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Prostate cancer (PC) is the second one in morbidity and mortality in a population of 

men over 50 and has a high affinity for metastasis to the bone system. The aim of this study 
was to determine predictive value of prostate specific antigen (PSA) versus to combination of 
PSA and alkaline phosphatase (ALP) for existence of skeletal PC metastases. The study included 
620 patients with histologically proven PC with elevated PSA, ALP, or clinical signs that indicated 

bone metastases. Bone scintigraphy (BS) was performed according to the protocol of the 
European Association of Nuclear Medicine. Specificity, sensitivity, positive and negative 
predictive value, and overall accuracy of PSA and the combination of PSA and ALP were 
evaluated in predicting the existence bone metastases on BS. The PSA showed sensitivity of 
91.88%; specificity of 37.5%; positive predictive value of 53.32%; a negative predictive value 
of 85.62% and an overall accuracy of 61.22% (95% CI). The PSA and ALP combination showed 
a sensitivity of 99.20%, specificity of 96.88%, positive predictive value of 98.41%, and 
negative predictive value of 98.41% and an overall accuracy of 98.41% (95% CI). The 
combination of PSA and ALP showed significantly higher sensitivity, specificity, positive and 
negative predictive value and overall accuracy than the PSA only. When indicating BS in 
patients with PC, PSA, ALP, and clinical signs should be evaluated for the early detection of 
bone metastases and in the aim to avoid unnecessary admission to scintigraphy of patients in 
whom there is no high suspicion of bone metastases. 
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Introduction 
 
Prostate cancer (PC) ranks second in both, 

morbidity and mortality in a population of men over 
50, with a median age of patients of 66 years at the 
time of initial diagnosis (1). Prostate cancer in its 
initial stages is often a completely asymptomatic di-

sease. The symptoms that may indicate that there 
may be changes in the prostate in terms of an in-
cipient prostate cancer are mainly problems asso-
ciated with urination, such as difficult or frequent 

urination, or the need for urination that occurs du-
ring the night. Sometimes the initial symptoms are 
pain in the lumbar spine, which is encounter-edu-
sually in advanced stages of the disease, precisely 

because the axial skeleton is most often affected by 
metastatic prostate cancer. 

Suspicion of the existence of the disease is 

usually based on elevated serum prostate specific 
antigen (PSA) values greater than 4 ng/mL. In-
creased PSA level is also mixed in other conditions 
associated with prostate disorders such as benign 
prostatic hyperplasia (BHP). For diagnosis of PC, the 
basic diagnostic method is biopsy and histological 
findings. 

Prostate cancer metastases mainly occur in 
the skeleton and represent a very important prog-
nostic indicator, and very important factor in plan-
ning of a therapeutic approach in patients diagnosed 
with PC (2). 
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Bone scintigraphy is still the most commonly 

used method for detecting the existence of PC bone 

metastases. However, BS cannot be used as a 
screening method for the detection of metastatic 
disease of any oncological entity, even in the case of 
PC. 

The indication for BS for the detection of PC 

metastases is mainly related to elevated PSA values. 
However, elevated PSA alone does not necessarily 
indicate bone metastases, which would mean that a 
certain group of patients would needlessly be re-
ferred for BS examination. 

The clinical picture of patients, especially the 
presence of the pain in the axial skeleton or other 

parts of the locomotor system, also does not repre-
sent a safe indication for BS examination, consi-
dering that the average detection time of PC is 66 

years of age, and those kind of clinical signs are 
usual in this population of men even without PC.  

One of the biochemical markers that should 
be used together with PSA is alkaline phosphatase 

(ALP). Alkaline phosphatase is released mainly in the 
liver and skeletal system, and elevated ALP values in 
patients with PC in the absence of liver disease are 
largely originated in the skeleton (3). 

 
The aim 

 
The focus of this study was the assessment of 

accuracy in prediction of bone metastasis in patients 
with PC using the combination of values of PSA, ALP 
and the existence of clinical signs, versus the pre-
diction achieved using levels of PSA only as an in-

dependent predictor for the existence of skeletal 

metastases of PC. 
 
Patients and methodology 
 
Six hundred twenty patients, from 51 to 91 

years of age, were examined (average 71 years of 
age SD 7.012). All patients were diagnosed with 

biopsy and histopathological findings. Laboratory 
analysis of serum PSA and ALP levels was performed 
in all patients. All patients with elevated PSA, ALP 
and with clinical signs such was the presence of the 
pain predominantly in the axial skeleton or in some 
other parts of skeleton, underwent BS. 

PSA was determined on UniCel Dxl 600 
(BECKMAN COULTER) with Hybritec PSA Chemilumi-

niscent Immunoassay, with normal values in the 
range from 0.0 to 4.0 ng/mL.  

The ALP was determined on UniCel Dxl 600 
(BECKMAN COULTER), Chemiluminescent Immuno-
assay with a reference range from 20 to 140 IU/L. 

Bone scintigraphy was performed according 
to the standard protocol recommended by the Euro-
pean Nuclear Medicine Association (4) on a Siemens 
dual-head gamma camera, in "whole body" (WBS) 
modality, or "spot" static scintigrams and/or single 
photon emission tomography (SPECT) modality 
when lesions detected on the WBS were suspected 

but not clear for the existence of secondary depo-
sits. Whole body scintigrams in AP and PA pro-
jections were made in one pass, with a recording 

speed of 12 cm/min in anterior (AP) and posterior 

(PA) projections with computerized "zipping" of the 

scintigraphic image, in order to get a full skeleton 
view in one act. Targeted spot static scintigrams 
were made in AP and PA projections over the region 
of interest which was the region where suspected 
scintigraphic signs of lesions corresponding to secon-

dary deposits were observed on WBS scintigrams. 
The SPECT method was applied over the suspected 
regions by rotating the body shape orbit in a 180 
degree arc with a step and shoot modality of 30 
seconds per projection with a total of 32 positions 
per detector, respectively, with an arc angle of dif-
ference between each projections of 5.6 degrees. 

The reconstruction of the SPECT tomogram was 
done along the sagittal, transversal and coronal axes 
through the region of interest using an iterative 

method. Radiopharmaceutical that was used was 
Technetium 99m labeled diphosphonate (99mTc-
DPD) in applied dose of 20 mCi (740 MBq) (5). The 
scintigrams were examined by two independent 

examiners, both of whom were nuclear medicine 
specialists with decades of experience in interpreting 
BS. Positive scintigraphic findings were the existence 
of one or more foci with significantly enhanced ra-
diopharmaceutical fixation, which corresponded to 
the existence of a skeletal osteoblastic response to 

the presence of a secondary deposit of PC in the 
skeleton. The existence of focal changes with sig-
nificantly reduced fixation and with the hyperfixation 
rhyme was considered as the presence of osteolytic 
metastatic changes, or the existence of a mixed 
osteoblastic - osteoclastic response to the presence 

of hematogenous spreading of metastatic disease of 

PC in the skeleton. 
Statistical processing was done with SPSS 

software, using descriptive testing, with cross tabu-
lation of the obtained results. Normal and patholo-
gical value of PSA with the existence and absence of 
secondary deposits in the skeleton was correlated. 
In addition, normal and pathological value of ALP 

was correlated with the existence or absence of se-
condary deposits, and finally a combination of values 
of PSA and ALP was correlated with existence or 
absence of secondary deposits in the skeleton. The 
pathological values of PSA with the existence of se-
condary deposits on skeletal scintigraphy were con-

sideredas true positive, the normal values of PSA 
with normal scintigraphic findings were considered 

as true negative. The false positive was the pa-
thological value of PSA without proven metastases in 
the skeleton on the BS, while false negative finding 
was considered as the normal value of PSA with the 
presence of metastases on scintigraphy. 

The true positive combination of PSA and ALP 
was the group of patients with elevated PSA and ALP 
values and skeletal metastases on BS, while the true 
negative finding was the existence of normal PSA 
and ALP values without skeletal metastases on BS. 
False positives were patients with elevated PSA and 
ALP without metastases on BS, whereas false nega-

tive were findings with normal PSA and ALP and with 
visualized metastases on scintigraphic findings. 
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Results 

 

Out of 620 patients with histologically proven 
PC, 349 patients had no signs of skeletal metastases 

(Figure 1) and 271 patients had scintigraphic signs 

of secondary deposits in the skeletal system (Figure 

2, 3 and 4). 

 
 
 

 

 
 
 

Figure 1. A. Whole body scintigraphy in anterior and posterior projections,  
B. Spot scintigrams of thoracic region in anterior and posterior projections,  

C. Spot centigrams of pelvis in anterior and posterior projections. Normal finding. 

 
 
 

 

 
 
 

Figure 2. A. Whole body scintigraphy in anterior and posterior projections,  
B. Spot scintigrams of thoracic region in anterior and posterior projections,  

C. Spot scintgrams of pelvis in anterior and posterior projections.  

Presence of metastases in the thoracic spine, posterior aspect of right sided ribs and right sacroiliac joint. 
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Figure 3. A. Whole body scintigraphy in anterior and posterior projections,  

B. Spot scintigrams of pelvis in anterior and posterior projections.  
Suspect metastasis in IV lumbar vertebra. 

 

 
 
 

 
 
 

Figure 4. Patient in Figure 3. Solitary metastasis in the body of IV lumbar vertebra SPECT modality study  
A. Comprehensive 3D,  

B. Transversal tomogram of IV lumbar vertebra,  
C. Sagittal tomogram of IV lumbar vertebra,  
D. Coronal tomogram of IV lumbar vertebra. 

 
 

 
 

 
 

Graph 1. Existance of metastases in skeleton 
 
 
 
 

Expressed in percentages, 56.3% of patients 
had no signs of skeletal metastases on BS, whereas 

43.7% of patients had demonstrated the existence 
of secondary PC deposits (Graph 1). 

56.3% 
43.7% 
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Prostate specific antigen had normal values in 

153 (24.7%), while pathological values were found 

in 467 (75.3%) patients (Graph 2). 
Normal ALP values were found in 345 

(55.6%) patients and pathological values were 
found in 275 (44.4%) (Graph 3). 

Pathological values of both PSA and ALP were 

found in 252 (40.6%) patients, pathological PSA 

with normal ALP values were 215 (34.7%), normal 
PSA and pathological value of ALP were found in 27 
(4.4%) patients, while 126 (20.3%) patients had 
normal values of both PSA and ALP (Graph 4). 

 

 
 
 
 

 
 

Graph 2. PSA values 

 
 

 

 
 

Graph 3. ALP values 

 

 
 

 
 

Graph 4. Combined values of PSA and ALP. N – normal values, P – pathological values 

 

24.7% 

75.3% 

55.6% 

44.4% 
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Expressed over the number of patients with 

pathological PSA values, 53.3% of them had a posi-

tive scintigraphic finding for the existence of secon-
dary deposits, while (46.7%) had no skeletal meta-
stases, while on the other hand, patients with 
normal PSA (< 4.0 ng/mL) or low PSA values (< 10 
ng/mL) in 14.4% on scintigrams showed the pre-

sence of secondary deposits, while 85.6% had no 
skeletal metastases (Graph 5). 

Three hundred forty-two patients with normal 

ALP values had normal BS, while in three patients 

with normal ALP, BS showed the existence of se-
condary deposits of PC. Pathological values of ALP 
with skeletal metastases on BS were reported in 268 
patients, while pathological values of ALP without 
skeletal metastases were found in seven patients 

(Graph 6). 

 
 
 
 

 
Graph 5. Existance of metastases and value of PSA 

 

 

 
 

 
Graph 6. Existance of bone metastases and value of ALP 

 
 
 

 
Pathological values of PSA and ALP were 

found in 252 patients, of whom 248 had skeletal 
metastases and 4 did not. Pathological PSA values in 
combination with normal ALP were observed in 215 
patients, one of whom had metastases and 214 had 

normal BS. Normal PSA and pathological ALP were 
found in 27 patients, of whom 20 had metastases 
while 7 had normal BS. Normal PSA and ALP values 
were found in 126 patients, and only 2 of them had 
secondary deposits in the skeleton and 124 had 
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normal BS. A combination of pathological values of 

both biological markers was considered a positive 

predictor of skeletal metastases, while a combina-
tion of PSA and ALP with values that were within 
physiological limits was considered a negative pre-
dictor (Graph 7). 

Statistical processing of the obtained data 

yielded results that showed that serum PSA values 
had a sensitivity of 91.88%; specificity of 37.5%; a 
positive predictive value of 53.32%; a negative pre-
dictive value of 85.62% and an overall accuracy of 
61.22% (95% CI), for correlation with the exist-
ence of PC metastases on BS. 

The combination of PSA and ALP was con-

sidered positive when both biological markers had 

pathological values, or negative, when both markers 

had values within the physiological range. Statistical 

analysis showed that the combination of PSA and 
ALP in correlation to the existence of PC metastases 
in the skeleton had a sensitivity of 99.20%, spe-
cificity of 96.88%, positive predictive value of 
98.41%, and negative predictive value of 98.41% 

and overall accuracy of 98.41% (95% CI). Graph 8 
shows a comparison of sensitivity, specificity, posi-
tive and negative values, and the overall accuracy of 
PSA as a single biological marker, and the combi-
nation of PSA and ALP together in the prediction of 
the existence of PC metastases in the skeleton found 
on BS. 

 
 

 
 

 
Graph 7. Combined values of PSA and ALP as positive and negative predictors for metastases on BS 

 
 
 
 

 
Graph 8. Comparison of PSA and combination of PSA∕ALP as predictors of bone metastases in patients with PC 
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Discussion 

 
Prostate adenocarcinoma ranks second in 

morbidity in the male population, and fifth in mor-
tality in the total population. According to GLOBO-
CAN 2018 (1), there were 1,276,106 new cases of 
prostate adenocarcinoma reported worldwide during 
2018. It has been observed that prostate cancer is 
more common in African-American populations with 
the occurrence of more severe forms of cancer, and 
in members of the male population over 65, regard-
less of race. No relevant data are yet available to 
indicate valid measures for the prevention of this 
type of cancer, and screening tests are recom-
mended in the population over 45 years of age (6). 
Prostate cancer is very often an asymptomatic di-
sease in the early stages; however, malignant pro-
state cancer cells migrate, penetrate the blood ves-
sels and have a high affinity for spreading to other 
organs (7). Hematogenously disseminated prostate 
carcinoma cells have a significant affinity for ex-
pansion into the skeleton, initially engaging the axial 
skeleton, especially, those places in the skeleton 
where the red bone marrow is still active (8). The 
explanation for this spread of prostate cancer is that 
the red bone marrow represents an almost ideal 
substrate for the proliferation of prostate cancer 
cells. In autopsies, it was found that as many as 
90.1% of men who died due to hematogenous 
spread of prostate cancer had skeletal metastases 
(9). The reaction of the skeleton to the presence of 
prostate cancer cells is reflected in the existence of 
osteoblastic or osteoclastic reaction of the bone, or 
in some cases mixed reactions to the presence of 
malignant cells. Osteoblastic activity is reflected 
practically as enhanced process of hydroxyapatite 
deposition, what results as the formation of a "new 
bone" at the sites of malignant cell nidation, without 
previously present bone matrix resorption. Osteo-
lytic lesions are basically represented by the des-
truction of the bone matrix and this is why they 
result in the existence of bone softening, pain or 
even pathological fractures. The mixed response of 
the skeleton to the presence of malignant secondary 
deposits is in fact the simultaneous appearance of 
the two mechanisms described above (10, 11). 

Prostate specific antigen is widely accepted as 
a screening test for early detection of prostate 
cancer. This approach to the initial detection of pros-
tate cancer is still relevant today, although there are 
studies showing that its sensitivity to the prediction 
of prostate cancer is not significantly reliable. Pros-
tate cancer has also been detected in patients who 
have a PSA level < 4.0 ng/mL which is considered 
as normal (12). Studies conducted in Australia and 
accepted by the National Health and Medical Re-
search Council (NHMRC) show that it is appropriate 
to lower the limit of the physiological range of PSA to 
< 3.0 ng/mL and that even with such low PSA 
values, it is possible to have false negative results in 
the early detection of prostate cancer. Therefore, it 
is recommended that the testing should be adjusted 
to the patients' age, and that the lower recom-
mended PSA limits depend on the age of the pa-
tients (13). 

After prostate cancer is detected, one of the 
primary goals is to determine the suspicion of meta-
stases in the skeleton, and after establishing the 
suspicion of the existence of secondary deposits of 
prostate cancer, to determine their presence. Years, 
or decades back, the authors have been trying to 
establish algorithms to predict the existence of he-
matogenous metastases of prostate cancer in the 
skeleton. The approaches involve the use of various 
biologically active markers that may indicate the 
existence of metastatic spread of prostate carcinoma 
in the skeleton. 

One of the most widely used biologically 
active marker for screening tests in the initial diag-
nosis of prostate cancer is PSA, so it was a logical 
attempt to use the same approach, with measuring 
the level of PSA in patients with PC to predict the 
existence of bone metastases. 

In a study conducted in 1996, a total of 158 
prostate cancer patients reported a high negative 
predictive value of serum PSA of 98%, its positive 
predictive value of 74% and an overall accuracy of 
92% in the prediction of bone metastases in patients 
with PC. Based on the results of PSA levels and 
skeletal scintigraphy, it is concluded that low PSA 
values almost exclude the existence of metastases 
(14). 

On the other hand, the same author who 
published a study in 1996 stating that low PSA 
values almost exclude bone metastases, two years 
later, published a work performed on 359 patients 
where the presence of metastases was detected in 
patients with PSA values < 10 ng/mL, and concludes 
that PSA provides only limited information regarding 
the prediction of the existence of secondary deposits 
of prostate cancer in the skeleton (15). 

In our study, the scintigraphic examination 
included 620 patients, of whom 43.7% had a proven 
presence of secondary deposits on the scintigraphic 
examination, while the presence of bone metastases 
was not scintigraphically observed in 57.3% of pa-
tients. Serum PSA levels were normal in 153 
(24.7%), whereas pathological PSA values were 
found in 467 (75.3%) patients. In the group of 
patients with normal PSA values (< 10 ng/mL), we 
scintigraphically detected bone metastases in 14.4%. 
It should be noted that patients in our study were 
referred for skeletal scintigraphy not only because of 
high PSA values but also because of a clinical picture 
that could indicate the presence of bone metastases 
of prostate cancer. Statistically, we obtained sensiti-
vity of 91.88%; specificity of 37.5%; a positive pre-
dictive value of 53.32%; a negative predictive value 
of 85.62% and an overall accuracy of 61.22% (95% 
CI) for PSA levels and their relation to the existence 
of bone metastases. Our results are similar to those 
obtained in other studies, as stated by the authors in 
the 2012 paper in which they advocate that symp-
tomatic patients with prostate cancer should un-
dergo skeletal scintigraphy regardless of PSA values 
(16). 

In addition to the clinical picture, that is, the 
subjective feeling of patients and the value of PSA, 
there is a need for more objective screening of 
patients diagnosed with prostate cancer in order to 
indicate more accurately skeletal scintigraphy for the 
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purpose of detecting bone metastases. Alkaline 
phosphatase (ALP) in healthy humans is mainly de-
rived from the skeleton and the liver. Elevated ALP 
without liver disease in patients diagnosed with 
prostate cancer comes from the skeleton (17). 

The mechanism of occurrence of elevated ALP 
values in the presence of bone metastases of pro-
state cancer is related to the activation of osteo-
blastic activity in the presence of prostate cancer 
cells. Thus activated osteoblasts produce elevated 
ALP values (18). Elevated ALP values are directly re-
lated to the existence or extensiveness of seconda-
rily depositional skeletal changes in prostate cancer, 
that is, a decrease in serum ALP levels is directly 
related to a possible improvement in metastatic 
disease (19). In our study, we used the opportunity 
to perform laboratory analysis of serum ALP levels in 
patients referred for skeletal scintigraphy, either 
because of elevated PSAs or clinically significant 
signs that could indicate the presence of bone meta-
stases of prostate cancer. We combined the elevated 
ALP values with the elevated PSA values and then 
compared that battery of tests with the existence or 
absence of bone metastases of prostate cancer. 

In our study, correlation of the existence or 
absence of bone metastases in the two groups of 
patients, one with low PSA values and ALP values in 
the physiological limits, and the second one with 
pathological values of both biological markers, 
showing significantly lower number of patients with 

PC bone metastases in the group with low values of 
PSA and ALP. On the other side, in the group of 
patients with pathological values of PSA and ALP, BS 
showed significantly higher number of patients with 
presence of PC bone metastases. 

 
Conclusion 
 
Prostate specific antigen as an independent 

biological marker in terms of prediction of bone 
metastasis in prostate cancer patients showed signi-
ficantly lower sensitivity, specificity, positive and ne-
gative predictive value, and overall accuracy com-
pared to the combination of PSA and ALP. 

As part of the evaluation of patients diagno-
sed with prostate cancer in order to more accurately 

indicate skeletal scintigraphy for the detection of 
bone metastases, a combination of serum PSA, ALP, 

and clinical signs suggesting bone metastasis should 
be used according to our results. 

Such an approach reduces the number of pa-
tients who would be unnecessarily referred to ske-

letal scintigraphy, and on the other side, the number 
of patients who, due to possibly low or moderately 
elevated PSA values as a standalone marker, with 
skeletal metastases, remain with no admission to 
bone scintigraphy and consequently without detec-
tion of existing metastatic changes. 
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Karcinom prostate (CP) na drugom je mestu po broju obolelih i po mortalitetu u 

populaciji muškaraca starosti preko 50 godina i ima veliki afinitet prema metastaziranju u 
koštani sistem. Cilj ovog rada bilo je utvrđivanje prediktivne vrednosti prostata specifičnog 
antigena (PSA) u odnosu na kombinaciju PSA i alkalne fosfataze (ALP) u predikciji postojanja 
scintigrafski detektabilnih metastaza CP. U studiju je bilo uključeno 620 bolesnika sa pato-
histološki dokazanim CP, koji su na scintigrafiju upućivani zbog povišenih vrednosti PSA, ALP 
ili zbog kliničkih znakova, koji bi mogli da ukazuju na postojanje koštanih metastaza CP. 
Scintigrafija skeleta (BS) rađena je po ustaljenom protokolu Evropske asocijacije nuklearne 
medicine (EANM). Statistička obrada podataka podrazumevala je procenu specifičnosti, senzi-
tivnosti, pozitivne i negativne prediktivne vrednosti i ukupne tačnosti PSA i kombinacije PSA i 
ALP u predikciji postojanja scintigrafski detektabilnih koštanih metastaza CP. U pogledu 
predikcije postojanja koštanih metastaza na BS, PSA je pokazao senzitivnost u iznosu od 
91,88%; specifičnost u iznosu od 37,5%; pozitivnu prediktivnu vrednost u iznosu od 53,32%; 
negativnu prediktivnu vrednost u iznosu od 85,62% i ukupnu tačnost u iznosu od 61,22% 
(95% CI). Kombinacija PSA i ALP pokazala je senzitivnost od 99,20%, specifičnost od 
96,88%, pozitivnu prediktivnu vrednost od 98,41%, negativnu prediktivnu vrednost od 
98,41% i ukupnu tačnost od 98,41% (95% CI). Kombinacija PSA i ALP pokazala je 
signifikantno veću senzitivnost, specifičnost, pozitivnu i negativnu prediktivnu vrednost, 
odnosno ukupnu tačnost u odnosu na PSA, kao samostalni biološki marker. Prilikom 
indikovanja BS, kod bolesnika sa CP treba uzeti u obzir vrednosti PSA, ALP i kliničke znake u 
cilju rane detekcije koštanih metastaza i izbegavanja nepotrebnog upućivanje na scintigrafiju 
bolesnika, kod kojih ne postoji visoka sumnja na postojanje koštanih metastaza. 
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