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PPuurrppoossee..  Metastasis to bone commonly causes high morbidity and mortality rates in patients

with advanced prostate cancer. Prostate-specific antigen (PSA) and bone scans are important

modalities for evaluating and following the disease progression. We reviewed clinical symptoms,

laboratory data, treatment and prognosis in order to analyze patients with bone-metastasized

prostate cancer.

MMeetthhooddss..  From January 1995 to December 2003, a total of 284 patients with prostate cancer were

admitted to the China Medical University Hospital; of them, 97 patients were diagnosed as

having bone metastases. The clinical files of the 97 patients with bone metastases were reviewed.

The patients were categorized into two groups: group 1 comprised those in whom primary

prostate cancer and bone metastases were identified simultaneously; group 2 was composed of

those with bone metastases found after identification and treatment of prostate cancer. 

RReessuullttss.. Bone metastasis was found in 34.2% (97/284 patients) of prostate cancer patients. Of the

97 patients with bone metastasis, the mean age was 71.5 years (range, 49 to 89 years) when

prostate cancer was first diagnosed. Axial bones were more affected than appendicular bones. At

the time bone metastasis was diagnosed, 69 patients (71.1%) had bone pain, 28 patients (28.8%)

were asymptomatic and 6 patients in group 1 and 7 patients in group 2 had a serum PSA value less

than 10 ng/mL. Four patients underwent surgical treatment for their pathological femoral

fracture, resulting in good pain relief. The survival rate after bone metastasis had developed was

not statistically significant between groups 1 and 2 (p > 0.05). Of the 3 factors being examined, the

age at diagnosis of prostate cancer, the PSA value at first positive bone scan, and initial location

and number of bone metastases did not statistically affect the survival rate in these two groups

(p > 0.05).

CCoonncclluussiioonnss. A serum PSA level ≥ 10 ng/mL is an important marker in the metastatic work-up of

prostate cancer; however bone metastases cannot be ruled out in patients with a serum PSA value

of less than 10 ng/mL. There was no difference in the survival rate between untreated and

treated prostate cancer patients with bone metastases. The age of the patient, the initial PSA

value and the location of bone metastases did not appear to affect the outcome of the disease.

( Mid Taiwan J Med 2006;11:82-9 )
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IINNTTRROODDUUCCTTIIOONN

Prostate cancer is a common malignant
disease in males. Autopsies have revealed that

80% of advanced prostate cancer is accompanied
by the development of skeletal metastases [1,2].
Common complications caused by bone
metastases included bone pain, pathological
fracture and spinal cord compression [3].
Currently, treatment methods for patients with
bone metastases are mostly palliative and include
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hormonal therapy, chemotherapy, pharma-
cological management, radiotherapy for pain and
spinal cord compressions, surgical fixation for
pathological fractures, and decompression for
spinal cord, and the use of biphosphonates to
inhibit osteoclast activity [4]. Prostate-specific
antigen (PSA) is a very useful serum tumor
marker in the follow-up of prostate cancer
patients and a good predictor for the identification
of metastases and the type of treatment. Tc-99m
methylene diphosphonate (MDP) bone scan is the
most widely used technique for detection and
surveillance of metastatic spread to the skeleton
[5-7].

Information about the clinical presentation
and prognosis of prostate cancer patients with
bone metastases in Taiwan is limited; therefore,
we conducted a retrospective analysis of prostate
cancer patients with bone metastases in our
hospital to examine the clinical symptoms, PSA
levels, locations of bone metastases, treatment
modality of pathologic fracture and spinal cord
compression, survival after bone metastasis, and
their relationships in patients with prostate cancer.

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS

From January 1995 to December 2003, a
total of 284 patients with prostate cancer were
admitted to our institution; all of them underwent
routine bone scans for evaluation of bone
metastases. Bone metastases were diagnosed in
97 patients by Tc-99m bone scan; the clinical files
of those patients were reviewed. The 97 patients
were divided into two groups. Group 1 included
those patients in whom primary prostate cancer
and bone metastases had been diagnosed
simultaneously. Group 2 comprised patients in
whom bone metastases were identified after
disease confirmation and initiation of treatment;

all had a negative bone scan at the time prostate
cancer had been diagnosed. The follow-up period,
age distribution, locations of metastases, clinical
presentation, PSA levels, treatment and mortality
rates were recorded for all patients in groups 1
and 2. The data obtained when the first positive
bone scan was identified and recorded
represented the time bone metastasis was
diagnosed; the PSA level within one month
before the positive bone scan was recorded; log-
rank tests assessed the statistical differences
between the two groups and the Kalpan-Meier
method was used to draw the survival curve.

RREESSUULLTTSS

The incidence of bone metastasis in
prostate cancer patients was 34.2% (97 of 284
patients). Of the 97 patients with bone metastasis,
the mean age was 71.5 years (range, 49 to 89
years) when cancer was first diagnosed. All of the
97 patients showed adenocarcinoma formations.
The sites of the bone metastases were as follows:
spine (n = 81, 83.5%), pelvis (n = 71, 73.2%), rib
(n = 66, 68.0%), femur (n = 38, 39.2%), scapula
(n = 26, 26.8%), skull (n = 21, 21.6%), humerus
(n = 20, 20.6%), clavicle (n = 13, 13.4%), and
tibia (n = 1, 1%) (Table 1). Of the 97 patients, 69
patients (71%) had bone pain when the diagnosis
of bone metastases was made and 28 (29%) were
relatively asymptomatic.

Treatment and diagnostic modalities of
primary prostate tumor in these metastatic
patients included radical prostatectomy (n = 4,
group 2) transurethral prostate resection (TURP)
(n = 25, group 1; n = 26, group 2) and transrectal
ultrasonographic biopsy (TRUS) (n = 39, group 1;
n = 3, group 2). Eight patients with T-spine
metastases developed quadriplegia and three of
them underwent posterior decompression and

Group/location
Table 1. Location of lesions in 97 prostate cancer patients with bone metastases 

Group 1: Patients with primary prostate cancer and bone metastases identified simultaneously. Group 2: Patients with bone
metastases identified after disease confirmation and initiation of treatment.

Group 1 (n = 64)
Group 2 (n = 33)
Total 

52
29
81

48
23
71

44
22
66

31
7

28

21
5

26

14
7

21

15
2

20

10
3

10

1
0
1

Spine Pelvis Rib Femur Scapula Skull ClavicleHumerus Tibia



fusion, but had limited neurologic recovery after
operation. In these 97 patients, four patients had
pathologic fractures of the proximal femur. Two
of the four patients underwent hemiarthroplasty
and the other two were treated by surgical fixation
with implant and cement augmentation. All of

them had good pain relief after treatment of
pathological femoral fractures.

Sixty-four patients were in group 1 and
thirty-three were in group 2. In group 2, the
average duration from confirmation of the disease
to detection of bone metastases was 29.2 months
(range: 2 to 83 mo). In group 1 (n = 64), 6
patients (9.37%) had a serum PSA value of less
than 10 ng/mL, whereas in group 2 (n = 33), 7
patients (21.2%) had a serum PSA value of less
than 10 ng/mL (Table 2). Bone scan was not
regularly performed in group 2 patients during
follow-up; however, it was arranged for 5 patients
because they complained of bone pain and for 2
patients at their request.

The overall survival rate of these 97
patients after confirmation of prostate cancer was
81% after 3 years and 55% after 5 years (Fig. 1).
When bone metastases were identified, the
survival rate was 66% after 3 years and 25% 
after 5 years (Fig. 2). The survival rate after 
bone me tas t a ses  was  iden t i f i ed  was  no t
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Fig. 1. Overall survival rate in 97 patients after diagnosis of
prostate cancer (Kalpan-Meier method).

Fig. 2. Overall survival rate in 97 patients after development
of bone metastases (Kalpan-Meier method).

Group/PSA(ng/mL)
Table 2. PSA level at first positive bone scan in 97 patients with metastatic prostate cancer

Group 1: Patients with primary prostate cancer and bone metastases identified simultaneously. Group 2: Patients with bone
metastases identified after disease confirmation and initiation of treatment. PSA = prostate-specific antigen.

Group 1 (n = 64)
Group 2 (n = 33)
Total

13
9

22

9
4

13

22
9

31

14
4

18

10-50 50-100 100-500 > 500
6
7

13

< 10

Fig. 3. Overall survival rate in group 1 (n = 64) and group 2
patients (n = 33) after development of bone metastases (p =
0.487).



statistically significant between group 1 and
group 2 (p = 0.487) (Fig. 3). Furthermore, there
was no statistical difference between survival
rates in patients older than or younger than 70
years or in patients with a PSA level greater than
or less than 50 ng/mL or in patients with a PSA
level greater than or less than 100 ng/mL at first
positive bone scan or in the location of bone
metastases in this study (p > 0.05) (Table 3, Fig.
4). Analysis of survival after bone metastases
were diagnosed revealed no statistical differences
between TURP, prostatectomy and TRUS for
primary prostate cancer (Fig. 5).

DDIISSCCUUSSSSIIOONN

Metastasis has a poor prognosis in all
prostate cancer patients. A 5-year actual survival
rate of 60% and a 10-year actual survival rate of
20.5% were reported in stage D prostate cancer
patients [8]. Survival of this type of prostate
cancer is dependent on the patients' response to
local treatment for primary tumor and other
palliative treatments for the metastatic lesions.
Hormonal therapy (androgen deprivation therapy)
is a common treatment for prostate cancer, but
unresponsiveness to hormone therapy frequently
results in poor prognosis in patients with bone
metastases [9]. Some patients treated with
hormonal therapy become resistant to their
treatment over a few months or years and thus
develop hormone refractory prostate cancer [9].
Other choices of treatment for prostate cancer are
surgery, radiation and chemotherapy: the response
to those treatments determines the prognosis. In
the present study, although we did not analyze the
relationship between treatment methods and
survival rates, we found that if bone metastases
occurred in patients with prostate cancer, age,
PSA level and the surgical treatments for primary
prostate cancer did not appear to affect the
outcome. Furthermore, the survival rates of
patients with primary metastastic prostate cancer
and patients with bone metastasis identified after
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Fig. 5. Overall survival rates in patients treated by TURP (n
= 51), TRUS (n = 42) and radical prostatectomy (n = 4) after
development of bone metastases.

Fig. 4. Overall survival rates after development of bone
metastases in patients with PSA > 100 ng/mL and PSA <
100 ng/mL at diagnosis of bone metastases (p = 0.481).

No. of patients

Table 3. Statistical analysis of prognostic factors and
survival rates in 97 patients (log-rank test)

PSA = prostate-specific antigen.

Age (yr)
> 70
< 70

Location of bone metastases
Only axial bone
Axial and appendicular
Number of bone metastases
Single
Multiple
PSA (ng/mL)

> 100
< 100
> 50
< 50

55
42

53
44

13
84

44
53
63
34

0.424

0.481

0.548

0.481

0.486

p
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disease confirmation and initiation of treatment
did not differ.

Bone is the most common site for prostate
cancer metastasis, followed by lung and liver. In
an autopsy study of metastatized prostate cancer,
cancer cell metastases to bone, lymph node, lung
and liver were 81%, 82.5%, 46.7% and 30.7%
[2]. Bubendorf et al [1] also reported that the
bone, lung and liver were the most frequent sites
of distal metastases. Hematogenous spread is
thought to be the major pathway for bone
metastasis. In our study of bone metastatic
patients, 64 patients (65.9%) had bone metastases
at the same time prostate cancer was diagnosed.
Axial bones (spines, pelvis and ribs) were the
most commonly affected in prostate cancer
patients in our study. Patients with an isolated
metastasis in the pelvis or dorsal vertebrae have
been reported to have better prognosis than those
in whom metastases were either diffuse or
involved more distal sites such as the skull or the
sternum [9]. The extent of bone metastasis was
shown to predict survival rate in metastatic
prostate cancer patients [10-12]. Recently, the
percentage of the positive area on a bone scan
was reported to be a novel parameter for
predicting the prognosis of patients with advance
prostate cancer [13]. Although the location and
number of lesions of bone metastases did not
influence the outcome of our study, further
investigation may be needed to analyze the
relationship between extended bone metastasis in
patients with advanced prostate cancer and their
survival rate. The presence of bone metastases
accurately reflected the prognosis for all patients,
and early detection of metastatic bone disease is a
critical component that affects the clinical
decisions made for that patient.

Although bone scan is a common and
highly sensitive method for detecting bone
metastases and localizing lesions, it has a high
false positive rate. Bone pain is common in
patients with bone metastasis, possibly due to
structural damage, periosteal irritation, and nerve
entrapment; however, not all patients with
prostate cancer in our study presented with bone

pain. This is consistent with the results of a
similar study in which 22% of prostate cancer
patients did not have bone pain when bone
metastasis was detected [14], indicating that bone
pain is not a reliable indicator of the presence or
the location of metastatic bone disease. 

PSA level is another important parameter in
the evaluation and follow-up of patients with
bone metastases. Kageyama concluded that bone
scans may not be necessary in patients with serum
PSA levels less than 10 ng/mL, except in those
with poorly differentiated adenocarcinoma [15].
Wolff et al [16,17] also excluded bone metastases
when serum PSA value is less than 10 ng/mL in
newly diagnosed prostate cancer, but they
questioned whether a staging radionuclide bone
scan should be omitted in patients with serum
PSA value less than 10 ng/mL. Although the
incidence of bone metastases in patients with
newly diagnosed, untreated prostate cancer with
initial PSA level less than 10 ng/mL is low,
metastatic bone disease should not be excluded
[18]. In our study, bone metastasis was diagnosed
in 6 patients (9.37%) in group 1 and 7 patients
(21.2%) in group 2 with PSA values less than 10
ng/mL. We support that when the PSA value is
less than 10 ng/mL, bone metastases cannot be
excluded, even in patients without bone pain.
When PSA levels increase or when clinical
symptoms of suspected bone affectation appear,
such as bone pain, bone scan is recommended to
evaluate the possibility of bone metastases.

Pathologic fractures are a relatively late
complication of bone involvement and are rarely
associated with metastatic prostate cancer [19].
Osteoblastic (80%) and the less common
osteolytic (5%) or mixed osteoblastic-osteolytic
(10% to 15%) change have been seen in patients
suffering from bone metastases [10]. Most
osteoblastic lesions and rare osteolytic lesions 
of bone metastases are the reason for the low
incidence of pathologic fractures in prostate
cancer patients. Severe pain, instability and
neurologic compression of the spinal cord may
lead to significant morbidity and mortality 
of patients with pathologic fracture. When
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pathologic fracture occurs, surgical treatment 
with fracture stabilization can provide patients
with better function and good pain control [20].
Although cancer-specific survival for patients
after surgery for prostate carcinoma which has
metastasized to the bone is still poor [21], surgical
treatment is still advised in this condition for pain
relief and improvement of life quality. An
impending pathological fracture can be treated
with surgery, radiotherapy, chemotherapy or
hormonal manipulation. Spinal cord compression
is not rare in patients with prostate cancer [22]
and back pain with abnormality on plain 
spinal radiograph is a warning sign for the 
development of spinal cord compression. Further
investigations, including bone scan and magnetic
resonance imaging (MRI) can point to the
possibility of spinal metastases and cord
compression. If the spinal cord is compressed and
neurologic deficits develop, combined treatment
of laminectomy, stabilization and radiotherapy
has been reported to be associated with improved
neurologic function and longer survival [23].

Bone metastases in prostate cancer patients
are mostly localized to axial bones. Bone
metastases may occur in patients with prostate
cancer and a PSA level less than 10 ng/mL. Age,
PSA level, and location of bone metastases do not
appear to affect the outcome or the survival rates
of treated and untreated prostate cancer patients
with bone metastases. 
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34.2% (97/284) 97

71.5 69 (71.1%)

28 (28.8%) 6 7

PSA < 10 ng/mL
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0.05) PSA
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PSA PSA < 10 ng/mL
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