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Abstract. Combined trimodality therapy, including transure-
thral resection and platinum-based chemoradiotherapy, has
shown promising results for muscle-invasive bladder cancer.
However, this type of treatment may decrease survival as a
result of delayed cystectomy in patients with non-responding
tumors. DNA repair proteins may affect survival of bladder
cancer patients receiving combined trimodality therapy, by
affecting the perioperative nature of the tumor cells or by
repairing DNA damaged by platinum agents and radiation. We
investigated the associations of excision repair cross-comple-
menting group 1 (ERCCI), X-ray repair cross-complementing
group 1 (XRCCI) and apurinic/apyrimidinic endonuclease 1
(APE1) expression with response and survival in 157 locally
advanced bladder cancer patients receiving combined trimo-
dality therapy, in order to determine the predictive value of the
expression of these proteins in patient selection for therapy.
We examined ERCCI1, XRCC1 and APEI expression in tumor
specimens using immunohistochemistry. Patients positive for
ERCCI, positive for XRCC1 and positive for either ERCC1
or XRCCl, exhibited significantly improved disease-specific
survival rates (P=0.023, 0.025 and 0.0091, respectively). In
multivariate analysis, combined ERCCI1 and XRCC1 expression
was independently associated with disease-specific mortality
[risk ratio (RR): 0.64; 95% confidence interval (CI), 0.43-0.94
and P=0.024]. Thus, combined ERCC1 and XRCCI1 expression
may serve as an independent prognostic marker for survival
in bladder cancer patients receiving combined trimodality
therapy. Prospective studies with a larger sample size are
required to confirm these results.
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Introduction

The standard treatment for muscle-invasive urinary bladder
cancer is radical cystectomy followed by urinary diversion;
however, this procedure negatively affects the quality of life
of patients (1). Several studies reported promising results using
combined trimodality therapy in invasive bladder cancer with
transurethral resection (TUR), radiation therapy and platinum-
based systemic chemotherapy (1-4). Those studies demonstrated
S-year survival rates of 50-65% and approximately three-quar-
ters of the surviving patients maintained their own bladders.
However, combined trimodality therapy is potentially toxic
and may also decrease survival due to delayed cystectomy in
patients with non-responding tumors (5). Therefore, it may be
beneficial to identify predictors of response and prognosis in
order to select appropriate patients for this type of therapy.
The nucleotide excision repair (NER) pathway is essential
for maintaining genomic stability and the main mechanism
in mammalian cells for removal of bulky, helix-distorting
DNA adducts produced by platinum agents (6,7). Excision
repair cross-complementing group 1 (ERCC1) is considered a
key molecule in this pathway (8). This enzyme plays a rate-
limiting role in the NER pathway, recognizing and removing
cisplatin-induced DNA adducts (9). ERCC1 is also important
in the repair of interstrand cross-links in DNA and in recom-
bination processes. lonizing radiation causes more prominent
DNA base damage and single-strand rather than double-strand
breaks (10). These lesions are repaired by the base excision
repair (BER) pathway. BER proteins include X-ray repair
cross-complementing group 1 (XRCC1) and apurinic/apyrimi-
dinic endonuclease 1 (APE1). XRCCI plays an important role
in BER and acts as a scaffolding intermediate, interacting with
ligase IT11, DNA polymerase § and poly(ADP-ribose) polymerase
in the C-terminal, N-terminal and central regions of XRCCl,
respectively (11). XRCC1 mutant cells exhibit increased sensi-
tivity to ionizing radiation, ultraviolet light, hydrogen peroxide
and mitomycin C (12). APE]1 is the rate-limiting enzyme in
the BER pathway (11,13) and cleaves the 5'-terminal of DNA
abasic sugar residues generated by exogenous factors, such as
ionizing radiation and environmental carcinogens, as well as by
endogenous agents from normal cellular metabolism. Previous
studies demonstrated that amino acid substitution variants of
the APE] and XRCCI genes are associated with sensitivity
to ionizing radiation (11,14). These DNA repair proteins may
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also be involved in reducing the aggressive nature of tumors
by inhibiting the accumulation of genetic alterations in tumor
cells of patients treated only by surgical resection. Therefore,
ERCCI1, XRCCI1 and APEI expression in tumor cells may
affect response and survival in bladder cancer patients receiving
TUR and platinum-based chemoradiotherapy (CRT). Previous
studies revealed significant associations between ERCCI1
expression and survival in lung, esophageal, gastric, pancreatic
and head and neck cancer patients treated by surgery and/or
platinum-based (radio)chemotherapy (8,9,15). In addition,
XRCCI and APEI expression has been strongly associated with
survival following radical radiotherapy in bladder cancer (10).

There are no reports thus far on the association between
DNA repair protein expression and survival in patients with
locally invasive bladder cancer treated with combined trimo-
dality therapy, including TUR and platinum-based CRT. We
investigated the association of ERCC1, XRCCI1 and APEI1
expression with response and survival in bladder cancer
patients treated with combined trimodality therapy and deter-
mined the predictive value of the expression of these DNA
repair proteins in patient selection for therapy.

Materials and methods

Patients. This retrospective cohort study included 186 patients
who underwent combined trimodality therapy including TUR
and CRT for locally advanced muscle-invasive (T2-4NOMO)
or high-risk non-muscle-invasive (T1G3) (16) urothelial
carcinoma of the bladder at Yamaguchi University Hospital
between November, 1994 and July, 2009. We included a total
of 157 patients for whom clinicopathological information and
immunohistochemistry (IHC) of the tumor was assessable.
The study was approved by the Institutional Ethics Review
Committee of the Graduate School of Medicine, Yamaguchi
University and written informed consent was obtained from
each patient. The patients were native Japanese and their
clinical characteristics are presented in Table I. The median
age was 70 years (range, 29-89 years) and the cohort included
118 males (75.2%) and 39 females (24.8%). Prior to treatment,
all patients underwent computed tomography (CT) of the chest,
abdomen and pelvis, bone scans, as well as transurethral tumor
and random mucosal biopsies of the bladder. In the majority of
the patients, bladder tumors were treated with TUR to reduce
tumor volume as much as possible.

Patients were staged according to the TNM system of the
International Union Against Cancer (UICC; 1997) as follows:
27 patients (17.2%) were stage T1G3; 59 (37.6%) were stage T2;
61 (38.9%) were stage T3; and 10 (6.4%) were stage T4. All
bladder tumors were histopathologically confirmed as urothe-
lial carcinomas. Of these, 145 (92.4%) showed evidence of
urothelial carcinoma alone, 5 (3.2%) included squamous
differentiation and 7 (4.5%) included an adenocarcinomatous
component. The tumors were graded according to the WHO
classification as follows: 128 tumors (81.5%) were grade 3 and
the remaining 28 (17.8%) were grade 2.

CRT. The patients received combined platinum-based systemic
CRT.In the majority of patients, one cycle of the regimen (based
on Shipley's method with slight modification) (17) included
administration of cisplatin (70 mg/m?) on day 1, followed by
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Table I. Patient characteristics.

Age, years

Median 70

Range 29-89
Gender, no. (%)

Male 118 (75.2)

Female 39 (24.8)
Performance status, no. (%)

0 65 (41.4)

1 50 (31.8)

2 14 (8.9)

Unknown 28 (17.8)
Tumor stage, no. (%)

T1G3 27 (17.2)

T2 59 (37.6)

T3 61 (38.9)

T4 10 (6.4)
Tumor grade, no. (%)

2 28 (17.8)

3 128 (81.5)
Histopathology, no. (%)

Pure UC 145 (92.4)

UC with SCC 53.2)

UC with adenocarcinoma 7(4.5)
Total cisplatin dose, mg

Median 240

Range 30-406
Total radiation dose, Gy

Median 48.6

Range 18-63

UC, urothelial carcinoma; SCC, squamous cell carcinoma.

radiation at 1.8 Gy per fraction on days 2-5 in the first week
and every 5 days consecutively in the second week (18-20).
Radiotherapy involved 10-MV photons with a 4-field tech-
nique, treating the bladder and pelvic lymph nodes to 32.4 Gy
during 2 cycles, followed by a CT-planned whole-bladder boost
of 16.2 Gy for an additional cycle. Although we aimed for
3 cycles of CRT, the treatment was discontinued after 2 cycles
in 48 (30.6%) patients who exhibited persistent toxicity or
refused to continue with CRT. The median total doses of
cisplatin and radiation were 240 mg (range, 30-406 mg) and
48.6 Gy (range, 18-63 Gy), respectively (Table I).

Four weeks after completion of CRT, we assessed the
patient response with CT scan, random mucosal biopsies and
TUR. A complete response (CR) was defined as no pathologi-
cally detected residual tumor and non-CR as any pathologically
detected residual tumor. CR was observed in 56 (35.7%) and
non-CR in 97 (61.8%) patients. Non-CR patients with residual
non-muscle-invasive tumors underwent complete resection
of the residual tumor by TUR and residual carcinoma in situ
was treated with intravesical instillation of bacillus Calmette-
Guérin. Non-CR patients with residual muscle-invasive tumors
were referred for radical cystectomy and salvage cystectomy
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Table II. Associations between ERCC1, XRCC1 and APE1 protein expression.
OR (95% CI) P-value®
XRCC1 expression (no.)
Negative Positive
ERCC1 expression
Negative 35 Reference
Positive 18 3.34 (1.63-6.84) <0.001°
APE]1 expression (no.)
Negative Positive
ERCC1 expression
Negative 25 Reference
Positive 29 1.02 (0.51-2.02) 0.96
APEI expression (no.)
Negative Positive
XRCC1 expression
Negative 20 Reference
Positive 29 1.13 (0.55-2.31) 0.74

*Chi-square test. "Statistically significant. ERCC1, excision repair cross-complementing group 1; XRCC1, X-ray repair cross-complementing group 1;
APEL1, apurinic/apyrimidinic endonuclease 1; OR, odds ratio; CI, confidence interval.

was performed in 22 patients (14.0%). In addition, 6 patients
underwent cystectomy due to recurrence of muscle-invasive
bladder cancer during the follow-up period; therefore, a total
of 28 patients (17.8%) underwent cystectomy during this study.
We performed cystoscopic examination followed by washing
cytology every 3 months for the first 5 years and every
6 months thereafter. Complementary examinations, including
chest X-ray and/or CT scan, were performed every 6 months.
The median duration of the follow-up was 39 months (range,
1-193 months). The incidence of bladder cancer-related
mortality during follow-up was 18.4% (29 patients).

IHC. Biopsy specimens were selected from the main bladder
tumors prior to CRT. IHC was performed on routinely-
processed, formalin-fixed paraffin-embedded sections using
the avidin-biotin complex immunoperoxidase technique, as
previously described (19,21). Briefly, serial 5-um sections were
mounted on poly-L-lysine-coated slides, baked at 50°C for 1 h,
dewaxed using xylene and rehydrated with graded alcohols to
water. The sections were then immersed in a 10 mM citrate
buffer (pH 6.0) and heated in a water bath at 98°C for 30 min.
Following antigen retrieval, endogenous peroxidase activity
was blocked by 3% hydrogen peroxide in methanol. Tumor
sections were incubated with mouse monoclonal antibody for
ERCCI1 (1:100; Neomarkers Inc., Fremont, CA, USA), XRCCl1
(1:10; Abcam, Cambridge, UK), or APEI (1:5000; Abcam,
Cambridge, UK) at 4°C overnight, followed by immunostaining
using Vectastain Universal Quick kit (Vector Laboratories
Inc., Burlingame, CA, USA). Sections were counterstained
with hematoxylin. A duplicate section without primary anti-
body from the IHC procedure was used as negative control.
The number of cells with nuclei positive for ERCC1, XRCC1
and APEI was determined by scoring 10 microscopic fields

of 100 tumor cells each. Staining intensities of each protein
were graded on a scale of 0-3. The percentage of positive
tumor nuclei was calculated for each specimen, with 0 indi-
cating 0% staining; 0.1, 1-9% staining; 0.5, 10-49% staining
and 1, 50-100% staining. The proportion score was multi-
plied by the staining intensity to obtain a semiquantitative
H-score (0-3) (9). All measurements were performed by the
same investigator (S.0.), using coded samples without prior
knowledge of the clinical data. The median H-score for each
monoclonal antibody was chosen a priori as the cut-off point
for separating positive from negative tumors.

Statistical analysis. The associations between the THC results
(ERCCI1,XRCCI and APEI expression) and clinicopathological
data or response to CRT were assessed using the Chi-square
test with an odds ratio (OR) or risk ratio (RR) with 95% confi-
dence interval (CI). The primary endpoint was disease-specific
survival, defined as the time from the initiation of CRT to the
date of death from bladder cancer. Disease-specific survival
was analyzed by plotting Kaplan-Meier curves and the survival
probability distributions were compared using the log-rank test.
Categorical variables influencing disease-specific mortality
were compared using Cox proportional hazards regression
models. Variables with P<0.05 in univariate analysis were also
assessed for their association with disease-specific mortality in
multivariate analysis. JMP software (SAS Institute Inc., Cary,
NC, USA) was used for all analyses, with P<0.05 (two-sided)
indicating a statistically significant difference.

Results

The median H-scores obtained from the IHC slides were 1.0
for ERCCI1, XRCC1 and APE]1; therefore, an H-score =1.0
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Figure 1. Representative immunohistochemical analyses showing nuclear
staining for excision repair cross-complementing group 1 (ERCCI) in
bladder cancer (reduced from x400). (A) Case with positive expression and
(B) Case with negative expression.

was considered positive for each monoclonal antibody.
Seventy-seven out of the 148 (52.0%), 91 out of the 146 (62.3%)
and 89 out of the 146 (61.0%) tumors were positive for ERCCI,
XRCCI1 and APE], respectively. Representative analyses for
ERCCI1 THC are shown in Fig. 1. The associations between
ERCCI, XRCCI1 and APELI protein expression are shown
in Table II. We observed a significant correlation between
ERCCI and XRCCl1 expression (P<0.001; Chi-square test). No
significant correlation was observed between the expression of
ERCCI1 and APEI, or between XRCC1 and APEL.

There was no significant correlation between the expres-
sion of ERCC1, XRCC1 or APEI and tumor stage or grade
in bladder cancer treated with combined trimodality therapy
(Chi-square test, Table III). The associations of the expression
of ERCC1, XRCC1 or APE1 with response to CRT at 4 weeks
after evaluation are also shown in Table III. No DNA repair
protein expression was significantly associated with response
to CRT using the Chi-square test.

The associations between the expression of ERCCI,
XRCCI or APEI and disease-specific mortality in bladder
cancer patients treated with combined trimodality therapy are
shown in Table I'V. In univariate analysis using the Cox propor-
tional hazards regression model, ERCC1 expression, XRCC1
expression and combined ERCC1 and XRCCI expression
were significantly associated with disease-specific mortality
(RR: 0.65; 95% CI, 0.43-0.94 and P=0.023 for ERCCI;
RR:0.65; 95% CI,0.44-0.95 and P=0.028 for XRCC1; RR: 0.61;
95% CI, 0.42-0.91 and P=0.016 for combined ERCCI1 and
XRCCI). Thus, patients who were positive for ERCC1, XRCC1
and either ERCC1 or XRCCl, exhibited improved disease-
specific survival rates. In addition, disease-specific survival
rates were plotted for the protein expression using Kaplan-Meier
survival curves (P=0.023 for ERCCI, P=0.025 for XRCCI and

Table III. Associations of ERCC1, XRCC1 and APE1 expression with tumor stage, tumor grade and response to chemoradiotherapy.

Response (no.)

Tumor grade (no.)

Tumor stage (no.)

RR (95% CI) P-value®

CR Non-CR

P-value®

OR (95% CI)

G3

P-value® G2

OR (95% CI)

T3/T4

T1G3/T2

ERCCI expression

Negative

Reference
0.85 (0.60-1.22)

47

24
30

Reference
0.81(0.34-1.93)

60
62

11

Reference
0.66 (0.34-1.26)

36
31

35

0.37

43

0.64

14

0.20

46

Positive

XRCCI expression
Negative

Reference
1.02 (0.66-1.57)

34
56

20
32

Reference
0.78 (0.32-1.89)

46

Reference
1.06 (0.54-2.08)

24
41

31

0.94

0.59

18 72

0.87

50

Positive

APE1 expression

Negative

Reference
0.94 (0.60-1.46)

35
55

19
33

Reference

1.26 (0.53-3.02)

46

11

Reference
1.34 (0.69-2.63)

24
44

33

0.78

0.60

74

14

0.39

45

Positive

?Chi-square test. OR, odds ratio; CI, confidence interval; CR, complete response; RR, risk ratio; ERCCI, excision repair cross-complementing group 1; XRCC1, X-ray repair cross-complementing group 1;

APE], apurinic/apyrimidinic endonuclease 1.
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Table I'V. Univariate and multivariate regression analyses for predicting disease-specific mortality.

Univariate analysis

Multivariate model one Multivariate model two

Variable (no.) RR (95% CI) P-value RR (95% CI) P-value RR (95% CI) P-value
Age, years
<70 (74) Reference
>70 (80) 1.11 (0.77-1.61) 0.57
Gender
Male (117) Reference
Female (37) 1.02 (0.64-1.52) 093
Tumor stage
T1G3/T2 (85) Reference
T3/T4 (69) 1.86 (0.89-3.99) 0.097
Tumor grade
G2 (26) Reference
G3 (127) 0.99 (0.41-2.95) 0.98
Histopathology
Pure UC (141) Reference
UC + other element (13) 1.42 (0.69-2.40) 0.30
Cisplatin dose, mg
<240 (64) Reference
>240 (64) 1.21 (0.82-1.80) 0.33
Radiation dose, Gy
<48.6 (51) Reference
>48.6 (94) 1.50 (0.99-2.42) 0.055
Response to
chemoradiotherapy
CR (56) Reference Reference Reference
Non-CR (94) 1.65 (1.09-2.72) 0.017*  1.55(1.01-2.57)* 0.047* 1.55 (1.02-2.56)* 0.042*
ERCCI expression
Negative (69) Reference Reference
Positive (76) 0.65 (0.43-0.94)* 0.023*  0.75(0.48-1.13) 0.17
XRCCl expression
Negative (54) Reference Reference
Positive (89) 0.65 (0.44-0.95)* 0.028*  0.74 (0.48-1.12) 0.15
APE]1 expression
Negative (57) Reference
Positive (87) 0.82 (0.56-1.20) 0.30
Combined ERCC1 and
XRCC1 expression
Negative/Negative (34) Reference Reference
Other (111) 0.61 (0.42-091)* 0.016* 0.64 (0.43-0.94)* 0.024*

“Statistically significant. RR, risk ratio; CI, confidence interval; UC, urothelial carcinoma; CR, complete response; ERCC1, excision repair
cross-complementing group 1; XRCC1, X-ray repair cross-complementing group 1; APE1, apurinic/apyrimidinic endonuclease 1.

P=0.0091 for combined ERCC1 and XRCCI; log-rank test;
Fig. 2). APE1 expression was not significantly associated with
disease-specific survival (P=0.29). Clinical variables were also
assessed for their association with disease-specific mortality
(Table IV). Patients who did not achieve a CR to CRT exhib-
ited a significant association with unfavorable outcome using
univariate analysis (RR: 1.65; 95% CI, 1.09-2.72 and P=0.017).

In multivariate analysis (model one) of response to
CRT, ERCCI and XRCC1 expression, the response to CRT
was the only factor independently associated with disease-
specific mortality (RR: 1.55; 95% CI, 1.01-2.57 and P=0.047,
Table IV). When combined ERCC1 and XRCCl1 expression
was used instead of individual ERCCI or XRCCI expression
in multivariate analysis (model two), the response to CRT and
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Figure 2. Kaplan-Meier disease-specific survival curves for bladder cancer patients receiving combined trimodality therapy, stratified by (A) excision repair
cross-complementing group 1 (ERCC1) expression (P=0.023, log-rank test); (B) X-ray repair cross-complementing group 1 (XRCCI) expression (P=0.025);
(C) apurinic/apyrimidinic endonuclease 1 (APE1) expression (P=0.29); and (D) combined ERCC1 and XRCCI1 expression (P=0.0091).

the combined ERCC1 and XRCC1 expression were indepen-
dently associated with disease-specific mortality (RR: 1.55;
95% CI, 1.02-2.56 and P=0.042 for response to CRT; RR: 0.64;
95% CI, 0.43-0.94 and P=0.024 for combined ERCCI1 and
XRCC1). Thus, patients who were positive for either ERCC1
or XRCCI1 exhibited significantly more favorable disease-
specific survival rates compared to those negative for both
ERCC1 and XRCCI.

Discussion

To the best of our knowledge, this is the first study on the
association between DNA repair protein expression and
survival in patients with locally advanced bladder cancer
treated with combined trimodality therapy, including TUR and
platinum-based CRT. We demonstrated a significant association
between positive expression for ERCC1 or XRCCl1 and longer
disease-specific survival. Our data indicated that combined
ERCCI1 and XRCCl expression is useful as an independent
prognostic marker for survival in bladder cancer patients
receiving combined trimodality therapy. ERCC1 and XRCCl1
are not involved in the same DNA repair pathway. However,
both ERCCI and XRCC] genes are located in close proximity to
each other at 19q13.2-13.3 (22) and they may be simultaneously
altered by deletion and other changes. A significant correla-
tion was observed between ERCCI1 and XRCC1 expression in
bladder tumors (Table IT). Weakened expression of both ERCC1
and XRCCI1 may affect the NER and BER pathways and,

therefore, affect the aggressiveness of the tumor or reduce the
responce to CRT. Liang et al (23) reported that polymorphisms
of ERCCI and XRCClI, in combination but not individually,
were independent predictors for clinical responce to oxaliplatin-
based chemotherapy in metastatic colorectal cancer.

Previous studies have demonstrated significant associa-
tions between ERCC1 expression and the prognosis of lung,
upper gastrointestinal and head and neck cancer patients
who received platinum-based chemotherapy, with or without
radiotherapy (8,9,15). Olaussen et al (9) demonstrated that
patients with completely resected non-small cell lung cancer
(NSCLC) and ERCCl-negative tumors, appear to benefit from
adjuvant cisplatin-based chemotherapy. The authors suggested
that ERCCI1 is the limiting factor in the NER pathway, which
removes platinum-DNA adducts and contributes to cisplatin
resistance. Although these results appear to contradict our
findings, the authors also reported that, among patients who
did not receive adjuvant chemotherapy, those with ERCCI-
positive tumors survived longer compared to those with
ERCCIl-negative tumors.

A previous study by Bamias ef al (24) reported findings
similar to those of the present study, suggesting that patients
with radically resected ERCCl1-positive gastric cancer who
received adjuvant platinum/docetaxel chemotherapy, with or
without radiation therapy, exhibited significantly higher overall
and disease-free survival rates compared to ERCCl1-negative
patients. The authors hypothesized that the prognostic role
of ERCCI expression was more significant compared to its



predictive value. In addition, Simon et al (25) reported that
patients with resected NSCLC with high ERCCI1 expression
exhibited better survival compared to those with low ERCC1
expression. The majority of our patients were treated with
combined trimodality therapy, including surgery, potentially
affecting our finding that positive ERCCI or XRCCI expres-
sion was associated with longer survival, since recent evidence
suggested that intraoperative tumor manipulation results
in detachment of tumor cells that may lead to metastases,
particularly tumor cells of high malignant potential (26,27).
Additionally, the postoperative phase is characterized by tran-
sient changes in the immune system, hampering the antitumor
response and rendering the host more susceptible to metastasis.

De Castro et al (28) also demonstrated that the prognostic
value of ERCCI1 may be dependent on the treatment modality.
In surgically treated head and neck squamous cell carcinoma
patients, a high expression of ERCC1 was associated with
better prognosis, whereas the opposite effect was observed in
patients treated with (chemo)radiation, with or without prior
induction chemotherapy. The underlying mechanism may
be related to the dual nature of ERCCI, favoring reduced
mutagenesis and associated with less aggressive tumors, or
counteracting cisplatin-induced cell death (29).

Previous studies investigated ERCC1 expression in
bladder cancer treated with (chemo)radiation therapy (30-33).
Bellmunt et al (30) demonstrated that survival was significantly
higher in individuals with low ERCC1 mRNA levels among
57 patients with advanced and metastatic bladder cancer treated
with cisplatin-based chemotherapy. Matsumura et al (31)
reported no significant differences in survival between
high- and low-ERCC1 expression in 40 metastatic bladder
cancer patients treated with gemcitabine-cisplatin-based
combination chemotherapy. Hoffmann et al (32) indicated that
high-ERCC1 mRNA expression was associated with inferior
outcomes following cisplatin-based adjuvant chemotherapy
in 108 patients with locally advanced bladder cancer. Those
results are not in concordance with our findings. However,
the patients in those studies were not treated with combined
trimodality therapy and the sample sizes were relatively small.
Kawashima et al (33) demonstrated that resistance to irradia-
tion, but not to cisplatin, was eliminated by suppressing ERCC1
using siRNA in CI8-2 and CDDP10-3 cells. The authors also
indicated that negative IHC nuclear staining for ERCC1 corre-
lated with efficacy of CRT using cisplatin in 22 patients with
muscle-invasive bladder cancer. However, they did not inves-
tigate the association of ERCCI expression with survival in
patients with muscle-invasive bladder cancer treated with CRT.

Sak et al (10) reported that a high expression of APE1 or
XRCCI1 was associated with improved cancer-specific survival
following radical radiotherapy in bladder cancer. The authors
suggested that a reduced expression of XRCC1 and APEI
reflects the poorly differentiated nature of tumor cells in more
aggressive tumors and that cells from aggressive tumors with
extensive genomic instability may harbor chromosomal aber-
rations that result in failure of gene transcription, including
DNA repair genes, resulting in lower protein expression of
the gene products. Further investigation of the relationship
between ERCC1 and XRCCI expression and outcomes in
bladder cancer patients treated by other modalities, such as
cystectomy, is required to determine whether the expression of
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these proteins is a general prognostic factor reflecting tumor
aggressiveness or a predictive factor specific to CRT (10). We
observed no significant correlation between ERCC1 or XRCC1
expression and tumor grade, since the majority of the patients
included in this study had high-grade disease. ERCCI1 and
XRCCI1 expression may be a surrogate marker for stratification
within the poorly differentiated group of bladder tumors. The
conflicting results underline the complexity of DNA repair
pathways, with cross-functionality existing between pathways
that may exhibit variations in regulation and activation among
different tissues or resulting from different drugs, radiation
and their combinations (34,35).

In conclusion, the combined pattern of ERCC1 and XRCC1
expression was independently associated with disease-specific
mortality in patients with locally advanced bladder cancer
treated with combined trimodality therapy. Our results
suggested that ERCC1 and XRCCI expression may predict
disease-specific survival in bladder cancer patients treated
with combined trimodality therapy. However, our results are
limited by the small sample size and allow only preliminary
conclusions. Prospective studies including a larger sample
size are required to confirm the predictive significance of the
expression of these DNA repair proteins.
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