
Abstract. Aim: The aim of this study was to develop a risk
scoring system specific to patients with bone metastasis of
genitourinary cancer. Materials and Methods: This study
included 180 patients with bone metastasis of three major
types of genitourinary cancer: prostate cancer (n=111), renal
cell carcinoma (n=43,), and urothelial carcinoma (n=26).
Clinical factors at diagnosis of bone metastasis were
evaluated to identify independent prognostic factors. Results:
Multivariate analysis showed that type of primary cancer,
poor performance status, the presence of visceral metastases,
high Glasgow prognostic score and elevated neutrophil-to-
lymphocyte ratio were independently predictive of poor
prognosis. Patients were able to be classified by the
prognostic risk score into four prognostic groups with low,
intermediate, high, and very high risk. Conclusion: This risk
scoring system could be useful for predicting survival of
patients with bone metastasis of genitourinary cancer and in
making decisions on appropriate treatments for them.

The bones are a major metastatic site of genitourinary cancer,
especially in prostate cancer (PCa), with 84.4-91.1% of
patients with metastatic PCa having bone metastases (1-2).
Similarly, rates of bone metastases in patients with metastatic
renal cell carcinoma (RCC) and urothelial carcinoma (UC) of
the bladder have been reported to be 29.5% (3) and 15.8-
24.7% (4, 5), respectively. Although radiotherapy is the main
treatment of choice for patients with bone metastasis, surgical

intervention is an alternative option in selected patients.
Palliative radiotherapy is effective for relieving pain and
improving quality of life. Recommended dosing schedules
include a single 8 Gy dose, 20 Gy in five fractions, 24 Gy in
six fractions and 30 Gy in 10 fractions (6). Re-irradiation rates
have been reported to be higher in patients receiving a single
8 Gy dose than in those receiving 20 Gy in five fractions (7),
suggesting that a longer course of radiotherapy may be
beneficial for patients with longer expected survival. 

Surgical intervention is indicated for patients with intense
bone pain, pathological fracture, and neurological symptoms
making them unsuitable for radiotherapy as well as in
patients who develop metastatic spinal cord compression.
Moreover, aggressive surgery, such as resection of metastatic
lesions, has been recommended for patients with longer
expected survival. Accurately predicting the prognosis of
patients with bone metastasis is therefore essential for
determining appropriate treatment.

Several prognostic risk scoring systems for patients with
bone metastasis have been developed. These include
prognostic scoring systems for patients undergoing surgery (8-
10) or radiotherapy (11) for bone metastasis. However,
because these studies may have actually excluded patients
who underwent radiotherapy or surgery, they may have
introduced selection biases. A more recently developed scoring
system was based on an analysis of patients with newly
developed bone metastasis, regardless of treatment (12).

Another drawback of these earlier scoring systems was
that these studies included a relatively small proportion of
patients with genitourinary cancer, ranging from 11-30% (8-
12). To our knowledge, no prognostic scoring system for
patients with genitourinary cancer has yet been developed.
In order to develop a more accurate and clinically fitted
prognostic scoring system specific to genitourinary cancer
with bone metastasis, this retrospective analysis evaluated
prognostic risk factors in a cohort of these patients.
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Materials and Methods
Collection of data of patients with bone metastasis. The protocol of
this retrospective study was approved by the Institutional Review
Board of Nara Medical University, which waived the requirement
for informed consent because of the retrospective nature of this

study (reference no. 1594). Clinical data were collected on 180
patients with PCa, RCC, and UC with bone metastasis, diagnosed
at our Institution between January 2007 and December 2016. Of
these 180 patients, 111 (62%) had PCa, 43 (24%) had RCC, and 26
(14%) had UC, including 13 (7%) with bladder cancer and 13 (7%)
with upper tract UC. Clinical characteristics obtained from medical
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Table I. Patient characteristics of 180 patients with bone metastasis from genitourinary cancer.

Variable                                                                             Value                                                    Primary cancer                                                  p-Value

                                                                                                                                PCa                         RCC                             UC                              

Total                                                                              180 (100%)                  111 (62%)               43 (24%)                     26 (14%)                      -
Age at bone metastasis, years
   Mean±SD                                                                     69.5±9.9                       71.5±8.2                65.6±12.1                    65.8±9.9                   <0.001
Gender, n (%)
   Male                                                                          168 (93%)                    111 (100%)             36 (84%)                     21 (81%)                      0.93†
   Female                                                                        12 (6.8%)                       0 (0%)                    7 (16%)                       5 (19%)                        
ECOG-PS, n (%)
   0 or 1                                                                        132 (73%)                      91 (82%)               27 (63%)                     14 (54%)                      0.66†
   2                                                                                  32 (18%)                      14 (8%)                 10 (23%)                       8 (31%)                        
   3 or 4                                                                           16 (9%)                          6 (3%)                    6 (14%)                       4 (15%)                        
Visceral metastases, n (%)
   No                                                                              119 (66%)                      95 (86%)               16 (37%)                       8 (31%)                   <0.001†
   Yes                                                                               61 (34%)                      16 (14%)               27 (63%)                     18 (69%)                        
Multiple bone metastases, n (%)
   No                                                                               31 (17%)                      15 (14%)                 8 (19%)                       8 (31%)                      0.73†
   Yes                                                                             149 (83%)                      96 (86%)               35 (81%)                     18 (69%)                        
Extra-spinal bone metastases, n (%)
   No                                                                               26 (14%)                      10 (9%)                    7 (16%)                       9 (35%)                      0.8†
   Yes                                                                             154 (86%)                    101 (91%)               36 (84%)                     17 (65%)                        
GPS, n (%)
   0                                                                                 118 (66%)                      82 (74%)               25 (58%)                     11 (42%)                      0.78†
   1                                                                                  45 (25%)                      26 (23%)                 9 (21%)                     10 (38%)                        
   2                                                                                  17 (9%)                          3 (3%)                    9 (21%)                       5 (19%)                        
Baseline Hb, ng/dl
   Mean±SD                                                                    12.4±2.0                       13.0±1.8                 11.9±2.2                      11.0±1.6                   <0.001‡
Baseline ALP, U/l
   Mean±SD                                                                  491.7±530.7                 572.7±172.9          342.0±174.0                395.0±364.3                  0.032‡
Baseline Ca, mg/dl
   Mean±SD                                                                       9.4±0.86                       9.26±0.75              9.63±1.06                    9.59±0.89                  0.025‡
Baseline NLR
   Mean±SD                                                                       3.7±4.2                         3.1±2.3                  4.0±2.1                        5.8±8.7                      0.007‡
NLR, n (%)
   Normal                                                                        92 (51%)                      63 (57%)               20 (47%)                       9 (35%)                      0.067†
   Elevated                                                                      88 (49%)                      48 (43%)               23 (53%)                     17 (65%)                        
BMA, n (%)
   No                                                                               18 (10%)                        4 (4%)                    8 (19%)                       6 (23%)                      0.93†
   Yes                                                                            162 (90%)                    107 (96%)               35 (81%)                     20 (77%)                        
RT for bone metastases, n (%)
   No                                                                             123 (68%)                      93 (84%)               16 (37%)                     14 (54%)                      0.61†
   Yes                                                                              57 (32%)                      18 (16%)               27 (63%)                     12 (46%)                        
Surgery for bone metastases, n (%)
   No                                                                             159 (88%)                    105 (94%)               28 (65%)                     26 (100%)                    0.08†
   Yes                                                                              21 (12%)                        6 (6%)                 15 (35%)                       0 (0%)                          

PCa, Prostate cancer; RCC, renal cell carcinoma; UC, urothelial carcinoma; ECOG-PS, Eastern Cooperative Oncology Group Performance Status;
GPS, Glasgow Prognostic Score; Hb, hemoglobin; ALP, alkaline phosphatase; Ca, calcium; NLR, neutrophil-to-lymphocyte ratio; BMA, bone-
modifying agent; RT: radiotherapy. †Kruskal–Wallis test; ‡two-way ANOVA.



records included patient age at diagnosis of bone metastasis; sex;
Eastern Cooperative Oncology Group Performance Status (ECOG-
PS); the presence of visceral metastases; multiplicity of bone
metastasis sites; the presence of extraspinal bone metastases;
baseline serum hemoglobin (Hb) level; serum alkaline phosphatase
(ALP) and serum calcium (Ca) concentrations; Glasgow prognostic
score (GPS); neutrophil-to-lymphocyte ratio (NLR); treatment for
bone metastasis; and cancer-specific survival (CSS). Types of
treatment, including surgical intervention, radiotherapy or use of
bone-modifying agents (BMA: zoledronic acid or denosumab), were
at the discretion of each attending physician.

Prognostic risk factors. The prognostic factors potentially
associated with survival were analyzed. These included type of
primary cancer, age at diagnosis of bone metastasis, ECOG-PS, the
presence of visceral metastases, multiplicity of bone metastatic
sites, the presence of extra-spinal bone metastases, laboratory data
at diagnosis of bone metastasis and BMA use. GPS and NLR were
obtained from laboratory data. GPS was defined as described
elsewhere (13). Briefly, patients with an elevated C-reactive protein
(CRP) concentration (>1.0 mg/dl) or hypoalbuminemia (<3.5 g/dl)
were classified as having a GPS of 1; those with both these were
classified as having a GPS of 2; and those with neither of these
abnormalities were classified as having a GPS of 0. NLR is
considered a marker of systemic inflammation and has been shown
to predict survival of patients with metastatic PCa (14), metastatic
RCC (15) and metastatic UC (16), as well as other cancer types.
As described elsewhere (15, 16), the cut-off level for the NLR was
set at 3.0.

Develop of the scoring system: Fujimoto–Owari–Miyake bone score
(B–FOM score). The score allocated to each significant prognostic
factor was derived from regression coefficients. Prognostic factors
with regression coefficients ≤1 were allocated 1 point; factors with
regression coefficients >1 and ≤2 were allocated 2 points; and
prognostic factors with regression coefficients >2 were allocated 3
points. The sum of points for all prognostic factors was defined as
the prognostic, or B–FOM, score.

Statistical analysis. The primary end-point was CSS, measured in
months from the diagnosis of bone metastasis to the date of death
or last follow up. The baseline tumor characteristics at the diagnosis
of bone metastasis were compared using the Kruskal–Wallis test or
two-way ANOVA test. CSS curves were plotted using the Kaplan–
Meier method and compared with the log-rank test. Univariate and
multivariate Cox proportional hazards regression analyses were used
to identify independent prognostic risk factors associated with CSS.
Value of p<0.05 were considered statistically significant. Statistical
analyses were performed using SPSS for Windows (version 20.0;
IBM, Armonk, NY, USA) or GraphPad Prism 7.00 (GraphPad
Software, San Diego, CA, USA). 

Results

Patient characteristics. The clinical characteristics of the 180
patients with bone metastasis from genitourinary cancer are
outlined in Table I. The mean age at diagnosis of bone
metastasis was significantly higher in patients with PCa than
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Figure 2. Kaplan–Meier curves for cancer-specific survival for the four
prognostic risk groups according to Fujimoto-Owari-Miyake bone
score. Low risk: Score 0, intermediate risk: score 1-2, high risk: score
3-4, and very high risk: score ≥5. 

Figure 1. Kaplan–Meier curves for cancer-specific survival in all study
patients with genitourinary cancer and bone metastasis, and according
to cancer type. PCa: Prostate cancer; RCC: renaI cell carcinoma; UC:
urothelial carcinoma.



in patients with RCC and UC (p<0.001). Visceral metastases
were significantly less common in patients with PCa than in
patients with RCC and UC (p<0.001). Baseline NLR was
significantly higher in patients with UC than in patients with
PCa and RCC (p=0.007), but there was no significant
difference in GPS among these three groups, suggesting that
higher NLR in patients with UC reflects a greater degree of
cancer-associated systemic inflammation in these patients.
Baseline ALP was significantly higher in patients with PCa
than in those with RCC and UC (p=0.032). Fifteen (35%)
patients with RCC underwent surgery, compared to none of
the patients with UC.

CSS rate and prognostic factors. For patients overall, the
median CSS was 41 months. The CSS rates in patients with
PCa, RCC, and UC were 96%, 85% and 69%, respectively,
at 6 months; 94%, 69%, and 19%, respectively, at 12

months; and 87%, 56%, and 0%, respectively, at 24 months
(Figure 1). In order to assess factors prognostic of CSS in
patients with genitourinary cancer with bone metastasis, we
carried out univariate and multivariate analyses (Table II).
Univariate analysis of prognostic factors showed that
primary cancer type, ECOG-PS, the presence of visceral
metastases, high GPS, and elevated NLR were significantly
correlated with poor prognosis. In multivariate analysis,
primary cancer type, ECOG-PS, the presence of visceral
metastases, high GPS and elevated NLR were significant
independent prognostic factors. Compared with patients with
PCa, those with UC had the highest hazard ratio (HR) (vs.
PCa, HR=9.25, 95% CI=4.51-18.9, p<0.001), with RCC also
being independently prognostic or CSS (HR=1.76, 95%
CI=1.00-3.11, p=0.049). ECOG PS also had high HRs (0 or
1 vs. 2, HR=4.41, 95% CI=4.51-18.9, p<0.001; and 0 or 1
vs. 3 or 4, HR=3.49, 95% CI=1.64-7.42, p=0.001). The HR
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Table II. Analyses of clinical variables predicting cancer-specific survival. 

                                                                                               Univariate                                                                             Multivariate†

Variable                                                    HR                          95% CI                       p-Value                      HR                    95% CI                   p-Value

Primary cancer
   PCa                                                        1                                                                                                                                                                  
   RCC                                                       2.5                          1.41-4.55                     <0.001                        1.8                    1.00-3.11                   0.049
   UC                                                         9.9                          3.55-27.5                     <0.001                        9.3                    4.51-18.9                 <0.001
Age at bone metastasis
   Per year                                                 1.04                        0.51-1.03                       0.73                                                                                        
ECOG-PS
   0 or 1                                                     1                                                                                                     1                                                            
   2                                                             4.3                          2.08-8.9                       <0.001                        4.4                    2.53-7.68                 <0.001
   3 or 4                                                     6.9                          1.72-27.5                     <0.001                        3.5                    1.64-7.42                   0.001
Visceral metastases
   No                                                          1                                                                                                     1                                                            
   Yes                                                         3.9                          2.39-6.34                     <0.001                        2.7                    1.58-4.50                 <0.001
Multiple bone metastases
   No                                                          1                                                                                                                                                                  
   Yes                                                         0.9                          0.51-1.7                         0.81                                                                                        
Extra-spinal bone metastases
   No                                                          1                                                                                                                                                                  
   Yes                                                         0.7                          0.4-1.3                           0.208                                                                                      
GPS
   0                                                             1                                                                                                     1                                                            
   1                                                             2.7                          1.56-4.8                       <0.001                        1.8                    1.04-2.99                   0.036
   2                                                             5.5                          1.6-19.1                       <0.001                        3.5                    1.68-7.40                   0.001
NLR
   Normal                                                  1                                                                                                     1                                                            
   Elevated                                                 2                             1.32-3.0                       <0.001                        1.6                    1.01-2.47                   0.044
BMA
   Yes                                                         1                                                                                                     1                                                            
   No                                                          3.2                          1.2-8.5                         <0.001                        1.04                  0.51-2.11                   0.917

Pca, Prostate cancer; RCC, renal cell carcinoma; UC, urothelial carcinoma; HR, hazard ratio; 95% CI, 95% confidence interval; ECOG-PS, Eastern
Cooperative Oncology Group Performance Status; GPS, Glasgow Prognostic Score; NLR, neutrophil-to-lymphocyte ratio; BMA, bone-modifying
agents. †Cox regression analysis. 



for GPS 2 was significantly higher than that for GPS 3
(HR=3.53, 95% CI=1.68-7.40, p=0.001). The HRs for the
other significant prognostic factors were less than 3.

Survival rate of patients by B-FOM score and prognostic risk
groups. The B–FOM score for each patient was calculated as
the sum of five scores representing significant prognostic
factors and ranged from 0 to 9 (Table III). The 24-month CSS
rates in patients with B-FOM scores of 0, 1 or 2, 3 or 4, and
5 were 100%, >80%, <50%, and 0%, respectively (Table IV).

The patients were classified into four prognostic risk
groups according to B-FOM score (Table V). Kaplan–Meier
survival curves for the four risk groups after diagnosis of
bone metastasis are shown in Figure 2, with significant
differences observed among the four groups (log-rank test:
p<0.001). The median CSS was not reached in the low-risk
group, but was 18 months in the high-risk group and 7
months in the very high-risk group (Table V).

Discussion

Bone metastasis, which can give rise to bone pain,
pathological fracture, and paralysis, can reduce activities of
daily living and quality of life. Accurate prediction of the

prognosis of patients with bone metastasis is essential in
determining appropriate treatment. Multivariate analysis
showed that the type of primary cancer (UC vs. PCa and
RCC vs. PCa); ECOG-PS; the presence of visceral
metastases; NLR and GPS, systemic markers of
inflammation; and hypoalbuminemia, a systemic marker of
malnutrition, were independent predictors of CSS. Based on
these five factors, we developed a genitourinary cancer-
specific risk scoring system predictive of CSS in patients
with genitourinary cancer and bone metastasis. 

Several other risk scoring systems have been developed to
predict survival of patients with bone metastasis. Two of
these scoring systems analyzed patients who had undergone
only surgical intervention for bone metastases (9, 10),
whereas the third scoring system was found to be predictive
of survival in 342 patients who had undergone radiotherapy
alone (11). Because 32% of our patients were treated with
radiotherapy and only 12% with surgery, these scoring
systems may have had selection bias and may not be
representative of all patients with bone metastasis. In
addition, the proportions of patients in these studies with
genitourinary cancer were relatively low. To our knowledge,
the prognostic scoring system we developed is the first to
exclusively evaluate patients with bone metastasis of three
major genitourinary cancer type.

Type of primary cancer was the strongest predictor of CSS
(8-12), although in most previous studies, UC was not
categorized into prognostic risk groups. Bladder cancer has
the poorest prognosis, but was given maximal weight only in
the revised Tokuhashi score (17). In the present study, UC
had the highest HR (9.25 vs. PCa, p<0.001) and was,
therefore, given maximal weight in our scoring system.
ECOG-PS has been shown to be an independent prognostic
risk factor in patients with advanced cancer (18), with high
PS significantly and independently associated with shorter
term survival of patients with bone metastasis (8, 11, 12, 18).
Similarly, in our study, poor ECOG-PS, defined as ECOG-PS
of 2 or more was significantly predictive of poor prognosis. 

Although some laboratory parameters have been found to
predict survival in patients with various malignancies, most
previous prognostic scoring systems for patients with bone
metastasis have not included laboratory data. Cancer-
associated inflammation has been associated with poor
prognosis in patients with various malignancies. Elevated
NLR, an indicator of inflammation, was found to be
associated with poor prognosis in patients with metastatic
PCa (14), metastatic RCC (15), muscle-invasive bladder
cancer after cystectomy (19), and metastatic UC (16), as well
as other cancer types. We found that an elevated NLR,
defined as 3.0 or more (15, 16), was associated with poor
CSS in patients with genitourinary cancer and bone
metastasis. We also tested the prognostic significance of
GPS, which is based on serum concentration of CRP, a
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Table III. Fujimoto-Owari-Miyake bone (B-FOM) score allocated to
each significant prognostic factor.

Prognostic factor                      Regression coefficient               Score

Primary cancer
  PCa                                                          -                                     0
 RCC                                                      0.6                                   1
 UC                                                         2.2                                   3

ECOG-PS
  0 or 1                                                       -                                     0
 2                                                             1.5                                   2
 3 or 4                                                     1.3                                   2

Visceral metastasis
  No                                                            -                                     0
 Yes                                                          1                                    1

GPS
  0                                                               -                                     0
 1                                                             0.6                                   1
 2                                                             1.3                                   2

NLR
  Normal                                                    -                                     0
 Elevated                                                0.5                                   1

Total 
  -                                                               -                                     9

Pca, Prostate cancer; RCC, renal cell carcinoma; UC, urothelial carcinoma;
ECOG-PS, Eastern Cooperative Oncology Group Performance Status;
GPS, Glasgow Prognostic Score; NLR, neutrophil-to-lymphocyte ratio;
BMA, bone-modifying agent.



marker of inflammation, and hypoalbuminemia, an index of
malnutrition. Higher GPS was found to be associated with
poor survival in patients with advanced cancer (13, 20).
Similarly, our results showed that GPS was a significant risk
factor, with GPS 2 being especially strongly related to
survival of patients with bone metastasis of genitourinary
cancer (HR=3.53, 95% CI=1.68-7.40, p=0.001).

A scoring system for specific cancer types should be
precise. Scoring systems for a combination of several types of
cancer are less useful, as the nature and treatment of each
cancer type are different (21, 22). Our scoring system for
genitourinary cancer with bone metastasis allocated points
based on patient survival rates. In addition, most scoring
systems for bone metastases were developed by orthopedic
surgeons (8-10, 12) or radiation oncologists (11). Our results
confirm that the B–FOM score, developed by urological
oncologists, may be applicable in clinical practice and is a
useful tool for urological oncologists, radiation oncologists
and orthopedic surgeons for estimating patient life expectancy. 

Patients classified into the intermediate-risk group based
on B–FOM score had an expected 24-month survival rate of
89%. In contrast, patients in the very high-risk group were
not expected to survive to 24 months. Patients with a long

life expectancy according to this scoring system and who
experience prolonged progressive neurological symptoms,
indicative of an inadequate response to radiotherapy, may be
candidates for surgical intervention (23-25). In contrast, less
invasive treatment, such as hypofractionated palliative
radiotherapy, should be considered for patients classified as
being at very high risk.

This study had several limitations. Firstly, it was a
retrospective study conducted at a single institution and
included patients with bone metastases from several types of
genitourinary cancer. A second limitation was that treatment
for bone metastases was not consistent at our Institution and
was not randomized. In addition, the proportion of patients
who underwent surgical treatment was relatively small
(12%), making it difficult to determine the optimal treatment
strategy for bone metastases. Further validation, including a
larger number of patients, with more who underwent surgical
treatment or radiotherapy, is needed to confirm the accuracy
of our scoring system.

In conclusion, the B–FOM score may be useful in
predicting life expectancy and in selecting the most
appropriate treatment for patients with bone metastasis of
three major types of genitourinary cancer. 
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Table IV. Cancer-specific survival (CSS) for 180 patients stratified by the Fujimoto-Owari-Miyake bone (B-FOM) score.

B-FOM score             No. of patients        Median CSS (months)                                                               Survival rate

                                                                                                                     6 Months                  12 Months                  24 Months                 60 Months

0                                            43                                   -                                  100%                         100%                         100%                            85%
1                                            42                                53                                    97%                           97%                           89%                            35%
2                                            28                                57                                  100%                         100%                           87%                            37%
3                                            22                                22                                    86%                           58%                           42%                            27%
4                                            12                                18                                    72%                           64%                           24%                              0%
5                                            14                                  9                                    71%                           15%                             0%                              0%
6                                              9                                  7                                    50%                           16%                             0%                              0%
7                                              4                                  3                                    10%                             0%                             0%                              0%
≥8                                            4                                  4                                    33%                             0%                             0%                              0%
Total patients                      180                                43                                    89%                           78%                           67%                            40%

Table V. Cancer-specific survival (CSS) for 180 patients according to prognostic risk group defined by the Fujimoto-Owari-Miyake bone (B-FOM)
score 

Risk group              B-FOM             No. of             Median CSS                                                               Survival rate
                                  score              patients                (months)
                                                                                                                     6 Months                  12 Months                  24 Months                 60 Months

Low                             0                      43                            -                          100%                         100%                         100%                            85%
Intermediate             1,2                      70                         53                            98%                           98%                           89%                            37%
High                          3,4                      34                         18                            81%                           60%                           38%                            19%
Very high                  ≥5                      33                           7                            57%                           14%                             0%                              0%
Total                                                 180                         43                            89%                           78%                           67%                            40%
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