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Abstract

Objectives: MET is a receptor present in the membrane of NSCLC cells and is known to promote cell proliferation, survival
and migration. MET gene copy number is a common genetic alteration and inhibition o MET emerges as a promising
targeted therapy in NSCLC. Here we aim to combine in a meta-analysis, data on the effect of high MET gene copy number
on the overall survival of patients with resected NSCLC.

Methods: Two independent investigators applied parallel search strategies with the terms ‘‘MET AND lung cancer’’, ‘‘MET
AND NSCLC’’, ‘‘MET gene copy number AND prognosis’’ in PubMed through January 2014. We selected the studies that
investigated the association of MET gene copy number with survival, in patients who received surgery.

Results: Among 1096 titles that were identified in the initial search, we retrieved 9 studies on retrospective cohorts with
adequate retrievable data regarding the prognostic impact of MET gene copy number on the survival of patients with
NSCLC. Out of those, 6 used FISH and the remaining 3 used RT PCR to assess the MET gene copy number in the primary
tumor. We calculated the I2 statistic to assess heterogeneity (I2 = 72%). MET gene copy number predicted worse overall
survival when all studies were combined in a random effects model (HR = 1.78, 95% CI 1.22–2.60). When only the studies
that had at least 50% of adenocarcinoma patients in their populations were included, the effect was significant (five studies,
HR 1.55, 95% CI 1.23–1.94). This was not true when we included only the studies with no more than 50% of the patients
having adenocarcinoma histology (four studies HR 2.18, 95% CI 0.97–4.90).

Conclusions: Higher MET gene copy number in the primary tumor at the time of diagnosis predicts worse outcome in
patients with NSCLC. This prognostic impact may be adenocarcinoma histology specific.
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Introduction

Non-Small Cell Lung Cancer (NSCLC) is the leading cause of

cancer related death worldwide [1]. Current treatment for

metastatic disease is largely dependent on companion analysis of

tissue and consists of targeted biologic therapy when a driver

mutation is present or conventional chemotherapy at the absence

of a putative target [2–4]. Sensitizing mutations in the tyrosine

kinase domain of the epidermal growth factor receptor (EGFR) or

translocations involving the anaplastic lymphoma kinase (ALK)

and ROS1 predict response to EGFR tyrosine kinase inhibitors

(tkis) and ALK inhibitors respectively. On the other hand, as

clinical benefit from chemotherapy with platinum doublets has

reached a plateau, it becomes evident that further identification of

putative targets and the optimization of targeted therapy strategies

holds the premise of improvement in clinical outcomes.

The MET receptor has been characterized as a transmembrane

receptor that is activated by the Hepatocyte Growth Factor

(HGF). In NSCLC MET can be present in treatment naı̈ve cases

[5] but it can also emerge after treatment with TKIs where it

mediates secondary resistance to EGFR inhibition [6]. The MET

receptor leads to proliferation and inhibition of apoptosis with

activation of downstream PI3K/AKT and ERK pathways [7,8]

while it promotes metastasis via the STAT system of transcription

factors [9,10]. Given the significance of MET in the biology of

NSCLC, certain MET specific inhibitors have been suggested as

potential therapies with promising initial results. Tivantinib, a

tyrosine kinase inhibitor in combination with erlotinib was found
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to prolong progression free survival (PFS) when compared to

erlotinib alone in a phase II study in patients with non-squamous

NSCLC [11]. On the other hand the combination of erlotinib with

onartuzumab, a MET-specific monoclonal antibody prolonged

PFS and OS compared with erlotinib alone in patients with MET-

positive NSCLC [12].

Gene copy amplification is a common mechanism of MET

overexpression and it can be detected with reverse transcriptase

polymerase chain reaction (RT PCR) or fluorescence in situ

hybridization (FISH). A number of studies have explored the

prognostic role of MET gene copy amplification in NSCLC. In

this systematic review and meta-analysis, we aim to quantitatively

review the effect of high vs. low MET gene copy number on the

overall survival of patients with resected NSCLC.

Methods

Selection criteria
We included studies which assessed MET gene copy number

with RT PCR, FISH or FISH equivalent in patients with NSCLC

who underwent surgical resections. In addition, only the studies

which reported the hazards ratio (HR) of increased MET gene

copy number on survival or provided adequate data to calculate

the HR were included. We excluded studies not published in full in

the English language.

Search strategy and study identification
We entered the terms ‘‘met AND lung cancer’’, ‘‘met AND

NSCLC’’, ‘‘MET gene copy number AND prognosis’’ in

MEDLINE through January 2014. Two authors (A.D. and L.N.)

reviewed the abstracts from the search and selected the eligible

studies for full publication review. In the second phase of the

review, the same authors selected the studies which meet all the

study eligibility criteria. In addition, we included in the search all

the bibliographies of the identified studies. In case of disagreement,

the study was included or excluded on the basis of consensus by all

the contributors. In the case of publications with overlapping

populations, only the publication with more complete data was

included.

Data extraction
Two authors (A.D. and L.N.) extracted the HR for overall

survival with the accompanying 95% CI as the outcome measure

from the identified studies. In addition relevant clinicopathologic

data including the number of participants, the years of diagnosis,

the year of publication, the histologic types, the TNM stage, the

median age, the race and gender of the participants were collected.

We noted patients who were initially included in individual studies

but not in the final analysis. We reviewed the methods section in

every included study and noted the exact assay of MET gene copy

number assessment as well as the threshold of high MET gene

copy number detection.

Assessment of data quality
Every included study was given a quality score on the basis of a

quality assessment tool originally described in the study by Steels et

al [13]. Briefly, all contributors evaluated each individual study in

every of four domains including scientific design, description of

methods, analysis of the data and generalizability of the results.

Every category received a score of 0–10 and scores were added to

Figure 1. Flow chart illustrating the search process and the reasons for excluding studies.
doi:10.1371/journal.pone.0107677.g001
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a maximum score of 40. The final score was calculated as a

percentage ranging 0–100% with higher scores suggesting better

data quality.

Statistical analysis
A forest plot was utilized to aggregate HRs from the univariate

analysis of single studies in a summary HR of the effect of high

MET gene copy number on survival. The I2 test was used to assess

heterogeneity between studies. In the case of I2.50%, the

summary HR and the accompanying 95% CI were calculated

with a random effects model whereas we used a fixed effects model

in the case of low heterogeneity as defined by I2#50%. We looked

for publication bias with the aid of a funnel plot. Statistical

significance was defined at the level of 0.05. All statistics were

performed with RevMan 5.2.8 downloaded from the Cochrane

website (http://tech.cochrane.org/revman/download).

Results

Study selection plot
Our initial search identified 1096 titles. After reviewing the

corresponding abstracts we excluded 1020 publications for being

reviews or case reports, for focusing on cell lines or non-human

subjects, not being relevant to the MET receptor, not being

relevant to NSCLC, or on the basis of language criteria (figure 1).

After the initial review we identified 76 studies for which we

performed full text review. From this subset of studies we selected

9 to be included in the summary analysis after excluding 67 for not

including overall survival analysis, not assessing the gene copy

number, not reporting the hazards ratio and containing overlap-

ping data (figure 1). We found three studies which performed

survival analysis of high MET gene copy number tumors but did

not report the HR [14–16]. Jin et al [15] reported data on 141

surgically resected stage I adenocarcinomas; they found that

higher MET gene copy number is associated with worse overall

survival (p = 0.01) and progression free survival (p,0.001),

nevertheless there was no HR reported. On the other hand,

Tanaka et al [16] studied MET gene copy number in 136

surgically resected lung adenocarcinomas and used both PathVy-

sion and the Cappuzo system to define high and low MET gene

copy number. With the former methodology, the investigators

identified a worse overall survival with higher MET gene copy

number (p = 0.03), while with the latter methodology no associ-

ation was found between MET gene copy number and overall

survival (p = 0.22). Finally, Okuda et al [14] studied MET gene

copy number with RT PCR in an Asian population of 213 patients

and by using a cut point of three MET gene copies reported a

shorter overall survival in patients with higher gene copy number.

Study characteristics
We identified a total of nine studies [17–25] fulfilling all the

eligibility criteria to be included in the meta analysis (table 1).

There were six studies in Asian and three in non-Asian

populations, four studies included cases diagnosed before 2004

only, three studies assessed the MET gene copy number with RT

PCR, four with FISH and two with silver in situ hybridization

(SISH). SISH utilizes light microscopy instead of fluorescence

enabling the concomitant evaluation of gene copy number and cell

morphology while at the same time allows for signal preservation

for a longer time compared with FISH. Quality analysis revealed

that all studies but one had comparable quality scores. In

summary, most of the studies adequately described the eligibility

criteria for the study population, included patient demographics,

revealed the source of the tissue, described the method of MET
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gene copy number assessment, the study design, the objectives and

the MET gene copy number positivity cut off (Checklist S1).

Limitations to study quality included observational design, lack of

blinding, lack of positive and negative controls, lack of information

on missing cases and tissue handling (Table S1). Go et al [24]

reported the hazards ratio in patients with squamous cell histology

only (n = 97 out of the initial cohort of 180 patients).

Survival analysis
We then quantified the summary effect of high MET gene copy

number on patient survival with the use of a random effect model

as shown in the forest plot of figure 2. Heterogeneity across all

studies is statistically significant (I2 = 72%, p = 0.0003) and the net

HR and 95% CI is 1.78 (1.22–2.60) indicating a worse overall

survival with higher MET gene copy number.

Sensitivity analysis
We tried to explain the observed heterogeneity with regards to

different population characteristics in different studies. We found a

negative net effect of MET gene copy number on survival in

studies with Asian populations (HR = 2.31 95% CI 1.31–3.79), in

studies where the reported histology was adenocarcinoma in more

than half of the cases (HR = 1.55 95% CI 1.23–1.94), in studies

which used FISH (HR = 1.48 95% CI 1.06–2.06) and in studies

where the patients were diagnosed before 2004 (HR = 1.70 95%

CI 1.34–2.16) (table 2). In contrast there was no statistical

significant net effect of the MET gene copy number on overall

survival in studies with non-Asian populations, studies where

adenocarcinoma histology was reported in less than half of the

cases and in studies where RT PCR was used to assess the MET
gene copy number (table 2).

Publication bias
Finally, we attempted to estimate the risk for publication bias

with a funnel plot (figure 3). Although there appears to be a

correlation between the study size and the effects estimate which

adds some asymmetry to the plot, there are four studies that do not

reach statistical significance.

Discussion

In the current study we reviewed the literature on MET gene

copy number and the potential association with survival in patients

with surgically resected NSCLC. We further combined the

available data in a meta-analysis and found a cumulative hazards

ratio of 1.78 indicating worse overall survival with higher MET
gene copy number in this patient population. In the subgroup

analysis Asian ethnicity, FISH methodology, adenocarcinoma

histology and year of diagnosis earlier than 2004 were indicators of

a negative effect of MET gene copy number on survival. We

assessed heterogeneity across different studies with the I2 statistic

and found significant heterogeneity when all studies were included

in the analysis. Interestingly, heterogeneity was low among studies

including mostly adenocarcinoma cases and among studies

including patients diagnosed before 2004.

The negative effect of higher MET gene copy number on the

overall survival of patients with NSCLC can be explained by the

role of MET in cancer biology. Among the different downstream

pathways activated by MET, the JAK/STAT cascade is of

particular importance for promoting cell motility, migration and

metastasis [26,27]. In our study, only studies on patients who

received surgery were involved. Unfortunately a considerable

number of these patients will relapse despite an R0 resection and

Figure 2. Forest plot combining all the included studies hazard ratio in a cumulative hazard ratio with a random effects model.
doi:10.1371/journal.pone.0107677.g002

Table 2.

Additional criteria N HR (95% CI) I2 (p value for I2)

Quality score $70% 8 1.83 (1.25–2.68) 75% (0.0002)

Asian 6 2.31 (1.31–3.79) 72% (0.003)

Non Asian 3 1.12 (0.58–2.16) 73% (0.02)

AC%$50% 5 1.55 (1.23–1.94) 30% (0.22)

AC%,50% 4 2.18 (0.97–4.90) 87% (,0.0001)

FISH 6 1.48 (1.06–2.06) 64% (0.02)

RT PCR 3 2.63 (0.51–13.54) 80% (0.006)

Year of diagnosis ,2004 4 1.70 (1.34–2.16) 0% (0.59)

doi:10.1371/journal.pone.0107677.t002
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will finally die of their disease. It is possible that patients, who

relapse after an R0 resection, have higher metastatic potential and

therefore occult metastases at the time of surgery. In this context,

higher MET gene copy number might identify a subgroup of

patients with higher metastatic potential.

There are a number of plausible explanations for the results of

the sensitivity analysis in the present meta-analysis. First, studies

that include patients diagnosed before 2004 were published earlier

introducing a potential time lag bias in the interpretation of the

data [28]. Alternatively, adjuvant chemotherapy was established

after 2004 for patients after resection in the case of stage II, III, or

IB with adverse prognostic factors [29]. The potential use of

adjuvant chemotherapy in patients diagnosed after 2004 might

have confounded the prognostic significance of MET gene copy

number in this subset of studies and increased heterogeneity.

Additionally, dual positivity for MET gene amplification and

EGFR mutations might confound results after 2004 in case of

treatment with an EGFR TKI inhibitor after disease progression.

The effect of dual positivity for MET gene amplification and

EGFR mutations might account for the different effects of

increased MET gene copy number on prognosis between Asian

and non-Asian populations. It is possible that different effect of

high MET gene copy number on survival in patient populations

with distinct clinicopathologic characteristics might reflect differ-

ences in other pathways which modify the MET pathway.

It is not clear how the biology of MET receptor differs between

adenocarcinoma and squamous cell carcinoma in NSCLC. A

possibility is that additional histotype specific genetic alterations

might interfere with the net effect of MET, or regulate MET

expression. Krishnaswamy et al [30] reported the presence of

germline mutations in the semaphorin portion of the MET

receptor occurring preferably in Asian populations and squamous

cell carcinomas. The presence of N375S, the most common

mutation in this group of mutations reduces the affinity of the

MET receptor to hepatocyte growth factor and is associated with

resistance to MET inhibition with the MET inhibitor SU11274. It

is largely unknown whether such mutations or other MET

regulation molecules account for the observed difference in the

association between high MET gene copy number and survival.

Inhibition of MET is currently feasible small tyrosine kinase

inhibitors like tivantinib or with monoclonal antibodies like

onartuzumab. Tivantinib as shown in the MARQUEE trial

[31,32] prolongs progression free survival but not overall survival

when combined with erlotinib compared to erlotinib alone in the

pretreated unselected population with non-squamous NSCLC. A

subgroup analysis in MET-positive by immunohistochemistry

patients showed benefit in both the progression free survival and

overall survival. In a similar fashion, the MetLung study [33]

compared onartuzumab in combination with erlotinib compared

to erlotinib alone in the MET-positive by immunohistochemistry

pretreated population of patients with NSCLC regardless of

histologic type. Taking into account the results of the present

meta-analysis it will be interesting to see whether the potential

benefit from onartuzumab is present in all the MET positive

patients or restricted to MET positive patients with adenocarci-

noma only. The MetLung study was closed prematurely based on

the data from the interim analysis which showed no difference in

overall survival which was the primary outcome [33]. Interesting-

ly, it was recently presented in 2014 ASCO Annual meeting that

crizotinib demonstrated efficacy in patients with FISH proven

MET amplification in a phase I trial [34]. These two studies

generate the hypothesis that MET amplification status might be a

better predictive biomarker for MET targeted therapies compared

to protein expression by immunohistochemistry. We identified

significant heterogeneity when all the identified studies are

included in the meta-analysis. Possible reasons for heterogeneity

Figure 3. Funnel plot.
doi:10.1371/journal.pone.0107677.g003

MET Gene Copy Number in NSCLC: A Meta-Analysis

PLOS ONE | www.plosone.org 5 September 2014 | Volume 9 | Issue 9 | e107677



might be populations with distinct demographics, possible

interference of MET gene copy number prognostic impact and

adjuvant chemotherapy as well as pre-analytical and analytical

variance across different studies. For example, the cut point for

high MET gene copy number ranges between 3 and 5, whereas

some studies use in situ hybridization and others RT PCR.

Additionally, the use of archived tissue poses a potential risk for

loss of signal in FISH and RT PCR assays. Interestingly, we found

that the studies where most of the patients were of adenocarci-

noma histology were relatively homogeneous as were studies in

which patients were diagnosed before 2004.

There are a number of limitations in this meta-analysis. First, it

is a meta-analysis of retrospective studies and therefore carries the

biases of the retrospective design of the individual studies. Second,

the number of studies is small, increasing the type I error. In

addition, we observed an asymmetry pattern at the funnel plot.

Asymmetry in funnel plots is illustrated by a correlation between

the sample size and an estimate of the outcome effect and it

indicates the presence of publication bias, heterogeneity or

alternatively can be the result of random error [28]. In our

meta-analysis there is a considerable proportion of studies which

report no statistical significant results (four out of nine). If only

publication bias accounts for the funnel plot asymmetry, one

would expect more studies showing an association of MET gene

copy number with overall survival, either a positive or negative.

Therefore, we believe that heterogeneity across studies accounts

partially for the observed asymmetry. Finally, there were three

studies which were not involved in the meta-analysis because no

hazards ratio was reported [14–16]. Nevertheless, it is unlikely that

omission of these studies has altered the cumulative effect of high

MET gene copy number on survival as they both report a positive

significant effect on overall survival and they both include mostly

or only patients with adenocarcinoma histology.

In conclusion, here we present a meta-analysis of nine

retrospective studies which analyze the prognostic effect of MET
gene copy number in NSCLC. We suggest that the worse overall

survival observed in patients with higher gene copy number might

be histotype specific and generates the hypothesis that patients

with adenocarcinoma and high MET gene copy numbermight

potentially benefit from adjuvant chemotherapy after resection.
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