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Lung cancer is one of the most common malignant 
tumors in the world. Non-small cell lung cancer (NSCLC) 
accounts for approximately 80% of lung cancer cases, 
and approximately 75% of patients are diagnosed in the 
middle and late stages. The treatment methods mainly 
include surgery, chemotherapy, radiotherapy, molecular 
targeted therapy, traditional Chinese medicine therapy, 
and immune therapy. We summarize the current status 
of lung cancer-related treatment options and targets.

Cisplatin-based regimens are given priority for 
chemotherapy in NSCLC, but chemotherapy induced 
nausea and vomiting (CINV) is a common and debilitating 
side effect. The most common anti-emetic drugs are 
the first generation of 5-hydroxytryptamine-3 (5-HT3) 
serotonin receptor antagonists, which have poor efficacy. 
Palonosetron is a new 5-HT receptor antagonist, with 
a long half-life and a strong affinity that is more than 
100 times that of the first-generation 5-HT receptor 
antagonists. In our study, the efficiency and control rate of 
palonosetron versus aprepitant have an obvious advantage 
compared with tropisetron; palonosetron combined with 
aprepitant has a remarkable effect on acute and delayed 

vomiting caused by cisplatin-based regimens.
Recently, maintenance chemotherapy has been 

extensively investigated for NSCLC; the purpose is to 
gain a maximum effect of tumor control after delivering 
systematic treatment. Etoposide is an important 
chemotherapeutic agent used for the treatment of a wide 
spectrum of human cancers. Thalidomide is an oral anti-
angiogenic agent, which inhibits angiogenesis mediated 
by vascular endothelial growth factor (VEGF), basic 
fibroblast growth factors and microvessel formation in 
experimental models. If NSCLC patients have a stable 
response after first-line four to six cycles of platinum-
based therapy, then such patients upon treatment with 
etoposide plus thalidomide have a significantly longer 
progression-free survival (PFS) with tolerable toxicity in 
maintenance therapy for advanced NSCLC.

Molecular targeted therapy has been the main 
treatment option in our clinic. For patients with EGFR 
mutations, tyrosine kinase inhibitors (TKI) can obviously 
prolong the patient’s PFS and overall survival as compared 
with chemotherapy. However, disease progression occurs 
rapidly for patients who develop resistance to TKIs. 

Whole process control and precision therapy  
in lung cancer
Zhaozhe Liu, Xiaodong Xie ()

Oncology Department, General Hospital of Shenyang Military Region, Shenyang 110016, China
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Hence, we observed the efficacy and safety of pemetrexed 
combined with continuous daily administration of 
erlotinib or gefitinib in advanced-stage NSCLC patients 
undergoing TKI treatment. The treatment showed a 
higher objective response rate (ORR) and disease control 
rate (DCR) among patients, and the adverse effects were 
well tolerated. Pemetrexed combined with erlotinib or 
gefitinib may be more efficient than the conventional 
second-line treatments (pemetrexed, docetaxel, and 
EGFR TKIs) in NSCLC.

TKI-based treatment combined with chemotherapy 
has a better clinical benefit, but the combined treatment 
has been extremely limited for elderly patients because 
of poor tolerance and adverse reactions. However, 
traditional Chinese medicine has been widely used 
in China as adjuvant treatment during chemotherapy 
and radiotherapy. Our study analyzed the efficacy and 
adverse reactions of TKI treatment combined with 
Kanglaite injections (KLTs) in elderly patients with 
NSCLC, and we found that the administration of KLT 
combined with erlotinib or gefitinib has a better curative 
effect and that this drug combination is well tolerated by 
the patients. KLT combined with TKI treatment might 
provide a satisfactory therapeutic strategy for elderly 
NSCLC patients.

Although surgery is the only treatment that can 
cure patients, many patients often have lost the chance 
of surgery. For patients without EGFR mutations, 
stimulating the body’s immune system by immunotherapy 

may improve the effect of antitumor immunity, and has 
become a new kind of treatment for cancer. Programmed 
cell death-1 (PD-1) and its ligand PD-L1 can regulate the 
tumor microenvironment and mediate immune escape of 
tumor cells. Monoclonal antibodies against PD-1 and PD-
L1 are proven to be safe and effective in patients with 
NSCLC, not only in elderly patients with poor organ 
function, but also in advanced stage patients with poor 
performance status who refuse to accept radiotherapy and 
chemotherapy. Immunotherapy will offer a new direction 
and bring new hope for the treatment of NSCLC.

At present, chemotherapy and molecular targeted 
therapy have been the main treatment methods of lung 
cancer, especially for the patients who have lost the 
chance of surgery. Increasing the antitumor activity and 
reducing the adverse effects are the keys to breakthroughs 
in traditional therapy. Through the development of 
personalized gene sequencing techniques and molecular 
biological mechanism research, new targets and molecular 
pathways will provide a new direction for the treatment 
of lung cancer. The treatment of these tumors is gradually 
achieving the transition from macro to micro, realizing 
the application of individual precision medicine in the 
future.

DOI  10.1007/s10330-016-0214-4
Cite this article as: Liu ZZ, Xie XD. Whole process control and 
precision therapy in lung cancer. Oncol Transl Med, 2017, 3: 91–92.
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Lung cancer is the most common cause of cancer-
related death worldwide. Non-small cell lung cancer 
(NSCLC) accounts for 80% of lung cancer cases. At 
diagnosis, 65% to 75% of NSCLC are locally advanced or 
metastatic cases and are unresectable [1–3]. Combination 
chemotherapy is the standard treatment for advanced 
NSCLC. Platinum-based chemotherapy with pemetrexed 
or a third-generation agent, such as gemcitabine, 
docetaxel, paclitaxel, or vinorelbine, has significantly 
improved the median survival and quality of life in 
patients with advanced NSCLC. For epidermal growth 
factor receptor (EGFR)-mutation patients, treatment 

with EGFR tyrosine kinase inhibitors (TKIs), namely, 
erlotinib or gefitinib, results in a longer progression-free 
survival (PFS) and better overall survival (OS) than with 
chemotherapy [4–6]. Maintenance treatment with TKIs 
after chemotherapy can also prolong the PFS and OS of 
patients with unknown EGFR status [7]. However, disease 
progression is rapid for patients who develop resistance 
to TKIs, and no standard treatment option is available for 
TKI-resistant patients [8]. 

Two preclinical studies showed that combined 
administration of pemetrexed and erlotinib had synergistic 
effects on human NSCLC cells [9–10]. Our preclinical study 
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Abstract
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Objective  We aimed to evaluate the efficacy and safety of pemetrexed combined with erlotinib/gefitinib 
in advanced non-small cell lung cancer (NSCLC) patients during tyrosine kinase inhibitor (TKI) treatment. 
Methods  Thirty-two patients with advanced NSCLC were divided into two groups. Patients in the 
control group received continuous daily epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-
TKI) treatment, and patients in the experimental group received continuous daily EGFR-TKI along with 
pemetrexed treatment, which was administered on day 1 at 500 mg/m2. Erlotinib (150 mg) or gefitinib (250 
mg) was administered daily from day 1 to day 21, with a cycle of every 21 days. Dexamethasone, folic acid, 
and vitamin B12 were also administered during the treatment. The endpoint of the primary study was the 
disease control rate. 
Results  The objective response rate was 21.9% (95% CI: 7.6% to 36.3%) in the control group, whereas 
the disease control rate was 84.4% (95% CI: 71.8% to 97.0%) in the experimental group. The median 
progression-free survival was 6.2 (95% CI: 2.4 to 10.0). Grades 3 or 4 adverse effects of leucopenia (15.6%), 
neutropenia (12.5%), anemia (3.1%), and nausea or vomiting (3.1%) were found in the experimental group.
Conclusion  The administration of pemetrexed combined with erlotinib or gefitinib showed a higher 
efficacy in TKI-resistant NSCLC patients. Further, the adverse effects of this drug combination were well 
tolerated by the patients. Pemetrexed combined with TKI treatment might provide a satisfactory therapeutic 
strategy for advanced NSCLC patients after TKI treatment.
Key words:  non-small cell lung cancer; pemetrexed; erlotinib; gefitinib; resistance
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also showed that combined administration of pemetrexed 
and gefitinib had synergistic effects on human colorectal 
cancer cells, and such effects were significant in 
gefitinib-resistant cells [11]. TKI-treated patients showing 
progressive disease are resistant to TKI. Therefore, 
pemetrexed combined with erlotinib or gefitinib may 
exhibit satisfactory efficacy in NSCLC patients who 
undergo TKI treatment. In this study, we collected 
patients’ clinical data to evaluate the efficacy and safety 
of pemetrexed combined with erlotinib or gefitinib in 
advanced NSCLC patients. 

Materials and methods

Patients
A total of 32 advanced NSCLC patients were divided 

into two groups in the study, which was conducted 
from June 2013 to March 2016; the patients met the 
following criteria: results of consecutive histological and 
pathological tests indicated disease progression during 
TKI treatment. Other inclusion criteria included age ≤ 
75 years; life expectancy of greater than 8 weeks; Eastern 
Cooperative Oncology Group (ECOG) performance 
status of 0 to 1; adequate hematologic values (absolute 
neutrophil count ≥ 1.5 × 109/L, platelet count ≥ 100 × 
109/L, and hemoglobin concentration ≥ 9 g/dL); normal 
hepatic function (total bilirubin concentration was less 
than 1-fold of the upper limit of the normal value, and 
alanine aminotransferase concentration was less than 1.5- 
fold of the upper limit of the normal value or elevated 
up to 3-fold of the upper limit of the normal value in 
patients with known hepatic metastases); and normal 
renal function (calculated creatinine clearance rate of > 
45 mL/min). 

Study medication
Patients in the control group received continuous 

daily EGFR-TKI treatment, and patients in the 
experimental group received continuous daily EGFR-
TKI along with pemetrexed treatment. Pemetrexed at 
500 mg/m2 was intravenously administered for 10 min 
on day 1, then erlotinib (150 mg) or gefitinib (250 mg) 
was orally administered from day 1 to day 21, and the 
cycle was repeated every 21 days. Erlotinib/gefitinib 
was administered even after patients exhibited disease 
progression during erlotinib treatment. Folic acid at 
400 μg per day was orally administered starting from 1 
week prior to the first dose of pemetrexed to 3 weeks 
after the end of therapy. Vitamin B12 (1,000 μg) was 
intramuscularly injected a week before day 1 of cycle 
1, and the injection was repeated every 9 weeks until 
the end of the study. Dexamethasone (4 mg) was orally 
administered twice daily on the day before and after 
each dose of pemetrexed. If intolerable adverse effects 

occurred, treatments were delayed for up to 42 d to 
allow the patient to recover from toxicity. Therapy was 
resumed using only 75% of the previous dose when the 
adversely affected patients exhibited 3 or 4 grade on the 
Common Toxicity Criteria (CTC). A patient was excluded 
from the study if he or she required more than 42 d of 
recovery time or more than two reductions in dose 
because of toxicity. If radiotherapy was required by the 
patient, treatment was discontinued until 2 weeks after 
the completion of radiotherapy.

Assessments and statistical methods
Baseline tumor measurements were obtained at or less 

than 1 week before the start of treatment. Measurements 
were performed using the Response Evaluation Criteria 
in Solid Tumors version 1.1; tumor response was assessed 
using the same imaging technique that was used to 
obtain the baseline measurements [12]. The best response 
was recorded at the end of the treatment period. Safety 
measures, such as adverse effect monitoring, physical 
examinations, and clinical laboratory tests (hematology, 
blood biochemistry, and hepatic and renal function) were 
performed weekly. Toxicity was graded using version 2.0 
of the National Cancer Institute CTC.

Statistical analysis was performed using the Statistical 
Package for Social Science v. 17.0. A statistical summary of 
patient characteristics and efficiency and safety variables 
was obtained [13]. Frequencies were reported as numbers 
and percentages. The objective response to chemotherapy 
was defined by the overall best response during treatment. 
PFS time was defined as the duration from enrollment in 
the study to disease progression or death. The OS time 
was defined as the duration from enrollment in the study 
to the time of death from any cause. PFS and OS times 
were analyzed using the Kaplan-Meier method. 

Ethics statement
All patients were from China and received treatment 

at the PLA General Hospital. All clinical investigations 
were approved by the PLA General Hospital Ethical 
Committee. All patients submitted signed consent forms 
prior to treatment. 

Results

Between June 2013 and March 2016, a total of 32 
patients (16 men and 16 women) participated in the 
study. The baseline patient characteristics are listed in 
Table 1. The median age of the patients was 56 years 
(range: 30 to 75 years). All patients had good performance 
status, with 24 patients having an ECOG performance 
status of 0, whereas 8 patients had an ECOG performance 
status of 1. Four patients had stage IIIB tumors and 28 
patients had stage IV tumors. Thirty-one patients had 
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adenocarcinoma, and 1 patient had large cell carcinoma. 
Twenty-six patients had mutated EGFR and 6 patients 
had unknown EGFR status, i.e., the EGFR gene status was 
not detected before TKI treatment because of personal 
reasons. 

Fifteen patients received erlotinib treatment, and 17 
patients received gefitinib treatment. Seven patients were 
treated with TKI as first-line treatment, 13 patients were 
treated with TKI as second- or third-line treatment, and 
12 patients were given TKI as maintenance treatment 
after first-line chemotherapy. Among 32 patients 
receiving EGFR-TKI treatment, 5 patients achieved a 
partial response (PR) and 24 had stable disease (SD) with 
an objective response rate (ORR) of 15.6% and a disease 
control rate (DCR) of 90.6%. The median PFS was 10.2 
months (95% CI: 1.1 to 16.9). All patients who showed 
disease progression during erlotinib or gefitinib treatment 
were administered pemetrexed along with daily EGFR-
TKI treatment. 

Two patients completed only one cycle of treatment 
because of a decline in general physical condition, 
whereas the other 30 patients received at least two 
cycles of pemetrexed in addition to TKI treatment. 
The total number of treatment cycles was 186, and 
the median number of treatment cycles was six (in the 
range of 1 to 24). Three patients (9.4%) underwent dose 
modification, and treatment was delayed for 8 patients 
because of adverse effects. No mortality was recorded 
among the patients at the end of the follow-up period in 
August 2013. All patients were evaluated for treatment 
efficacy and adverse reaction. At follow-up, no disease 
progression was observed in 13 patients, 6 patients were 
still in treatment, and 30 patients were still alive. 

Efficacy
We failed to observe a complete response (CR) in 

all patients treated with pemetrexed plus erlotinib or 
gefitinib. Seven patients (21.9%) achieved a PR, 20 
patients (62.5%) achieved SD, and 5 patients (15.6%) 
showed progressive disease. The ORR [(CR + PR)/n]

Table  1  Characteristics of patients (n = 32)
Characteristics of patients n (%)
Age (years, range) 56 (30–75)
Sex

Male 16 (50.0)
Female 16 (50.0)

Weight (kg, mean ± s) 63 ± 8.9
Stage

IIIB 4 (12.5)
IV 28 (87.5)

ECOG Performance status
0 24 (75.0)
1 8 (25.0)

was 21.9% (in 7 of 32 patients, 95% CI: 7.6% to 36.3%). 
The DCR [(CR + PR + SD)/n] was 84.4% (in 27 of 32 
patients, 95% CI: 71.8% to 97.0%). The tumor response is 
summarized in Table 2. The median PFS was 6.2 months 
(95% CI: 2.4 to 10.0). The Kaplan-Meier plot for PFS is 
displayed in Fig. 1. The 6-month and 1-year PFS rates 
were 53.3% and 32.1%, respectively. 

Safety
Toxicity was evaluated in all patients and in all cycles. 

Twenty-one patients (65.6%) reported at least one adverse 
effect during the study. Five and two patients (15.6% and 
6.3%, respectively) experienced grades 3 and 4 adverse 
effects, respectively. The common adverse effects were 
leucopenia (in 21 of 32 patients, 65.6%), neutropenia (in 
19 of 32 patients, 59.4%), nausea or vomiting (in 18 of 
32 patients, 56.3%), rash (in 17 of 32 patients, 53.1%), 
and diarrhea (in 10 of 32 patients, 31.3%). Grades 3 or 4 
adverse effects included leucopenia (in 5 of 32 patients, 
15.6%), neutropenia (in 4 of 32 patients, 12.5%), anemia 
(in 1 of 32 patients, 3.1%), and nausea/vomiting (in 1 of 
32 patients, 3.1%). By the end of the study, 2 patients had 
died because of disease progression. No mortality cases 
were caused by treatment.

Discussion

Several randomized phase III clinical trials showed that 
gemcitabine or paclitaxel plus platinum combined with 
continuous daily administration of erlotinib or gefitinib 
as first-line therapy failed to improve the survival of 
patients with advanced NSCLC [14–17]. Thus, chemotherapy 
combined with EGFR-TKI was not a satisfactory 
approach for treating NSCLC, and few researchers were 
interested in using this strategy. However, another 
randomized phase III study showed that PFS and OS 
were longer in advanced pancreatic cancer patients who 
received continuous daily erlotinib treatment in addition 
to gemcitabine compared with patients who received 
gemcitabine alone [18].

In the current study, we observed the efficacy and 
safety of pemetrexed combined with continuous daily 
administration of erlotinib or gefitinib (from day 1 to 21) 
in advanced NSCLC patients undergoing TKI treatment. 

Table  2  Response for patients with NSCLC treated with pemetrexed 
plus erlotinib or gefitinib (n = 32)
Response n (%)
CR 0 (0.0)
PR  7 (21.9)
SD  20 (62.5)
PD  5 (15.6)
ORR 7 (21.9)
DCR 27 (84.4)
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The treatment modality was effective and safe. Among 
32 patients, 7 patients achieved a PR and 20 patients 
achieved SD. The DCR and ORR were 84.4% and 21.9%, 
respectively. The median PFS was 6.2 months. The 
grade 3 or 4 adverse effects were as follows: leukopenia, 
15.6%; neutropenia, 12.5%; anemia, 3.1%; and nausea or 
vomiting, 3.1%. 

Naruo et al conducted a phase II clinical study 
involving the administration of pemetrexed combined 
intermittently with gefitinib or erlotinib (from day 2 to 
day 16) after relapse to gefitinib or erlotinib treatment in 
advanced NSCLC patients [19]. In the study of Naruo et al, 
the DCR and ORR were 77.8% and 25.9%, respectively, 
and the median PFS was 7 months. The adverse effects 
were also well tolerated by the patients. 

In a multicenter, international, and randomized 
phase III trial reported by Hanna et al, the effects of 
single-agent pemetrexed were compared with those 

of docetaxel for previously treated NSCLC patients. 
The ORR for pemetrexed and docetaxel were 9.1% and 
8.8%, respectively. The DCR was 45.8% for pemetrexed 
and 46.8% for docetaxel [20]. Results of an international, 
randomized clinical trial showed that erlotinib had 
a similar efficacy, but lower toxicity, compared with 
docetaxel in 731 EGFR-unselected patients [21–23]. 

The above-mentioned studies determined whether 
pemetrexed and erlotinib could become standard second-
line treatments for NSCLC. Compared with the current 
standard second-line treatment of NSCLC, our findings 
and those of Naruo et al showed higher ORR and DCR, 
and the adverse effects were well tolerated. Thus, 
pemetrexed combined with erlotinib or gefitinib may 
be more effective than the conventional second-line 
treatments (pemetrexed, docetaxel, and EGFR TKIs) for 
NSCLC.

Some preclinical studies discussed the mechanism 
underlying the synergistic effects of pemetrexed 
and TKIs. TKIs affect the expression and activity of 
thymidylate synthase enzyme in tumor cells, and such 
enzymes increase the effectiveness of pemetrexed against 
tumor cells [10–11]. Pemetrexed increases the activity of 
the EGFR signal transduction pathway, which in turn 
increases the independence of the cell from the pathway. 
The magnitude of the increase in activity is significantly 
reduced by TKIs [9, 11]. Previous research results explained 
the mechanism underlying the efficacy of pemetrexed in 
combination with TKI in NSCLC patients.

Li et al reported an antagonistic interaction between 
pemetrexed and erlotinib in NSCLC cells when erlotinib 
administration preceded that of pemetrexed. Erlotinib 
arrested the cell cycle at the G1 phase and consequently 
reduced the effect of pemetrexed on tumor cells. In 
contrast, a synergistic or additive interaction was 
observed when pemetrexed administration preceded 
that of erlotinib or when pemetrexed and erlotinib 
were simultaneously used [9]. Naruo et al administered 
pemetrexed to patients on day 1 and TKIs on days 2 to 
16 within a 21-day cycle, i.e., pemetrexed was combined 
with TKIs intermittently. Li et al suggested that the 
antagonistic interaction was much less in TKI-resistant 
cells than in TKI-sensitive cells [9]. NSCLC patients 
who show disease progression during TKI treatment 
are resistant to TKI. Thus, the antagonistic effect is 
expected to be low when pemetrexed is administered in 
combination with continuous TKI treatment. 

Continuous TKI treatment may show strong 
synergistic effects with pemetrexed because of the long 
duration of tumor exposure to the drug. Moore et al 
showed that gemcitabine combined with continued 
daily oral erlotinib treatment showed satisfactory effects 
for advanced pancreatic cancer patients [18]. In Moore’s 
study, 90% of the patients had KRAS gene mutations and 

Fig.  1  PFS and OS (n = 32) 
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showed TKI resistance [23–24]. The same TKI treatment 
modality used in Moore’s research was applied in the 
current study. No significant difference was found 
between the efficacy of our continuous TKI treatment 
and Naruo et al’s intermittent TKI treatment, possibly 
because the sample sizes were small in both trials. Further 
studies are required to determine whether pemetrexed 
combined with continuous TKI treatment can have better 
efficacy than pemetrexed combined with intermittent 
TKI treatment.

In this study, all patients who underwent TKI treatment 
showed progressive disease, thereby indicating their 
resistance to TKIs. The synergistic effect was stronger in 
resistant cells than in sensitive cells, consistent with our 
preclinical study [11]. Thus, NSCLC patients who showed 
progressive disease during TKI treatment responded well 
to the administration of pemetrexed combined with TKIs.

In conclusion, compared with conventional treatment, 
pemetrexed combined with continuous TKI treatment 
showed high efficacy and the adverse effects were well 
tolerated by patients with advanced NSCLC. We believe 
that pemetrexed combined with TKI treatment might 
provide a satisfactory therapeutic strategy for advanced 
NSCLC patients after TKI treatment. However, further 
studies are required to validate the effects of this combined 
therapeutic strategy.
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Lung cancer is characterized by malignant tumors and 
has the highest morbidity and mortality rates worldwide. 
About 1.60 million new patients are diagnosed with lung 
cancer, and 1.38 million patients die of lung cancer each 
year. Non-small cell lung cancer (NSCLC) is a lung cancer 
with poor prognosis that is resistant to chemotherapy [1]. 
Molecular targeted therapy has been the main clinical 
treatment option; in epidermal growth factor receptor 
(EGFR) mutation-positive patients, EGFR tyrosine 
kinase inhibitors (TKIs) such as erlotinib or gefitinib 

have shown a longer progression-free survival (PFS) and 
overall survival (OS) in NSCLC patients [2]. Recent studies 
have shown that TKI-based treatment combined with 
chemotherapy offers better clinical benefits. However, 
the used of combined treatment has been extremely 
limited in elderly patients due to poor tolerance and 
adverse reactions. Thus, identification of good therapeutic 
options that allow elderly patients to benefit from TKI-
based treatment is of great clinical significance. 

In recent years, traditional Chinese medicine has been 
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Objective  Epidermal growth factor receptor–tyrosine kinase inhibitors (EGFR–TKIs) are widely used 
in the treatment of EGFR mutation-positive non-small cell lung cancer (NSCLC) patients. The Kanglaite 
injection (KLT) is a novel broad-spectrum anti-cancer injection produced from traditional Chinese medicinal 
herbs (coix seed). After its approval in 1995, KLT has become the most popular anti-cancer drug in China. 
As of this writing, no standard treatment guideline is available for elder patients with NSCLC, and the role 
of traditional Chinese medicinal herbs, including KLT, combined with TKI treatment remains unknown. This 
retrospective study evaluated the efficacy and safety of KLT in elderly NSCLC patients during TKI treatment.
Methods  Thirty elderly patients aged 71-79 years with histopathologically confirmed NSCLC attending 
the General Hospital of the Shenyang Military Region were enrolled in the study and received EGFR-TKI 
treatment. All participants received 200 mL KLT injections at the same time on days 1–21. Erlotinib (150 mg) 
or gefitinib (250 mg) was administered daily from days 1 to 21, and the cycle was repeated every 21 days. 
The endpoint of the primary study was the disease control rate.
Results  Thirty elderly patients were enrolled in this study. The objective response rate was 21.3% [95% 
confidence interval (CI): 8.6% to 35.2%], whereas the disease control rate was 80.4% (95% CI: 71.8% 
to 97.0%). The grade 3 or 4 adverse effects included leucopenia (13.7%), neutropenia (13.4%), anemia 
(2.9%), and nausea or vomiting (2.7%). 
Conclusion  The administration of KLT combined with erlotinib or gefitinib showed high efficacy in elderly 
NSCLC patients. The adverse effects of the drug combination were well tolerated by the patients. KLT 
combined with TKI treatment might provide a satisfactory therapeutic strategy for elderly NSCLC patients.
Key words:  non-small cell lung cancer (NSCLC); Kanglaite injection (KLT); epidermal growth factor 
receptor–tyrosine kinase inhibitor (EGFR-TKI)
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widely used in China as an adjuvant treatment during 
chemotherapy and radiotherapy for cancer, offering 
good therapeutic effects [3]. Kanglaite injection (KLT) is 
a Chinese herbal compound that has been widely used 
for the treatment of non-small-cell lung, liver, and 
gastric cancer in China [4]. KLT has been administered to 
approximately 6 million patients with these cancers. The 
main ingredient of KLT is seed oil, which has been widely 
used for cancer treatment and has good therapeutic 
effects on cancer metastasis and immunological disorders 
[5]. Preclinical studies have found that KLT may block the 
tumor cell cycle at the G2/M phase and induce tumor 
cell apoptosis by up-regulating the expression of Fas/
Apo-1 and down-regulating the expression of Bcl-2 and 
COX-2 [6–7]. KLT significantly decreases cancer cachexia, 
improves the quality of life of cancer patients, and may 
ameliorate multiple drug resistance in cancers when 
combined with radiotherapy and chemotherapy in 
clinical use. 

Our study analyzed the effects and adverse reactions 
of TKI treatment combined with KLT injection in 
elderly patients with NSCLC. The results suggest that 
this combined treatment might provide a satisfactory 
therapeutic strategy for elderly NSCLC patients. 

Materials and methods

Patients
Thirty-two elderly patients (71–79 years of age) with 

histopathologically confirmed NSCLC attending the 
General Hospital of Shenyang Military Region were 
enrolled in the study. All participants received continuous 
daily EGFR-TKI treatment and simultaneous KLT 
injections. Before treatment, these patients had Eastern 
Cooperative Oncology Group (ECOG) performance 
scores between 0–1 and no obvious abnormal blood, liver 
and kidney function, and electrocardiogram findings.

Treatment
All patients were administered oral erlotinib (150 mg) 

or gefitinib (250 mg) daily from days 1 to 21, and the cycle 
was repeated every 21 days. The KLT injection (200 mL) 
was also administered daily on days 1 to 21. The endpoint 
of the primary study was the disease control rate. If any 
patient could not tolerate the adverse reactions during 
treatment, the dosage was reduced by 20% in the next 
treatment cycle. The treatments were stopped if the 
patients still could not tolerate the adverse reactions. 
After two cycles of TKI combined with KLT treatment, 
the therapeutic effects were evaluated. The treatments 
were terminated if disease progression or intolerable 
adverse reactions occurred.

Assessments and statistical methods
Baseline tumor measurements were taken no more 

than one week before the start of treatment. According to 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1, tumor response was evaluated using the 
same imaging technique that was used at baseline. At 
the end of the treatment period, the best tumor response 
was recorded. Safety measures including adverse events, 
physical examinations, and clinical laboratory tests 
(hematology, blood biochemistry, hepatic functions, 
and renal functions) were assessed weekly. Toxicity was 
graded using version 2.0 of the National Cancer Institute 
Common Toxicity Criteria. 

Statistical analysis was performed using PASW 
Statistics for Windows, Version 18.0. Differences among 
variables were assessed by two-tailed Student’s t-tests. 
Data were presented as the means ± standard error of the 
mean unless otherwise indicated. P <0.05 was considered 
statistically significant.

Ethics statement
All patients were from China and received treatment 

in our hospital. All clinical investigations were approved 
by the General Hospital of Shenyang Military Region 
Ethical Committee and all patients involved in this study 
signed consent forms. 

Results
Between June 2013 and March 2016, a total of 30 

patients were enrolled in the study. The baseline patient 
characteristics were listed in Table 1. The median age 
was 75 years (range, 71–79) and there were 16 male and 
14 female patients. All patients had a good performance 
status; 24 and 8 had ECOG performance status scores of 0 
and 1, respectively. Sixteen patients had stage IIB tumors, 
while 14 patients had stage IV tumors. Twenty-nine 
patients had adenocarcinoma and one patient had large 
cell carcinoma. Among the 30 patients, 19 were treated 
with TKI in the first round, and 11 were treated in second 
or third rounds of treatment. Five patients achieved 
partial response (PR) and 21 had stable disease (SD); the 
objective response rate (ORR) was 16.7% and the disease 
control rate (DCR) was 86.7% in the 30 patients who 
received the combined EGFR-TKI and KLT treatment. 
All patients received at least two cycles of KLT plus TKI. 
At the end of the follow-up in March 2016, no patients 
were lost to follow-up, and the efficacy and adverse 
reaction were evaluated for patients. 

In brief, of the 30 patients treated with KLT plus 
erlotinib/gefitinib, no complete response (CR) was 
observed; five patients (5/30, 16.7%) achieved PR, 21 
patients (21/30, 70%) achieved SD, and four patients 
(4/30, 13.3%) had progressive disease (PD). The ORR 
[(CR+PR)/n] was 16.7% (5/30, 95% CI: 6.5-37.8%) and 
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the DCR [(CR+PR+SD)/n] was 86.7% (26/30, 95% CI: 
70.2–97.0%). The tumor responses were summarized in 
Table 2. 

Discussion
Several randomized phase III clinical trials of 

gemcitabine or paclitaxel plus platinum in combination 
with continuous daily administration of erlotinib or 
gefitinib as first-line therapy failed to show improved 
survival in patients with advanced NSCLC [8]. This led 
to the conclusion that chemotherapy combined with 
EGFR-TKI is not a good choice and there has been 
little interest in pursuing such strategies. However, 
a later randomized phase III study showed significant 
improvements in progression-free and overall survival 
in patients with advanced pancreatic cancer receiving 
continuous daily erlotinib in addition to gemcitabine 
compared with gemcitabine alone [9]. The current study 

assessed the efficacy and safety of KLT combined with 
the continuous daily administration of erlotinib or 
gefitinib in progressive NSCLC patients during TKI-
based treatment. The results showed that the treatment 
modality was effective and safe in those patients. 
Out of 30 patients, five and 21 achieved PR and SD, 
respectively. The grade 3 and 4 adverse events included 
nausea/vomiting (3.3%), abnormal liver function(6.7%), 
and rash (3.3%). And the toxicity of patients were 
summarized in Table 3. In that study, the DCR and 
ORR were 77.8% and 25.9%, respectively. The adverse 
events were also well tolerated by patients. These results 
showed that compared with TKI treatment for NSCLC, 
the patients in the current study showed better ORR 
and DCR and the adverse events were well tolerated 
with combined treatment; moreover, KLT combined 
with erlotinib/gefitinib may offer better efficiency than 
EGFR-TKI for the treatment of NSCLC.

Preclinical studies have shown that TKI influences the 
expression and activity of thymidylate synthase in tumor 
cells, which increases the killing effect of pemetrexed 
[10]. Studies also found that KLT may block the tumor cell 
cycle at the G2/M phase and induce tumor cell apoptosis 
by up-regulating the expression of Fas/Apo-1 and down-
regulating the expression of Bcl-2 and COX-2. KLT also 
has been found to significantly decrease cancer cachexy 
and improve the quality of life of cancer patients, which 
might enhance the TKIs efficiency. However, more basic 
research is needed to explain the mechanism by which 
KLT in combination with TKI offers better efficacy in 
NSCLC patients.

In conclusion, our study showed that KLT combined 
with continuous TKI treatment offered better efficacy 
and tolerability in patients with progressive NSCLC 
patient during TKIs treatment. The study suggested that 
KLT combined with TKI treatment might be a good 
strategy in progressive NSCLC patients. 
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Lung cancer is one of the most common causes of 
cancer death worldwide. It leads to more than 1 million 
deaths of patients each year. Non-small cell lung cancer 
(NSCLC) accounts for up to 85% of lung cancer cases, 
and 65%–70% of advanced stage cases are unsuitable for 
radical surgery or radiotherapy [1]. The median survival 
after currently used platinum-based first-line treatments 
is approximately 8 to 10 months [2]. With increasing 
life expectancy, there has been a notably elevated 
incidence of lung cancer worldwide, owing to the 
increasing cancer risk associated with age. Recently, the 
use of maintenance chemotherapy for NSCLC has been 
extensively investigated [3–4]. After four to six cycles of 
platinum-based first-line therapy, maintenance therapy 
for patients with NSCLC without disease progression 
can prolong the time to disease progression, improve 

quality of life, and ultimately prolong overall survival [5–6]. 
Etoposide is an important chemotherapeutic agent that 
is used to treat a wide spectrum of human cancers. The 
primary cytotoxic target for etoposide is topoisomerase 
II, a ubiquitous enzyme that regulates DNA by under- 
and overwinding to remove knots and tangles from 
the genome by generating transient double-stranded 
breaks in the double helix [7]. It has been used clinically 
for more than two decades and remains one of the 
most highly prescribed anticancer drugs in the world. 
Etoposide as maintenance chemotherapy conferred a 
benefit for survival in patients with NSCLC [8]. In recent 
years, etoposide combined with anti-angiogenic agents 
showed very promising activity for advanced NSCLC [7, 9].

Angiogenesis, the proliferation of new blood vessels, is 
necessary for tumors to grow. Thalidomide is an oral anti-
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Objective  The aim of the study was to evaluate the efficacy and safety of etoposide plus thalidomide 
as maintenance therapy for elderly patients with advanced non-small cell lung cancer (NSCLC) without 
disease progression after first-line chemotherapy.
Methods  After four to six cycles of platinum-based first-line therapy, 64 elderly patients with advanced 
NSCLC without disease progression who were treated in the General Hospital of Shenyang Military Region 
(China) from 2014 to 2016 were enrolled in this study. According to the different maintenance treatment 
methods, patients were divided as having received etoposide plus thalidomide therapy (treatment group, n 
= 32) and best supportive care (control group, n = 32). Disease control and progression-free survival (PFS) 
were compared between the two groups. 
Results  The recent curative effect objective response rates of the treatment group and the control group 
were 31.3% and 3.1%, respectively, and the disease control rates were 71.9% and 31.3%, respectively. 
The Kaplan-Meier survival curves of the two groups were significantly different (χ2 = 26.532, P = 0.001). 
The median PFS for the treatment group and control group was 6.0 months [95% confidence interval (CI) = 
4.3–7.9 months] and 3.2 months (95% CI = 2.6–3.8 months), respectively. The side effects in the treatment 
group included hematologic abnormalities, gastrointestinal toxicity, and impaired liver function, which were 
relieved after symptomatic support therapy and drug withdrawal.
Conclusion  Etoposide plus thalidomide as maintenance therapy is associated with a significantly longer 
PFS with tolerable toxicity for elderly patients with advanced NSCLC.
Key words:  etoposide; thalidomide; advanced non-small cell lung cancer (NSCLC); maintenance therapy
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angiogenic agent, inhibiting angiogenesis mediated by 
vascular endothelial growth factor (VEGF), the activity of 
basic fibroblast growth factors, and microvessel formation 
in experimental models [10]. This anti-angiogenic activity 
is considered a contributing factor for its antitumor effects 
in multiple myeloma, although the mechanism is not yet 
fully understood. It also has a synergistic activity when 
combined with cytotoxic agents and potentially has wider 
therapeutic activity to small cell lung cancer (SCLC) [11].

We compared the effect between maintenance 
etoposide plus thalidomide and best supportive care 
in patients without disease progression after four to 
six cycles of platinum-based first-line chemotherapy.

Patients and methods

Patient selection
We reviewed the characteristics of patients 

diagnosed with advanced NSCLC between 2014 and 
2016 in the General Hospital of Shenyang Military 
Region, China. Patients who met all the following 
inclusion criteria were enrolled in this trial: (1) age 
> 60 years, (2) histologically or cytologically proven 
advanced NSCLC, (3) detection of the wild-type EGFR 
gene, ALK gene fusion, or unknown gene mutation 
status, (4) four to six cycles of platinum-based first-
line chemotherapy, (5) Eastern Cooperative Oncology 
Group (ECOG) performance status 0 to 2, (6) no disease 
progression after first-line chemotherapy, according 
to the Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1, (7) life expectancy of longer than 
8 weeks, (8) no past tyrosine kinase inhibitors (TKI) 
treatment, and (9) adequate organ function [absolute 
neutrophil count (ANC) ≥ 1500 /mm3, platelet count 
≥ 100 000 /mm3, hemoglobin ≥ 9.0 g/L, total bilirubin 
level ≤ 1.5 mg/dL, aminotransferase ≤ 2-fold upper limit 
of normal (ULN), creatinine ≤ 1.5 mg/dL or creatinine 
clearance ≥ 60 mL/min, and adequate renal function 
(calculated creatinine clearance > 50 mL/min)]. 

The exclusion criteria were as follows: (1) brain 
metastases, (2) diagnosis of synchronous malignant 
tumors, (3) unable to undergo follow-up, (4) severe 
bacterial infection, (5) intolerable adverse reaction 
to first-line chemotherapy, and (6) pregnancy or 
breastfeeding.

Treatments
Sixty-four elderly patients with advanced NSCLC 

according to the different maintenance treatment methods 
were divided as receiving etoposide plus thalidomide 
therapy (treatment group) and the best supportive care 
(control group). Etoposide was administered orally, 50 mg 
daily, from day 1 to 14, and the thalidomide starting dose 
was 100 mg/day during chemotherapy, and if tolerated, 

increased to 150 mg/day at the end of chemotherapy for 
three weeks. Dose modifications were made according 
to the drug instructions or the attending physician’s 
judgment. 

The recent curative effect objective response rate 
(ORR) [complete response (CR) + partial response (PR)] 
was defined as the proportion of patients whose tumors 
shrunk to a certain size and remained this way for a certain 
period (four weeks). Disease control rates (DCRs) included 
CR + PR + stable disease (SD). The long-term observation 
index, progression-free survival (PFS), was defined as 
the time from beginning maintenance treatment until 
disease progression. Tumor evaluation was performed 
using computed tomography one month after the start 
of medication and then every two months according to 
RECIST, version 1.1. Toxicity profiles were assessed and 
graded according to the Common Terminology Criteria 
for Adverse Events, version 3.0.

Statistical analysis
 The primary endpoint was PFS. Secondary endpoints 

were tumor response (ORR and DCR) rates and toxicity. 
Clinicopathological characteristics were compared 
between the two groups by using the chi-square test. PFS 
was estimated using Kaplan-Meier curves and compared 
using the log-rank test. All statistical analyses were 
performed using SPSS 20.0 software (IBM SPSS, Armonk, 
NY, USA). P values less than 0.05 were considered 
statistically significant.

Results

Patient characteristics
A total of 64 cases were enrolled in the trial. According 

to the different maintenance treatment methods, 32 
patients received etoposide plus thalidomide therapy 
(treatment group) and 32 received best supportive care 
(control group). In this trial, the smoking history, clinical 
stage, pathological type (squamous- or adenocarcinoma), 
ECOG score, and first-line chemotherapy curative effect 
had no statistical significance. Thus, all the patients were 
eligible for further analysis. At the initiation of therapy, 
the median age of the 64 eligible patients was 55 years. 
The baseline characteristics of the patients were balanced 
between the two groups (Table 1). 

Efficacy assessment of maintenance therapy
 During a median 12-month follow-up, 9 of the 32 

patients in the treatment group and 22 of the 32 patients 
in the control group experienced progressive disease. 
The responses (ORR + DCR) were observed in a higher 
proportion of patients in the treatment group compared 
with those in the control group (Table 2). 

A total of 64 patients with NSCLC were observed in 
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our trial, and we compared the PFS between the two 
groups. We observed a trend of gained advantage in PFS 
in the treatment group compared with the control group. 
By the cutoff date, the median PFS in the treatment group 
was 6.0 months [95% confidence interval (CI) = 4.3–7.9 
months], which was significantly longer than that in the 
control group (3.2 months, 95% CI = 2.6–3.8 months; 
χ2=26.532, P = 0.001; Fig. 1).

Safety and tolerance
 During our trial, we collected data regarding the 

severe adverse events. During maintenance therapy, 
the most frequently recorded grades 2–3 adverse events 
were hematologic abnormalities (20.3%), gastrointestinal 
toxicity (17.6%), and impaired liver function (9.7%). 
Etoposide was generally well tolerated. No grade 4 or 
higher adverse effects were recorded.

 
Discussion

Lung cancer is the principal cause of cancer-related 
death worldwide. The World Health Organization 
(WHO) classifies lung cancer into two subtypes: NSCLC 
and SCLC. NSCLC represents 85% of all lung cancer 
cases [1]. The first-line standard chemotherapy regimen 
for NSCLC is clear, but the effect has reached a plateau 
[12]. Maintenance therapy refers to the treatment period 
after completion of the initial standard chemotherapy 
for patients, and the purpose is to gain a maximum effect 
of tumor control after receiving continuous treatment. 

The treatment is not over until disease progression or 
intolerable toxicity occurs [5]. A non-randomized phase II 
study [9] have suggested that oral etoposide might be useful 
for treating extensive stage SCLC, especially in patients 
with advanced stage disease with poor prognosis. Patients 
aged > 65 years are likely to metabolize chemotherapeutic 
agents more slowly than younger patients, resulting in 
higher drug exposure levels and more serious adverse 
events [1]. Although pemetrexed is the recommended 
maintenance treatment for NSCLC, the need for 
intravenous therapy for long periods and the high cost are 
the reasons why most elderly patients with advanced lung 
cancer do not choose to receive pemetrexed. Etoposide has 
the advantages of being an orally administered agent with 
bioavailability. Etoposide involves topoisomerase II in the 
cell, inducing DNA double-strand breaks and early G2 
phase blockage, but this effect disappears with reversal of 
etoposide [7]. The bioavailability of oral etoposide is 48%, 
and this may limit its clinical use as a palliative treatment, 
as some patients may be under-treated and others may 
have avoidable toxic effects. Single-agent oral etoposide 
as first-line chemotherapy and even maintenance therapy 
for SCLC prolongs the treatment time significantly [13]. A 
phase II trial found that the same dose of etoposide with 
sub-continuous administration had better effect than a 
single dose of therapy, and etoposide in the second-line 

Table  2  Treatment response of patients in the two groups (n)
Groups n CR PR SD PD ORR (%) DCR (%)
Treatment 32 3 7 13 9 10 (31.3%) 23 (71.9%)
Control 32 0 1 9 22 1 (3.1%) 10 (31.3%)
χ2 1.010 0.784
P 0.315 0.252

Table  1  Baseline characteristics of the patients in the two groups

Characteristic Treatment 
(n = 32)

Control
 (n = 32) χ2 P 

Gender 0.567 0.451
Male 19 (59.4%) 16 (50.0%)
Female 13 (40.6%) 16 (50.0%)

Smoking 0.259 0.611
Smoker 18 (56.3%) 20 (65.6%)
Non-smoker 14 (43.8%) 12 (34.4%)

ECOG 0.132 0.715
0–1 26 (81.3%) 27 (84.4.%)
2 6 (18.8%) 5 (15.6%)

Histology 0.804 0.669
Squamous 17 (53.1%) 19 (59.4%)
Adeno 14 (43.8%) 11 (34.4%)
Others 1 (3.1%) 2 (6.2%)

Stage 0.259 0.611
IIIB 18 (56.3%) 20 (62.5%)
IV 14 (43.8%) 12 (37.5%)

After first-line 0.784 0.376
CR 0 (0) 0 (0)
PR 9 (28.1%) 6 (18.8%)
SD 23 (71.9%) 26 (81.2%)
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chemotherapy for refractory and relapsed patients could 
acquire 46% of the ORR [14]. As such, etoposide in our trial 
was administered in 50-mg doses, per os, on days 1–15 
for three weeks. Cancers rely on angiogenesis for their 
growth and dissemination. Thalidomide has been shown 
to significantly inhibit tumor growth in mice injected 
with NSCLC cell lines, and early phase trial in humans 
has also indicated that this therapy was well tolerated and 
merited further investigation [15]. Although the precise 
antiangiogenic or resistance mechanisms of thalidomide 
are not yet fully understood, the possible reason is 
that tumor blood vasculature is already established 
in advanced NSCLC, VEGF may be superfluous, and 
angiogenesis is affected by other proangiogenic factors 
[16]. Other advantages of thalidomide are convenient oral 
administration and lower costs, and potentially beneficial 
anticachexia and immunomodulatory properties. 

We believe that patients with a tumor response or stable 
disease might have more opportunity to benefit from 
agents such as etoposide and thalidomide. Morover, the 
new treatment is combined with standard chemotherapy 
in all patients at the start of chemotherapy, and then 
continues as maintenance. The PARAMOUNT study 
was the first proof of the effectiveness of maintenance 
therapy for advanced NSCLC [17]. The ASCO meeting in 
2011 reported that the DCRs were 71.8% and 59.6%, 
respectively (P = 0.009) for the maintenance and placebo 
groups. PFS in the maintenance therapy group was 3.9 
months, significantly longer than 2.6 months in the 
placebo group.

In our trial, the ORRs with etoposide plus thalidomide 
and best support were 31.3% and 3.1% (χ2= 0.010, P = 
0.315), and the DCRs were 71.9% and 31.3% (χ2= 0.784, P 
= 0.252), respectively. The differences in ORRs and DCRs 
were not significant (P > 0.05) between the two groups. 
The median PFS with etoposide plus thalidomide and 
best support was 6.0 months (95% CI = 4.3–7.9 months) 
and 3.2 months (95% CI = 2.6–3.8 months), respectively. 
There was a significant difference in the PFS in the two 
groups (P < 0.05). Our trial indicated that etoposide plus 
thalidomide as maintenance therapy for advanced NSCLC 
after first-line chemotherapy significantly prolonged the 
PFS, with tolerable adverse reactions and convenient oral 
administration. 

In conclusion, our data showed that etoposide plus 
thalidomide as maintenance therapy was associated with 
a PFS benefit in elderly patients with advanced NSCLC.
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Chemotherapy-induced nausea and vomiting 
(CINV) is a common and debilitating side effect 
of chemotherapy. Particularly high emetogenic 
chemotherapy drugs, such as cisplatin, can cause 
electrolyte imbalance, dehydration, and other 
complications [1]. CINV can also reduce the  effects 
of chemotherapy, as well as patient compliance. The 
most common antiemetic drugs are the first generation 
5-Hydroxytryptamine 3 (5-HT3) serotonin receptor 
antagonists [2–3]. However, these drugs have poor 
efficacy for the delayed nausea and vomiting frequently 
caused by cisplatin, because of their short half-lives. In 
this study, aprepitant and palonosetron capsules were 
administered to patients with lung cancer, receiving 
platinum-based chemotherapy from May 2015 to May 
2016 to prevent chemotherapy-related nausea and 
vomiting, and the effects on CINV were examined.

Materials and methods

Patient information 
The study included 68 patients, aged from 38 to 69 

years, with a histopathological diagnosis of primary lung 
cancer. The patients were randomly divided into either 
an aprepitant and palonosetron group (Group A, n = 38) 
or a tropisetron group (Group B, n = 30), using prospective 
controlled study methods. All patients met the following 
inclusion criteria: Zubrod-ECOG-WHO score < 2, no 
brain metastases or gastrointestinal obstructions, no 
5-HT3 receptor antagonist medication contraindications, 
no pregnant or breast-feeding women, and no indications 
preventing the administration of other antiemetic drugs. 
The two groups of patients had no statistically significant 
differences in baseline characteristics such as age, gender, 
chemotherapy, history of previous chemotherapy, or 
previous surgeries.
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Objective  The aim of this study was to explore the clinical efficacy and toxicity of a combination 
aprepitant and palonosetron hydrochloride therapy in preventing chemotherapy-induced nausea and 
vomiting associated with a cisplatinum-based regimen in patients with lung cancer. 
Methods  Sixty-eight patients with lung cancer were randomly assigned to receive either aprepitant plus 
palonosetron hydrochloride (group A, n = 38) or tropisetron (group B, n = 30). Acute (0–24 h) and delayed 
(2–5 d) emetic episodes, nausea, vomiting, constipation, and dizziness were compared between the two 
groups in the five days following cisplatinum-based chemotherapy.
Results  Group A had a higher complete control rate for both acute and delayed emetic episodes than 
Group B (36.8% vs. 13.3% and 31.6% vs. 13.3%, respectively; P < 0.05 for both). There was no significant 
difference in the constipation rate between the two groups. 
Conclusion  Aprepitant combined with palonosetron hydrochloride is active and well tolerated in both 
acute and delayed emetic episodes in patients with lung cancer treated by a cisplatinum-based regimen.
Key words:  aprepitant; palonosetron hydrochloride capsule; cisplatinum; tropisetron 
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Chemotherapy 
Cisplatin (75 mg/m2) was administered on the first day 

of a 21-day chemotherapy cycle. Other chemotherapeutic 
agents were provided according to the patient’s 
normal regimen. Hydration was administered during 
chemotherapy to prevent renal toxicity.

Study drug
For Group A, patients received 125 mg aprepitant 

capsules (Novartis, USA) and intravenous injection of 
0.25 mg palonosetron (Shandong Qilu Pharmaceutical 
Co., China) 30 min before chemotherapy. On days 2–4, 
patients took 80 mg aprepitant for oral. 

For Group B, a 5 mg tropisetron sodium chloride 
injection (Shandong Qingfeng, China) was administered 
30 min before chemotherapy, as well as on days 2 and 
3. If vomiting occurred more than three times within 
a 24 h period, 5 mg dexamethasone was administered 
intravenously

Primary outcomes
Appetite, nausea, vomiting time, and severity 

of vomiting were recorded for five days following 
chemotherapy. Adverse reactions of the study drugs, such 
as headache, dry mouth, constipation, and facial flushing, 
were also recorded. 

Evaluation criteria
All toxicities were graded using the Common Toxicity 

Criteria.  Complete control (CR) rates (no emesis, no rescue) 
were analyzed for an acute (24 h after chemotherapy) and 
delayed (2–5 days after chemotherapy) period. Emetic 
episodes were scored on a scale of 0–III (0, CR); I, partial 
control (PR); II–III, invalid (SD)]. Remission was calculated 
as follows:

CR rate = complete response / total cases × 100%; 
Effective control of acute vomiting rate = (number of 

cases + full control section controls the number of cases) 
/ total cases × 100%. 

Statistical analysis
SPSS v. 15.1 was used for statistical analysis. The Chi-

square test was used for data comparison between groups. 
A P-value < 0.05 was considered to indicate statistical 
significance.

Results

Appetite 
Appetite was similar between Group A and Group B 

(Table 1).

Nausea 
The control of acute and delayed nausea in Group A 

was better than in Group B (P < 0.05; Table 2).

Control of vomiting
The CR rate in Group A was 36.8% for the acute 

period and 31.6% for the delayed period. The CR rate in 
Group B was 13.3% for the acute period and 13.3% for 
the delayed period. Acute nausea and delayed vomiting 
were improved in Group A compared to Group B (P < 
0.05; Table 3).

Adverse reactions
As shown in Table 4, the adverse reactions of the study 

drugs were similar between the two groups, namely, 
head heaviness, headache, fatigue, and dry mouth. Most 
patients had mild reactions. Some reactions may not 
have been specific to the study drugs, as it was difficult 
to distinguish from the effects of the chemotherapy. 
We observed no cases in Group A where chemotherapy 
was discontinued because of adverse reactions from the 
antiemetics.

Table  1  The comparison of control of appetite

Time Group (n) Degree CR (%) χ2 P
0 I II III

0–24 h A (38) 5 20 8 5 13.2 0 1.000B (30) 4 16 6 4 13.3

2–5 d
A (38) 10 13 13 2 26.3

4.454 0.035B (30) 2 14 12 2 6.7

Table  2  The comparison of control of nausea

Time Group (n) Degree CR (%) χ2 P
0 I II III

0–24 h A (38) 13 17 5 3 34.2% 3.897 0.048B (30) 4 14 8 4 13.3%

2–5 d
A (38) 12 14 11 1 31.6%

4.541 0.033B (30) 3 13 12 2 10.0%

Table  3  The comparison of control of vomiting

Time Group (n) degree CR (%) χ2 P
0 I II III

0–2 4h A (38) 14 16 7 1 36.8 4.760 0.029B (30) 4 11 10 5 13.3

2–5 d
A (38) 12 14 11 1 31.6

4.541 0.033B (30) 3 15 10 2 13.3
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Discussion
Nausea, vomiting, and other gastrointestinal symptoms 

are common adverse effects of chemotherapies used for 
lung cancer. Antagonists of 5-HT3 work by blocking 
the 5-HT receptors on the vagal afferent nerve endings 
of the gastrointestinal mucosa[2–4]. Palonosetron is a new 
5-HT receptor antagonist, with a half-life of about 40 h 
and a strong affinity for the 5-HT3 receptor (more than 
100 times greater than first-generation 5-HT receptor 
antagonists) [3–4]. There are a number of multi-center 
clinical studies demonstrating that palonosetron has a 
strong and long-lasting antiemetic effect [4–6]. In this study, 
palonosetron capsules in oral form had good absorption 
and bioavailability, with the maximum plasma levels 
being equal to intravenous administration.

Aprepitant is cited in the National Comprehensive 
Cancer Network guidelines as the first neurokinin-1 
receptor antagonist to treat CINV [7]. Substance P is 
widely distributed in neuropeptide nerve fibers. When 
the nerve is stimulated, a large amount of substance P will 
be released and promote numerous biological processes 
by binding to NK-1. Aprepitant has a stronger affinity 
to NK-1 than to the 5-HT receptor [7–9]; thus, aprepitant 
combined with a 5-HT3 receptor antagonist should be 
able to prevent CINV better by acting on multiple targets.

Previous studies have shown that palonosetron can 
improve delayed nausea and vomiting control rate 
comparing to tropisetron, but not acute nausea or 
vomiting control rate [4]. In this study, the combination 
of palonosetron and aprepitant had an obvious advantage 
compared with the tropisetron group in efficiency and 
control rate in acute nausea, vomiting, and delayed 
emesis. This advantage resulted from the double 
antagonism of 5-HT receptors and substance P [9–10]. We 
observed a lower incidence of severe nausea and vomiting 
in the group that received the combination of aprepitant 
and palonosetron. No patients in the aprepitant and 
palonosetron group required a discontinuation of 
chemotherapy because of nausea, vomiting, and weight 
loss. However, the tropisetron group had three patients 
postpone chemotherapy for three days because of 
vomiting. We will need to increase the sample size in 
further studies to confirm this advantage of vomiting 

grade reduction.
There were no significant differences between the two 

groups in terms of adverse reactions to the study drugs. 
Group A had no severe adverse reactions resulting from 
the long half-life of palonosetron. This suggests a good 
security when aprepitant is combined with palonosetron. 
In short, the combination of aprepitant and palonosetron 
has a significant preventative effect against CINV after 
chemotherapy with cisplatin. This is a safe, economical, 
and effective treatment with good prospects for clinical 
application, particularly in controlling delayed emesis.
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With the deterioration of human living environment, 
the incidence of cancer worldwide is increasing each year, 
and lung cancer has become one of the most common 
malignant tumors; its incidence and mortality rate rank 
first among all malignant tumors [1–2]. This is also true 
in China, where the annual mortality of lung cancer is 
approximately 456 people per million people [3], replacing 
liver cancer as the leading cause of cancer death. In 
recent years, the morbidity and mortality of lung cancer 
have steadily increased, seriously threatening the life 
and health of humans [4]. For non-small-cell lung cancer 
(NSCLC), accounting for 80%–85% of primary lung 
cancers, approximately 75% of patients are diagnosed in 
the middle and late stages. The average survival periods 
for these stages are 12.9 months and 3 years, while 
the 5-year survival rates 19% and 11%, respectively [5]. 

Current treatment methods for NSCLC mainly include 
surgery, chemotherapy, radiotherapy, and molecular 
targeted therapy. Surgical treatment remains the only 
curative treatment, but many patients with NSCLC 
cannot undergo surgery. In recent years, studies of cancer 
immunotherapy have increased after molecular targeted 

therapy was developed. Programmed cell death-1 (PD-1) 
and its ligand programmed cell death-ligand 1 (PD-L1) 
have been examined as targets of immune therapeutic 
drugs in clinical trials and showed good efficacy and 
tolerance [6], showing potential for treating many patients 
with advanced lung cancer.

PD-1/PD-L1 expression as 
a bio-marker in early studies

In 1992, the Japanese scholar Ishida [7] discovered 
PD-1 in a T cell hybridoma 2B4.11 of mouse apoptosis. 
Because this molecule could inactivate T cells, Ishida 
named the protein “programmed death 1”. PD-1 is an 
immunoglobulin B7-CD28 family member composed 
of an extracellular region, hydrophobic transmembrane 
region, and intracellular segment. The intracellular 
segment contains an immunoreceptor tyrosine-based 
inhibitory motif and immunoreceptor tyrosine-based 
switch motif (ITSM). However, subsequent studies did 
not confirm the direct relationship between PD-1 and 
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programmed cell death. Many years later, researchers 
deleted PD-1 to observe the effect on autoimmune 
disease, which began to clarify the function of PD-1 [8]. 
Freeman [9] confirmed the binding of a novel B7 molecule 
with PD-1, which inhibited the proliferation of T cells 
and production of cytokines. This molecule was named 
PD-L1, and the activation of ITSM is closely related to the 
response activity of effector T cells. PD-1 can be expressed 
on activated CD4+ T cells, CD8+ T cells, B cells, natural 
killer T cells, monocytes, and dendritic cells. Francisco [10] 

showed that PD-1 is also expressed in regulatory T cells 
(Treg) and can promote the proliferation of Treg cells to 
inhibit the immune response.

PD-1/PD-L1 expression in tumor cells 

 PD-L1 is highly expressed in many malignant tumors, 
including NSCLC [11–12], melanoma [13], renal cell carcinoma 
[14], prostate cancer [15], breast cancer [16], and glioma [17]. 
Studies [18–19] have shown that PD-L1 is also expressed 
in tumor-infiltrating dendritic cells, tumor-infiltrating 
lymphocytes, and tumor-infiltrating macrophages. The 
expression of PD-L1 may occur through two mechanisms 
[20]. Oncogene tumor control, also known as the innate 
resistance of tumor cells, occurs through PI3K-AKT, 
EGFR, ALK/STAT3, and other signaling pathways to 
induce tumor cell expression of PD-L1. The expression of 
PD-L1 is continuous and independent of the inflammation 
reaction in the tumor microenvironment [21–23]. Tumor 
immunity is driven by the microenvironment of T cells, 
also known as adaptive immune resistance, while PD-L1 
expression is induced by inflammatory signals produced 
by the anti-tumor immune response, a non-persistent 
process that can prevent the body from infection-
induced and immune-mediated tissue damage [24]. In 
addition, Spranger [25] showed that in melanoma models, 
the up-regulation of PD-L1 was closely related to CD8 T 
cells and did not depend on oncogene signaling. These 
studies indicate which patients may benefit from immune 
checkpoint blockade, the future studies are needed to 
clarify the role of these two mechanisms in different 
tumors. Notably, Butte [26] showed that PD-L1, in addition 
to binding PD-1, binds CD-80 (B7-1) to activate T cell 
surface binding, and then CD-80 transfers a negative 
regulation signal as a receptor rather than as a ligand. 

PD-1/PD-L immune regulation 

Mechanism of PD-1/PD-L on cellular  
immune regulation

PD-1 has two ligands, PD-L1 and PD-L2. PD-1 is 
located on the surface of activated T lymphocytes and 
can specifically recognize PD-L on antigen-presenting 
cells to activate the PD-1/PD-L1 pathway. This enables 

ITSM of the cytoplasmic region C of PD-1 to recruit and 
activate protein tyrosine phosphatase SHP-1 or SHP-
2, thereby inhibiting the phosphorylation of ZAP-70 
and preventing its binding to CD3ε, which can decrease 
the Ras-MAPK pathway, PCK pathway, and calcium-
calmodulin pathway and result in decreased expression 
of activator protein-1, nuclear factor of activated T-cells, 
and nuclear factor-κB transcription factors. Thus, the 
proliferation, differentiation, and secretion of cytokines 
of T cells is inhibited. In addition, it can inhibit the 
proliferation of T cells by reducing the expression of the 
anti-apoptosis gene B-cell lymphoma-extra large and 
reduce T cell function by reducing the expression of 
GATA-3, Tbet, Eomes, and other transcription factors [27]. 
The PD-1/PD-L signaling pathway can also inhibit the 
phosphorylation of PI3K and serine/threonine kinases 
mediated by CD28, as well as weaken activation of the 
TCR/CD28 signal to immune cells [28]. Therefore, one of 
the main functions of the PD-1/PD-L signaling pathway 
is to inhibit the expression of transcription factors, thus 
inhibiting the activation of lymphocytes. These studies 
confirm that PD-1/PD-L signaling negatively regulates T 
cell immunity.

Mechanism of PD-1/PD-L on hum-oral  
immune regulation

Nishimura [29] found that the PD-1/PD-L signaling 
pathway not only participates in cellular immune 
regulation, but also regulates plasma cell production 
of antibodies. B cells can be activated by the direct 
identification of antigen peptides of antigen-presenting 
cells or by a combination of Tfh and co-stimulatory 
molecules. A previous study showed that high expression 
of PD-1 in Tfh cells and PD-L1 and PD-L2 in the germinal 
center of B cells resulted in upregulation [30] and that PD-1 
had an inhibitory effect on cell immunity. These results 
indicate that the PD-1/PD-L signaling pathway affects 
the activation of B cells by inhibiting Tfh cells to reduce 
antibody generation. Additionally, this pathway can 
directly inhibit the phosphorylation of Igβ, Sy K, PLCγ2, 
and ERKI/2 by recruiting SHP-2 to inhibit the activation 
of B cells and secretion of cytokines [31]. Therefore, it is 
thought that PD-1 plays an important role not only in 
cellular immunity, but also in humoral immunity. 

PD-1/PD-L1 closely related to immune 
evasion of lung cancer 

Gene mutations that have been detected in NSCLC 
include those in EGFR, KRAS, and ALK, among 
others. Patients with KRAS mutations exhibit higher 
expression of PD-1 compared to those with wild-type 
KRAS. Additionally, the expression of PD-L1 protein is 
higher in patients with EGFR mutations and ALK gene 
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rearrangement [32]. Patients with expression of PD-1 
and PD-L1 also have different clinical manifestations. 
Patients expressing PD-1 are typically smokers, male, 
and have adenocarcinoma, which is consistent with 
the clinical characteristics of patients with KRAS gene 
mutations. Those expressing PD-L1 are typically non-
smoking, female, and have adenocarcinoma, which 
agrees with the clinical features of patients with EGFR 
mutations [33]. The EGFR signaling pathway, by inducing 
PD-L1 expression, can help tumors escape the body’s 
anti-tumor immune response, and EGFR-TKIs can block 
the PD-1 signaling pathway, reduce the expression of 
PD-L1, and improve the overall survival rate of patients 
[34]. In patients with EGFR mutations and high expression 
of PD-L1, the sensitivity of gefitinib and erlotinib are 
increased, which may be because EGFR inhibitors down-
regulate the expression of PD-L1 [33]. Lin [35] found that 
in lung adenocarcinoma patients with EGFR mutation, 
more than 50% showed abnormal expression of PD-L1. 
Among 56 patients with EGFR mutations who underwent 
EGFR-TKI treatment (positive rates of PD-L1 and PD-1 
were 53.6% and 32.1%), PD-L1-positive patients showed 
a better disease control rate, longer progression-free 
survival, and better overall survival, suggesting that PD-
L1 is a useful biomarker for EGFR-TKI.

Over-expression of the PD-L1 gene can lead to NSCLC 
immune escape, and recently numerous clinical studies 
have demonstrated that inhibiting the PD-L1 or PD-1 
gene can be used in the treatment of NSCLC [36]. Blocking 
both PD-1 and PD-L1 can result in a good response 
rate for NSCLC [37]. Therefore, in the future, immune 
monitoring inhibitors are likely to become an important 
aspect of conventional treatment of NSCLC.

Potential of PD-1/PD-L1 as a target 
molecule in clinical therapy

Targeted immunotherapy for blocking PD-1/PD-
L1 was widely evaluated in the oncology field in 2013. 
In NSCLC, most studies of immunotherapy involved 
allogeneic tumor vaccine, autologous cell therapy, and 
T-cell modulators [38]; multiple II or III phase clinical 
trials have also been conducted [39]. In 2006, the US FDA 
approved a humanized anti-human PD-1 monoclonal 
antibody for clinical treatment studies of cancer and 
infectious diseases. Following the listing of anti-CTLA4 
antibody, anti-PD-1 antibody entered clinical trials 
in October 2011 to evaluate drug safety, adverse drug 
reactions, and survival benefit, among other factors.

Brahmer [40] reported a dose escalation phase I clinical 
trial (NCT00730639) of 127 patients undergoing re-
treatment for NSCLC. Twelve cycles of anti-PD-1 
antibody (Nivolumab) (1–10 mg/kg, 1–2 weeks) were 
administered to explore the safety and efficacy of anti-

Nivolumab treatment of lung squamous cell carcinoma 
and NSCLC. The study showed that anti-PD-1 antibody 
had good safety and that the overall survival of re-
treated patients with advanced NSCLC was significantly 
improved. Gettinger [41] reported another randomized 
phase III clinical trial (NCT01673867) of 574 patients 
with first-line treatment failure NSCLC. Following 1:1 
random grouping, one group was treated with anti-PD-1 
antibody (3 mg/kg, 1–12 weeks), while the other group 
received docetaxel until disease progression or the patient 
could no longer tolerate the toxic side effects to compare 
the overall survival of these two second-line treatment 
options. The study showed that overall survival was longer 
with nivolumab than with docetaxel. The median overall 
survival was 12.2 months (95% confidence interval [CI], 
9.7–15.0) among 292 patients in the nivolumab group and 
9.4 months (95% CI, 8.1–10.7) among 290 patients in the 
docetaxel group (hazard ratio for death, 0.73; 96% CI, 
0.59–0.89; P = 0.002). At 1 year, the overall survival rate 
was 51% (95% CI, 45–56) with nivolumab versus 39% 
(95% CI, 33–45) with docetaxel. With additional follow-
up, the overall survival rate at 18 months was 39% (95% 
CI, 34–45) with nivolumab versus 23% (95% CI, 19–28) 
with docetaxel. These results indicate that among patients 
with advanced NSCLC that had progressed during or 
after platinum-based chemotherapy, overall survival 
was longer with nivolumab than with docetaxel. Clinical 
trials of anti-PD-L1 antibodies for treating NSCLC are 
mostly in the phase I/II/III to evaluate the best dose and 
adverse reactions [42]. Spigel [43] reported a multicenter, 
dose escalation phase I clinical trial (NCT01375842) of 53 
patients with locally advanced/metastatic NSCLC (who 
had undergone surgery or radiotherapy) given different 
doses of anti-PD-1 drugs (1, 3, 10, or 20 mg/kg, 1–3 
weeks) for 1 year to study the clinical activity, safety, 
and bio-markers of anti-PD-L1 antibody (MPDL3280A) 
for NSCLC. The study showed that the median duration 
of treatment was 106 days (range 1–324 days), objective 
response rate was 24%, and progression-free survival at 24 
weeks was 48%. The curative effect of MPDL3280A was 
correlated with PD-L1 expression. The adverse reaction 
rate of 3/4 was 34% (including pericardial transfer, 
dehydration, breathing the difficulty, fatigue, diarrhea, 
and pneumonia). In addition, MPDL3280A treatment of 
partial NSCLC patients showed delayed efficacy [44].

As additional studies are conducted, the role of PD-1/
PD-L in immune regulation and the study, prevention, 
diagnosis, and treatment of various types of clinical 
diseases will be clarified [45]. Anti-PD-L1 antibody testing 
will reveal which population will benefit from treatment, 
biomarkers, and the presence of a synergistic anti-tumor 
effect between immune drugs [46]. As a negative synergistic 
stimulation signal, PD-1/PD-L plays an important role 
in the immune response regardless of breadth or depth, 
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as well as plays a critical role in immune tolerance and 
immune injury. PD-1/PD-L is a promising target molecule 
for tumor immunotherapy.

Summary and outlook 

Immune drug therapy as a new treatment regimen for 
NSCLC (in addition to chemotherapy, radiotherapy, and 
molecular targeted therapy, etc.) can improve the response 
rate, reduce side effects, has economic advantages, and be 
used as an outpatient drug. Combination chemotherapy 
based on such drugs or single drug treatment is not only 
suitable for elderly patients with poor organ function 
and poor physical fitness who refuse chemotherapy, but 
also can be used as a palliative treatment [47]. Additional 
studies are needed to verify the feasibility of PD-1/
PD-L1 as biomarkers and validate the clinical value of 
combination PD-1/PD-L1 inhibitors and other therapies, 
as well as to develop “PD-1/PD-L1 testing guidelines” 
to determine which population is suitable for tumor 
immunotherapy, optimize the immune therapy, and 
avoid the damage caused by immune toxicity to patients. 
When the immune drug is used, the length of treatment, 
use alone or in combination, groups that will show the 
greatest benefit, drug resistance mechanisms, and how to 
overcome drug resistance require further evaluation.
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Lung cancer is the leading cause of cancer-related 
deaths worldwide, and nearly 80% of patients with non-
small cell lung cancer (NSCLC) receive the diagnosis at an 
advanced stage. The efficacy of platinum-based doubled 
regimens is limited, with progression-free survival and 
median survival of only 4–5 months and 8–9 months, 

respectively. In recent years, precision medicine, which 
involves diagnosis and treatment based on a patient’s 
biogenetic information, has been increasingly applied. 
In patients with NSCLC containing EGFR mutations or 
ALK rearrangements, targeted therapies represent the 
standard of care, with superior efficacy and improved 
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tolerability, compared with chemotherapy. These two 
genetic alterations are relatively common and are found 
in tumors of approximately 15% and 5% of patients with 
NSCLC, respectively. Extensive profiling efforts have 
identified molecular drivers in subsets of NSCLC. 

The proto-oncogene c-Met encodes receptor tyrosine 
kinase c-Met, which belongs to the class of transmembrane 
receptors with autophosphorylation activity [1]. After a 
specific natural ligand called hepatocyte growth factor 
(HGF) binds to c-Met’s extracellular domain, c-Met can 
undergo dimerization and autophosphorylation and 
subsequently activate downstream signaling pathways 
such as PI3K/AKT, Ras-Rac/Rho, MAPK/MAP, and 
STAT3/survivin signaling cascades [2]. In some cases, 
abnormal activation of HGF/c-Met signaling contributes to 
oncogenesis and tumor progression in a variety of cancers 
and promotes invasiveness that is strongly linked to tumor 
metastasis [3]. The most common aberrant types of c-Met 
genes include c-Met point mutations and amplification. 
c-Met amplification is present in tumors of approximately 
2.2% and 5% of NSCLC patients untreated or with failed 
treatment with EGFR tyrosine kinase inhibitors (EGFR-
TKIs), respectively [4]. Preclinical analysis has shown 
that growth and survival of lung cancer cell lines with 
c-Met primary amplification depend on activation of the 
HGF/c-Met signaling pathway [5]. Targeting c-Met may be 
a promising strategy for lung cancer treatment, but there 
are few relevant studies. Crizotinib (PF-02341066), an 
inhibitor of tyrosine kinase activity of c-Met, ALK, and 
ROS-1, has been shown to be effective in the treatment 
of patients with EML4-ALK- or ROS-1-positive NSCLC 
and was approved by the Food and Drug Administration 
in August 2011 and March 2016, respectively. NSCLC 
harboring strongly amplified c-Met or c-Met exon 14 
alterations may represent independent c-Met phenotypes 
and responses to crizotinib [6–7]. National Comprehensive 
Cancer Network (NCCN) Guideline Version 2.2016 
NSCLC expanded the indications for the strong c-Met 
amplification or c-Met exon 14 skipping mutation and 
ROS-1 rearrangements. Nonetheless, the role of the 
HGF/c-Met signaling pathway in crizotinib-induced 
apoptosis in NSCLC with c-Met amplification has yet to 
be determined. 

In this study, we evaluated the role of the HGF/c-
Met signaling pathway in crizotinib-induced apoptosis 
of various lung adenocarcinoma cell lines and xenograft 
tumor models and analyzed the possible regulatory 
mechanisms with the goal of providing a scientific 
basis for crizotinib use in the treatment of primary or 
secondary c-Met amplification-positive NSCLC as well as 
experimental data on its efficacy and safety.

Materials and methods

Materials
Cell lines
c-Met amplification-positive human lung adeno‑ 

carcinoma cell line H1999 and EML4-ALK-positive 
human lung adenocarcinoma cell line H2228 (ALK 
rearrangement variant type V3) were acquired from the 
American Type Culture Collection. The A549 cell line was 
provided by the Experimental Center of The Affiliated 
Tumor Hospital of Guangxi Medical University.

Mice
Male specific-pathogen-free (SPF), 3- to 5-week-old, 

BALB/C nude mice (18–22 g, n = 40) were purchased 
from the Animal Experimental Center of Guangxi 
Medical University (Permission No. for Laboratory 
Animals: SYXK GUI 2014-0002). The animals were 
housed in autoclaved Micro-Isolater clear plastic cages, 
with a ventilation rate of 10 to 15 air changes per hour, at 
20°C, 50% relative humidity, and in a light/dark cycle of 
12/12 h, with free access to standard rodent food pellets 
and water. All animal experimentation was performed 
according to institutional guidelines and with approval of 
a local institutional review board.

Reagents and instruments
Crizotinib was acquired from Cell Signaling Technology 

(USA). The RPMI-1640 medium, fetal bovine serum 
(FBS), and trypsin were purchased from Gibco (USA). A 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT) solution and dimethyl sulfoxide (DMSO) 
were purchased from Amresco (USA). The Annexin-V-
PE/7AAD apoptosis detection kit and the Bicinchoninic 
acid (BCA) kit were purchased from BD (USA) and Merck 
(China), respectively. The SP Immunohistochemical 
(IHC) Kit was acquired from Boosen Biological 
Technology (China). Diaminobenzidine (DAB) was 
purchased from Hill-bridge Company (China). The Total 
RNA Small Amount Preparation Kit was purchased from 
Axygen Corelle Life Science Company (China). The 
cDNA Synthesis Kit was acquired from Bao Biological 
Engineering Company (China), and the Quantitative PCR 
Kit and Phosphatase Inhibitors Cocktail Tablets were 
purchased from Roche (Switzerland). The BCA Protein 
Assay Kit was acquired from Beyotime Biotech Company 
(China). HGF, c-MET, phosphorylated c-MET (p-c-MET; 
Tyr1003), AKT, p-AKT (Ser473), ERK, p-ERK (Thr202/
Thr204), and β-actin antigen reagents and antibodies 
were purchased from Cell Signaling Technology (USA). 
Fluorescence type II antigen and antibody were purchased 
from Poly Biological Technology (China). Supersensitive 
ECL Chemical Luminescence Substrate was purchased 
from Boster Biological Engineering Company (China). 
The quantitative PCR instrument was acquired from 
Eppendorf (Germany). The JY-ECPT3000 electrophoresis 
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device was purchased from Liuyi instrument factory 
(China). Western blot equipment and a type 170-8170 
protein imaging instrument were acquired from Bio-Rad 
Company (USA).

Methods
Cell culture 
Cells were cultured in the RPMI 1640 medium 

supplemented with 10% of FBS at 37°C in a humidified 
atmosphere containing 5% of CO2. The culture medium 
was removed every 2–3 days, and 1–2 mL of a trypsin-
ethylene diamine tetraacetic acid (EDTA) solution 
was added. The flask was allowed to incubate at room 
temperature until the cells got detached. A fresh culture 
medium was added, and the solution was aspirated and 
dispensed into new culture flasks.

The MTT assay
Attached H1993, H2228, and A549 cells in culture were 

digested with 0.25% trypsin until they got detached. The 
cells were centrifuged, the supernatant was discarded, 
and the cells were resuspended in the complete growth 
medium. After the cell density was adjusted to 800 per 
mL, the cells were seeded in 96-well plates at 100 µL/well, 
and incubated overnight at 37°C and 5% CO2. The cells 
were then exposed to 10, 30, 90, 270, or 810 nM crizotinib 
for 72 h. Absorbance at 490 nm (A490) was measured on 
a Multiskan Spectrum spectrophotometer. Each assay 
consisted of six replicate wells and was repeated at least 
three times independently. Inhibition of cell proliferation 
was calculated as follows: [1 - (A490 of experimental group 
-A490 of blank group) (A490 of control group - optical 
density of blank group)] × 100%. 

Flow cytometric analysis of the effect of crizotinib  
on apoptosis

Attached H1993, H2228, and A549 cells in culture 
were digested with 0.25% trypsin and centrifuged. 
The supernatant was discarded, and the cells were 
resuspended in the complete growth medium. The cell 
densities were adjusted to 3 × 105/mL, 6 × 105/mL, and 
106/mL, respectively, and the cells were seeded in 6-well 
plates at 2 mL/well. Crizotinib at 200, 300, and 300 nM 
was added to the medium of H1993, H2228, and A549 
cells, respectively. The cells were cultured for 24, 48, 
or 72 h, and were harvested by incubation with 0.25% 
trypsin without EDTA, washed with phosphate-buffered 
saline (PBS), and centrifuged at 300 × g for 5 min. The cell 
pellets were resuspended in 100 μL of the Annexin-V-
PE/7AAD labeling solution, and incubated for 15 min at 
room temperature in the dark. After addition of propidium 
iodide (PI) and fluorescein from the isothiocyanate 
(V-PE/7AAD) staining kit, the cells were resuspended in 
400 μl of the Annexin-V-PE/7AAD labeling solution and 
then analyzed for fluorescence by flow cytometry.

Western blot analysis
Cells were washed twice with ice-cold PBS and then 

lysed in a solution containing phosphatase inhibitors 
cocktail tablets, phenylmethanesulfonyl fluoride (PMSF), 
and RIPA Lysis Buffer (100 mM), according to the 
manufacturer’s protocol. The protein concentration in 
the cell lysates was measured using the BCA kit, and equal 
amounts of protein were subjected to sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) in 
an 8% or 10% gel. β-Actin served as an internal reference. 
The separated proteins were transferred to polyvinylidene 
fluoride (PVDF) membranes, which were then exposed to 
5% bovine serum albumin (BSA) in PBS for 2 h at room 
temperature before overnight incubation at 4°C with 
primary antibodies. The membranes were incubated for 
1 hour at room temperature with horseradish peroxidase-
conjugated goat antibodies to rabbit, horse, or mouse IgG. 
According to the manufacturer’s protocols, the c-MET 
antibody, p-c-MET (Tyr1003) antibody, AKT antibody, 
p-AKT (Ser473) antibody, ERK antibody, p-ERK (Thr202/
Thr204) antibody, and the β-actin antibody were used 
at 1:1000, 1:1000, 1:2000, 1:2000, 1:1000, 1:2000, and 
1:1000 dilutions, respectively. The membranes were 
incubated for 1 h at room temperature with horseradish 
peroxidase-conjugated goat antibodies to rabbit or horse 
antibodies to mouse IgGThe membranes were incubated 
for 1 h at room temperature with horseradish peroxidase-
conjugated goat antibodies to rabbit or horse antibodies 
to mouse IgG, which were used at a 1:2000 dilution.

Animal grouping and treatment
Forty SPF BALB/C nude mice were randomly allocated 

to 5 groups on average: H1993 xenograft control (Group 
A), H1993 xenograft with crizotinib (Group B), A549 
xenograft control (Group C), A549 xenograft with 
crizotinib (Group D), and healthy control (Group E). For 
the tumor inoculation model, subcutaneous tissue of the 
left axillary region from BALB/C mice was injected with 
the H1993 or A549 cell line at a concentration of 5 × 107 

cells per 100–150 μL. The animal models were regarded 
as successful when the tumor size reached 200–600 mm3 

(day 0) in each mouse. Treatment groups consisted of 
control and crizotinib-administered (50 mg/kg of body 
weight, which was dissolved in 0.2 mL of distilled water) 
mice. Crizotinib was administered by oral gavage daily 
for 14 days; control animals received 0.2 mL of distilled 
water as vehicle. Weight, food intake, and tumor size of 
the mice were measured every 3 days from the day of 
crizotinib administration. Tumor volume was determined 
by caliper measurements of tumor length (L) and width 
(W) according to the formula L × W2/2. Tumor growth 
curves and inhibition rates were calculated. Euthanasia 
by cervical dislocation was performed 24 h after the last 
drug administration, and tumors were completely excised 
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for further analysis. Percentages of inhibition of tumor 
volume were measured on the final day of the experiment 
for drug-treated versus vehicle-treated mice and were 
calculated as follows: [(Controlfinal day - Treatedfinal day) / 
Controlfinal day].

IHC analysis
Sections of 4-µm thickness cut from formalin-fixed 

paraffin-embedded tissue blocks were deparaffinized 
in xylene and rehydrated in a graded series of aqueous 
ethanol solutions. Levels of HGF, c-MET, and p-c-MET 
in tumor tissues were measured by means of the SP kit. 
IHC staining results were assessed using the criteria of 
Fromowitz semiquantitative classification, where the 
total score = staining intensity score + proportion of 
positive cells score. Staining intensity was scored based 
on membrane staining intensity: 0 = no staining, 1 = 
faint yellow, 2 = pale brown, and 3 = dark brown. The 
proportions of positive cells were scored as follows: < 
5% for score = 0, 5%–25% for score = 1, 26%–50% for 
score = 2, 51%–75% for score = 3, and > 75% for score 
= 4. The total score < 2 was defined as negative (-), 
2–3 as weakly positive (+), 4–5 as moderately positive 
(++), and 6–7 as strongly positive (+++). Low and high 
expression were designated as “-” to + and ++ to +++, 
respectively.

Real-time quantitative polymerase chain reaction (RT-
qPCR)

Total RNA was extracted from snap-frozen samples 
by means of the TRIzol Reagent (Invitrogen, USA). 
Complementary DNA was synthesized from 500 ng of 
total RNA using the cDNA Synthesis Kit (Bao Biological 
Engineering Company, China). The gene-specific 
primers for c-MET and AKT are listed in Table 1. The 
primers were synthesized by the Hua Da gene Polytron 
Technology Company (China). For normalization of 
the RNA quality and quantity, expression of β-actin in 
each sample was quantified. Messenger RNA (mRNA) 
expression of c-MET and AKT was determined using 
the SYBR Green-Based RT-PCR Kit and a quantitative 
RT-PCR system (Germany) under the following 
conditions: an initial denatur¬ation step of 95°C for 10 
min, followed by 40 amplifica¬tion cycles involving 
denaturation at 95°C for 15 sec and annealing with 
elongation at 60°C for 1 min. Signals with a (maximal 
curvature) threshold cycle (Cq) value of > 35 were 
assumed to indicate no transcription of the target gene. 
A melting-curve analysis was conducted to monitor 
PCR product purity, and relative gene expression 
data were analyzed by the 2-ΔΔCt method: ΔΔCq =  
(Cqtarget gene - Cqinternal control)testing sample - (Cqtarget gene - Cqinternal 

control)standard sample. One randomly selected sample served 
as a reference sample to calculate the relative quantity 
value. 

Western blot analysis
Total protein was extracted from transplanted tumor 

tissue by means of a solution containing phosphatase 
inhibitors cocktail tablets, PMSF, and RIPA Lysis Buffer 
(100 mM), according to the manufacturer’s protocol. The 
total amount of protein was determined with the BCA 
Kit. Western blot procedures were described above. 

Statistical analysis
Quantitative data are shown as mean ± standard 

deviation. Two sets of data were analyzed using 
unpaired two-tailed Student’s t test. One-way 
ANOVA was applied when homogeneity of variance 
assumptions were satisfied (multiple comparisons 
between groups were conducted using SNK analysis 
of variance); otherwise, the Kruskal-Wallis H test 
was used (multiple comparisons between groups were 
performed by Kruskal-Wallis analysis of variance). 
The data were analyzed using the SPSS software, 
version 19.0, and P < 0.05 was considered to indicate 
statistical significance. Probit regression analysis was 
used to calculate IC50 with a 95% confidence interval 
(CI). 

Results

Effects of crizotinib on H1993, H2228,  
and A549 cells growth

The IC50 values of crizotinib for H1993 and H2228 cells 
were found to be 179 and 335 nM, respectively. A549 cells 
were nearly insensitive to crizotinib at concentrations 
below ~10 nM, and the IC50 value for A549 cells could not 
be determined even after crizotinib administration at a 
concentration of 10,000 nM (Fig. 1). Crizotinib inhibited 
the growth and proliferation of H1993 and H2228 cells in 
a concentration-dependent manner.

Apoptotic effects of crizotinib on H1993, 
H2228, and A549 cells

Crizotinib induced apoptosis of H1993 and H2228 cells, 
but not in A549 cells (P < 0.05). At 179 nM crizotinib, 

Table  1  Dose-volume constraints for PTV and OARs

Gene Sequence (5`-3`)
Primer
 lengt 
(bp)

Annealing 
temperature

 (℃)
b-actin Forward CCTCGCCTTTGCCGATCC 102 60

Reverse TTGCACATGCCGGAGCC 102 60
AKT Forward TGGACGATAGCTTGGAGGGA 241 61

Reverse ATTGTTCTGAGGGCTGAGGC 241 61
c-MET Forward GAGAAGACTCCTACAACCCGAAT 287 59

Reverse AGTACTAGCACTATGATGTCTCCC 287 59 
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Fig.  1  Crizotinib inhibits the viability of 3 cell lines of NSCLC. H1993, H2228 and A549 cells were treated with crizotinib at different concentrations for 
72 h. Percent inhibition was determined by the MTT assay. (a) The IC50 values of crizotinib for H1993 cells were found to be 179 nM; (b) The IC50 values 
of crizotinib for H2228 cells were found to be 335 nM; (c) A549 cells were nearly insensitive to crizotinib at concentrations below ~10 nM, and the IC50 
value for A549 cells could not be determined even after crizotinib administration at a concentration of 10,000 nM.

Fig.  2  Cell apoptosis rates of H1993, H2228 and A549 after treated with crizotinib at different times (0 h, 24 h, 48 h, 72 h). (a) Crizotinib induced 
apoptosis of H1993 and H2228 cells, but not in A549 cells (P < 0.05); (b) At 179 nM crizotinib, the apoptotic fractions of H1993 cells at 24, 48, and 72 
h were 15.3% ± 2.1%, 27.2% ± 1.6%, and 46.5% ± 1.8%, respectively, while that of A549 cells at 72 h was 15.64% ± 0.61%. At 335 nM, the apoptotic 
fractions of H2228 cells at 24, 48, and 72 h were 13.7% ± 0.8%, 25.3% ± 1.6%, and 43.5% ± 3.2%, respectively.



121Oncol Transl Med, June 2017, Vol. 3, No. 3

the apoptotic fractions of H1993 cells at 24, 48, and 72 
h were 15.3% ± 2.1%, 27.2% ± 1.6%, and 46.5% ± 1.8%, 
respectively, while that of A549 cells at 72 h was 15.64% ± 
0.61%. At 335 nM, the apoptotic fractions of H2228 cells 
at 24, 48, and 72 h were 13.7% ± 0.8%, 25.3% ± 1.6%, and 
43.5% ± 3.2%, respectively (Fig. 2). Crizotinib induced 
apoptosis of H1993 and H2228 cells in a time-dependent 
manner. 

Effects of crizotinib on the expression  
of apoptosis-related proteins in the  
HGF/c-Met signaling pathway

The total amount of c-MET (c-MET plus p-c-MET) 
in H1993 cells treated with 200 nM crizotinib decreased 
as compared with untreated H1993 cells and with 
A549 cells. A significant decrease in the amounts of 
p-AKT, p-ERK, and p-c-MET was observed at 24 h after 
crizotinib treatment. Crizotinib decreased the amounts of 
p-AKT, p-ERK, and p-c-MET in H1993 cells in a time-
dependent manner. The level of p-c-MET at 72 h was the 
lowest, as compared with that of p-AKT and p-ERK. In 

H2228 cells, expression levels of c-MET, AKT, and ERK 
after 300 nM crizotinib treatment were not detectable as 
compared with untreated cells. Nevertheless, significant 
decreases in the amounts of p-AKT, p-ERK, and p-c-
MET were observed after 48 h. Minimal levels of those 
phospho-proteins were observed after 72 h. Amounts 
of c-MET, p-c-MET, AKT, p-AKT, ERK, and p-ERK in 
A549 cells showed no changes after treatment with 300 
nM crizotinib (Fig. 3). 

Viability of crizotinib-treated NSCLC nude mice 
Average daily food intake and body weight before and 

after crizotinib administration in NSCLC nude mice were 
shown in Fig. 4. Compared with Group E, the decrease in 
daily food intake that occurred in the other groups was 
statistically significant (P < 0.05). The largest decrease was 
observed in Group A. There was no significant difference 
in daily food intake between Groups C and D (P > 0.05). 
As to body weight, increases were detected in Group B 
compared with Groups A, C, and D (P < 0.001). Only 
slow weight gains were observed in Groups A, C, and D 

Fig.  3  Effect of crizotinib on expression of proteins in the 3 cell lines. (a) Protein levels in the 3 cell lines treated with crizotinib at different time-points 
(24 h, 48 h, 72 h) determined by Western blot; (b) Represents the relative expression of p-MET, p-AKT and p-ERK in 3 cells. n=3. *P < 0.05 compared 
with the control group (0 h).
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compared with Group E (P < 0.001), with a remarkable 
difference for Group A. The results indicated that quality 
of life was better in the c-Met amplification NSCLC nude 
mice model and could be improved by treatment with 
crizotinib.

The tumor volume in NSCLC nude mice
The rate of inhibition of tumor volume for H1993 

cells (in xenograft nude mice) by crizotinib was 72.3%, 
which is significantly higher than that in the control 
group (P < 0.01). The inhibition of tumor volume of 
A549 cells in xenograft mice was only 1.3%, which 
is not different from that of the control group (P > 
0.05; Fig. 5). The results show that crizotinib exerts its 
growth inhibition on c-Met amplification-positive but 
not-negative NSCLC. 

Amounts of HGF, c-MET, and p-c-MET  
in xenografts according to IHC analysis

The amounts of HGF, c-MET, and p-c-MET in 32 
xenografts were determined by IHC analysis. The 
results showed that HGF is mainly located in the 
cytoplasm and the nucleus of tumor cells, and shows 
varying staining intensity. Positive expression of HGF 
in Groups A and B was higher than that of Groups C and 
D, but the differences were not statistically significant 
(P > 0.05). c-MET and p-c-MET were mainly located 
in the cytoplasm. Expression of c-MET in Groups A 
and B was also higher than that in Groups C and D, 
and the differences were statistically significant (P 
< 0.0001). The amount of p-c-MET in Group A was 
significantly higher than that in the other groups (P 
< 0.0001), while in group B, the amount of p-c-MET 
was the lowest. There were no differences in amounts 
of p-c-MET between Groups C and D (Fig. 6). The 

Fig.  5  NSCLC xenografts tumor size-time diagram. (a) The rate of inhibition of tumor volume for H1993 cells (in xenograft nude mice) by crizotinib 
was 72.3%, which is significantly higher than that in the control group (P < 0.01); (b) The inhibition of tumor volume of A549 cells in xenograft mice was 
only 1.3%, which is not different from that of the control group (P > 0.05).

Fig.  4  Effects of crizotinib on life status of NSCLC xenograft tumor models. (a) Compared with other groups *P < 0.05, compared with other groups 
except Group C or Group D △P < 0.05; (b) Compared with other groups *P < 0.001, compared with other groups except Group C or Group D △P < 
0.001, compared with other groups except Group B or Group E ○P < 0.001.
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Fig.  7  Expression of c-MET, AKT mRNA in tumor tissues of NSCLC xenografts. (a)The mRNA expression of c-MET in Groups A and B were higher 
than that in Groups C and D, with statistical significance (P < 0.001, P < 0.001, respectively). In Group B showed no significant differences from Group 
A (P > 0.05). No differences between Groups C and D were detected (P > 0.05); (b)The mRNA expression of AKT in Groups A and B were higher than 
that in Groups C and D, with statistical significance (P < 0.05, P < 0.001, respectively). In Group B showed no significant differences from Group A (P > 
0.05). No differences between Groups C and D were detected (P > 0.05).

Fig.  6  Expression of HGF, c-MET, and p-MET in tumor tissues of NSCLC xenografts. (a) Original magnification×100; (b) n=8. Compared with other 
groups △P < 0.0001, compared with Group C and Group D *P < 0.0001.
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results show that the level of expression of HGF is 
unrelated to the status of c-Met amplification and the 
use of crizotinib. High expression of c-MET in H1993 
cells can be inhibited by crizotinib, and this effect may 
contribute to the suppression of the growth of tumor 
tissue in nude mice harboring c-Met amplification in 
the xenograft.

Influence of crizotinib on mRNA expression  
of c-MET and AKT

The mRNA expression of c-MET and AKT in Groups 
A and B were higher than that in Groups C and D, with 
statistical significance (P < 0.001, P < 0.001, P < 0.05, 
and P < 0.001, respectively). The mRNA expression 
of c-MET and AKT in Group B showed no significant 
differences from Group A (P > 0.05). No differences 
between Groups C and D were detected (P > 0.05; Fig. 
7). These results show that crizotinib had little or no 
effect on the mRNA expression of c-MET and AKT.

Influence of crizotinib on the expression  
of c-MET and related proteins of the Akt/Erk 
signaling pathway

Expression of c-MET, AKT, and ERK in xenografts was 
significantly higher in Groups A and B than in Groups 
C and D (P < 0.001, P < 0.05, and P < 0.01, respectively). 
Nonetheless, the difference between Groups A and B 
was not significant (P > 0.05). The amount of p-c-MET 
was higher in xenografts of Group A in comparison 
with the other groups, with statistical significance (P < 
0.05). The expression of p-AKT in Group A was higher 
than that in the other groups (P < 0.001, P < 0.05, and 
P < 0.05, respectively). Compared with the other groups, 
the lowest expression of p-ERK was detected in Group 
B (P < 0.01; Fig. 8 and Table 2). The results indicate that 
crizotinib inhibits the growth of tumor tissue in H1993 
xenografts by downregulating the phosphorylation of 
c-MET and related downstream proteins of the Akt/Erk 
signaling pathway. 

Discussion
c-MET, which is encoded by the c-Met proto- 

oncogene, can be autophosphorylated on its intracellular 
tyrosine residues after binding its natural ligand HGF, 
and the phosphorylated protein subsequently activates a 
variety of key downstream signaling cascades, including 
the PI3K/Akt, Ras/MAPK, and survivin/STAT3 pathways 
[8]. Under normal conditions, activation of the HGF/c-Met 
pathway plays an essential regulatory role in embryonic 
development and tissue repair. In contrast, disturbances 
or overactivation of the HGF/c-Met pathway can promote 
cell proliferation, increase angiogenesis, enhance tumor 
invasion and metastasis, and decrease apoptosis [9]. 

Preclinical studies suggest that growth and survival of 
lung cancer cells harboring c-Met amplification depend 
on persistent activation of the HGF/c-Met pathway [5]. 
Clinically, secondary amplification of the c-Met may be 
involved in the development of EGFR-TKIs resistance 
[10]. Pao et al [11] proposed that cancer cells can activate 
the c-Met signaling pathway for sustained survival after 
blockade of the EGFR signaling pathway. The main 
cause of c-Met amplification is the breakage-fusion-
bridge mechanism [12]. Based on the ratio of c-Met to 
centromere of chromosome 7, the degree of c-Met 
amplification is subdivided into 3 categories: 1.8–2.2 for 

Fig.  8  Effect of crizotinib on expression of proteins in tumor tissues of 
NSCLC xenografts.

Table  2  Effects of crizotinib on indicated proteins expression in tumor tissues of NSCLC xenografts
Group c-MET p-MET AKT p-AKT ERK p-ERK
A 2.26 ± 0.45* 1.04 ± 0.30△ 1.42 ± 0.36* 1.29 ± 0.30△ 2.60 ± 0.90* 1.73 ± 1.58
B 2.24 ± 0.55* 0.25 ± 0.12 1.49 ± 0.41* 0.21 ± 0.10△ 2.69 ± 0.85* 0.21 ± 0.09○

C 1.23 ± 0.28 0.36 ± 0.10 0.78 ± 0.16 0.55 ± 0.28 0.75 ± 0.21 0.77 ± 0.38
D 1.28 ± 0.31 0.35 ± 0.12 0.71 ± 0.17 0.68 ± 0.27 0.70 ± 0.20 0.82 ± 0.43
△，compared with each other groups: P < 0.05; *, compared with Group C and Group D : P < 0.05; ○, compared with other groups P < 0.001.
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low amplification, 2.2–2.5 for moderate amplification, 
and ≥5 for a high degree of amplification. Commonly 
used in clinical trials involving a c-Met amplification-
positive standard is a high c-Met gene copy number 
(mean ≥ 5 copies/cell) according to fluorescence in 
situ hybridization, as proposed by Cappuzzo in 2009 
[13]. Amplification of c-Met leads to overexpression 
of receptor c-MET, which is susceptible to c-MET 
inhibitors. The development of crizotinib was originally 
aimed at c-MET (according to the eutectic structure of 
both PHA-665752 and the c-MET unphosphorylated 
kinase domain) via competitive inhibition of the binding 
and subsequent autophosphorylation of kinase c-MET 
and ATP hydrolysis. 

Our findings also reveal the antiproliferative and 
proapoptotic effects of crizotinib on H1993 and H2228 
cells. Inhibition by crizotinib is both time-dependent 
and concentration-dependent. Similar inhibition was not 
observed in A549 and crizotinib-untreated cells. 

Akt, as a key molecule of the PI3K/Akt/mTOR signaling 
pathway, plays an important role by activating such 
molecules as mTOR and by phosphorylating such proteins 
as Bcl-2 and Fox, thus inhibiting apoptosis [14]. ERK is a 
downstream effector of the MAPK signaling pathway 
and can be activated by phosphorylation, and then 
p-ERK enters the nucleus to promote phosphorylation 
of transcription factor NF-κB and c-Myc and to enhance 
cell proliferation and to reverse proapoptotic effects of 
drugs [15]. The presence of p-AKT and p-ERK is viewed 
as the main sign of activation of the HGF/c-Met signaling 
pathway.

In this study, we evaluated the expression of c-MET, 
AKT, ERK, and their active forms of signaling proteins 
by western blotting and showed that the amounts of p-c-
MET, p-AKT, and p-ERK in H1993 and H2228 cells are 
all decreased by crizotinib in a time-dependent manner. 
These results suggest that crizotinib inhibits activation of 
the Akt and Erk signaling pathways and downregulates 
the phosphorylation of AKT and ERK by decreasing 
c-MET activation (i.e., phosphorylation). These inhibitory 
effects promote apoptosis of tumor cells. This finding is 
consistent with the results of Junko and Akihiro [16,17].

In addition, we observed that complete disappearance of 
p-c-MET occurred at 72 h after crizotinib administration, 
whereas the expression of the downstream signaling 
proteins p-AKT and p-ERK was not suppressed 
completely. Thus, we assume that other pathways may 
be involved in activating the AKT and ERK downstream 
signaling pathways. It has been proven that c-MET 
inhibits apoptosis of lung cancer cells via activation of the 
p53 signaling pathway [18]. Belal et al [19] reported cross-
talk between the c-Met and EGFR signaling pathways, 
which does not take place directly but is induced by 
Erk, c-Met, and other mediators. Blockage of the EGFR 

or Erk signaling pathways can decrease the expression 
and activation of c-MET in EGFR-mutant and wild-type 
NSCLC cells. In a phase I trial evaluating the safety and 
efficacy of crizotinib in advanced NSCLC with c-Met 
amplification (ClinicalTrials.gov NCT00585195), the 
effective rates of treatment in patients with low, moderate, 
and high c-Met amplification were 0%, 17%, 67%. A dose 
of crizotinib of 50 mg/kg of body weight daily was used 
in that trial and is similar to the dose used in the phase 
I clinical trial of crizotinib for the treatment of NSCLC 
patients with ALK fusion or c-Met amplification. In 
line with Tanizaki’s results[16], our findings indicate that 
crizotinib significantly improves quality of life of the nude 
mice with c-Met amplification in the NSCLC xenograft. 
Food intake of the mice with a c-Met amplification-
positive NSCLC xenograft was significantly decreased 
compared with that of the control groups. Of note, the 
weight loss that occurred in the c-Met amplification-
positive model did not reach statistical significance, 
suggesting that known adverse effects of crizotinib such 
as nausea, vomiting, diarrhea, constipation, and other 
gastrointestinal symptoms were mild, and crizotinib was 
well tolerated. The general health condition of our mouse 
models of c-Met amplification-positive NSCLC was worse 
than that in the blank control group because of rapid 
proliferation of tumor cells, suggesting that growth and 
survival of tumor cells harboring c-Met amplification 
may depend on sustained activation of the HGF/c-Met 
signaling pathway [20]. 

In addition, crizotinib can effectively suppress the 
tumor growth of H1993 cell xenografts in nude mice by 
inhibiting tyrosine kinases of the HGF/c-Met pathway. 
Similar results were not observed in the A549 cell 
xenograft models. Zou et al [21] found that crizotinib exerts 
its inhibition on c-MET tyrosine kinase activity in animal 
models of xenografts with c-Met amplification (gastric 
cancer, NSCLC, kidney, and prostate cancer cells), thus 
inducing apoptosis and attenuating ERK phosphorylation 
of the downstream AKT and MAPK pathways; this effect 
is similar to inhibition of the tyrosine kinase of ALK fusion 
variants under the influence of crizotinib. Our findings 
also show that crizotinib decreases the amounts of p-AKT 
and p-ERK by inhibiting c-MET phosphorylation instead 
of inhibiting expression of AKT and ERK during its in 
vivo antitumor action. 

Other related studies show that strong phosphorylation 
of c-MET detected in H1993 cells may not be caused by 
activation by its ligand HGF. The c-Met knockdown 
by means of short hairpin RNA (shRNA) results in 
significant morphological changes of H1993 cells, 
whereas the proliferation of A549 cells is not inhibited by 
c-Met shRNA [22]. Our findings reveal that expression of 
HGF is not strongly related to c-Met status and crizotinib 
use. High expression of c-MET in c-Met amplification-
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positive lung adenocarcinoma cells also indicates that 
activation of the c-Met signaling pathway is necessary for 
the survival of NSCLC. 

It should be noted that in this study, we chose cell 
lines without ALK rearrangements for pharmacological 
experiments with c-MET. Nonetheless, owing to the 
expression of wild-type ALK gene in the selected cells, 
the pharmacological activities of crizotinib via ALK 
cannot be ruled out. Patients with advanced NSCLC with 
concomitant EGFR mutation and c-MET overexpression 
have significantly lower response rates to EGFR-
TKIs, indicating that c-MET overexpression may cause 
intrinsic resistance to EGFR-TKIs. A combination of 
EGFR-TKIs and a c-MET inhibitor is a good strategy to 
overcome acquired resistance in patients with a c-MET–
overexpressing tumor. One of the possible mechanisms of 
resistance may contribute to activities of both c-Met and 
EGFR signaling pathways.

Conclusion
This study shows that crizotinib, as a potent ATP-

competitive inhibitor targeting kinase c-MET, can 
effectively inhibit the growth of H1993 and H2228 cells 
and the corresponding xenografts in nude mice. The 
inhibitory effect is directly related to the inhibition of 
c-MET phosphorylation and protein phosphorylation 
in its downstream pathway. Our findings provide the 
experimental basis and clinical reference for the use 
of c-MET inhibitors in the treatment of patients with 
NSCLC harboring c-Met amplification.
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Although the incidence of thyroid cancer accounts 
for 5% of thyroid nodules [1] and 1% of all tumors, 
thyroid cancer is the most common cancer of the 
endocrine glands [2]. According to the data from the 
American Cancer Society, the incidence of thyroid 
cancer has increased significantly since the 1990s. Some 
reports demonstrated that the incidence of thyroid 
cancer shows no gender difference before the age of 
10. However, the female incidence was three or four 
times higher than the male incidence after 10 years of 
age and women of child-bearing age were the major 
proportion of female patients, although the incidence 
decreased in postmenopausal women [3–4]. Sungwalee 
et al proposed that women with early menarche, oral 
contraceptive use, or no pregnancy tend to suffer from 
thyroid cancer to some extent [5]. Thus, it can be seen 
that endogenous estrogen does play an important role 
in the occurrence and development of thyroid cancer.

Materials and methods

Tissues and clinical data were obtained from 56 
thyroid cancer patients who underwent radical 
thyroidectomy in the Second Affiliated Hospital of 
Dalian Medical University (China) from October 2014 
to September 2015 and the pathological diagnosis was 
confirmed as thyroid cancer. All 56 patients had not 
accepted chemotherapy or radiotherapy before the 
operation. The number of male patients was 19 and that 
of female patients was 37. Their ages ranged from 23- 
to 71-years-old and the average age was (63.20 ± 10.18) 
years. There were 32 patients under 45-years-old and 
24 patients beyond 45-years-old. Regarding the TNM 
stage, there were 31 patients with T1 and T2 stages, 
and 25 with T3 and T4 stages. There were 24 patients 
with lymph node metastasis and 32 patients without 
lymph node metastasis. Regarding the pathological 
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Objective  The study aimed to detect the expression of estrogen receptors (ERs) in thyroid cancer and 
investigate the correlation between their expression and clinical features and different pathological types.
Methods  The expression of ERs in 56 samples of thyroid cancer tissues was detected by an 
immunochemical approach. The expression of ERs in thyroid cancer tissues and different pathological types 
were analyzed using the χ2 test. 
Results  The number of cases with positive expression of ER in thyroid cancer tissues was 36. The 
number of papillary thyroid cancers (PTCs) was 48, with positive expression of ERs in 32 cases. The 
number of follicular thyroid cancers was 4, with positive expression of ERs in 2 cases. The number of 
medullary thyroid cancers was 4, with negative expression of ERs in all cases. The difference between the 
expression and different pathological types showed statistical significance. The expression of ERs showed 
no correlation with sex, age, or TNM stage, with no statistical significance. However, the expression of ERs 
was correlated with metastasis of lymph nodes, which had statistical significance. The expression of ERs 
was negatively correlated with pathological types and metastasis of lymph nodes. The correlated coefficient 
index was –0.313 and –0.334, respectively. 
Conclusion  The expression of ERs showed no correlation with sex, age, or TNM stage, but was 
negatively correlated with pathological types and metastasis of lymph nodes.
Key words:  thyroid cancer; estrogen receptor (ER); pathological type
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type, there were 48 patients with papillary thyroid 
cancer (PTC), 4 patients with medullary thyroid 
cancer, and 4 patients with follicular thyroid cancer. 

The expression of estrogen receptors (ERs) in the 
56 tissue samples of thyroid cancer was detected by an 
immunochemical approach. The expression of ERs in 
thyroid cancer tissues and different pathologic types 
were analyzed by the χ2 test. The value of P < 0.05 
was considered to indicate a statistically significant 
difference.

Results

The expression of estrogen receptors in thyroid 
cancer tissues

The positive expression result of ERs in thyroid cancer 
tissues was showed in Table 1. The positive expression 
of ERs displayed brownish yellow granules which mainly 
locates on the cell nucleus, partially on the cytoplasm 
(Fig. 1–4).

The relationship of estrogen receptors 
expression in thyroid cancer tissues and 
clinical features

The relationship of ERs expression in thyroid cancer 
tissues and clinical features was showed in Table 2. The 
expression of ERs has no correlation with sex, age and 
TNM stage, which has no statistical difference (P > 0.05). 
There are 24 patients with lymph metastasis and 32 
patients without lymph metastasis, which had statistical 
significance (P = 0.013).

The expression of estrogen receptors in the 
different histopathological types

The expression result of ERs in the different 
histopathological types was shown in Table 3, and the 
expression had statistical significance (P = 0.029).

Discussion

Thyroid cancer is the most common malignancy of the 
endocrine system [2] with increasing incidence, especially 
of papillary carcinoma. Eheman et al demonstrated that 
the male incidence of thyroid cancer was 5.5/100 000 and 
the female incidence was 16.3/100 000 from 2004 to 2008 
in America [6]. The occurrence of thyroid cancer may 
be related to the exposure to radiation or hyperplastic 
diseases of thyroid tissues in family history [7–9]. Moreover, 
an increasing number of studies show that endogenous 
estrogen may play an important role in the occurrence 
and progression of thyroid cancer.

ERs play an important role in non-genomic or classical 
genomic estrogen signaling. Estrogen enters target cells 
via passive diffusion, and then the binding of ligand E2 to 

ERs results in the conformational changes of ERs. These 
conformational changes cause the dissociation of the ER 
from its ligand proteins, and then regulate gene expression 
through the combination of homo- or hetero-dimerization 
of E2-ER and the nucleotide sequence located in the 
promoters of target genes, known as estrogen response 
elements (EREs). However, in humans, one-third of genes 
regulated by estrogen do not contain ERE-sequences [10–

11]. Under these circumstances, estrogen can regulate the 
expression of target genes by modulating the functions of 
other transcriptional factors in the nucleus, which results 
in chromatin alteration via the interactions between 
proteins. This process is collectively known as the ERE-
independent genomic actions of estrogen [12]. Estrogen 
exerts biological effects in the bone, breast, vasculature, 
and nervous system through its interaction with related 
estrogen binding proteins on the cell membrane, instead 
of the gene transcription and protein synthesis mediated 
by E2-ER. These actions are referred to as non-genomic 
estrogen signaling.

Estrogen signaling is mediated primarily through two 
isoforms of the ER: ERα and ERβ. ERα can promote 
the growth of thyroid cancer cells (including papillary 

Table  1  The expression of estrogen receptors in thyroid cancer tissues
Group Cases Positive cases Positive rate (%)
Thyroid cancer tissues 56 36 64.3

Table  3  The expression of estrogen receptors in the different 
histopathological types

Groups Cases Positive cases Positive rate (%) χ2 P
Papollary carcinoma 48 32 66.7 7.087 0.029
Follicular carcinoma 4 2 50.0
Medullary carcinoma 4 0 0.0

Table  2  The relationship of estrogen receptors expression in thyroid 
cancer tissues and clinical features 

Clinical features Cases
Estrogen receptors

χ2 PPositive
 cases

Negative 
cases

Positive
 rate (%)

Sex 0.016 0.900
Male 19 12 7 63.2
Female 37 24 13 64.9

Age (years) 0.104 0.747
≤ 45 32 20 12 66.7
> 45 24 16 8 62.5

Stage 1.350 0.245
T1 + T2 31 22 9 71.0
T3 + T4 25 14 11 56.0

Lymph metastasis 6.229 0.013
Yes 24 11 13 45.8
No 32 25 7 78.1
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cancer cells KAT5, follicular cancer cells FRO, and 
undifferentiated cancer cells ARO) by integrating with 
E2 [13]. Zeng et al demonstrated that the agonist and 
antagonist for ERα and ERβ can regulate the expression 
of ERs. Propylpyrazole triol (PPT), an ERα agonist, can 
enhance the proliferation of thyroid cancer cells and 
the expression of antiapoptotic protein Bcl-2, while 
diarylpropionitrile (DPN), an ERβ agonist, can inhibit 
the proliferation and enhance the expression of apoptotic 
gene Bax. In addition, the knockdown of ERα can 
significantly reduce the expression of Bcl-2, while the 
silencing of ERβ can enhance the expression of Bcl-2; 
this expression imbalance between ERα and ERβ may 
result in the occurrence of thyroid cancer [13]. ERα can 
promote the growth of cancer cells, while ERβ can inhibit 
the proliferation of cancer cells. Some reports proposed 
that the increased ratio of ERα to ERβ might influence 
the growth and progression of medullary thyroid cancer 
[14]. By investigating the genotype of 344 PTCs and 452 
controls, Schonfeld et al identified that seven single 
nucleotide polymorphisms (SNPs) may relate to the 

development of PTC, four of which are located on the 
CYP19A1, ESR1, HSD17B3, and SULF1 genes. However, 
they demonstrated that all the SNPs had no obvious 
correlation with the occurrence and progression of 
PTC [15]. On the other hand, RebaΪ et al reported that 
the polymorphism change in the A549G codon on the 
ER ESR1 might alter the recognition and combination 
of ER ligands, which may result in the occurrence of 
thyroid cancer [16]. Rajoria et al also identified that the 
expression of ERα and ERβ were both detected in the 
PTC cell lines KAT5, NPA87, and BCPAP, and E2 could 
promote the adhesion, invasion, and metastasis of BCPAP 
cells [17–18]. Dong et al found that E2 exposure can lead 
to the downregulation of E-cadherin and upregulation 
of vimentin and matrix metalloproteinase-9 (MMP-
9). Additionally, ERα and ERβ play significant roles in 
BCPAP cell metastasis through the differential regulation 
of E-cadherin, vimentin, and MMP-9 [19]. In our study, we 
found that the positive expression of ERs was different 
in the three types of thyroid cancers, which indicated 
that the higher the expression of ER, the higher the 

Fig.  1  The positive expression of estrogen receptors in papillary thyroid 
cancer cells (HE, ×200)

Fig.  2  The positive expression of estrogen receptors in papillary thyroid 
cancer cells (HE, ×400) 

Fig.  3  The negative expression of estrogen receptors in thyroid thyroid 
cancer cells (HE, ×200)

Fig.  4  The negative expression of estrogen receptors in thyroid cancer 
cells (HE, ×400)
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differentiation of thyroid cancer. In addition, we also 
found that the positive expression of ERs could indicate 
thyroid cancer without the metastasis of lymph nodes.

Conclusion
 As a whole, our data demonstrates that the expression 

of ERs may correlate with the degree of differentiation 
and the metastasis of lymph nodes, and it might be a 
prognostic indicator that can be used in targeting ERs for 
the treatment of thyroid cancer. 
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The endoplasmic reticulum (ER) is the largest 
membrane-enclosed organelle in cells and is responsible 
for the synthesis, processing, and modification of proteins 
[1]. Conditions that interfere with ER function, such as 
virus infection and calcium homeostasis, lead to the 

accumulation and aggregation of unfold proteins, causing 
severe ER stress. The subsequent unfolded protein response 
(UPR) is a cellular attempt to lower the burden on the ER 
and restore ER homeostasis by imposing a general arrest 
in protein synthesis, upregulating chaperone proteins, 
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Efficient functioning of the endoplasmic reticulum (ER) is very important for most cellular activities, such as 
protein folding and modification. The ER closely interacts with other organelles, including the Golgi body, 
endosome, membrane, and mitochondria, providing lipids and proteins for the repair of these organelles. 
ER stress can be induced by various abnormal materials in the cell. ER stress is a compensatory 
intracellular environment disorder that occurs during areaction. ER can sense the stress and respond 
to it through translational attenuation, upregulation of the genes for ER chaperones and related proteins, 
and degradation of unfolded proteins by a quality-control system, but excessive ER activation can cause 
cell death. The Pubmed and Web of Science databases were searched for full-text articles, and the terms 
“endoplasmic reticulum stress / unfolded protein response / gynecologic tumor cell apoptosis” were used 
as key words. Thirty-five studies of ER stress and unfolded protein response published from 2000 to 2016 
were analyzed. Stress triggers apoptosis through a variety of signaling pathways. Increasing evidence 
has shown that the ER plays an important role in tumor cell diseases. The present review discusses 
the molecular mechanisms underlying unfolded protein response and its ability to promote survival and 
proliferation in gynecologic tumor cells.
Key words:  endoplasmic reticulum (ER); unfolded protein response (UPR); inositol-requiring-JNK 
(IRE1-JNK); caspase; CCAAT-enhancer-binding protein homologous protein (CHOP); gynecologic tumor 
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and degrading misfolded proteins. An increasing number 
of studies has shown that persistent ER stress may largely 
result from an altered state of the UPR [2]. ER stress response 
/ UPR signaling pathways are activated in primary 
solid tumors as a result of cell-intrinsic defects, such as 
dysregulation of protein synthesis, folding, and secretion, 
and also as a consequence of microenvironment changes. 
This article mainly describes the research progress of the 
gynecologic tumor cell apoptosis pathway and ER stress, 
which has provided important insights into the molecular 
mechanisms of ER stress-induced apoptosis.

ER stress signaling pathways

IRE1 signaling pathways 
IRE1, which is activated in response to the 

accumulation of unfolded proteins, determines the 
splicing of a 26-nucleotide-long intron of mRNA 
encoding the transcription factor X box binding protein 
1 (XBP1). The generated splicing variant, XBP1, acts as a 
transcription factor that moves to the nucleus and causes 
the transcription of genes coding ER chaperones in order 
to mitigate the stress [3-4]. Both IRE1 molecules respond to 
the accumulation of unfolded proteins in the ER, which 
activate their kinase and thus their RNase activities [5-

6]. IRE1 and PERK are two type I transmembrane ER-
localized protein kinase receptors that signal the UPR 
through a process involving homodimerization and 
autophosphorylation [7].

The IRE1-JNK pathway is an important signaling 
pathway that helps cells survive via the UPR. First, the 
endoribonuclease activity of IRE1 cleaves XBP-1 mRNA, 
converting it into a potent transcriptional activator 
that, in turn, induces the gene expression of proteins 
involved in protein degradation [8–9]. Second, recent 
studies have shown that IRE1 links ER stress to the 
activation of JNK signaling pathways. Specifically, IRE1 
binds to TRAF2 and through its kinase activity couples 
ER stress to the activation of JNK [10]. The activation of 
JNK by ER stress requires the presence of ASK1 [11]. IRE1 
recruitment of protein kinase adapter TRAF2 (tumor) 
can be caused by permanent ER stress, which activates 
ASK and JNK protein kinase and initiates the apoptotic 
cascade [12]. The IRE1/XBP-1 pathway is required for 
efficient protein folding, maturation, and degradation 
in the ER and suggests the existence of subsets of UPR 
target genes, as defined by their dependence on XBP-1.
ASK1 oligomerization promotes conformational changes 
induced by an IRE1-TRAF2 interaction, which also 
promotes Thr845 intermolecular phosphorylation in the 
ASK1 activation cycle (IRE-TRAF2-ASK1).

PERK signaling pathway
Oligomerization and ER stress increase PERK protein-

kinase activity; PERK phosphorylates eIF2 on serine 
residue 51, inhibiting the translation of messenger RNA 
into protein. On one hand, protein translation and 
synthesis can be inhibited by phosphorylation of eIF2a to 
relieve ER pressure. On the other hand, phosphorylation 
of eIF2a can selectively activate the translation of ATF4, 
increase the synthesis of its binding partner, and affect 
amino acid metabolism. Inhibiting eIF2-GDP in the 
eIF2-GTP energy cycle can inhibit translation and 
reduce protein synthesis [13]. A previous study showed 
that activation and phosphorylation of PERK selectively 
enhance its affinity for the non-phosphorylated eIF2 
complex. This switch is correlated with a significant 
change in the protease sensitivity pattern, indicating a 
major conformational change in the PERK kinase domain 
upon activation. Although it is dispensable for catalytic 
activity, PERK’s kinase insert loop is required for 
substrate binding and eIF2alpha phosphorylation in vivo. 
A previous study revealed a novel mechanism for eIF2 
recruitment by activated PERK and for unidirectional 
substrate flow in the phosphorylation reaction [14]. 

Previous studies showed that CHOP directly 
activates GADD34, which promotes ER client protein 
biosynthesis. Thus, impaired GADD34 expression 
reduces client protein load. Furthermore, mice lacking 
GADD34-directed eIF2alpha dephosphorylation (such 
as CHOP–/– mice) are resistant to renal toxicity of the 
ER stress-inducing drug tunicamycin. CHOP (promoter 
regions have four cis-response elements) can induce the 
expression of apoptosis proteins such as GADD34, ERO1, 
and DR5. ER transmembrane receptors detect the onset 
of ER stress and initiate the UPR to restore normal ER 
function. Recent studies have shown that prolonged stress 
or failures in the adaptive response are likely mediated by 
increases in target proteins, such as oxidase ERO1a (ER 
lumen protein), which transfer selectrons to molecular 
oxygen during disulfide bond formation [15]. Therefore, 
excessive expression of CHOP can lead to the generation 
of reactive oxygen species (ROS), ER stress, and apoptosis.
In general, CHOP-GADD34-ERO1 partially mediates the 
ER stress signaling pathways that regulate cell apoptosis 
[16].

Caspase signaling pathway
It is generally thought that caspase-12, an ER outer 

membrane protein, is a specific apoptosis molecule 
involved in ER stress. Murine caspase-12 has an ER-
associated proximal effect or activates procaspase-9 to 
cleave procaspase-3, leading directly to apoptosis [17]. 
However, human caspase-12 has no similar function 
because its gene is disrupted by a frame shift, resulting in 
a premature stop codon. In addition, human caspase-12 
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also contains amino acid substitutions in sites critical 
for caspase activity [18]. In contrast, human caspase-4 is 
specifically cleaved under ER stress, suggesting that it 
may be a functional ortholog of mouse caspase-12 in ER 
stress-induced apoptosis [19].

Recent studies have shown that caspase-4 participates 
in reactions in the human neuronal cell line SH-SY5Y 
[20]. Additionally, caspase-4 plays an important role as 
an innate immune effect or for discriminating between 
pathogenic and nonpathogenic bacteria [21]. Yamamuro 
showed that caspase-4 directly activates caspase-9 
[22]. Reddy found that in contrast to the UPR, GRP78 
overexpression does not result in G1 arrest or depletion 
of topoisomerase [23].

Some previous studies showed that a subpopulation 
of GRP78 can exist as an ER transmembrane protein 
as well as co-localize with caspase-7. A GRP78 mutant 
with no ATP binding domain failed to bind procaspase-7 
and lost its protective effect against etoposide-induced 
apoptosis [23]. Li identified a critical mediator of ER stress-
induced apoptosis, human transmembrane protein 214 
(TMEM214) [24]. Over expression of TMEM214 induced 
apoptosis, whereas knockdown of TMEM214 inhibited 
ER stress-induced apoptosis, suggesting that TMEM214 is 
essential for ER stress-induced apoptosis by acting as an 
anchor for recruitment of procaspase-4 to the ER and its 
subsequent activation [24].

ER stress in gynecologic tumor cells

GRP78, a dominant regulator of the ER stress 
response, is increased in a variety of cancer types [25–26]. 
GRP78 was originally identified as a protein whose 
expression levels are regulated by the amount of available 
glucose, where hypoglycemia or aglycemia represent 
a strong stimulus for increased GRP78 expression [27]. 
Hypoglycemia, often combined with hypoxia and 
acidosis, represents microenvironmental conditions that 
are frequently present in tumor tissues and are closely 
aligned with increased levels of GRP78. Elevated GRP78 
is among the critical pro-survival mechanisms of tumor 
cells to withstand and thrive under such detrimental 
microenvironmental conditions [28]. Over expression 
of GRP78 is commonly detected in malignant breast 
cancer tissue and is correlated with poor prognosis for 
these patients. Expression of GRP78 and XBP-1 was 
observed in 76% and 90% of breast cancers [29]. In fact, 
over expression of GRP78 in breast tumors predicts 
resistance to doxorubic in treatment in these patients [30]. 
Interestingly, increased expression of GRP78, ameans for 
tolerating low-level chronic ER stress and thriving under 
sub-optimal microenvironmental conditions, provides for 
generally increased pro-survival robustness that extends 
to chemotherapy, a stress condition that could not 

have been anticipated by evolution. It would be highly 
desirable to block GRP78 expression in a tumor-specific 
manner to reduce the ability of tumor cells to survive and 
proliferate in the absence of optimal nutrient supply and 
to increase the efficacy of cancer therapy [31].

Angiogenesis is crucial to many physiological and 
pathological processes, including development and 
cancer cell survival. PERK can also facilitate tumor 
growth by upregulating vascular endothelial growth 
factor (VEGF) and thereby inducing angiogenesis in 
tumors [32]. Ghosh showed that IRE1a, PERK, and ATF6a 
powerfully regulate VEGFA mRNA expression under 
various stress conditions [33]. In Ire1a2/2 and Perk2/2 
mouse embryonic fibroblasts and ATF6a-knockdown 
HepG2 cells, induction of VEGFA mRNA by ER stress is 
attenuated compared to that in control cells. Embryonic 
lethality of Ire1a2/2 mice occurred because of a lack of 
VEGFA induction in labyrinthine trophoblast cells of 
the developing placenta. Rescue of IRE1a and PERK in 
Ire1a2/2 and Perk2/2 cells, respectively, prevents VEGFA 
mRNA attenuation. Another study showed that induction 
of VEGFA by IRE1a, PERK, and ATF6 involves activation 
of the transcription factors, spliced-XBP-1, ATF4, and 
cleaved-ATF6, respectively [33].

Lei revealed possible mechanisms underlying the 
association of ANKRD1 with cisplatin response [34]. 
Cisplatin-induced apoptosis in ovarian cancer cell lines 
was found to be associated with ER stress, as evidenced by 
the induction of glucose-regulated protein 78 (GRP78), 
growth arrest- and DNA damage-inducible gene 153 
(GADD153), and increased intracellular Ca2+ release. The 
level of sensitivity to cisplatin-induced apoptosis was 
associated with ANKRD1 protein levels and poly (ADP-
ribose) polymerase cleavage. COLO 316 ovarian cancer 
cells, which express high ANKRD1 levels, were relatively 
resistant to cisplatin, and ER stress-induced apoptosis, 
whereas OAW42 and PEO14 cells, which express lower 
ANKRD1 levels, are more sensitive to ER stress-induced 
apoptosis [34].

Zhou investigated anti-cancer activity in human 
breast cancer cell lines and explored the underlying 
mechanism of this action [35]. The results showed that 
treatment with AMP dose-dependently inhibited cell 
viability and induced apoptosis in MCF-7 and MDA-
MB-231 breast cancer cells without cytotoxicity 
in human normal breast epithelial cells MCF-10A. 
Additionally, AMP dose-dependently triggered ROS 
generation in both breast cancer cells. The ROS 
scavenger N-acetyl-L-cysteine strongly attenuated 
AMP-induced ROS production, along with cell 
growth inhibition and apoptosis. Furthermore, AMP 
was observed to activate ER stress, as evidenced by the 
up-regulation of ER stress-related proteins, including 
GRP78, p-PERK, p-elF2, cleaved-ATF6, and CHOP, 
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while knockdown of ATF6 or PERK markedly down-
regulated AMP-induced CHOP expression. Blocking 
of ER stress using 4-phenylbutyric acid not only 
down-regulated AMP-induced GRP78 and CHOP 
expression, but also significantly decreased AMP-
induced cell growth inhibition and apoptosis, whereas 
the ER stress inducer thapsigargin had opposite 
effects. Additionally, N-acetyl-L-cysteine inhibited 
AMP-induced ER stress by down-regulating GRP78 
and CHOP expression. In contrast, blocking of ER 
stress using CHOP siRNA decreased AMP-induced 
ROS production and cell apoptosis [35].

Conclusion
Tumor cells are often exposed to intrinsic and 

external factors that alter protein homeostasis, resulting 
in ER stress. To cope with this, cells evoke an adaptive 
mechanism to restore ER proteostasis known as the UPR. 
Previous studies demonstrated that ER stress and UPR 
signaling are involved in gynecologic tumor diseases 
(ovarian and breast cancer). However, in tumor diseases, 
the roles of ER stress and UPR in cancer remains unclear, 
and different components are known to be involved and 
may be promising targets for future anticancer therapy 
through the activation of thepro-apoptotic GRP-78/IRE-
1/XBP-1/CHOP signaling pathway.
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