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Abstract: The aim of the present study was to evaluate the influence of polymorphisms in NER and HRR pathways
on the response to cisplatin-based treatment and clinical outcome in osteosarcoma patients. 214 osteosarcoma
patients treated with cisplatin-based chemotherapy were collected between January 2008 and January 2011.
Genotypes of ERCC1 rs11615, ERCC2 rs1799793 and rs13181, NBN rs709816, RAD51 rs1801320, and XRCC3
rs861539 were conducted by Polymerase Chain Reaction Restriction Fragment Length Polymorphism (PCR-RFLP)
assay. By conditional logistic regression analysis, patients carrying CC genotype of ERCC1 rs11615 showed a sig-
nificant more good responder than TT genotype, and the OR (95% CI) was 2.51 (1.02-6.85). In the Cox proportional
hazards model, after adjusting for potential confounding factors, we found that individuals carrying CC genotype of
ERCC1 rs11615 was associated with decreased risk of death from osteosarcoma, and the HR (95% Cl) was 0.43
(0.15-0.93). In conclusion, our results suggest that ERCC1 rs11615 polymorphism in the DNA repair pathways play
an important role in the response to chemotherapy and overall survival of osteosarcoma.
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Introduction platin. NER is a main DNA repair mechanism,

which has a key role in repairing various distort-
Osteosarcoma is a rare bone cancer, and is a ing helix-distorting lesions [6]. Two important
more common in children and adolescents, enzymes in the NER pathway are associated

with an annual incidence of about 3/10° [1, 2].
Despite recent advances in the therapies, the
survival of osteosarcoma has significantly is
still low and unsatisfactory [3]. Although many
patients received similar therapies, interindi-
vidual differences in .treatme.nt ogtcome are Homologous recombination repair (HRR) is part
observed between patients. It is estimated that of the complex, which is involved in recognizing
about 50% of patients have poor clinical out- DNA damage. In the HRR pathway, nibrin (NBN)
() H . ’
come, and around 30% of patients relap§e is involved in recognizing DNA damage, while
locally or glevelgp meta§tases [3, 4]. Genetic RAD51 recombinase (RAD51) catalyses homol-
polymorphisms involved in response to chemo- ogous search and strand invasion with the aid

therapeutic agents could influence both surviv- f oth teins. including X | ti
al and treatment toxicity, therefore identifica- oro grpro e|n§, |.nc u !ng ray complementing
defective repair in Chinese hamster cells 3

tion of predictive markers could lead to improve

with resistance to cisplatin, including the exci-
sion repair cross-complementation group 2
(ERCC2) gene and excision repair crosscomple-
mentation group 1 (ERCC1).

the drug selection and treatment outcomes. (XRCC3).

Cisplatin is a platinum analog and is frequently Only a few studies have investigated the influ-
used as a common therapy method for many ence of SNPs in NER and HRR pathway on cis-
cancers. It binds to DNA and forms DNA platin response in many cancers, but not in
adducts, and inhibits DNA replication [5]. osteosarcoma [7-9]. Therefore, we aimed to
Therefore, DNA repair mechanisms play an evaluate the influence of polymorphisms in NER

important role in determining response to cis- and HRR pathways on the response to cisplatin-
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Table 1. Demographic and clinical character-
istics of osteosarcoma patients

Characteristics N %
Age

<20 123 57.48

> 20 91 42.52
Gender

Male 133 62.15

Female 81 37.85
Stage

-1 141 65.89

-1V 73 34.11
Tumor location

Long tubular bones 158 73.83

Axial skeleton 56 26.17
Therapy

Amputation 51 23.83

Limb salvage 163 76.17
Metastasis

Yes 54 25.23

No 161 75.23

based treatment and clinical outcome in osteo-
sarcoma patients.

Patients and methods
Patients

Between January 2008 and January 2010, 214
osteosarcoma patients treated with cisplatin-
based chemotherapy were included in our
study from the Affiliated Sixth People’s Hospital
of Shanghai Jiao Tong University between
January 2008 and January 2011. The study
was approved by the the Affiliated Sixth People’s
Hospital of Shanghai Jiao Tong University.

Assessment of treatment outcome

Demographic and clinical characteristics of
included patients were obtained from the medi-
cal records. Tumor response was evaluated his-
tologically based on percentage of necrosis
and more than 90% necrosis was considered
good response, otherwise the response to che-
motherapy was regarded as poor responders.
Overall survival (0OS) was defined as time from
the beginning of treatment to an event or death,
respectively. Patients without an event or death
at the time of the analysis were censored at the
date of the last follow-up.
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All the patients were followed up until January
2014, with a median follow-up time of 36.5
months (ranged: 4 and 60 months). All patients
were followed up by telephone every four weeks
until death or the end of study.

Blood samples and genotyping

Each patient was asked to provide 5 ml periph-
eral blood and kepted in -70°C until use.
Genomic DNA was isolated from peripheral
blood using the TIANamp Blood DNA Kit
(Tiangen, Beijing, China) according to the man-
ufacturer’s instructions. Genotypes of ERCC1
rs11615, ERCC2 rs1799793 and rs13181,
NBN rs709816, RAD51 rs1801320, and XRCC3
rs861539 were conducted by Polymerase
Chain Reaction Restriction Fragment Length
Polymorphism (PCR-RFLP) assay. Probes and
primers for ERCC1 rs11615, ERCC2 rs1799793
and rs13181, NBN rs709816, RAD51 rs18-
01320, and XRCC3 rs861539 were designed
using Sequenom Assay Design 3.1 software
(Sequenom®) according to the manufacturer
instructions. The cycling programme involved
preliminary denaturation at 94°C for 5 min, fol-
lowed by 35 cycles of denaturing at 94°C for
45s, annealing at 62°C for 60s and extending
at 72°C for 60s, and performing a final exten-
sion at 72°C for 10 minutes. For quality control,
5% of subjects were randomly selected, and
the results of repeated samples showed 100%
concordance.

Statistical analysis

Continuous variables were expressed as the
mean * SD and analyzed by student t test.
Categorical variables were shown as N (%) and
analyzed by x>-test. The association between
ERCC1 rs11615, ERCC2 rs1799793 and
rs13181, NBN rs709816, RAD51 rs1801320,
and XRCC3 rs861539 polymorphisms and
response to chemotherapy were described as
odds ratio (ORs) and 95% confidence interval
(Cly using conditional logistic regression analy-
sis. The prognostic value of eight gene polymor-
phisms for the OS was estimated by multivari-
ate analysis using the Cox proportional hazards
models, describing as the hazard ratio (HR) and
95% CI. Overall survival (OS) was calculated as
the time between the first day of treatment and
death or last known follow-up. Survival proba-
bilities were estimated by using the Kaplan-
Meier method. Two-tailed P values < 0.05 with
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Table 2. Analysis of the association between DNA repaired gene polymorphisms and response to
cisplatin-based chemotherapy in osteosarcoma patients

Good response

Poor response

Genotypes N = 133 % N =81 % Adjusted OR (95% Cl)*  Pvalue
ERCC1 rs11615

T 52 38.83 41 50.82 1.0 (Ref.)

TC 54 40.78 31 37.70 1.37 (0.72-2.62) 0.31

cC 27 20.39 9 11.48 2.51 (1.02-6.85) 0.03
ERCC2 rs1799793

GG 74 55.34 54 67.21 1.0 (Ref.) -

GA 39 29.13 20 24.59 1.42 (0.72-2.87) 0.28

AA 21 15.53 7 8.20 2.19 (0.82-6.52) 0.09
ERCC2 rs13181

AA 76 57.28 49 60.66 1.0 (Ref.) -

AC 41 31.07 24 29.51 1.10 (0.57-2.15) 0.76

cC 15 11.65 8 9.84 1.21 (0.44-3.55) 0.69
NBN rs709816

GG 47 35.34 33 40.98 1.0 (Ref.) -

GC 56 41.75 32 39.34 1.22 (0.63-2.40) 0.52

cC 30 22.91 16 19.67 1.32 (0.58-3.02) 0.47
RAD51 rs1801320

GG 62 46.60 41 50.82 1.0 (Ref.)

GC 56 41.75 31 37.70 1.19 (0.64-2.25) 0.55

cC 15 11.65 9 11.48 1.10 (0.41-3.14) 0.84
XRCC3 rs861539

cC 63 47.57 42 52.46 1.0 (Ref.)

CT 57 42.72 33 40.98 1.15 (0.62-2.15) 0.63

T 13 9.71 5 6.56 1.73 (0.53-6.65) 0.32

‘Ajusted for age, tumor size, clinical stage, lymph mode metastasis and ER and PR status.

were considered statistical difference. All sta-
tistical analyses were conducted using the
STATA version 9.0 statistical software.

Results
Patients and clinical characteristics

The distributions of selected general character-
istics of study subjects were shown in Table 1.
The mean age of the osteosarcoma subjects
was 18.7 + 11.5 years old (ranging from 11 to
39 years old). Of 214 osteosarcoma patients,
133 (62.15%) were males, 141 (65.89%) had
tumor stage of I-Il, 158 (73.83%) had tumor
location of long tubular bones, 163 (76.17%)
received limb salvage, and 54 (25.23%) showed
metastasis.

Association between DNA repaired gene poly-
morphisms and response to chemotherapy

At the end of the follow-up, 133 osteosarcoma
patients showed good response to cisplatin-
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based chemotherapy, with a response rate of
62.15%. By conditional logistic regression anal-
ysis, patients carrying CC genotype of ERCC1
rs11615 showed a significant more good
responder than TT genotype, and the OR (95%
Cl) was 2.51 (1.02-6.85) (Table 2). However, we
observed no significant difference between
ERCC2 rs1799793 and rs13181, NBN
rs709816, RAD51 rs1801320, and XRCC3
rs861539 polymorphisms and response to cis-
platin-based chemotherapy.

Association between DNA repaired gene poly-
morphisms and overall survival

At the end of January 2014, 66 died from all
causes, and the five-year survival rate is
69.16%. In the Cox proportional hazards model,
after adjusting for potential confounding fac-
tors, we found that individuals carrying CC gen-
otypeofERCC1rs11615wasassociatedwithdecrea-
sed risk of death from osteosarcoma, and the
HR (95% CI) was 0.43 (0.15-0.93) (Table 3). By
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Table 3. Association between included gene polymorphisms and overall

survival in osteosarcoma patients

Cisplatin is the current
standard chemotherapy

Death Alive

Adjusted HR

treatment for osteosar-

Genotypes N = 66 % N = 148 %
ERCC1 rs11615

T 34 51.52 61 41.22

TC 24  36.36 58 39.19

cC 8 12.12 29 19.59
ERCC2 rs1799793

GG 43 65.15 85 57.43

GA 19 28.79 45 30.41

AA 4 6.06 18 12.16
ERCC2 rs13181

AA 39 59.09 82 55.41

AC 20 30.30 48 32.43

cC 7 10.61 18 12.16
NBN rs709816

GG 27 40.91 57 38.51

GC 25 37.88 59 39.86

cC 13 19.70 32 21.62
RAD51 rs1801320

GG 34 51.52 70 47.30

GC 25 37.88 59 39.86

cC 7 10.61 19 12.84
XRCC3 rs861539

cC 34 5152 69 46.62

CT 26 39.39 61 41.22

T 6 9.09 18 12.16

0.74 (0.37-1.47) 0.36
0.43 (0.15-0.93) 0.03

0.83(0.41-1.67) 0.59
0.44 (0.10-1.46) 0.15

0.88 (0.43-1.75) 0.69
0.82(0.27-2.27) 0.68

0.89(0.44-1.81) 0.74
0.86(0.35-2.01) 0.7

0.87 (0.45-1.70) 0.67 1o
0.76 (0.25-2.12)  0.57

0.86 (0.44-1.67) 0.64 was
0.68 (0.20-2.00) 0.45

©5%c)yt  [value  coma, however different
cisplatin-based  treat-
1.0 (Ref.) . ment regimens are used

in clinical practice. It is
well known that cisplatin
has a cytotoxic role
through formation of dif-
ferent kinds of DNA
lesions. Previous study
reported that DNA repair
mechanisms such as
NER enzymes have a
key important role in
response to cisplatin,
and mechanisms, such
as HRR, can play a key
role in repairing many
complex forms of DNA
damage, and help to
cause interindividuals
differences in response
cisplatin  between
patients [10]. Our study
showed that CC geno-
type of ERCC1 rs11615
associated with
better response to cispl-

1.0 (Ref.)

1.0 (Ref.) -

1.0 (Ref.) -

1.0 (Ref.) -

1.0 (Ref.) -

1Ajusted for age, tumor size, clinical stage, lymph mode metastasis and ER and PR status.

Kaplan-Meier method, individuals with CC gen-
otype of ERCC1 rs11615 had a longer overall
survival of osteosarcoma when compared with
TT genotype (Figure 1). However, we observed
no association between ERCC2 rs1799793
and rs13181, NBN rs709816, RAD51
rs1801320, and XRCC3 rs861539 polymor-
phisms and overall survival in osteosarcoma
patients.

Discussion

In the present study, we investigated the influ-
ence of polymorphisms in NER and HRR path-
ways on treatment response and overall sur-
vival in osteosarcoma patients treated with
cisplatin-based chemotherapy. Our study found
that CC genotype of ERCC1 rs11615 was asso-
ciated with better response to chemotherapy
when compared with TT genotype, and this
genotype could influence the OS of osteosar-
coma patients.
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atin-based chemothera-
py and overall survival of
osteosarcoma patients,
which suggests that ERCC1 rs11615 polymor-
phism can influence the clinical outcome of
osteosarcoma patients.

Previous studies showed that ERCC1 rs11615
was often associated with response and cispla-
tin-based chemotherapy [11-15]. Metzger et al.
conducted a study to identify association
between ERCC1 rs11615 polymorphism and
squamous esophageal cancer receiving a neo-
adjuvant radiochemotherapy, and found that
ERCC1 rs11615 can influence the response to
chemotherapy and survival of squamous
esophageal cancer [11]. However, some stud-
ies did not find ERCC1 rs11615 did not influ-
ence the response to chemotherapy. Rumiato
et al. conducted a cohort study with 143 esoph-
ageal cancer patients, and this study did not
find ERCC1 rs11615 can be a predictive marker
in the cisplatin/5-FU-based neoadjuvant set-
ting [12]. Mathiaux et al. investigated the asso-
ciation between ERCC1, ERCC2 and ERCC5
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considered in our study. First,

CcC be representative of the gen-
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Selection bias may exist in
this study. Genetic variability
of DNA repair mechanisms
could also influence the
response to other chemo-
therapeutics, not only cispla-
tin, which makes the interpre-
tation of our findings difficult.
As osteosarcoma is a rare
disease, the number of cases
analyzed in the present study
was relatively small, which
may reduce the statistical
power to detect the associa-
tion between ERCC1rs11615
polymorphism and clinical
outcome of osteosarcoma.
Therefore, further studies are
greatly needed to verify our
results.

50 60

Figure 1. Kaplan-Meier analysis on the influence of ERCC1 rs11615 polymor-  In conclusion, our results

phism on overall survival of osteosarcoma.

polymorphisms and response to chemotherapy
in NSCLC, and this study did not find the ERCC1
rs11615 polymorphism can influence the plati-
num-based chemotherapy treatment of adv-
anced NSCLC [13]. The discrepancy of these
results may be caused by differences in ethnici-
ties, study design, tumor types, and sample
size.

For the association between ERCC1 rs11615
and treatment outcome of osteosarcoma, sev-
eral previous studies report their association
between them, but the results are inconsistent
[16-19]. Hao et al. conducted a study with 267
consecutive osteosarcoma patients, and found
that ERCC1 rs11615 can influence the res-
ponse to chemotherapy and clinical outcome of
osteosarcoma patients [16], which is consis-
tent with our findings. However, the other three
studies which were conducted in Spanish and
Chinese populations found that ERCC1 rs11-
615 cannot influence the response to chemo-
therapy and clinical outcome of osteosarcoma
[17-19]. Therefore, the further studies with
more subjects are needed to confirm our
results.
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suggest that ERCC1 rs11615

polymorphism in the DNA
repair pathways play an important role in the
response to chemotherapy and clinical out-
come of osteosarcoma. In the future, these
SNPs could contribute to identification of
patients, less likely to achieve better response
to cisplatin chemotherapy. Further multicenter
studies involving various populations are
required to confirm our results.
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