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Abstract. A non-invasive marker is required for the diagnosis 
and follow-up of patients with bladder cancer. The aim of 
the current study was to evaluate the potential prognostic 
significance of serum osteoprotegerin (OPG), p53 protein 
and urine telomerase in patients with bladder cancer. For all 
patients, serum levels of OPG and p53 protein were deter-
mined using enzyme-linked immunosorbent assay (ELISA), 
and urine telomerase was assessed using a polymerase 
chain reaction ELISA technique. Patients were assigned into 
group 1 (cystectomy and adjuvant radiotherapy) or group 2 
(transurethral resection and chemoradiotherapy). The results 
revealed that serum OPG and p53, and urine telomerase levels 
were significantly higher in bladder cancer patients compared 
with in healthy individuals (P<0.0001). High serum OPG 
was associated with significantly lower overall survival and 
disease-free survival rates (both P=0.001), and was correlated 
with advanced tumor stages (P<0.0001), high tumor grades 
(P<0.0001) and the occurrence of disease relapse (P=0.001). 
Serum p53 and urine telomerase did not demonstrate prog-
nostic significance. These findings indicate that serum OPG 
level may be used as a diagnostic tool and a prognostic variable 
for patients with muscle invasive bladder cancer. Future trials 
are required to elucidate its therapeutic role in such patients.

Introduction

Bilharziasis (schistosomiasis) has been endemic in Egypt, 
with the intensity of infection correlated to the develop-
ment of bladder cancer (1). Bladder cancer constitutes 
30% of all cases of cancer attended at the National Cancer 

Institute in Egypt (2), with an overall incidence rate of 
13.5/100,000 individuals in Egypt (3). The overall prevalence 
of Schistosoma haematobium (SH) infection in Egypt was 
37-48% in the mid-20th century, however, this decreased to 
3% by 2002 following the implementation of an antibilharzial 
campaign (4). In infected patients, the ova deposited in the 
bladder induces an inflammatory reaction, with the produc-
tion of oxygen-derived free radicals. Subsequently, this may 
result in the production of carcinogenic compounds, including 
N-nitrosamines and polycyclic aromatic hydrocarbons, 
leading to malignant transformation (5,6). The International 
Agency for Research on Cancer found that the severity of 
infection was determined by the urinary egg count and was 
aggravated by smoking (7). Furthermore, a clear association 
between bladder cancer and SH infection was identified, with 
an odds ratio of between 2 and 14 (7). Hematuria, dysuria 
and necroturia are the main symptoms of infection, which 
occur as a result of due schistosomal cystitis (8). The median 
age of patients with schistosoma-associated bladder cancer is 
lower than patients with schistosoma non-associated bladder 
cancer. Additionally, schistosomal bladder cancer patients 
generally present at a later stage of disease, and represent 
a higher percentage of squamous cell carcinoma (SCC) 
cases than non-schistosomal bladder cancer patients (9). 
The majority of tumors associated with bilharziasis are 
bulky, appear fungating or ulcerative (10), and present at an 
advanced stage (11), due to the overlap of symptoms of early 
bilharzial cystitis with those of early malignant cystitis (12). 
In a report from the Urology and Nephrology center of 
Mansoura (13), SCC accounted for 59% of 1026 cystectomy 
specimens in a bilharzial series. This high frequency may 
be related to squamous metaplasia and dysplasia, which are 
common in chronic bilharzial cystitis (12).

Bladder cancer possesses diverse biological characteristics 
resulting from various molecular alterations that lead to uncon-
trolled cell proliferation and metastasis; such characteristics 
affect the patient's prognosis (14). Patients with non-invasive 
bladder cancer must be closely monitored following the termi-
nation of treatment. At present, this follow-up is conducted 
by means of cystoscopy (an invasive procedure) and urine 
cytology every 3 months during the first two years, every 
6 months during third and fourth years, and every 12 months 
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thereafter, unless local recurrence is detected (15). A 
non-invasive marker is, therefore, required for the follow-up 
and diagnosis of bladder cancer in order to increase early 
detection, to decrease costs and to reduce rates of morbidity 
and mortality (16). Osteoprotegerin (OPG), a cytokine of 
the tumor necrosis factor (TNF) receptor super-family that 
is responsible for inhibiting osteoclastogenesis (17,18), may 
have clinical value as a prognostic marker for patients with 
bladder carcinoma (19).

Destruction of tumor cells by the immune system is 
prevented by the development of resistance to TNF-related 
apoptosis-inducing ligand (TRAIL)-induced toxicity 
through expression of functional receptors or overexpression 
of decoy receptors on tumor cell membranes (20). OPG, a 
soluble decoy receptor for TRAIL, protects tumor cells from 
TRAIL-mediated apoptosis through binding to TRAIL and 
inhibiting its activity. As a result, OPG may contribute to 
tumor progression (19).

The tumor suppressor p53 is crucial in the regulation of 
cell cycle progression and apoptosis under genotoxic condi-
tions (21). In human cancers, p53 mutations are the most 
frequent genetic defect (22). Mutations in the p53 protein often 
result in a prolonged half-life of the protein compared with 
wild-type p53, leading to its accumulation in cell nuclei, which 
may then be detected by immunohistochemistry (23).

Telomeres are regions located at the end of human 
chromosomes that function to stabilize and protect chro-
mosomes (24,25). The ends of the telomeres shorten with 
successive cell cycles until a critical length is reached, after 
which cell division results in their breakdown (26). The 
ribonucleoprotein enzyme telomerase is responsible for main-
taining the length of telomeres by adding telomere repeats. 
This enzyme is inactivated in normal human epithelial tissue; 
however, it is reactivated in neoplasia (27). The enzymatic 
activity of telomerase may be measured using a telomeric 
repeat amplification protocol (TRAP) assay (24).

The aim of the current study was to evaluate the role of 
pretreatment serum OPG and p53 levels and urine telomerase 
levels as prognostic factors in patients with muscle-invasive 
bladder cancer.

Materials and methods

Patients. The current prospective study was conducted in the 
Departments of Radiotherapy and Clinical Pathology of the 
South Egypt Cancer Institute, Assiut University (Assiut, Egypt), 
in the period between June 1st, 2007, and June 1st, 2014. A 
total of 2,100 patients with non-metastatic muscle-invasive 
bladder cancer [clinical tumor-node-metastasis (TNM) stage 
T2-4, N0, M0] were selected. However, due to limited funding, 
only 65 of these patients and 15 healthy individuals were 
included. The study protocol was approved by the local insti-
tutional review board of South Egypt Cancer Institute (study 
ID no. IORG0006563; approval no. 190), Assiut University. 
Written informed consent was obtained from all patients.

For each patient, details of medical history were docu-
mented. In addition, all patients were subjected to physical 
examination, routine laboratory investigations, abdominopelvic 
computed tomography (CT) scans with contrast, chest X-ray 
and, if indicated, bone scans. A histopathological diagnosis 

of the bladder mass was determined through cystoscopy and 
biopsy. Schistosomiasis was diagnosed via cystoscopy based 
on the presence of schistosoma eggs and peri-oval granulomas 
in histopathological specimens. According to World Health 
Organization System for tumor grading (2004) (28) and a 
previous Malaysian study (29), patients were subdivided into 
non-bilharzial low-grade (n=19), bilharzial low-grade (n=11), 
non-bilharzial high-grade (n=17) and bilharzial high-grade 
(n=18) bladder cancer groups.

Laboratory assays. Samples from all patients and healthy 
individuals underwent laboratory assays as follows. Serum 
was isolated from blood samples and subjected to OPG 
and p53 detection by enzyme-linked immunosorbent assay 
(ELISA) using a Human Osteoprotegerin (OPG) ELISA kit 
(TNFRSF 11B; RayBiotech, Inc., Norcross, GA, USA) and p53 
ELISA kit (p53 Instant One™ ELISA; eBioscience, Inc., San 
Diego, CA, USA) respectively. An EVOLIS System (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA) was used to measure 
absorbance at 450 nm.

Urine samples obtained from patients and healthy 
individuals were subjected to telomerase activity measure-
ment using a polymerase chain reaction (PCR)-ELISA 
technique with a thermal cycler PTC-100 Thermal Cycler 

Table I. Characteristics of bladder cancer patients (n=65).
 
Variable Value
 
Gender, n (%)
  Female 10 (15.4)
  Male 55 (84.6)
Tumor stage, n (%)
  T2 22 (33.9)
  T3 35 (53.8)
  T4   8 (12.3)
Pathological type, n (%)
  Transitional cell carcinoma 49 (75.4)
  Squamous cell carcinoma 16 (24.6)
Bilharzial status and grade, n (%)
  NB-LG 19 (29.2)
  B-LG 11 (16.9)
  NB-HG 17 (26.2)
  B-HG  18 (27.7)
Laboratory tumor markers (mean ± SD)
  OPG (pg/ml) 211.5±80.8
  p53 (µg/ml)   27.3±11.6
  Telomerase (µg protein/assay)  13.9±6.2
Treatment modality, n (%)
  Total cystectomy and postoperative RT 46 (70.8)
  Trimodal therapy (TUR+chemoradiation) 19 (29.2)
 
NB-LG, non-bilharzial low grade; B-LG, bilharzial low grade; 
NB-HG, non-bilharzial high grade: B-HG, bilharzial high grade; SD, 
standard deviation; OPG, osteoprotegerin; RT, radiotherapy; TUR, 
transurethral resection.
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(Bio-Rad Laboratories, Inc.) and EVOLIS system (Bio-Rad 
Laboratories, Inc.). A TRAP kit (TeloTAGGG Telomerase 
PCR ELISAPLUS; #12013789001) was purchased from 
Roche Diagnostics GmbH (Mannheim, Germany) and used 
according to manufacturer's instructions. Telomeric repeats 
(TTAGGG) were added to the 3' end of a biotin-labelled 
synthetic P1-TS primer. These elongation products, as well 
as the internal standard (IS) in the same reaction vessel to 
avoid false negative results, were amplified by PCR using 
the primers P1-TS and P2. The Telo TAGGG Telomerase 

PCR ELISAPLUS kit contained an IS that produces a 216-bp 
PCR product, long enough not to interfere with making 
telomerase ladder visible (30,31). The primer sequences were 
as follows: P1-TS, anchored complementary telomerase, 
5'-GCG CGG [CTAACC]3-3'; P2, 5'-AAT CCG TCG AGC AGA 
GTT AG [GGTTAG]4–7-3' (where subscript numbers represent 
maximum telomeric repeats). Sample, negative control (NC) 
and control template (CT) were added to separate tubes at 
a volume of 1 µl. For each, 25 µl reaction mixture and 5 µl 
IS were added. The applied PCR protocol was one cycle for 

Table III. Univariate analysis of prognostic factors affecting OAS and DFS rates.

 3-year OAS 3-year DFS
 ------------------------------------------------------------- --------------------------------------------------------------
Variable Rate, % P-value Rate, % P-value

Age, years  0.280  0.180
  <60 66.6  66.6 
  ≥60 52.7  50.9 
Gender  0.240  0.210
  Female 78.8  78.8 
  Male 56.0  54.4 
Bilharzial status and grade  0.032  0.015
  NB-LG 84.2  84.2 
  B-LG 68.2  68.2 
  NB-HG 52.9  52.9 
  B-HG 42.9  28.6 
Tumor stage  <0.001  <0.001
  T2 95.5  95.5 
  T3 53.8  50.1 
  T4 25.0a  25.0a 
Pathological type  0.190  0.260
  Transitional cell carcinoma 65.7  61.1 
  Squamous cell carcinoma 48.6  48.6 
Treatment modality  0.720  0.890
  RC and postoperative RT 60.9  59.3 
  TUR and CRT 54.0  54.0 

a2-year survival rate. OAS, overall survival; DFS, disease-free survival; NB-LG, non-bilharzial low grade; B-LG, bilharzial low grade; 
NB-HG, non-bilharzial high grade; B-HG, bilharzial high grade; RC, radical cystectomy; RT, radiotherapy; TUR, transuretheral resection; 
CRT, chemoradiotherapy. 
 

Table II. Laboratory biomarkers in cancer patients and healthy individuals.
 
 Level, mean ± standard deviation
 -------------------------------------------------------------------------------------------------------------------------------- 
Variable Healthy individuals (n=15) Bladder cancer patients (n=65) P-value
 
Serum OPG (pg/ml) 62.3±15.7 214.9±80.4 <0.0001
Serum p53 (µg/ml) 11.4±1.9 27.3±11.5 <0.0001
Urine telomerase (µg protein/assay) 3.4±0.6 13.9±6.1 <0.0001
 
OPG, osteoprotegerin.
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primer elongation (10‑30 min at 25˚C) followed by one cycle 
of telomerase inactivation (5 min at 94˚C). The subsequent 
amplification scheme was 30 cycles of denaturation for 
30 sec at 94˚C, annealing for 30 sec at 50˚C, and polymeriza-
tion for 90 sec at 72˚C. Finally, an additional extension was 
performed for 10 min at 72˚C. The denatured and hybridized 
products were added to streptavidin-coated plates (Roche 
Diagnostics GmbH). The immobilized amplicons were 
detected using horseradish peroxidase (HRP)-conjugated 
anti-digoxigenin (DIG) antibody with DIG-labelled detection 
probes from the Telo TAGGG Telomerase PCR ELISAPLUS 
kit (P3 T and P3 IS for the sample and internal standard, 
respectively; Roche Diagnostics GmbH) for 1 h at 37˚C, 
which were complementary to the telomeric repeat sequence. 
Sheep polyclonal antibody conjugated to HRP was used for 
1 h at 37˚C to prepare conjugate (working) solution (dilu-
tion, 1:20). Following preparation, anti-DIG-HRP conjugate 
working solution (10 mU/ml) was added for 30 min at room 
temperature, followed by washing five times with washing 
buffer (250 µl). Tetramethylbenzidine substrate was added 
then 100 µl stopping solution (Roche Diagnostics GmbH) 
was added. Absorbance was measured at 450 nm and rela-
tive telomerase activity (RTA) was determined using the 
following formula: 

 (AS - AS,0) / AS,IS

 RTA = ------------------------------------------------------------
 (ATS8 - ATS8,0) / ATS8,IS

where AS was the absorbance of the sample, AS,0 was the 
absorbance of the RNase-treated sample, AS,IS was the absor-
bance of the IS of the sample, ATS8 was the absorbance of 
the control template (TS8), ATS8,0 was the absorbance of the 
lysis buffer, and ATS8,IS was the absorbance of the IS of the 
control template.

Table IV. Cox regression stepwise OAS and DFS analyses 
according to laboratory markers.

Variable  OAS rate DFS rate

OPG P=0.001; HR, 1.01;  P=0.001; HR, 1.01;
 95% CI, 1-1.01 95% CI, 1-1.01
p53 P=0.97 P=0.82
Telomerase P=0.61 P=0.72

OAS, overall survival; DFS, disease free survival; OPG, osteoproto-
gerin; HR, hazard ratio; CI, confidence interval.
 

Table V. Disease relapse.

Disease relapse n %

Local recurrence   4   6.2
Distant metastases   7 10.8
Mixed relapse    1   1.5
Total  12 18.5

Figure 4. DFS according to disease stage. DFS, disease-free survival; T, 
tumor stage; FU, follow-up.

Figure 2. DFS according to histologic grade and bilharzial status. DFS, 
disease-free survival; NB-LG, non-bilharzial low grade; B-LG, bilharzial 
low grade; NB-HG, non-bilharzial high grade; B-HG, bilharzial high grade; 
FU, follow-up.

Figure 3. OAS according to disease stage. OAS, overall survival; T, tumor 
stage; FU, follow-up.

Figure 1. OAS according to histological grade and bilharzial status. OAS, 
overall survival; NB-LG, non-bilharzial low grade; B-LG, bilharzial low 
grade; NB-HG, non-bilharzial high grade; B-HG, bilharzial high grade; 
FU, follow-up.
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Radiotherapy. Patients were non-randomly assigned into 
one of two groups. Group 1 included patients who under-
went radical cystectomy (anterior pelvic exenteration in 
female patients) and postoperative radiotherapy using 
2-dimensional planning and a 3-field technique, with a 
radiation dose of 50 Gy/25 fractions over 5 weeks using 
15 MV photons. Group 2 included patients who underwent 
trimodal therapy [complete transurethral resection (TUR), 
and concurrent chemo-radiotherapy]. Radiotherapy was 
initiated 4-6 weeks after TUR using 3-dimensional plan-
ning in two phases. In phase I, the clinical target volume 
(CTV) included the urinary bladder, proximal urethra 
(and prostate in male patients) and regional lymph nodes 
(hypogastric, external iliac and obturator nodes). The plan-
ning target volume (PTV), including the CTV plus a 1 cm 
margin, was treated with total dose of 46 Gy in 23 frac-
tions, with 5 fractions administered per week. In phase II, 
the PTV included the whole bladder plus 2 cm margins, and 
received an additional total dose of 20 Gy in 10 fractions 
with 15 MV photons.

Chemotherapy. Gemcitabine was administered at 30 mg/m2 
by a 30-min intravenous infusion prior to radiation therapy 
sessions twice weekly. Follow-up examinations were 
performed routinely every 3 months following treatment. 
Abdominopelvic CT scans, chest radiography and, for 
group 2 patients, cystoscopy were performed annually.

Statistical methods. The study cut-off point was June 1st, 2014. 
Overall survival (OAS) and disease-free survival (DFS) rates 
were estimated by the Kaplan-Meier method using the GraphPad 
Prism program (version 5; GraphPad Software, Inc., La Jolla, 
CA, USA). The log-rank test was used to examine differences 
in OAS and DFS rates. Comparison of mean values of OPG in 
different groups was conducted using a one-way analysis of vari-
ance. P<0.05 was considered to indicate statistical significance.

Results

Study subjects. A total of 65 patients were recruited into the 
study. Patient characteristics are listed in Table I. The median 
age of the patients was 60 years. The majority of patients 
were male [55 patients; 84.6%; male to female ratio, 5.5:1) and 
presented with T3 disease stage (35 patients; 54%), transitional 
cell carcinoma pathological type (49 patients; 75.5%), and 
high-grade disease (35 patients; 54%). A positive history of 
bilharziasis was documented in 29 patients (44.5%).

Radical cystectomy followed by adjuvant radiotherapy 
was conducted in the vast majority of patients (71%), while 
trimodal therapy was conducted in the remaining 29%. The 
median follow-up time from the date of enrollment was 
30 months, and ranged from 3 to 60 months.

Biomarker levels. Laboratory biomarkers were assessed in 
cancer patients and healthy individuals (Table II). The mean 

Table VI. Association between serum OPG level and different prognostic variables. 

Variable OPG, pg/ml; mean ± SD P-value

Bilharzial status and grade  <0.0001
  NB-LG 128.4±25.3 
  B-LG 163.2±17.6 
  NB-HG 244.1±20.9 
  B-HG 310.3±49.9 
Tumor stage  <0.0001
  T2 157.1±48.6 
  T3 231.4±77.1 
  T4 301.8±50.9 
Histopathological type  0.37
  Transitional cell carcinoma 220.1±83.1 
  Squamous cell carcinoma 199.1±71.5 
Age, years  0.092
  <60 196.2±84.8 
  ≥60 230.0±74.4 
Gender  0.72
  Female 206.5±67.7 
  Male 216.5±82.9 
Disease relapse  0.001
  Relapse 285.0±60.8 
  No relapse 199.1±76.1 

OPG, osteoprotegerin; SD, standard deviation; NB-LG, non-bilharzial low-grade; B-LG, bilharzial low-grade; NB-HG, non-bilharzial 
high-grade; B-HG, bilharzial high-grade.
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values of serum OPG, serum p53 and urine telomerase were 
significantly higher in bladder cancer patients than in healthy 
individuals (P<0.0001).

Survival rates. After a median follow-up period of 30 months, 
the 3-year OAS and DFS rates were 59 and 58%, respec-
tively. There were no significant differences between OAS 
and DFS rates according to age, gender, pathological type, 
treatment modality, serum p53 level or urine telomerase 
level (Tables III and IV). However, significant differences in 
3-year OAS and DFS rates were associated with T stage (both 
P<0.0001), histological grade and bilharzial status (OAS, 
P=0.032; DFS, 0.015), and serum OPG level (both P=0.001).

As indicated in Table V, only 4 patients (6%) developed 
local recurrence, 7 patients (11%) developed distant metastases 
(4 in the bones, 2 in the lungs and 1 in the bones and liver) and 
1 patient (1.5%) developed mixed local and distant (bones and 
lungs) metastases.

Association between serum OPG level and prognostic vari-
ables. As shown in Table VI, high serum OPG levels were 
associated with advanced T stage (P<0.0001), high histological 
grade (P<0.0001) and occurrence of disease relapse (P=0.001). 
Figs. 1-4 show OAS and DFS rates according to histological 
grade and disease stage.

Discussion

Identification of biomarkers for bladder cancer may improve 
the screening and diagnosis for this disease, and aid in deter-
mining its prognosis. Ideal biomarkers would be those that 
may be detected non-invasively and rapidly, that are easy to 
obtain, use and interpret, are inexpensive and have high accu-
racy (32,33). A large number of molecular markers that have 
potential prognostic value have been determined in previous 
studies of molecular biology and genetics (19,23,34-38), and 
include serum OPG, serum p53 and urine telomerase.

In the present study, levels of serum OPG and p53 protein, 
and urine telomerase were identified to be significantly higher 
(P<0.0001) in patients with bladder carcinoma than in healthy 
individuals. This is in agreement with the findings of a previous 
study by Mizutani et al (19), in which it was reported that 
the mean serum OPG concentration in patients with bladder 
carcinoma was ~3 times greater than the mean concentration 
in healthy volunteers. Shimada et al (39) reported that surveil-
lance of serum p53 antibodies may be useful in detecting 
various types of malignant tumors, including bladder cancer. 
Telomerase is activated in cancer cells, but not in normal 
somatic cells; therefore, its detection may be used as a diag-
nostic marker for cancer (40). Patients with urothelial tumors 
of all grades exhibit telomerase activity in voided urine (41).

With a median follow-up of 30 months, the 3-year OAS 
and DFS rates were 59 and 58%, respectively, in the present 
study. Survival rates in the current study are comparable to 
those reported in previous studies (42,43). The postoperative 
radiotherapy (in cystectomy group) and the trimodal therapy 
(i.e. TUR, and chemoradiation, in bladder preservation group) 
resulted in a relatively low relapse rate in the present study 
(18.5%). Zaghloul et al (44) demonstrated that adjuvant radia-
tion therapy improve local control rate, and that the therapeutic 

benefit of postoperative irradiation was consistent for all tumor 
types, histological grades and pathological stages in terms of 
DFS and local control.

Among the investigated variables in the current study, only 
T stage, bilharzial status and histological grade, and serum 
OPG biomarker level significantly influenced the rates of 
OAS (P<0.0001, P=0.032 and P=0.001, respectively) and DFS 
(P<0.0001, P=0.015 and P=0.001, respectively). Numerous 
studies have previously analyzed prognostic factors in patients 
with bladder cancer treated by radical cystectomy, and patho-
logical stage is considered to be the most important prognostic 
factor in such patients (45-51).

In contrast to OPG in the present study, serum p53 and 
urine telomerase were not significantly associated with 
survival rates. Regarding p53 status as a prognostic factor in 
muscle-invasive bladder cancer, results are contradictory (23). 
Schmitz-Dräger et al (52) conducted a meta-analysis of all 
published research on the association between p53 positivity 
and the prognosis of patients with bladder cancer. In the 
majority of trials (5 of 7) of muscle-invasive bladder cancer, 
p53 was not regarded as an independent prognostic marker of 
disease progression. The findings of the present study are in 
agreement with the results of this meta-analysis. It was also 
stated that, although urinary telomerase could be a poten-
tially useful urinary tumor marker, its use for diagnosis in 
symptomatic patients or its impact during surveillance is still 
unknown (40). Furthermore, normalization and standardiza-
tion of the assays used to evaluate this is required before they 
may become valuable in clinical practice (40).

In previous studies investigating the use of serum OPG level 
as a prognostic marker, elevated levels were reported to be associ-
ated with poor prognosis (19,53‑55). The 5‑year disease‑specific 
survival rate of patients with muscle-invasive bladder carcinoma 
was determined to be greater for those with low serum OPG 
levels compared with those exhibiting high serum OPG levels. 
Such findings indicate that OPG concentration may be a signifi-
cant prognostic factor in patients with this disease, with low 
serum OPG levels indicating a favorable prognosis.

In the current study, serum OPG levels in patients with bladder 
carcinoma were analyzed according to patient's age and gender, 
disease stage, tumor grade, pathological type and occurrence of 
disease relapse. High serum OPG was identified to be associ-
ated with advanced T stage, high histological grade (P<0.0001) 
and the presence of relapse (P=0.001). This is in agreement with 
studies by Mizutani et al (19) and Holen and Shipman (56), who 
reported high serum OPG was associated with advanced disease 
stage, high grade and low 5‑year disease‑specific survival rate. 
One limitation of the present study is that the analysis was 
restricted as patient selection for treatment in the two treatment 
groups was not randomized.

Despite the advent of effective chemotherapy and modern 
radiation therapy techniques, treatment outcome of bladder 
cancer is unsatisfactory as local recurrence and distant metas-
tases are major problems. Therefore, treatment protocols 
inhibiting OPG production may increase TRAIL-mediated 
toxicity of malignant cells and thus may improve treatment 
results (19). This necessitates future trials in larger patient 
populations with longer follow-up, to clarify the prognostic 
role of OPG in cancers of different stages, pathological types 
and grades.
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