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Abstract: Background: XRCC1 is a multi-domain protein associated with bladder cancer. We investigated the relation-
ship between the distribution of XRCC1 polymorphisms (rs915927 and rs2854501) and clinical outcomes following
intravesical instillation with epirubicin (EPI) or mitomycin C (MMC). Methods: A TagMan assay was performed to
determine genotypes of 240 individuals diagnosed with bladder cancer. Logistic regression was used to assess the
association between polymorphisms and relapse-free survival (RFS) of patients. Quantitative real-time polymerase
chain reaction was performed to determine expression of XRCC1 polymorphisms. Survival curves were generated
using the Kaplan-Meier method. Results: Risk of bladder cancer recurrence was significantly reduced in patients re-
ceiving EPI who had higher incidences of XRCC1 polymorphisms (P=0.009 for rs915927, P=0.001 for rs2854501).
In participants administered MMC, results were not statistically significant. Conclusions: Polymorphisms in XRCC1
SNP variants (rs915927 and rs2854501) were associated with improved clinical outcomes following EPI treatment.
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Introduction

Bladder cancer was the fourth most commonly
diagnosed cancer in males in the United States
in 2013 and the most common cause of uro-
genital malignant tumors. In 2013, there were
74,690 cases of bladder cancer in the United
States, and 15,580 patients died from the dis-
ease [1]. Approximately 80% of patients with
bladder cancer initially present with superficial
disease (stages Ta, T1 or carcinoma in situ),
whereas the remaining has invasive muscle
and advanced/metastatic disease [2, 3].
Cystoscopy and transurethral resection (TUR)
are the primary methods for both treatment
and diagnosis of superficial cancers. However,
tumor recurrence may be a major problem for
patients with higher grade Ta and T1 lesions.
Twenty percent of patients with low risk and
40% with medium risk experienced tumor
recurrence one year following TUR. Furthermore,

90% of patients with high-risk experienced
recurrence 2 years after TUR treatment [4].

Intravesical therapy following TUR has been the
most commonly used therapeutic approach to
decrease the risk of recurrence and progres-
sion in bladder cancer patients. Although sev-
eral chemotherapeutic agents have been ad-
ministered intravesically to manage superficial
bladder cancer, (e.g. thiotepa, doxorubicin, epi-
rubicin (EPI), mitomycin C (MMC), and Bacillus
Calmette-Guerin (BCG)), a standard prophylac-
tic treatment has not yet been established.

At present, MMC is one of the standard chemo-
therapy agents for treating superficial bladder
cancer [5]. As an anti-tumor antibiotic, the rec-
ommended dose of MMC for intravesical infu-
sion is 20 to 40 mg, according to the manufac-
turer’s labeling [6]. Given in multiple infusions,
MMC has been effective in treating non-mus-
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cle-invasive bladder tumors with response
rates ranging from 40 to 50% [7].

Epirubicin (EPI), a derivative of doxorubicin, has
also been proven effective in patients with
superficial carcinoma [8]. The preventive effect
of intravesical administration of EPI was similar
to that of MMC and doxorubicin. Additionally,
EPI also reduced side effects in patients with
superficial cancers (stages Ta, T1 or carcinoma
in situ) [8, 9].

Clinical response to chemotherapy is influ-
enced by both genetic and environmental fac-
tors. Genetic factors play a role in controlling
drug absorption, distribution, metabolism and
excretion. Studies have demonstrated a rela-
tionship between response to chemo-radio-
therapy and expression of certain genes. For
example, X-ray repair cross-complementing
gene 1 (XRCC1) was associated with response
to chemotherapy in patients with lung cancer
[10]. Polymorphisms in the XRCC1 gene have
also been shown to play a role in improving sur-
vival of bladder cancer patients receiving che-
motherapy [11].

XRCC1 encodes a protein involved in the DNA
repair pathway. XRCC1 is a multi-domain pro-
tein interacting with three other proteins (poly-
ADP-ribose polymerase, DNA ligase lll, and DNA
polymerase B) to repair single-strand breaks in
DNA and was associated with repair function in
X-irradiated cells [12]. The human XRCC1 gene
consists of 17 exons, mapped to chromosome
19913, 2, and spans approximately 31.9 kb
[13]. Genetic variants, such as single nucleo-
tide polymorphisms (SNPs), have been exten-
sively studied in relation to cancer incidence,
including urothelial carcinoma [14].

In the present study, XRCC1 polymorphisms
may be associated with improved outcomes in
bladder cancer patients receiving intravesical
instillation. To validate this hypothesis, we
investigated XRCC1 rs915927 and XRCC1
rs2854501 polymorphisms in Chinese patients
who received EPI and MMC as intravesical
instillation agents for treatment of bladder can-
cer with the aim of assessing the influence of
these polymorphisms on clinical outcomes.

Methods and materials
Patient selection and classification
The Institutional Review Board of Nanjing

Medical University approved this study. From

11168

June 2007 to September 2012, 240 patients
diagnosed with bladder cancer were recruited
from the First Affiliated Hospital of Nanjing
Medical University. Written informed consent
was obtained from all patients involved in the
present study. To prevent recurrence of cancer,
129 patients had received EPI instillation and
111 had been treated with MMC. Patients were
excluded from the study if they previously had
cancer or had been subjected to radiotherapy
or chemotherapy, or if they currently had metas-
tasized cancer from other or unknown origins.

Two pathologists independently reviewed histo-
pathology slides from core biopsy to confirm
diagnosis of bladder cancer. Prior to recruit-
ment, all subjects were personally interviewed
to collect demographic data and clinical char-
acteristics, including age, gender, tobacco use,
alcohol use, and self-reported family history of
cancer. Clinical stage at the time of diagnosis
was determined according to tumor, node, and
metastasis classifications of cancer stages
(2002 International Union against Cancer). All
patients were non-muscle invasive (pTa-pT1).
According to histopathological grading (WHO
2004, grading of urothelial papilloma), patients
were also classified as low risk or high risk.
Individuals who smoked daily for >1 yr were
defined as smokers and the rest were consid-
ered nonsmokers. Individuals who drank alco-
hol >3 times per wk for >6 mos were defined as
drinkers and the rest were considered
nondrinkers.

EPI (50 mg/wk) and MMC (30 mg/wk) were
instilled into the bladder 24 h after trans-ure-
thral resection of the bladder tumor (TURBT).
Weekly dosing was maintained for 8 wks fol-
lowed by monthly dosing (50 mg EPI/mo; 30 mg
MMC/mo) maintained for 12 months or more.
Survival time was calculated as time between
confirmed diagnosis and last follow-up or recur-
rence. The date of recurrence was obtained
from inpatient and outpatient records or from
patients’ families via follow-up phone calls.
Patients who had not experienced recurrence
by the last follow-up date were considered
non-recurrent.

Single nucleotide polymorphism selection and
genotyping

SNPs (XRCC1 rs915927 and XRCC1 rs28-
54501) were selected based on previous stud-
ies that demonstrated an association with
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Table 1. Characteristics of the patients

Variables n %
Age (years) 67+12
Gender
Male 186 775
Female 54 22.5
Smoking status
Never 187 77.9
Ever 53 22.1
Drinking status
No 222 92.5
Yes 18 75
Family history of cancer
No 235 97.9
Yes 5 2.1
Tumor number
1 171 71.3
>2 69 28.7
Tumor diameter
<3cm 207 86.3
>3 cm 33 13.8
Tumor grade
Low risk 141 58.8
High risk 99 41.2

pharmaco sensitivity. Genomic DNA from each
patient was obtained from a 150 uL EDTA-
anticoagulated peripheral blood sample and
extracted according to the manufacturer’s
instructions using a DNA extraction kit (Tiangen
Biotech, Beijing, China). Polymorphisms were
determined using a TagMan SNP Genotyping
Assay (Applied Biosystems, Foster City, CA,
USA). The primers, probes and reaction condi-
tions for each SNP are available upon request
(Table 3). For quality control, four negative con-
trols were included on each plate, and 5% of
the samples were randomly selected for repeat-
ed genotyping to verify the results; all of the
results were 100% consistent. SDS 2.4 soft-
ware was used for allelic discrimination.

Statistical analysis

Relapse-free survival (RFS) was defined as time
from first instillation of EPI or MMC to time of
first recurrence of bladder cancer. RFS was
estimated by the Kaplan-Meier method, and a
log-rank test was used to compare different
survival curves. Hazard ratios (HRs) and 95%
confidence intervals (Cls) of the HRs were
derived from univariate and multivariate Cox
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proportional hazard models. All analyses were
carried out using SPSS 20.0. A two-sided p
value <0.05 represented a statistically signifi-
cant result.

Results
Characteristics of the study population

Frequency distributions for selected character-
istics are shown in Table 1. The median period
of instillation treatment was 18.3 months for
patients instilled with EPl and 17.6 months for
patients receiving MMC. Of the 240 patients
studied, 87 experienced cancer recurrence and
5 died due to bladder cancer.

RFS of patients receiving EPI treatment

Mean survival time (MST) of patients was 29.3
months in the EPI treatment group. The two
polymorphisms (XRCC1 rs915927 and XRCC1
rs2854501) were significantly associated with
RFS of patients treated with EPI (Table 2). The
MST of patients with the rs915927 AA geno-
type was 24.6 months, while those with AG and
GG genotypes had MSTs of 44.5 and 15.8
months, respectively (P=0.020) (Figure 1A).
Furthermore, patients with AG/GG genotypes
also had significantly longer MSTs (MST=41.3,
P=0.009) (Figure 1B). Compared to AA geno-
types with XRCC1 rs915927, risk of bladder
cancer recurrence decreased significantly in
patients with AG (HR=0.21, 95% CI=0.08-0.53)
and AG/GG genotypes (HR=0.24, 95% CI=0.10-
0.59). MST of patients with the rs2854501 CC
genotype was 24.4 months, compared with
45.8 and 29.4 months for CT and TT genotypes,
respectively (P=0.002) (Figure 2A). Patients
with CT/TT genotypes also had a significantly
longer MSTs (MST=43.3 for CT/TT genotypes,
P=0.001) (Figure 2B). Compared with CC geno-
types with XRCC1 rs2854501, risk of bladder
cancer recurrence was significantly decreas-
ed in the CT (HR=0.10, 95% CI=0.03-0.35)
and CT/TT genotypes (HR=0.16, 95% CI=
0.06-0.43).

RFS of patients receiving MMC treatment

Mean survival time was and 27.9 mos in the
MMC group and was not significantly different
from the EPI group. We also did not find any sig-
nificant differences in RFS among participants
treated with MMC.
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Table 2. Association between XRCC1 polymorphisms and the RFS of the patients

Epirubicin MMC

Recurrence Total MST® P, Adjusted HR (95% CI) Recurrence Total MST" P, Adjusted HR (95% ClI)

logrank logrank

rs915927
AA 35 93 24.6 0.020 1.00 (reference) 31 92 25.3 0.784 1.00 (reference)
AG 12 32 445 0.21 (0.08-0.53) 7 17 35.0 0.68 (0.26-1.75)
GG 1 4 15.8 1.40 (0.16-11.99) 1 2 865 0.66 (0.08-5.54)
AA 35 93 24.6 0.009 1.00 (reference) 31 92 25.3 0.700 1.00 (reference)
AG+GG 13 36 413 0.24 (0.10-0.59) 8 19 404 0.68 (0.28-1.65)
rs2854501
cC 38 96 24.4 0.002 1.00 (reference) 31 91 25.2 0.753 1.00 (reference)
CcT 8 28 4538 0.10 (0.03-0.35) 7 18 35.0 0.66 (0.26-1.67)
T 2 5 294 0.65 (0.14-3.10) 1 2 86.5 0.66 (0.08-5.47)
CcC 38 96 24.4 0.001 1.00 (reference) 31 91 25.2 0.586 1.00 (reference)
CT+TT 10 33 433 0.16 (0.06-0.43) 8 20 40.2 0.66 (0.27-1.60)

“Mean survival time.

Table 3. XRCC1 primers and PCR product length of TagMan genotyping assay

Loci SNP Forward Reverse PCR product length (bp)
rs915927 CCC[A/G]GCA ATAGGAGTGAAAGGGTCTTGGG TGATTTCACCTTGGAGGTGCTG 183 bp
rs2854501 CCA[C/T]GAC TTATTTGCTATCTGGGATCAGC GTTGCTTCTCCCTCATATCTTA 174 bp
A Survival proportions: Drug=Epirubicin B Survival proportions: Drug:}:cpicrl;bici315927
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Figure 1. Relapse-free survival (RFS) of the patients with XRCC1 rs915927 polymorphisms. A. Survival curves for
AG versus AA in patients treated with EPI. B. Survival curves for AG+GG versus AA in patients treated with EPI. C.
Survival curves for AG versus AA in patients treated with MMC. D. Survival curves for AG+GG versus AA in patients
treated with MMC.
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A Survival proportions: Drug=Epirubicin B Survival proportions: Drug=Epirubicin
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Figure 2. Relapse-free survival (RFS) of the patients with XRCC1 rs2854501 polymorphisms. A. Survival curves for
CT versus CC in patients treated with EPI. B. Survival curves for CT+TT versus CC in patients treated with EPI. C.
Survival curves for CT versus CC in patients treated with MMC. D. Survival curves for CT+TT versus CC in patients
treated with MMC.

Discussion been administered intravesically to treat super-

ficial bladder cancer [15]. Since cancer cells
In the present study, association between proliferate more rapidly than normal cells, the
XRCC1 polymorphisms and the risk of bladder vast majority of antineoplastic drugs target the
recurrence was investigated. We observed that cell cycle, and the most common approach is to
patients receiving EPI with a higher number of exploit the ability of drugs to damage DNA.
genetic variants in  XRCC1 (rs915927, Such damage can lead to cell death and better
rs2854501) had significantly reduced risk of response to therapy. DNA repair pathways can
bladder cancer recurrence. The time to recur- regulate the efficacy of DNA damage-based
rence was significantly shorter in G allele carri- cancer therapy. DNA damage may result in
ers than in individuals with the homozygous AA somatic mutations and stimulate DNA repair
genotype (rs915927). Patients with the AG processes. It has also been suggested that
genotype exhibited a lower risk of recurrence polymorphisms in DNA repair genes may
than those with the AA genotype. Similarly, this increase cell repair function capacity and atten-
phenomenon also applied to individuals with uate carcinogenesis [16]. For instance, poly-
the homozygous CC genotype (rs2854501). morphisms of the XRCC1 gene have been asso-
Patients with the CT genotype also had less ciated with improved survival in a group of 78
recurrence than those with the CC genotype. In muscle-invasive bladder cancer patients
participants treated with MMC, our results had receiving chemotherapy [17].

no statistical significance.
In bladder cancer patients with comparable

In current clinical management, several chemo- biological characteristics and disease stage,
therapeutics, including as EPl and MMC, have fluctuating efficiency of similar instillation
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schemes suggests that genetic factors may be
involved in different mechanisms of anticancer
resistance. XRCC1 encodes a protein involved
in the BER pathway, which is important for DNA
cross links repair induced by epirubicin [18],
while MMC stops the replication of cancer cells
by form DNA adducts that cause DNA damages
[19]. Polymorphisms of XRCC1 may influence
the prognosis of chemotherapy in cancers that
have been studied for years. Sun et al. found
that polymorphisms of XRCC1 were associated
with response to platinum-based chemothera-
py in non-small-cell lung carcinoma [20].
Increased overall survival as well as disease-
free survival were associated with the
GIn399GIn genotype of the XRCC1 gene in
patients with breast cancer treated with adju-
vant therapy [21]. In bladder cancer patients,
carriers of the variant allele for XRCC1 rs25489
polymorphism were less likely to die following
instillation with BCG or MMC and radiotherapy
[22]. Experimental efforts have been made to
characterize biochemical activities of XRCC1
polymorphisms, and only rs25489 showed a
mild defect in DNA binding capacity [23].

Reasons for the lack of evidence for SNPs and
disparities in experimental results following
instillation chemotherapy have yet to be fully
explored. Sacerdote et al. found that four
XRCC1 SNP variants (rs915927, rs2854509,
rs2854501, and rs3213255) were associated
with survival in bladder cancer patients treated
with chemotherapy and conferred lower DNA
repair capacity in nucleotide excision repair
and double-strand break repair pathways [11].
This finding was confirmed by our study,
because we showed that RFS in bladder cancer
patients treated with EPI was significantly more
favorable for patients with rs915927 AG/GG
and rs2854501 CT/TT genotypes than homozy-
gous patients with AA or CC genotypes.
Biological effects of rs915927 A and
rs2854501 C alleles may be explained by low
efficiency of DNA repair capacity in response to
DNA damage caused by chemotherapy, leading
to apoptosis of tumor cells. Carcinogenesis of
recurrent bladder cancer is often multi-genetic,
therefore different levels of risk as well as
genetic contributors conferred by individual
factors may apply [24]. Our studies showed that
patients carrying rs915927 AG/GG and
rs2854501 CT/TT genotypes for XRCC1 poly-
morphisms had decreased risk compared with
other genotypes.
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In conclusion, our results suggest that polymor-
phisms in XRCC1 SNP variants (rs915927 and
rs2854501) were associated with improved
clinical outcomes following EPI, but not MMC,
treatment. While we did not detect significant
effects following MMC treatment, larger sam-
ple sizes maybe needed to verify our observa-
tions. If our findings are confirmed, these
genetic variants could provide a basis for indi-
vidualized treatment of bladder cancer.
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