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Background: Single-nucleotide polymorphisms in apoptosis-related genes have been shown 

to play a role in the efficacy of platinum-based chemotherapy and may influence clinical 

outcomes. Our study aimed to evaluate the correlations of four functional single-nucleotide 

polymorphisms - FAS -670 AG, FAS ligand -844 TC, survivin -31 GC, and survivin 

9386 CT – with drug response and clinical outcomes in advanced non-small-cell lung cancer 

patients who received platinum-based chemotherapy.

Materials and methods: Polymorphisms were evaluated using the polymerase chain reaction-

based restriction fragment-length polymorphism technique.

Results: Patients with the CC genotype of FAS -670 AG had worse overall survival (OS) 

than those with the CT or TT genotype (P=0.044), with median OS values of 20.1 months, 

22.8 months, and 26.0 months, respectively. Furthermore, progression-free survival was 

associated with the FAS -670 AG polymorphism (P=0.032). In addition, patients with the 

TC and CC genotypes of survivin 9386 CT experienced improved survival compared with 

patients with the TT genotype (median OS 31.4 months and 22.8 months, respectively).

Conclusion: The functional FAS -670 AG and survivin 9386 CT polymorphisms are 

potential independent prognostic factors in advanced non-small-cell lung cancer patients treated 

with platinum-based chemotherapy.

Keywords: lung cancer, FAS -670 AG, survivin 9386 CT, polymorphism, chemotherapy 

response

Introduction
Lung cancer is the most common cancer in males worldwide, being responsible for 

17% of total new cancer cases and resulting in 23% of cancer-related deaths. Among 

females, lung cancer mortality accounts for nearly 11% of total cancer-related deaths 

in developing countries.1 Non-small-cell lung cancer (NSCLC) accounts for approxi-

mately 80%–85% of all lung cancer cases, and nearly 45% of cases present with 

advanced-stage disease.2 Surgical resection is the most common treatment option 

for early stage lung cancer, with a high 5-year survival rate and an optimistic out-

come. For patients with advanced lung cancer, combinatorial treatment is becoming 

a standard treatment strategy, and platinum-based chemotherapy is one of the most 

effective therapeutic strategies for advanced NSCLC, with an objective response rate 

of approximately 40%.3 However, drug resistance limits the therapeutic efficacy of 

platinum-based regimens.
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Apoptosis is a physiological process that regulates 

programmed cell death in multicellular organisms,4–6 and 

plays an important role in development and homeostasis.6 

Accumulating evidence indicates that the inappropriate regu-

lation of apoptosis contributes to human disorders, including 

cancer.5 Interaction of the FAS receptor, a cell-surface death 

receptor, with its natural ligand (FASL), plays a crucial role 

in apoptotic signaling in many cell types, including cells of 

the immune system,7,8 through both extrinsic (death receptor) 

and intrinsic apoptosis (mitochondrial apoptosis) pathways 

by inhibiting initiator (caspase 9) and effector (caspase 3 

and 7) caspases.9,10 There is increasing evidence that single-

nucleotide polymorphisms (SNPs) in apoptosis-related 

genes11–14 may be involved in clinically meaningful variations 

in platinum-based chemotherapy response or prognosis.

Indeed, functional SNPs in FAS, FASL, and survivin 

can alter gene expression, and may influence the response 

to chemotherapy and prognosis in patients harboring these 

SNPs. Although the survivin -31 GC mutation has been 

linked to susceptibility in various cancer types,10,15–21 the 

prognostic and therapeutic implications of this SNP remain 

inconclusive.

As SNPs in apoptosis-related genes may be involved in 

platinum-based chemotherapy response and may influence 

clinical outcome, we prospectively evaluated four functional 

SNPs – FAS -670 AG (rs1800682), FASL -844 TC 

(rs763110), survivin -31 GC (rs9904341), and survivin 

9386 CT (rs2239680) – by a polymerase chain-reaction 

(PCR) restriction fragment-length polymorphism (RFLP) 

assay in 146 patients with advanced NSCLC who received 

platinum-based chemotherapy to identify correlations with 

drug response and survival.

Materials and methods
Patients and clinical samples
A total of 146 patients with primary NSCLC who regis-

tered at the Zhejiang Cancer Hospital between April 2008 

and September 2012 were enrolled in this study. All of the 

patients were confirmed using histopathology or cytology, 

and peripheral blood samples from the patients were collected 

prior to treatment with chemotherapy. Their disease was clas-

sified and staged according to World Health Organization 

criteria and the American Joint Committee on Cancer TNM 

classification. Patients were included according to the fol-

lowing criteria: 1) no previous radiotherapy or chemotherapy, 

2) life expectancy of more than 4 weeks, 3) age of no more 

than 80 years, 4) stage IIIB or IV disease, and 5) Eastern 

Cooperative Oncology Group performance status of 2 or less. 

Patients were excluded according to the following criteria: 

1) previously receiving chemotherapy or radiotherapy, 2) 

suffering from symptomatic brain metastasis, 3) diagnosed 

with other malignancies within the last 5 years, 4) stage I 

or II disease, and 5) Eastern Cooperative Oncology Group 

performance status of 3 or more. None of the patients under-

went surgical resection during treatment.

This study was approved by the ethics and scientific com-

mittees of Zhejiang Cancer Hospital. Written informed con-

sent was obtained from all patients involved in this study.

chemotherapy regimens and other 
therapy
The chemotherapy regimens that the patients with NSCLC 

received were as follows: carboplatin on day 1 plus gemcit-

abine on days 1 and 8 every 3 weeks or carboplatin replaced 

with cisplatin on day 1; and pemetrexed on day 1 plus carbo-

platin or cisplatin. Each treatment was repeated for two to six 

cycles, interrupted only by disease progression, unacceptable 

toxicity, or the patient’s refusal to continue treatment. When 

the disease progressed, some patients received radiotherapy 

or EGFR-inhibitor therapy, such as gefitinib 150 mg/day, 

icotinib 125 mg three times a day, or erlotinib 150 mg/day.

Tumor response was evaluated according to the Response 

Evaluation Criteria in Solid Tumors, and all responses were 

evaluated at least 6 weeks after the initial assessment. Tumor 

response was categorized as complete response, partial response, 

stable disease, or progressive disease on the basis of changes in 

lesion size according to computed tomography scans.

Dna extraction and genotyping
Genomic deoxyribonucleic acid (DNA) samples were 

extracted from the peripheral blood of all subjects using a 

blood genomic DNA-isolation kit (Axygen Scientific, CA, 

USA). All genotypes were analyzed using a PCR-based 

RFLP assay.

The primers used to amplify the target DNA frag-

ment containing the FAS -670 AG polymorphism were 

5′-CCTTGGCTAATTGCTGGAGT-3′ (forward) and 

5′-GGAAATAATGAGTAACGAAGGACA-3′ (reverse), 

which produced a fragment of 283 bp. The primers 

designed for the FASL -844 TC polymorphism were 

5′-GCAACATAGCAAGTCCCCATC-3′ (forward) and 

5′-ATTTACCCTGACCTGCCGAT-3′ (reverse), which pro-

duced a fragment of 368 bp. The primer pairs used to amplify 

DNA containing the survivin -31 GC and 9386 CT sites 

were 5′-GCCATTAACCGCCAGATTTGA-3′ (forward) 

and 5′-GAGATGCGGTGGTCCTTGAGA-3′ (reverse) and 
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5′-AAATTAGATGTTTCAACTGTGGTC-3′ (forward) and 

5′-CAAAACAGCAAAAATGAGCC-3′ (reverse), respec-

tively. Restriction enzymes MvaI, BseMI, MspI, or AvaII 

(Fermentas, Vilnius, Lithuania) were used to distinguish the 

FAS -670 AG, FASL -844 TC, survivin -31 GC, or 

survivin 9386 CT genotypes, respectively.

PCR was performed in a 15 μL reaction mixture contain-

ing 50 ng of DNA, 2.5 mM dNTP, 0.5 U Taq DNA poly-

merase (Sangon Biotech, Shanghai, People’s Republic of 

China), 1.2 mM MgCl
2
, 1.5 μL 10× Taq buffer and 10 pmol 

forward and reverse primers. The PCR conditions consisted 

of an initial melting step at 95°C for 5 minutes, 40 cycles 

of 95°C for 30 seconds, 58°C for 30 seconds for annealing, 

and 72°C for 40 seconds and a final extension step at 72°C 

for 6 minutes.

statistical analysis
The associations between the SNPs and clinicopathological 

characteristics were assessed by the χ2 test, as was the con-

nection between the SNPs and chemotherapeutic sensitivity. 

The Kaplan–Meier method and the log-rank test were used to 

estimate overall survival (OS) and progression-free survival 

(PFS). The unadjusted and adjusted 95% confidence inter-

vals (CIs) of survival were calculated, and are reported for 

univariate and multivariate statistical models. All statistical 

tests were two-sided, P0.05 was considered statistically 

significant, and all analyses were performed using SPSS 

software (version 18.0; SPSS, Chicago, IL, USA).

Results
Patient characteristics and clinical 
predictors
The general clinical characteristics of the patients are listed 

in Table 1. We recruited 146 cases of advanced lung cancer, 

consisting of 94 (64.4%) males and 52 (35.6%) females. 

The mean age of all patients was 56.6±0.7 years, ranging 

from 35.0 to 78.0 years old. There were 69 (50.7%) never-

smokers and 72 (49.3%) smokers. Among them, 25 (17.1%) 

had stage IIIB disease and 121 (82.8%) had stage IV disease. 

The median PFS and OS values were 8.27 months (95% CI 

6.4–10.1) and 25.7 months (95% CI 23.1–28.2), respec-

tively. The median follow-up time was 17.1 months (range 

5.1–56.0). The pathological type of the majority of patients 

was squamous cell carcinoma (87 cases, 60.3%), whereas a 

small percentage of patients had adenocarcinoma (24 cases, 

16.4%). The others (34 cases, 23.3%) exhibited other sub-

types, such as adenosquamous carcinoma or only could be 

diagnosed as NSCLC.

As presented in Table 1, the observed FAS -670 AG 

polymorphism frequencies were 35.5% (50 cases) for the 

TT genotype, 48.2% (68 cases) for the CT heterozygous 

genotype, and 16.3% (23 cases) for the CC genotype. The 

frequencies conformed to the Hardy–Weinberg equilib-

rium (χ2=0.0, P=0.095). The genotypic frequencies of the 

FASL -844 TC polymorphism were 84.5% (120 cases), 

13.4% (19 cases), and 2.1% (3 cases) for the CC, CT, TT 

genotypes, respectively, also conforming to the Hardy–

Weinberg equilibrium (χ2=3.1, P=0.250). The frequencies of 

TT, TC, and CC for survivin the 9386 CT polymorphism 

were 56.2% (82 cases), 37.7% (55 cases), and 6.2% (9 cases), 

respectively, and these frequencies also conformed to the 

Hardy–Weinberg equilibrium (χ2=0.0, P=0.975), as did the 

genotype frequencies of the survivin -31 GC polymor-

phism (χ2=1.3, P=0.500).

Associations between clinicopathologic characteristics 

(sex, age, smoking status, stage, tumor size, differentiation, 

chemotherapy regimens, radiotherapy, or target therapy) of 

the patients and SNPs (FAS -670 AG, FASL -844 TC, 

survivin 9386 CT, and survivin -31 GC) are shown in 

Table 1. In addition, a representative gel showing the PCR-

RFLP analysis of the FAS -670 AG, FASL -844 TC, 

survivin 9386 CT, and survivin -31 GC polymorphisms 

is shown in Figure 1. The FAS -670 AG polymorphism 

was found to be correlated with tumor size (P=0.020), with 

patients harboring the CC genotype having a larger tumor 

size. The patients with the TT genotype of the survivin 9386 

CT polymorphism had tumors with poorer differentiation 

than those with the TC or TT genotype. The survivin -31 

GC polymorphism was associated with age (P=0.049). 

In contrast, the FASL -844 TC polymorphism had no 

correlation with any clinicopathologic parameters.

genotypes and therapeutic sensitivity
All of the 146 patients received platinum-based chemo-

therapy. Among them, 98 (71.0%) patients were treated with 

gemcitabine plus platinum chemotherapy, and 31 (22.5%) 

patients were treated with pemetrexed plus platinum 

chemotherapy. Moreover, 31 cases received radiotherapy, 

and 28 cases received EGFR-inhibitor therapy. There 

were 145 patients whose response to chemotherapy was 

successfully evaluated. None of the patients had a com-

plete response, though 63 patients had a partial response, 

71 had stable disease, and eleven had progressive disease. 

However, there were no significant associations between 

the four SNPs and chemotherapeutic sensitivity (data 

not shown).
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correlations between polymorphisms 
and prognosis
Kaplan–Meier survival curves were used to analyze the tumor-

specific PFS and OS for the FAS -670 AG SNP. As shown 

in Figure 2A, advanced NSCLC patients with the CC genotype 

of FAS -670 AG had a worse OS than those with the CT 

or TT genotype (P=0.044), with median OS values being 

20.1 months, 22.8 months and 26.0 months, respectively.

Furthermore, PFS was associated with the FAS -670 

AG polymorphism, as shown in Figure 2B. A log-rank 

test showed that patients with the CT genotype (median PFS 

9.5 months, 95% CI 6.9–12.0) or TT genotype (median PFS 

9.8 months, 95% CI 4.3–15.2) experienced better survival 

than patients with the CC genotype (median PFS 8.3 months, 

95% CI 6.3–10.2; P=0.032).

Moreover, the survivin 9386 CT polymorphism was 

associated with OS in advanced NSCLC patients (Figure 3). 

Those patients with the TC and CC genotypes experienced 

improved survival compared with those with the TT genotype 

(median OS 31.4 months and 22.8 months, respectively; 

P=0.006). However, no connection was observed between 

Figure 1 a representative gel showing polymerase chain-reaction restriction fragment-length polymorphism analysis.
Notes: Fas -670 ag polymorphism (A), Fas ligand (Fasl) -844 Tc polymorphism (B), survivin 9386 cT polymorphism (C), and survivin -31 gc polymorphism (D). 
after the deoxyribonucleic acid (Dna) harboring the Fas -670 ag polymorphism was digested by Mvai, the major T allele produced a single 283 bp band, whereas the 
minor c allele produced 184 and 99 bp bands. The two bands were separated by 3% agarose gel electrophoresis. The major T allele of the Fasl -844 Tc polymorphism 
produced a single 368 bp band, whereas the minor c allele produced 246 and 122 bp bands. The major T allele of survivin 9386 cT digested by avaii produced a single 182 bp 
band, whereas the minor c allele produced 141 and 41 bp bands. lastly, after the Dna harboring the survivin -31 gc polymorphism was digested by Bstsci at 37°c for at 
least 3 hours, the major g allele produced a single 116 bp band, whereas the minor c allele produced 90 and 26 bp bands.
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FASL -844 TC or survivin -31 GC and prognosis in 

patients with advanced NSCLC. In addition, radiotherapy and 

response to chemotherapy had an impact on PFS, whereas 

none of the clinicopathologic parameters had an impact on 

OS in a univariate analysis.

The Cox proportional hazard model was used in a mul-

tivariate analysis. The FAS -670 AG polymorphism and 

radiotherapy were significant variables in determining PFS 

(hazard ratio 2.2, P=0.030; hazard ratio 1.6, P=0.025; respec-

tively). Furthermore, the multiplicative interaction term for 

survivin 9386 CT and differentiation (hazard ratio 0.1, 

Figure 2 Kaplan–Meier curves of overall survival (A) and progression-free survival (B) for the different genotypes of Fas -670 ag.

95% CI 0.1–0.9; P=0.042) were found to be independent 

prognostic factors for OS in patients with NSCLC, as was 

tumor response to chemotherapy (hazard ratio 0.3, 95% CI 

0.1–0.8; P=0.022) (Table 2). Finally, a subgroup analysis was 

conducted according to different clinical characteristics, and 

the conclusion was the same.

Discussion
Lung cancer is a health-threatening cancer that is highly malig-

nant and responds poorly to existing treatments, especially in 

advanced-stage tumors. Unfortunately, only a small portion 

of patients show a good outcome after chemotherapy and 

other treatments. Therefore, in the present study, we sought 

to identify predictive and/or prognostic markers that could 

distinguish individuals who would benefit from chemotherapy 

treatment. Previous studies have confirmed that apoptosis 

plays an important role in cancer initiation and progression. 

Interestingly, SNPs within FAS, FASL, and survivin, which 

play a crucial role in the apoptosis pathway, have been associ-

ated with susceptibility to many cancers.8,17,19,22,23 Moreover, 

it has been demonstrated that an intact apoptotic pathway 

is associated with improved survival after platinum-based 

chemotherapy.24 Our study systematically evaluated the rela-

tionship between four functional SNPs in genes important 

for apoptosis – FAS -670 AG, FASL -844 TC, sur-

vivin -31 GC, and survivin 9386 CT – and chemothera-

peutic response and prognosis in patients with advance NSCLC 

treated with platinum-based first-line chemotherapy.

FAS and FASL play important roles in carcinogenesis and 

cancer progression. When FAS binds to FASL expressed on 

1.0
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Figure 3 Kaplan–Meier curves of overall survival for the different genotypes of 
survivin 9386 cT.
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Table 2 Multivariate Cox regression analysis of factors potentially influencing progression-free survival and overall survival in patients 
with advanced nsclc (n=146)

Variables Progression-free survival Overall survival

HR 95% CI P HR 95% CI P

age (years)
50 reference reference

50 0.919 0.560–1.508 0.738 1.472 0.683–3.172 0.323
sex

Female reference reference
Male 1.166 0.618–2.200 0.636 1.132 0.391–3.275 0.323

smoking
no reference reference
Yes 0.646 0.356–1.170 0.149 0.847 0.342–2.100 0.819

Tumor size
5 cm reference reference

5 cm 0.794 1.002–2.806 0.309 1.649 0.690–3.941 0.261
Tumor responses

PD reference reference
Pr+sD 0.727 0.282–1.870 0.241 0.266 0.086–0.827 0.022

radiotherapy
no reference reference
Yes 1.640 0.802–2.434 0.025 0.765 0.338–1.731 0.521

Fas -670 ag
TT reference reference
cT 0.185–0.779 0.286 0.099–0.831
cc 2.223 0.306–1.102 0.030 0.566 0.208–1.544 0.056

survivin 9386 cT* differentiation
TT reference
Tc+cc 0.092 0.009–0.917 0.042

Abbreviations: NSCLC, non-small-cell lung cancer; HR, hazard ratio; CI, confidence interval; PD, progressive disease; PR, partial response; SD, stable disease.

cytotoxic T lymphocytes and natural killer cells, the extrinsic 

pathway of apoptosis is triggered in cancer cells. These mol-

ecules have been shown to be aberrantly expressed in many 

types of cancer,25 including cervical,22 esophageal,26 breast,23 

and bladder cancer.27 To the best of our knowledge, this is 

the first study showing that patients with the CC genotype of 

the FAS -670 AG polymorphism had a worse prognosis 

(PFS and OS) than those with a CT or TT genotype. These 

findings suggest that this SNP can serve as an indicator of 

prognosis. In addition, the CC genotype of FAS -670 AG 

was associated with larger tumors.

The survivin gene, BIRC5, consists of four exons span-

ning 14.7 kb of chromosome 17q25,28 and is also a powerful 

prognostic marker in NSCLC.29 The aberrant overexpression 

of survivin inhibits normal immunosurveillance by decreas-

ing tumor-cell apoptosis and thus favoring cell proliferation 

and tumor growth.30 Several studies15–19,21 have shown that 

SNPs found in the survivin gene-promoter region, such as 

9386 CT (rs2239680), are associated with risk for a variety 

of cancers. Our study also indicates that the survivin 9386 

CT polymorphism is a powerful prognostic marker in 

advanced NSCLC patients who were treated with platinum-

based chemotherapy.

The FASL -844 TC (rs763110) transition in the pro-

moter region is located in a binding motif for the transcrip-

tion factor CAAT/EBPβ,31 and increased FASL expression 

is strongly associated with FASL -844 TC transition. 

However, this polymorphism had no impact on chemotherapy 

response or prognosis in patients with advanced NSCLC in 

our study, which may have been due to the small sample size. 

Additionally, among the four SNPs, the most widely studied 

SNP is the -31 GC polymorphism (rs9904341),20 which 

has been associated with increased risk for various types of 

cancers.10,15–21 However, no connection of this polymorphism 

with chemotherapeutic response or prognosis in advanced 

NSCLC patients treated with platinum-based chemotherapy 

was found in our study.

One of the most important strengths of this study is that 

none of the patients had previously received chemotherapy 

or radiotherapy, which may have an influence on SNP 

genotypes. However, the patients did receive radiotherapy 

and target therapy postchemotherapy in the case of tumor 
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progression. There are several limitations to this study. One 

limitation is that a portion of patients (approximately 20%) 

received radiotherapy or target therapy because of tumor 

progression, but there was no significant difference in the dif-

ferent genotypes of the four SNPs. Furthermore, although the 

association between the selected genetic variants and clinical 

outcome was adjusted by these covariates in the multivari-

ate analysis, the FAS -670 AG and survivin 9386 CT 

polymorphisms were still powerful prognosis biomarkers 

for NSCLC patients treated with first-line platinum-based 

chemotherapy. Another limitation is that this study comprised 

retrospective research at a single hospital, and multicenter, 

large-scale, prospective research is needed to investigate 

these associations further.

In conclusion, the functional FAS -670 AG and survivin 

9386 CT polymorphisms were associated with prognosis 

in advanced NSCLC patients treated with platinum-based 

chemotherapy. Our study provides novel insight into advanced 

NSCLC tumorigenesis, and reveals potential implications 

for individual treatment of lung cancer patients who carry 

different genotypes for these functional SNPs. However, the 

prognostic value of the two SNPs needs to be further validated 

in large, multicenter, randomized, controlled cohorts. Further 

investigation should evaluate potential strategies for altering 

FAS or survivin function to improve prognosis in patients 

with advanced NSCLC.
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