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A B S T R A C T

Aim: To analyse the association between serum PSA, Gleason
score and bone scan results in patients with a diagnosis of prostatic
carcinoma. Materials and Methods: A three years retrospective
study of patients diagnosed with prostatic adenocarcinoma were
reviewed to collect information about age, clinical symptoms,
digital rectal examination findings, serum prostate specific antigen
(PSA), Gleason score on biopsy and bone isotope scan results. We
analysed the association between these clinical, pathological and
radiological parameters in patients with a diagnosis of prostatic
adenocarcinoma. Results: Of the 123 patients diagnosed with
prostatic cancer during the 3 year study period, 72 patients with
complete data were included in the study. Of the 72 patients, 15
(20.83%) presented positive scintigraphic examinations for the
presence of bone metastasis. All patients who had bone metastasis
on scintigraphy had PSA value of > 20 ng/mL, and in only 1
patient (0.46%) with bone metastasis PSA concentration was <
50ng/mL. There was no statistical significant correlation between
PSA level and tumor grading by Gleason score and also between
Gleason score and bone metastasis. Statistical analysis was
performed using Chi-square (Fisher exact) test and a value of
<0.05 was considered statistically significant. Conclusion:
Evaluation for bone metastasis in patients with prostatic carcinoma
is indicated when PSA levels are above 20ng/ml, because all
patients with metastasis had a value when a PSA cut-off of
>20ng/ml was considered. Though poorly differentiated prostatic
carcinomas (Gleason score > 7) are known to be associated with
poor prognosis with high likelihood of bone metastasis and higher
serum PSA values, we did not see such association in our study.
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Introduction
Prostate cancer occupies a prominent
place among malignant neoplasia of the
genitourinary tract, and currently represents
the most common neoplasia, being the
second most frequent cause of death by
cancer in men.1 It is a silent disease until it is
quite advanced in its evolution.
Consequently,
digital
rectal
examination (DRE) and or prostate specific
antigen (PSA) can help in detecting the
disease. Most cases of prostate cancer are
indolent and rarely fatal, at least for 5-10
years after diagnosis. It is established that
higher the values of PSA are, the bigger is
the volume of tumor existing in the patient,
suggesting also a relation that is directly
proportional to the tumor stage.2 Besides
PSA, prostatic acid phosphatase, alkaline
phosphatase, tumor ploidy, Gleason score,
ultrasonography, computer tomography,
magnetic resonance imaging, and bone
scintigraphy are useful in the work-up of
patients with prostate neoplasia.3
The grading of prostatic carcinoma
by Gleason score is a good predictor of the
pace of disease. Patients with well
differentiated tumors (Gleason score 2 to 6)
generally have a favorable prognosis while
high grade tumors (Gleason score 7 to 10)
are associated with higher mortality rate.4
Early prostate cancer remains localized to
the prostate gland whereas advanced cancer
can spread into distant organs like, bone,
lungs or liver. Metastatic prostate cancer
commonly spreads into bones and often
causes back pain, which can sometimes be
the first symptom of this cancer. Autopsies
have revealed that 80% of advanced prostate
cancer is accompanied by the development
of skeletal metastases.5 The American
Urology Association (AUA) and the
European
Association
of
Urology
guidelines for prostatic carcinoma suggest
that bone scan may not be indicated in
patients with a PSA level of <20 ng/ml or
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less, who have well differentiated prostatic
cancer.6,7 However, there are reports which
revealed higher incidence of positive bone
scan with low PSA in mass population
screening in Asians as compared with
Western data.8
The objective of the present study is
to evaluatein patients with diagnosis of
prostate cancer, the relationship between
serum concentration of PSA, histological
grading by Gleason score and the presence
of bone metastasis by scintigraphy. This
evaluation could give insight into the
clinical profiles of patients for whom bone
scanning could be eliminated due to a low
probability of bone metastasis.
Materials and methods
From Jan 2008-Dec 2010, a total of
123 patients were diagnosed with prostatic
carcinoma in Kasturba Hospital Manipal, of
which 72 patients were included in the study
as the others had incomplete data. The
diagnosis of prostate carcinoma was
established through prostate biopsy guided
by trans-rectal ultrasonography or in the
material of prostate transurethral resection
performed for presumable benign prostatic
hyperplasia. The serum concentration of
PSA was determined by the Tandem-R PSA,
monoclonal immuno-radiometric assay with
the normal range set between 0 and 4.0
ng/ml. The Gleason score was given by
surgical pathologists in the Department of
Pathology of the university hospital
according to the Gleason grading system.
Presence of adenocarcinoma was diagnosed
according to the criteria of Mostofi& Price.9
The diagnosis was based on invasion or
architectural
disturbance.
Histological
grading was performed according to the
Gleason system.10 Prostatic carcinomas with
final score < 7 were considered low-grade;
and, with final score > 7 were considered
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high-grade.11 Bone scans were done for
evaluation of bone metastases in the
Diagnostic Radiology department of the
hospital according to the standard
procedures. Patients were intravenously
given555 MBq Technetium-99m (99mTc)
methylene diphosphonate.
For statistical analysis, chi square
(Fisher exact) test was used, considering p <
0.05 as statistically significant.
Results
Of the total of 123 patients who were
diagnosed with prostatic cancer during the 3
year study, 72 had a complete retrospective
data collection and were entered into the
study. The median age of the patients was
69.5 years (Age range from 49-78 years).
Demographic and clinical data are shown in
Table-1. 4.16% of the patients were
asymptomatic and were diagnosed during
work-up for elevated PSA levels during
screening. 39 patients (54.16 %) had hard
irregular prostate on DRE, while others had
normal findings. 53 patients (73.61 %) out
of the 72 patient shad an elevated PSA level
above 4ng/ml. The elevated PSA in these
patients ranged from 15.1 to >1000ng/ml.
A total of 15 patients (20.83 %) had
positive bone scan suggestive of metastasis.
14 patients had clinical symptoms
suggestive of bone metastasis, of which
13patients had bone pain and tenderness,
and one patient had pathologic fracture. All
patients with bone symptoms also had
obstructive urinary symptoms. 1 patient with
no clinical symptoms suggesting metastases,
was detected on radiological examination.
The relationship between PSA level and
bone scan results are shown in Table 2.
Among 15 patients who had a positive bone
scan suggestive of metastases, the PSA level
was above a cut-off of 20ng/ml and only 1
patient had lower PSA level when a cut-off
of 50ng/ml was taken into consideration.
[Table 3].
BBB[3][01][2015]001-007

16 patients (22.23 %) were
categorized as low Gleason score between 26 while 56 patients (77.77 %) had a high
Gleason score between 7-10 reported on
histopathological
examination.
The
relationship between PSA levels and
Gleason score is shown in Table 4. There
was no significant correlation between PSA
levels and Gleason score (p value=0.221).
Of the 56 patients with high Gleason
score, 44 (78.57 %) were negative for bone
metastasis and 12 patients (21.43 %)
revealed metastasis on bone scan, while in
16 patients with low Gleason score, 13
patients (81.25 %), were negative and 3
patients
were
positive
(18.75
%)
respectively for bone metastasis, suggesting
no significant correlation between high
Gleason score and bone metastasis. Table 5
shows the relationship between Gleason
score and bone metastasis.
Discussion
Serum concentrations of PSA have
been widely used for early detection of
prostate cancer, and PSA has been described
as the best circulating tumour marker in
oncology.12,13 It is widely used in clinical
practice for the diagnosis, staging, and
monitoring of prostate cancer. The
traditional cut-off for an abnormal PSA level
in the major screening studies has been 4.0
ng/mL.14 However, when screening a
population with a relatively low prevalence
of prostate cancer as in Asian population,
extremely high validity must be achieved.
According to our study, 53 out of 72 patients
with diagnosis of prostatic carcinoma had
elevated PSA value, with a sensitivity of
73.61 %, and this was slightly higher than
the sensitivity of digital rectal examination
which was 54.16 % in predicting diagnosis
of prostatic carcinoma. The study by Part in
et al on a large series of prostatic carcinoma
reported sensitivity of 52 % and a specificity
of 81 % for the prediction by DRE alone.2
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The American Cancer Society
systematically reviewed the literature
assessing PSA performance. In a pooled
analysis, the estimated sensitivity of a PSA
cutoff of 4.0 ng/mL was 21 % for detecting
prostate cancer and specificity was 91
percent.15
Although serum PSA is not specific
for prostate cancer, the concentration of
serum PSA does correlate with pathologic
stage and tumor volume. Chybowski et al
documented that the PSA level was
correlated with the risk of bone metastasis in
521 patients randomly selected. They
suggested that the PSA concentration was
the best predictor for bone metastases
among other clinical and pathological
parameters.16 In their study, only one patient
had bone metastases among 307 with PSA
concentration of 20 ng/ml or less, indicating
that the negative predictive value was
99.7%. In our study among 15 patients who
had bone metastases, all patients had PSA
level more than 20ng/ml, and 1 patient had a
PSA value < 50ng/ml. Several studies have
raised the question of whether a staging
bone scan could be omitted for patients with
PSA concentrations of 20 ng/ml or less.
Partin et al noted that 80% of men with PSA
levels higher than 20.0 ng/mL had extra
prostatic disease. Oommen et al contraindicate bone scintigraphy in asymptomatic
patients with PSA < 10 ng/mL because cost
benefit is not worth.17 The prognostic value
of any clinical criterion when used alone to
predict tumor extent is limited for an
individual patient. However, staging
accuracy is substantially enhanced by using
the combination of local disease extent on
DRE (T stage), serum PSA level, and
Gleason score from prostate biopsy
specimen. Of the many histologic grading
systems introduced to help predict
pathologic stage and prognosis for prostate
cancer, the most commonly used is the
Gleason system, which correlates directly
BBB[3][01][2015]001-007

with pathologic extent of disease. To this
end, a nomogram (namely, the Partin
Tables) based on these preoperative
parameters has been constructed. The Partin
Tables, which are the result of a singleinstitutional study of men undergoing
radical prostatectomy relating pathologic
stage to clinical stage, demonstrate that PSA
and biopsy Gleason score exhibit
independent predictive significance in
multivariate analysis Therefore, using the
Partin Tables, it is possible to accurately
predict, those that are likely to be at a high
risk for disease recurrence (i.e., Gleason
score 8-10 and serum PSA >20 ng/ml).18
Higher level of PSA (>50 ng/ml) is
associated with poorly differentiated
histopathology (GS >7) and this is a welldocumented fact.19 In univariate analyses,
Gleason scores >7 were also associated with
shorter bone metastasis-freesurvival.20
Although higher grade cancer
produces less PSA per cell as compared to
lower grade tumors, overall, poorly
differentiated tumors are associated with
higher PSA levels as these tumors tend to be
larger and of more advanced stage.21
However, in our study there was no
significant correlation between tumor grade
by Gleason score and pre-operative levels of
PSA.
Bone
scintigraphy
using
the
radioisotope
Technetium
(99
mTc)
methylene diphosphate is a sensitive method
for evaluating the skeleton in bone
metastasis diagnosis, being superior to
conventional radiological study and to the
serum levels of prostatic alkaline
phosphatase. This examination presents high
sensitivity with low rate of false negatives.
A large proportion of individuals with
metastasis detected in scintigraphy can be
asymptomatic.16 We found that 1 of the 15
patients were clinically asymptomatic and
had undergone bone scan because of very
high PSA levels (>1000ng/ml). Table 6
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compares our results of PSA, Gleason score
and bone metastasis with other studies.
Conclusion

7.

We conclude that:
(1) There was no evidence of bone
metastasis in newly diagnosed patients with
prostatic carcinoma when a serum PSA level
was < 20 ng/ml.
(2) There was no statistically
significant
relationship
between
preoperative prostate specific antigen and
biopsy Gleason score.
(3) High Gleason score was not a
predictor for bone metastasis .However,
important limitation of the present study is
its relatively small study population and few
patients with bone metastases.
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Table 1. Clinical variables in patients with prostatic carcinoma
Total number of patients = 72

No of patients

% of patients

Asymptomatic

3

4.16

Lower urinary tract symptoms

55

19.44

Lower urinary tract symptoms + Suggestive of
Bone Metastases

14

76.38

Abnormal rectal examination

39

54.16

Normal rectal examination

33

45.84

> 4ng/mL

53

73.61

< 4ng/ml

19

26.39

Symptoms

Per Rectal Examination

PSA Levels

Table 2. Relationship between serum PSA levels and bone scan results
Serum PSA

Total

Negative bone scan

Positive bone scan

<10ng/mL
10.1-20ng/mL
20.1-50ng/mL
>50ng/mL

19
2
18
33

19
2
17
19

0
0
1
14
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Table 3. Relationship between serum PSA levels and tumor grade by Gleason score
Serum PSA

Total

<10ng/mL
10.1-20ng/mL
20.1-50ng/mL
>50ng/mL

19
2
18
33

Low Gleason score
(2-6)
5
1
3
7

High Gleason score
(7-10)
14
1
15
26

Table 4. Relationship between prostate specific antigen (PSA) concentration with a cut-off point
of 50 ng/mL and presence of bone metastasis in scintigraphy for patients with prostate cancer
Serum PSA

Total

Negative bone scan

Positive bone scan

P value

<50ng/mL
>50ng/mL

39
33

38
19

1
14

<0.001

Table 5. Relationship between Gleason score and presence of bone metastasis in scintigraphy for
patients with prostate cancer
Gleason score

Total

Negative bone scan

Positive bone scan

P value

Low Gleason score
High Gleason score

16
56

13
44

3
12

1.000

Table 6. Comparison of incidence rates of bone metastasis by Tc99m, and other findings in
prostatic adenocarcinoma with other studies
Authors, Year

Incidence

Findings

Osterling et al, 1993

0.8%

A bone scan is not necessary in patients with PSA <10 ng/ml and no
skeletal symptoms

H osuda et al, 2002

22.2%

Bone scans can be eliminated in newly diagnosed prostatic cancer
patients with PSA <10ng/ml, Gleason grade <2 or Gleason score <6

Huang et al, 2006

34.2%

Bone metastases cannot be ruled out in patients with PSA <10ng/ml

Lai et al, 2011

29.3%

No statistically significant relationship between Gleason score, PSA
and bone scan results

Jaukovic et al, 2011

19.35%

Bone scans are not needed in Gleason score <6 and PSA <10ng/ml

Janane et al, 2012

29.3%

No significant correlation between PSA and bone scan

20.83%

No bone scan needed when PSA cut-off <20ng/ml. No statistically
significant correlation between Gleason score and bone metastasis,
and Gleason score and serum PSA values.

Our study
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