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Abstract. Real-time assessment of therapeutic response in 
patients with advanced lung cancer presents a major challenge 
throughout the treatment process. Currently, computed tomog-
raphy imaging is often used; however, it is radiation-based and 
hysteretic and is not suitable for repeated use as a real-time 
assessment. Blood biomarkers represent a novel solution for 
assessing therapeutic response in patients with advanced lung 
cancer. In the present study, the efficacy of a methylation 
marker [methylated prostaglandin E receptor 4 (mPTGER4)] 
and four protein markers [carcinoma antigen 125 (CA125), 
carcinoembryonic antigen (CEA), cytokeratin 19-fragments 
(cyfra21‑1) and neuron‑specific enolase (NSE)] were simulta-
neously evaluated to determine their potential in facilitating 
therapeutic response monitoring as well as their prognostic 
values in patients with stage IV lung cancer. The results indi-
cated that, following treatment, the blood levels of methylated 
PTGER4 and NSE had significantly decreased, and mPRGER4, 
CA125, CEA and NSE exhibited a significant decrease in 
percentage level. Since mPTGER4 exhibited a higher rate of 
positive detection prior to therapy, and a greater response of 
sensitivity to therapy compared to the protein markers, it may 

represent an improved marker for the monitoring of thera-
peutic response. The efficacy of the markers in predicting the 
overall survival (OS) rate of patients with stage IV lung cancer 
was also assessed. Results from the follow-up of patients (up to 
891 days) revealed that the blood levels of mPTGER4, CA125 
and NSE before treatment were able to predict overall survival 
(OS) rate. Additionally, the percentage change in expression 
levels of CA125, CEA and NSE was also able to predict the OS 
rate. In conclusion, the present results indicate that mPTGER4 
represents an improved biomarker for monitoring therapeutic 
efficacy compared with CA125, CEA, Cyfra21‑1 and NSE. 
In predicting the long-term survival of patients with stage IV 
lung cancer; however, the pre-treatment levels of mPTGER4, 
CA125 and NSE and the percentage changes of CA125, CEA 
and NSE may be used as the markers.

Introduction

Lung cancer is the most commonly diagnosed cancer and the 
leading cause of cancer-associated mortality in China and 
globally (1). Low-dose computed tomography has been recom-
mended as the primary method for screening lung cancer (1). 
Multiple in vitro diagnostic methods for lung cancer screening 
and early detection, including next-generation sequencing 
and blood-based circulating tumor DNA (ctDNA) assays, are 
currently under development with promising application pros-
pects (2-7). However, there are few effective blood-based 
tests for assessing the therapeutic response or predicting the 
prognosis of patients with lung cancer (8-10). The sensitivity 
of clinically used protein markers, such as carcinoma antigen 
125 (CA125), carcinoembryonic antigen (CEA), cytokeratin 
19‑fragments (cyfra21‑1) and neuron‑specific enolase (NSE) 
is not high enough for effective screening (2-10). In addition, 
patients with negative test results prior to treatment are unable 
to be assessed using protein markers, which are generally 
more sensitive to advanced lung cancer than early-stage lung 
cancer (8-10). Therefore, protein markers are more suitable to be 
used as recurrence indicators, rather than response monitoring 
markers. However, CT imaging, despite being a widely-used, 
non-invasive method for therapeutic response assessment, is 
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unable to be used routinely due to radiation, hence renders the 
immediate detection of tumors changes impossible. Currently, 
effective methods for response monitoring and prognosis 
prediction in lung cancer therapy are lacking.

Methylated prostaglandin E2 receptor EP4 subtype 
(mPTGER4) was recently reported as a methylation marker 
for the early detection of lung cancer. To the best of our 
knowledge, the only two studies investigating the applica-
tion of mPTGER4 as a marker involve the use of this marker 
in the differential diagnosis of benign and malignant lung 
diseases (11,12). Other diagnostic and therapeutic applications 
of mPTGER4 have not yet been reported. In the aforemen-
tioned two reports, mPTGER4 was used in conjunction with 
methylated short stature homeobox 2 (mSHOx2) to differ-
entiate between benign and malignant lung diseases, with an 
enhanced sensitivity and specificity of 67 and 90%, respec-
tively compared with mPTGER4 or mSHOx2 alone (11,12). 
Methylation markers generally exhibit stage-dependent detec-
tion sensitivity, which is typically higher in advanced cases. 
In early-stage patients, however, the detection sensitivity is 
determined by the actual performance of markers in early 
detection and differential diagnosis (11‑16). For patients with 
advanced disease, methylation markers can potentially be used 
for therapeutic response monitoring, due to their high positive 
detection rate (PDR) in advanced stage cancers, as well as 
their sensitivity to changes in tumor burden following treat-
ment (15,16). Conversely, protein markers are not as potent as 
methylation markers, due to their unsatisfactory PDR even in 
advanced cancer, thus limiting their use in monitoring tech-
niques (8‑10,17). However, the specificity of protein markers 
is generally satisfactory (18,19), therefore, they are often better 
indicators of recurrence instead.

In the present study, the efficacy of methylated PTGER4 
was systematically assessed and compared with four clini-
cally- used protein markers (CA125, CEA, Cyfra211 and NSE) 
in therapeutic response monitoring and survival prediction 
in patients with stage IV lung cancer. Blood samples were 
analyzed before and after two cycles of treatment, and the 
effectiveness of these markers in monitoring the thera-
peutic response was assessed. Concurrently, follow-up was 
performed on the patients for up to 891 days, and the efficacy 
of the markers in predicting survival based on pre- and 
post-therapeutic blood levels was compared, as well as the 
relevant percentage changes. It was revealed that methylated 
PTGER4 was better than protein markers in therapeutic 
response monitoring, while methylated PTGER4, CA125, 
CEA and NSE were useful for predicting the overall survival 
rate. The present study validated methylated PRGER4 as a 
potential marker for future continuous response monitoring 
and prognosis prediction in patients with stage IV lung cancer.

Materials and methods

Ethics. The protocol of the present clinical study was approved 
by the ethics committees of the affiliated hospital of Jiangnan 
university and the eighth medical center of the Chinese 
People's Liberation Army general hospital prior to sample 
collection. Written informed consent was obtained from all 
subjects, and information on the intended usage of plasma and 
test results was provided to all subjects.

Study design, patients and therapy. The current study was 
designed and implemented in the Affiliated Hospital of 
Jiangnan university (Jiangsu, China) and The 8th Medical 
Center of the Chinese PLA General Hospital (Beijing, China). 
A methylated PTGER4 assay was used as previously reported 
by Weiss et al (11). Clinical status was determined prior to 
blood collection for the methylated PTGER4 assay, and blood 
samples were obtained from all subjects who met the selection 
criteria. The main inclusion criteria: adults >18 years old with 
complete clinicopathological information and confirmed diag-
nosis of lung cancer by imaging examination (including MRI, 
CT, etc.) and/or subsequent pathological examination. The main 
exclusion criteria include: pregnancy, history of any cancer, or 
history of therapy for any cancer. Subjects with incomplete 
information were also excluded. All technicians were blinded 
to the clinical information of subjects, and patients' test results 
and corresponding clinical information were only revealed after 
all tests were finished. All patients were ≥18 years old with no 
previous history of cancer and both male and female patients 
were included. All lung cancer subtypes, including small-cell 
lung cancer (SCLC) and non-small cell lung cancer (NSCLC) 
were included. Adenocarcinoma (ADC) and SCLC were the 
most prevalent subtypes in the present study (Table I). A total of 
146 subjects were recruited in the current study, and all patients 
had primary lung cancer without any history of treatment. The 
population comprised 30 patients at stage I, 29 at stage II, 
36 at stage III and 51 at stage IV (Table I). Tumors were staged 
in accordance with the NCCN guidelines (13). Determination 
of stage was achieved by at least two independent pathologists 
via pathological examination of biopsies from needle aspira-
tion. All patients at stage IV were diagnosed using imaging and 
pathological examinations, in which ≥1 primary lung cancer 
lesion and ≥1 confirmed distal metastasis were discovered. 
first-line standard chemotherapy, combined radio- and chemo-
therapy or tyrosine kinase inhibitor (TKI)-based targeted 
therapy was used to treat stage IV patients. The diameter of the 
primary tumors was assessed based on RECIST 1.1 criteria, 
and correlated with the level of mPTGER4 (20).

Population size estimation. The equation for known posi-
tive detection rate was used for Population size estimation: 
n=Z2x[p(1-p)]/E2. Z is a statistical parameter (Z=1.96 for 
95% CI) and E represented the error (10% was selected in the 
present study), and p represented the putative positive detec-
tion rate. The E value is generally 0.05-0.1, depending on the 
error that is allowed in a study. Since the effectiveness of the 
mPTGER4 test has been validated in previous studies (11,12) 
and a previous pilot study, 0.1(10%) was used in the present 
study. The p value represented the known sensitivity for the 
assay on lung cancer (11), and was obtained from a previous 
pilot study (data not shown). If the known sensitivity for 
stage IV lung cancer equals to 0.85, an estimated 49 lung 
cancer cases were required. A total of 51 patients (32 male 
and 19 female; age range, 43‑82 year; median age, 63) with 
stage IV lung cancer were included in the current study 
(Table I); and this total comprised 12 patients with SCLC and 
39 with NSCLC. Of the patients with NSCLC, 14 exhibited 
epidermal growth factor receptor (EGfR)-sensitive mutations 
(EGFR M+) and underwent TKI‑based first‑line therapy and 
25 patients did not have EGFR-sensitive mutations (EGFR M-) 
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and underwent either standard chemotherapy or combined 
chemo- and radiotherapy.

Sample collection and storage. A 10 ml peripheral blood 
sample was collected from lung cancer patients of the two 
participating hospitals using 10 ml K2EDTA anticoagulant 
tubes (BD Biosciences). Sample storage and transportation 
followed the methods previously reported by Weiss et al (11). 
The first blood sample was collected prior to initiation of 
any therapy, and the second blood sample was collected 
following two cycles of therapy. One cycle of chemotherapy 
lasts 21 days, while the TKI therapy requires patients to take 
medicine daily. Therefore, the blood collection point was on 
the 42nd day following treatment initiation for all patients, 
prior to the beginning of the third cycle of therapy. The sample 
information was recorded in sample collection forms. Plasma 
samples from all participating hospitals were prepared in the 
individual hospitals and stored at ‑20˚C prior to delivery to the 
laboratory, and all assays were performed in the same labora-
tory ≤3 weeks from the sample collection date. The sample 
quality was examined when the samples arrived at the 
medical laboratory. Samples with plasma volume <3.5 ml, or 
with apparent hemolysis, high bilirubin, chylemia or visible 
particles/pellets were not tested and repeated blood draw was 
requested.

DNA extraction, qualitative PCR analysis of PTGER4 and 
measurement of protein marker levels. A commercial kit, Epi 
proLung (cat. no. M6‑02‑002, Epigenomics AG) was used 
in this study. The experiments were carried out according 
to the manufacturer's instructions (21) (https://www.epig-
enomics.com/wp-content/uploads/2018/08/Ifu_0018_GB_ 
rev4_Instructions_for_use_Epi_proLung.pdf). In brief, 
DNA extraction and bisulfite conversion were performed 
manually from plasma circulating DNA following the 
methods reported by Weiss et al (11). The bisulfite‑converted 
DNA was assayed using an ABI7500 fast Dx Real Time 

PCR device (Thermo fisher Scientific, Inc.). PCR was 
performed in triplicate with 15 µl template DNA per well, 
and run for 45 cycles. The validity of each sample batch 
was determined on the basis of methylated PTGER4 and 
β-actin (ACTB) threshold count (Ct) values for the positive 
and negative controls. ACTB was used as an internal refer-
ence to assess the integrity of each sample. The sequences 
of the primers and probes for PTGER4 are listed in the 
corresponding patents (patent numbers, EP2143807A1, 
EP3234184B1, Au2008207110B2 and uS20090203011A1). 
The sequence of primers for β-actin detection used in 
PCR amplification were as follows: forward primer, 
5'-GTG ATG GAG GAG GTT TAG TAA GTT-3' and reverse 
primer, 5'-CCA ATA AAA CCT ACT CCT CCC TTA A-3' and 
probe, 5'-ACC ACC ACC CAA CAC ACA ATA ACA AAC 
ACA-3'. The blood levels of protein markers, including 
CA125, CEA, Cyfra21-1 and NSE, were measured by trained 
technicians in the corresponding hospitals, according to the 
in-house procedures.

Data analysis and interpretation. Test data of the mPRGER4 
assay were analyzed by calculating the ΔΔCt values using the 
Ct values from samples, ACTB internal controls and the posi-
tive controls (14). Statistical analysis was performed and figures 
were plotted using GraphPad Prism software (version 5.0; 
GraphPad Software, Inc.). for each sample, a relative methyla-
tion value was determined using the ΔΔCt method adapted for 
DNA methylation analyses as previously described (14). In brief, 
ΔΔCt values were calculated as below: ΔΔCtSample=ΔCtSample- 
ΔCtCalibrator, where ΔCtSample=CtACTB of sample-CtPTGER4 of sample and 
ΔCtCalibrator=CtACTB of calibrator-CtPTGER4 of calibrator.

The unpaired Student's t-test was used to compare two 
groups. The χ2 test and fisher tests were performed when 
rate or percentage was compared for significance. *P<0.05 
represented significant changes, **P<0.01 represented highly 
significant changes and ***P<0.001 represented very highly 
significant changes. Kaplan-Meier curves were plotted 

Table I. Number of enrolled subjects and demographic characteristics by diagnosis group.

 Sex, n Age, years
 -------------------------------------------------------------------- ----------------------------------------------------------------------------------------
Diagnosis group Total Male Female <50 50‑59 60‑69 ≥70

Overall 146 95 51 20 51 48 27
Stage       
  I 30 21 9 2 11 12 5
  II 29 17 12 4 9 10 6
  III 36 25 11 9 14 8 5
  IV 51 32 19 5 17 18 11
Pathological type (stage IV)       
  SCLC 12 8 4 1 4 4 3
  ADC 35 21 14 4 11 12 8
  SC 3 2 1 0 1 2 0
  LC 1 1 0 0 1 0 0

SCLC, small-cell lung cancer; ADC, adenocarcinoma; SC, squamous cell carcinoma; LC, large-cell carcinoma.
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and analyzed using Graphpad Prism software (version 5.0; 
GraphPad Software, Inc.) and the log-rank (Mantel-Cox) test 
was performed to compare the survival curves. Patients were 
divided into two groups in the survival analysis by the median 
levels of mPTGER4, CA125, CEA, Cyfra211 and NSE in the 
blood. As the total number of stage IV lung cancer patients 
was 51 in the present study, each group had 25 or 26 subjects 
depending on the exact median value. In the survival anal-
ysis of NSCLC patients the total number of patients was 39 
and each group had 19 or 20 subjects depending on the exact 
median value. P<0.05 was considered to indicate a statistically 
significant difference between survival curves.

Results

Methylated PTGER4 exhibits better performance as a 
marker in therapeutic response assessment compared with 
CA125, CEA, Cyfra211 and NSE. In order to investigate 
the performance of methylated PTGER4, CA125, CEA, 
Cyfra21‑1 and NSE as indicators of therapeutic efficacy in 
patients with stage IV lung cancer, the positive detection 
rate (PDR) of each molecule was individually calculated. It 
was revealed that the PDR of methylated PTGER4 increased 
as the cancer stage progressed, with a high PDR reaching 
78.0% in stage IV lung cancer (Fig. 1A). Meanwhile, the 
PDRs of CA125, CEA, Cyfra21-1 and NSE were revealed 
to be 46.2, 48.0, 52.0 and 58.3%, respectively, which were 
significantly lower compared with methylated PTGER4 
(Fig. 1B). A higher PDR value signifies that a higher ratio 
of patients may benefit from the assessment, and methyl-
ated PTGER4 exhibited a significantly higher coverage of 
patients with stage IV lung cancer than the protein markers 
measured.

Blood level changes of the five markers were also 
measured pre- and post-treatment. Patients were divided into 
a PR group and SD group based on RECIST1.1 criteria (20), 
as detailed in fig. 2. In the PR groups, while the levels of 
methylated PTGER4 and NSE significantly decreased 
following treatment, there were no significant difference 
observed between CA125, CEA and Cyfra21-1 levels. In the 
SD group, there was no significant difference in blood levels 
before and after treatment for all markers. It is worth noting 
that the plasma level of methylated PTGER4 decreased 
significantly. The average ΔΔCt value (mean ± SD) 
decreased 85.10‑fold from ‑2.634±1.486 before treatment 
to -9.045±1.139 after treatment (2‑2.634‑(‑9.045)=26.411=85.1), 
which was a fold-change much larger than any protein 
marker tested. The present results indicate that methylated 
PTGER4 and NSE accurately ref lected the therapeutic 
response of patients with stage IV cancer in the PR group, 
while other markers were not effective in reflecting such a 
response.

Since the level changes of the markers shown in fig. 2 
only indicates the overall change in this specific popula-
tion, the normalized percentage changes in the PR and SD 
group were also calculated. fig. 3 depicts a comparison 
of the percentage change of each marker in the PR and SD 
groups, normalized against the pre-therapeutic marker level. 
Significant differences in percentage between the PR and SD 
group in mPRGER4, CA125, CEA and NSE were observed, 

reflecting the response differences in patients with stage IV 
lung cancer patients.

Methylated PTGER4 is capable of predicting the overall 
survival rate of patients with stage IV NSCLC. To investi-
gate the efficacy of the five markers in predicting long‑term 
prognosis, patients were followed up for ≤891 days and the 
association between pre- and post-treatment levels, level 
percentage changes and overall survival rate were calculated. 
The survival of all patients with lung cancer by predicting 
the efficacy of all markers, as detailed in Fig. 4. The results 
indicated that if patients were grouped by the detection 
threshold of each marker, NSE was the only marker able to 
predict the overall survival rate at pre‑therapy level (P=0.026; 
HR, 0.27), and patients with undetectable pre-therapy NSE 
levels exhibited a better overall survival rate. Nevertheless, 
all markers failed to predict the overall survival rate at the 
post-therapy level. If the median of percentage change was 
used as the grouping threshold, CA125 (P=0.045; HR=0.35), 
CEA (P=0.048; HR, 0.31) and NSE (P=0.049; HR, 3.01) were 
all able to predict the overall survival rate. Notably, a decrease 
in marker blood level of CA125 (<76.0%) and CEA (<77.5%) 
was associated with a greater survival benefit, while a decrease 
in NSE level (<70.0%) was associated with a shorter survival 
time. This indicates that a higher NSE expression is associated 
with a longer survival time.

A total of 76.5% (39/51) of patients in the present study 
had stage IV non-small cell lung carcinoma (NSCLC), which 
can be detected using CA125, CEA and Cyfra211 with a 
high level of sensitivity, hence, the predictive performance of 
each marker for the overall survival rate time of patients with 
NSCLC was analyzed. As indicated in fig. 5, the blood level 
of pre-therapeutic mPRGER4 (P=0.044; HR, 0.33), CA125 
(P=0.045; HR, 0.28) and NSE (P=0.032; HR, 0.14) were all 
capable of predicting the overall survival rate time of patients 
with NSCLC, and patients with the three markers exhibited 
improved survival times. Nevertheless, none of the markers 
were able to predict the post-therapy overall survival rate time. 
However, if the median of the percentage change was used as 
the grouping threshold, the level change of CEA (P=0.050; 
HR, 0.29) and NSE (P=0.042; HR, 4.14) were able to predict 
overall survival rate times in the present population. Notably, 
patients with a greater decrease in CEA (<77.5%) exhibited 
longer overall survival rate, while conversely patients with 
a greater decrease in NSE levels (<70.0%) exhibited shorter 
overall survival rate, supporting the results exhibited in fig. 4. 
The changes in the level of Cyfra211 before and after therapy 
also showed a potential efficacy of prediction but the results 
were not significant.

Discussion

Performance comparison between methylation and protein 
markers in therapeutic response assessment. Blood protein 
markers have long been used as a tool for cancer detection. 
Protein markers were first discovered to have a strong correla-
tion with the occurrence of tumors, but later studies revealed 
that the majority of protein markers are unable to detect 
early-stage tumors (17-19). Protein markers are particularly 
elevated during tumor recurrence and are generally associated 
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with tumors in more advanced stages (17). Hence, protein 
tumor markers are predominantly used for recurrence moni-
toring. An increased level of certain blood protein markers is 
associated with tumor progression, while a decreased level is 
an indication of tumor remission (17‑19). However, significant 
changes in blood protein level may not be observed in a group 
of patients due to variation between individuals. In the present 
study, no significant difference in CA125, CEA and Cyfra211 
levels was observed in the PR group before and after treat-
ment, indicating that protein markers may not be accurate 
in monitoring therapeutic response. Conversely, methylation 
markers are more sensitive to tumor burden change compared 
with protein markers (15,22,23), as they are sensitive to the 
changes of ctDNA levels in plasma, which reflects the release of 
cellular DNA during apoptosis or necrosis (24). In the present 
study, the change in methylated PTGER4 level from pre- to 

post-treatment was greater than that of the protein markers, 
indicating that methylated PTGER4 represents a more sensitive 
marker for therapeutic response assessment. Notably, previous 
studies have reported the application of methylation markers 
in monitoring tumor response to therapy (15,16,22‑25). The 
methylation markers chosen for response monitoring share 
certain common features. firstly, the pre-treatment sensitivity 
of the markers is generally satisfactory with a wide coverage 
of patients. Secondly, whilst having a good sensitivity to tumor 
burden change, their plasma level changes have a strong asso-
ciation with either disease progression or remission. Thirdly, 
the level of change is quantifiable and may therefore be able to 
inform clinical practices (15,16,22‑25).

Methylation markers are applicable not only in response 
monitoring, but also for early diagnosis. Previous studies have 
suggested that the overall performance of methylation markers 

figure 1. Positive detection rate of methylated PTGER4 in all stages of lung cancer and a comparison with CA125, CEA, Cyfra211 and NSE in stage IV lung 
cancer. (A) The stage-dependent PDR and overall PDR of methylated PTGER4 in lung cancer detection. (B) Comparison of PDR (sensitivity) between the pre- 
and post‑therapeutic groups of CA125, CEA, NSE, Cyfra211 with mPRGER4 when the specificity was set to 90%. χ2 test has been performed to compare the 
PDR and a significant difference (*P<0.05) was found between PTGERS and the other four markers. PTGER4, prostaglandin E receptor 4; CA125, carcinoma 
antigen 125; CEA, carcinoembryonic antigen; cyfra21‑1, cytokeratin 19‑fragment; NSE, neuron‑specific enolase; PDR positive detection rate.

figure 2. Box plot for the levels of methylated PTGER4, CA125, CEA, Cyfra211 and NSE before and after therapy in patients with stage IV lung cancer. 
Absolute values of marker blood levels before and after therapy are shown for each marker based on therapeutic responses (PR or SD). The biomarker levels 
of the pre- and post-therapeutic groups are compared in each panel. **P<0.01. PTGER4, prostaglandin E receptor 4; CA125, carcinoma antigen 125; CEA, 
carcinoembryonic antigen; cyfra21‑1, cytokeratin 19‑fragment; NSE, neuron‑specific enolase; PR, partial response; SD, stable disease.
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in both these applications is an improvement compared with 
protein markers (15,16,22‑25). However, protein markers 
also have certain advantages. For instance, their specificity 
for cancer is generally better with a low false-positive rate in 
healthy subjects, suggesting that the potential of measuring 
levels of protein markers in the blood requires further 
investigation (17-19). By contrast, the positive detection rate 
of methylation markers is generally higher in older patients, 
with an increased false positive rate in healthy elderly 
subjects (26,27). Therefore, a combination of methylation 
and protein markers may be beneficial in enhancing both the 
sensitivity and specificity of cancer diagnosis and therapeutic 
monitoring.

Characteristics of markers for predicting long‑term survival. 
Both methylation and protein markers may be useful for 
predicting long-term survival, but not all of them are effec-
tive in predicting overall survival rate. Markers capable 
of predicting long-term overall survival rate must exhibit 
the following characteristics: i) The blood level of markers 
post‑treatment must exhibit a significant decrease in patients 

with PR, and an insignificant change in patients with SD, or 
a significant increase associated with disease progression; 
ii) an identifiable association between the marker blood level 
and the change in tumor size; and iii) the short- or mid-term 
post-treatment remission of a tumor must have a strong 
association with the increased long-term survival of patients, 
while the short- or mid-term tumor progression must also be 
strongly correlated with the decreased long-term survival of 
the patients. In the present study, NSE met the above criteria, 
and its predictive efficacy for survival time was demonstrated 
in the patients with stage IV NSCLC. The pre-therapeutic 
level of methylated PTGER4 also exhibited similar efficacy 
in predicting the overall survival rate of patients with NSCLC. 
However, the level of methylated PTGER4 decreased in the 
SD group by ~2.71 times (the mean ΔΔCt decreased from 
‑5.96 to ‑7.4). This subsequently affected the discrimination 
of level change between PR and SD patients, interfering 
with the predictive performance of long-term survival in all 
stage IV patients. It appeared that SCLC may be a contributing 
factor that interfered with the predictive ability of mPRGER4. 
Other previously reported methylation markers, including 

Figure 4. Efficacy of methylated PTGER4, CA125, CEA, Cyfra211 and NSE in predicting the overall survival rate of all patients with stage IV lung cancer in 
the present study. Pre-therapeutic level, post-therapeutic level and level changes in percentage were used in the prediction for each marker. Comparison has 
been performed between the two survival curves in each panel. P<0.05 was regarded as a significant difference. PTGER4, prostaglandin E receptor 4; CA125, 
carcinoma antigen 125; CEA, carcinoembryonic antigen; cyfra21‑1, cytokeratin 19‑fragment; NSE, neuron‑specific enolase; HR, hazard ratio.

figure 3. Comparison of level change between PR and SD groups for methylated PTGER4, CA125, CEA, Cyfra211 and NSE. Post-therapeutic marker levels 
were normalized to pre-therapeutic level for each patient and grouped by therapeutic response (PR or SD). The percentage change of the PR and SD groups are 
compared in each panel. *P<0.05; **P<0.01; ***P<0.001. PTGER4, prostaglandin E receptor 4; CA125, carcinoma antigen 125; CEA, carcinoembryonic antigen; 
cyfra21‑1, cytokeratin 19‑fragment; NSE, neuron‑specific enolase; PR, partial response; SD, stable disease; HR, hazard ratio. 



ONCOLOGY LETTERS  19:  3229-3238,  2020 3235

mSHOX2 (15,16,20) and methylated septin 9 (SEPT9) (22‑25), 
were revealed to be effective in survival prediction in patients 
with advanced lung or colorectal cancer.

Meanwhile, CA125 during pre-treatment exhibited an 
ability to predict overall survival rate time in patients with 
NSCLC. It was also able to predict overall survival rate time 
of all included patients with stage IV lung cancer. for CEA, 
its level change had the ability to predict overall survival rate 
time for all stage IV subtypes and NSCLC specifically. In 
general, if long-term survival is able to be predicted before 
treatment, more options and earlier interventions will be avail-
able to patients. In the current study, the level of mPRGER4, 
CA125 and NSE during pre-treatment exhibited clear predic-
tive capability and were therefore more suitable than other 
markers.

Previous studies have revealed that protein markers that 
are specific to certain lung cancer types can be used to predict 
survival (28-34). for instance, lung adenocarcinoma survival 
can be predicted by measuring CA125 (29,30) and CEA (31) 
levels, while the survival of patients with squamous cell carci-
noma (SC) and SCLC can be predicted by Cyfra211 (32) and 
NSE levels (33,34), respectively. In the present study, it was 
revealed that these markers were specific to each cancer type, 
suggesting the potential application of these markers for the 
survival prediction of different pathological subtypes accord-
ingly. furthermore, NSE expression was associated with the 
survival of patients with NSCLC. Notably, a longer overall 
survival time was predicted by a higher post-treatment NSE 
level and the opposite was true of CEA and CA125 levels, 
which warrants further investigation.

Application of monitoring and predictive biomarkers in 
clinical settings. Generally, there are two therapeutic options 
for patients with advanced NSCLC, which depends on the 
patients' susceptibility to a drug given TKI is normally used 
as the first-line therapy for patients with TKI-associated 

drug‑sensitive mutations; otherwise, first‑line chemotherapy 
or radiochemotherapy is recommended (13). The second-line 
treatment is often determined by the patients' condition. Patients 
who have received first‑ or second‑generation TKI therapy will 
proceed with third-generation TKI if they have developed resis-
tance induced by specific mutations; otherwise, chemotherapy 
or immunotherapy are considered (13). Patients with first‑line 
chemotherapy are generally treated with second-line chemo-
therapy or immunotherapy upon the onset of resistance (13). 
for patients with SCLC, chemotherapy is currently used as the 
first‑line therapy, with second‑line chemotherapy or immuno-
therapy also considered viable options (35). furthermore, the 
FDA has approved the use of immunotherapy as the first‑line 
treatment of NSCLC and SCLC (35). Notably, the treatment of 
SC is distinct from that of the ADC due to the differences in 
tumor biology, symptoms, targeting population and molecular 
characteristics. SC generally exhibits a much lower rate of 
mutations in key driver genes, such as EGFR or ALK (36), 
making chemotherapy as a more suitable first‑line therapy 
compared with TKI-based target therapy in the majority of 
patients with ADC (13). Second-line chemotherapy and/or 
immunotherapy are typically suitable for patients with SC who 
have developed resistance to first‑line chemotherapy. Recently, 
first-line immunotherapy (37) or first-line chemo/immuno 
combined therapy (38) have been suggested as an improved 
therapeutic options for patients with late-stage SC.

Further development of therapeutic strategies will provide 
more options in the treatment of late‑stage lung cancer. 
Regardless of whether the first or multiple lines of therapies 
were given to patients with ADC, SC or SCLC, current 
therapies on late-stage lung cancer require intensive real-time 
monitoring of the patients' condition, as it is necessary to 
investigate the patients' response before deciding whether to 
maintain the current treatment or switch to alternative thera-
pies. In the present study, the effects of targeted therapy and 

Figure 5. Efficacy of methylated PTGER4, CA125, CEA, Cyfra211 and NSE in predicting the overall survival rate of patients with stage IV non‑small cell 
lung cancer. Pre-therapeutic level, post-therapeutic level and level changes in percentage were used in the prediction for each marker. Comparison has been 
performed between the two survival curves in each panel. P<0.05 was regarded as a significant difference. PTGER4, prostaglandin E receptor 4; CA125, 
carcinoma antigen 125; CEA, carcinoembryonic antigen; cyfra21‑1, cytokeratin 19‑fragment; NSE, neuron‑specific enolase.



ΖΗΑΝG et al:  THERAPEuTIC RESPONSE ASSESSMENT IN LuNG CANCER uSING METHYLATED PRGER43236

chemotherapy were evaluated simultaneously, although they are 
two different types of therapies. This was because the current 
study focused on the association between therapeutic response 
and the mPTGER4 level, and the results of the present study 
support previous reports (12,13,15) which indicate that the level 
of methylation markers is closely associated with therapeutic 
response, but not treatment regime. Different treatments exhibit 
distinct responses that may be reflected by methylation markers; 
however, treatment type was not the focus of the present study 
and therefore all therapies were assessed together.

Currently, CT examination is still the most commonly used 
method, but it is radiative and hence not suitable for repeated 
use in a short time period. The findings from CT images 
only reflect a condition that has already happened instead of 
continuously monitoring the real-time condition, resulting in 
patients missing out on the best opportunity for treatment. 
Therefore, response monitoring with blood markers may be 
an ideal method, but it requires high sensitivity markers that 
exhibit a good correlation with changes in tumor burden. 
Previous studies have revealed that both methylation and 
protein markers can be used for response monitoring, but 
not all changes in blood marker levels were correlated with 
tumor burden, and there is a large variation between indi-
viduals (17-19). These issues warrant further investigation to 
characterize the performance of individual markers. In addi-
tion, the positive detection rate of methylation markers prior 
to treatment is typically higher than that of protein markers, 
making them more suitable for response monitoring.

At present, the performance of a monitoring marker 
can be assessed according to three aspects: i) Whether it 
can accurately and timely reflect the real‑time changes of a 
disease; ii) whether it can predict the change or outcome of 
the disease; and iii) whether it can predict long-term survival 
and prognosis of a patient. Ideally, one marker or a panel of 
markers can meet all three aspects simultaneously. The results 
of disease monitoring are comparable, and a patient's response 
can be quantified. However, such markers are rare and may 
not be effective for all patients, therefore, the combination of 
multiple markers may still be necessary to be sensitive to as 
many patients as possible.

Future in vivo study and validation on PTGER4 protein 
expression. It is difficult to build up an in vivo methylation 
model so far as methylation status varies greatly across 
different genes and individuals. Since methylation is dynamic 
and reversible and may be affected by many in vivo factors, 
its level is hard to evaluate under experimental conditions. 
Notably, in vivo methylation models targeting certain genes 
are even more difficult to achieve. Therefore, the majority of 
methylation studies now use in vitro models, such as cell lines 
from patients or animals with confirmed methylation status at 
certain genes. However, the majority of these models represent 
an ideal situation where the methylation of a certain gene is 
relatively stable, and the effect of intervention can be assessed 
and quantified. Examples of studies using these cell line models 
include a colorectal cancer cell line studying the methylation 
marker SEPT9 (39), cell lines with abnormal mutL homolog 1 
methylation in colorectal cancer and lung cancer (40) and cell 
lines with abnormal PR/SET domain 2/5/16 gene methylation 
in lung cancer (41).

There are several limitations in the present study. The 
number of patients in the present study was small especially 
when survival analysis was performed on NSCLC patients. 
future large-scale studies are needed to verify the conclu-
sions of this study. furthermore, the methylation change at the 
individual patient level may not accurately reflect the patient 
condition, since blood methylation level is affected by many 
factors. Therefore, decision of therapeutic strategies based on 
combined information from multiple examinations including 
methylation, protein markers and imaging methods should be 
applied to patients. There was a small proportion of patients 
who cannot be assessed by PTGER4, due to it's sensitivity 
prior to therapy not being 100%. The therapeutic effect in 
these patients must be assessed by other methods, such as the 
use of protein markers or imaging methods (e.g. CT and MRI).

In the present study, the blood methylation level of PTGER4 
gene was tested, which was developed as a new marker for 
discriminating benign from malignant lung nodules (11), while 
the validation of PTGER4 at protein level has not yet been 
performed. At present, there is no systematic study comparing 
the expression level of PTGER4 in lung cancer tissues, 
para-carcinoma tissues or normal tissues. Theoretically, 
hypermethylation at the promoter region of PTGER4 in 
lung cancer may result in decreased expression of PTGER4 
protein, but the mechanism is yet to be elucidated. Moreover, the 
expression level of PTGER4 may also be influenced by changes 
in other pathways in lung cancer. Therefore, it is also worth 
exploring the potential affecting factors of PTGER4 expression. 
Investigation of PTGER4 expression may help to validate the 
PTGER4 methylation assay and potentially indicate PTGER4 as 
a new protein marker.
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