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ORIGINAL PAPER

Free prostate-specific antigen outperforms total 
prostate-specific antigen as a predictor of prostate volume
in patients without prostate cancer
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Objective: In the management of benign
prostatic hyperplasia (BPH), urology guide-

lines recommend medical or surgical treatments according to
different prostate volumes (PV). The aim of this study was to
analyze the relationships between PV and age, total and free
prostate specific antigen (tPSA, fPSA) and fPSA/tPSA ratio in
patients without histologically proven prostate cancer.
Materials and methods: A retrospective analysis was made of
the data of 1334 patients who underwent transrectal ultra-
sound (TRUS)-guided prostate biopsy between January 2016
and October 2018. A total of 438 patients with available data
for age, tPSA and fPSA levels and PV calculated by TRUS
were enrolled in the study. Patients with chronic prostatitis
pathology in addition to BPH were also noted and evaluated as
a separate group.
Results: There were significant correlations between PV and
age, tPSA, fPSA, fPSA/tPSA ratio (r = 0.210, r = 0.338,
r = 0.548, r = 0.363 respectively). In multivariate linear
regression analysis, fPSA was found to be the only predictor
for PV (p < 0.001) when compared to age (p = 0.097), tPSA
(p = 0.979) and fPSA/tPSA ratio (p = 0.425). In patients with
chronic prostatitis pathology there were significant correla-
tions between PV and age, tPSA, fPSA, fPSA/tPSA ratio
(r = 0.279, r = 0.379, r = 0.592, r = 0.359, respectively). 
The multivariate linear regression analysis showed a signifi-
cant correlation only between PV and tPSA and fPSA/tPSA
ratio but not with fPSA and age (p = 0.008, p = 0.015,
p = 0.430, p = 0.484, respectively). In men with only BPH
pathology there were significant correlations between PV and
age, tPSA, fPSA, fPSA/tPSA ratio (r = 0.223, r = 0.385,
r = 0.520, r = 0.287, respectively) In multivariate linear
regression model the significant correlation was shown only
between PV and fPSA (p < 0.001).
Conclusions: Although tPSA was significantly correlated with
PV in patients without prostate cancer, the correlation between
fPSA and PV was much stronger. However, it should be kept
in mind that the efficacy of fPSA may be limited in patients
with clinically unknown prostatic inflammation.
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INTRODUCTION
Lower urinary tract symptoms (LUTS) have traditionally
been related to bladder outlet obstruction, which is often
caused by benign prostatic enlargement resulting from

the histological condition of benign prostatic hyperplasia
(BPH) (1, 2). Prostate volume (PV) predicts symptom
progression and the risk of complications such as uri-
nary retention (3). PV may also be determinative in the
decision for BPH treatment. For example, in urology
guidelines the use of 5 alpha reductase inhibitors in
prostate volumes > 40 cc is recommended for medical
treatment. Surgical treatment options also vary accord-
ing to the prostate volume in guidelines (4). Therefore,
it is important to know the PV correctly for the progno-
sis and treatment of the disease.
Digital-rectal examination (DRE) is the simplest way to
assess PV, but the correlation to PV is poor. 
Underestimation of PV by DRE increases with increasing
transrectal ultrasound (TRUS) volume, particularly where
the volume is > 30 mL (5). TRUS is more accurate in
determining PV than DRE and transabdominal ultra-
sound so it is the standard method recommended for
measurement of PV (6, 7) However, it is an expensive,
time-consuming, and uncomfortable modality for the ini-
tial evaluation of men with LUTS. Therefore, another
cheaper and simply applicable method, other than DRE
is needed to predict the PV correctly in our daily practice. 
The prediction of PV can be based on total and free
prostate specific antigen (PSA). Both PSA forms predict the
TRUS prostate volume (± 20%) in > 90% of cases (8, 9).
The aim of this study was to analyze the relationships
between total PSA, free PSA, age and prostate volume in
patients with histologically proven BPH.
Furthermore, the implication of the use of free PSA as a
proxy marker to estimate PV was analyzed.

MATERIALS AND METHODS
The data of 1334 men who underwent transrectal ultra-
sound (TRUS) guided prostate biopsy between January
2016 and October 2018 were analyzed retrospectively.
Approval for the study was granted by the Local Ethics
Committee (reg. no: 2011-KAEK-25 2018/11-03). 
Patients with pathological results of cancer, prostatic
intraepithelial neoplasia (PIN) or atypical small acinar
proliferation (ASAP), aged < 40 years, with PSA levels
> 30 ng/dl, with a history of 5alpha-reductase inhibitor
therapy, phytotherapy or any invasive therapy for
BPH were excluded. Patients who had a cystoscopy,
colonoscopy, TRUS, prostate biopsy, acute prostatitis,
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urinary tract infection and urinary retention during the
previous month were also omitted. Those with a subse-
quent positive prostate biopsy were also excluded, and
those with negative prostate biopsies were included. The
pathology reports with chronic prostatitis in addition to
BPH were also noted.
The PV of the patients were calculated by measuring
three dimensions of the prostate with TRUS, and using
the ellipsoid formula (PV=height*width*length*0.52).
For prostate enlargement, a volume of 40 ml was con-
sidered as the cut-off value. Serum PSA levels were meas-
ured using the chemiluminescent microparticle immunoas-
say (CMIA) method prior to any prostate manipulation,
including DRE, TRUS and biopsy.
A total of 438 patients who met the inclusion criteria,
with the available data of age, total-free PSA levels and
PV calculated by TRUS were enrolled in the study.
Patients were stratified by age into three groups: < 60
years, 60-70 years and > 70 years. Patients with PSA lev-
els < 10ng/dl and PSA levels between 10 ng/dl and
30ng/dl were also evaluated as two separate groups. 
Data obtained in the study were analysed using SPSS ver-
sion 15.0 software (SPSS, Inc., Chicago, IL, USA).
Correlation and linear regression analyses were per-
formed to evaluate the relationships between age, total
PSA, free PSA and PV. Receiver operating characteristics
(ROC) curves were constructed to evaluate the ability of
free PSA to predict PV for the entire cohort and each sub-
group. A value of p < 0.05 was accepted as statistically
significant. 

RESULTS
A total of 896 patients with any exclusion criteria or with
incomplete data were excluded from the study. 
The remaining 438 patients had a mean age of 64.82 ±
7.18 years, median total PSA value of 6.82 ng/dl (min-

max = 2.75-29.85), median free PSA value of 1.68 (min-
max = 0.24-11.25), median free PSA/total PSA ratio of
0.235 (min-max = 0.02-0.82) and median PV of 74 cc
(min-max = 40-422). The baseline characteristics of the
entire cohort and each subgroup are shown in Table 1.
Statistically significant correlations were determined
between PV and age, total PSA, free PSA, free PSA/total
PSA ratio when the entire cohort was analyzed (p < 0.001
and r = 0.210, p < 0.001 and r = 0.338, p < 0.001 and r
= 0.548, p < 0.001 and r = 0.363 respectively) (Table 2).
Free-PSA was found to be the only predictor for PV (p <
0.001) in the multivariate linear regression model when
compared to age (p = 0.097), total PSA (p=0.979) and
free PSA/total PSA ratio (p = 0.425) (Table 3). 
Patients with chronic prostatitis pathology and patients
with pathology reported as BPH only were evaluated sep-
arately. In the chronic prostatitis group there were signif-
icant correlations between PV and age (p = 0.011 and r =
0.279), total PSA (p < 0.001 and r = 0.379), and free PSA
(p < 0.001 and r = 0.592), fPSA/tPSA ratio (p < 0.001
and r = 0.359) (Table 2). In the multivariate linear regres-
sion model, a significant correlation was shown only
between PV and tPSA, fPSA/tPSA (p = 0.008, p = 0.015
respectively) (Table 3). In the BPH only group, there
were significant correlations between PV and age (p <
0.001 and r = 0.223), total PSA (p < 0.001 and r =
0.385), free PSA (p < 0.001 and r = 0.520) and
fPSA/tPSA ratio (p < 0.001 and r = 0.287) (Table 2). 
In the multivariate linear regression model, a significant
correlation was shown only between PV and fPSA (p <
0.001) (Table 3).
There were correlations between free PSA and PV in all
three age groups (< 60 years p < 0.001 and r = 0.546, 60-
70 years p < 0.001 and r = 0.506, > 70 years p < 0.001
and r = 0.483) (Table 4). There were correlations
between free PSA and PV when the cohort was separated
according to total PSA value as below or above 10 ng/dl

Table 1. 
Characteristics of the patient population.

Number Age (years) Total PSA (ng/dl) Free PSA (ng/dl) fPSA/tPSA ratio Prostate volume (cc)
of patients (mean ± SD) (median, min-max) (median, min-max) (median, min-max) (median, min-max)

Age groups < 60 121 56.05 ± 3.66 5.59 1.20 0.208 61
(28%) (2.75-29.85) (0.24-7.74) (0.03-0.69) (40-290)

60-70 224 65.43 ± 2.72 7.19 1.70 0.24 80
(51%) (2.9-28.62) (0.36-9.56) (0.02-0.82) (40-422)

> 70 93 74.72 ± 2.94 9.05 2.21 0.26 83
(21%) (2.75-28.63) (0.50-1.25) (0.07-0.55) (40-297)

Pathology results
Chronic 114 65.69 ± 6.19 6.37 1.71 0.252 81

prostatitis group (26%) (2.9-24.09) (0.48-9.56) (0.09-0.69) (40-297)
Only BPH group 324 64.39 ± 7.09 6.86 1.805 0.248 79.5

(74%) (2.75-29.85) (0.24-0.26) (0.03-0.82) (40-422)
tPSA levels

< 10 ng/dl 325 63.93 ± 7.09 5.995 1.43 0.239 68.50
(74%) (2.75-9.91) (0.24-5.28) (0.03-0.82) (40-234)

> 10 ng/dl 113 67.34 ± 6.91 13.84 3.05 0.230 95.0
(26%) (10.04-29.85) (0.36-1.25) (0.02-0.56) (40-422)

Total cohort 438 64.82 ± 7.19 6.82 1.69 0.235 74
(100%) (2.75-29.85) (0.24-1.25) (0.02-0.82) (40-422)

tPSA: Total prostate-specific antigen; fPSA: Free prostate-specific antigen; BPH: Benign prostatic hyperplasia; 
SD: Standard deviation; min: Minimum; max: Maximum.
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(PSA < 10 ng/dl p < 0.001 and r = 0.494, PSA > 10 ng/dl
p < 0.001 and r = 0.512) (Table 4).
The cut-off level for free PSA was determined as 1.285
ng/dl for the prediction of prostate volume > 40 cc (Table
5). The cut-off levels are shown in Table 5 for the other

subgroups in which free PSA was significant in predict-
ing PV. The receiver operating characteristic (ROC) curves
of each group for fPSA in the prediction of prostate vol-
ume < 40cc or > 40cc are shown in Figure 1.

DISCUSSION
In the management of benign prostatic hyperplasia (BPH),
urology guidelines recommend medical or surgical treat-
ments according to different prostate volumes (PV).
Therefore, accurate determination of PV is crucial for the
choice of treatment and for the prediction of treatment
outcomes such as the probability of urinary retention
and the need for surgery (10-13). Nevertheless, BPH is a
progressive disease and that progression is related to pro-
static enlargement (14-16).
Transrectal ultrasound (TRUS) is more accurate in deter-
mining PV than transabdominal ultrasound so it is the ref-

erence method used to measure PV
(6, 7). However, it is an expensive,
time-consuming and uncomfort-
able method, and the equipment is
not available in most primary set-
tings. Moreover, in the initial eval-
uation of BPH patients, neither
TRUS nor transabdominal ultra-
sound is recommended according
to the urology guidelines. Digital-
rectal examination (DRE) is simple
to perform and useful for estimat-
ing the PV but it may assess small
prostates as larger, and large ones
as smaller. Therefore, there is a
need for a reliable, practical and
cheap method as an alternative to
ultrasonography and DRE in daily
practice (17).
Several independent investigators
have verified the log-linear rela-
tionship between serum total PSA
and PV in different populations
and races with similar results
(18). Hochberg et al. (19) and
Coban et al. (20) found the corre-
lation coefficient between total
PSA and PV to be 0.39 and 0.41,
respectively. Similarly, in the pres-
ent study, a significant correlation
was determined between total
PSA and PV (r = 0.33) but this
result was not confirmed in the
multivariate analysis (Table 3,
p: 0.979). In agreement with the
current study multivariate analy-
sis findings, some investigators
have proposed that the variability
in the relationship between total
PSA and PV can preclude the
accurate prediction of the
prostate volume using the total
PSA alone for an individual
patient (9, 21). 
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Table 3. 
Multivariate analysis of factors effecting the PV.

Unstandardized Standardized 95% CI
coefficients coefficients t p

ß SE ß Lower bound Upper bound
Total cohort

Age 0.450 0.265 0.075 1.696 -0.71 0.972 0.091
tPSA 0.023 0.890 0.003 0.026 -1.726 1.772 0.979
fPSA 11.640 3.178 0.427 3.663 5.394 17.886 < 0.001

fPSA/tPSA ratio 25.800 31.322 0.067 0.824 -35.763 87.363 0.411
Chronic prostatitis group

Age 0.476 0.677 0.068 0.703 -0.873 1.825 0.484
tPSA 7.312 2.706 0.671 2.702 1.924 12,699 0.008

￼￼￼￼￼￼￼￼￼￼￼￼￼fPSA -6.615 8.341 -0.224 -0.793 -23.220 9.991 0.430
fPSA/tPSA ratio 169.948 68.279 0.456 2.489 34.015 305.880 0.015

Only BPH group￼
Age 0.494 0.385 0.076 1.283 -0.265 1.252 0.201
tPSA -1.437 1.387 -0.158 -1.036 -4.169 1.295 0.301
fPSA 17.079 4.879 0.615 3.500 7.465 26.692 < 0.001

fPSA/tPSA ratio -27.425 46.072 -0.067 -0.595 -118.201 63.351 0.552
PV: Prostate volume; tPSA: Total prostate-specific antigen; fPSA: Free prostate-specific antigen; SE: Standart error; CI: Confidence interval.

Table 5. 
Receiver operating characteristic (ROC) curves for free PSA to predict whether prostate
volume is > 40cc or < 40cc.

AUC SE p 95% CI Sensitivity (%) Specificity (%) Cutoff levelT
Total cohort 0.780 0.036 < 0.001 0.709-0.851 72.8 73.5 1.285
Only BPH group 0.749 0.054 < 0.001 0.643-0.855 66.5 76.0 1.495
Age < 60 years ￼0.782 0.059 < 0.001 0.667-0.897 77.0 71.4 0.875
Age 60-70 years 0.738 0.067 0.001 0.606-0.869 71.8 72.2 1.365
Age > 70 years 0.854 0.074 < 0.001 0.708-0.999 90.4 80.0 1.325
PSA < 10 ng/dl 0.753 0.044 < 0.001 0.666-0.840 75.5 71.8 1.105
PSA > 10 ng/dl 0.892 0.054 < 0.001 0.787-0.998 89.3 80.0 1.660
AVAUC: Area under curve; SE: Standart error; CI: Confidence interval.

Table 4. 
Correlations between free PSA and PV in different age groups and total PSA levels.

Age tPSA levels
< 60 years 60-70 years > 70 years < 10 ng/dl > 10 ng/dl

n = 121 (28%) n = 224 (51%)  n = 93 (21%) n = 325 (74%) n = 113 (26%) 
￼￼￼￼￼￼ Correlation Correlation Correlation Correlation Correlation

coefficient p coefficient p coefficient p coefficient p coefficient p
PV-fPSA 0.546 < 0.001 0.506 < 0.001 ￼0.487 < 0.001 0.494 < 0.001 0.473 < 0.001
PV: Prostate volume; tPSA: Total prostate-specific antigen; fPSA: Free prostate-specific antigen.

Table 2. 
Correlations between prostate volume and age, total PSA,
free PSA, free PSA/total PSA ratio.

Total cohort Chronic prostatitis group Only BPH group
Correlation p Correlation p Correlation p
coefficient coefficient coefficient

PV - Age 0.210 < 0.001 0.279 0.011 0.223 < 0.001
PV - tPSA 0.338 <0.001 0.379 < 0.001 0.385 < 0.001
PV - fPSA 0.548 < 0.001 0.592 < 0.001 0.520 < 0.001
PV-fPSA/tPSA 0.363 < 0.001 0.359 < 0.001 ￼0.287 < 0.001
PV, prostate volume; tPSA, total prostate-specific antigen; fPSA, free prostate-specific antigen.
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Although there have been numerous studies investigat-
ing the correlation of total PSA and PV in patients with
BPH, the relationship between free PSA and PV has
received little attention. To the best of our knowledge,
there have only been seven studies that have examining
the relationship between free PSA and PV (8, 9, 20, 22-
25). All of these studies showed that free PSA was supe-
rior to total PSA for predicting PV, and this result was
also demonstrated in the multivariate analyses in five of
the aforementioned studies (8, 9, 20, 24, 25). In the cur-
rent study, both total PSA and free PSA were correlated
with PV (r = 0.33, r = 0.54, respectively) but multivari-
ate analysis showed a significant relationship only
between free PSA and PV (p < 0.001). The superiority of
the free PSA to total PSA found in the current study is
consistent with findings in literature (8, 9, 20, 22-25).
There were significant correlations between total PSA
and PV in the multivariate analysis of 3 of the 5 previ-
ously mentioned studies (8, 20, 24), whereas in the other
two studies, a significant relationship was found only
between free PSA and PV, as was the case in this current
study (9, 25).
Prostatic inflammation appears to play a role in BPH
pathogenesis and progression (26, 27) but in the afore-
mentioned studies (8, 9, 20, 22, 24, 25), other than Mao
et al. (23), who reported that patients with pathological
results of only BPH were included in the study, there is
no information about the presence of inflammatory con-
ditions such as chronic prostatitis in the pathology
results of patients. According to the pathology results of
the current study, patients were divided into two groups
as only BPH and BPH with chronic prostatitis. Significant
correlations were found between free PSA and PV in both

groups. However, in multivariate analysis, the BPH only
group showed a significant correlation between free PSA
and PV, similar to the entire cohort, but that correlation
was not found in BPH with chronic prostatitis group,
whereas there was a significant correlation between total
PSA and PV. It can be hypothesized that free PSA may be
less influenced by prostatic inflammation in which
serum total PSA elevation may occur as a result of dis-
ruption of the normal prostatic architecture, in other
words, the greater increase in free PSA may result from a
larger benign prostate tissue and prostatic inflammation
contributes a greater increase to total PSA than free PSA.
In the above-mentioned studies (8, 20, 24) where a sig-
nificant correlation was determined between total PSA
and PV in multivariate analysis, this result could be
attributed to possible prostatic inflammation. However,
as prostatic inflammation is a pathological diagnosis, it
may not be known before biopsy, especially in patients
without symptoms associated with such a pathological
condition. According to the current study results, the
correlation between free PSA and prostate volume was
comparatively decreased in the case of inflammation in
the prostate. Therefore, the recommendations of previ-
ous studies and the current one for the use of free PSA to
predict PV may be relatively limited in men with clini-
cally unknown prostatic inflammation. 
In this respect, the importance of defining this point,
which has not been explored in previous studies, should
be emphasized.
The relationship between free PSA and PV according to
different age ranges and total PSA values was also exam-
ined in this study. The patients were stratified into three
age groups of < 60 years, 60-70 years and > 70 years. 

Figure 1. 
ROC curves of each group for free PSA to predict whether prostate volume is > 40 or < 40 cc.
The areas under curve and p values of each group are shown in Table 5.
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In all three age groups a significant correlation was deter-
mined between free PSA and PV and the highest degree
of correlation was found in the group aged < 60 years
(r = 0.54, r =0.50, r = 0.48 respectively). In three previ-
ous studies where patients were similarly classified
according to age, a correlation between free PSA and PV
was shown in all age groups (22-24). However, the age
groups with the highest correlations were different from
the current study. In two of the studies (23, 24) the high-
est correlations were seen in the group aged 60-70 years,
while in the other study (22) it was the group of patients
> 70 years. In some studies (20, 22, 23) patients with
total PSA values > 10 ng/dl have been excluded to reduce
the possibility of including patients with prostate cancer.
Nevertheless, in some studies (8, 24) there is no infor-
mation about the upper limit of total PSA while in anoth-
er study (9), patients with total PSA > 10 ng/dl were
included. In addition, no study has evaluated the corre-
lation between free PSA and PV in patients with total PSA
values > 10 ng/dl. In the current study, the correlation
was analysed between free PSA and PV in total PSA-strat-
ified cohorts as total PSA above or below 10ng/dl. The
data obtained showed that the value of the correlation
coefficient was slightly greater for the total PSA < 10
ng/dl cohort than for the total PSA > 10 ng/dl cohort,
suggesting that free PSA may correlate better to PV when
the possibility of patients with prostate cancer decreases
(r = 0.494, r = 0.473, respectively). However, from
another perspective, because of the small difference in
the correlation values between the groups, it can be said
that in patients with total PSA > 10 ng/dl, free PSA can
be used safely for the prediction of PV.
In the current study, the diagnostic performance of free
PSA as a proxy for PV was evaluated using ROC curves
for each group, and free PSA was determined to be sig-
nificant for PV with AUC values ranging from 0.73 to
0.89 for all subgroups (Table 5). In these analyses, the PV
threshold was 40cc, which is of great importance as
guidelines have suggested not prescribing 5α-reductase
inhibitors to patients with a prostate volume < 40cc (4).
In the ROC curves of the current study, when the cutoff
value of free PSA was taken as 1.28 ng/dl to predict
prostate volume > 40cc, sensitivity and specificity were
determined as 72.8% and 73.5%, respectively and the
AUC was 0.78 for the entire cohort. This result of AUC
as 0.78 for free PSA to predict whether PV was > 40cc or
< 40cc was slightly better than the values reported in
previous studies (AUCs for references 8, 20, 22-24 were
0.72, 0.75, 0.71, 0.75, 0.75, respectively).
There continues to be value in the use of free/total PSA
for the stratification of the risk of prostate cancer and to
decide on a biopsy for patients with 4-10 ng/mL total
PSA and negative DRE. A previous study reported that
prostate cancer was detected by biopsy in 56% of men
with free/total PSA < 0.10, but in only 8% with free/total
PSA > 0.25 ng /mL (28). Those studies indicate that the
probability of BPH increases as free PSA levels increase.
Therefore, free PSA is more closely related to BPH and
this link is parallel to the current study results. In the
multivariate analysis results, the patients with chronic
prostatitis pathology showed a significant relationship
between free/total PSA and PV. This finding can be con-

sidered to be related to inflammation-induced total PSA
increase, as discussed above.
When the results were evaluated of the relationship
between age and PV, a significant correlation (r = 0.21)
was determined, similar to other studies in the literature
(8, 9, 20, 22, 23) but that correlation was not seen in the
multivariate analysis (p: 0.091). This was consistent with
the study of Morote et al. (9) whereas the opposite was
reported in studies by Kayikci et al. (7) and Coban et al.
(20) (p: < 0.01 and < 0.01, respectively).
The present study is one of a limited number of trials sug-
gesting that free PSA is a strong predictor for PV and that
it is better than total PSA. Initially, the efficacy of free PSA
at predicting PV in patients with inflammatory pathology
reports in addition to BPH and total PSA levels >10ng/dl
were reported. These conditions were then evaluated as
separate groups to eliminate any bias. In addition, sepa-
rate cut-off levels for free PSA in the prediction of PV were
established for different subgroups of patients. This study
had some limitations, primarily the retrospective nature
of the study, the probability of occult cancers that could
not be detected by biopsy and the criteria used for sub-
ject recruitment on the basis of the indications for
prostate biopsy rather than a clinical diagnosis of BPH.
Nevertheless, the data suggest that because of the ability
to obtain more accurate estimates of the PV without the
help of more expensive, invasive diagnostic evaluations,
free PSA could provide a more reasonable contribution in
the proper management of patients with BPH.

CONCLUSIONS
Although total PSA was significantly correlated with PV,
this correlation was not shown in multivariate analyses
unlike free PSA. The superiority of free PSA may be used
to estimate PV with easily obtained serum tests and
could be a useful tool for therapeutic decison-making
and longitudinal follow-up in patients with BPH.
However, in patients with prostatic inflammation, con-
sidering that there is a significant relationship between
free PSA and PV only in univariate analysis, it should be
kept in mind that the efficacy of free PSA may be limited
in this group of patients.
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