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Abstract 

Background: Purpose of this study was to evaluate the contribution of the Extracellular-regulated 
protein kinase (ERK)-1/2 pathway to oncogenic signaling elicited by the tyrosine kinase receptor HER2 
in Non-Small Cell Lung Cancer (NSCLC) and to assess the prognostic value of these oncoproteins in 
NSCLC patients. 
Methods: Immunohistochemistry was performed to determine expression and activation of HER2 and 
ERK1/2 (detected by phosphorylation of Y1248 and T202/Y204, respectively) using Tissue Micro Arrays 
(TMA) containing matched normal and neoplastic tissues from 132 NSCLC patients. Survival analysis 
was carried out using the Kaplan-Meier method. Univariate and multivariate analysis were used to 
evaluate the prognostic value of pERK1/2, pHER2 and a combination thereof with clinical-pathological 
parameters such as age, lymph node status (N), size (T), stage (TNM) and grade. 
Results: We found that HER2 was overexpressed in 33/120 (27%) and activated in 41/114 (36%) cases; 
ERK1/2 was activated in 44/102 (43%) cases. A direct association was found between pERK1/2 and 
pHER2 (23/41; p=0.038). In addition, patients positive for pERK1/2 and for both pHER2 and pERK1/2 
showed significantly worse overall survival (OS) and disease-free survival (DFS) compared with negative 
patients. Univariate and multivariate analysis of patients' survival revealed that positivity for 
pHER2-pERK1/2 and for pERK1/2 alone were independent prognostic factors of poor survival in 
NSCLC patients. In particular, this association was significantly important for DFS in stage I+II patients. 
Conclusion: This study provides evidence that activated ERK1/2 and/or the combined activation of 
HER2 and ERK1/2 are good indicators of poor prognosis in NSCLC patients, not only in unselected 
patients but also in early stage disease. 

Key words: NSCLC, HER2, ERK1/2, Tissue Micro Array, survival. 

Introduction 
Lung carcinoma is the most common form of 

cancer that accounts for approximately 18% of all 
cancer deaths. Non-small cell lung cancer (NSCLC) 

represents 80-85% of all cases [1]. Despite major 
diagnostic and therapeutic improvements most 
NSCLC patients die within few years from diagnosis 
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[2] because of the lack of an effective screening 
strategy that helps to identify lung cancer at an early 
stage [3]. Patients with Stage I or II NSCLC have 70% 
five-year survival after surgery alone whereas 
advanced patients (stages IIIB and IV) typically show 
<5% five-year survival [3], though several patients 
with stage I and/or II disease eventually recur. The 
absence of reliable predictors of recurrence has 
hampered the identification of the patients with poor 
prognosis.  

In recent years, several studies have 
demonstrated that NSCLC develops as the 
consequence of the accumulation of somatically 
acquired genetic defects [1, 2, 4-7]. These include 
mutations, amplifications and/or rearrangements in 
the genes encoding epidermal growth factor receptor 
(EGFR), HER2, KRAS, BRAF, PIK3CA, AKT1, DDR2, 
ALK and, more recently, ROS and RET [6-12]. These 
findings have allowed a better understanding of the 
molecular origins of the disease and have contributed 
to improve therapeutic treatment of NSCLC patients 
[5-7].  

The HER2 proto-oncogene encodes a 
trans-membrane tyrosine kinase receptor with 
marked sequence homology with the Epidermal 
Growth Factor Receptor (EGFR). HER2 transduces 
signals leading to cell proliferation, motility and 
survival [6, 13]. HER2 is mutated, amplified and/or 
overexpressed in many epithelial cancers including 
NSCLC [13, 14]. Mutations in the HER2 kinase 
domain have been reported in lung adenocarcinomas 
at a relatively low frequency (2–4%) [15, 16]. The 
majority of the HER2 mutations identified in NSCLC 
samples are in-frame duplications or insertions in 
exon 20 [8, 9, 17]. On the other hand, HER2 
overexpression, observed in 7-32% of cases, appears 
to be a poor prognostic factor for NSCLC patients [18, 
19].  

Constitutively activated HER2 signals in the 
absence of ligand through phosphorylation of 
Y1248/Y1253 residues, which are necessary for the 
activation of downstream RAF-MEK-ERK1/2 and 
PI3K-AKT pathways [20-27]. Once dysregulated, 
these cascades play a major role in cancer 
development [4, 28-32]. Direct evidence of the 
importance of simultaneous signaling from the 
PI3K-AKT and RAF-MEK-ERK1/2 pathways in 
cancer cells derives from the findings that both 
pathways are activated in NSCLC cells and that the 
combined use of MEK and PI3K inhibitors is 
apparently necessary for optimal anti-tumor activity 
[33, 34]. The combined use of MEK and PI3K 
inhibitors enhances anti-proliferative activity in vitro 
[35] and efficiently inhibits the growth of EGFR- or 
KRAS-induced lung tumors in mice [36, 37]. 

The purpose of this study was to evaluate the 
relative contribution of downstream pathways to the 
deregulated signaling elicited by oncogenic tyrosine 
kinase receptor HER2 in NSCLC and to evaluate the 
activation status of these pathways as predictive 
factors in NSCLC patients.  

We provide evidence that activated HER2 is 
associated to increased signaling through the ERK1/2 
pathway, and that the combined pHER2-pERK1/2 
positivity predict poor prognosis in NSCLC patients. 

Materials and Methods 
Ethics Statement  

Patient accrual was conducted according to 
internal Review Board of the INT Fondazione Pascale 
(Naples, Italy) (CEI 556/10 of 12/3/2010) and 
approved by the internal Review Board of AOU Mater 
Domini/University Magna Graecia (Catanzaro, Italy) 
on 16/3/2011. Written informed consent was 
obtained from all participants to the study. 

Patients  
Archive material from 132 patients diagnosed of 

NSCLC [38, 39] was obtained from INT Fondazione 
Pascale (Naples, Italy) and Azienda Ospedaliera 
“Monaldi-Cotugno-CTO” (Naples, Italy). Median age 
was 64 years (range 28–82). Women were 28 and 
males were 104. Stage was known for 130 patients: 73 
patients had stage IA–IB disease, 34 patients had 
IIA-IIB and 23 patients had stage III-IV disease [40]. 
Grade was known for 125 patients: 72 cases were 
G1-G2, 53 cases were G3. See Supplemental Table 1 
for more detailed clinical characteristics of patients. 
All cases were classified according to the new 
IASLC/ATS/ERS classification and graded based on 
the Sica scoring system [41]. The data for 3-year 
follow-up was available for 77 patients.  

Tissue Microarray (TMA) and 
Immunohistochemistry  

TMAs named TMA1 and TMA2 were 
constructed using Galileo TMA CK3500 Tissue 
Microarrayer (ISE TMA Software, Integrated System 
Engineering). Immunostaining was performed using 
Peroxidase Detection Systems (RE7110-K; Novocastra, 
United Kingdom). 

Antibodies used for immunostaining were 
selected according to previously published work [42]. 
Anti-phospho-p44/42 ERK1/2 T202/Y204 (#4376, 
1:100 dilution), anti-p44/42 ERK1/2 (#9102, 1:50 
dilution), anti-HER2 (#4290, 1:100 dilution), 
anti-pAKT Ser473 (#3787, 1:100 dilution) were 
purchased from Cell Signaling Technology Inc. 
(Danvers, MA, USA). Anti-phospho HER2 Y1248 
(#NB100-81960) was from Novus Biologicals [43].  
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For immunohistochemical evaluation of HER2, 
tumors were scored as previously described [44]. In 
brief, scores were assigned as follows: score 0, if 
staining was detected in <10% of tumor cells; score 1+, 
if tumors showed incomplete and faint staining in 
>10% of tumor cells; score 2+, if tumors showed 
weak-to-moderate membrane staining in >10% of 
tumor cells; score 3+, if tumors showed strong 
membrane immunoreactivity in >10% neoplastic cells. 
Tumors classified as 0 or 1+ were considered 
“negative” and those scored as 2+ or 3+ were 
classified as “positive”. 

Phosphorylated HER2 (Tyr 1248) was scored as 
previously described [45]: 0, if tumor cells had 
complete absence or faint staining in <10%; 1+, if 
<10% of tumor cells had faint staining; 2+, if tumor 
cells had moderate staining in >10% of cells; 3+, if 
tumor cells had strong staining in >10% of cells. 

For immunohistochemical evaluation of ERK1/2 
(Thr202/Tyr204) phosphorylation the cut-off value 
was set at 15% as previously described [42]. On this 
basis tumors were scored as follows: 
pERK1/2-positive, when staining was observed in 
>15% of tumor cells; pERK1/2-negative, when 
staining observed in <15% of tumor cells. 

Prior to each experiment we set up the 
experimental procedures for the use of the primary 
antibody by use of a control tissue as positive control, 
selected among those indicated in the datasheets 
provided by the furnisher. Once established the 
procedures, we proceeded to perform TMA staining 
for the specific antibody. For each round of 
immunostaining we performed positive and negative 
(primary antibody omission control) controls. All 
controls gave satisfactory results. Stained TMA 
sections were evaluated by two expert pathologists 
(RF, GB) using uniform criteria. Discrepancies 
between two cores from the same case were resolved 
through a joint analysis of the two cores. 

Fluorescence In Situ Hybridization (FISH)  
Interphase FISH analysis was performed on 

TMAs. TMA slides were deparaffinized after being 
pre-treated with Paraffin Pretreatment Kit (Vysis, 
Downers Grove, IL, USA) using protease to digest 
proteins for 10 minutes. Slides were then dehydrated 
in increasing ethanol concentrations and then 
air-dried. Denaturation of the probe mixture was 
performed at 95°C for 5 minutes in Thermobrite 
(Abbott Molecular Inc. Des Plaines, IL, USA) followed 
by overnight hybridization at 37°C. The following 
day, cover glass was removed and slides were washed 
in post-hybridization washing-buffer at 72°C for 2 
minutes and then counterstained with DAPI 
counterstain and a coverslip was applied. Automated 

scanning and scoring of interphase FISH was 
performed by Cytovision System (CytoVision® 
Version 7.3, Leica Biosystems, Germany).  

The copy number of the HER2 locus was 
determined by using two different probes: a red probe 
covering the gene and a green control probe covering 
the centromeric region of chromosome 17 
(PathVysion HER-2 DNA Probe Kit, Abbott Molecular 
Inc. Des Plaines, IL, USA). Two different investigators 
(MS, RF) that had no previous knowledge of the 
genetic, clinical and IHC results evaluated FISH 
analysis.  

According to the frequency of tumor cells with 
specific number of copies of the gene and the 
chromosome centromere, tumors were initially 
classified into six FISH categories (disomy, low and 
high trisomy, low and high polysomy, gene 
amplification) and finally divided into two groups: (a) 
FISH negative, including disomic, trisomic and low 
polysomic (≥4 copies of the gene in <40% of cells) 
tumors; and (b) FISH positive, which include tumors 
with high polysomic (≥4 copies in ≥40% of cells) 
and/or gene amplification (a ratio 
gene/chromosome/cell ≥2, presence of clusters of the 
HER2 gene signal in ≥10% of the analyzed cells) 
[46, 47]. 

Statistical analysis 
The correlation between biomarkers was 

determined using Fisher’s exact test. Relationships 
between clinical-pathological parameters were 
assessed using contingency tables with a Fisher’s 
exact test. Survival curves were estimated using the 
Kaplan–Meier method and compared using the log 
rank test. Overall survival (OS) was calculated from 
the day of surgery to the day of death or to the end of 
follow-up. Disease-free survival (DFS) was calculated 
from the day of surgery to the documented day of 
disease progression (relapse or metastasis) or to the 
end of follow-up. Univariate and multivariate 
survival analyses with calculation of hazard ratios 
(HR) were performed using Cox’s 
proportional-hazards model. All statistical analyses 
were performed using the SPSS software system 
(version 17.0; SPSS. Inc., Chicago, IL, USA). A p-value 
≤ 0.05 was considered to be statistically significant. 

Results 
Activation of HER2 in NSCLC 

We performed a comprehensive study aimed at 
determining the relative contribution of 
MAPK-dependent signaling to the activity of HER2 in 
NSCLC. To this aim, we determined the activation 
status of HER2, ERK1/2 and a combination thereof 
and correlated them with the clinical-pathological 
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characteristics of patients. The TMAs used in this 
study (TMA1, TMA2) have been published in Scrima 
et al. and in Malanga et al. [48, 49]. Of the 132 cases 
present on the TMAs, 114 cases could be analyzed for 
pHER2 (among these, stage was known for 112 
patients), 120 cases were analyzed for HER2 (among 
these, stage was known for 118 patients) and 102 cases 
were analyzed for pERK1/2 (among these, stage was 
known for 100 patients). Patients' clinical-pathological 
characteristics are described in detail in Supplemental 
Table 1 and summarized in Materials and Methods. 

As a read-out of HER2 signaling in NSCLC we 
determined the phosphorylation status of residue 
Y1248 of HER2 (pHER2). PHER2 was evaluated on 
TMAs containing duplicated core biopsies of 114 
NSCLCs. The results obtained from pHER2 staining 
in NSCLC are summarized in Table 1. HER2 
activation was observed in 41 out of 114 of NSCLC 
analyzed (36%). Data were also analyzed by 
histological type and/or disease stage. As to the 
histological type, we found that pHER2 staining was 
observed at similar frequency in ADC and SCC, being 
detected in 15/47 SCC (32%) and 26/67 ADC (39%) 
(Figure 1A and B, respectively).  

As to disease stage, pHER2 positivity was 
observed at similar frequency in patients with early 
stage cancer (stage I+II patients) or advanced disease 
(stage III+IV patients) being observed in 32/89 

patients in stage I+II (36%) and 9/23 patients with 
cancer in stages III+IV (39%). 

Pathways activated by HER2 in NSCLCs 
Subsequently, we investigated the signaling 

pathways activated by deregulated activity of HER2 
in NSCLC. To this aim we studied the activities of 
MAPK-dependent pathway and associated it with 
HER2 activation.  

As a read-out of signaling downstream of HER2 
in NSCLC we first determined the phosphorylation 
status of ERK1/2. PERK1/2 was evaluated on TMAs 
containing duplicated core biopsies of 102 NSCLCs. 
The results are summarized in Table 1. ERK1/2 
activation was observed in 44/102 of NSCLC 
analyzed (43%). Notably, we found that pERK1/2 is 
associated with activated HER2 (n=94; p=0.038). See 
Table 2 for analysis of data. In particular, of the 41 
pHER2-positive NSCLC samples 23 showed positivity 
for pERK1/2 (56%) whereas of the 53 pHER2-negative 
NSCLC samples only 18 showed positivity for 
pERK1/2 (34%), suggesting that tumors with 
phosphorylated HER2 preferentially presented 
activated ERK signaling. On the other hand, in the 18 
HER2-negative, ERK1/2-positive NSCLC samples, 
other mechanisms such as mutations of EGFR or 
KRAS may account for the observed ERK1/2 
activation. 

Table 1. Association of pHER2, pERK1/2 and/or a combination thereof with clinicopathological parameters. 

Characteristics  pERK1/2 p-value  pHER2 p-value  pHER2-pERK1/2 p-value 
N Low High  N Low High  N Low/Low High/High Low/High  

Age (years)              
<64 years 37 22 15 0.836 41 28 13 0.545 32 13 7 12 0.889 
≥64 years 65 36 29  73 45 28  62 22 16 24  
Gender              
Male 83 48 35 0.799 92 60 32 0.626 76 29 17 30 0.636 
Female 19 10 9  22 13 9  18 6 6 6  
Histological type              
ADC 57 33 24 0.843 67 41 26 0.553 54 19 14 21 0.897 
SSC 45 25 20  47 32 15  40 16 9 15  
pT stage              
T1+T2 90 49 41 0.292 97 60 37 0.132 83 30 22 31 0.197 
T3+T4 9 7 2  14 12 2  9 5 0 4  
pN stage              
 N0 73 45 28 0.057 82 53 29 1 67 29 16 22 0.140 
 N1+N2 24 9 15  25 16 9  23 5 6 12  
Differentiation              
G1+G2 56 33 23 0.540 62 39 23 0.841 51 20 13 18 0.857 
G3+G4 40 21 19  47 31 16  38 13 9 16  
TNM Stage              
I+II 78 49 29 0.031* 89 57 32 0.811 71 28 16 27 0.517 
III+IV 22 8 14  23 14 9  21 6 7 8  
Association between biomarkers and clinicopathological parameters were assessed using contingency tables with a Fisher’s exact test. 

Table 2. Association of pHER2 with total HER2, pERK1/2, pAKT. 

 HER2 pERK1/2 pAKT 
 N Low High p-value  N Low High p-value N Low High p-value 

pHER2 Low  71 53 18 0.510 Low 53 35 18 0.038* 62 24 38 0.015* 
High 40 27 13  High 41 18 23  40 26 14  

The association between biomarkers was determined using contingency tables with a Fisher’s exact test. 
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Figure 1. Immunostaining of pHER2 and pERK1/2 in NSCLC. A. Representative immunostaining of pHER2 (Y1248) in ADC. B. Representative 
immunostaining of pHER2 (Y1248) in SCC. C. Representative immunostaining of pERK1/2 (T202/Y204) in ADC. D. Representative immunostaining of pERK1/2 
(T202/Y204) in SCC. Magnification: x40; x10 in the inset at bottom right. 

 
As to the histological type, we found that 

pERK1/2 staining was observed at similar frequency 
in both major histological types of NSCLC (Table 1), 
being detected in 24/57 ADC (42%) and 20/45 SCC 
(44%) (Figure 1C and D, respectively). Data regarding 
ERK1/2 activation were also analyzed by disease 
stage. In our cohort of patients pERK1/2 positivity 
was observed more frequently in patients with 
advanced disease. In fact, when stratified for stage, 
NSCLC patients showed active ERK1/2 more 
frequently when in stages III+IV (14/22, 64%) than 
when in stages I+II (29/78, 37%). 

The activation status of the PI3K/AKT pathway 
in the NSCLC samples under study here had already 
been analyzed [48]. Here, we only investigated the 
data for pAKT staining published in those previous 
works with the data of pHER2 staining of Table 2 of 
this manuscript, and found that the association 
between activated HER2 and pAKT was apparently 
inverse (n=102; p=0.015).  

Mechanisms of activation of HER2  
To investigate the molecular mechanisms 

leading to the activation of HER2 in the cohort of 

Italian NSCLC patients analyzed here, we 
investigated expression and genetic status of HER2. 
Analysis of TMAs showed that HER2 was 
overexpressed in 33/120 NSCLC cases (27%), 
showing 18% (13/71) of overexpression in ADCs and 
41% (20/49) in SCCs (Figure 2A and B). Notably, only 
32% of tumors (13/40) who were positive for pHER2 
were also positive for increased expression of HER2, 
suggesting that mechanisms other than 
overexpression lead to HER2 activation in the 
remaining cases. The overexpression of HER2 
oncoprotein was observed at similar frequency in 
patients with advanced disease [stage III+IV patients 
(6/22, 27%)] as patients with early stage cancer [stage 
I+II patients (27/96, 28%)]. 

We then determined the molecular mechanisms 
of the overexpression of HER2 in NSCLC samples 
studied here by FISH analysis (Figure 2C and D). See 
Materials and Methods for classification of 
HER2-positive and negative tumors by FISH. We 
found that 27/115 NSCLCs (23%) presented copy 
number gain of HER2 at chromosome 17, all of which 
were high polysomic (Figure 2D) in agreement with 
literature data [47]. FISH positivity was observed in 
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13/71 ADC (18%) and 14/44 SCC (32%). See 
Supplemental Table 2 for a summary of the results.  

High HER2 polysomy was detected in 7/28 
(25%) of the samples that overexpressed HER2 and in 
4/34 (12%) that presented HER2 activation, 
suggesting that HER2 over-expression in NSCLC may 
be accounted for by gene and/or chromosome copy 
number gain in approximately 25% of cases. On the 
other hand, 7 out of 22 NSCLC samples (32%) positive 
by FISH for HER2 showed moderate and/or high 
HER2 expression.  

When the data regarding HER2 copy number 
were analyzed by disease stage we observed that in 
the cohort of patients under study, FISH positivity for 
HER2 was observed at similar frequency in patients 
with early stage cancer [stage I+II patients (22/92, 
24%)] as in patients with advanced disease [stage 
III+IV patients (5/21, 24%)]. 

Association of the activation status of HER2, 
ERK1/2 and combined pHER2-pERK1/2 with 
clinical features of unselected NSCLC patients 

Finally, we compared the activation status of 
HER2, ERK1/2 and/or a combination thereof with the 

clinical parameters of the patients under analysis. See 
Table 1 for a summary of the results. First we 
analyzed all patients and failed to find any significant 
association between pHER2, pERK1/2 or 
pHER2-pERK1/2 with clinical-pathological parameters 
except for patients' stage. As shown in Table 1, 
positivity for pERK1/2 was significantly enriched in 
NSCLC patients in advanced stage of the disease 
(stages III+IV) (n=100; p=0.031).  

Subsequently, using Kaplan-Meier survival 
curve we investigated the relationship of pHER2 
positivity, pERK1/2 positivity and a combination 
thereof with survival (OS, DFS) (Figure 3). We found 
that pERK1/2 positivity is significantly associated 
with poor prognosis (n=64; p=0.002 for OS; p=0.013 
for DFS), as the combined positivity for pHER2 and 
pERK (pHER2-pERK1/2) that presented significantly 
shorter OS (n=64; p=0.024) and DFS (n=64; p=0.047). 
No statistical difference was detected in OS and DFS 
between pHER2 positive and negative patients 
(n=76). 

 

 
Figure 2. Immunostaining and FISH analysis of HER2 in NSCLC. A. Representative immunostaining of HER2 in ADC. B. Representative immunostaining of 
HER2 in SCC. C. Gene copy number analysis of HER2 gene in a diploid sample by FISH. Blue DAPI scores nuclei. Red Cy5-labelled probe scores HER2. Green 
Cy3-labelled probe scores the centromere of chromosome 7. D. Gene copy number analysis of HER2 gene in a high polisomy sample by FISH. Blue DAPI scores 
nuclei. Red Cy5-labelled probe scores HER2. Green Cy3-labelled probe scores the centromere of chromosome 17. (A, B) Magnification: x40; x10 in the inset at 
bottom right. (C, D) Magnification, 60x. 
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Figure 3. Kaplan-Meier analysis of 3-year survival in NSCLC patients. A. Kaplan-Meier survival curve of OS in NSCLC patients that were stratified for being 
positive or negative for pHER2. B. Kaplan-Meier survival curve of DFS in NSCLC patients that were stratified for being positive or negative for pHER2. C. 
Kaplan-Meier survival curve of OS in NSCLC patients that were stratified for being positive or negative for pERK1/2. D. Kaplan-Meier survival curve of DFS in NSCLC 
patients that were stratified for being positive or negative for pERK1/2. E. Kaplan-Meier survival curve of OS in NSCLC patients that were stratified for being positive 
or negative for pHER2- pERK1/2. F. Kaplan-Meier survival curve of DFS in NSCLC patients that were stratified for being positive or negative for pHER2- pERK1/2. 

 
However, upon stratification for pERK1/2 

status, the survival at 3 years of unselected pERK1/2 
negative patients was 65% whereas survival of 
pERK1/2 positive patients was 25%. Similarly, 
survival of pHER2 negative patients was 59% whereas 
that of pHER2 positive was 44%. The best parameter 
that discriminated unselected NSCLC patients in our 

study was double positivity for pHER2-pERK1/2. 
Survival of pHER2-pERK1/2 positive patients was 
60% whereas survival of all others was 23.5%. 
Similarly, relapse rates at 3 years of unselected 
NSCLC patients under analysis were 50% for 
pERK1/2 positive patients and 21% for pERK1/2 
negative patients, 45.5% for pHER2 positive patients 
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and 37.5% for pHER2 negative patients, 47% for 
pHER2-pERK1/2 positive patients and 18% for all 
other patients. 

Univariate Cox Regression Analysis was 
concordant with results of the Kaplan-Meier curves. 
Patients with pERK1/2 positivity had significantly 
shorter OS (HR, 2.862-fold) and DFS (HR, 2.186-fold) 
as shown by the calculated value of the hazard ratio 
whereas patients positive for pHER2-pERK1/2 
presented significantly shorter OS (HR, 2.195-fold) 
but not DFS (HR, 1.917-fold) (Table 3). As expected, 
we found that TNM stage was significantly related to 
shorter OS and DFS (see Table 3). Importantly, also 
when assessed by multivariate analysis, both 
pERK1/2 and the combined positivity for pHER2 and 
pERK1/2 turned out to be independent prognostic 
factors for unselected NSCLC patients (Table 4).  

 
 
 

Association of the activation status of HER2, 
ERK1/2 and combined pHER2-pERK1/2 with 
clinical features of NSCLC patients in early 
stages 

Given the importance to identify prognostic 
factors in early stage tumors, we also investigated the 
role of activated HER2 and ERK1/2 in patients with 
cancer in stages I+II. The number of patients with 
cancer in stages I+II in the cohort under analysis was 
106. Among these patients, information about HER2 
status was available for 89, information about 
pERK1/2 status was available for 78 and information 
for both proteins was available for 70.  

By analysis of the clinical-pathological parameters 
of the patients with cancer in stages I+II, we found 
that pHER2 positivity (32/89, 36%), as well as the 
combined pHER2-pERK1/2 positivity (16/70, 23%) 
predicted significantly reduced OS and DFS (OS: 
p=0.009 and p=0.023, respectively; DFS: p=0.038 and 
p=0.038, respectively) whereas pERK1/2 positivity 
(29/78, 37%) predicted only reduced OS (p=0.044) as 
showed by Kaplan Meier curves (Fig.4). 

Table 3. Univariate Cox regression analysis in unselected NSCLC patients.  

Variables OS  DFS  
 HR 95% CI p-value HR 95%CI p-value 
Age (>64 vs<64) 1.845 0.903-3.771 0.093 1.562 0.834-2.924 0.164 
Gender (male/female) 0.714 0.325-1.567 0.401 0.665 0.328-1.348 0.258 
Histological type (ADC/SCC) 1.607 0.834-3.097 0.157 1.525 0.844-2.757 0.162 
Lymph node metastasis (N0/N1+N2) 2.019 0.980-4.157 0.057 1.669 0.851-3.372 0.136 
TNM stage (I+II/III+IV) 2.530 1.248-5.125 0.010* 2.129 1.103-4.108 0.024* 
Differentiation Grade (G1+G2/G3+G4) 1.389 0.719-2.682 0.328 1.699 0.936-3.084 0.081 
pHER2 (positive/negative) 1.697 0.879-3.275 0.115 1.396 0.770-2.533 0.272 
pERK (positive/negative) 2.862 1.412-5.798 0.004* 2.186 1.156-4.134 0.016* 
pHER2-pERK (positive/other1) 2.195 1.081-4.457 0.030* 1.917 0.992-3.706 0.053 
* p-value < 0.05. 
1 Others include either or neither negatives. 

Table 4. Multivariate analysis in unselected NSCLC patients. 

Variables OS  DFS  
Model 1 HR 95% CI p-value HR 95% CI p-value 
Age (>64 vs<64) 1.918 0.770-4.777 0.162 2.168 1.010-4.655 0.047* 
Gender (male/female) 0.917 0.346-2.435 0.862 0.645 0.259-1.610 0.348 
Histological type (ADC/SCC) 1.576 0.626-3.967 0.334 1.143 0.530-2.463 0.734 
Lymph node metastasis (N0. N1+N2) 1.356 0.547-3.362 0.511 1.064 0.471-2.404 0.881 
TNM stage (I+II. III+IV) 1.863 0.743-4.668 0.185 1.407 0.628-3.153 0.406 
Differentiation Grade  
(G1+G2. G3+G4) 

1.294 0.558-2.999 0.548 2.041 0.993-4.192 0.052 

pHER2 (positive/negative) 1.282 0.528-3.113 0.584 1.064 0.491-2.305 0.875 
pERK1/2 (positive/negative) 2.618 1.084-6.326 0.032* 2.431 1.069-5.527 0.034* 
Model 2 HR 95% CI p-value HR 95% CI p-value 
Age (>64 vs<64) 1.822 0.717-4.628 0.207 2.015 0.923-4.398 0.079 
Gender (male/female) 0.857 0.310-2.367 0.765 0.631 0.250-1.592 0.329 
Histological type (ADC/SCC) 1.449 0.592-3.546 0.417 1.155 0.558-2.393 0.697 
Lymph node metastasis (N0. N1+N2) 1.630 0.667-3.983 0.284 1.332 0.601-2.952 0.480 
TNM stage (I+II. III+IV) 2.024 0.819-5.001 0.126 1.508 0.688-3.306 0.304 
Differentiation Grade (G1+G2. G3+G4) 1.359 0.594-3.108 0.468 2.173 1.054-4.482 0.036* 
pHER2-pERK1/2 (positive/others1) 2.686 1.168-6.174 0.020* 2.443 1.148-5.200 0.021* 
*p-value < 0.05. 
1 Others include either or neither negatives. 
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Figure 4. Kaplan-Meier analysis of 3-year survival in stage I+II NSCLC patients. A. Kaplan-Meier survival curve of OS in stage I+II NSCLC patients that 
were stratified for being positive or negative for pHER2. B. Kaplan-Meier survival curve of DFS in NSCLC patients that were stratified for being positive or negative 
for pHER2. C. Kaplan-Meier survival curve of OS in NSCLC patients that were stratified for being positive or negative for pERK1/2. D. Kaplan-Meier survival curve 
of DFS in NSCLC patients that were stratified for being positive or negative for pERK1/2. E. Kaplan-Meier survival curve of OS in NSCLC patients that were stratified 
for being positive or other combinations for pHER2-pERK1/2. F. Kaplan-Meier survival curve of DFS in NSCLC patients that were stratified for being positive or 
other combinations for pHER2-pERK1/2. 
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Table 5. Univariate Cox regression analysis of pERK, pHER2 and a combination thereof with OS and DFS in stage I and II NSCLC patients. 

Variables OS  DFS  
HR 95% CI p-value HR 95%CI p-value 

pHER2 (positive/negative) 3.016 1.260- 7.221 0.013* 2.280 1.090- 4.760 0.028* 
pERK 1/2(positive/negative) 2.381 0.989-5.734 0.053 2.011 0.920- 4.397 0.080 
pHER2-pERK1/2 (positive/others1) 2.440 1.010- 5.890 0.047* 2.250 1.017-4.979 0.045* 
*p-value < 0.05. 
1 Others include either or neither negatives. 

 

Table 6. Multivariate analysis in stage I+II NSCLC patients. 

Variables OS  DFS  
Model 1 HR 95% CI p-value HR 95%CI p-value 
Age (>64 vs<64) 1.280 0.436-3.758 0.654 2.451 0.920-6.524 0.073 
Gender (male/female) 0.991 0.270-3.635 0.989 0.550 0.160-1.884 0.341 
Histological type (ADC/SCC) 2.782 0.754-10.270 0.125 1.246 0.433-3.588 0.684 
Differentiation Grade (G1+G2/G3+G4) 1.094 0.386-3.102 0.867 2.390 0.991-5.761 0.052 
pHER2 (positive/negative) 3.456 0.874-13.669 0.077 1.681 0.600-4.712 0.323 
pERK1/2 (positive/negative) 1.117 0.340-3.674 0.855 2.098 0.734-5.999 0.167 
Model 2 HR 95% CI p-value HR 95%CI p-value 
Age (>64 vs<64) 1.401 0.478-4.106 0.539 2.252 0.873-5.806 0.093 
Gender (male/female) 0.880 0.240-3.229 0.847 0.550 0.170-1.784 0.320 
Histological type (ADC/SCC) 1.663 0.537-5.148 0.377 1.074 0.421-2.738 0.882 
Differentiation Grade (G1+G2/G3+G4) 1.350 0.510-3.571 0.546 2.475 1.041-5.884 0.040* 
pHER2-pERK1/2 (positive/others1) 2.339 0.956-5.724 0.063 2.843 1.229-6.578 0.015* 
*p-value < 0.05. 
1 Others include either or neither negatives. 

 
 
The average survival rate at 3-year of patients in 

stage I+II NSCLC patients under analysis was 58%. 
Upon stratification of patients, we found that 
positivity for pHER2 predicted poor survival. In fact, 
3 year-survival of pHER2 negative patients was 75% 
whereas survival of pHER2 positive patients was 44%; 
3 year-survival of pERK1/2 negative patients was 
69% whereas survival of pERK1/2 positive patients 
was 33%; survival of pHER2-pERK1/2 positive 
patients was 25% whereas survival of all other 
patients was 69%.  

Similarly, 3 year-relapse rate of stage I+II 
NSCLC patients under analysis was 59% for pHER2 
positive patients, 36% for pHER2 negative patients, 
53% for pERK1/2 positive patients, 27% for pERK1/2 
negative patients, 54% for pHER2-pERK1/2 positive 
patients and 17% for all other patients. 

In agreement with results from the Kaplan-Meier 
curves, stage I+II patients with pHER2 and/or 
pHER2-pERK1/2 positivity presented significantly 
shorter OS (HR, 3.016-fold and HR, 2.440-fold, 
respectively) and DFS (HR, 2.280-fold and HR, 
2.250-fold, respectively) as determined by hazard 
ratio values in univariate Cox Regression analysis 
(Table 5). However, when assessed by multivariate 
analysis, only the combined positivity for pHER2 and 
pERK1/2 (but not the single pHER2 or pERK1/2 
factors) turned out to be an independent prognostic 
factor for stage I+II NSCLC patients for DFS (p=0.015; 
HR 2.843-fold) but not for OS (Table 6).  

Discussion 
The tyrosine kinase receptors EGFR and HER2 

are frequently activated in NSCLC [17, 29, 50-52], and 
for this reason have been the focus of several studies. 
EGFR is activated both by gain-of-function mutations 
[53] and by protein overexpression in NSCLC [54-56].  

Similarly, both mutations and overexpression of 
the related HER2 tyrosine kinase receptor contribute 
to the development of lung cancer. However, HER2 
alterations are less frequent than those reported for 
EGFR, being found in about 7-35% of patients with 
NSCLC [15], [16], [18, 19, 57-61]. 

The purpose of this study was to evaluate the 
contribution of pathways signaling downstream 
HER2 to the development of lung cancer. The most 
relevant findings reported herein are that: i) in 
NSCLC, the activation of ERK1/2- but not 
AKT-dependent pathway, is directly associated with 
activated HER2, ii) in unselected NSCLC patients, 
pERK1/2 positivity is predictive of reduced survival 
(both DFS and OS) in univariate analysis and, when 
combined with pHER2, represent statistically 
significant indicators of poor prognosis independent 
of the most important clinical-pathological prognostic 
factors in multivariate analysis, iii) in early stages 
(I+II) NSCLC patients, the most relevant factors that 
predict reduced survival (both DFS and OS) in 
univariate analysis are pHER2 and pHER2-pERK1/2 
whereas, in multivariate analysis, only the combined 
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pHER2-pERK1/2 positivity represents a statistically 
significant indicator of poor prognosis (DFS) 
independent of the most relevant clinical-pathological 
prognostic factors. 

The first conclusion derives from the observation 
that in immunostaining experiments performed on 
TMAs containing matched tumor and normal lung 
tissues the activation of ERK1/2 (using pERK1/2 as 
read-out) is significantly associated with high level of 
phosphorylated HER2. HER2 was overexpressed in 
27% and activated (using phosphorylated 
Y1248-pHER2 as read-out) in 36% of tumors whereas 
ERK1/2 activation was observed in approximately 
43% of tumors. These results obtained in the cohort of 
Italian patients under study here are in line with 
previous studies showing that the ERK1/2 pathway 
plays an important role in lung cancerogenesis, being 
over-activated in at least 30–50% NSCLC (particularly 
in those carrying EGFR and K-RAS mutations) [42, 
62], and that the ERK1/2-dependent pathway 
represents a key downstream effector of HER2 [63]. 

Also the results of HER2 staining are in 
agreement with previous studies showing that 
approximately 6-35% of NSCLC tumors show 
positivity for HER2 [57, 64]. In addition, the frequency 
of HER2 positivity detected in the cohort of patients 
under analysis in this manuscript was within the 
reported range in ADC (17–42%) and SCC (∼40%) [47, 
65]. 

As to the mechanisms whereby HER2 is 
overexpressed in NSCLC, results from FISH analysis 
indicated that an increase of copy number of the 
HER2 gene at 17q12 is responsible for ∼25% of cases 
with enhanced HER2 expression and in ∼12% of 
tumors that presented HER2 activation. These results 
are in agreement with previous reports indicating that 
gains of part or of the entire long arm of chromosome 
17, where the HER2 gene maps, are recurrent in 
NSCLC, ranging from 2% to 23%, depending on the 
study [65, 66]. In a recent meta-analysis that 
confirmed the unfavorable prognosis associated with 
HER2 overexpression in NSCLC, the frequency of 
HER2 positivity was significantly increased in 
patients with ADC histology (38% versus 16% in SCC, 
respectively) [18]. Yet, since several NSCLCs 
overexpress HER2 in the absence of gene copy 
number gains, other mechanisms must be involved in 
the deregulation of the expression of this oncogene in 
Italian NSCLC patients. 

The second relevant point that we make in this 
manuscript is that activated HER2 combined with 
activated ERK1/2 (pHER2-pERK1/2) in univariate 
and multivariate analysis predict poor outcome in 
unselected and in early stage NSCLC patients.  

Currently, disease stage is the main prognostic 

factor for survival in patients with NSCLC, with a 
median survival of >8 years for stage I patients and <1 
year for stage IV patients. Although surgery can be 
curative for a subset of early stage I+II patients, a 
significant number of early stage NSCLC patients 
recurs [67]. Demographic characteristics of patients 
such as gender, age, smoking habit or 
histopathological features of tumors that include 
histology, tumour size, local extension and infiltration 
or nodal status have been suggested as prognostic 
factors for NSCLC patients [68]. In addition, several 
single (i.e. K-RAS, ErbB receptors, bcl-2, Sox2) or 
multiple (gene or miRNA signatures) molecular 
determinants have been proposed as predictive 
factors for survival of NSCLC patients [60, 69-72]. 
However, none of these approaches has turned out to 
be completely satisfactory in predicting disease 
progression and clinical outcome, especially in early 
stage patients [73-75]. 

The conclusions derived from this study indicate 
that positivity for the combination pHER2-pERK1/2 
predicts significantly shorter OS and DFS in NSCLC 
patients with stages I+II tumors (48.4 vs. 63.7 months, 
respectively) (40.2 vs. 51 months, respectively) and 
shorter OS in unselected patients (46.3 vs. 59.1 
months, respectively). In addition, multivariate 
analysis indicated that the combined 
pHER2-pERK1/2 positivity (but not HER2 or 
ERK1/2) represents a statistically significant indicator 
of poor prognosis independent of the most important 
clinical-pathological prognostic factors for both 
unselected and early stage NSCLC patients. 

On the other hand, shorter OS and DFS in 
unselected patients is also significantly associated 
with pERK1/2 positivity (44.9 vs. 61.9 months; 40.2 
versus 49.6 months, respectively) whereas shorter OS 
and DFS in early stages patients is also significantly 
associated with pHER2 positivity (50.5 vs. 68.7 
months; 45.3 vs. 55.8 months, respectively), though 
subsequent multivariate analysis failed to confirm 
pHER2 and pERK1/2 as independent prognostic 
factors.  

These results are in agreement with prior studies 
showing association of HER2 overexpression with 
poor prognosis, shorter survival and drug resistance 
in NSCLC patients [47, 57, 76] as well as association of 
pERK staining with higher T stages, lymph node 
involvement, more aggressive tumours and lower 
survival [42]. However, at difference with the present 
report, multivariate analysis performed in those 
previous studies failed to show significant survival 
difference. 

Strikingly, early stage NSCLC patients double 
positive for pHER2-pERK1/2 showed 3-year survival 
of 25%, which was much lower in comparison with all 
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other combination (69%). Similarly, 3-year relapse rate 
observed in pHER2-pERK1/2 double positive 
patients was higher (54%) than the value observed in 
all other early stage patients (17%). 

It is of note that pERK1/2 positivity reached 
statistically significance as independent indicator of 
poor prognosis in unselected NSCLC patients. This 
observation is in agreement with the finding that in 
our cohort of patients, positivity for pERK1/2 was 
significantly enriched in patients in stages III+IV of 
the disease. In addition, the finding that pERK1/2 as a 
single factor was not apparently a significant 
prognostic marker in early stage NSCLC patients, is 
also in line with a recent report in which single 
biomarkers within the mTOR/AKT and/or the 
MAPK pathway were not predictive of survival in 
NSCLC patients when taken individually [77]. 

In conclusion, this study provides evidence that 
the activation of HER2-ERK1/2 pathways represents 
an early critical event in NSCLC development and 
that activation of this pathway is predictive of poor 
prognosis in NSCLC patients (in particular, in 
patients with early stage cancer). Above all, these 
findings suggest that the evaluation of the activation 
status of HER2, ERK1/2 and a combination thereof is 
a new tool for ameliorating the characterization of 
NSCLC patients, although further studies with larger 
cohort of patients are needed to confirm the results 
reported here. 
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