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Abstract

Objective: In this study, we investigated the signifi cance of the bone scan results as a 
prognostic factor to predict survival by comparing age, serum PSA level, and Gleason score. 

Methods: Medical records of 313 patients were retrospectively examined. 265 patients of 313 
were included in the study. 

Results: 202 (76%) patients of 265 were still alive and 63 (24%) patients of 265 were dead 
because of prostate cancer. Patients’ mean estimated survival times for those with, without, and 
suspected bone metastases were 47.4 ± 5.4 months, 159.1 ± 8.6 months, and 71.1 ± 14.4 months, 
respectively (p = 0.0001). While the mean estimated survival time of < 70 years patients old was 
137.1 ± 9.4 months, the mean estimated survival time of ≥ 70 years old patients was 78.2 ± 5.0 
(p = 0.031). 243 patients with known PSA values, of those whose PSA levels were < 10 ng/ml, 
between 10-20 ng/ml, between > 20-50 ng/ml, and > 50 ng/ml, the estimated mean survival time was 
106.9 ± 4.2 months, 118.1 ± 14.8 months, 87.6 ± 7.4 months and 51.7 ± 6.2 month, respectively and a 
signifi cant diff erence was determined (p = 0.0001). For patients whose Gleason scores were < 7, 7,
and >7, the mean estimated survival time was 167.5 ± 10.8 months), 86.8 ± 5.5 months, and 
61.0 ± 5.4 months, respectively, and a signifi cant diff erence was determined (p = 0.0001). 

Conclusion: We identifi ed that the estimated mean survival time of the patients who had 
bone metastases, had a high level of PSA, had a high level of Gleason score, and were older than 
70 years old was shorter than other groups. We concluded the most important prognostic factor 
aff ecting survival time independently was the fi nding of metastasis detected in bone scintigraphy.

Introduction
Prostate cancer is the most common cancer in men and is 

the second leading cause of cancer-related death after lung 
cancer. It is estimated that there are 174,650 new diagnoses 
and 31,620 prostate cancer deaths in the USA in 2019 [1].

Prostate cancer and lung cancer are the most common 
cancers that metastasize to the bone in men. Bone 
scintigraphy, which is a sensitive method, is generally used 
to detect bone metastases [2]. In determining the indication 

Research Article

The value of bone scans to predict 
survival time in patients with 
diagnosed prostate cancer: single-
center retrospective study
Elif Marangoz1, Doğangün Yüksel1*, Olga Yaylalı1, Saadettin 
Yılmaz Eskiçorapçı2, Nilay Şen3, Hülya Aybek4 and Fatma 
Suna Kıraç1

1Department of Nuclear Medicine, Faculty of Medicine, Pamukkale University, Denizli, Turkey
2Department of Urology, Faculty of Medicine, Pamukkale University, Denizli, Turkey
3Department of Pathology, Faculty of Medicine, Pamukkale University, Denizli, Turkey
4Department of Biochemistry, Faculty of Medicine, Pamukkale University, Denizli, Turkey

More Information 

*Address for Correspondence: 
Dr. Doğangün Yüksel, Professor, Department 
of Nuclear Medicine, Faculty of Medicine, 
Pamukkale University, PAU Tıp Fakültesi 
Nükleer Tıp A.D. PAU SARUM Kınıklı, 200160, 
Denizli, Turkey, Email: dyuksel@pau.edu.tr

Submitted: May 09, 2022
Approved: May 24, 2022
Published: May 25, 2022

How to cite this article: Marangoz E, Yüksel D,
Yaylalı O, Eskiçorapçı SY, Şen N, et al. The 
value of bone scans to predict survival time in 
patients with diagnosed prostate cancer: single-
center retrospective study. J Radiol Oncol. 2022; 
6: 004-011.

DOI: 10.29328/journal.jro.1001040

ORCID: orcid.org/0000-0003-0983-2834

Copyright License: © 2022 Marangoz E, et al. 
This is an open access article distributed under 
the Creative Commons Attribution License, 
which permits unrestricted use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Keywords: Prostate cancer; Bone scintigraphy; 
Survival; Bone metastases

OPEN ACCESS

for bone scintigraphy, an approach based on PSA value and 
Gleason score is generally preferred [3-11].

The main prognostic factors used in the prediction 
of disease-free period and survival time are PSA value, 
pathological stage, and clinical stage [3,4,12]. One of the 
prognostic factors is bone scintigraphy ϐindings. In several 
studies, it has been suggested that the number or spread 
of metastatic bone lesions detected in bone scintigraphy 
in patients with metastatic prostate cancer reϐlects the 
prognosis [13,14]. There are very few studies comparing 
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patients with bone metastasis on bone scintigraphy and 
patients without bone scintigraphy [15].

In this retrospective study, we investigated the value 
of bone scintigraphy results in predicting survival time 
compared to age, serum PSA level, and Gleason score as a 
prognostic factor, including patients without bone metastasis. 

Materials and methods
The study used clinical information from the patients and 

was approved by the Medical Ethics Committee at University 
(approval number: 17.01.2012/2). Patients or their relatives 
were reached for survival analysis and their consent was 
obtained. 

The ϐiles of 313 patients with prostate adenocarcinoma 
who were referred to the department of nuclear medicine for 
whole-body bone scintigraphy were retrospectively analyzed.

Age, Gleason score, and total PSA values before 
scintigraphy of the patients were recorded. The patients 
were called by phone. Whether they were alive or not, if they 
died, the cause and time of death were learned. Among the 
patients who died, patients with additional malignancies 
besides prostate cancer and those who died due to another 
reason (cerebrovascular accident, ischemic heart disease, 
accidents, etc.) were excluded from the study.

The survival times of the patients included in the study 
were calculated in months. To investigate the effect of age on 
survival time, patients were classiϐied as under 70 years of 
age, 70 years, and above.

Patients who are informed orally and in writing before 
the whole-body bone scintigraphy sign a written consent 
form that they accept the procedure. In our department, 740 
MBq Tc-99m MDP is administered intravenously to patients 
for whole-body bone scintigraphy. Patients are scanned 2-4 
hours after injection. The imaging procedure is performed 
as whole-body scanning using a single-headed CamStar 
AC/T gamma camera (GE-Milwaukee, Wisc., USA) and a low-
energy general-purpose collimator in the supine position. 
The scanning speed is 10 min/m, and the imaging matrix is 
1024 x 512. Images were evaluated visually. 

The patients were divided into 3 groups according to 
the results of bone scintigraphy cases with metastasis to 
the skeletal system, no metastasis, and with suspicious 
metastasis. In the skeletal system, randomly distributed, 
multiple, increased focal activity involvement in different 
sizes, different intensities, and diffuse, intense activity 
involvement (super scan) were interpreted as skeletal system 
metastasis. The scintigraphic ϐindings of patients with single 
focal activity involvement without a history of trauma were 
considered suspicious. The scintigraphic ϐindings of these 
patients who were found to have metastasis corresponding 
to the suspicious lesion on scintigraphy with other imaging 

methods such as plain X-ray, CT, and MRI were interpreted 
as metastasis. The scintigraphic ϐindings of the patients who 
have not applied any other imaging method for correlative 
purposes were interpreted as suspicious metastasis because 
the patient had a deϐinite diagnosis of prostate cancer. 

Total PSA levels are measured on the same day using the 
chemiluminescence method on the autoanalyzer (Roche 
Cobas 6000, Roche-Hitachi Diagnostics, Japan) from the 
serum samples obtained. According to this method, the PSA 
reference range was 0-4 ng/ml. The patients were divided 
into 4 groups according to their serum PSA levels as < 10 ng/
ml, 10-20 ng/ml, > 20-50 ng/ml, > 50 ng/ml [4,6,9]. Serum
PSA levels of 22 patients were not known before bone 
scintigraphy.

Pathological preparations (TRIB, TUR-P, prostatectomy) 
of the patients were evaluated based on the Gleason system. 
According to this system, the structural pattern of the tumor 
is graded from the best differentiation being one and the 
worst differentiation being ϐive. The Gleason score is obtained 
by summing the differentiation degrees of the most common 
and second common patterns. The patients were divided into 
3 groups according to their Gleason scores as < 7, 7, and > 7 
[16,17].

Statistical Package for the Social Sciences (SPSS) 17.0 
program was used for statistical analysis. Frequency analysis 
of variables was done. Continuous variables were shown as 
mean ± standard deviation (SD). The number of patients in 
variables and their subgroups was shown as number (n) and 
percentage (%).

Nonparametric methods were used because the 
distribution of data did not conform to normal distribution. 
Kruskal Wallis Analysis of Variance was used to determine 
whether there was a statistically signiϐicant difference 
between variable subgroups. If there was a statistically 
signiϐicant difference between more than two groups, paired 
analyzes were performed using the Bonferroni-corrected 
Mann Whitney U Test to ϐind out which group or groups the 
difference originated from.

Patients’ lifetimes were calculated in months, with death 
as the endpoint. Kaplan-Meier method was used for survival 
analysis. Survival curves were compared using the log-rank 
test. The predicted mean survival time found by the Kaplan-
Meier method was deϐined as “mean ± standard error”. In 
addition, the predicted median survival time was calculated 
due to the heterogeneous distribution of the patients in 
subgroups formed according to bone scintigraphy ϐindings.

Multivariate Cox regression analysis was used to ϐind 
independent prognostic factors affecting survival. Age, serum 
PSA level, Gleason score, and Tc-99m MDP whole-body 
bone scintigraphy ϐindings were included in the analysis. 
The prognostic effect level was indicated by the Wald value 
calculated for factors with a p - value less than 0.05.
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Results
The ϐiles of 313 patients with prostate cancer who 

underwent bone scintigraphy examination were analyzed 
from the archive of the Department of Nuclear Medicine. 
A total of 48 patients were excluded from the study. The 
remaining 265 patients constituted our study group.

Of the 265 patients included in the study, 202 (76%) were 
still alive, and 63 (24%) patients were found to have died due 
to prostate cancer. The distribution of patients in variable 
subgroups and average life span is shown in Table 1. 

In bone scintigraphy, metastasis to the skeletal system 
was not detected in 172 (65%) patients, while metastasis was 
found in 70 (26%) patients. The remaining 23 (9%) patients 
had suspicious ϐindings for metastasis.

According to the presence of bone metastases in bone 
scintigraphy, the average life expectancy after diagnosis was 
determined in 172 patients without metastasis at 45.8 ± 28.0
months (range 5.2 - 182.9 months), in 70 patients with 
metastasis at 31.8 ± 24.0 months (range 0.3 - 106.8 months) 
and in 23 patients with suspected metastasis 38.1 ± 26.3 
months (range 2.5 - 119.6 months) (p = 0.0001). A very 
signiϐicant difference was found between patients with 
and without bone metastasis (p = 0.0001). There was no 
statistically signiϐicant difference between the group without 
bone metastasis and the group with suspicious metastasis 
(p = 0.151) and between the group with bone metastasis and 
the group with suspicious metastasis (p = 0.297).

In Kaplan-Meier analysis, 15 (9%) of 172 patients without 
metastasis in bone scintigraphy, 41 of 70 patients (59%) 
with bone metastasis, and 7 (30%) of 23 patients who were 
considered suspicious for bone metastasis, it was seen 
that they died due to cancer. Mean survival time calculated 
according to the presence of bone metastases is as follows; In 
172 patients with no metastasis in bone scintigraphy, 159.1 
± 8.6 months (95% CI: 142.2 - 176.0 months), in 70 patients 
with metastasis in bone scintigraphy 47.4 ± 5.4 months (95% 

CI: 36.7 - 58.0 months), and 23 patients with suspicious 
metastasis in bone scintigraphy 71.1 ± 14.4 months (95% CI:
42.8 - 99.4 months). There was a statistically signiϐicant 
difference between these three groups in terms of predicted 
mean survival times (p = 0.0001). The average survival time 
predicted by the presence of bone metastasis in the patients 
is shown in Figure 1.

The mean age of 265 patients included in the study was 
68.6 ± 8.3 years (range 46 - 90 years). Of the patients, 134 
(51%) were under the age of 70, and 131 (49%) were 70 
years and over. The average life expectancy of 134 patients 
under the age of 70 was 46.5 ± 30.5 months (range 2.5 - 182.9 
months), and the average life expectancy of 131 patients aged 
70 years and over was 36.1 ± 22.9 months (range 0.3 - 112.1
months). There was a signiϐicant difference (p = 0.02). 
26 (20%) of 134 patients under the age of 70 died due to 
prostate cancer. The predicted mean survival time was 137.1 
± 9.4 months (95% CI: 118.8 - 155.5 months). It was observed 
that 37 (28%) of 131 patients aged 70 and over died due to 
prostate cancer. The predicted mean survival time in these 
patients was 78.2 ± 5.0 months (95% CI: 68.5 - 87.0 months). 
A statistically signiϐicant difference was found between these 
two groups in the survival analysis (p = 0.031). The graphic of 
the survival time analysis according to the age groups of the 
patients is shown in Figure 2. 

Table 1: Patient distribution and average life expectancy in variable subgroups.
Variable Subgroups n % Mean Survive (months) p - value*

Bone scan

Metastasis yes 70 26 31.8 ± 24.0 

0.0001Suspected 
metastasis 23 9 38.1 ± 26.3 

Metastasis no 172 65 45.8  ± 28.0 

Age (years)
< 70 134 51 46.5 ± 30.5 

0.02 
≥ 70 131 49 36.1 ± 22.9 

PSA (ng/ml)

< 10 93 38 40.9 ± 22.2 

0.008 
10-20 48 20 41.8 ± 24.7 

> 20-50 40 16 42.2 ± 26.6 
> 50 62 26 31.3 ± 24.1 

Unknown 22

Gleason 
Score

< 7 96 40 46.4 ± 28.1 
0,0047 65 27 38.0 ± 23.2 

> 7 79 33 35.1 ± 25.3 
Unknown 25

*Kruskal Wallis analysis of variance.

Figure 1: Survival time analysis according to the presence of bone metastasis by 
scintigraphy.

Figure 2: Survival time analysis as age groups.
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PSA values of 22 patients were not known. The mean 
PSA value of 243 patients with known PSA values before 
scintigraphy was 94.2 ± 413.1 ng/ml (range 0.003 - 5459 
ng/ml). Among these patients, the mean PSA value of patients 
with metastasis on bone scintigraphy was 285.7 ± 783.2 
ng/ml (Range 0.02 - 5492 ng/ml), and the mean PSA value 
of patients without metastasis on bone scintigraphy was 
26.8 ± 42.8 ng/ml (range 0.003 - 324.24 ng/ml) and the mean 
PSA value of the patients with suspicious metastasis on bone 
scintigraphy was calculated as 30.2 ± 35.7 ng/ml (range 
0.001-108.88 ng/ml).

Mean survival time was 40.9 ± 22.2 months (range 0.3 - 
119.6 months) in 93 patients (38%) with PSA level < 10 ng/ml,
41.8 ± 24.7 months in 48 patients (20%) with PSA level 10-
20 ng/ml (range 11.8 - 152.8 months), 42.2 ± 26.6 months 
(range 2.5 - 109 months) in 40 patients (16%) with PSA 
level > 20 - 50 ng/ml, and 31.3 ± 24.1 months in 62 patients 
(26%) with PSA level > 50 ng/ml (range 0.4 - 112.1 months) 
and a statistically signiϐicant difference was found between 
these groups (p = 0.008). In paired comparisons, there 
were statistically signiϐicant differences between the group 
with PSA level < 10 ng/ml and the group with PSA level > 
50 ng/ml (p = 0.002), between the group with a PSA level of 
10-20 ng / ml and the group with a PSA level of > 50 ng/ml 
(p = 0.004), and between the group with PSA level > 20 - 50 
and the group with PSA level > 50 ng/ml (p = 0.024).

In Kaplan-Meier analysis, it was seen that 9 (10%) of 93 
patients with PSA levels < 10 ng/ml died due to prostate 
cancer. The predicted mean survival time was calculated as 
106.9 ± 4.2 months (95% CI: 98.7 - 115.0 months). It was 
observed that 7 (15%) of 48 patients with a PSA level of 10-
20 ng/ml died due to prostate cancer. The predicted mean 
survival time was calculated as 118.1 ± 14.8 months (95% 
CI: 89.1-147.1 months). It was observed that 7 (18%) of 40 
patients with PSA levels> 20-50 ng/ml died due to prostate 
cancer. The predicted mean survival time was calculated 
as 87.6 ± 7.4 months (95% CI: 73.1-102.2 months). It was 
observed that 35 (56%) of 62 patients with PSA levels > 
50 ng/ml died due to prostate cancer. The predicted mean 
survival time was calculated as 51.7 ± 6.2 months (95% CI: 
39.6 - 63.8 months). Statistically signiϐicant differences were 
found between the groups in terms of survival (p = 0.0001). 
The graphic of the survival time analysis according to the PSA 
levels of the patients is shown in Figure 3. 

Of the 265 patients included in the study, there were 96 
(40%) with Gleason scores < 7, 65 (27%) with 7, and 79 (33%) 
with > 7. The Gleason score of the remaining 25 patients was 
unknown. The lowest Gleason score of the patients was 2 and 
the highest 10. Considering the Gleason score, the mean life 
expectancy of 96 patients with a Gleason score < 7 was 46.4 
± 28.1 months (Range 12-182.9 months), 65 patients with a 
Gleason score of 7 were 38.0 ± 23.2 months (Range 1.2 - 105.0 
months). For the Gleason score > 7, it was calculated as 35.1 
± 25.3 months (Range 0.3 - 106.8 months) for 79 patients. 

A signiϐicant difference was observed between the mean life 
span of these three groups (p = 0.004). In the dual analysis 
of subgroups in terms of Gleason score, the most signiϐicant 
difference in terms of survival was found between the groups 
with Gleason scores < 7 and > 7 (p = 0.001). There was no 
statistically signiϐicant difference between the groups with 
Gleason scores < 7 and 7 (p = 0.054) and between groups 
with Gleason scores > 7 and 7 (p = 0.278). 

In Kaplan-Meier analysis, 3 (3%) of 96 patients with 
Gleason scores < 7 died due to prostate cancer. The predicted 
mean survival time was 167.5 ± 10.8 months (95% CI: 146.4-
188.6 months). It was observed that 10 (15%) of 65 patients 
with a Gleason score of 7 died due to prostate cancer. The 
predicted mean survival time was 86.8 ± 5.5 months (95% 
CI: 76.0 - 97.6 months). It was observed that 36 (46%) of 79 
patients with Gleason score> 7 died due to prostate cancer. 
The predicted mean survival time was 61.0 ± 5.4 months 
(95% CI: 50.5 - 71.5 months). A statistically signiϐicant 
difference was found in the survival analysis between these 
three groups (p = 0.0001). The graphic of the survival time 
analysis according to the Gleason score groups is shown in 
Figure 4.

Figure 3: Survival analysis according to PSA level.

Figure 4: Survival analysis of patients in the Gleason score subgroups.
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In Cox regression analysis (Table 2), it was seen that 
the most important factor independently affecting survival 
was bone scintigraphy ϐindings (Wald = 19.70; p = 0.0001). 
The Gleason score (Wald = 13.25; p = 0.001) and PSA level 
(Wald = 9.05; p = 0.029), although less potent, were observed 
as independent prognostic factors. Age (Wald = 0.332; 
p = 0.564) was found to have no signiϐicant effect on prognosis. 

Discussion
Distant metastasis was detected in at least 40% of prostate 

cancer patients in the clinic at the time of diagnosis. About 
80% of patients who died due to prostate cancer have skeletal 
system metastasis [18]. Bone metastases are an important 
problem in many patients with advanced prostate cancer. 
The probability of annual bone metastasis development in 
patients with advanced-stage prostate cancer is 8%, and this 
rate increases to 40% within ϐive years [19]. Radionuclide 
bone scintigraphy is the most useful diagnostic method for 
the detection of bone metastases because it is a sensitive, 
cheap, easily accessible, and applicable method, and also can 
perform whole-body scanning without additional radiation 
exposure with single imaging [20].

In our study, we detected bone metastasis in 26% of 
the patients (70 of 265 patients) with whole-body bone 
scintigraphy. The rate of metastasis detection in bone 
scintigraphy in patients diagnosed with prostate cancer is 
given in a wide range from 2.5% to 61% in the literature 
[5-11,21-28]. The closest values to the bone metastasis rate 
in our study were found by Kosuda, et al. [6] (22%; 287 of 
1294 patients) from Japan and Lai, et al. [23] (29%; 34 of 
116 patients) from China. The metastasis rates found in bone 
scintigraphy were reported by Salonia, et al. [27] reported 
2.5% for the Italian population (31 of 1242 patients), while 
Ritenour, et al. [28] reported lower levels of 4% (32 out of 
800 patients) for the American population. Bone metastasis 
rates in our patient group are closer to those reported in 
Asian countries. Considering that the patients in our study 
group belonged to the Asian-Caucasian race, this ϐinding is an 
expected ϐinding.

In the literature, we found the highest rate of bone 
metastases (61%) reported in a study by Tekdoğan, et al. 
[11]. Compared to their study, the important difference 
is the rate of our patients with PSA levels above 50 ng/ml. 
The proportion of patients (50%) in their study was almost 
twice that of ours (23%). Another difference is the number of 
patients. The number of patients (99 patients) in the studies 
of Tekdoğan, et al. [11] is less than the number of patients 
in our study (265 patients). That mentioned study of higher 
bone metastasis with a lower number of patients compared 
to us suggests that patients with higher PSA levels were 
selected and sent for bone scintigraphy, considering that the 
possibility of bone metastasis will increase as the PSA level 
increases. 

The difference between our study from many studies in 
the literature is that we also included cases with suspected 
bone metastasis. We did not ϐind any study in which patients 
with suspicious metastasis ϐindings on scintigraphy were 
included as a separate group in survival analysis. It was 
observed that 30% of the patients who had suspicious 
ϐindings for metastasis in bone scintigraphy died due to 
prostate cancer within the period speciϐied for the study. 
The predicted mean survival time (71.1 ± 14.4 months) 
in the patient group with bone scintigraphy for suspected 
metastasis was a value between the predicted mean survival 
time of patients with and without bone metastasis (47.4 ± 5.4 
and 159.1 ± 8.6 months, respectively) (Figure 1). Considering 
both mortality rates and survival times, it cannot be ignored 
that patients with true metastases may be included in the 
patient group considered suspicious for metastasis in bone 
scintigraphy. Therefore, patients whose bone scintigraphy 
is reported as suspicious for metastasis should not be 
interpreted as negative in terms of bone metastasis without 
further examination by clinicians.

In our study, the predicted mean survival time of patients 
with metastasis to the skeletal system on bone scintigraphy 
(47.4 ± 5.4 months) was signiϐicantly shorter than those 
without metastasis (159.1 ± 8.6 months) (p = 0.0001). There 
are studies in the literature investigating the prognostic 

Table 2: Evaluation of prognostic factors by Cox regression analysis.
    95% CI for HR§

Variable SE* Wald p - value HRŧ Lower limit Upper limit
Age 0.317 0.332 0.564 0.833 0.447 1.551

Gleason score 13.247 0.001
= 7 0.754 11.534 0.001 0.077 0.018 0.339
> 7 0.392 3.679 0.055 0.471 0.218 1.017

PSA 9.053 0.029
10-20 ng/ml 0.422 7.231 0.007 0.322 0.141 0.735

> 20 - 50 ng/ml 0.475 2.307 0.129 0.486 0.192 1.233
> 50 ng/ml 0.507 3.056 0.08 0.412 0.153 1.113
Bone scan 19.7 0.0001

Metastasis suspected 0.363 18.924 0.0001 0.206 0.101 0.42
Metastasis positive 0.48 0.088 0.767 0.867 0.339 2.22

*Standard error; ŧHazard ratio; §Confi dence interval
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effect of bone scintigraphy [13,15,18,20,24,29-31]. The only 
study that we could reach comparing the survival times of 
patients with metastases and without metastases in bone 
scintigraphy was the study of 128 patients published by 
Lund, et al. [15] in 1984. Although the survival times given 
in this study were shorter in the metastatic group, it was 
observed that the survival time of all patients did not exceed 
60 months, regardless of bone metastasis. In our study, the 
survival of cases with suspected bone metastasis and cases 
without metastasis is longer than their cases. It may be 
probably due to changing treatment options, but since the 
prognostic effects of the treatment could not be studied in 
our study, it is not possible to explain the subject.

Contrary to studies [32,33] emphasizing that age is an 
important prognostic factor, age was not found as a strong 
prognostic factor in our study. Öbek, et al. [33] found that 
the recurrence rate in patients over 70 years of age was 
higher than those of 70 years and younger and reported 
that age was an independent prognostic factor in predicting 
recurrence after radical prostatectomy. Wyatt, et al. [33] 
also showed that age is an important prognostic factor in 
predicting survival time in androgen-independent patients. 
He, et al. [34] concluded in their study with prostate cancer 
patients in which they detected bone metastases that age is 
not an independent prognostic factor in predicting survival 
time. In our study, when patients were divided into two 
groups younger than 70 years old and over 70 years old, the 
distribution of patients in both groups was equal (134 and 
131 patients, respectively). The statistical signiϐicance level 
was p = 0.0001 in subgroups of Gleason score, PSA level, 
and bone scintigraphy ϐindings in the survival time analysis, 
while the statistical signiϐicance level was the lowest in age 
groups (p = 0.031). In the Kaplan-Meier analysis, a signiϐicant 
difference was found between the predicted mean survival 
time of patients under 70 years of age and patients over 70 
years of age, while Cox regression analysis concluded that 
age is not an independent prognostic factor.

When the patients were evaluated according to the PSA 
level, it was found that the PSA level was < 10 ng/ml in 38% 
of 243 patients, and the PSA level was 10-20 ng/ml in 20%. 
In approaches that require bone scintigraphy considering 
the prostate-speciϐic antigen level, the limit value chosen for 
PSA is usually 20 ng/ml [8,10-13]. Some approaches accept 
a cut-off value of 10 ng/ml [8,10,36]. In our study, patients 
with a PSA level of ≤ 20 ng/ml were as high as 58% (141 of 
243 patients). We observed that the mean PSA values of the 
patients with metastasis on bone scintigraphy (285.7  ±  783.2 
ng/ml) were found to be greater than the mean PSA values 
of the patients without metastasis (26.8  ±  42.8 ng/ml) and 
those with suspicious ϐindings in terms of metastasis (30.2  ±  
35.7 ng/ml). Rigaud, et al. [29] found the mean PSA values to 
be 975 ng/ml in their study with 86 patients who were found 
to have metastases on bone scintigraphy. In our study group, 

the number of patients with bone metastases with a Gleason 
score of > 7 (43% vs. 47%) and the mean age (71,2 vs. 71,3) 
were similar to theirs. The PSA averages of patients with 
bone metastasis in their study were signiϐicantly higher than 
in our study. The highest PSA value in their study (12420 ng/
ml) was more than twice the highest PSA value in our study 
(5459 ng/ml). We think that this very high value raises the 
average.

When the average survival time was examined within the 
PSA subgroups, it was found that the mean life expectancy 
in the group with > 50 ng/ml was signiϐicantly shorter 
than in the other groups. When the life expectancy was 
examined according to the PSA level, it was found that the 
life expectancy of patients with > 20-50 ng/ml and a 10-20 
ng/ml was slightly longer than that of patients with < 10 ng/
ml. However, there was no statistically signiϐicant difference 
in terms of life span. In Kaplan-Meier survival analysis, the 
predicted mean survival time of patients with PSA 10 - 20 
ng/ml (118.1 ± 14.8 months) was found to be slightly longer 
than the predicted mean survival time of patients with PSA < 
10 ng/ml (106.9±4.2 months). The predicted mean survival 
time of patients with PSA > 20-50 ng/ml (87.6  ±  7.4 months) 
and patients with PSA > 50 ng/ml (51.7  ±  6.2 months) was 
shorter than the patients with PSA < 10 ng/ml and PSA 10-
20ng/ml. The reason for this difference in the predicted mean 
survival time, which was not monitored in the graphical 
analysis may be that the patient with the lowest survival 
time (0.3 months) calculated in our study was in the PSA 
< 10 ng/ml group, and the patient with the second-highest 
life expectancy (152.8 months) was in PSA of 10-20 ng/ml 
group. In general, we found that the higher the PSA value, the 
shorter the predicted mean survival time. Abu-Hamar, et al. 
[35] found that the time to progression of patients with a PSA 
level of 50 ng/ml (32 months) was signiϐicantly longer than 
the time to progression of patients with a PSA level of > 50 
ng/ml (24 months) (p = 0.002). Our ϐindings are similar to 
theirs.

When the survival time was examined according to 
the Gleason score, it was seen that the more the Gleason 
score increased, the shorter the survival time (Figure 4). In 
our study, we saw that 41 (59%) of 70 patients with bone 
metastasis died due to prostate cancer. We calculated the 
predicted mean survival time as 47.4 ± 5.4 months. Yamashita, 
et al. [20], in their study with 76 prostate cancer patients with 
bone metastasis, found that 50 (66%) of these patients died 
due to prostate cancer. They calculated the median survival 
time to be 24.5 months (range of 3-100 months). The Gleason 
score of 60% of our patients with metastasis was above 7. 
They reported poor histological differentiation of the primary 
tumor in 37% of patients. Although our rate of patients with 
a Gleason score > 7 in our study was approximately twice 
as much as their study, our rate of patients who died due to 
prostate cancer was lower than theirs. When the patients 
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were compared by age groups, it was found to be similar. The 
average age of our patients with bone metastasis was 71.2 
years old, theirs was 68.7 years old. In the study of Yamashita, 
et al. [20], the PSA value comparison between the groups 
could not be evaluated, since there was no data about the 
serum PSA values of the patients before whole-body bone 
scintigraphy. Abu-Hamar, et al. [35], similar to our study, 
reported a shorter survival time in patients with a Gleason 
score above 7 (poorly differentiated). They reported that 
patients with a Gleason score ≤ 7 (33 months) had longer 
survival than patients with a Gleason score> 7 (24 months) 
(p < 0.001).

In the Cox regression analysis, it was seen that the most 
important factor independently affecting survival was bone 
scintigraphy ϐindings (Wald = 19.7; p = 0.0001). Although PSA 
level and Gleason score were weaker, they were observed as 
independent prognostic factors. On the other hand, age was 
found to have no signiϐicant effect on prognosis. Abu-Hamar, 
et al. [35], in their study with 92 patients with metastatic 
prostate cancer, found similar to our study, the initial PSA 
level and Gleason score of the patient were useful markers 
in predicting prognosis. However, they did not ϐind any 
statistical difference between the time to progression of the 
groups with > 6 and ≤ 6 bone areas in which metastasis was 
observed among these patients. He, et al. [34] showed that 
the Gleason score (p = 0.044) is an independent prognostic 
factor similar to our study, but besides that, unlike our study, 
they did not ϐind a signiϐicant relationship between PSA level 
(p = 0.973) and survival time.

Conclusion
In our study, we found that the predicted survival time 

was shortened in patients with bone metastasis, high serum 
PSA levels, high Gleason score, and over 70 years of age. We 
concluded that bone metastasis detected in bone scintigraphy 
was the most important prognostic factor in predicting the 
survival time of patients, followed by Gleason score, serum 
PSA level, and age.

The limitations of this retrospective study, we do not have 
clear data on other prognostic factors such as the treatment 
status of the patients, familial prostate cancer data, PSA 
variants, and TNM classiϐication. Only age, serum PSA level 
measured before the bone scintigraphy, Gleason score at the 
time of diagnosis, and presence of bone metastasis were used 
as prognostic factors.
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