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Abstract
Prostate cancer is, after lung cancer, the most common malignant disease diagnosed in the male population. 

The introduction into the practice used during the 80’s and 90’s of the determination of serum Prostate-Specific 
Antigen (PSA) levels, as a component of screening for prostate cancer, was a turning point in the medical practice. 
Due to this enzyme produced exclusively by the prostate gland, the prostate cancer detection rate (in curative, 
intracapsular stages) improved significantly. Serum PSA is a better predictive factor for prostate cancer (PC) than 
digital rectal examination or transrectal prostatic ultrasound.
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Rezumat
Cancerul de prostată reprezintă, după cancerul pulmonar, cea mai frecventă afecţiune malignă diagnosticată 

în cadrul populaţiei masculine. Introducerea în practica curentă în anii 80-90 a determinării Antigenului Specific 
al Prostatei (PSA) seric, ca şi componentă a screeningului pentru cancerul de prostată, a reprezentat un moment de 
răscruce în practica medicală. Datorită acestei enzime produsă exclusiv de către glanda prostatică, rata detecţiei 
cancerului de prostată (în stadii curative, intracapsulare) s-a îmbunătăţit semnificativ. PSA – ul seric reprezintă un 
factor predictiv pentru cancerul de prostată (CP) mai bun decât tuşeul rectal sau ecografia prostatică transrectală.
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Background and history

Prostate-specific antigen is a glycoprotein 
serine protease secreted exclusively by the ep-
ithelial cells of the prostatic acini and ducts, 
being an organ-specific enzyme. Its structure 
contains a single-chain consisting of 240 amino 
acids (93%) and 4carbohydrates (7%), with a 
molecular weight of 33,000 daltons. Structural-
ly, the enzyme is similar to other serine proteases 
belonging to the kallikreins group.

The physiological role of PSA has not been 
fully established. Besides its action of serine 
protease, studies have shown that PSA also 
functions as an arginine esterase, having effects 
similar to chemotrypsins and trypsins (1). After 
secretion into the prostatic ducts, PSA reaches 
seminal plasma in high concentrations, acting on 
seminogelin (one of the major proteins secreted 
by seminal vesicles – with the effect of forma-
tion of semen coagulum), causing the lysis of 
this coagulum and the release of sperm (2, 3).

PSA discovery was the result of researches 
conducted in the 70’s that were aimed at high-
lighting specific proteins in seminal and ejac-
ulatory fluid, with forensic use. Later, in 1979, 
the purification of PSA from prostate tissue was 
succeeded (4), and in 1980 the PSA measure-
ment technique in blood plasma was completed 
by ELISA method (5). For patients diagnosed 
with prostate cancer, the levels of serum pros-
tate-specific antigen have been shown to be in-
creased compared with healthy men (6). In the 
late 80’s PSA was introduced as a screening test 
for prostate cancer (PC) and as an investigation 
it was meant to assess the efficacy of surgical or 
hormonal treatment for this condition (7- 9). In 
1986, the U.S. Food and Drug Administration 
(FDA) approved the use of PSA as a marker of 
prostate cancer. 

In serum, prostate-specific antigen mole-
cules may be in a free form - free PSA - or in 
a complex form, bound to α1 antichymotryp-

sin-PSA-ACT (an endogenous inhibitor of ser-
ine proteases), α2 macroglobulin- PSA-A2M, 
in complex with the inhibitor of protein C-PSA-
PC, α1 antitrypsin-PSA-AT and inter α-antitryp-
sin-PSA-ITI (10, 11). The predominant complex 
forms are PSA-ACT and PSA-A2M. Currently 
only PSA-ACT and free PSA are measurable, 
both having immunoreactivity. PSA-ACT may 
represent 60-95% of total PSA, while free-PSA 
between 5% and 35% (11). In prostate cancer, 
the amount of PSA-ACT released into the blood 
is higher compared with benign prostate diseas-
es, and the free/ total PSA ratio is significantly 
lower (11, 12). 

Normal levels of serum PSA

The importance of serum PSA derives from 
the fact that it is a better predictor of prostate 
cancer than information obtained by digital rec-
tal examination and transrectal prostatic ultra-
sound (13), (14), especially in early stages of the 
disease (15).

Initially the maximum normal value was 
4 ng/ml, but it was found that at lower values ​​
the incidence of prostate cancer is also signif-
icant (for PSA values ​​between 2.1 and 3 ng/
ml - 23.9%, and for values between 3.1-4 ng/
ml - 26.9%) (16). These values ​​are particularly 
significant in “young” patients aged between 50 
and 66 years, because for them, when the disease 
is diagnosed at an early stage, the treatment is 
curative.

The upper limit of normal serum PSA value 
currently proposed is 2.5 ng/ml, but this value is 
not generally accepted. However, the detection 
rate of prostate cancer in patients with PSA lev-
els ​​between 2.5 and 4 ng/ml (27.48%) is compa-
rable to the interval 4-10 ng/ml (30.08%) (17), 
which means that a significant number of cases 
of PC may escape diagnosis if the old upper limit 
is considered. The counter-arguments of the ob-
jectors to the decrease of the limit of normal PSA 
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levels are: increase in the number of prostate 
biopsies with negative results, over-diagnosis 
of prostate cancer and consequently excessive 
treatment, economic reasons.

Today, the first determination of serum PSA 
is recommended to be performed at the age of 40 
and then to be repeated every year (18). On the 
other hand, the American Urological Association 
does not support performing routine screening in 
patients belonging to the age group 40-54 and 
in those over 70 years (19). In patients aged 75 
years and older who have had previous values ​​of 
serum PSA less than 3 ng/ml, the annual screen-
ing is no longer needed, as they are considered 
unlikely to develop aggressive prostate cancer or 
to die because of this disease (20). As a comple-
mentary measure to serum PSA determination, 
as part of the prostate cancer screening, a digital 
examination of the prostate should be performed 
as well. 

Factors influencing serum PSA levels

Although the main cause of increase of PSA 
levels is prostate cancer, its values ​​can be modi-
fied by other factors as well.

Digital rectal examination and transrectal 
ultrasonography of prostate cause transient in-
creases in PSA values, but not significant chang-
es. However, PSA measurement is recommend-
ed to be performed ​​in such cases 72 hours after 
the maneuvers (11).

Significant changes also occur after cys-
toscopic examination, bladder catheterization, 
complete urinary retention, with elevations in 
PSA levels of 4 to 10 times, and episodes of 
acute prostatitis, prostatic ischemic necrosis, 
transurethral resection of the prostate and pros-
tatic biopsy may increase PSA levels up to 50 
times. In these situations, PSA determination is 
beneficial to be performed after 2-4 weeks (11). 
The so high waiting range for an objective de-
termination of PSA is due to its relatively high 

half-life of 3.2 +/-0.1 days (9) and 2.2 +/- 0.8 
days (21). 

Ejaculation in young men does not influence 
serum PSA levels, but in patients over 50 years 
(who are included in the screening group for 
prostate cancer), transient increases in PSA lev-
els have been noticed after sexual activity. PSA 
measurement is recommended to be performed 
after a period of abstinence of 48-72 hours (22).

Benign prostatic hyperplasia (BPH) is anoth-
er cause of increased PSA levels. If in the case 
of healthy men, the annual growth rate of PSA 
levels is 0.04 ng/ml per year, in patients aged be-
tween 60 and 85 years, suffering from this con-
dition, it can reach up to 0.27 ng/ml (23). A gram 
of adenomatous tissue is deemed to cause an in-
crease in PSA by approximately 0.12 ng/ml (24).

Increased PSA level in benign or malignant 
prostate diseases is explained by the release of 
increased amounts of antigen from the glandular 
epithelium into circulation.

PSA production is androgen-dependent. 
Drug therapies affecting production of androgen 
hormones and metabolism will cause decrease in 
PSA levels​​. 5 α reductase inhibitors (finasteride - 
Proscar, dutasteride - Avodart), used in the treat-
ment of BPH, have the side effect of reducing 
PSA levels by app. 50%, an effect that occurs 
after 6 months of treatment. In these patients, the 
measured PSA levels must be doubled to obtain 
the real values ​​of this indicator.

Transurethral resection of the prostate 
(TUR-P) and transvesical adenomectomy, BPH 
treatment methods, have the effect of long-term 
decrease in PSA.

Radical surgery treatment (radical prostatec-
tomy, external radiotherapy or brachytherapy) 
and hormonal treatment for PC have as a result a 
decrease in PSA levels.

In all these cases, the decrease in PSA pro-
duction is due to a reduction in the volume of 
prostate epithelium and in the amount of PSA 
produced per cell (1).
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Serum PSA in prostate cancer detection

Positive predictive value of serum PSA in 
detecting prostate cancer significantly increases 
the range in which this is found. For the range 
between 4 and 10 ng/ml, it varies between 21 
and 32% and for values ​​between 10 and 20 ng/
ml, it reaches 60-80% (1). 

The range 2.5-10 ng/ml is considered the 
“gray zone” of PSA detection. Among patients 
with PSA levels between these values, only 
about 25-30% will be diagnosed with prostate 
cancer; the others have benign diseases. There 
have been described various methods for in-
creasing PSA specificity and thus reducing the 
number of unnecessary prostate biopsies.

PSA velocity index (PSA velocity). PSA ve-
locity refers to the growth rate of serum PSA 
measured every year. The concept was intro-
duced in practice 20 years ago. It is considered 
that a value of PSA velocity greater than 0.75 ng/
ml/year is suggestive of the presence of prostate 
cancer (23). The European Association of Urol-
ogy Guidelines mention that PSA velocity and 
another notion - PSA-DT (PSA doubling time) < 
2 years are associated with a prognostic role in 
patients already diagnosed with PC, with limited 
utility in practice (25)  For a proper appreciation 
of PSA velocity, the minimum follow-up period 
is considered to be 2 years, requiring annual se-
rum PSA determination (11) .

PSA density (PSA-D). The concept appeared 
as a result of the observations that in prostate can-
cer there is produced an amount of PSA approx-
imately 10 times higher than in benign diseases, 
per gram of prostate tissue (8, 26). PSA density 
is obtained by dividing the value of serum PSA 
by prostate volume. It was originally recom-
mended an upper limit of normal PSA density of 
0.15 ng/ml/cm3 for PSA values ​​between 4-10 ng/
ml and normal digital rectal prostate exam, but it 
was found that at this value half of the cases of 
prostate cancer remained undiagnosed (27). To 

improve the sensitivity of the method by up to 
95% it is recommended to use different values ​​
of the upper limit of PSA-D depending on se-
rum PSA levels: 0.05 for PSA between 2.5-4 ng/
ml, 0.1 for PSA between 4-10 ng/ml and 0.19 for 
the range 10-19 ng/ml (28). The value of PSA 
density in usual practice is controversial because 
of the variables related to prostate volume mea-
surement and the inability to determine the exact 
volume of prostatic epithelial tissue (the only 
producer of PSA). 

The value of PSA density in prostate cancer 
screening can be improved by determining PSA 
D-TZ (PSA density corresponding to prostate 
transition zone). Benign prostatic hypertrophy 
has as an origin this prostatic zone and prostate 
cancer develops from the periphery. PSA D-TZ 
represents the serum PSA in relation to the tran-
sition zone volume (which is measured using 
transrectal ultrasound). Using PSA D-TZ for se-
rum PSA values ​​between 4-10 ng/ml, the detec-
tion rate of prostate cancer was 97-100% and the 
number of unnecessary punctures approximately 
20% (11). The method is however limited by the 
difficulty of accurately determining the transi-
tion zone volume.

Free/total PSA ratio (f/t PSA). In prostate 
cancer, PSA in complex form is found in greater 
quantity, compared with benign diseases. This 
translates into a low free/total PSA ratio. Con-
sidering 25% as the cut-off value of the f PSA / 
PSA-T ratio, the detection rate of prostate cancer 
was 95%, with a decrease in the number of bi-
opsies by 20%, in patients with PSA values ​​be-
tween 4 -10 ng/ml, with no changes at the digital 
rectal examination (29). 56% of patients with f/t 
PSA <10% were diagnosed with prostate cancer 
while this was met only in 8% of patients with 
f/t PSA >25%.

For total PSA values ​​in the range 2.5-4 ng/
ml, a cut-off value of the free/total PSA ratio of 
27% allowed a positive diagnosis in 90% of the 
cases (30).



Revista Română de Medicină de Laborator Vol. 22, Nr. 2, Iunie, 2014 279

It is recommended that f/t PSA be used for 
patients with prostate volume below 40 cc. For 
very high prostate volumes the sensitivity of the 
method decreases, requiring an adjustment of 
the cut-off value (31). 

Free PSA molecules show a greater instabil-
ity at room temperature and at refrigeration tem-
perature (4°C) compared with complex forms. 
For a correct measurement, the samples must be 
processed and centrifuged within maximum 2 
hours of sampling. Keeping centrifuged serum 
for a period longer than 24 hours should be done 
at -70°C (1). For this reason some authors chal-
lenge the free PSA value in the absence of us-
ing a standardized protocol for measuring it (1). 
U.S. Food and Drug Administration accepts and 
recommends using free PSA to detect prostate 
cancer in patients with PSA levels between 4 and 
10 ng/ml. 

Correlation between normal PSA range and 
patient age. Increased serum PSA level is related 
to patient age and occurrence of benign prostatic 
hypertrophy. In order to avoid unnecessary punc-
tures there have been proposed several normal 
reference ranges of PSA correlated with patient 
ages: 0-2.5 ng/ml for the age group 40-49 years, 
0-3.5 ng/ml for group 50-59 years, 0-4.5 ng/ml 
for group 60-69 years and 0-6.5 ng/ml for group 
70-79 years (32). If for the first two age catego-
ries this method increased the detection rate of 
PC, for the last two categories non-diagnosis of 
cases of malignancies was noticed in a signifi-
cant percentage, 8% and 47% respectively (33).

Using PSA reference values correlated with 
age is not mentioned in the European Associa-
tion of Urology Guidelines, the American Uro-
logical Association Guidelines or by the U.S. 
Food and Drug Administration. 

In the later years, a urine genetic biomarker 
was introduced in order to improve the prostate 
cancer detection - PCA3 (prostate cancer gene 
3).  Studies showed better detection rate than 
PSA and free PSA; it represents an important 

prediction factor for prostate cancer in patients 
with previous negative biopsies (24), (34). It is 
approved by U. S. Food and Drug Administration 
and it is mentioned in the European Association 
of Urology Guidelines. Its main disadvantage is 
the cost, a PCA3 detection being approximately 
40 times more expensive than a PSA test.

Other possible markers for prostate cancer 
are represented by MicroRNA’s (miRNA’s), 
which are gene expression regulators. They can 
be found in plasma, serum or urine. Some cir-
culating miRNA’s - miR-141 and miR-375 were 
associated with systemic prostate cancer (35), 
while those present in urine - miR-107 and miR-
574-3p had a diagnostic value for prostate cancer 
higher than PCA3 (35). Large studies are neces-
sary in order to establish if the miRNA’s can be 
used as screening methods for prostate cancer.

Conclusions 

Although still widely debated some 20 years 
after its introduction in practice, the use of se-
rum PSA and its derivatives in prostate cancer 
screening has two generally recognized effects: 
a significant increase in the detection rate of PC 
in early stages and a 20% to 50% decrease in the 
mortality due to this disease (36). The contes-
tants of prostate cancer screening consider that 
the PSA introduction in daily practice increased 
the number of unnecessary biopsies and also the 
number of diagnosed patients with low risk dis-
ease, which were exposed to harmful and expen-
sive treatments, with important side effects and 
quality of life alterations and without significant 
modifications of their life expectancy (37).

Nowadays, both European Association of 
Urology and American Urological Association 
Guidelines do not recommend the mass screen-
ing for prostate cancer anymore, but the early 
detection of the disease is still a crucial step for 
the patients with average and high risk. 

Until the discovery of new and more accu-
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rate screening methods, serum PSA remains the 
most accessible tool for the assessment of pa-
tients in view of detecting prostate cancer.
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