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ABSTRACT. We conducted a cohort study to investigate the role 
of 3 single-nucleotide polymorphisms of the excision repair cross-
complementation group 1 (ERCC1) gene on the response to chemotherapy 
and clinical outcomes of non-small cell lung cancer (NSCLC). A total 
of 163 patients with newly diagnosed and histopathologically confirmed 
primary NSCLC were examined in our study and were followed up 
until December 2012. ERCC1 rs11615, rs3212986, and rs2298881 
were selected and genotyped. Of the 163 patients, 86 patients showed 
a complete response and partial response to chemotherapy (52.76%), 
while 91 patients (55.83%) died from NSCLC during the follow-up 
period with a median survival time of 19.3 months (range, 2-60 months). 
Multivariate regression analysis showed that individuals carrying the 
rs11615 TT genotype and T allele had a significantly lower response 
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rate to chemotherapy using the rs11615 CC genotype as the reference. 
For rs3212986, carriers of the rs3212986 AA genotype and A allele had 
a significantly lower response rate to chemotherapy when compared 
with the CC genotype. In the Cox proportional hazards model, patients 
carrying the rs11615 TT genotype and T allele and the rs3212986 AA 
genotype and A allele were significantly associated with increased risk 
of death from NSCLC. We found that polymorphisms in ERCC1 rs11615 
and rs3212986 were associated with poor response to chemotherapy and 
shorter survival time of advanced NSCLC.
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INTRODUCTION

Lung cancer has been the most common cause of death from cancer worldwide for 
several decades. By 2008, an estimated 1.61 million new lung cancer cases accounted for 
12.7% of all new cancers (IARC, 2012). Non-small cell lung cancer (NSCLC) accounts for 
approximately 75% of all cancer-related deaths (Stinchcombe and Socinski, 2008). Most 
NSCLC patients are diagnosed with metastatic disease and advanced cancer (stage III-IV) and 
show a 5-year survival rate <15% (Molina et al., 2008; Siegel et al., 2012).

Chemotherapy with platinum-based regimens is considered the standard treatment 
for metastatic and advanced NSCLC (Goffin et al., 2010). However, the response rate to plat-
inum-based chemotherapy is approximately 20%, and drug resistance and lack of effective 
salvage therapies result in poor prognosis for patients with NSCLC (Tahara et al., 2010). 
NSCLC patients have different prognoses within the same stage, suggesting that treatments 
should differ based on individual genetic backgrounds. Previous studies demonstrated that 
polymorphic changes within several DNA repair genes may be functional and are associated 
with the risk of various cancers (Krupa et al., 2009; Stanczyk et al., 2011).

Nucleotide excision repair, base excision repair, and double-strand break repair are 3 ma-
jor pathways for removing DNA damage induced by endogenous and exogenous agents. Excision 
repair cross-complementation group 1 (ERCC1) is an endonuclease essential in the nucleotide ex-
cision repair pathway and plays a role in DNA repair capacity and cancer risk as well as the clinical 
outcome of cancer (Wang et al., 2005). Recently, several studies suggested that variants in ERCC1 
influence the susceptibility to and prognosis of various cancers (Li et al., 2013; Mlak et al., 2013; 
Yang et al., 2013; De Dosso et al., 2013). Few studies have investigated the role of ERCC1 variants 
in the clinical outcome in NSCLC (Ozdemir et al., 2013; Mlak et al., 2013). In this prospective 
study, we analyzed the role of 3 common single-nucleotide polymorphisms (SNPs) in ERCC1 for 
predicting tumor responses and the clinical outcome of 163 NSCLC patients.

MATERIAL AND METHODS

Patients

Between January 2008 and March 2009, 179 patients with stage IV or IIIB/A and who 
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received a histopathological diagnosis of advanced NSCLC from The Fourth People’s Hos-
pital of Jinan were identified. A total of 163 patients were willing to participate in our study, 
with a participation rate of 91.06%. All patients received platinum-based chemotherapy as the 
first-line treatment. Patients who were pregnant or lactating or had cardiopulmonary insuffi-
ciency, serious cardiovascular disease, serious infection, or were severely malnourished were 
excluded. All the patients signed the informed consents, and the ethics approval was obtained 
from ethics committee of The Fourth People’s Hospital of Jinan.

The response to chemotherapy was assessed using the Response Evaluation Criteria 
in Solid Tumors (Eisenhauer et al., 2009). Patients who showed a complete response (CR) or 
a partial response (PR) were considered to be responders, while those who presented stable 
disease (SD) or progressive disease (PD) were defined as non-responders. Overall survival 
(OS) was calculated as the time from the date of diagnosis until death from any cause or until 
the date of last follow-up.

Genotyping

All study participants were asked to provide 5 mL venous blood, which was stored 
at -20°C until use, with 0.5 mg/mL ethylenediaminetetraacetic acid used as an anticoagu-
lant. Genomic DNA was extracted using the TIANamp Blood DNA Kit (Tiangen; Beijing, 
China) according to manufacturer instructions.

Three SNPs in ERCC1, rs11615, rs3212986, and rs2298881, were selected. The 
primers used for the rs11615, rs3212986, and rs2298881 loci for polymerase chain reac-
tion (PCR) amplification were designed using the web-based Primer Premier 5.0 software 
(http://www.premierbiosoft.com/primerdesign/). Genotyping of rs11615, rs3212986, and 
rs2298881 was conducted on a 384-well plate format on the MassARRAY® Analyzer 4 sys-
tem [Query 31] (Sequenom®; San Diego, CA, USA), which combines PCR and matrix-as-
sisted laser desorption/ionization time-of-flight mass spectrometry technologies. PCR was 
conducted in a 20-µL reaction volume containing 50 ng genomic DNA, 200 mM dNTPs, 2.5 
U Taq DNA polymerase (Promega Corporation; Madison, WI, USA), and 200 mM primers. 
The PCR reaction started at 94°C for 2 min, followed with 35 cycles of 94°C for 30 s, the 
annealing temperature was reduced to 64°C for 30 s, and 72°C for 1 min. PCR products 
were verified by 1.0% agarose gel electrophoresis.

Statistical analysis

Statistical analysis was conducted using SPSS® version 11.0 (SPSS Inc.; Chicago, 
IL, USA) for Windows®. Continuous variables are reported as the means ± SD, while cat-
egorical variables were expressed as the number of subjects (%). The correlation between 
ERCC1 polymorphisms and response to chemotherapy was examined using c2 tests, and their 
association was assessed using odds ratios (ORs) and their corresponding 95% confidence 
intervals (CIs). The Kaplan-Meier method was used to calculate the overall survival time, 
and the log-rank test was used to determine distributions. Cox proportional hazards regres-
sion was used to analyze the prognostic value of the 3 SNPs in ERCC1 for NSCLC, with 
hazard ratios (HRs) and their 95%CI. P < 0.05 was considered to be statistically significant. 
All tests were 2-sided.
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RESULTS

Subject characteristics

Of the 163 patients screened for eligibility, 116 (71.17%) were male and 47 (28.83%) 
were female (Table 1). The average age was 61.6 ± 9.2 years. There were 92 current or ever 
smokers (56.44%). A total of 105 (64.42%) were at 0-1 Eastern Cooperative Oncology Group 
performance status, 108 (66.26%) were at stage IV disease, and 93 (57.06%) patients had non-
squamous cell carcinoma.

Genotypes and response to chemotherapy

Of the 163 patients, 86 patients showed a CR and PR to chemotherapy (52.76%) (Table 
2). The polymorphic genotypes of rs11615 and rs3212986 were significantly different between 
patients who were and were not responsive to chemotherapy treatment. Multivariate regression 
analysis revealed that individuals carrying the rs11615 TT genotype and T allele showed a sig-
nificantly lower response rate to chemotherapy using the rs11615 CC genotype as a reference 
(OR = 0.33, 95%CI = 0.11-0.91 for the TT genotype; OR = 0.53, 95%CI = 0.33-0.86 for the 
T allele). For rs3212986, carriers of the AA genotype and A allele showed significantly lower 
response rates to the chemotherapy when compared with the CC genotype (OR = 0.17, 95%CI 
= 0.038-0.62 for the AA genotype; OR = 0.44, 95%CI = 0.27-0.74 for the A allele).

Association of genotypes and overall survival

Until December 2012, 163 patients were followed up, and the median survival time 
was 19.3 months (range, 2-60 months) (Table 3). A total of 91 patients (55.83%) died from 
NSCLC during the follow-up period. In the Cox proportional hazards model, we found that 
patients with the rs11615 TT genotype and T allele were significantly associated with an in-
creased risk of death from NSCLC, and the HRs (95%CIs) for overall survival were 3.74 
(1.32-12.63) and 1.97 (1.20-3.34), respectively. Moreover, those carrying the rs3212986 AA 

Characteristics Patients N = 163 %

Mean age (SD), years 61.6 ± 9.2 
Gender  
   Male 116 71.17
   Female   47 28.83
Smoking status    0.00
   Never   71 43.56
   Current or ever   92 56.44
ECOG performance status    0.00
   0-1 105 64.42
   2   58 35.58
TNM stage    0.00
   Stage IIIA–IIIB   55 33.74
   Stage IV 108 66.26
Histological type  
   Non-squamous cell carcinoma   93 57.06
   Squamous cell carcinoma   70 42.94

Table 1. Characteristics of the 163 enrolled patients.
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genotype and A allele also showed an increased risk of death, with HRs (95%CIs) of 5.41 
(1.41-31.73) and 1.99 (1.13-3.35), respectively.

Genotype  Cases %           Response to chemotherapy  OR (95%CI)1 P value

    CR+PR % SD+PD %  

rs11615 CC   76 46.63   47 54.10   29 37.66 1.0 (Ref.) -
 CT   61 37.42   30 35.60   31 40.26 0.59 (0.29-1.25)  0.14
 TT   26 15.95     9 10.30   17 22.08 0.33 (0.11-0.91)  0.02
Allele C 213 65.34 124 72.09   89 57.79 1.0 (Ref.) -
 T 113 34.66   48 27.91   65 42.21 0.53 (0.33-0.86)    0.007
rs3212986 CC   83 50.92   52 60.40   31 40.26 1.0 (Ref.) -
 AC   62 38.04   30 35.20   32 41.56 0.56 (0.27-1.15)  0.09
 AA   18 11.04     4   4.40   14 18.18   0.17 (0.038-0.62)   0.002
Allele C 228 70.37 134 77.91   94 61.04 1.0 (Ref.) -
 A   98 30.06   38 22.09   60 38.96 0.44 (0.27-0.74) <0.001
rs2298881 AA   98 60.12   53 61.50   45 58.44 1.0 (Ref.) -
 AC   49 30.06   26 30.30   23 29.87 0.96 (0.46-2.02)  0.91
 CC   16   9.82     7   8.20     9 11.69 0.66 (0.19-2.18)  0.44
Allele A 245 75.15 132 76.74 113 73.38 1.0 (Ref.) -
 C   81 24.85   40 23.26   41 26.62 0.84 (0.49-1.43)  0.48
1Adjusted for gender, age, smoking status, and TNM stage. NSCLC = non-small cell lung cancer; CR = complete 
response; PR = partial response; SD = stable disease; PD = progressive disease; OR = odds ratio; 95%CI = 95% 
confidence interval.

Table 2. Genotypes of 4 ERCC1 SNPs and response to chemotherapy among NSCLC patients.

DISCUSSION

In this case-control study, we investigated the prognostic effect of 3 common SNPs 
in ERCC1 in advanced NSCLC patients receiving platinum-based chemotherapy. Our results 
showed that the rs11615 and rs3212986 gene polymorphisms were predictive factors for tu-
mor response to chemotherapy and clinical outcome of advanced NSCLC in Chinese patients. 
Our results are valuable for individualizing treatment for NSCLC patients since it is possible 
to discriminate patients who are more likely to respond to chemotherapy.

Genotype  Cases % Death % Alive %   Multivariate P value

          HR (95%CI)1

rs11615 CC   76 46.63   36   40.1   40 55.56 1.0 (Ref.) -
 CT   61 37.42   35   38.2   26 36.11 1.51 (0.73-3.26) 0.24
 TT   26 15.95   20   21.7     6   8.33   3.74 (1.32-12.63)   0.006
Allele C 213 65.34 107 58.79 106 73.61 1.0 (Ref.) -
 T 113 34.66   75 41.21   38 26.39 1.97 (1.20-3.34)   0.004
rs3212986 CC   83 50.92   40 43.60   43 59.72 1.0 (Ref.) -
 AC   62 38.04   36 39.60   26 36.11 1.50 (0.75-3.11) 0.21
 AA   18 11.04   15 16.80     3   4.17   5.41 (1.41-31.73)   0.005
Allele C 228 70.37 116 63.74 112 77.78 1.0 (Ref.) -
 A   98 30.06   66 36.26   32 22.22 1.97 (1.13-3.35)   0.005
rs2298881 AA   98 60.12   53 57.70   45 62.50 1.0 (Ref.) -
 AC   49 30.06   29 31.60   20 27.78 1.27 (0.63-2.73) 0.58
 CC   16   9.82   10 10.70     6   8.33 1.46 (0.46-5.24) 0.54
Allele A 245 75.15 135 74.18 110 76.39 1.0 (Ref.) -
 C   81 24.85   49 26.92   32 22.22 1.29 (0.76-2.55) 0.43
1Adjusted for gender, age, smoking status, and TNM stage. NSCLC = non-small cell lung cancer; HR = hazard 
ratio; 95%CI = 95% confidence interval.

Table 3. Genotypes of 4 ERCC1 SNPs and overall survival among NSCLC patients.
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Previous studies have indicated that several DNA repair genetic polymorphism were 
correlated with susceptibility to NSCLC, but there have been few studies regarding the as-
sociation between SNPs in DNA repair genes and clinical outcome of advanced NSCLC. In 
addition, studies examining SNPs and clinical outcome of NSCLC showed contradictory data. 
The ERCC1 protein belongs to the nuclear excision repair complex and is involved in the 
repair of platinum-based induced interstrand and intrastrand cross-links (Mlak et al., 2013). A 
previous study indicated that the rs11615 polymorphism is associated with reduced ERCC1 
mRNA expression and protein levels, which are associated with reduced repair capacity and 
survival time (Metzger et al., 2012). More than 100 polymorphisms in the ERCC1 gene have 
been identified, but few are well understood. Three previous studies indicated that ERCC1 
rs11615, rs2298881, and rs3212986 are associated with the prognosis of NSCLC (Takenaka et 
al., 2010; Mlak et al., 2013; Xu et al., 2013).

In our study, we found that the ERCC1 rs11615 and rs3212986 polymorphisms were 
associated with NSCLC patients’ response to chemotherapy and prognosis. Previous studies 
indicated that the ERCC1 rs11615 polymorphism is associated with treatment response in 
various cancers, including gastric cancer, esophageal cancer, and colorectal cancer (Li et al., 
2013; Rumiato et al., 2013; Oguri et al., 2013). One previous study reported that ERCC1 
rs11615 is associated with the prognostic markers of clinical outcome of NSCLC (Dong et 
al., 2012). However, another study conducted in Japan did not observe an association between 
ERCC1 rs11615 and NSCLC prognosis (Takenaka et al., 2010).

For rs3212986, several previous studies indicated that the ERCC1 rs3212986 poly-
morphism could be used as a prognostic factor in platinum-based treatment of NSCLC 
(Takenaka et al., 2010; Mazzoni et al., 2013). Two previous studies conducted in Japan 
indicated that the ERCC1 rs3212986 CA genotype was significantly associated with poor-
er disease-free survival and overall survival compared to those with the CC genotype in 
NSCLC patients treated with platinum-based chemotherapy (Takenaka et al., 2010). An-
other study conducted in Italy reported that the ERCC1 rs3212986 polymorphism was 
correlated with increased response to chemotherapy in NSCLC patients. Our results agree 
with those of previous studies. Studies involving a larger sample size and longer follow-
up period are warranted to confirm the association between SNPs in ERCC1 and clinical 
outcome of NSCLC.

This study has 2 major limitations. First, because the number of NSCLC patients 
with variant homozygous genotypes was relatively small, the small sample size limited the 
statistical power in identifying an association between the ERCC1 polymorphisms and clini-
cal outcome of NSCLC. We plan to confirm the findings of our study with a larger sample 
size in an ongoing study with a longer follow-up time. Second, DNA repair is a complex 
collection of processes, and thus many DNA repair genes may be involved. In our study, 
we only examined the role of 3 common functional SNPs in the entire ERCC1 gene. Other 
functional SNPs in the DNA repair system that may influence the survival of NSCLC should 
be investigated in a larger study.

In conclusion, we found that polymorphisms in ERCC1 rs11615 and rs3212986 
were associated with a poor response to chemotherapy and shorter survival time of advanced 
NSCLC. The results suggest that the ERCC1 rs11615 and rs3212986 polymorphisms are help-
ful for identifying patients at high risk of poor clinical outcome, and may contribute to the 
design of individualized cancer treatment for NSCLC patients.
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