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Introduction:  Urinary prostate-specific antigen (uPSA) 
can be used as additional parameter of benign prostatic 
hyperplasia (BPH) progression.
Materials and methods:  From January 2001 to December 
2011, uPSA was determined in 265 patients with benign 
prostate.  Based on total prostate volume (TPV), the patients 
with benign prostate were divided in two groups: TPV  
< 31 mL and TPV ≥ 31 mL.  Additional three groups were 
formed upon MTOPS study criteria: non- progressive BPH 
group (TPV < 31 mL, PSA < 1.6 ng/mL, age < 62 yrs),  
intermediate group (one, or two parameters {TPV, 
PSA, age} increased) and progressive BPH group (TPV  
≥ 31 ml, PSA ≥ 1.6 ng/mL, age ≥ 62 yrs).

Results:  Average uPSA values in the groups TPV  
< 31 mL and TPV ≥ 31 mL were 119.3 ± 124.5 and 255.5 
± 204.9 ng/mL, respectively and they were significantly 
different (p < 0.0001). Average uPSA values in the non- 
progressive BPH group, intermediate group and progressive 
BPH group were 86.8 ± 82.4 ng/mL, 166.6 ± 164.9 ng/mL  
and 274.9 ± 208.3 ng/mL, respectively and they were 
significantly different (p < 0.0001).  The level of uPSA 
correlated significantly with TPV (r = 0.32, p < 0.0001).  
The cut off uPSA level of 150 ng/mL discriminates the 
patients with non-progressive BPH and progressive BPH 
with specificity of 0.83 and sensitivity of 0.67.
Conclusion:  The level of uPSA reflects prostatic hormonal 
activity and correlates with TPV, PSA and age.  UPSA level 
≥ 150 ng/mL can be used as additional predictive parameter 
of BPH progression.
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Today, BPH is the fourth most common treated 
disease.2  Pan European Expert Project “Triumph” 
concluded that the incidence rate of LUTS/BPH 
increases linearly with age and reaches its maximum 
at the age of 79 years.  The prevalence rate was lowest 
among males 45-49 years of age (2.7%) and increased 
with age until a maximum at the age of 80 years (24%).3 

The major risk factors for BPH progression are age, 
prostate-specific antigen (PSA) and prostate volume 
(TPV).  Other risk factors are symptom severity, 
decreased maximum urinary flow rate (Qmax) and 
increased post-void residual (PVR) urine volume.  
Enlarged prostate and high PSA are related with long 
term changes in symptom scores and flow rates and 
represent good clinical predictors of AUR and BPH-
related surgery.4-7  Multicentric study Medical Therapy 

Introduction 

Benign prostatic hyperplasia (BPH) is one of the most 
common conditions associated with aging in men.  BPH 
is the progressive disease, characterized with prostate 
growth, worsening of lower urinary tract symptoms 
(LUTS) and complications, like acute urinary retention 
(AUR) and BPH-related surgery.1  However, it can be 
said that major biochemical characteristics of BPH are 
increased action of dihydrotestosterone (DHT) and 
increased synthesis of prostate-specific antigen (PSA).
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The synthesis of PSA takes place in the secretory 
epithelial cells.  After the synthesis, PSA molecules 
are contained in 1μ- large prostatic secretory granules 
(PSG), which fulfill the cytosol. 

During the process of “apocrine decapitation”, PSG 
are thrown out the cell, in the lumen of the prostatic 
duct, where PSA molecules are released.33  Within 
seminal fluid, PSA molecules leak through excretory 
ducts to reach prostatic urethra.  Additional PSA 
molecules originate from “minor prostatic glands”, 
urethral epithelial secretory cells that contain PSG.34  In 
the urethral lumen, PSA molecules accumulate until the 
next micturition, when they are expelled from the body.

All excreted PSA molecules originate from the 
prostate and the urethra.  Complexed PSA molecules 
are too large to pass glomerular membrane, and they 
were never discovered in the urine from nephrostomy 
catheters.35  In addition, during heart catheterization, 
venous blood samples noted no decrease in the PSA 
concentration across the renal circulation.36  Therefore, 
PSA is not the natural ingredient of the urine and the 
accustomed term “urinary PSA” is not quite precise. 

During ejaculation, massive amount of PSA 
molecules is injected in the prostatic urethra.37  After 
ejaculation, the first post-ejaculatory urine sample 
contains high concentration of PSA, while second and 
following post-ejaculatory samples contain baseline 
amounts of PSA.38

Clinical importance of determination of excreted 
PSA 
The amount of excreted PSA can be measured by 
prostatic massage, or, usually, in the voided urine when 
it is called urinary PSA.  The level of uPSA depends of 
age, hormonal status and the presence of BPH.  While 
most males younger than 40 years have uPSA < 20 ng/
mL, average uPSA in the BPH patients measures around 
200 ng/mL.39-41  Urinary PSA in healthy females is very 
low, close to zero, like in prepubertal boys and castrated 
males.42-44  Prostate cancer and BPH have similar uPSA 
values, although some authors found lower uPSA in 
prostate cancer than in BPH patients.45-50  After radical 
prostatectomy, almost all patients have measurable 
levels of uPSA, with average of 20 ng/mL. The level 
of uPSA cannot discover cases with local recurrence, 
because all PSA molecules after radical prostatectomy 
originate from urethral glands.51-53

Materials and methods

From January 2001 to December 2011, urinary PSA was 
determined in 265 patients with benign prostate, in 
Urological Clinic, Clinical Centre of Serbia.  All patients 

of Prostatic Symptoms (MTOPS) defined the most 
important predictors of BPH progression, after long 
term follow up of 3047 men with LUTS.  These are: TPV 
≥ 31 mL, PSA ≥ 1.6 ng/mL, age ≥ 62 years, Qmax < 10.6 
mL/s and PVR ≥ 39 mL.8  Another multicentric study 
on BPH progression, Combination of Avodart and 
Tamsulosin (CombAT) included 4844 patients followed 
up during 4 years.  The study included the patients older 
than 50 years, with moderate to severe BPH symptoms, 
PSA levels of ≥ 1.5 ng/mL and ≤ 10 ng/mL, and a TPV 
≥ 30 mL.  After 2 years, the conclusion of the study 
was that in patients with TPV ≥ 30 mL combination 
therapy  provides a significantly greater degree of 
benefit than tamsulosin or dutasteride monotherapy.9  
However, after 4 years, the study concluded that 
the greater reduction of clinical progression and the 
complications was achieved in men with TPV ≥ 40 
mL, using combined therapy versus monotherapy.10 

Usually, BPH is described as a pathological 
proliferation of prostatic fibroblasts and epithelial cells.  
Age, androgens, epithelial-mesenchymal transition 
(EMT) and TGF-beta are all contributing factors to the 
pathogenesis of BPH.11,12  Hyperplasia occurs in the 
transitional zone, which normally constitutes only 
5% of glandular prostate, but never in the peripheral 
zone, which constitutes 70% of the glandular prostate.13  
Androgens play an essential role in prostate development, 
prostate growth and the pathogenesis of BPH.  Although 
testosterone is the main androgen secreted from the 
testes, DHT is the major androgen in the prostate cells.  
Enzymes 5 alpha-reductase (5AR), type 1 and 2, convert 
testosterone to DHT; 5AR-2 is the predominant isozyme 
expressed in the stromal cells.14  During relatively slow, 
genomic process, testosterone and DHT molecules 
bind to androgen receptor (AR), enter the nucleus and 
together with AR bind to specific DNA sequences, termed 
androgen-responsive elements (AREs) ,15 where they 
stimulate genes responsible for cell growth and survival 
and PSA synthesis.16,17  The stimulation of PSA synthesis 
could be carried on by cell- membrane steroid receptor, 
as well; this process is faster and lasts 1-30 minutes.18

The action of DHT is markedly increased in BPH, 
most likely due to increased DHT tissue concentration, 
although there is no consensus about that.19-22  Elderly 
men often have elevated serum DHT concentration; 
the treatment with testosterone usually decreases DHT 
level in these patients.23,24 

The secretion and excretion of PSA 
The concentration of PSA in prostatic tissue differs 
significantly in benign and malignant tissue: it is the 
lowest in the poor differentiated malignant cells, higher 
in the normal tissue and the highest in BPH glands.25-32
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had long term follow up with at least two annual digital 
rectal examinations (DRE) and TPV measurement using 
abdominal, or transrectal ultrasonography (TRUS) and at 
least two annual records of PSA and uPSA.  The patients 
were explained to collect the first stream of the first 
morning urine and to fill urine container (80 mL) to the 
top.  All patients had to bring urine sample by 9:00 a.m. 
to the laboratory.  The same day the patients underwent 
blood extraction for serum PSA analysis.  Total prostate 
volume was measured using abdominal probe of 5.7 MHz,  
based on standard formula for ellipsoid (A x B x C x 
π/6).  All ultrasound and physical examinations and 
measurements were done by the same urologist.  In 
the cases with elevated PSA and/or suspect finding on 
DRE and/or TRUS, TRUS- guided prostate biopsy was 
performed.  The cases with proven prostate cancer were 
excluded from the study.  The values of PSA and uPSA 
that were included in the statistical analysis were the 
latest, or before any treatment. 

Serum and urinary PSA were determined in the 
Central laboratory of Clinical Centre of Serbia.  From 
January 2001 to September 2009, PSA and uPSA were 
determined using AxSYM Total PSA assay (Abbott 
Laboratories, Illinois, USA), a Microparticle Enzyme 
Immunoassay (MEIA).  From September 2009, 
ARCHITECT Total PSA assay (Abbott Laboratories, 
Illinois, USA), a Chemiluminescent Microparticle 
Immunoassay (CMIA) was used.  ARCHITECT Total 
PSA assay results are comparable to results from the 
AxSYM Total PSA assay (correlation coefficient r = 0.987).   
The samples were spun in the centrifuge at 2000 rpm 
for 10 minutes.  Aliquots of 500 μL samples were frozen 
at -20ºC and stored.  Urine samples were thawed only 
once prior to PSA determination.

Taking the prostate volume of 31 mL as a cut off 
point, the whole group of 265 patients was divided in 
two groups: 1) TPV < 31 mL (126 patients) and 2) TPV 
≥ 31 mL (139 patients).

In addition, using MTOPS study criteria, the same 
group with 265 patients was divided in three other 
groups: 1) non-progressive BPH (TPV < 31mL, PSA  
< 1.6 ng/mL, age < 62 yrs) , 2) intermediate group (one 
or two parameters {TPV, PSA, age} increased) and 3) 

progressive BPH (TPV ≥ 31mL, PSA ≥ 1.6ng/mL, age 
≥ 62 yrs.) 

Statistical analysis
Average values and standard deviations (SD) were 
calculated using Microsoft Excel 2007 program.  The 
significance of observed variances, T-test, correlations 
and ROC analysis were done using the scientific 
calculator at VassarStats website for statistical 
computation. 

Results

Average values of age, TPV, PSA and uPSA  
The average values ± standard deviations (SD) and 
ranges of age, TPV, PSA and uPSA in the whole group 
are presented in Table 1. 

The distribution of patients based on TPV of 31 mL  
as a cut off 
The average values of age, PSA and uPSA in the groups 
TPV < 31 mL and TPV ≥ 31 mL were significantly 
different (p < 0.0001), Table 2.

The distribution of patients based on MTOPS 
criteria
The average uPSA in the non- progressive BPH group (86.8 
± 82.4 ng/mL) was significantly lower than the average 
uPSA in the intermediate group (166.6 ± 164.9 ng/mL,  
p < 0.0001).  In addition, the average uPSA in the 
intermediate group was significantly lower than the 

TABLE 1.  Average values of parameters

Characteristics Average ± SD Range

Age (yrs) 64.9 ± 10.6 25-85

TPV (mL) 37.05 ± 21.02 12-120

PSA (ng/mL) 2.19 ± 1.96 0.2-9.9

uPSA (ng/mL) 190.8 ± 184.2 1.8-870.5
TPV = total prostate volume; PSA = prostate-specific antigen; 
uPSA = urinary prostate-specific antigen

TABLE 2.  Two groups based on total prostate volume 

TPV (mL) n Age (yrs) PSA (ng/mL) uPSA (ng/mL)

< 31 126 62.3 ± 13.1 1.27 ± 1.19 119.3 ± 124.5

≥ 31 139 67.4 ± 6.8 3.03 ± 2.14 255.5 ± 204.9

  p < 0.0001 p < 0.0001 p < 0.0001

TPV = total prostate volume; PSA = prostate-specific antigen; uPSA = urinary prostate-specific antigen
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TABLE 3.  Groups based on MTOPS criteria

Group n Age (yrs) TPV (mL) PSA (ng/mL) uPSA (ng/mL)

Non-progressive BPH 41 47.2 ± 10.9 19.3 ± 5.5 0.62 ± 0.33 86.8 ± 82.4
(TPV < 31 mL, PSA < 1.6 ng/mL,  p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001
age < 62 yrs)   

Intermediate 135 66.7 ± 6.9 31.2 ± 14.1 1.77 ± 1.58 166.6 ± 164.9
(one or two parameters {TPV, PSA, age} increased)  p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001

Progressive BPH 89 70.5 ± 4.8 54.3 ± 22.5 3.55 ± 2.09 276.8 ± 208.7
(TPV ≥ 31 mL, PSA ≥ 1.6 ng/mL, age ≥ 62 yrs) 
TPV = total prostate volume; PSA = prostate-specific antigen; uPSA = urinary prostate-specific antigen; BPH = benign prostatic 
hyperplasia

TABLE 4.  The correlations between parameters 

 TPV PSA Age

uPSA r = 0.32 r = 0.18 r = 0.14
 (p < 0.0001) (p = 0.0013) (p = 0.009)

PSA r = 0.51 - r = 0.23
 (p < 0.0001)  (p < 0.0001)
TPV = total prostate volume; PSA = prostate-specific antigen; 
uPSA = urinary prostate-specific antigen

TABLE 5.  UPSA ranges and TPV 

uPSA range TPV TPV 
(ng/mL)  < 31 mL  ≥ 31 mL
≤ 150 93 54

150-300 24  35

> 300 9 50

Total 126 139
TPV = total prostate volume; PSA = prostate-specific antigen; 
uPSA = urinary prostate-specific antigen

average uPSA in the progressive BPH group (276.8 
± 208.7, p < 0.0001).  Likewise, the average values of 
age, TPV and PSA were significantly different in the 
neighboring groups, Table 3.

Correlations
There were weak, but significant correlations between 
various parameters of BPH progression in the group of 
patients with benign prostate.  Urinary PSA correlated 
significantly with TPV (r = 0.32, p < 0.0001) and less 
significantly with PSA (r = 0.18, p = 0.0013) and patient 
age (r = 0.14, p = 0.009).  However, the strongest 
correlation was noted between serum PSA and TPV  
(r = 0.51, p < 0.0001), Table 4.

Cut off values, sensitivity and specificity
In the whole group of 265 patients, 147 (55.5 %) had uPSA 
≤ 150 ng/mL, 59 (22.3 %) had uPSA between 150 ng/mL  
and 300 ng/mL, while 59 patients (22.3%) had uPSA  
> 300 ng/mL.  In the same uPSA ranges, the distribution 
of patients differed significantly between groups TPV  
< 31mL and TPV ≥ 31 mL, Table 5 and Figure 1.

 In the whole group, uPSA cut off value of 150 ng/mL  
discriminates the patients with TPV < 31 mL and the 
patients with TPV ≥ 31 mL with sensitivity (Sn) of 0.61 
and specificity (Sp) of 0.74.  The ROC analysis revealed 

AUC of 0.726.  In the groups formed upon MTOPS 
criteria, the comparison was calculated between non-
progressive BPH group and progressive BPH group, 
while intermediate group was excluded due to its 
inhomogeneity.  Urinary PSA cut off value of 150 ng/mL  
discriminates the patients from non- progressive and 
progressive BPH group with Sn of 0.67 and Sp of 0.83. 
The ROC analysis revealed AUC of 0.814.

Figure 1.  The number of patients in various uPSA ranges.

PEJCIC ET AL.

6710



© The Canadian Journal of Urology™; 20(2); April 2013

Discussion

Total prostate volume (TPV) has always been the 
most important characteristic of BPH.  However, TPV 
alone is not useful in the estimation of disease severity.  
Additional subjective and objective parameters are 
needed to estimate the risk of BPH progression.  
Various multicentric studies, like MTOPS, CombAT, 
ALTESS and others, defined PSA, patient age, 
IPSS, Qmax and PVR as most important additional 
parameters of BPH progression. 

Numerous studies confirmed significant correlation 
between TPV and PSA.54-56  However, in the PSA- based 
BPH follow up, there is a problem how to differentiate 
the benign and malignant increase of PSA: the rise of 
PSA ≥ 1.6 ng/mL suggests BPH progression, but PSA 
level > 2.5 ng/mL could also indicate prostate cancer. 

Theoretically, the amount of excreted PSA reflects 
the secretory capacity of the prostate and local 
hormonal milieu and represents the real marker of BPH 
and prostatic intracrine activity.  On the other hand, 
serum PSA is the marker of prostatic tissue damage and 
prostatic hormonal activity.  Nevertheless, although 
the presence of PSA in the urine was proven early, not 
many issues have been written about it. 

Except during ejaculation, there is a constant PSA 
leakage from prostatic acini to prostatic urethra.  In 
addition, urethral secretory cells secrete additional 
PSA along whole urethra.  These PSA molecules 
collect in the urethra during the interval between two 
micturitions; the next voiding washes out all PSA 
from the urethra.  Therefore, the term “urinary PSA” 
is incorrect, as it suggests the urinary origin of PSA.  
The authors of this issue recommend the use of more 
precise terms, like “excreted PSA”, or “voided PSA”. 

In this study, PSA was determined in the first 80 mL 
of the first morning voiding.  The volume of the urine 
sample is a bit bigger than in other studies,47 (80 mL is 
the volume of the urine containers in our institution) 
but it is less important: it is important that all patients 
provide the same sample volume in which voided 
PSA concentration will be calculated.  In addition, all 
patients had to bring the urine sample to the laboratory 
by 9.00 a.m. to provide fresh urine and the similar time 
of sampling.  The authors believe that first urinary 
stream reflects the maximal PSA excretion51,52 through 
the longest period of continence during the night.  The 
results were expressed as PSA concentration in the 
voided urine sample, rather than the total amount of 
voided PSA.  This way is usual in the literature and 
provides the comparison of the results.  The authors 
believe that there is no reason for expressing PSA 
concentration per mmol of creatinine.47

In order to record average uPSA values for the 
single patient, it is very important to obtain multiple 
uPSA determinations.  This is also important in 
the follow up of the patients with BPH and for the 
measurement of the uPSA response on 5ARI. 

The majority of patients in the study had relatively 
homogenous uPSA values during follow up, while 
a number of patients had uPSA variations, which 
can be the consequence of few phenomena.  At first, 
inaccurate urine sampling, like low urine volume, or 
the sampling of the inadequate portion of the urinary 
stream.  Second, the different intervals between the last 
evening and the first morning voiding result in different 
amounts of excreted PSA.  Lastly, morning erections, 
sexual excitement and recent sexual intercourse could 
be associated with increased PSA excretion. 

In the older study, in the group of 42 patients with 
BPH, DeVere White found mean urinary PSA level of 
216 ng/mL, which did not correlate with prostate size.57  
In the group of patients with PSA between 2.5 ng/mL 
and 10 ng/mL, Bolduc et al found lower average uPSA 
in the group of 29 patients with prostate cancer, than 
in the group of 35 patients with BPH (52.6 ng/mL and 
123.2 ng/mL, respectively).  Urinary PSA cut off value 
of 150 ng/mL was found to differentiate the patients 
with BPH and prostate cancer, with Sn of 92.5%.

The authors of this study found that average uPSA 
concentration was 190.8 ± 184.2 ng/mL in the group 
of 265 patients with normal prostate or BPH and a 
significant correlation between uPSA and prostate size.  
Moreover, men with smaller prostate (TPV < 31 mL) 
and bigger prostate (TPV ≥ 31 mL) had significantly 
different uPSA values.  Similarly with Bolduc, the 
authors found uPSA cut off level of 150 ng/mL, but 
that value separated the patients within benign prostate 
group.  If only one parameter (TPV > 31 mL) was used, 
specificity and sensitivity were moderate (Sp = 0.74, Sn 
= 0.61); however, when additional parameters of BPH 
progression (age > 62 years, PSA > 1.6 ng/mL) were 
introduced, statistical parameters were higher (Sp = 
0.83, Sn = 0.67).  However, the authors did not find 
statistical difference between average uPSA in BPH 
and prostate cancer patients: in the unpublished study, 
51 patients with prostate cancer in various stages of 
untreated prostate cancer had similar average uPSA 
(286.9 ± 300.4 ng/mL) like the patients in the progressive 
BPH group (p = 0.42).  Mean uPSA in the 46 patients after 
radical prostatectomy was 16.4 ± 36.7 ng/mL.

Conclusion

The main conclusions of this study are that uPSA level 
correlates with prostate volume and reflects prostatic 
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increased hormonal activity in BPH.  Urinary PSA  
> 150 ng/mL is independent marker of BPH and BPH 
progression and could be used together with other 
known parameters. 

In the diagnosis and follow up of patients with 
BPH, uPSA have some advantages over PSA: the test 
is simple to perform and can be repeated many times.  
Second, the diagnostic range of uPSA is very wide in 
BPH, 1-2 ng/mL to over 800 ng/mL, which is not the 
case with serum PSA.

The authors of this paper noticed fast and abundant 
response of uPSA following the treatment with 5ARI.  
In the unpublished study, in the group of 48 patients, 
average uPSA showed the highest decrease after  
4 months of treatment with 5ARI (57.6%), compared 
to PSA (26.9%) and TPV (11.9%).  In addition, elevated 
uPSA in younger patients could present the earliest sign 
of BPH awakening.  These are the reasons for optimism 
about the clinical use of uPSA; nevertheless, further 
studies and some modifications in methodology are 
needed for the routine utilization of uPSA.
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