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Abstract To analyze correlation between immunoexpression
of E-cadherin and efficacy of first line platinum-based che-
motherapy in patients with advanced-stage high-grade serous
ovarian carcinoma. The expression of E-cadherin was ana-
lyzed immunohistochemically in formalin-fixed, paraffin-
embedded samples from 98 patients with advanced-stage
high-grade serous ovarian cancer and related to clinical fea-
tures (stage according to the International Federation of
Gynecology and Obstetrics (FIGO) and residual tumors after
initial cytoreductive surgery), response to platinum-based che-
motherapy (according to Response Evaluation Criteria in
Solid tumors (RECIST 1.1 criteria)), platinum sensitivity (ac-
cording to platinum free interval (PFI) as platinum-refractory,
platinum-resistant and platinum-sensitive) and patients pro-
gression free survival (PFS) and overall survival (OS). E-
cadherin immunostaining was positive in 74 and negative in
24 serous ovarian carcinomas. E-cadherin immunoreactivity
was not associated with FIGO stage, residual tumor after
initial cytoreductive surgery and number of chemotherapy

cycles. Positive E-cadherin expression predict significantly
better response to first line platinum-based chemotherapy
(p<0.001) and platinum sensitivity (p<0.001). Moreover,
positive E-cadherin expression predict significantly longer
PFS (p<0.001) and OS (p<0.001). The multivariate analysis
for OS showed that positive E-cadherin expression is predictor
to platinum sensitivity (p<0.001) and longer OS (p=0.01).
Positive E-cadherin expression seems to be a predictor of
better response to first line platinum-based chemotherapy,
platinum sensitivity and favorable clinical outcome in patients
with advanced-stage serous ovarian cancer. Negative E-
cadherin expression was shown to be significant, independent
predictor of poorer PFS and OS. E-cadherin as a marker has
predictive and prognostic value.
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Introduction

Ovarian cancer is estimated to be diagnosed in more than 238
000 women per year worldwide and remains a significant cause
of gynecological cancer mortality [1]. Despite to development
in imaging methods and surgical techniques, we fail to make a
diagnosis in early stage and take timely intervention [2].
Majority of women continue to present themselves at advanced
stages and the overall 5-year survival rate is around 45 % [3].

The current standard of care for newly diagnosed ovarian
cancer is a combination of optimal cytoreductive surgery and
platinum-based chemotherapy [4]. Although the response of
the primary tumor to taxane and platinum-based chemothera-
py is high, about 20 % of patients never achieve a clinical
response, and majority of other patients relapse and die of
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drug-resistant disease [5]. In general, patients who progress or
have stable disease during the first-line treatment or who
relapse within 1 month are considered to be “platinum-refrac-
tory”. Patients who respond to primary treatment and relapse
within 6 months are considered to be “platinum-resistant” and
patients who relapse more than 6 months after completion of
initial therapy are characterized as “platinum-sensitive”.
Longer PFI increases the chances of benefitting by platinum
rechallenge, especially if it is longer than 12 months [6].

The drug-resistant nature of epithelial ovarian cancer
cells, initial or acquired, defines that effective therapies
are lacking, which contributes to the high mortality in
patients with ovarian cancer [7]. The identification of the
molecular mechanisms underlying chemoresistance is man-
datory to achieve advancement in ovarian cancer therapy
[8]. Resistance to platinum-based chemotherapy can be
intrinsic or acquired. It may be mediated by factors outside
or within the cancer cell or its cell membrane [9].
Platinum-resistance is most probably multifactorial and it
may be due to excess of a resistance factor, to saturation of
factors required for tumor cell killing, or to mutation or
alteration of a factor required for tumor cell killing. It could
arise from decreased tumor blood flow, extracellular condi-
tions, reduced platinum uptake, increased efflux, intracellu-
lar detoxification by glutathione, decreased binding, DNA
repair, decreased mismatch repair, defective apoptosis,
antiapoptotic factors, effects of several signaling pathways,
or presence of quiescent non-cycling cells [10].

Accumulate evidence demonstrates that epithelial-
mesenchymal transition (EMT), which modulates cancer pro-
gression and metastasis, has also be implicated in the onset of
drug resistance and tumor relapses, representing an escape
mechanism from apoptosis. The acquisition of mesenchymal
phenotypes engenders tumor cells with a multifaceted capac-
ity to proliferate, migrate, and avoid cell death and permanent
arrest, as well as protection from extracellular signals and drug
effect activities [11].

EMT is a physiological process that occurs during embry-
onic development and occasionally in adults during wound
healing. EMT is a phenomenon during which cells will un-
dergo a transition from an epithelial phenotype to a more
motile and invasive mesenchymal phenotype rendering them
able to invade tissues and formmetastases. Themain hallmark
of EMT is the loss of E-cadherin [12]. E-cadherin is one of the
most important molecules in cell-cell adhesion in epithelial
tissues. It is a member of large family calcium-dependent cell
adhesion glycoproteins. E-cadherin consists of a large extra-
cellular domain, a single transmembrane segment and a short
cytoplasm domain, which interact with actin cytoskeleton
through linker molecules, catenins. This connection is impor-
tant for establishment and maintenance of tissue homeostasis
[13]. Reduced expression of E-cadherin has been correlated
with poor survival and high invasive capacity in various

cancers including prostate, gastric and inflammatory breast
cancer [14–17].

Better understanding of the biology of ovarian cancer is of
paramount importance. Additional information on the molec-
ular and cellular markers is needed in predicting tumor pro-
gression and response to chemotherapy [18]. Knowing the
predictors of response to platinum-based chemotherapy can
help us to select sensitive patients for chemotherapy and to
spare resistant ones from platinum-based chemotherapy
toxicity.

The origin and pathogenesis of epithelial ovarian cancer
(EOC) have long been investigated but are still poorly under-
stood. Correlated clinicopathologic and molecular genetic
studies led to the development of a dualistic model that divides
all histological types of EOC into two broad categories des-
ignated type I and type II [19]. Low-grade serous carcinomas
are a prototypes type I tumor. They are rare and account for
about 5 % of all serous carcinomas, clinically indolent and
usually present at a low stage. They are genetically stable and
are characterized by high frequency of KRAS or BRAF
mutations. Low-grade serous carcinomas are initially resistant
to chemotherapy and hormonal therapy [19, 20]. High grade
serous carcinomas are a prototypes type II tumor, which are
characterized by a high level of genetic instability and harbors
p53 mutations in nearly all cases. They are highly aggressive
and almost all presented in advanced stage. They usually
respond to first line platinum-based chemotherapy, but quick-
ly recur [19–22].

The aim of this study was to determine immunohistochem-
ical expression of E-cadherin in high-grade serous ovarian
cancer and to assess the correlation of expression of E-
cadherin with efficacy to platinum-based chemotherapy.

Methods

Patients

We have analyzed medical history and histological samples of
98 patients with advanced-stage (FIGO III and IV stage) high-
grade serous ovarian cancer treated at the Clinical Hospital
Centre Split and General Hospital Zadar, Croatia between
January 1996 and April 2013.

The inclusion criteria were histologically confirmed
advanced-stage high-grade serous ovarian cancer, history of
debulking surgery followed by first line platinum-based che-
motherapy, accessibility of primary tumor specimens for fur-
ther pathological analysis and full medical data. All tissue
samples used for E-cadherin immunostaining had been taken
at initial laparotomy. FIGO stage, tumor grade, residual tumor
after primary surgery, age of patients, chemotherapy regimens
and number cycles of chemotherapy, response rate, PFS and
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OS were obtained from histopathological reports and patient
medical records.

The staging was performed in accordance with the stan-
dards of the International Federation of Gynecology and
Obstetrics (FIGO) [23]. Carcinomas were graded as either
low- or high-grade according to the two-tier grading system
recommended by Malpica et al. Criteria were based primarily
on nuclear variability (>3-fold nuclear atypia) with secondary
use of mitotic activity (>12 mitoses) [24]. Residual tumor size
was provided by the primary surgeon and postoperative mea-
surement by multi slides computed tomography (MSCT). We
classified patients according to residual tumors in three
groups: optimal surgery (no visible postoperative residuals),
suboptimal surgery (visible residuals) and unknown status of
residual tumor [25].

Out of all patients, a great majority 87 (89 %) received
paclitaxel plus platinum combinations: 84 (86 %) patients
received paclitaxel plus cisplatin/carboplatin (TC), 2
(2 %) patients received cisplatin, gemcitabine and pac-
litaxel (TCG), 1 (1 %) patient received cisplatin,
epirubicin and paclitaxel (TEC). All others, 11 %, re-
ceived cisplatin based chemotherapy, but without pacli-
taxel; 7 (7 %) patients received cisplatin, doxorubicin
and cyclophosphamide (CAP), 2 (2 %) patients received
cisplatin and cyclophosphamide (CC), 1 (1 %) patient
received cisplatin and etoposide (PE) and 1 (1 %) pa-
tient received cisplatin only. Among all patients, 61
(62 %) received 6 cycles of chemotherapy, 32 (33 %)
patients received more than 6 cycles of chemotherapy,
and 5 (5 %) patients received less than planned 6
cycles.

Response to platinum-based chemotherapy was defined
according to RECIST 1.1 criteria as complete response
(CR), partial response (PR), stable disease (SD) and progres-
sion of disease (PD). CR was defined as disappearance of all
target lesions, PR as 30 % or more decrease in sum of
diameters of target lesions, PD as 20 % or more increase in
sum of diameters of target lesions and/or appearance of one or
more new lesions and SD – which did not qualify for either
sufficient shrinkage to qualify for PR or for sufficient increase
to qualify for PD [26]. Platinum sensitivity was defined ac-
cording to platinum free interval as platinum-refractory,
platinum-resistant and platinum-sensitive [5]. Patient sur-
vivals included PFS and OS. PFS was calculated as the
interval from the day of surgery to the first occurrence of
any new lesions that could be measured or assessed clinically
or patients death whatever the cause. OS was calculated as the
interval from the day of surgery to the last visit or death
whatever the cause.

The Ethical Committee for Biomedical Research of the
Clinical Hospital Split and School of Medicine approved this
research to be in compliance with the Helsinki Declaration
(reference number 49-1/06).

Immunohistochemical Staining and Analysis

At the time of surgery, tumors were dissected and fixed for
24 h in neutral buffered formalin. After fixation, slices were
routinely embedded in paraffin wax. Immunostaining for E-
cadherin was performed with monoclonal antibody to human
E-cadherin (mouse, clone NCH-38, DAKO, Denmark) at
1:100 dilutions. The 4 μm section were placed on silane-
coated slides, deparaffinized and rehydrated in descending
concentrations of alcohol, immersed in phosphate-buffered
saline (PBS) containing 3 % hydrogen peroxide and then
processed in a microwave oven (in 10 mmol/L sodium citrate
buffer, pH 6,5, for 15 min at 700 W and additional 10 min
at 300 W). The slides were than washed with PBS and
incubated overnight with primary antibody. The next day,
slides were washed again with PBS, incubate with second-
ary antibody (EnVision, mouse, DAKO) for 30 min,
washed with PBS and visualized with DAB (DAKO) for
10 min. After washing with distilled water counter-staining
with Mayer’s hematoxylin in duration of 1 min was done.
In the end, slides were washed with water, dehydrated in
increased concentration of alcohol and xylen, immersed
with mounting medium and covered with the covering
glass. To ensure accurate and reproducible staining, normal
epidermis was used as positive control in which strong and
homogenous expression of E-cadherin was observed on the
cell membrane.

The E-cadherin expression was scored by two independent
observers (ST, DS) without knowledge of the clinical data.
When independent scoring of a case was in dispute, the case
was rechecked and a conclusive agreement was reached by
simultaneously viewing of the section by the two observers
using a double-headed microscope. Expression of E-cadherin
was assessed using a semiquantitative scoring system, ranging
from 0, 1+, 2+, and 3+. E-cadherin expression was scored as
follows:

& 0, no immunoreactivity
& 1+, incomplete or dot-like faintly membranous

immunoreactivity
& 2+, complete circumferential membranous immunoreac-

tivity of < 10 % of tumour cells
& 3+, complete circumferential membranous immunoreac-

tivity of ≥ 10 % of tumour cells

For statistical purposes, according to literature data, all
cases were further summarised into two groups: E-
cadherin positive (score 3+) and E-cadherin negative
(scores 0, 1+ and 2+). In his meta-analysis, Peng et al. found
that cut off ≥ 10 % was used in most of the published studies
[27–34].

Positive and negative E-cadherin immunoexpression is
shown in Fig. 1a and b.
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Statistical Analysis

Statistical analysis was carried out using the SPSS version
16.0 software package. The association between negative
versus positive E-cadherin expression and clinical parame-
ters was evaluated using the χ2 test. The univariante
survival analysis was based on the Kaplan-Meier method.
Comparison between the survival curves was analyzed
using the Log-rank test. The prognostic and predictive
significance of negative E-cadherin expression was
assessed using the multivariate Cox’s proportional hazard’s
analysis. P values ≤ 0.05 were considered stastically
significant.

Results

Ninety-eight patients with advanced, stage III (80 patients,
82 %) and IV (18 patients, 18 %), high-grade serous ovarian
carcinoma were admitted to the Department of Oncology of
Split University Hospital and General Hospital Zadar between
January 1996 and December 2013. After median follow-up of
27.5 months, out of 98 patients 58 (59 %) died and 40 (41 %)
are alive. Out of alive patients, 17 (17 %) developed recur-
rence with anti cancer treatment ongoing, and 23 (23 %) are
without disease recurrence (Table 1).

The median age of patients is 58 years (range 38–79 years).
E-cadherin immunostaining was positive in 74 (76 %) and
negative in 24 (24 %) tumors. According to RECIST 1.1
criteria 70 (71 %) patients had CR, 8 (9 %) patients had PR,
5 (5 %) patients had SD and 15 (15 %) patients had PD as the
best response to chemotherapy. With respect to platinum

sensitivity 62 (63 %) patients were sensitive, 24 (25 %) pa-
tients were resistant and 12 (12 %) patients were refractory to
first line platinum-based chemotherapy. In further analysis we
have combined patients with resistant and refractory disease in
one group defined as resistant. Median PFS was 16 months
(range 4–142 months) and median OS was 31 months (range
7–142 months) (Table 1).

No significant relationship was found between E-cadherin
expression and clinical parameters, such as age of patients
(≤58 vs. >58) (p=0.729), FIGO stage (III vs. IV) (p=0.720),
radicality of surgical treatment (optimal vs. suboptimal)
(p<0.091) and the number of cycles of chemotherapy (≤6
vs. > 6) (p=0.675). Positive E-cadherin expression was asso-
ciated with statistically significantly better response to first-
line platinum-based chemotherapy (χ21=17.1, χ

2
2=22.8;

p<0.001) and with platinum sensitivity (χ2=24.6; p<0.001)
(Table 2).

Univariate analysis of PFS was shown significant relation-
ship between PFS and FIGO stage (III vs. IV) (p=0.006),
objective response (CR + PR vs. SD + PD) (p<0.001), clinical
benefit (CR + PR + SD vs. PD) (p<0.001), platinum sensi-
tivity (p<0.001) and E-cadherin expression (positive vs. neg-
ative) (p<0.001) (Table 3, Fig. 2).

Cox multivariate analysis of PFS confirmed that in-
crease number of cycles of chemotherapy (>6) and
platinum sensitivity were associated with the longer
PFS. Objective response on chemotherapy showed
93 % marginal significance with PFS (p=0.066). Contrary,
with respect to clinical benefit there were no significant rela-
tionship to PFS (p=0.235) (Table 4).

Univariate analysis of OS was found significant relation-
ship between OS and FIGO stage (III vs. IV) (p=0.007),
objective response (CR + PR vs. SD + PD) (p<0.001), clinical

a b

Fig. 1 Immunoreactivity for E-cadherin in high-grade serous ovarian carcinoma. aA case of E-cadherin negative serous ovarian carcinoma (x400). bA
case of E-cadherin positive serous ovarian carcinoma (x400)
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Table 1 The association between
clinical variables in relation to the
patient status at the end of follow-
up in 98 patients with advanced-
stage high-grade ovarian cancer

N number, PFS progression free
survival, OS overall survival, CR
complete response, PR partial re-
sponse, SD stable disease, PD
progression of disease

N (%)

Disease status at the end of follow-up

Total (N=98) Died (N=58) Alive with
recurrence
(N=17)

Alive without
recurrence
(N=23)

Age 58(38–79) 56,5(38–75) 62(40–79) 58(38–77)

PFS 16(4–142) 12,5(4–109) 17(5–47) 26(12–142)

OS 31(7–142) 30(7–110) 26(17–111) 36(12–142)

Age ≤58 52(53) 32(55) 6(35) 14(61)

>58 46(47) 26(45) 11(65) 9(39)

FIGO stage IIIB 2(2) 1(2) 0 1(4)

IIIC 78(80) 43(74) 15(88) 20(87)

IV 18(18) 14(24) 2(12) 2(9)

Surgery Optimal 15(15) 6(11) 3(18) 6(27)

Suboptimal 78(80) 48(89) 14(82) 16(73)

Unknown 5(5)

Chemotherapy cycles ≤6 66(67) 34(59) 12(71) 20(87)

>6 32(33) 24(41) 5(29) 3(13)

Response to chemotherapy CR 70(71) 33(57) 14(82) 23(100)

PR 8(9) 7(12) 1(6) 0

SD 5(5) 5(9) 0 0

PD 15(15) 13(22) 2(12) 0

Platinum resistance Sensitive 62(63) 25(43) 14(82) 23(100)

Resistant 24(25) 21(36) 3(18) 0

Refractory 12(12) 12(21) 0 0

E-cadherin Positive 74(76) 37(64) 14(82) 23(100)

Negative 24(24) 21(36) 3(18) 0

Table 2 Correlations between
the expression of E-cadherin
(positive vs. negative) and clinical
variables in 98 patients with
advanced-stage high-grade ovari-
an cancer

N number, χ2 chi square, CR
complete response, PR partial re-
sponse, OR objective response,
SD stable disease, PD progression
of disease, CB clinical benefit

N (%)

E-cadherin

Total Positive Negative p

Age ≤ 58 52(53) 40(54) 12(50) 0.729

> 58 46(47) 34(46) 12(50)

FIGO stage III 80(82) 61(83) 19(79) 0.720

IV 18(18) 13(17) 5(21)

Surgery Optimal 15(15) 14(20) 1(5) 0.091

Suboptimal 78(80) 57(80) 21(95)

Chemotherapy cycles ≤ 6 66(67) 49(66) 17(71) 0.675

> 6 32(33) 25(34) 7(29)

Response to chemotherapy 1 CR + PR(OR) 78(80) 66(89) 12(50) <0.001

SD + PD 20(20) 8(11) 12(50)

Response to chemotherapy 2 CR + PR + SD(CB) 83(85) 70(94) 13(54) <0.001

PD 15(15) 4(6) 11(46)

Chemotherapy sensitivity Sensitive 62(63) 57(77) 5(21) <0.001

Resistant 36(37) 17(23) 19(79)
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benefit (CR + PR + SD vs. PD) (p<0.001), platinum sensi-
tivity (p<0.001) and E-cadherin expression (positive vs. neg-
ative) (p<0.001) (Table 5; Fig. 3).

Cox multivariate analysis of OS confirmed that positive E-
cadherin expression was statistically significant associated
with the longer OS (p=0.01) (Table 6).

Discussion

High-grade serous, advanced-stage ovarian carcinoma repre-
sents a huge public health problem. Standard approach in
treatment of such patient population is platinum based che-
motherapy, paclitaxel/carboplatin (TC) as standard [35, 36].
Median overall survival of such patient population has not
changed since the introduction of paclitaxel 18 years ago [37].
Unfortunately, during that time we have not witnessed any
significant improvement, either in treatment or in selection of
patients for optimal therapy. Clearly, there is unmet need for
better, more active therapies in future and better selection of
patients for therapy than what we have today. We are
witnessing tremendous development in the field of breast or
lung cancer (Mamma Print, Oncotype DX, ALK and EGFR
testing) that are prerequisite for personalized and individual-
ized therapy [38–41]. Similar development in the field of
ovarian cancer is needed.

The fact that more than 90 % of ovarian cancers are of
epithelial origin defines EMT to play a determining role in
ovarian cancer progression. Another important aspect of EMT
is its possible involvement in the ability of cancer cells to
resist chemotherapeutic agents as well as acquire drug-resis-
tance. Combining these important specificities of EMT, we
can make a hypothesis that this phenomenon could be a major
factor resulting in the high mortality rates associated with
ovarian cancer. Finding new approaches to block EMT induc-
tion in cancer may show great promise to improve the out-
come for patients [11].

Cell-cell adhesion determines cell polarity and participates
in cell differentiation and in establishment and maintenance of
tissue homeostasis. During oncogenesis, this organized

Table 3 Univariate analysis of
the age of patients, FIGO stage,
radicality of surgery treatment,
number of chemotherapy cycles,
objective response, clinical bene-
fit, chemotherapy sensitivity and
expression of E-cadherin on pro-
gression free survival in 98 pa-
tients with advanced-stage high-
grade serous ovarian cancer

a referral level, N number, HR
hazard risk, CI confidence inter-
val, CR complete response, PR
partial response, OR objective re-
sponse, SD stable disease, PD
progression of disease, CB clini-
cal benefit

N HR(95%CI) p

Age ≤ 58a 52 1.21(0.77–1.8) 0.408

> 58 46

FIGO stage IIIa 80 2.21(1.3–3.9) 0.006

IV 18

Surgery Optimala 15 1.7(0.85–3.4) 0.134

Suboptimal 78

Chemotherapy cycles ≤ 6 66 1.3(0.8–2.0) 0.314

> 6a 32

Response to chemotherapy 1 CR + PR(OR)a 78 11.6(6.2–22) <0.001

SD + PD 20

Response to chemotherapy 2 CR + PR + SD(CB)a 83 9.3(4.9–17.7) <0.001

PD 15

Chemotherapy sensitivity Sensitivea 62 19.5(9.7–38.9) <0.001

Resistant 36

E-cadherin Positivea 74 4.3(2.5–7) <0.001

Negative 24
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Fig. 2 Progression free survival and E-cadherin expression in 98 patients
with advanced-stage high-grade serous ovarian cancer. The continuous
line represents positive E-cadherin expression (N=74). The dashed line
represents negative E-cadherin expression (N=24). Patients with positive
E-cadherin expression had median PFS 24 months and patients with
negative E-cadherin expression had median PFS 9 months (p<0.001)
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adhesion is disturbed by genetic and epigenetic changes,
resulting in changes in signaling, loss of contact inhibition,
and altered cell migration and stromal interactions. A major
member of cell-cell adhesion molecules is E-cadherin. It was
characterized as a potent suppressor of cell motility, invasion
and metastasis [42, 43].

Epithelial cells transformed by EMT can escape apoptosis
and lead to the development of resistance to chemotherapy [6,
10]. The elaboration and understanding of the numerous sig-
naling pathways involved in development of chemotherapy
resistance by EMT may help clinicians select an optimal
anticancer drug treatment. Based on these findings, it was
logical to investigate the association between EMT through

E-cadherin expression and chemotherapy resistance in various
tumor types.

In our retrospective study, positive E-cadherin expres-
sion was statistically significantly associated with better
response to first line platinum-based chemotherapy
(p<0.001) and with platinum sensitivity (p<0.001) in pa-
tients with advanced-stage high-grade serous ovarian can-
cer. According to our knowledge, this is the first study to
investigate the correlation between E-cadherin expression
and efficacy to first line platinum-based chemotherapy in
advanced-stage high-grade serous ovarian cancer. Specificity
of this study is that our patient population consists only of
advanced-stage high-grade serous ovarian cancers which,

Table 4 Multivariate analysis of
the age of patients, FIGO stage,
radicality of surgical treatment,
number of cycles of chemothera-
py, objective response, chemo-
therapy sensitivity and E-cadherin
expression on progression free
survival in 98 patients with
advanced-stage high-grade serous
ovarian cancer

a referral level, N number, HR
hazard risk, CI confidence inter-
val, CR complete response, PR
partial response, OR objective re-
sponse, SD stable disease, PD
progression of disease, CB clini-
cal benefit

N HR(95%CI) p

Age ≤ 58a 52 1.0(0.6–1.7) 0.907

> 58 46

FIGO stage IIIa 80 0.83(0.4–1.8) 0.633

IV 18

Surgery Optimala 15 1.4(0.6–3.0) 0.405

Suboptimal 78

Chemotherapy cycles ≤ 6 66 1.9(1.1–3.5) 0.029

> 6a 32

Response to chemotherapy 1 CR + PR (OR)a 78 2.3(0.95–5.4) 0.066

SD + PD 20

Chemotherapy sensitivity Sensitivea 62 17.5(7–44) <0.001

Resistant 36

E-cadherin Positivea 74 1.35(0.7–2.7) 0.4

Negative 24

Table 5 Univariate analysis of
the age of patients, FIGO stage,
radicalitiy of surgery treatment,
number of chemotherapy cycles,
objective response, clinical bene-
fit, chemotherapy sensitivity and
expression of E-cadherin on
overall survival in 98 patients
with advanced-stage high-grade
serous ovarian cancer

a referral level, N number, HR
hazard risk, CI confidence inter-
val, CR complete response, PR
partial response, OR objective re-
sponse, SD stable disease, PD
progression of disease, CB clini-
cal benefit

N HR(95%CI) p

Age ≤58a 52 1.13(0.67–1.9) 0.647

>58 46

FIGO stage IIIa 80 2.3(1.3–4.3) 0.007

IV 18

Surgery Optimala 15 2.34(0.99–5.5) 0.051

Suboptimal 78

Chemotherapy cycles ≤6 66 1.35(0.79–2.3) 0.269

>6a 32

Response to chemotherapy 1 CR + PR(OR)a 78 11.2(5.5–22.6) <0.001

SD + PD 20

Response to chemotherapy 2 CR + PR + SD(CB)a 83 12(5.5–26) <0.001

PD 15

Chemotherapy sensitivity Sensitivea 62 11.9(5.9–24) <0.001

Resistant 36

E-cadherin Positivea 74 5.1(2.8–9.3) <0.001

Negative 24
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according to our knowledge, was not the case with other
studies in this field.

Similarly to results of our study, Bodnar et al. have examined
relationship between β-catenin and E-cadherin expression and
response to chemotherapy in 29 patients with advanced-stage,
different histological cell types and grades of ovarian cancer. β-
catenin forms adherent junction together with E-cadherin. Most
of patients (87.5 %) with objective response had decreased

membraneβ-catenin expression, and that was statistically signif-
icant [34].

Predictive and prognostic E-cadherin expression status was
investigated in patients with various tumor types [44–51].
Positive correlation between E-cadherin expression and re-
sponse to chemotherapy was found in breast and colorectal
cancer [44–47]. Koo’s et al. evaluated the impact of various
pathologic and biologic factors in triple negative breast cancer to
chemotherapy response using in vitro chemotherapy response
assay. In line with our results, positive expression of E-cadherin
showed high chemo response for many agents, particularly for
vinorelbine [44]. Another in vitro study demonstrated that breast
tumor cells with positive E-cadherin expression showed lower
sensitivity to cisplatin but no difference to etoposide and 5-FU
[45]. Nakamoto et al. studied E-cadherin as potential additional
biomarker of response to cetuximab therapy in patients with
metastatic colorectal cancer. Expression of E-cadherin was sig-
nificantly correlated with the efficacy of cetuximab therapy in
KRAS wild-type patients. In KRAS mutant-type patients, E-
cadherin expression was not significantly correlated with the
effect of cetuximab therapy, but all responders with KRAS
mutant-type expressed E-cadherin. Therefore, the combination
of E-cadherin immunohistochemistry and KRAS analysis may
be a more sensitive biomarker than KRAS analysis alone [47].
On the other hand, negative correlation between E-cadherin
expression and response to chemotherapy was found in
leiomyosarcoma, advanced gastric carcinoma and lung carcino-
ma [49–51].

Survival is the most wildly used and recognized by clinical
scientists as well as medical authorities endpoint in oncology
trials. In our study, we correlated E-cadherin expression with OS
and PFS, and we confirmed that E-cadherin expression is prog-
nostic factor for patient survival. Multivariate analysis demon-
strated no statistically significant difference between the E-

0 20 40 60 80 100 120 140 160

months

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0
C

um
ul

at
iv

e 
Su

rv
iv

al
 (%

)

Fig. 3 Overall survival and E-cadherin expression in 98 patients with
advanced-stage high-grade serous ovarian cancer. The continuous line
represents positive E-cadherin expression (N=74). The dashed line rep-
resents negative E-cadherin expression (N=24). Patients with positive E-
cadherin expression had median OS 61months and patients with negative
E-cadherin expression had median OS 22 months (p<0.001)

Table 6 Multivariate analysis of
the age of patients, FIGO stage,
radicality of surgical treatment,
number of cycles of chemothera-
py, objective response, chemo-
therapy sensitivity and E-cadherin
expression on overall survival in
98 patients with advanced-stage
high-grade serous ovarian cancer

a referral level, N number, HR
hazard risk, CI confidence inter-
val, CR complete response, PR
partial response, OR objective re-
sponse, SD stable disease, PD
progression of disease, CB clini-
cal benefit

N HR(95%CI) p

Age ≤ 58a 52 1.11(0.62–2.0) 0.718

> 58 46

FIGO stage IIIa 80 1.62(0.79–3.3) 0.190

IV 18

Surgery Optimala 15 1.35(0.53–3.5) 0.525

Suboptimal 78

Chemotherapy cycles ≤ 6 66 0.72(0.38–1.4) 0.317

> 6a 32

Response to chemotherapy 1 CR + PR(OR)a 78 1.8(0.73–4.3) 0.209

SD + PD 20

Chemotherapy sensitivity Sensitivea 62 9.3(3.7–23) <0.001

Resistant 36

E-cadherin Positivea 74 2.7(1.3–5.9) 0.01

Negative 24
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cadherin expression and PFS (p=0.4). These results are in agree-
ment with those of Dian et al. [31]. They analyzed expression of
E-cadherin immunohistochemicaly in 100 serous ovarian cancer
tissue samples, all grades and FIGO stages I-IV. Patients with a
strong E-cadherin staining intensity had better progression-free
and overall survival rate despite the lack of statistical significance
[31]. In contrast to the above, Cho et al. published results of study
where reduced expression of E-cadherin was correlated with
peritoneal metastasis, tumor-related death and overall survival
rate [29]. Multivariate analysis for overall survival showed that
platinum sensitivity (p<0.001) and positive E-cadherin expres-
sion (p=0.01) are associated with longer OS. Numerous other
studies have further defined the potential value of E-cadherin as
prognostic marker for ovarian cancer [18, 28–30, 32, 33, 52].
Finally, meta-analysis of 9 studies and 915 patients, confirmed
that negative expression of E-cadherin was associated with poor
overall survival. Majority of population in meta-analysis were in
FIGO stages III and IV, therefore the above stated conclusion
may bemore suitable for advanced ovarian cancer [27]. Negative
results have also published making this field more complicated
[31, 53, 54].

Potential limitations of our study were a relative small
number of patients with ovarian cancer and short median
follow-up. Nevertheless, this is according to our knowledge,
the largest and the most selective study of E-cadherin predic-
tive and prognostic value in the field of ovarian cancer, in-
cluding only advanced-stage high-grade serous carcinomas.
The short median follow-up period of 27.5 months is also,
potentially, one of limitations of the study. In spite of the and
following the fact that median PFS in our studywas 16months
and median OSwas 31months, we believe that median follow
up in our study is sufficient to drown appropriate results.

To conclude, our results indicate that E-cadherin expres-
sion via immunohistochemistry is a possible predictive mark-
er to first line platinum-based chemotherapy efficacy in high-
grade serous ovarian cancer. Our results confirm prognostic
value of E-cadherin in advanced-stage serous ovarian cancer.

References

1. Ferlay J, Soerjomataram I, Ervik M et al. GLOBOCAN 2012 v1.0,
Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11
[Internet]. Lyon, France: International Agency for Research on Cancer;
2013. Available from: http://globocan.iarc.fr. Accessed on 26/May/2014

2. Carter JS, Downs LS Jr (2011) Ovarian cancer test and treatment.
Female Patient (Parsippany) 36:30–35

3. SEER Cancer Statistics Factsheets: Ovary Cancer. National Cancer
Institute. Bethesda, MD,http://seer.cancer.gov/statfacts/html/ovary.
html (http://seer.cancer.gov/statfacts/html/ovary.html). Date of
access: 26/May/2014

4. Gilks CB, Prat J (2009) Ovarian carcinoma pathology and genetics:
resent advances. Hum Pathol 40:1213–1223. doi:10.1016/j.humpath.
2009.04.017

5. Helleman J, van Staveren IL, Dinjens WN et al (2006) Mismatch
repair and treatment resistance in ovarian cancer. BMCCancer 6:201.
doi:10.1186/1471-2407-6-201

6. Kim A, Ueda Y, Naka T et al (2012) Therapeutic strategies in
epithelial ovarian cancer. J Exp Clin Cancer Res 31:14. doi:10.
1186/1756-9966-31-14

7. Bagnato A, Rosano L (2012) Understanding and overcoming
chemoresistance in ovarian cancer: emerging role of the endothelin
axis. Curr Oncol 19:36–38. doi:10.3747/co.19.895

8. Bast RC Jr, Hennessy B, Mills GB (2009) The biology of ovarian
cancer: new opportunities for translation. Nat Rev Cancer 9:415–428.
doi:10.1038/nrc2644

9. Martin LP, Hamilton TC, Schilder RJ et al (2008) Platinum resis-
tance: the role of DNA repair pathways. Clin Cancer Res 14:1291–
1295. doi:10.1158/1078-0432.CCR-07-2238

10. Stewart DJ (2007) Mechanisms of resistance to cisplatin and
carboplatin. Crit Rev Oncol Hematol 63:12–31. doi:10.1016/j.
critrevonc.2007.02.001

11. Rosano L, Cianfrocca R, Spinella F (2011) Acquisition of
chemoresistance and EMT phenotype is linked with activation of
the endothelin A receptor pathway in ovarian carcinoma cells. Clin
Cancer Res 17:2350–2360. doi:10.1158/1078-0432.CCR-10-2325

12. Baribeau S, Chaudhry P, Parent S et al (2014) Resveratrol inhibits
cisplatin-induced epithelial to mesenchymal transition in ovarian
cancer cells lines. PLoS One 9:e86987. doi:10.1371/journal.pone.
0086987

13. Pećina-Šlaus N (2003) Tumor suppressor gene E-cadherin and its
role in normal andmalignant cells. Cancer Cell Int 3:17. doi:10.1186/
1475-2867-3-17

14. PutzkeAP,VenturaAP, BaileyAMet al (2011)Metastatic progression of
prostate cancer and E-cadherin regulation by zeb1 and SRC family
kinases. Am J Pathol 179:400–410. doi:10.1016/j.ajpath.2011.03.028

15. Luber B, Deplazes J, Keller G et al (2011) Biomarker analysis of
cetuximab plus oxaliplatin/leucovorin/5-fluorouracil in first-line met-
astatic gastric and oesophago-gastric junction cancer: results from a
phase II trial of the Arbeitsgemeinschaft Internistische Onkologie
(AIO). BMC Cancer 11:509. doi:10.1186/1471-2407-11-509

16. Dong HM, Liu G, Hou YF et al (2007) Dominant negative E-
cadherin inhibits the invasiveness of inflammatory breast cancer cells
in vitro. J Cancer Res Clin Oncol 133:83–92. doi:10.1007/s00432-
006-0140-6

17. Ye Y, Tellez JD, Durazo M et al (2010) E-cadherin accumulation
within the lymphovascular embolus of inflammatory breast cancer
due to altered trafficking. Anticancer Res 30:3903–3910

18. Bačić B, Haller H, Mrklić I et al (2013) Prognostic role of E-cadherin
in patients with advanced serous ovarian cancer. Arch Gynecol
Obstet 287:1219–1224. doi:10.1007/s00404-012-2684-9

19. Kurman RJ, Shih IeM (2010) The origin and pathogenesis of epithe-
lial ovarian cancer: a proposed uniflying theory. Am J Surg Pathol 34:
433–443. doi:10.1097/PAS.0b013e3181cf3d79

20. Singer G, Oldt R 3rd, Cohen Yet al (2003) Mutations in BRAF and
KRAS characterize the development of low-grade ovarian serous
carcinoma. J Natl Cancer Inst 95:484–486. doi:10.1093/jnci/95.6.484

21. Kurman RJ, VisvanathanK, Roden R et al (2008) Early detection and
treatment of ovarian cancer: shifting from early stage to minimal
volume of disease based on a new model of carcinogenesis. Am J
Obstet Gynecol 198:351–356. doi:10.1016/j.ajog.2008.01.005

22. Cho KR, Shih IeM (2009) Ovarian cancer. Annu Rev Pathol 4:287–
313. doi:10.1146/annurev.pathol.4.110807.092246

23. Prat J, FIGO Committee on Gynecologic Oncology (2014) Staging
classification for cancer of the ovary, fallopian tube, and peritoneum.
Int J Gynaecol Obstet 124:1–5. doi:10.1016/j.ijgo.2013.10.001

24. Malpica A, Deavers MT, Lu K et al (2004) Grading ovarian serous
carcinoma using a two-tier system. Am J Surg Pathol 28:496–504

25. Wimberger P, Wehling M, Lehmann N et al (2010) Influence of
residual tumor on outcome in ovarian cancer patients with FIGO

E-cahderin and efficacy of chemotherapy in serous ovarian cancer 355

http://globocan.iarc.fr/
http://seer.cancer.gov/statfacts/html/ovary.html
http://seer.cancer.gov/statfacts/html/ovary.html
http://seer.cancer.gov/statfacts/html/ovary.html
http://dx.doi.org/10.1016/j.humpath.2009.04.017
http://dx.doi.org/10.1016/j.humpath.2009.04.017
http://dx.doi.org/10.1186/1471-2407-6-201
http://dx.doi.org/10.1186/1756-9966-31-14
http://dx.doi.org/10.1186/1756-9966-31-14
http://dx.doi.org/10.3747/co.19.895
http://dx.doi.org/10.1038/nrc2644
http://dx.doi.org/10.1158/1078-0432.CCR-07-2238
http://dx.doi.org/10.1016/j.critrevonc.2007.02.001
http://dx.doi.org/10.1016/j.critrevonc.2007.02.001
http://dx.doi.org/10.1158/1078-0432.CCR-10-2325
http://dx.doi.org/10.1371/journal.pone.0086987
http://dx.doi.org/10.1371/journal.pone.0086987
http://dx.doi.org/10.1186/1475-2867-3-17
http://dx.doi.org/10.1186/1475-2867-3-17
http://dx.doi.org/10.1016/j.ajpath.2011.03.028
http://dx.doi.org/10.1186/1471-2407-11-509
http://dx.doi.org/10.1007/s00432-006-0140-6
http://dx.doi.org/10.1007/s00432-006-0140-6
http://dx.doi.org/10.1007/s00404-012-2684-9
http://dx.doi.org/10.1097/PAS.0b013e3181cf3d79
http://dx.doi.org/10.1093/jnci/95.6.484
http://dx.doi.org/10.1016/j.ajog.2008.01.005
http://dx.doi.org/10.1146/annurev.pathol.4.110807.092246
http://dx.doi.org/10.1016/j.ijgo.2013.10.001


stage IV disease: an explratory analysis of the AGO-OVAR
(Arbeitsgemeinschaft Gynaekologische Onkologie Ovarian Cancer
Study Group). Ann Surg Oncol 17:1642–1648. doi:10.1245/s10434-
010-0964-9

26. Eisenhauer EA, Therasse P, Bogaerts J et al (2009) New response
evaluation criteria in solid tumours: revised RECIST guideline (ver-
sion 1.1). Eur J Cancer 45:228–247. doi:10.1016/j.ejca.2008.10.026

27. Peng HL, He L, Zhao X (2012) Association of reduced immunohis-
tochemical expression of E-cadherin with a poor ovarian cancer
prognosis – results of meta-analysis. Asian Pac J Cancer Prev 13:
2003–2007. doi:10.7314/APJCP.2012.13.5.2003

28. Blechschmidt K, Sassen S, Schmalfeldt B et al (2008) The E-
cadherin repressor Snail is associated with lower overall survival of
ovarian cancer patients. Br J Cancer 98:489–495. doi:10.1038/sj.bjc.
6604115

29. Cho EY, Choi Y, Chae SWet al (2006) Immunohistochemical study
of the expression of adhesion molecules in ovarian serous neoplasms.
Pathol Int 56:62–70. doi:10.1111/j.1440-1827.2006.01925.x

30. Daraï E, Scoazec JY, Walker-Combrouze F et al (1997) Expression of
cadherins in benign, borderline, and malignant ovarian epithelial tumors:
a clinicopathologic study of 60 cases. Hum Pathol 28:922–928

31. Dian D, Brüning A, Mylonas I (2011) E-cadherin as prognostic
marker in human serous carcinomas of the ovary: an
immunohistichemical analysis. Arch Gynecol Obstet 284:437–443.
doi:10.1007/s00404-010-1657-0

32. Faleiro-Rodrigues C, Macedo-Pinto I, Pereira D et al (2004)
Prognostic value of E-cadherin immunoexpression in patients with
primary ovarian carcinomas. Ann Oncol 15:1535–1542. doi:10.
1093/annonc/mdh387

33. Ho CM, Cheng WF, Lin MC et al (2010) Prognostic and predictive
values of E-cadherin for patients of ovarian clear cell adenocarcino-
ma. Int J Gynecol Cancer 20:1490–1497. doi:10.1111/IGC.
0b013e3181e68a4d

34. Bodnar L, Stanczak A, Cierniak S et al (2014) WNT/β-catenin
pathway as a potential prognostic and predictive marker in patients
with advanced ovarian cancer. J Ovar Res 7:16. doi:10.1186/1757-
2215-7-16

35. Ozols RF, Bundy BN, Greer BE et al (2003) Phase III trial of
carboplatin and paclitaxel compared with cisplatin and paclitaxel in
patients with optimally resected stage III ovarian cancer: a
Gynecologic Oncology Group study. J Clin Oncol 21:3194–3200.
doi:10.1200/JCO.2003.02.153

36. du Bois A, Lück HJ, Meier Wet al (2003) A randomised clinical trial
of cisplatin/paclitaxel versus carboplatin/paclitacel as first-line treat-
ment of ovarian cancer. J Natl Cancer Inst 95:1320–1329. doi:10.
1093/jnci/djg036

37. McGuire WP, Hoskins WJ, Brady MF et a l (1996)
Cyclophosphamide and cisplatin compared with paclitaxel and cis-
platin in patients with stage III and stage IVovarian cancer. N Engl J
Med 334:1–6. doi:10.1056/NEMJ199601043340101

38. Cardoso F, Piccart-Gebhart M, Van’t Veer L et al (2007) The
MINDAC trial: the first prospective clinical validation of a genomic
tool. Mol Oncol 1:246–251. doi:10.1016/jmolonc.2007.10.004

39. Chang JC, Makris A, Gutierrez MC et al (2008) Gene expression
patterns in formalin-fixed, paraffin-embedded core biopsies predict

docetaxel chemosensitivity in brest cancer patients. Breast Cancer
Res Treat 108:233–240. doi:10.1007/s10549-007-9590-2

40. Garber K (2010)ALK, lung cancer, and personalized therapy: portent
of the future? J Natl Cancer Inst 102:672–675. doi:10.1093/jnci/
djq184

41. Lin CC, Yang LC (2011) Optimal management with patients with
non-small-cell lung cancer and epidermal growth receptor mutations
71:79–88. doi: 10.2165/11587560-000000000-00000

42. Berx G, van Roy F (2009) Involvement of members of cadherin
superfamily in cancer. Cold Spring Harb Perspect Biol 1:a003129.
doi:10.1101/cshperspect.a003129

43. Rodriguez FJ, Lewis-Tuffin L, Anastasiadis PZ (2012) E-cadherin’s
dark side: possible role in tumor progression. Biochim Biophys Acta
1826:23–31. doi:10.1016/j.bbcan.2012.03.002

44. Koo JS, JungW, Jeong J (2009) The predictive role of E-cadherin and
androgen receptor on in vitro chemosensitivity in triple negative
breast cancer. Jpn J Clin Oncol 39:560–568. doi:10.1093/jjco/hyp065

45. Fricke E, Hermannstadter C, Keller G et al (2004) Effect of wild-type
and mutant E-cadherin on cell proliferation and responsiveness to the
chemotherapeutic agents cisplatin, etoposide and 5-fluorouracile.
Oncology 66:105–109. doi:10.1159/000077442

46. Hofmann G, Balić M, Dandachi N et al (2013) The predictive value
of serum soluble E-cadherin levels in breast cancer patients under-
going preoperative systemic chemotherapy. Clin Biochem 46:1585–
1589. doi:10.1016/j.clinbiochem.2013.06.010

47. Nakamoto K, Nagahara H, Maeda K et al (2013) Expression of E-
cadherin and KRASmutation may serve as biomarkers in cetuximab-
based therapy in metastatic colorectal cancer. Oncol Lett 5:1295–
1300. doi:10.3892/ol.2013.1187

48. Witta SE, Gemmill RM, Hirsch FR et al (2006) Restoring E-cadherin
expression increases sensitivity to epidermal growth factor receptor
inhibitors in lung cancer cell lines. Cancer Res 66:944–950. doi:10.
1158/0008-5472.CAN-05-1988

49. Ravi V, Yang J, Araujo DM et al. (2011) The role of E-cadherin
expression in response and outcome in patients with leiomyosarcoma
treated with chemotherapy. J Clin Oncol 29 suppl:abstr 10096

50. Graziano F, Mandolesi A, Ruzzo A et al (2004) Predictive and
prognostic role of E-cadherin protein expression in patients with
advanced gastric carcinomas treated with palliative chemotherapy.
Tumour Biol 25:106–110

51. Spreafico A, Gregorc V, Dziadziuszko R et al. (2007) Serum E-
cadherin does not associate with response to gefitinib in patients with
non-small cell lung cancer (NSCLC): P3-088. J Thorac Oncol 2:
pS716. doi: 10.1097/01.JTO.0000284064.64727.66

52. Shim HS, Yoon BS, Cho NH (2009) Prognostic significance of
paired epithelial cell adhesion molecule and E-cadherin in ovarian
serous carcinoma. Hum Pathol 40:693–698. doi:10.1016/j.humpath.
2008.10.013

53. Voutilainen KA, Anttila MA, Sillanpää SM et al (2006) Prognostic
significance od E-cadherin-catenin complex in epithelial ovarian
cancer. J Clin Pathol 59:460–467. doi:10.1136/jcp.2005.029876

54. Huang KJ, Sui LH (2012) The relevance and role of vascular endo-
thelial growth factor C, matrix metalloproteinase-2 and E-cadherin in
epithelial ovarian cancer. Med Oncol 29:318–323. doi:10.1007/
s12032-010-9817-4

356 B. P. Miše et al.

http://dx.doi.org/10.1245/s10434-010-0964-9
http://dx.doi.org/10.1245/s10434-010-0964-9
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.7314/APJCP.2012.13.5.2003
http://dx.doi.org/10.1038/sj.bjc.6604115
http://dx.doi.org/10.1038/sj.bjc.6604115
http://dx.doi.org/10.1111/j.1440-1827.2006.01925.x
http://dx.doi.org/10.1007/s00404-010-1657-0
http://dx.doi.org/10.1093/annonc/mdh387
http://dx.doi.org/10.1093/annonc/mdh387
http://dx.doi.org/10.1111/IGC.0b013e3181e68a4d
http://dx.doi.org/10.1111/IGC.0b013e3181e68a4d
http://dx.doi.org/10.1186/1757-2215-7-16
http://dx.doi.org/10.1186/1757-2215-7-16
http://dx.doi.org/10.1200/JCO.2003.02.153
http://dx.doi.org/10.1093/jnci/djg036
http://dx.doi.org/10.1093/jnci/djg036
http://dx.doi.org/10.1056/NEMJ199601043340101
http://dx.doi.org/10.1016/jmolonc.2007.10.004
http://dx.doi.org/10.1007/s10549-007-9590-2
http://dx.doi.org/10.1093/jnci/djq184
http://dx.doi.org/10.1093/jnci/djq184
http://dx.doi.org/10.2165/11587560-000000000-00000
http://dx.doi.org/10.1101/cshperspect.a003129
http://dx.doi.org/10.1016/j.bbcan.2012.03.002
http://dx.doi.org/10.1093/jjco/hyp065
http://dx.doi.org/10.1159/000077442
http://dx.doi.org/10.1016/j.clinbiochem.2013.06.010
http://dx.doi.org/10.3892/ol.2013.1187
http://dx.doi.org/10.1158/0008-5472.CAN-05-1988
http://dx.doi.org/10.1158/0008-5472.CAN-05-1988
http://dx.doi.org/10.1097/01.JTO.0000284064.64727.66
http://dx.doi.org/10.1016/j.humpath.2008.10.013
http://dx.doi.org/10.1016/j.humpath.2008.10.013
http://dx.doi.org/10.1136/jcp.2005.029876
http://dx.doi.org/10.1007/s12032-010-9817-4
http://dx.doi.org/10.1007/s12032-010-9817-4

	Correlation...
	Abstract
	Introduction
	Methods
	Patients
	Immunohistochemical Staining and Analysis
	Statistical Analysis

	Results
	Discussion
	References


