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Abstract A correlation between osteopontin, E-cadherin,

b-catenin, and cyclooxygenase 2 overexpression and poor

clinicopathological features and prognosis has been previ-

ously suggested in gastric cancer. This translational study

was aimed at assessing the correlation of these immuno-

histochemical biomarkers with outcome in patients with

radically resected gastric cancer. We analyzed osteopontin,

E-cadherin, b-catenin, and cyclooxygenase 2 expression by

immunohistochemistry in 346 primary gastric tumor tissue

samples from patients enrolled in the ITACA-S trial. This

phase III study randomized patients with radically resected

gastric cancer to receive adjuvant chemotherapy with either

5-fluorouracil and leucovorin or a sequential regimen of

infusional 5-fluorouracil and leucovorin plus irinotecan

followed by cisplatin and docetaxel. High expression of

osteopontin was correlated with high histological grade,

diffuse histotype, and peritoneal relapse, but not with TNM

stage. Moreover, osteopontin overexpression was associ-

ated with higher risk of tumor recurrence and metastases,

and was an independent prognostic factor for both relapse-

free and overall survival of gastric cancer patients fol-

lowing adjuvant chemotherapy. Abnormal E-cadherin ex-

pression and abnormal b-catenin expression were

correlated with more advanced disease stage, and as a

consequence, with poor outcome. Our results suggest that

osteopontin overexpression is a valuable independent pre-

dictor of tumor recurrence and survival in patients with

radically resected gastric cancer.
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Biomarker � Adjuvant chemotherapy

Introduction

Gastric cancer (GC) is the second leading cause of cancer-

related death in the world [1]. Surgery is the mainstay of

treatment for localized disease, but recurrence rates remain

high even after radical resection [2]. The development of

treatment strategies to prevent locoregional and systemic

recurrences is a major challenge of current research. Thus,

efforts to improve survival of patients with GC are mainly

focused on the establishment of combined modality ther-

apy consisting of appropriate surgery, perioperative or

adjuvant chemotherapy, and radiotherapy [3–5].

The tumor–node–metastasis (TNM) staging system is

used worldwide to drive therapeutic decisions according to

prognostic stratification. However, GC is a heterogeneous

disease with several epidemiological and histopathological

characteristics, and with different molecular subtypes [6].
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The molecular heterogeneity of GC is responsible for the

considerable variability of patient outcomes—indepen-

dently of disease stage—and highlights the unmet clinical

need for validated prognostic biomarkers [7].

Alteration of the expression of adhesion molecules is a

frequent event in GC [8]. In particular, E-cadherin plays an

essential role in the maintenance of cell polarity and dif-

ferentiation, in the contact inhibition of cell growth, and in

the suppression of cancer invasion. Functional E-cadherin–

b-catenin adhesion complexes are involved in anchorage

mechanisms, and b-catenin is also involved in the Wing-

less/Wnt signaling pathway and transcription activation.

Osteopontin, an integrin-binding glycophosphoprotein cy-

tokine, plays an important role in cancer cell adhesion,

protection from apoptosis, invasion, and migration [9] via

the degradation of extracellular matrix, angiogenesis, and

cell survival [10]. Literature data have documented that

osteopontin expression is related to metastatic potential,

and may be a prognostic marker in several tumor types,

including GC, and especially in patients with more ad-

vanced disease stage [9]. Moreover, osteopontin and cy-

clooxygenase 2 (COX-2), which is one of the rate-limiting

enzymes for prostaglandin synthesis, could synergistically

induce angiogenesis and metastasis in GC [11].

In the present study we analyzed the prognostic role of

osteopontin, E-cadherin, b-catenin, and COX-2 in tumor

tissue from patients with radically resected GC, with the

aim of evaluating the association between their immuno-

histochemical expression pattern and patient outcomes.

Materials and methods

Patient population and study design

To conduct our investigations, we used data from the

ITACA-S study [12], a multicenter randomized, open-label,

parallel group, superiority phase III trial which planned to

evaluate a survival benefit with sequential use of infusional

5-fluorouracil (5-FU) and leucovorin (LV) plus irinotecan

(FOLFIRI regimen) followed by cisplatin and docetaxel

versus 5-FU and LV alone (De Gramont regimen). The

study population consisted of 1106 patients enrolled be-

tween 2005 and 2009 and with pathologically confirmed,

radically resected, stage II/III adenocarcinoma involving

the stomach or the gastroesophageal junction. The primary

end point of disease-free survival, which may be considered

as a surrogate for overall survival (OS) [13], was not sig-

nificantly different among the two treatment arms [12].

In this ancillary study, a panel of immunohistochemical

biomarkers—osteopontin, E-cadherin, b-catenin, and

COX-2—was determined in the primary gastric tumor

tissues of the enrolled patients, with the aim of evaluating

their association with disease characteristics and patient

outcome in terms of relapse-free survival (RFS) and OS.

From the 104 centers participating to the ITACA-S

study, we selected those contributing at least five relapsed

patients. Of these 23 centers, 20 were able to collect bio-

logical samples, for a total of 346 patients with available

tissue specimens. The protocol of the ancillary study was

approved by the local institutional review boards of all

participating centers and by the Italian Data Protection

Authority. All living patients provided specific written in-

formed consent.

Formalin-fixed, paraffin-embedded tumor tissue blocks

were collected through the coordination of the Istituto di

Ricerche Farmacologiche ‘‘Mario Negri’’ of Milan, which

provided the database of clinicopathological characteristics

and patient outcome data. Processing and analysis of tumor

specimens was performed without knowledge of the pa-

tients’ clinical data in the pathology department of the

coordinating center, the Fondazione IRCCS Istituto

Nazionale dei Tumori of Milan.

Assessment of clinicopathological characteristics

The 2009 TNM classification system was used for patho-

logical staging [14]. Two senior gastrointestinal patholo-

gists, both blinded to the other’s evaluations and the patient

outcomes, revised centrally all hematoxilin–eosin sections

for diagnosis and tumor content and recorded their assess-

ment of the pathological stage. In the case of disagreement,

consensus between the pathologists was reached at the

double-headed microscope. The primary tumor site was

categorized as proximal if the bulk of the tumor (more than

80 %) was located in the gastric cardia with possible ex-

tension up to the gastroesophageal junction and a small

portion of the distal esophagus, or as distal in the mid body

of the stomach or down to the pylorus in the other cases.

Tumor histotype was classified in two categories according

to the Lauren classification: diffuse-type GC or intestinal-

type GC. Rare histotypes were excluded. Tumor histo-

logical grade was categorized as grade 1 or grade 2 if the

tumor was well or moderately differentiated and grade 3 if it

was poorly differentiated or undifferentiated.

Immunohistochemical analysis and evaluation

Immunohistochemical staining for osteopontin, E-cadherin,

b-catenin, and COX-2 was done using an EnVision�

FLEX? detection system. Formalin-fixed, paraffin-em-

bedded tissue blocks were sectioned (3 lm), placed on

3-aminopropyltriethoxysilane-coated slides and anon-

ymized by a coding system. After deparaffinization, en-

dogenous peroxidise activity was blocked by H2O2. The

primary antibody for osteopontin was a mouse monoclonal
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antibody (Novus Biologicals clone 1b20) used at dilution

of 1:800. Antigen retrieval was performed by heating in our

10 mM citrate buffer in PT Link (Dako�). Negative con-

trols were obtained by omission of the primary antibodies,

and normal gastric oxyntic glands were used as positive

controls. For E-cadherin and b-catenin, the primary anti-

body was a mouse monoclonal antibody (BD Transduction

LaboratoriesTM; clones 36 and 14, used at dilutions 1:2000

and 1:1000, respectively).

The results were read by the two qualified pathologists

without any prior knowledge of each patient’s clinical in-

formation. When the opinions of the two evaluators were

different, consensus was reached by discussion. The degree

of cytoplasmatic immunoreactivity for osteopontin was

evaluated according to the modified method proposed by Ito

et al. [15]. Staining was evaluated in ten fields per section at

9200 magnification of two slides from each specimen to

classify samples into three groups according to the osteo-

pontin expression intensity: 0/1? for negative or weakly

positive expression; 2? for moderate expression or focal

(less than 50 % of tumor) strongly positive expression; and

3? for extended (50 % or more of the tumor) strongly

positive expression (Fig. 1). For E-cadherin and b-catenin,
staining intensity was graded semiquantitatively from 0 to

3, as previously described [16]: 0 for negative staining; 1 for

cytoplasmic staining; 2 for heterogeneous staining (tumors

comprising both normal and abnormal staining areas); and 3

for a normal membranous staining. Because the staining

pattern sometimes differed within the same tumor, par-

ticularly when the differentiation status differed, the final

score was based on the dominant pattern. For data analysis,

all tumors with loss of membranous expression were clas-

sified as abnormal and included those with absent, hetero-

geneous, or cytoplasmic staining patterns. For COX-2,

extended (50 % or more of the tumor) strongly positive

staining was considered as overexpression.

Statistical analysis

Binary associations between categorical variables were

tested with the exact chi square test.

The main study variables were osteopontin expression

(0/1?, 2?, or 3?), E-cadherin (normal, abnormal), b-
catenin (normal, abnormal), and COX-2 (normal, overex-

pressed). The end points were RFS and OS. The RFS time

was calculated from the randomization date to the date of

disease relapse or death without evidence of disease,

whichever occurred first; the RFS time was equal to the

censoring time for relapse-free patients. The OS time was

calculated from the randomization date to the date of death,

regardless of the cause, or as equal to the censoring time

for living patients. RFS and OS curves were estimated by

the Kaplan–Meier method and were compared with the

log-rank test. Multivariate analyses of RFS and OS were

performed using Cox models; together with the study

variables, the models included pathological TNM stage

(IB/IIA, IIB/IIIA, IIIB, IIIC), histological grade (G1/G2,

G3), and histotype (intestinal type, diffuse type) as ad-

justment factors. Following some literature reports [8],

additional multivariate Cox model analyses were per-

formed aimed at investigating whether the osteopontin

prognostic effect was different according to the tumor stage

by including in the models the interaction between osteo-

pontin and tumor stage (IB/IIIA, IIIB/IIIC), together with

the other biomarkers and the adjustment factors.

The analyses were performed using SAS� and R soft-

ware. We considered a statistical test result as significant

when the corresponding two-sided p value was less than

5 %. In the models, the missing values (1 for E-cadherin, 2

for b-catenin, and 1 for COX-2) were replaced by the modal

category; in all the other analyses they were excluded.

Results

Patients characteristics

The demographics and disease characteristics of the 346

patients analyzed are summarized in Table 1. According to

the 2009 TNM classification system, approximately 51 %

of tumors was classified as pathological stage IIIB/IIIC.

Regarding tumor histotype, 167 samples (48 %) were

thought to be of diffuse type, and 179 samples (52 %) were

thought to be of intestinal type. Histological features were

well to moderately differentiated (G1/G2) in 103 patients

(30 %) and poorly differentiated (G3) in 243 patients

(70 %). The median number of lymph nodes retrieved was

26 (interquartile range, IQR, 19–36), and the median

number of positive nodes was 5 (IQR, 2–12).

None of the patients were lost to follow-up. The median

follow-up was 61 months (IQR, 48–75 months). One

hundred forty-eight patients relapsed and died of the dis-

ease, whereas 19 patients who relapsed were alive at the

last follow-up and 31 died without any previous relapse;

the overall number of deaths was 179. Disease outcome

was similar to that reported in the ITACA-S study [11]: the

6-year RFS and OS rates were 39.9 % (95 % confidence

interval, CI, 34.4–46.3 %; median RFS, 38 months) and

46.9 % (95 % CI, 41.6–52.9 %; median OS, 55 months),

respectively.

Immunohistochemical biomarkers and their

association with other clinicopathological variables

The complete results for the association between the im-

munohistochemical biomarkers and other clinicopathological
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variables are shown in Table S1. Regarding osteopontin

expression, 188 (54 %) of the primary gastric tumors had a

osteopontin expression score of 0/1?, 82 (24 %) had a score

of 2?, and 76 (22 %) had a score of 3?. E-cadherin showed

normal membrane pattern in 241 samples (70 %) and ab-

normal expression in 104 samples (30 %).b-Catenin showed
normal membrane pattern in 155 samples (45 %) and ab-

normal expression in 189 samples (55 %). COX-2 was

classified as overexpressed in only 27 cases (8 %) (Table 1).

Osteopontin expression was significantly associated with

histotype (p = 0.001); in particular, the percentage of 3?

tumors was greater in the diffuse type than in the intestinal

type (30 % vs 15 %), whereas the percentage of negative

tumors was similar in the two histotype groups (53 % vs

56 %, respectively). Similarly, osteopontin expression was

significantly associated with higher histological grade

(p = 0.044); poorly differentiated tumors showed a greater

percentage of 3? osteopontin expression as compared with

well ormoderately differentiated tumors (26 %vs 14 %). As

regards pathological TNM stage, higher osteopontin score

was not significantly correlated with more advanced disease

(p = 0.131). We only observed a slightly greater percentage

of tumors with 3? osteopontin expression in patients with

stage IIIB/IIIC disease as compared with the other patients

(26 % vs 18 %). The two treatment arms were well balanced

as regards the proportion of tumors with high (3?) osteo-

pontin expression (22 % in the 5-FUandLVarmand 22 % in

the sequential treatment arm; p = 0.141). A clinically

meaningful difference was observed in terms of peritoneal

relapse in patients with 3? osteopontin expression (43 %)

versus 0/1? and 2? osteopontin expression (18 and 16 %,

respectively).

No significant associations were highlighted between the

primary tumor site and the biomarkers (Table S1). Finally,

abnormal b-catenin expression and abnormal E-cadherin

expression were correlated with each other (p\ 0.001), and

with diffuse histotype or poorly differentiated cancer (all

p\ 0.001). Importantly, these biomarkers were also cor-

related with more advanced disease stage, i.e., IIIB/IIIC

(p = 0.005 and p\ 0.001, respectively).

Fig. 1 Examples of immunohistochemical expression of osteopontin.

a Physiological absence of immunoreactivity for osteopontin in

gastric foveolar epithelium (negative control); tumor cells show 3?

osteopontin expression. b Nearly total absence of immunoreactivity

for osteopontin in a sample of poorly differentiated gastric cancer

(score 0/1?). c Focal immunoreacitivity (less than 50 %) for

ostepontin in a sample of moderately differentiated gastric cancer

(score 2?). d Diffuse immunoreactivity (more than 50 %) for

osteopontin in a sample of poorly differentiated gastric cancer (score

3?)
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Patient outcome according to osteopontin,

E-cadherin, b-catenin, and COX-2 expression

Univariate Kaplan–Meier analysis showed that osteopontin

expression was significantly associated with RFS and OS

(p\ 0.001 and p\ 0.002, respectively) (Fig. 2a, b). The

6-year RFS rate was 49.7 % (95 % CI, 42.7–57.9 %) in the

0/1? osteopontin expression group versus 34.0 % (95 %

CI, 23.3–49.5 %) in the 2? osteopontin expression group

versus 22.9 % (95 % CI, 14.1–37.1 %) in the 3? osteo-

pontin expression group. The 6-year OS rate was 53.0 %

(95 % CI, 45.8–61.4 %) in the 0/1? osteopontin expres-

sion group versus 43.2 % (95 % CI, 32.7–57.2 %) in the

2? osteopontin expression group versus 34.2 % (95 % CI,

24.7–47.5 %) in the 3? osteopontin expression group.

E-cadherin expression was significantly associated with

RFS and OS (p = 0.003 and p = 0.001, respectively). The

6-year RFS rate was 47.1 % (95 % CI, 40.9–54.1 %) for

normal expression versus 22.8 % (95 % CI, 14.1–37.2 %)

for abnormal expression. The 6-year OS rate was 51.0 %

(95 % CI, 44.5–58.4 %) versus 37.5 % (95 % CI,

29.0–48.3 %), respectively.

The expression of b-catenin showed a trend for asso-

ciation with RFS and a significant correlation with OS

(p = 0.054 and p =0.009, respectively). The 6-year RFS

rate was 46.3 % (95 % CI, 38.8–55.3 %) for normal ex-

pression versus 33.9 % (95 % CI, 26.6–43.3 %) for ab-

normal one. The 6-year OS rate was 52.0 % (95 % CI,

44.2–61.2 %) versus 42.4 % (95 % CI, 35.5–50.7 %), re-

spectively. COX-2 was not significantly associated with

both outcomes (data not shown).

On multivariate Cox model analysis, among the four

immunohistochemical biomarkers, only osteopontin

showed a significant association with both RFS and OS

(Table 2; p = 0.001 and p =0.017, respectively). For the

adjustment factors, TNM stage was highly significant as

expected (both p\ 0.001) and histotype was significant for

RFS only (p = 0.026).

Table 1 Patients and disease characteristics

Valuea

Age (years)

Median 63

Interquartile range 55–68

Gender

Male 226 (65 %)

Female 120 (35 %)

Treatment arm

5-FU and LV 171 (49 %)

FOLFIRI followed by CDDP and TXT 175 (51 %)

Status of the primary tumor infiltration

T1 25 (7 %)

T2 51 (15 %)

T3 101 (29 %)

T4 169 (49 %)

Status of the primary tumor nodes

N0 26 (8 %)

N1 82 (24 %)

N2 83 (24 %)

N3a 96 (28 %)

N3b 59 (17 %)

Pathological TNM stage

IB 14 (4 %)

IIA 34 (10 %)

IIB 67 (19 %)

IIIA 56 (16 %)

IIIB 76 (22 %)

IIIC 99 (19 %)

Histotype

Intestinal 179 (52 %)

Diffuse 167 (48 %)

Histological grade

G1/G2 103 (30 %)

G3 243 (70 %)

Primary tumor site

Proximal 63 (18 %)

Distal 283 (82 %)

Osteopontin expression

0/1? 188 (54 %)

2? 82 (24 %)

3? 76 (22 %)

E-cadherin expressiona

Normal 241 (70 %)

Abnormal 104 (30 %)

b-Catenin expressionb

Normal 155 (45 %)

Abnormal 189 (55 %)

COX-2 expressiona

Table 1 continued

Valuea

Normal 318 (92 %)

Overexpression 27 (8 %)

The values given are the number and the percentage (in parentheses),

except for age.

CDDP cisplatin, COX-2 cyclooxygenase 2, FOLFIRI infusional

5-fluorouracil and leucovorin plus irinotecan, 5-FU 5-fluorouracil, LV

leucovorin, TNM tumor–node–metastasis, TXT docetaxel
a One missing value excluded
b Two missing values excluded
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Subgroup analyses

Available literature data suggested that osteopontin ex-

pression acts as a biomarker of clinical aggressiveness in

patients with more advanced disease stage [9]. In our study,

in patients with earlier stages of disease (IB/IIIA), 3? os-

teopontin expression was not significantly associated with

patient outcome (p = 0.476 for RFS and p = 0.774 for

OS; curves not shown). On the other hand, in patients with

stage IIIB/IIIC disease, the 6-year RFS rate was 30.0 %

(CI, 21.6–41.6 %) in the 0/1? osteopontin expression

group versus 8.4 % (CI, 1.8–40.5 %) in the 2? osteopontin

expression group versus 4.3 % (CI, 0.8–23.2 %) in the 3?

osteopontin expression group (p\ 0.001; Fig. 3a). A

similar result was observed for OS, with a statistically

significant effect on OS observed only for stage IIIB/IIIC

disease: the 6-year OS rate was 32.4 % (CI, 23.2–45.2 %)

in the 0/1? osteopontin expression group versus 12.8 %

(CI, 4.1–39.7 %) in the 2? osteopontin expression group

versus 11.4 % (CI, 5.0–26.9 %) in the 3? osteopontin

expression group (p = 0.001; Fig. 3b). However, multi-

variate analysis showed the osteopontin prognostic effect
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Fig. 2 Kaplan–Meier curves for relapse-free survival (a) and overall survival (b) according to the osteopontin (OPN) expression groups: 0/1?

(188 patients) versus 2? (82 patients) versus 3? (76 patients)

Table 2 Multivariate Cox model analyses of relapse-free survival (RFS) and overall survival (OS)

RFS OS

HR CI p HR CI p

Pathological TNM stage

IIB/IIIA vs IB/IIA 2.67 1.26–5.63 \0.0001 2.95 1.26–6.95 \0.0001

IIIB vs IB/IIA 5.26 2.48–11.14 6.01 2.55–14.13

IIIC vs IB/IIA 11.57 5.54–24.13 12.51 5.42–28.85

Histological grade: G3 vs G1/G2 1.38 0.92–2.06 0.121 1.46 0.95–2.23 0.084

Histotype: diffuse vs intestinal 1.51 1.05–2.17 0.026 1.41 0.97–2.04 0.074

Osteopontin expression

2 ? vs 0/1? 1.45 1.02–2.06 0.001 1.40 0.97–2.04 0.017

3 ? vs 0/1? 1.85 1.32–2.61 1.64 1.15–2.34

E-cadherin expression: abnormal vs normal 1.13 0.80–1.61 0.481 1.14 0.79–1.65 0.491

b-Catenin expression: abnormal vs normal 1.02 0.72–1.45 0.908 1.11 0.76–1.62 0.586

COX-2 expression: overexpressed vs normal 1.13 0.69–1.87 0.619 0.97 0.56–1.66 0.898

The p value is from the two-sided Wald test

CI 95 % confidence interval of hazard ratio, COX-2 cyclooxygenase 2, HR hazard ratio, TNM tumor–node–metastasis
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was not significantly different according to the tumor stage

(p for interaction between osteopontin and the tumor

stage was 0.557 for RFS and 0.456 for OS).

We finally speculated that the benefit of sequential

treatment (FOLFIRI followed by cisplatin and docetaxel)

could be different according to osteopontin expression. In

the 0/1? osteopontin expression group, no major differ-

ences were observed in the RFS and OS curves

(p = 0.882), whereas in the 3? osteopontin expression

group, the 6-year RFS rate was 12.4 % (CI, 4.8–31.8 %)

in the 5-FU and LV arm versus 36.7 % (CI, 23.4–57.4 %)

in the sequential polychemotherapy arm (p = 0.075); in

the 2? osteopontin expression group the difference was

less marked (p = 0.301). A similar trend was observed for

OS (p = 0.598, 0.164 and 0.121 for the three osteopontin

groups, respectively); in the 3? osteopontin expression

group, the 6-year estimates were 22.8 % (CI,

12.1–43.1 %) and 45.0 % (CI, 31.1–65.1 %), respectively.

Figure 4 shows RFS and OS curves according to the

treatment arm in the group of patients with 3? osteo-

pontin expression.

Discussion

Currently, only clinical prognostic factors are available to

drive the treatment decision-making in patients with

radically resected GC [17]. Pathological TNM stage is

routinely used to assess prognosis and predict the need for

adjuvant treatment. Since GC is a heterogeneous disease,

tissue biomarkers are a promising tool for stratifying pa-

tient outcomes according to tumor biological

characteristics, to be possibly integrated within available

prognostic tools [18, 19]. Active research is obtaining in-

sight into the molecular characterization of the various

genetic pathways involved in GC.

In our study, RFS and OS were significantly worse for

patients with osteopontin overexpression and also for those

with abnormal E-cadherin and b-catenin expression

(Fig. 2), whereas E-cadherin and b-catenin were not in-

dependent prognostic factors.

These findings are of interest in view of the possible

improvement in prognostic assessment through the com-

bination of clinical and biological information. Moreover,

our results are strengthened by the evidence of a weak

association between disease stage and osteopontin expres-

sion, or its differential prognostic effect (i.e., the prognostic

impact of osteopontin was not stage dependent). We found

that 3? osteopontin expression was significantly associated

with poorly differentiated and diffuse-type GC, whereas we

excluded a significant association between osteopontin

expression and pathological stage. This observation was in

contrast with the results for abnormal E-cadherin and b-
catenin expression, which were stage dependent and, con-

sequently, not significantly associated with outcomes on

multivariate analysis.

Osteopontin may stimulate several pathological pro-

cesses in GC—such as chronic inflammation, angiogenesis,

cell survival, and tumor invasion and metastases—and may

be associated with unfavorable clinicopathological fea-

tures, including high histological grade, lymphovascular

invasion, deep invasion of the gastric wall, and distant

metastases [20–22]. A significant correlation between os-

teopontin overexpression and intestinal-type GC emerged
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Fig. 3 Kaplan–Meier curves for relapse-free survival (a) and overall survival (b) according to the osteopontin (OPN) expression groups: 0/1?

(91 patients) versus 2? (38 patients) versus 3? (46 patients) in the stage IIIB/IIIC disease subgroup
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from a small series [22], but was excluded by larger data

sets [20, 21].

The functioning of the osteopontin network may be

measured through several factors, such as plasma values,

tissue messenger RNA levels or protein expression, and

promoter polymorphisms [20–24].

It was previously reported that higher osteopontin

plasma levels were independently associated with worse

patient outcome [23]. However, the plasma concentration

of osteopontin may be influenced by several nonneoplastic

physiopathological processes and also by the complex tu-

mor-microenvironment-related interactions. In our study,

the immunohistochemical analysis offered the potential

advantages of a less expensive and easy-to-perform tech-

nique—with well-known limitations constituted by the low

reproducibility and interobserver variability. Therefore, in

the present study, two blinded pathologists performed the

centralized review of tumor histological grade and osteo-

pontin scores.

Previous retrospective series evaluated osteopontin im-

munohistochemical expression as predictor of prognosis in

patients treated with surgery with discordant results [20–

22]. Higashiyama et al. [21] explored the prognostic role of

osteopontin expression in the largest ever reported retro-

spective series of 295 patients with curatively resected

GC—failing to show a significant association on multi-

variate analysis.

The peculiarity of the present study consists in analyzing

the prognostic and predictive impact of biologically rele-

vant biomolecular features against robust traditional

clinicopathological factors within the context of a clinical

protocol, in which patients are homogeneous for tumor

pathological stage and treatment. For this reason our data

strongly support the use of osteopontin as a new biomarker

that may help to improve outcome prediction and to drive

treatment decision-making in patients undergoing resection

of GC. Moreover, targeting osteopontin and its related

signaling pathway—with monoclonal antibodies or small

interfering RNAs—may constitute a promising strategy in

the future treatment of patients [25]. Our study is the first

step toward the discovery of prognostic and predictive

biomarkers and the personalization of treatments through

newer agents targeting the molecular drivers of the neo-

plastic progression [26].

Finally, our data showed that the poorer outcome asso-

ciated with osteopontin overexpression was maintained only

in the subset of patients with more advanced disease stage,

i.e., IIIB/IIIC (Fig. 3). In fact, osteopontin may drive a par-

ticularly aggressive phenotype that is acquired only in the

presence of other permissive factors emerging at later stages

of GC progression. Similarly, in patients with poorer prog-

nosis—i.e., those with 3? osteopontin expression, sequen-

tial polychemotherapy was associated with a trend for

survival benefit compared with 5-FU alone (Fig. 4). How-

ever, all these observations derive from nonprespecified

subgroup analyses and, although intriguing, should be con-

sidered carefully as hypothesis-generating. In particular,

intensification of adjuvant treatment could be investigated

prospectively in the high-risk subgroup of patients withmore

advanced disease stage and osteopontin overexpression.

In conclusion, we provided new and promising data on

the association of osteopontin expression and poor outcome
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(FOLFIRI) followed by cisplatin (CDDP) and docetaxel (TXT) (38

patients) in the 3? osteopontin expression group
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in patients with radically resected GC. Further prospective

biomarker-driven studies are warranted to confirm the

clinical applicability of osteopontin as a new prognostic

factor in patients with GC.
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