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Abstract

Background and aims Because the outcome of glioblas-

toma multiforme (GBM) remains dismal, there is an urgent

need for a better molecular characterization of this malig-

nancy. The aim of this prospective study was to investigate

the prognostic impact of the expression of c-mesenchymal-

epithelial transition (c-Met) a receptor tyrosine kinase

implicated in expression growth, survival, motility/migra-

tion, and invasion in GMB patients managed according to

the established diagnostic and therapeutic protocols.

Methods Between May 2003 and March 2011, a total of

69 patients (33 males and 36 females; mean age:

52.2 ± 12.9 years, age range: 23–81 years) referred to our

Department for the surgical removal of GBM were evalu-

ated immunohistochemically for c-Met expression. Pro-

gression-free survival (PFS) and overall survival (OS)

served as the main outcome measures.

Results Compared with c-Met- subjects (n = 38),

c-Met? subjects (n = 31) had both a significantly lower

OS (15.3 ± 2.3 vs. 22.6 ± 2.5 months, respectively,

p \ 0.01) and PFS (12.3 ± 2.1 vs. 19.1 ± 2.6 months,

respectively, p \ 0.05). After allowance for potential

confounders, multivariate Cox regression analysis identi-

fied c-Met? as an independent predictor of both OS

(hazard ratio = 1.7; 95 % confidence interval = 1.2–1.9,

p \ 0.01) and PFS (hazard ratio = 1.6; 95 % confidence

interval = 1.1–2.3, p \ 0.05).

Conclusions Our findings suggest that c-Met immuno-

histochemical expression is an independent predictor of

outcomes in patients with GBM treated by standard of care.
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Introduction

Glioblastoma multiforme (GBM) is the most malignant of

the astrocytic gliomas and constitutes the most common

malignant primary brain tumor [1]. Despite being a rela-

tively rare malignancy with a global incidence rate of only

3.17 cases per 100,000 [2], GBM is an aggressive disease

characterized by a poor prognosis with a median survival

time of only 12–15 months from the time of diagnosis [3].

The main reasons for the poor prognosis of GBM are the

late stage of diagnosis combined with lack of efficacy of

currently available therapies (maximal exeresis, combined

radio- and chemotherapy, and adjuvant chemotherapy) [4].

Because the outcome of this tumor remains dismal and its

optimal management is still debated, there is an urgent the

need for a better molecular characterization of GBM which

would ultimately improve both classification and treatment

[5]. Accordingly, the complex biology of GBM is reflected

by a marked biological heterogeneity. Consequently, there
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has been great interest in identifying prognostic factors

influencing tumor recurrence and survival [6].

By regulating cell functions such as growth, survival,

motility/migration, and invasion, the c-mesenchymal-epi-

thelial transition (c-Met) receptor tyrosine kinase has been

implicated in the pathogenesis and prognosis of many

human malignancies [7, 8]. The human c-Met gene has

been as been localized to 7q21–q31 and encodes a 1368

aminoacid protein organized in a short a- and a long b-

chain. The a-chain and the first portion of the b-chain are

essential for the receptor ligand interaction. Moreover, the

b-chain contains the ectocellular domain, as well as the

transmembrane domain and the intracellular kinase domain

[7, 8]. Deregulated c-Met activation, caused by gene

amplification, translocation, mutation or autocrine/para-

crine hepatocyte growth factor (HGF) signaling, has been

reported in different solid tumors such as B cell lymphoma,

bladder cancer, breast cancer, colorectal cancer, and

ovarian cancer [9, 10]. Growing evidence also points to a

key role of c-Met in the pathogenesis of GBM. Shiota et al.

[11] reported that the coexpression of HGF and c-Met

stimulates the growth of HGL4 glioblastoma cells. Uchi-

nokura and co-workers [12] demonstrated the existence of

multiple pathways of c-Met activation in glioblastomas.

From a clinical standpoint, Liu et al. [13] have reported

that the expression of c-Met differs significantly between

primary and recurrent GBMs, and patients with tumors

expressing c-Met at a higher level had a significantly

shorter progression-free survival (PFS) time. The prog-

nostic significance of c-Met expression in tumor specimens

is assuming increasing importance given the therapeutic

advances in the use of c-Met inhibitors in several types of

cancer, including GBM. Notably, Xie et al. [14] have

recently suggested that c-Met activity may serve as a

clinically useful predictive marker that can identify specific

subgroups of GBM patients who may be candidates for

targeted treatment with c-Met inhibitors. Accordingly,

c-Met has been repeatedly proposed as a potential thera-

peutic target in GBM [15–17]. In this prospective study, we

examined whether c-Met expression evaluated immuno-

histochemically can be related to the prognosis of Turkish

patients with GBM managed according to the established

diagnostic and therapeutic protocols.

Materials and methods

Patients

Between May 2003 and March 2011, a total of 69 patients

(33 males and 36 females; mean age: 52.2 ± 12.9 years,

age range: 23–81 years) referred to the Department of

Oncology, Uludag University Medical School (Bursa,

Turkey) for surgical removal of GBM were enrolled in the

study. All of the patients were managed according to the

established diagnostic and therapeutic protocols [4],

including surgical resection and subsequent chemoradio-

therapy. Patient data included sex, age, type of GBM

(primary vs. secondary), radiographic pattern, type of sur-

gical resection, Karnofsky performance status, use of

chemotherapy, type of second-line treatment, and the pro-

liferative cell marker Ki-67. The study was performed

according to the Declaration of Helsinki, and approval was

granted by the Institutional Review Board of the Uludag

University School of Medicine. All participants provided

written informed consent.

Histopathology and c-Met expression

Tumor samples collected during surgery or biopsy were

embedded in paraffin and evaluated by experienced neu-

ropathologists. The Ki-67 labeling index was expressed as

the number of positive cells per 1,000 cells [18]. One

appropriate block from each specimen was selected and

serial 4-lm-thick sections of tissue measuring at least

0.5 9 0.5 cm were cut from the paraffin lock. The sections

were used for immunohistochemical analysis of c-Met

expression. Sections were deparaffinized in turpentine for

30 min and rehydrated in a graded ethanol series (100, 95,

90, 85, and 75 %) for 5 min each. Heat-induced antigen

retrieval (10 mM citrate buffer, pH 6.0) was performed for

15 min at 95 �C. Endogenous peroxidase activity was

blocked by incubating sections in 0.3 % hydrogen peroxide

in methanol for 30 min. After a washing step with phos-

phate-buffered saline (PBS, pH 7.2), sections were blocked

with normal goat serum (Zhongshan Golden Bridge Bio-

technology, Beijing, China) for 30 min at room tempera-

ture. The tissue sections were subsequently incubated

overnight at 4 �C with a primary antibody against c-Met

[Met Rabbit monoclonal antibody (EP1454Y), N-term,

1:100 dilution; GeneTex Inc., Alton Parkway Irvine, CA,

USA]. Sections were then washed in PBS, and incubated

with secondary antibodies (Zhongshan Golden Bridge

Biotechnology, 1:100 dilution) for 1 h. Subsequent reac-

tions were carried out using a streptavidin–biotin-peroxi-

dase method. Diaminobenzidine tetrahydrochloride was

used as the enzyme substrate to observe the specific anti-

body localization, and Harris hematoxylin was used as a

nuclear counterstain. Human breast carcinoma tissue served

as positive control. All of the specimens were evaluated by

a single expert pathologist.

Scoring for c-Met expression

Sections were examined for immunoreactivity for c-Met

using high-powered fields in areas with maximal staining.
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Tumors were divided into four categories, as follows [19]:

grade 0, no expression; grade 1, fewer than 30 % of cells

expressing c-Met; grade 2, between 30 and 60 % of cells

expressing c-Met; grade 3, more than 60 % of cells

expressing c-Met in the high-power field in areas with

maximal staining. Tumors were scored positive (c-Met?)

if more than 30 % of cells expressed c-Met (i.e. grades

2–3).

Statistical analysis

Descriptive statistics included counts, means, and standard

errors, as appropriate. Overall survival (OS) was calculated

from the date of surgery to the date of last follow-up or

date of death. Progression-free survival was calculated

beginning with the date of first surgery until recurrence or

last follow-up. Survival curves were drawn using the

Kaplan–Meier method, and the differences between the

groups were compared with the log-rank test. Univariate

and multivariate analyses using Cox regression through a

forward selection procedure were used to identify the

independent predictors of outcomes. The appropriateness

of the proportional hazards assumption was verified using

graphical methods and tested as described by Grambsch

and Therneau [20]. The assumption of linearity for the Cox

models was examined by visual inspection, and no viola-

tion was found. All of the variables listed in Table 1 were

tested for their association with the study outcomes using

univariate analysis. Only variables that were statistically

significant in univariate analysis were entered into the

multivariate Cox regression model. All calculations were

performed using the SPSS 17.0 statistical software (SPSS

Inc., Chicago, IL, USA) and GraphPad Prism 4.0 (Graph-

Pad Inc., San Diego, CA, USA). A two-tailed p \ 0.05 was

considered statistically significant.

Results

General characteristics

The median follow-up time was 32 months (minimum–

maximum: 3–95 months). The general characteristics of

the study patients are shown in Table 1. Of a total of 69

patients with GBM, 54 (78 %) had solitary lesions whereas

the tumors were invasive/multifocal in 15 patients (22 %).

Fifty-four patients (78 %) underwent macroscopic total

resection, ten a partial resection (14 %), and five (8 %)

biopsy only. The majority of patients (n = 61, 88.4 %) had

primary GBM. A total of 61 patients (88.4 %) received

temozolomide. At the time of the last follow-up, 66

patients (96 %) were dead, whereas three (4 %) were alive.

c-Met expression

The c-Met expression score was 0 in 19 patients (27 %), 1 in

19 patients (27 %), 2 in 15 patients (21 %), and 3 in 16

patients (25 %). Therefore, a total of 31 patients (45 %) were

classified as c-Met?. The c-Met expression score did not

correlate with the general characteristics of the study par-

ticipants. The mean OS was 19.2 ± 1.7 months, whereas the

mean PFS was 16.1 ± 1.6 months. Compared with c-Met-

subjects (n = 38), c-Met? subjects (n = 31) had both a

significantly lower OS (15.3 ± 2.3 vs. 22.6 ± 2.5 months,

respectively, p \ 0.01; Fig. 1) and PFS (12.3 ± 2.1 vs.

19.1 ± 2.6 months, respectively, p \ 0.05; Fig. 2).

Predictors of clinical outcomes

We then tested the association between all of the variables

listed in Table 1 with both OS and PFS. The results of uni-

variate Cox regression analysis are shown in Table 2. Only

age and c-Met? were identified as associated with both OS

and PFS in our sample. In multivariate Cox regression

analysis, c-Met? retained its independent prognostic sig-

nificance for both OS (hazard ratio = 1.7; 95 % confidence

interval = 1.2–1.9, p \ 0.01) and PFS (hazard ratio = 1.6;

95 % confidence interval = 1.1–2.3, p \ 0.05).

Table 1 General characteristics of patients with glioblastoma mul-

tiforme (n = 69)

Characteristic

Sex (males/females) 33/36

Age (years) 52.2 ± 12.9

Type of glioblastoma

Primary 61

Secondary 8

Karnofsky performance status 78.6 ± 6.4

Radiographic pattern

Solitary lesion 54

Invasive/multifocal lesion 15

Surgical resection

Macroscopic total resection 54

Partial resection 10

Biopsy only 5

Chemotherapeutic regimen

Temozolomide 61

No chemotherapy 8

Second-line treatment

None 43

Reoperation 16

Chemotherapy (procarbazine, lomustine, and

vincristine)

6

Chemotherapy (bevacizumab plus irinotecan) 4

Ki-67 labeling index 304 ± 133
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Discussion

The identification of novel prognostic markers may help to

better assess survival probability in different subgroups of

GBM patients and to tailor treatment according to the

molecular profile of the tumor [1]. The results of this study

indicate that an increased immunohistochemical expression

of c-Met in GBM tumor samples is significantly and

independently associated with poor OS and PFS. Con-

versely, the data obtained herein significantly demonstrated

that the patients with diminished expression of c-Met had

greater survival rates when compared with the group of

patients with high immunohistochemical expression of this

molecule, which endorses the previous results by Liu et al.

[13] who showed that highly expressed c-Met in GBM is

significantly related to a shorter PFS time in a series of 19

Chinese patients. Similar to Liu et al. [13], in this study we

opted for immunohistochemical evaluation of c-Met

because this method is reproducible and easily applicable

in routine of pathology. Of note, it has been demonstrated

that an increased c-Met immunohistochemical expression

is significantly associated with high level of c-Met mRNA

and gene amplification [21]. Our results confirm and

expand those by Liu and coworkers [13] in a larger and

ethnically diverse clinical population, and suggest that

c-Met immunohistochemical expression may predict OS in

GBM patients. These results are also in line with those

obtained by Kong and colleagues [22], who showed that

c-Met overexpression in a series of 62 Korean patients with

GBM is associated with shorter survival time and poor

treatment response, the mechanism for which could be

related to a higher tumor invasiveness on the molecular and

clinical phenotypes.

To date, several studies have shown that c-Met may

serve as a potential therapeutic target in different solid

tumors [23] and numerous anti-c-Met drugs are in

Fig. 1 Kaplan–Meier survival curve for overall survival (OS)

according to c-Met expression in patients with glioblastoma

multiforme

Table 2 Univariate Cox proportional hazard regression analysis for predictors of overall survival and progression-free survival in patients with

glioblastoma multiforme

Characteristic Overall survival Progression-free survival

Sex HR = 0.7 (95 % CI = 0.5–1.3, p = ns) HR = 0.6 (95 % CI = 0.8–1.4, p = ns)

Age HR = 1.4 (95 % CI = 1.2–1.5, p \ 0.001) HR = 1.3 (95 % CI = 1.1–1.5, p \ 0.01)

Type of glioblastoma HR = 1.1 (95 % CI = 0.8–1.7, p = ns) HR = 1.2 (95 % CI = 0.9–1.6, p = ns)

Karnofsky performance status HR = 1.2 (95 % CI = 0.6–1.8, p = ns) HR = 1.4 (95 % CI = 0.8–1.9, p = ns)

Radiographic pattern HR = 1.2 (95 % CI = 0.7–2.3, p = ns) HR = 1.3 (95 % CI = 0.7–1.8, p = ns)

Surgical resection HR = 1.8 (95 % CI = 0.9–2.3, p = ns) HR = 1.5 (95 % CI = 0.8–1.7, p = ns)

Chemotherapeutic regimen HR = 1.6 (95 % CI = 0.8–3.6, p = ns) HR = 1.8 (95 % CI = 0.7–3.2, p = ns)

Second-line treatment HR = 1.8 (95 % CI = 0.5–2.6, p = ns) HR = 1.6 (95 % CI = 0.9–2.8, p = ns)

Ki-67 labeling index HR = 1.2 (95 % CI = 0.9–1.4, p = ns) HR = 1.1 (95 % CI = 0.9–1.3, p = ns)

c-Met? HR = 1.8 (95 % CI = 1.2–2.3, p \ 0.01) HR = 1.7 (95 % CI = 1.1–2.2, p \ 0.05)

HR hazard ratio, CI confidence interval, ns not significant

Fig. 2 Kaplan–Meier survival curve for progression-free survival

(PFS) according to c-Met expression in patients with glioblastoma

multiforme
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preclinical and clinical testing as anticancer drugs [9, 10].

For example, the compound INCB28060 has been shown

to exhibit picomolar enzymatic potency and is highly

specific for c-Met [24]. The use of c-Met inhibitors is

particularly appealing in GBM patients, because certain

glioblastomas display HGF autocrine activation of the

c-Met signaling pathway [14], ultimately resulting in tumor

proliferation, cell survival, migration, invasion, and angi-

ogenesis. In this regard, Guessous et al. [16] have reported

that the oral delivery of a small molecule kinase inhibitor

of c-Met inhibits intracranial tumor growth to mice bearing

orthotopic human glioblastoma xenografts. It is also worth

noting that the small-molecule c-Met inhibitor MP470 has

been shown to radiosensitize glioblastoma cells in vitro and

in vivo, thereby potentially improving the outcomes of

patients with GBM [15].

In accordance with previous studies, [25–27], the results

from this report confirm that age at diagnosis is clearly

important as a prognostic factor in GBM patients. This

finding is consistent with the results seen in meta-analyses

indicating that inclusion of adjuvant chemotherapy for

GBM patients provides an increase in survival, although

that improvement tends to be minimal for patients over

65 years [28, 29].

The limitations of this study are the homogeneous ethnic

background of the study population and that the patients

included in the study could be a selected group of Turkish

patients and may not represent the general population of

patients with GBM. Another potential caveat inherent in

this study is that all of the specimens were reviewed by a

single pathologist. These limitations notwithstanding, our

present findings have provided additional and updated

information on the prognostic significance of c-Met over-

expression in GBM patients. Some of the findings pre-

sented will prove immediately clinically useful for the

prediction of prognosis and risk stratification. In most

cases, the clinical behavior of GBM can be predicted with

relative accuracy based on the combination of age and

c-Met expression. Hopefully, these data can make some

contribution towards improving the outlook for future

patients with these rare tumors. Beyond clinical applica-

bility, future work must address mechanistic questions

about the functional role of c-Met expression in deter-

mining the outcome of GBM.
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