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Abstract. Epidermal growth factor receptor (EGFR) mutation 
is an important predictor for response to personalized treat-
ments of patients with advanced non‑small‑cell lung cancer 
(NSCLC). However its usage is limited due to the difficult of 
obtaining tissue specimens. A novel prediction system using 
matrix assisted laser desorption ionization‑time of flight mass 
spectrometry (MALDI‑TOF MS) has been reported to be a 
perspective tool in European countries to identify patients 
who are likely to benefit from EGFR tyrosine kinase inhibitor 
(TKI) treatment. In the present study, MALDI‑TOF MS was 
used on pretreatment serum samples of patients with advanced 
non‑small‑cell lung cancer to discriminate the spectra 
between disease control and disease progression groups in one 
cohort of Chinese patients. The candidate features for clas-
sification were subsequently validated in a blinded fashion in 
another set of patients. The correlation between plasma EGFR 

mutation status and the intensities of representative spectra for 
classification was evaluated. A total of 103 patients that were 
treated with EGFR‑TKIs were included. It was determined 
that 8 polypeptides peaks were significant different between 
the disease control and disease progression group. A total of 
6 polypeptides were established in the classification algorithm. 
The sensitivity of the algorithm to predict treatment responses 
was 76.2% (16/21) and the specificity was 81.8% (18/22). The 
accuracy rate of the algorithm was 79.1% (34/43). A total of 
3 polypeptides were significantly correlated with EGFR muta-
tions (P=0.04, P=0.03 and P=0.04, respectively). The present 
study confirmed that MALDI‑TOF MS analysis can be used 
to predict responses to EGFR‑TKI treatment of the Asian 
population where the EGFR mutation status differs from the 
European population. Furthermore, the expression intensities 
of the three polypeptides in the classification model were 
associated with EGFR mutation.

Introduction

Lung cancer remains a common cause of mortalities world-
wide, accounting for 1.6 million mortalities in 2012 and 
~20% of all cancer mortalities (1). Non‑small cell lung cancer 
(NSCLC) is the predominant type of the disease with ~80% of 
cases (1). In the last decade, the important discovery of muta-
tions in the epidermal growth factor receptor (EGFR) gene 
had led to the development of targeted therapy and personal-
ized medicine (2). One class of anti‑tumor drugs that target 
EGFR is a group of small molecule inhibitors that inhibit 
the tyrosine kinase domain of EGFR, EGFR‑tyrosine kinase 
inhibitors (TKIs). Examples of EGFR‑TKIs include gefitinib 
and erlotinib (3,4).

EGFR‑TKIs have demonstrated initial success in some 
patients with activating mutations (5). However, numerous 
patients do not respond to the drug  (6‑8). Therefore, the 
identification of biomarkers that are predicative of response to 
the drug became a key issue for doctors to select the optimal 
therapy. To date, mutations in the EGFR gene (exon  19 
deletion, exon 18 G719X and exon 21 L858R) have been 
reported to be predictors of individualized treatment (9‑12). 
However, obtaining sufficient quantities of tissue specimens 
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for laboratory evaluation is a challenge in clinical practice. 
Unlike large quantities of tissue obtained during surgery, 
tissue biopsies obtained in patients with advanced NSCLC 
are usually too small for detection of EGFR gene mutations 
following pathological diagnosis, such as routine and immuno-
histochemical staining (13,14). Additionally, under safety and 
compliance considerations, repeated biopsies of these patients 
are associated with high risks and therefore are unacceptable. 
Consequently, there is an urgent need to develop specific 
biomarkers in specimens that are more easily assessable, such 
as serum or plasma.

Matrix‑assisted laser desorption ionization‑time of flight 
mass spectrometry (MALDI‑TOF MS) is a soft ionization 
technique used in mass spectrometry, which allows the analysis 
of biomolecules (biopolymers such as DNA, proteins, peptides 
and sugars) and large organic molecules (such as polymers, 
dendrimers and other macromolecules), which tend to be fragile 
and fragment when ionized by more conventional ioniza-
tion methods (15,16). MALDI‑TOF MS is a high‑throughput 
procedure and much faster, more accurate and cheaper 
compared with other techniques based on immunological or 
biochemical tests (17,18). In recent years, MALDI‑TOF MS 
has been successfully used in distinguishing cancer patients 
from healthy controls, such as in pancreatic, breast, ovarian 
and lung cancer  (19,20). With regards to predicting tumor 
treatment responses, perspective applications of MALDI‑TOF 
MS have also been reported. In 2007, Taguchi et al (21) devel-
oped and validated a serum/plasma test (VeriStrat) that uses 
MALDI‑TOF MS to classify patients with NSCLC based on 
prognosis following treatment with EGFR TKIs. Following the 
preliminary study, the same group further demonstrated that 
VeriStrat not only have the predictive capability but also have 
the potential to be used for monitoring gefitinib treatment (22). 
However, VeriStrat was performed and evaluated primarily on 
the Caucasian population, which possess a low frequency of 
EGFR mutations (~10%) (23). The frequency of EGFR muta-
tions in the Asian population is ~30% (24), therefore, it is also 
desirable to establish biomarkers using MALDI‑TOF MS in 
this population.

The aim of the present study was to investigate whether 
MALDI‑TOF MS analysis can be used for pretreatment selec-
tion of patients with advanced NSCLC, who would benefit 
from EGFR‑TKI therapy in one cohort of Chinese patients. 
The MALDI‑TOF MS data were obtained and further analyzed 
with advanced chemometric tools.

The spectra that were distinctive between the disease control 
and disease progression groups of patients were selected in a 
training set of samples. Subsequently, the candidate features 
of classification were validated in blinded fashion in the test 
group of another set of patients. The association between the 
blood EGFR mutation status and intensities of the representa-
tive spectra for classification was also evaluated.

Materials and methods

Patient follow‑up and sample collection. Patients that 
pathologically confirmed as stage  IIIb‑IV NSCLC were 
enrolled at the Department of the Pulmonary Oncology at 
the Hospital of Military Medical Sciences (Beijing, China) 
between August 2011 and October 2012. The inclusion criteria 

included ≥18 years old and Eastern Cooperative Oncology 
Group (ECOG) performance status (25,26) ≤3. EGFR‑TKIs 
therapies, including gefitinib, erlotinib and icotinib were 
administrated with the recommended dose. CT scan was 
initially performed after four weeks of EGFR‑TKI treatment 
and was continuously performed every two months. All 
patients were followed up until July 31, 2013. The best overall 
efficacies were divided into five groups: Complete response 
(CR), partial response (PR), stable disease (SD), progressive 
disease (PD) according to Response Evaluation Criteria for 
Solid Tumors (version 1.1) (27).

All serum samples were collected prior to the initial treat-
ment of EGFR‑TKIs. The sera were separated into aliquots 
(150 µl) and centrifuged at 2,500 x g for 10 min at 4˚C. The 
samples were then put into liquid nitrogen for rapid freezing 
and stored at ‑80˚C.

The present study was approved by the Ethics Committee 
of Academy of Military Medical Sciences in accordance with 
the medical research regulations of China and conformed to the 
provisions of the Declaration of Helsinki in 1995 (as revised in 
Tokyo 2004) (28). All participants provided written informed 
consent, and patient information was used anonymously.

Isolation of serum polypeptides. Briefly, the serum samples were 
thawed on ice. Resuspended MB‑IMAC‑Cu2+ (National Center 
of Biomedical Analysis, Beijing, China) was mixed with 5 µl 
beads (National Center of Biomedical Analysis) in 50 µl binding 
buffer (National Center of Biomedical Analysis) and applied 
onto the magnetic bead separator (MBS; Bruker Corporation, 
Ettlingen, Germany) for four times. The supernatant was 
subsequently discarded, and the procedure was repeated three 
times. Subsequently, 5 µl serum was mixed with 20 µl binding 
buffer without disturbance at room temperature for 10 min. 
The mixture was applied onto the MBS for four times, and the 
supernatant was discarded. A total of 100 µl washing solution 
was added following the MBS step (four times), and the super-
natant was discarded. This step was repeated twice. A total of 
20 µl elution buffer was added and mixed at room temperature 
for 20 min. The final mixture was placed on the MBS for four 
times and stood for 20 sec each time. Finally, the supernatant 
containing serum polypeptide was collected.

MALDI‑TOF MS analysis. The samples were analyzed at the 
Beijing Proteome Research Center (Beijing, China) using a 
Bruker Autoflex‑II MALDI MS (Bruker Corporation). The 
serum polypeptides were mixed with 1 µl saturated HCCA 
matrix (α‑cyano‑4‑hydroxycinnamic acid dissolved in 0.1% 
trifluoroacetic acid and 50% acetonitrile) and was spotted at a 
unique location on the target plate. The plate was dried at room 
temperature and then inserted into the mass spectrometer after 
the instrument was calibrated with pure, well‑characterized 
standards. Positive ion mass spectra were obtained in linear 
mode in an automated manner. The mass spectrum comprised 
peaks of the polypeptides with different mass‑to‑charge ratio 
(m/z), which was obtained using the software ClinProTools 
(CPT; Bruker Corporation). To avoid system errors and 
manual operation errors, the standard (peptide mixture) would 
be detected prior to the testing of each sample. Meanwhile, 
10 cases were randomly selected, and their serum samples 
were collected for 6 days.
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In order to evaluate the inter‑stability of MALDI‑TOF 
MS analysis, samples from the same patient but collected 
on different days were tested in batches. In order to evaluate 
the intra‑stability of the analysis, the same sample was 
tested for 6 times in one day. Peaks with m/z in the range of 
1,000‑10,000 Da were selected for calculation of the coeffi-
cient of variation. The results indicated that the coefficient of 
variation of intra‑day and inter‑day were <20%.

Spectra were analyzed by FlexAnalysis software (version 3.0; 
Bruker Corporation), including spectrum smoothing, attenu-
ation and standard peak processing (signal‑to‑noise ratio 
>3). The output data in Excel format, which contain m/z and 
peak intensity values, were then normalized using NCBA 
6.0 software (home made).

Classification procedure. Each spectrum obtained from the 
sample was characterized by a set of features using the CPT 
software, including background subtraction, normalization and 
integration of intensities. The disease control group was defined 
as patients that were administered with EGFR‑TKI therapy for 
more than one month and their best treatment responses were 
CR, PR or SD. The disease progression group was defined 
as patients that were administered with EGFR‑TKI therapy 
within one month and the treatment response was evaluated as 
PD. Subsequently, two‑thirds of the patients from each group 
were randomly selected for the training set of data in order 
to establish the classification algorithms. The software filters 
the significantly different polypeptides between the disease 
control and disease progression groups. The software then 
analyzed the intensities of these polypeptides and the best 
therapy response to establish the classification model. Briefly, 
the serum polypeptide fingerprints were analyzed by cluster 
analysis (Fig. 1). The results indicated that Quick Classifier 
(QC) was the optimal algorithm. QC is a single variable sorting 
algorithm that first sorts the average peak area of each group 
by P‑value and calculates the weight. The model is then estab-
lished and all parameters are unchanged. In total, 43 samples 
were used as a test group to verify the model. The test samples 

were classified as the disease control and progression groups 
using Clinpro Tools v2.1 software (Bruker Corporation) based 
on the classification model.

EGFR mutation status. EGFR mutations were identified 
according to previously established methods  (29). Briefly, 
DNA was extracted from plasma using the QIAamp DNA 
Blood Mini kit (Qiagen GmbH, Hilden, Germany). EGFR 
mutation status was analyzed using the ADx‑ARMS (ampli-
fication refractory mutation system) kit (Amoy Diagnostics, 
Xiamen, China), and all experiments and genotyping calling 
were performed following the manufacturer's instruc-
tions. This kit was approved by the Chinese Food and Drug 
Administration for in vitro diagnostics use, which detects the 
29 most common EGFR mutations in lung cancer as described 
to date.

Statistical analysis. Statistical analysis was performed 
using SPSS (version 19; SPSS, Inc., Chicago, IL, USA). 
Kaplan‑Meier survival curves of progression‑free survival 
(PFS) and overall survival (OS) of patients in the disease 
control and disease progression groups were generated and 
compared using the Log‑rank test. Time‑to‑event outcomes of 
disease control and disease progression group were analyzed 
using hazard ratios (HRs), which take into account the number 
and timing of events representing disease progression of PFS 
and mortality of OS, respectively. The results were presented 
as hazard ratios (HRs) with their 95% corresponding intervals 
(CIs). The association between clinical characteristics (stage, 
sex, age, performance status, smoking status, and histology) 
with survival, as well as the intensities of polypeptides in 
the classification model and EGFR gene expression were 
determined using the Mann‑Whitney Test. Comparisons of 
the area under the peptide peaks between the disease control 
group and disease progression group were determined using 
an independent‑sample t‑test with ClinproTools software v2.1 
(Bruker Corporation). P<0.05 was considered to indicate a 
statistically significant difference.

Figure 1. Cluster analysis of serum polypeptides of the control group (red) and progressive disease group (green). 
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Results

Patients. A total of 103 cases were included, with a median age 
of 58 years (range, 33‑81 years). Of the total, 63 cases were male 

(61.2%), and around half (48.5%) of the cases had a history of 
smoking. A total of 87 cases (84.5%) had an ECOG score of 0‑1, 
and 16 cases (15.5%) had a score of 2‑3. The major pathological 
type was adenocarcinoma (76.7%), followed by squamous 

Table I. Characteristics of the patients with advanced non‑small‑cell lung cancer in the present study. 

	 Patients (n=103)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Disease control group, (n=51)	 Disease progressive group, (n=52)	 P‑value

Age (years)			   0.105
  Median	 57	 59	
  Range	 37‑81	 33‑79	
Sex, n, (%)			   0.200
  Male	 28 (54.9)	 35 (67.3)	
  Female	 23 (45.1)	 17 (32.7)	
Smoking history, n, (%)			   0.013
  Current or former smoker	 20 (39.2)	 33 (63.5)	
  Never smoked	 31 (60.8)	 19 (36.5)	
Histology, n, (%)			   0.579
  Adenocarcinoma	 42 (82.3)	 37 (71.1)	
  Squamous‑cell carcinoma	 3 (5.9)	 11 (21.2)	
  Others	   6 (11.8)	 4 (7.7)	
Stage, n, (%)			   0.449
  IIIb	 5 (9.8)	 3 (5.8)	
  IV	 46 (90.2)	 49 (94.2)	
EGFR‑TKIs, n, (%)			   ‑
  Gefitinib  	 11 (21.6)	 13 (25)	
  Erlotinib	 14 (27.5)	 22 (42.3)	
  Icotinib	 26 (50.9)	 17 (32.7)	
RECIST, n, (%)			   ‑
  Partial response	 28 (54.9)	‑	
  Stable disease	 23 (45.1)	‑	
  Progressive disease	‑	  52 (100)	
PFS (months)			   <0.0001
  Median	 9.6	 0.9	
  Range	 1.5‑20	 0.5‑1	
OS (months)			   <0.0001
  Median	 13	 4	
  Range	 2.2‑23	 0.6‑21.8	
EGFR mutation status, n, (%)			   <0.001
  Mutant	 25 (49)	 3 (5.8)	
  Exon 19 deletions	 11 (21.6)	 0	
  Exon 21 mutations	 12 (23.5)	 3 (5.8)	
Other	 2 (3.9)	 0	
  Wild‑type	   6 (11.8)	 17 (32.7)	
  Unknown	 20 (39.2)	 32 (61.5)	
ECOG performance status, n, (%)			   0.620
  0‑1	 44 (86.3)	 43 (82.7)	
  2‑3	   7 (13.7)	   9 (17.3)	

EGFR‑TKI, epidermal growth factor receptor‑tyrosine kinase inhibitor; RECIST, Response Evaluation Criteria for Solid Tumors; PFS, 
progression‑free survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group. 
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carcinoma (13.6%), and other pathology cases accounted for 
9.7%. The study included 8 clinical stage IIIb cases (7.8%) and 
95 stage IV cases (92.2%) (Table I).

A total of 51 samples were tested for EGFR gene mutations. 
The results indicated that around half of the cases (54.9%) were 
EGFR mutants, including 11 (21.6%) cases of exon 19 deletion 
mutation, 15 (29.4%) cases of exon 21 point mutations and 
2 cases (3.9%) of exon 18 point mutations (Table I). The median 
of PFS for mutant and wild‑type patients was 7.75 months and 
1 month, respectively (HR=0.4905, 95% CI=0.2598‑0.9260, 
P=0.028), and the median of OS was 11 months and 9 months, 
respectively (HR=0.7049, 95% CI=0.3919‑1.268, P=0.2431).

The median follow‑up duration of all 103  cases was 
9 months. A total of 51 cases with optimal treatment responses 
as CR or PR or SD following EGFR‑TKIs therapy for more 
than one month were in the control group. The other 52 cases 
who were administrated with EGFR‑TKIs within one month 
and whose responses evaluated as PD were counted in the 
progressive disease group.

Development of the classification model. The control and 
progressive disease cases were randomly divided into one 
training group and one test group by a ratio of 3:2 as previ-
ously described (18). The training group included 30 control 
cases (control group  I) and 30 progressive disease cases 
(progressive group I). The other 43 patients were classified 
into the test group, including 21 cases in the control group 
(control group II) and 22 cases of progressive disease group 
(progressive group II).

The serum polypeptide fingerprints of control group  I 
and progression group I are illustrated in Fig. 2. A total of 
125 polypeptide peaks were identified from the fingerprints 
of control group I and progression group I by the CPT 
software. The significant difference was defined as AUC 
(area under the curve) >0.8 and P<0.003. Based on these 
criteria, a total of 8 differential polypeptides peaks were 
obtained between the control group I and progressive group I, 
whose m/z were in the range of 1,000‑10,000 Da (Table II). 
Subsequently, the QC algorithm calculated 6 polypeptides in 

Figure 2. Serum polypeptides fingerprints in the training set: (A) Control group I and (B) progressive disease group I.

Table II. Comparison of serum polypeptides peaks intensities between the disease progression and disease control groups.

	 Progression group I (n=30),	 Control group I (n=30),	
m/z	 average of peak area ± SD	 average of peak area ± SD	 AUC

3883.91	 21.72±10.40	 44.41±15.41	 0.90a

7776.19	 35.21±26.78	 121.06±64.54	 0.95a

9307.12	 17.95±13.86	 74.58±45.55	 0.97a

4644.26	 46.58±20.42	 87.98±34.08	 0.87a

2660.79	 32.84±16.85	 76.54±46.48	 0.82a

3891.06	 25.34±14.62	 41.24±13.72	 0.81a

7935.17	 3.12±1.64	 6.84±4.31	 0.85a

2379.3	 10.81±8.09	 21.54±12.04	 0.81a

aP<0.003; AUC, area under the curve; SD, standard deviation. 
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the optimal template, which was used to develop the classifica-
tion model (Fig. 3 and Table III). It was defined that, when 
the 2660.79 Da peak area of the serum polypeptides was 
76.54±46.48, and 3883.91 Da peak area was 44.41±15.41, and 
3891.06 Da peak area was 41.24±13.72, and 4644.26 Da peak 
area was 87.98±34.08 range, and 7776.19 Da peak area was 
121.06±64.54, and 9307.12 Da peak area was 74.58±45.55, the 
sample was considered from patients of the control group. By 
contrast, when 2660.79 Da peak area of the serum polypeptides 
was 32.84±16.85, and 3883.91 Da peak area was 21.72±10.40, 
and 3891.06 Da peak area was 25.34±14.62, and 4644.26 Da 
peak area was 46.58±20.42, and 7776.19 Da peak area was 
35.21±26.78, and 9307.12 Da peak area was 17.95±13.86, the 
sample was considered from patients of the progressive disease 
groups. The result indicated that the identification and predic-
tive rates of the model to clarify the disease control group were 
90 and 93.16%, respectively.

Validation of the classification model. A total of 43 patients in 
the test group were used to validate the classification model. 
Among 21 control cases, 16 cases were correctly classified. 
By contrast, among 22 cases in the progressive disease group, 
18 cases were correctly classified by the classification model. 
Therefore, the sensitivity of the model was 76.2% (16/21), and 
the specificity was 81.8% (18/22). The accuracy rate was of the 
model 79.1% (34/43).

Correlation between EGFR mutation status and classification 
model. The correlation between the six polypeptides in the 
classification model and the expression of EGFR gene was 
further analyzed. A total of three polypeptides (m/z=2660.79, 
m/z=4644.26 and m/z=9307.12) were significantly different 
between EGFR mutant and wild‑type patients (P=0.036, 
P=0.025 and P=0.037, respectively). This meant results the 
stronger the expression of the polypeptides, the greater the 

chance that the EGFR mutations occur. However, there was 
no statistically significant difference in the polypeptides, 
m/z=3883.91, m/z=3891.06 and m/z=7776.19, between the two 
groups (P=0.784, P=0.087 and P=0.060, respectively; Table IV).

Discussion

Individualized treatment under the guidance of molecular 
markers is a research hotspot, and it is a current trend in 
advanced lung cancer treatment. Although EGFR muta-
tion was a promising predictor of response to EGFR‑TKIs 
treatment, many unfavorable conditions limited its usage. 
At present, some attempts have been taken to replace tissue 
specimens with blood, pleural effusion or other substitute 
samples that may contain tumor information for the detection 
of EGFR mutations (13,15,30). However, a more constructive 
attempt is to establish a new predictor system using proteomic 
techniques. In the present study, a classification model was 
developed using six distinct m/z features in a training set 
of patients. For validation in a test group, the sensitivity, 

Figure 3. Six serum polypeptide peaks in the model. Red, control group I; green, progressive disease group I.

Table III. Mass spectral features used in the classification 
algorithm for matrix‑assisted laser desorption ionization‑time 
of flight mass spectrometry. 

m/z	 Maximum peak drift (%)	 Weight

2660.79	 0.1	 0.0006
3883.91	 0.1	 2.1662
3891.06	 0.1	 0.0012
4644.26	 0.1	 2.2672
7776.19	 0.1	 3.2804
9307.12	 0.1	 7.4200
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specificity and accuracy rate of the model were all ~80%. In 
addition, the intensities of the three polypeptides in the model 
were correlated with EGFR mutation status.

EGFR gene amplification is the most developed method in 
the clinic to predict EGFR‑TKIs treatment responses (31,32). 
EGFR gene amplification is also used to identify the cause 
of acquired resistance to EGFR‑TKIs by repeated, real‑time 
biopsy (33,34). However, the difficulty of obtaining tissue 
samples and the presence of critical laboratory requirements 
limited the application of EGFR‑TKI (13,14,30).

In recent years, the development of a new prediction system 
has been imminently underway. One relatively new proteomic 
technology, MALDI‑TOF MS, has been used as a tool to distin-
guish differentially expressed profiles in pretreatment serum 
for prediction of therapy response. The classification ability 
of the VeriStrat test based on the MALDI‑TOF MS technique 
appears to be similar compared with tumor tissue‑based 
assays  (21). The algorithm in VeriStrat uses the integrated 
intensities of 8 mass spectral peaks and assigns a classification 
label either ‘good’ (VSG) or ‘poor’ (VSP) (21). Multivariate 
analysis of 111 patients with NSCLC that were treated with 
gefitinib indicated that the VSG group had longer PFS and OS 
compared with the VSP group (22). The prognostic value of the 
VeriStrat classification was further confirmed in the PROSE 
study, which is a biomarker‑stratified, randomized phase III 
trial (35). A total of 285 cases of patients with advanced NSCLC 
were centrally randomized in a 1:1 ratio to the second‑line 
treatment of erlotinib or standard chemotherapy (pemetrexe or 
dordocetaxel). According to VeriStrat classification and further 
stratified analysis, the overall survival of the VSG group was 
significantly improved compared with the VSP group. In addi-
tion, the survival of VSP patients who received chemotherapy 
was longer compared with those that were administered with 
erlotinib. However, the survival of the patients in the VSG 
group who received chemotherapy was similar to the patients 
that were administered with erlotinib (36).

The aforementioned studies indicated that the serum 
proteomic VeriStrat classification was particularly important 
in assisting treatment selection between chemotherapy and 
molecular targeted therapy for the second‑line treatment of 
patients with wild‑type EGFR and unknown EGFR status. 
It was recommended that the patients in the VSP group 

would receive chemotherapy. For VSG patients, the treatment 
response of molecular targeted therapy was similar compared 
with the response to chemotherapy.

In the present study, the classification model was devel-
oped based on serum polypeptides detected by MALDI‑TOF 
MS. However, the m/z values of 6 polypeptides entered 
in the present model were different from the findings of 
VeriStrat (37,38). One reason might be that the VeriStrat algo-
rithm was developed from patients with disease progression in 
less than one month and from patients with stable disease for 
more than six months (37), while the present model was based 
on differentially expressed spectra from patients with CR, PR 
or SD responses and from patients with PD. The differences in 
the definitions of treatment outcome may lead to identification 
of different polypeptides. On the other hand, the biological 
rationale for differential outcome according to MALDI‑TOF 
MS is hypothesized to be associated with a systemic inflam-
matory response to tumors that promotes tumor growth and 
apoptotic resistance  (39). The EGFR mutation rate in the 
Chinese population in the present study was different from the 
one targeted by VeriStrat, which may result in the induction of 
different inflammatory processes and thus different polypep-
tides. However, this hypothesis requires further investigation.

In a blinded fashion, the model was verified with an accu-
racy rate of ~80%. Lazzari et al (22) investigated the possible 
changes in VeriStrat classification from the pretreatment 
baseline to treatment withdrawal. It was identified that 30% of 
cases exhibited a change, and the majority of the changes were 
from ‘good’ to ‘poor’. In addition, in 90% of these cases where 
‘good’ at the baseline was changed to ‘poor’, progression was 
associated with the development of new lesions (22). As the 
definition of ‘disease control’ used in the present model was 
not equivalent to the ‘good’ classification as used in VeriStrat, 
the change in classification from ‘disease control’ to ‘progres-
sive disease’ and the change from progressive disease to 
disease control may have occurred. This may have resulted in 
false classification in the present study.

In the present study, a correlation between EGFR gene 
amplification in the plasma sample and expression intensities of 
3 polypeptides peaks in the classification model was identified. 
However, other studies did report any significant correlations 
between VeriStrat classification and EGFR mutation status or 

Table IV. Correlation analysis of epidermal growth factor receptor mutation status and the polypeptides peaks intensities in the 
model.

	 Mutant (n=28)	 Wild‑type (n=23)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
m/z	 Mean ± SD	 Median (IQR)	 Mean ± SD	 Median (IQR)	 Statistics (Z score)	 P‑value

2660.79	 0.28±0.13	 0.29 (0.19)	 0.27±0.13	 0.28 (0.15)	‑ 2.09	 0.036
3883.91	 0.13±0.03	 0.12 (0.04)	 0.13±0.03	 0.13 (0.04)	 0.27	 0.784
3891.06	 0.14±0.06	 0.13 (0.06)	 0.17±0.07	 0.17 (0.08)	 1.71	 0.087
4644.26	 0.26±0.07	 0.25 (0.14)	 0.22±0.06	 0.24 (0.08)	 2.24	 0.025
7776.19	 0.20±0.05	 0.20 (0.07)	 0.16±0.07	 0.15 (0.11)	‑ 1.88	 0.060
9307.12	 0.07±0.03	 0.07 (0.04)	 0.05±0.03	 0.05 (0.04)	‑ 2.09	 0.037

SD, standard deviation; IQR, interquartile range. 
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KRAS mutations (22,40,41). One may argue that blood samples 
were used to analyze EGFR mutation status while other 
studies detected EGFR amplifications using tissue specimens. 
However a number of studies have demonstrated that EGFR 
mutation in the plasma (42‑45) or serum (46,47) was consistent 
with EGFR mutation status in tissue specimens (42,43,46‑48), 
and EGFR mutations in blood samples can be used as a 
predictor of treatment response from EGFR‑TKIs (42‑45,48). 
It was hypothesized that the primary reason for the differences 
in m/z values may be different host background between the 
present study and other studies (22,37,38,40,43‑48).

As previously established, the rate of EGFR mutations 
is markedly higher in Asians compared with other ethnic 
groups such as Caucasian (49,50). Consequently, we suggested 
that VeriStrat classification might be more useful to identify 
patients with primary or secondary resistance to EGFR‑TKIs, 
while the classification model in the present study may focus 
on EGFR‑TKI‑sensitive populations.

There are two major limitations in the present study. 
One limitation was that the control group was not included. 
However, the model was verified in an additional separate 
study using a control group (data not shown). Another limi-
tation was that smoking status may be a confounding factor 
when developing the model. Stratified analysis with a larger 
size of samples is required to avoid this bias.

The mechanisms of EGFR‑TKI resistance and interven-
tions for resistance are topical issues in clinical research. Using 
repeated biopsies and detection of EGFR mutations, it may be 
possible to identify the mechanisms underlying resistance and 
consequently lead to personalized therapy (51,52).

However, repeat biopsy is more difficult to obtain due to 
poor material recovered by bronchoscopy and the invasiveness 
of the procedure, compared with repeat blood sampling (53,54). 
By contrast, the dynamic monitoring of drug‑resistant‑asso-
ciated proteomic indicators in blood samples may be more 
practical. Therefore, it is important to the future to observe 
the stability of the six polypeptides in the course of treatment 
and to monitor the potential correlation between the changes 
within the six polypeptides and disease progression.

In conclusion, the present study indicated that as a 
non‑invasive and practical technique, MALDI‑TOF MS 
analysis of peripheral blood may be a novel tool that can assist 
the selection of personalized treatment and a useful tool to 
complement conventional methods, particularly for patients 
where the availability of tissue samples is limited for EGFR 
detection. In addition, expanded and prospective studies will 
be considered for further verification of the dynamic and 
real‑time property of the model.
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