associations was assessed using log-
rank and Breslow tests and Cox proportional
hazards regression analysis. Survival and relapse
interval end point groups include overall survival,
disease-specific survival, distant relapse-free inter-
val, and locoregional relapse-free interval. Cox
proportional hazards models were used to calculate
adjusted hazard ratios to account for covariates of
known clinical relevance.

Complete survival data for this tissue microarray
series was obtained as of 30 June 2004. One of the
complexities of working with such a large series
with long-term follow-up data, noted in previous
Cox modeling exercises using this series, was the
changing structure in the hazard functions for breast
cancer subtypes and subsets of other variables,
between 5 and 10 years after diagnosis. This is
readily seen in the hazard function plots in Figure 1.
Hazards are proportional over the first 5–8 years,
then exhibit a shift and tend to converge by 15–20
years. This long-term shift in hazard structure yields
a decrease in power in testing for associations with a
Cox model, as its basic proportional hazards
requirement is violated. To mitigate this violation
of the proportional hazards assumption, we formed
an additional survival record, with data followed
completely through 30 June 1999. Censoring data at
an earlier time point to restrict analysis to a period

in which hazards exhibit proportional structure
represents a simple and effective strategy for hand-
ling this issue of changing hazard structure across
long periods of time.43 Survival analysis results thus
reveal short-term and long-term associations that
can differ, and both should be considered when
assessing associations. Shorter-term (0–10 years)
associations will be better assessed with the Breslow
statistic in Kaplan–Meier analysis and with statis-
tics from Cox models fitted to the data censored in
1999. Longer-term associations are better assessed
via the logrank statistic in Kaplan–Meier analysis,
and with Cox models fitted to the data censored in
2004. This strategy was proposed and implemented
prior to any data analysis. We used a split-sample
validation technique for statistical analysis, as
described previously.44,45 In brief, a large data
collection (n¼ 3992) was randomly split into a
‘training’ set (n¼ 2003) and a ‘validation’ set
(n¼ 1989). Although it is common practice in
studies of prognostic markers to conduct exploratory
analyses with the training set, and take only a
selected subset of analyses onward to the validation
set, such strategies tend to result in the overreport-
ing of positive findings and an underreporting of
negative findings. To avoid the resultant reporting
bias associated with this analysis strategy,46 we pre-
specified a set of hypotheses, all of which were
evaluated in the training and validation sets.
Concordant findings in the training and validation
sets, whether negative or positive, are reported here.

Results

Association of P-cadherin Expression with Survival

Out of 3710 interpretable cases on the tissue
microarrays, P-cadherin was positive (50% cut
point) in 1290 patients (34.8%), including 657/
1879 (35%) cases in the training set and 633/1831
(34.6%) cases in the validation set (Table 1).

Figure 3 Kaplan–Meier overall survival curves for the percentage
of P-cadherin-positive cells in the training set, 2004 censor date.

Figure 4 Kaplan–Meier overall survival curves for the percentage
of P-cadherin-positive cells in the validation set, 2004 censor
date.
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Clinicopathological characteristics of breast cancer
patients are summarized in Table 2, and distribution
of P-cadherin expression according to these clinical
covariates is shown in Supplementary Table 1.
Representative photomicrographs of P-cadherin
immunostaining are shown in Figure 2.

Binarization
The percentage of P-cadherin-positive cells and
P-cadherin-staining intensity appeared linearly
related to survival in the training and validation
sets, so binarizing using a single cut point was
reasonable (Figures 3 and 4). Maximum prognostic
value as assessed by model fit Akaike information
criteria was achieved in the training set by binariz-
ing the percentage of P-cadherin-positive cells at a
cut point of r30%, with 430% P-cadherin expres-
sing cells defining P-cadherin positivity (Supple-
mentary Table 2). In the validation set, this cut point
did not validate. The lowest Akaike information
criteria was achieved at 70%; however, the differ-
ence in Akaike information criteria values across a
range of cut points was small: Akaike information
criteria values from 30 to 90% ranged from 12 402.52
to 12 404.49. Thus, although no single cut point

value was strongly suggested by these data, for
validation and publication purposes, the cut point
value of 50% (r50% vs 450%) was chosen to
facilitate comparisons between the training and
validation analysis results and publications in the
literature,9,37-39,47 many of which use a 50% cut point
value. Staining intensity did not appear to improve
this rule in either set (Figure 5c and d). Cox models
with various combinations of the percentage of
P-cadherin-positive cells and P-cadherin-staining
intensity, recapitulating ‘h-scores’ or ‘q-scores’ com-
monly used in other P-cadherin studies,15,38,39,47,48

showed no improvement over the percentage of
P-cadherin-positive cells binarization rule as mea-
sured by Akaike information criteria or likelihood
ratio w2 tests (Supplementary Table 3).

Survival analysis
Univariable survival analysis showed that P-cadher-
in-positive patients had significantly poorer short-
term (0–10 years) overall survival (logrank for 1999
and Breslow for 2004 and 1999 censorings, all
Po0.05), whereas long-term overall survival (15þ
years) was not significantly different (logrank for
2004 censoring) (Figure 5). P-cadherin expression

Figure 5 Univariable overall survival curves for (1) Percentage of P-cadherin-positive cells, binarized to groups 0–50% (negative) vs
60–100% (positive) in training (a) and validation (b) sets; (2) P-cadherin-staining intensity, binarized to groups {0} (negative) vs {1þ ,2þ ,3þ }
(positive), in training (c) and validation (d) sets, 2004 censor date.
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was strongly associated with breast cancer subtypes
(Po0.0005), two poor prognostic subtypes in parti-
cular, namely HER2þ and Core Basal, showed
markedly higher overall rates of P-cadherin expres-
sion (Table 3). This association yielded an occur-
rence of ‘Simpson’s Paradox’, wherein P-cadherin-
positive cases showed significantly poorer overall
survival in the whole cohort, yet showed less
evidence of poorer overall survival within breast
cancer subtypes, although some of this effect may
also be due to smaller sample sizes within subtype
groups.

Within breast cancer subtypes, P-cadherin-posi-
tive cases showed similar overall survival to
P-cadherin-negative cases (P40.05; Figure 6).
P-cadherin did not show independent prognostic
value in a multivariable Cox model containing:
(1) breast cancer subtypes and P-cadherin scores
(adjusting for breast cancer subtypes); (2) age, grade,
tumor size, node status, and P-cadherin scores
(adjusting for clinical covariates); and (3) breast
cancer subtypes, clinical covariates, and P-cadherin
scores (adjusting for clinical covariates and breast
cancer subtypes) (Supplementary Tables 4–7). Para-

meter estimates and corresponding relative risk
estimates from the multivariable Cox models for
overall survival and disease-specific survival are
shown in Table 4 and Supplementary Table 8.
Univariable and multivariable models included all
histological subtypes of breast cancer. No change in
results was noted upon excluding the special type
carcinomas.

Binarization of the percentage of P-cadherin-posi-
tive cells showed similar survival curve patterns for
the other time-to-event end points. Disease-specific
survival (Figure 7), distant relapse-free interval,
and locoregional relapse-free interval, all validated
for the short term as measured using the 1999 censor
date data (logrank and Breslow statistics), and the
2004 censor date data (Breslow statistic) (Table 5).
Univariable association of the percentage of
P-cadherin-positive cells with time-to-event over
the long term (15þ years) validated only for
disease-specific survival (logrank statistic for 2004
censoring). Similarly, P-cadherin-positive cases as
defined by univariable binarized P-cadherin-stain-
ing intensity data showed poorer short-term event
rates for all time-to-event end points (Breslow

Table 3 Distribution of P-cadherin expression (50% cut point) within breast cancer subtypes

Tumor subtype Percentage of
P-cadherin-positive
cells

Training set
no. cases (%)

Validation set
no. cases (%)

Whole series
no. cases (%)

Luminal NOS (ER+ or PR+, HER2+) P-cadherin negative 87 (74.4%) 80 (76.2%) 167 (75.2%)
P-cadherin positive 30 (25.6%) 25 (23.8%) 55 (24.8%)
Uninterpretable 9 13 22

Luminal A (ER+ or PR+, HER2�, Ki-67�) P-cadherin negative 570 (78.2%) 560 (76.4%) 1130 (77.3%)
P-cadherin positive 159 (21.8%) 173 (23.6%) 332 (22.7%)
Uninterpretable 23 33 56

Luminal B (ER+ or PR+, HER2�, Ki-67+) P-cadherin negative 294 (71.2%) 290 (74.9%) 584 (73.0%)
P-cadherin positive 119 (28.8%) 97 (25.1%) 216 (27.0%)
Uninterpretable 11 18 29

HER2+ (HER2+/ER�/PR�) P-cadherin negative 36 (30.8%) 53 (41.4%) 89 (36.3%)
P-cadherin positive 81 (69.2%) 75 (58.6%) 156 (63.7%)
Uninterpretable 3 2 5

Luminal/HER2+ (ER+ or PR+, HER2+) P-cadherin negative 65 (55.6%) 58 (58.6%) 123 (56.9%)
P-cadherin positive 52 (44.4%) 41 (41.4%) 93 (43.1%)
Uninterpretable 4 4 8

Core Basal (ER�/PR�/HER2�, EGFR+ or CK5/6+) P-cadherin negative 30 (18.6%) 28 (17.5%) 58 (18.1%)
P-cadherin positive 131 (81.4%) 132 (82.5%) 263 (81.9%)
Uninterpretable 3 6 9

Five-marker negative phenotype
(ER�/PR�/HER2�/EGFR�/CK5/6�)

P-cadherin negative 78 (53.4%) 71 (51.1%) 149 (52.3%)

P-cadherin positive 68 (46.6%) 68 (48.9) 136 (47.7%)
Uninterpretable 8 7 15

Unassigned (missing ER, PR or HER2 data) P-cadherin negative 62 (78.5%) 58 (72.5%) 120 (75.5%)
P-cadherin positive 17 (21.5%) 22 (27.5%) 39 (24.5%)
Uninterpretable 63 75 138

Total P-cadherin negative 1222 (65.0%) 1198 (65.4%) 2420 (65.2%)
P-cadherin positive 657 (35.0%) 633 (34.6%) 1290 (34.8%)
Uninterpretable 124 158 282

Total no. cases 2003 1989 3992

Percentages include scorable P-cadherin cases only.
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statistic for 1999 censoring, Table 5), though uni-
variable association of P-cadherin-staining intensity
with time-to-event over the long term did not
validate for any time-to-event end point (logrank
statistic for 2004 censoring).

Association of P-cadherin Expression with
Clinicopathological and Immunohistochemical
Variables

Herein, we describe only the findings observed in
the training set that were validated in the validation
set (ie showed a concordant statistical test of
association outcome, statistically significant in
both sets, or statistically not significant). P-cadherin
expression differed according to the histological
type of breast cancer. Invasive ductal carcinoma
cases showed P-cadherin-positive rates equal to the
overall P-cadherin-positive rate (35.5% (1195/3364)
in the whole series), invasive lobular carcinoma
showed lower P-cadherin-positive rates (16.2% (45/

278) in the whole series) and other special type
tumors showed higher P-cadherin-positive rates
(73.5% (50/68) in the whole series). P-cadherin
was positive in 44 out of 66 medullary carcinomas,
1 of 1 acinar cell carcinoma, 1 of 1 oat cell carci-
noma, 1 of 1 adenoid cystic carcinoma, 1 of 2 adeno-
squamous carcinoma, and 2 of 2 adenocarcinomas
with squamous metaplasia.

Both the percentage of P-cadherin-positive cells
and P-cadherin-staining intensity were positively
associated with histological grade, and negati-
vely associated with age at diagnosis (Table 6).
The percentage of P-cadherin-positive cells and
P-cadherin-staining intensity showed association
with breast cancer subtypes (Po0.0005), with
HER2þ and basal subtypes of breast cancer show-
ing elevated P-cadherin-positive rates and luminal
subtypes showing reduced rates. In Core Basal
carcinomas, P-cadherin was expressed (50% cut
point) in 81.4% (131/161) in the training set and in
82.5% (132/160) in the validation set. In HER2þ
carcinomas, P-cadherin was expressed in 69.2%

Figure 6 Univariable overall survival curves for (1) HER2þ breast carcinomas in the training (a) and validation (b) sets; (2) Core Basal
carcinomas in the training (c) and validation (d) sets, 2004 censor date.
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(81/117) in the training set and 58.6% (75/128) in
the validation set. The percentage of P-cadherin-
positive cells and P-cadherin-staining intensity
showed no association with tumor size, clinical
and pathological T stage, and pathological N stage of
the TNM system as well as the status of final
surgical margin at diagnosis (Table 6). As the
P-cadherin-positive cases were associated with a
higher risk cancer, it was not surprising to find an
association with receiving initial or subsequent
chemotherapy (Po0.0005). However, no clinically
useful conclusions can be drawn about the interac-
tion with systemic therapy as the indications for
treatment and the protocols used are not consistent
with contemporary therapies.

The expression of other immunohistochemical
biomarkers in relation to P-cadherin expression
is summarized in Table 7. The percentage of
P-cadherin-positive cells and P-cadherin-staining
intensity were negatively associated with ER, PR,
and Bcl-2 expression (Po0.0005), and positively
associated with HER2 overexpression based on both
immunohistochemistry and fluorescent in situ hy-

bridization data (Po0.002), as well as with CK5/6,
KRT5, EGFR, Ki-67, p53, and YB-1 (Po0.0005).
P-cadherin expression showed no association with
E-cadherin (data binarized at {0} vs {1,2}) (Table 8).

Discussion

P-cadherin is a calcium-dependent transmembrane
glycoprotein in adherens-type junctions, mainly
promoting homotypic interactions in epithelium.1,2

P-cadherin expression is restricted to normal myo-
epithelial/basal cells, having an important role in
the architecture, function, and differentiation of the
normal adult breast.5,7 P-cadherin has been detected
in breast cancer cell lines, high-grade or basal-like
ductal carcinoma in situ,14,25 papillary lesions,49 and
4–71% invasive breast carcinomas.15–18 In this study,
we report the immunohistochemical expression of
P-cadherin protein in 34.8% of cases (1290/3710 at a
cut point of 50%) in a large tissue microarray series
consisting of 3992 primary breast carcinomas. For
statistical analysis, our data were split into ‘training’

Table 4 Complete case analysis model fit results with relative risk estimates and 95% confidence intervals from the full multivariable
Cox model for overall survival using 1999 censored data

Clinical variables Estimate,
B

Standard
error

Wald
statistic

Degrees of
freedom

Significance Relative risk,
Exp(B)

95.0% confidence
interval for Exp(B)

Lower Upper

Age, years
Age 40–49 vs r40 �0.225 0.122 3.431 1 0.064 0.798 0.629 1.013
Age 50–65 vs r40 0.036 0.111 0.102 1 0.749 1.036 0.833 1.289
Age 465 vs r40 0.548 0.110 24.665 1 0.000 1.729 1.393 2.146

Histological grade
3 vs 1,2 0.386 0.062 38.451 1 0.000 1.471 1.302 1.661

Lymph node status
Positive vs negative 0.638 0.058 120.551 1 0.000 1.892 1.688 2.120

Tumor size, cm
42–5 vs r2 0.413 0.060 47.290 1 0.000 1.511 1.343 1.699
45 vs r2 0.674 0.112 36.430 1 0.000 1.961 1.576 2.441

Breast cancer subtype. luminal as reference
Luminal/HER2+ 0.512 0.136 14.220 1 0.000 1.668 1.279 2.176
HER2+/ER�/PR� 0.349 0.169 4.286 1 0.038 1.417 1.019 1.972
Core Basal 0.412 0.195 4.478 1 0.034 1.510 1.031 2.211
Five-marker negative phenotype 0.128 0.151 0.726 1 0.394 1.137 0.846 1.528
Unassigned �0.269 0.188 2.055 1 0.152 0.764 0.529 1.104

Percentage of P-cadherin-positive cells
450% vs r50% 0.100 0.081 1.531 1 0.216 1.106 0.943 1.296

Percentage of P-cadherin-positive cells by breast cancer subtype interaction
Luminal/HER2+ �0.245 0.214 1.308 1 0.253 0.783 0.515 1.191
HER2+/ER�/PR� 0.158 0.215 0.538 1 0.463 1.171 0.768 1.785
Core Basal �0.044 0.228 0.037 1 0.847 0.957 0.612 1.497
Five-marker negative phenotype 0.000 0.220 0.000 1 0.999 1.000 0.650 1.540
Unassigned 0.580 0.327 3.147 1 0.076 1.786 0.941 3.391

Model fitted to 3523 cases from the whole series (3992 cases total) having complete data for the variables included.
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and ‘validation’ sets, as described previously.44,45,50

Although maximum prognostic value was achieved
in the training set by binarizing the percentage of
P-cadherin-positive cells at a cut point of 30%, the
validation data did not strongly support this cut
point, indicating that analysis results were not
heavily dependent on choice of cut point for any
cut point greater than 0. Assessment of several
binarization schemes using both the percentage of
P-cadherin-positive cells and P-cadherin-staining
intensity showed no prognostic improvement. This
suggests that P-cadherin positivity is best defined
using the percentage of positive cells without
further consideration of the staining intensity, as
suggested previously.14,19 As o10%, 10–50%, and
450% cut points have been described in the
literature,37–39,47,51 the commonly used cut point of
50% has been used in this study to yield results
more readily comparable to other studies.

Univariable survival analysis in our study showed
that P-cadherin expression was associated with
all time-to-event end points. P-cadherin-positive
patients had significantly poorer short-term (0–10

years) overall survival, disease-specific survival,
distant relapse-free interval, and locoregional re-
lapse-free interval (Po0.0005). Univariable associa-
tion of the percentage of P-cadherin-positive cells
with long-term survival (15þ years) validated
only for disease-specific survival (logrank statistic
for 2004 censoring). Our study also showed that
P-cadherin does not have independent prognostic
value in multivariable Cox models when adjusting
for clinical covariates, or breast cancer subtypes
and clinical covariates. In contrast to our findings,
P-cadherin has been reported as an independent
prognostic factor, as it was associated with poorer
survival in a Cox model including histological grade
and lymph node status.17 Peralta Soler and co-
workers selected cases based on a minimum of a
5-year patient follow-up after surgery for living
patients and breast carcinoma as the cause of death
for those who died, thus introducing length-bias
sampling (cases with at least 5 years follow-up will
tend to be healthier)52 and unknown bias in sur-
vival rate estimates.53 They report association
of P-cadherin-positive cases with ER�/PR� status,

Figure 7 Univariable disease-specific survival curves for (1) Percentage of P-cadherin-positive cells, binarized to groups 0–50%
(negative) vs 60–100% (positive), in training (a) and validation (b) sets; (2) P-cadherin-staining intensity, binarized to groups {0}
(negative) vs {1þ ,2þ ,3þ } (positive), in training (c) and validation (d) sets, 2004 censor date.
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suggesting that in their study, P-cadherin status is an
indicator of breast cancer subtype, though they report
no interaction effect of P-cadherin with ER/PR status
in a survival model. P-cadherin has also been reported
to be an independent predictor of nodal positivity in a
multivariable logistic model containing stage, grade,
tumor type, menstrual status, and proliferation rate.18

Our study strongly suggests that P-cadherin is not an
independent prognostic marker, and is a surrogate
marker for the basal-like profile.

Survival analysis in our study showed no differ-
ence between P-cadherin-positive and P-cadherin-
negative cases within luminal A, luminal B,
luminal/HER2þ , HER2þ , and basal subtypes of
breast cancer (P40.05). However, P-cadherin ex-
pression was strongly associated with HER2þ and
basal carcinomas (Po0.0005), two of the five
distinct molecular subtypes of breast cancer identi-
fied by gene expression profiling.23 The HER2þ
tumor subtype lacks the expression of hormonal
receptors and has poor prognosis but can benefit
from targeted therapy. Basal-like tumors have the
triple-negative phenotype (ER�/PR�/HER2�), ex-

press basal cytokeratins, and do not benefit from
hormonal therapy or trastuzumab. Although this
histologically heterogeneous group of cancers in-
cludes poorly differentiated carcinomas and rare
tumor types ranging from those with an excellent
prognosis to aggressive metaplastic carcinomas,54 it
is widely accepted that these tumors are associated
with particularly poor survival.27 Immunohisto-
chemistry surrogate panels have been proposed to
identify basal-like breast cancer, including triple-
negative phenotype alone,55 triple-negative pheno-
type but EGFRþ or CK5/6þ ,56,57 and a panel of
P-cadherin, p63 and CK5 antibodies.24–26 It has been
argued that identification of basal-like breast can-
cers on the basis of gene expression profiling data
has been misleading in some respects due to a lack
of standardized technology and terminology.54

In our study, higher P-cadherin expression was
observed in invasive ductal carcinoma and special
type tumors other than lobular carcinoma, inclu-
ding 66.7% of medullary carcinomas (Po0.0005).
Frequent expression of P-cadherin in metaplastic
and medullary breast carcinomas20,58–63 supports a

Table 5 Survival analysis using univariable logrank and Breslow statistics on binarized percentage of P-cadherin-positive cells (a) and
P-cadherin-staining intensity (b) data

Event Censoring date Univariable X2
(1) Statistic Training set Validation set Whole Series

Percentage of P-cadherin-positive cells
Overall survival 2004 Logranka P¼ 0.006 P¼ 0.110 P¼ 0.002

Breslowb Po0.0005 P¼ 0.013 Po0.0005
1999 Logrankb Po0.0005 P¼ 0.017 Po0.0005

Breslowb Po0.0005 P¼ 0.001 Po0.0005
Disease-specific survival 2004 Logrankb Po0.0005 P¼ 0.017 Po0.0005

Breslowb Po0.0005 P¼ 0.001 Po0.0005
1999 Logrankb Po0.0005 P¼ 0.001 Po0.0005

Breslowb Po0.0005 Po0.0005 Po0.0005
Distant relapse-free interval 2004 Logranka Po0.0005 P¼ 0.132 Po0.0005

Breslowb Po0.0005 P¼ 0.023 Po0.0005
1999 Logrankb Po0.0005 P¼ 0.038 Po0.0005

Breslowb Po0.0005 P¼ 0.011 Po0.0005
Locoregional relapse-free interval 2004 Logranka P¼ 0.098 Po0.0005 Po0.0005

Breslowb P¼ 0.004 Po0.0005 Po0.0005
1999 Logrankb P¼ 0.027 Po0.0005 Po0.0005

Breslowb P¼ 0.002 Po0.0005 Po0.0005

P-cadherin-staining intensity
Overall survival 2004 Logranka P¼ 0.025 P¼ 0.743 P¼ 0.073

Breslowa Po0.0005 P¼ 0.250 P¼ 0.001
1999 Logranka Po0.0005 P¼ 0.122 Po0.0005

Breslowb Po0.0005 P¼ 0.027 Po0.0005
Disease-specific survival 2004 Logranka Po0.0005 P¼ 0.072 Po0.0005

Breslowb Po0.0005 P¼ 0.008 Po0.0005
1999 Logrankb Po0.0005 P¼ 0.003 Po0.0005

Breslowb Po0.0005 Po0.0005 Po0.0005
Distant relapse-free interval 2004 Logranka Po0.0005 P¼ 0.193 Po0.0005

Breslowb Po0.0005 P¼ 0.040 Po0.0005
1999 Logranka Po0.0005 P¼ 0.053 Po0.0005

Breslowb Po0.0005 P¼ 0.014 Po0.0005
Locoregional relapse-free interval 2004 Logranka P¼ 0.063 Po0.0005 Po0.0005

Breslowb P¼ 0.003 Po0.0005 Po0.0005
1999 Logrankb P¼ 0.007 Po0.0005 Po0.0005

Breslowb P¼ 0.001 Po0.0005 Po0.0005

a
Discordant between training and validation sets.

b
Validated findings showing association.
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myoepithelial/basal-like transcriptomic program for
these tumor subtypes. Some basal-like carcinomas
are associated with BRCA1 mutations,64,65 and
BRCA1 mutation has been found to be associated
with P-cadherin expression.39,51,65–70 P-cadherin ex-
pression was also positively associated with histo-
logical grade in agreement with previous findings.15

P-cadherin expression has been reported to be
associated with the lack of hormonal recep-
tors,9,15,17,19–22 expression of EGFR,71,72 HER2 and
Ki-67.15,19,20 In our study, P-cadherin expression
was negatively associated with ER, PR, and Bcl-2
expression (Po0.0005), and positively associated
with HER2 overexpression based on both immuno-
histochemistry and fluorescent in situ hybridization
data (Po0.002), as well as with CK5/6, KRT5, EGFR,
Ki-67, p53, and YB-1 (Po0.0005).

Many hypotheses have been proposed to explain
the aberrant expression of P-cadherin in breast
cancer cells including the oncofetal properties of
P-cadherin protein,15 its histogenetic origin in cap
cells, acquisition of a stem cell like phenotype,17,20

and misexpression caused by epithelial transforma-
tion.5 In vitro manipulation of P-cadherin expres-

sion modulates the motility and invasive potential
of breast cancer cell lines. In luminal MCF-7 breast
cancer cells with wild-type E-cadherin, P-cadherin
overexpression promoted cell invasion, motility and
migration, and siRNA knockdown of P-cadherin
significantly reduced the invasive potential of BT-20
cells.73 By contrast, induction of P-cadherin in
mesenchymal MDA-MB-231 cells increased aggrega-
tion and induced a partial switch from fibroblastic
to epithelial morphology.74 Loss of E-cadherin-
mediated cell adhesion is thought to account for
the characteristic dyscohesion of tumor cells and the
single file infiltration pattern of invasive lobular
carcinoma.75 Most lobular carcinomas show no
immunohistochemical reactivity for E-cadherin as
a consequence of mutation and loss of heterozygos-
ity of the E-cadherin gene, or methylation of the
E-cadherin promoter76,77 and E-cadherin immuno-
staining has been of value in the differential diag-
nosis of ductal and lobular carcinomas.78 E-cadherin
downregulation is a key molecular change occurring
in epithelial mesenchymal transition, a process
by which epithelial cells modulate their phenotype
and acquire mesenchymal-like properties.79,80

Table 6 Association of P-cadherin expression with clinicopathological variables

Variable P-cadherin-staining
intensity

Percentage of
P-cadherin-positive cells

Training set Validation set Training set Validation set

Clinical variables that show concordance between training and validation sets
Age at diagnosisa Po0.0005 P¼0.021 Po0.0005 P¼0.015
Age at diagnosis binarized at 50a P¼ 0.001 P¼0.039 P¼ 0.001 P¼0.009
Histological typea Po0.0005 Po0.0005 Po0.0005 Po0.0005
Histological gradea Po0.0005 Po0.0005 Po0.0005 Po0.0005
Tumor sizeb P¼ 0.306 P¼0.246 P¼ 0.528 P¼0.064
Clinical T stageb P¼ 0.124 P¼0.245 P¼ 0.352 P¼0.081
Pathological T stageb P¼ 0.417 P¼0.140 P¼ 0.605 P¼0.126
Pathological N stageb P¼ 0.548 P¼0.315 P¼ 0.697 P¼0.634
Margin at initial diagnosisb (Did not validate) P¼ 0.220 P¼0.140
Intent of initial radiotherapy treatment plan established at the
time of diagnosisb

P¼ 0.131 P¼0.588 P¼ 0.415 P¼0.836

Whether or not radiotherapy to the breast/chest wall and/or
regional nodes was done as part of the initial treatment plan
established at the time of diagnosisb

P¼ 0.070 P¼0.633 P¼ 0.075 P¼0.459

Whether or not the patient received chemotherapy treatmenta Po0.0005 P¼0.018 Po0.0005 Po0.0005
The type of adjuvant chemotherapy treatment received (if any)
by the patienta

(Did not validate) Po0.0005 P¼0.026

Whether or not the patient received hormonal treatmentb P¼ 0.199 P¼0.518 P¼ 0.060 P¼0.327
Whether or not an axillary node dissection was done as part of
the initial treatment plan established at the time of diagnosisb

P¼ 0.083 P¼0.700 P¼ 0.795 P¼1.000

Most definitive breast surgery done as part of the initial
treatment plan established at the time of diagnosisb

P¼ 0.124 P¼0.685 P¼ 0.761 P¼0.773

Breast cancer subtypesa Po0.0005 Po0.0005 Po0.0005 Po0.0005

Clinical variables that show discordance between training and validation sets
Menstrual status Po0.0005 P¼0.354 P¼ 0.003 P¼0.083
Clinical N stage P¼ 0.021 P¼0.076 P¼ 0.008 P¼0.149
Systemic therapy Po0.0005 P¼0.235 Po0.0005 P¼0.059
The type of adjuvant hormonal treatment received (if any) by
the patient

P¼ 0.005 P¼0.390 P¼ 0.004 P¼0.492

P-values reported are from the likelihood ratio w2 test for association in a two-way contingency table, unless otherwise noted.
a
Validated findings showing association.

b
Validated findings showing no association.
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P-cadherin expression has been reported to associ-
ate with reduced expression of E-cadherin in breast
cancer patients15 but no association was found in
another study.21 The majority of breast carcinomas

coexpressing E-cadherin and P-cadherin had poor
patient survival along with cytoplasmic expression
of p120-catenin,81 a master regulator of cadherin
activity. In our study, p120-catenin was not

Table 7 P-cadherin expression rates within biomarker subgroups

Biomarker No. P-cadherin positive/total no. (P-cadherin positive %)

Training set Validation set Whole series

ER
No nuclei stained or o1% 326/550 (59.3%) 313/542 (57.7%) 639/1092 (58.5%)
1–25% nuclei stained 50/164 (30.5%) 41/152 (27%) 91/316 (28.8%)
25–75% nuclei stained 142/579 (24.5%) 159/573 (27.7%) 301/1152 (26.1%)
475% nuclei stained 135/571 (23.6%) 114/552 (20.7%) 249/1123 (22.2%)

PR
No nuclei stained or o1% 388/828 (46.9%) 374/839 (44.6%) 762/1667 (45.7%)
1–25% nuclei stained 135/448 (30.1%) 102/389 (26.2%) 237/837 (28.3%)
25–75 % nuclei stained 62/228 (27.2%) 68/226 (30.1%) 130/454 (28.6%)
475% nuclei stained 45/222 (20.3%) 59/241 (24.5%) 104/463 (22.5%)

HER2 immunohistochemistry
0 (negative) 445/1256 (35.4%) 432/1226 (35.2%) 877/2482 (35.3%)
1+ (negative) 36/103 (35%) 44/112 (39.3%) 80/215 (37.2%)
2+ (equivocal) 29/59 (49.2%) 32/58 (55.2%) 61/117 (52.1%)
3+ (positive) 88/146 (60.3%) 169/140 (49.3%) 157/286 (54.9%)

Bcl-2 (60% cut point)
Positive 324/1215 (26.7%) 297/1145 (25.9%) 621/2360 (26.3%)
Negative 299/551(54.3%) 302/580 (52.1%) 601/1131 (53.1%)

Ki-67 (14% cut point)
Positive 355/743 (47.8%) 320/711 (45%) 675/1454 (46.4%)
Negative 234/905 (25.9%) 245/899 (27.3%) 479/1804 (26.6%)

p53
o10% positive nuclei 422/1461 (28.9%) 413/1427 (28.9%) 835/2888 (28.9%)
410–50% positive nuclei 128/248 (51.6%) 121/235 (51.5%) 249/483 (51.6%)
450 % positive nuclei 100/133 (75.2%) 91/138 (65.9%) 191/271 (70.5%)

CK5/6
Strong 23/29 (79.3%) 33/49 (67.3%) 56/78 (71.8%)
Weak 60/95 (63.2%) 57/101 (56.4%) 117/196 (59.7%)
Negative 498/1475 (33.8%) 466/1417 (32.9%) 964/2892 (33.3%)

KRT5
Strongly positive (20%) 59/65 (90.8%) 73/80 (91.3%) 132/145 (91%)
Weakly positive (any staining) 60/78 (76.9%) 60/75 (80%) 120/153 (78.4%)
Negative 463/1443 (32.1%) 441/1408 (31.3%) 904/2851 (31.7%)

EGFR
Strongly positive (20%) 52/66 (78.8%) 54/77 (70.1%) 106/143 (74.1%)
Weakly positive (any staining) 110/147 (74.8%) 110/143 (76.9%) 220/290 (75.9%)
Negative 415/1418 (29.3%) 400/1381 (29%) 815/2799 (29.1%)

YB-1
Negative 261/956 (27.3%) 252/936 (26.9%) 513/1892 (27.1%)
Weakly positive Z50% 211/420 (50.2%) 208/435 (47.8%) 419/855 (49.0%)
Moderately positive Z50% 52/81 (64.2%) 52/80 (65%) 104/161 (64.6%)
Strongly positive 5/7 (71.4%) 4/5 (80%) 9/12 (75%)

HER2 fluorescent in situ hybridization
Unamplified (o1.8) 175/531 (33%) 161/502 (32.1%) 336/1033 (32.5%)
Equivocal (1.8–2.2) 10/36 (27.8%) 14/29 (48.3%) 24/65 (36.9%)
Amplified (42.2) 60/114 (52.6%) 59/126 (46.8%) 119/240 (49.6%)

Total 2003 1989 3992

Table shows the number of P-cadherin-positive cases/the total number of scorable cases in the biomarker category, with the percentage of
P-cadherin-positive cases in parentheses.
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assessed, and P-cadherin expression did not show
association with E-cadherin expression (whole
series, Fisher’s exact test P¼ 0.87). P-cadherin and
E-cadherin also failed to show association when the
whole series was stratified by histological sub-
type (ductal carcinoma vs lobular carcinoma vs
other special type tumors) (whole series, Mantel–
Haenszel w2 P¼ 0.077).

Scientific evidence suggests the concept of cancer
immunosurveillance and immunoediting based on
protection against development of spontaneous and
chemically induced tumors in animal systems and
identification of targets for immune recognition of
human cancers.82 Anti-tumor immune response,
including the recognition of tumor-specific or
tumor-associated antigens can be used to develop
new vaccines and monoclonal antibody therapies.83

It has been shown that apoptotic cell death is poorly
immunogenic, whereas necrotic cell death is truly
immunogenic.84 Cell death during chemotherapy
can potentially determine the immune response.
Anthracyclines produce a beneficial immunogenic
environment as these agents activate antigen-
presenting dendritic cells, thus allowing a cytotoxic
T lymphocyte response.85 P-cadherin has been
suggested as a possible target for immunotherapy
of pancreatic, gastric, and colorectal cancers based
on the identification of HLA-A2-restricted cytotoxic
T lymphocyte epitopes of P-cadherin in HLA-A2.1
transgenic mice, and the in vitro and in vivo cyto-
toxicity against tumor cells of cytotoxic T lympho-
cyte specific to CDH3 induced from HLA-A2-positive
healthy donors and cancer patients.86

In conclusion, this study shows the value of
P-cadherin expression as a marker of poor prognosis
in a large breast cancer series. P-cadherin positivity

is associated with high-grade tumor subtypes (HER2þ
and basal carcinomas), and well-established markers
of poor prognosis (ER, PR, Bcl-2), and may represent
a promising antibody therapeutic target, either by
exploiting its association with poor prognosis tumor,
or by modulating its role in cell adhesion and
migration.
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