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Objectives: To evaluate the effects of free-to-total prostate specific antigen 
ratio, prostate specific antigen density and prostate volume in predicting prostate 
cancer and clinically significant cancer in patients aged 70 years or older and in 
establishing eligible cut-off levels.

Materials and Method: A retrospective study was done on the data of 1848 men 
who underwent prostate biopsy in our clinic between January 2015 and October 
2019. Patients with prostate specific antigen levels >10ng/mL were excluded. 
Volumes were obtained by transrectal ultrasound. A clinically significant cancer was 
defined as having a Gleason score of ≥7.

Results: 130 patients with available data were enrolled in the study. Prostate 
specific antigen density, prostate volume and free-to-total prostate specific antigen 
ratio were significantly different in patients with or without cancer. Regarding area 
under curve, prostate specific antigen density and prostate volume showed similar 
efficacy, and both performed better than free-to-total prostate specific antigen ratio 
(Area under curves for prostate specific antigen density, prostate volume and free-
to-total prostate specific antigen ratio were= 0.770, 0.769 and 0.627, respectively). 
A multivariate analysis showed that only prostate specific antigen density was an 
independent predictor for prostate cancer and clinically significant prostate cancer, 
with cut-off values of 0.11 and 0.199, respectively. 

Conclusion: Prostate specific antigen density is seen as one step ahead of 
prostate volume and free-to-total prostate specific antigen ratio in predicting 
prostate cancer and clinically significant prostate cancer. Prostate specific antigen 
density may play an active role in deciding prostate biopsies to prevent unnecessary 
tests in elderly.
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INTRODUCTION
Prostate cancer (PCa) is the second most commonly 
diagnosed cancer and the second leading cause 
of cancer-related death in men worldwide, with 
an estimated 1.1 million diagnoses in 2012, 
accounting for 15% of all diagnosed cancers (1, 2). 
The prostate-specific antigen (PSA) is widely used 
for early disease detection. However, though highly 
sensitive, PSA is less specific for the diagnosis 
of PCa, resulting in difficulties in differentiating 
malignant and benign prostatic conditions in men. 
Hence, several investigations have been done 
to improve cancer detection rates using various 
parameters including free-to-total PSA ratio (f/
tPSA), PSA density (PSAD), PSA velocity and 
age-referenced PSA. These prediction methods 
developed to reduce unnecessary biopsies and to 
avoid false-negative biopsies, are more accurate 
than PSA screening alone (3). Contrarily, majority 
of these studies were conducted in patients aged 
40–70 years. Thus, there is a limited discussion 
of biopsy strategy in older, referral populations 
with symptoms in whom the incidence of latent 
cancer is relatively high and age-related benign 
PSA elevation is common (4). Whether sole 
PSA, PSA-associated parameters (f/tPSA, PSAD) 
and prostate volume (PV) are useful tools in 
distinguishing PCa from benign prostatic disease 
in older populations, similar to the situation in 
younger ones, has yet to be determined.

 Data from the Goteborg arm of the ERSPC 
trial (5) noted that the age at which early diagnosis 
should be stopped remains controversial, and in 
parallel to this situation, there is no upper age 
limit to perform prostate biopsy in the European 
Association of Urology (EAU) guidelines. 
Nevertheless, EAU guidelines recommend an 
individualised risk-adapted biopsy strategy 
for early detection to a well-informed man in 
combination with patients’ wishes and at least 10–
15 years of life expectancy. It is evident that there 
is an increasing proportion of individuals aged 70 
years and older and an increasing life expectancy 

worldwide (6). As a result, urologists are faced 
with healthier patients aged 70 years and older 
who are candidates for prostate biopsy. However, 
performing prostate biopsies in men older than 70 
years is associated with a nearly fourfold increased 
risk of complications and longer hospitalisations 
(7). Thus, managing prostate biopsy in the elderly 
is of increasing importance. 

In an effort to contribute to the existing limited 
data on biopsy strategy in patients 70 years or older, 
this study aimed to evaluate the effectiveness of 
PSAD, PV and f/tPSA in predicting PCa in patients 
of this age group, in which PSA is likely to be 
elevated due to above-mentioned reasons, to 
avoid unnecessary biopsies. In addition, since the 
main goal of trying to predict PCa is actually to 
predict clinically significant PCa, we also evaluated 
the parameters to predict clinically significant 
PCa with a Gleason score of 7 or above. Finally, it 
was aimed to determine the appropriate cutting 
values, from which we can make these separations. 

 

MATERIALS AND METHOD
A retrospective analysis was done on the data of 
1848 men who underwent transrectal ultrasound 
(TRUS)-guided prostate biopsy in our clinic 
between January 2015 and October 2019. Biopsy 
decisions were taken in a case-by-case basis, 
considering the patients’ digital rectal examination 
(DRE) findings, PSA values according to age, 
comorbidities and life expectancies. Patients with 
PSA levels >10ng/mL, aged <70 years and with 
a history of 5alpha-reductase inhibitor therapy, 
phytotherapy or any invasive therapy for benign 
prostate hyperplasia (BPH) were excluded. 
Patients who had a cystoscopy, colonoscopy, 
TRUS, acute prostatitis, urinary tract infection and 
urinary retention a month prior to the study were 
also eliminated.

Serum PSA levels were measured in ng/
mL using the chemiluminescent microparticle 
immunoassay (CMIA) and all serum samples were 
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drawn before any prostate manipulation such as 
DRE, TRUS and biopsy. f/tPSA was calculated as 
the ratio of free PSA to total PSA multiplied by 100. 
The pre-biopsy PV of the patients were obtained 
by measuring three dimensions of the prostate 
with TRUS and using the ellipsoid formula (PV= 
height×width×length×0.52). Patients who have 
received at least 12-core biopsies were included in 
the study. Histological evaluation identified each 
patient’s prostate specimen into either cancerous 
(prostate adenocarcinoma) or non-cancerous 
(Benign prostatic hyperplasia (BPH) and/or chronic 
prostatitis). Clinically significant PCa was defined 
as having a Gleason score ≥7.

The patients’ age, total-free PSA value, 
pathology results and Gleason score were 
evaluated, and the impacts of PSAD, PV, and 
f/tPSA on the detection of PCa and clinically 
significant PCa were investigated. 

Statistical Analysis
Data obtained in the study were analysed using 

SPSS version 15.0 software (SPSS, Inc., Chicago, 
IL, USA). The conformance of the data to the 
normal distribution curve was evaluated using 
the Shapiro-Wilk test, and the continuous and 
categorical data were compared using the Mann–
Whitney U-test, the chi-square test and Kruskal–
Wallis test, respectively. The relationship of biopsy 
results with age, total-free PSA, PV, f/tPSA, PSAD 

and the Gleason score was investigated through a 
univariate analysis using the Mann–Whitney U and 
chi-square tests. A logistic regression multivariate 
analysis was done to determine independent 
predictive factors for malignant prostate biopsy 
results. The receiver operating characteristic (ROC) 
curve was applied to evaluate and compare the 
efficacy of PV, PSAD and f/tPSA for PCa diagnosis. 
A p-value of < 0.05 was considered statistically 
significant.

 

RESULTS
After applying the exclusion criteria, 130 patients 
with available data of age, total-free PSA levels and 
PV calculated by TRUS were enrolled in the study. 
PCa and BPH were detected in 40 patients (30.8%) 
and in 90 patients (69.2%), respectively. Table 1 
shows the clinical characteristics of patients. 

On univariate analysis, f/tPSA and PV was 
significantly lower and PSAD was significantly 
higher in PCa patients than in patients with benign 
prostatic condition, whereas PSA, free PSA and 
age showed no significant difference between the 
two groups. In ROC analysis, the order of AUCs 
was determined as PSAD > PV > f/tPSA (Table 2). 

A multivariate analysis was carried out to 
compare PSAD, PV and f/tPSA which were 
significant in a univariate analysis. The multivariate 

Table 1. The clinical characteristics of patients.

Age (years) total PSA 
(ng/mL)

free PSA 
(ng/mL)

free/total 
PSA ratio

PV
 (cc) PSAD (ng/

mL/cc

Biopsy results

PCa BPH Total

Mean
±

SD

73.77
±

2.95

7.109
±

1.759

1.822
±

0.886

0.261
±

0.115

72.73
±

33.78

0.129
±

0.092
- - -

Median 
(IQR)

73
(71-76)

7.085
(5.845-8.550)

1.695
(1.21-2.21)

0.247
(0.178-0.324)

71
(46.25-94.25)

0.101
(0.070-0.144)

- - -

n (%)
40

(30.8)
90

(69.2)
130

(100)

PV: prostate volume, PSA: prostate specific antigen, PSAD: prostate specific antigen density, PCa: prostate cancer, BPH: benign prostate hyperplasia,  
SD: standard deviation, IQR: interquartile range.
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analysis showed that the independent predictor 
of PCa was only PSAD (Table 4). Moreover, ROC 
analysis revealed a cut-off value of PSAD as 
0.11 in predicting PCa. With the cut-off value of 
0.11, the sensitivity and specificity were 70% and 
71.1%, respectively. Table 5 presents the number 
of patients with and without cancer and p-values 
when patients were divided based on the cut-off 
value of PSAD.

As regards the clinical significance of the 
PCa, PSAD was significantly higher and PV was 
significantly lower in patients with clinically 
significant PCa than in patients with clinically 
insignificant PCa, whereas PSA, free PSA, age 
and f/tPSA showed no significant difference 
between the two groups. AUCs were quite close 

to each other for PSAD and PV as 0.768 and 0.770, 
respectively (Table 3). 

These values which were found to be 
significant in a univariate analysis were compared 
by performing a multivariate analysis. The 
multivariate analysis revealed that only PSAD was 
an independent predictor for clinically significant 
PCa (Table 4). Moreover, ROC analysis revealed 
a cut-off value of PSAD as 0.199 in predicting 
clinically significant PCa. With the cut-off value of 
0.199, the sensitivity and specificity were 68.8% and 
79%, respectively. Table 5 presents the number of 
patients with and without clinically significant PCa 
and p-values when patients were divided based 
on the cut-off value of PSAD.

Table 2. Comparison of patients’ age, total PSA, free PSA, free to total PSA ratio, PSA density and prostate volume between 
cancer and non-cancer groups.

Parameters
Biopsy result

p value AUC
Cancer Non-cancer

Number of patients
n  (%)

40
(30.8)

90
(69.2)

Age (years)
Mean±SD

Median (IQR)

73.781±2.684
73 (72-75.75)

73.77±3.80
73 (71-76)

0.782 0.548

Total PSA (ng/mL)
Mean±SD

Median (IQR)

7.47±1.725
7.75 (6.44-8.79)

6.945±1.758
6.91(5.58-8.42)

0.093 0.639

Free PSA (ng/mL)
Mean±SD

Median (IQR)

1.805±1.234
1.46 (1.14-2.12)

1.829±0.687
1.795 (1.297-2.335)

0.124 0.630

Free/Total PSA ratio
Mean±SD

Median (IQR)

0.242±0.148
0.214 (0.146-0.289)

0.270±0.096
0.256 (0.187-0.338)

<0,021 0.627

PV (cc)
Mean±SD

Median (IQR)

52.28±29.01
47 (30.5-67.25)

81.82±31.835
82 (60.25-100)

<0,001 0.769

PSDA (ng/mL/cc)
Mean±SD

Median (IQR)

0.189±0.109
0.157(0.099-0.275)

0.102±0.068
0.085 (0.066-0.118)

<0,001 0.770

PV: prostate volume, PSA: prostate specific antigen, PSAD: prostate specific antigen density, AUC: area under curve, SD: standard deviation,  
IQR: interquartile range.
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Table 3. Comparison of patients’ age, total PSA, free PSA, free to total PSA ratio, PSA density and prostate volume between 
clinically significant cancer and clinically insignificant cancer groups.

Parameters

Clinical Significance
n=40, 100%

p value AUCGleson score
 ≤ 6

n=24, 60%

Gleson score 
≥ 7

n=16, 40%
Age

Median (IQR)
74.5 (71-76) 73    (72-74.5) 0.713 0.535

Total PSA
Median (IQR)

7.78 (6.46-9.08) 7.75 (6.39-8.78) 0.989 0.501

Free PSA
Median (IQR)

1.42 (1.14-2.03) 1.8  (1.1-2.17) 0.359 0.587

Free/Total PSA ratio 
Median (IQR)

0.20 (0.14-0.27) 0.24 (0.18-0.33) 0.233 0.615

PSAD
Median (IQR)

0.12 (0.08-0.19) 0.28 (0.13-0.34) 0.004 0.768

PV 
Median (IQR)

53   (39-77.25) 30       (20-56) 0.003 0.770

PV: prostate volume, PSA: prostate specific antigen, PSAD: prostate specific antigen density, AUC: area under curve, IQR: interquartile range.

Table 4. Multivariate analysis of prostate volume, PSA density and free to total PSA ratio to determine independent predictors 
of PCa and clinically significant PCa.

Prostate cancer Clinically significant prostate cancer

OR %95CI P OR %95CI p

PV 1.018 0.995-1.041 0.107 0.994 0.945-1.045 0.809

PSAD 0.001 0.000-0.002 <0.001 56292.21
24797-

127790.545
0.006

f/tPSA 3.007 0.085-106.025 0.418 - - -

PV: prostate volume, PSA: prostate specific antigen, PSAD: prostate specific antigen density, PCa: prostate cancer, f/t PSA: free/total PSA ratio, OR: odds 
ratio, CI: confidence interval.

DISCUSSION
Uncertainties exist in cancer screening for older 
people. The clinical significance of prostate 
cancer screening is limited by a decreased life 
expectancy. However, in recent years, the elderly 
population has been found to have a longer life 

expectancy (6), and this indicates an increase 
in the number of elderly patients who may be 
candidates for prostate biopsy, especially in 
tertiary health institutions as ours to which elderly 
patients with lower urinary tract symptoms and/
or elevated PSA levels are referred. Nevertheless, 
increased PSA level alone may be an insufficient 
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parameter to make a biopsy decision in this elderly 
group of patients who are expected to have high 
age-related PSA. In this respect, Morgan et al. (8) 
clearly reported an age-related decline of PSA 
specificity. Similarly, in our study, no significant 
difference was noted between PSA levels of 
patients with and without cancer. Kobayashi et 
al. (9) and Yanai et al. (10) also highlighted the 
identical result for patients above 70 years. We are 
not doubtful on the use of PSA for PCa detection 
in older men, but other parameters that may help 
to predict PCa are needed. PSAD and f/tPSA have 
been studied extensively and PV is a relatively less 
studied parameter compared to the other two. To 
our knowledge, only three reports have focused 
on age and patients aged 70 years and older were 
examined in two of these studies (9-11).

In the current study, the cut-off value for PSAD 
in predicting patients with or without cancer was 
0.11. Stephan et al. (12) reported a similar value 
of 0.1 for patients with PSA between 4 and 10 ng/
mL. These cut-off values are lower than those of 
most other studies which usually recommended 
0.15 as the PSAD cut-off level (13-14). When these 

parameters were evaluated to predict clinically 
significant PCa, multivariate analysis again showed 
that only PSAD was an independent predictor and 
a cut-off value of 0.199 was determined for PSAD. 
In the literature, the recommended cut-off values 
for PSAD in predicting clinically significant PCa 
ranged from 0.08 to 0.32, and in most of these 
studies, the proposed cut-off value was 0.15 (11, 13, 
14). On the other hand, only one of these studies 
focused on a specific age group. In this study, 
Kosaka et al. (11) reported that a cut-off value of 
0.32 for PSAD was a very effective predictor of 
clinically significant PCa in men aged 50 years 
and younger. To the best of our knowledge, 
the PSAD cut-off value indicated in the present 
study is the only recommendation found in the 
literature on predicting clinically significant PCa 
in patients aged 70 years and older. PSAD <0.15, 
which is a suggested criteria of active surveillance 
in the European Association of Urology (EAU) 
guidelines in all age groups of PCa patients, can 
be readjusted for patients of different age groups, 
with the results of new studies targeting different 
age groups. In this way, evaluating patients with 

Table 5. The number of patients with and without prostate cancer and clinically significant prostate cancer and p values when 
patients were separated according to determined cut-off values of PSAD.

n (%)

PSA Density
n=130 (100%)

p value
<0.11

76 (58.4%)
>0.11

54 (41.6%)

Cancer 12 (15.8%) 28 (51.9%)

<0.001Non-cancer 64 (84.2%) 26 (48.1%)

n (%)

PSA Density
n=40 (100%)

<0.199
24 (60%)

>0.199
16 (40%)

p value

Clinically Insignificant PCa
(Gleason score ≤6)

19 (79.1%) 5 (31.2%)

0.006
Clinically Significant PCa

(Gleason score ≥7)
5 (20.9%) 11 (68.8%)

PSA: prostate specific antigen, PCa: prostate cancer.
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regard to active surveillance with the cut-off values 
adjusted for their age groups will yield healthier 
results. We emphasise that our recommendation 
is also important from this perspective. Although 
Yanai et al. (10) did not describe a cut-off value 
in predicting clinically significant PCa, the median 
PSAD value reported in patients with clinically 
significant PCa was 0.27, consistent with ours 
(median, 0.28). However, in this study, clinically 
significant PCa was defined as the International 
Society of Urological Pathology (ISUP) grade 2 
and above, whereas they defined it as ISUP grade 
3 and above. Despite that, in predicting PCa, 
they reported a PSAD cut-off value of 0.20, which 
is higher than our recommendation (0.11) and 
many of the other studies (mostly around 0.15) 
(13, 14). Their median values were 0.20 for PSAD 
and 35.1 cc for PV while ours were 0.101 and 71 
cc, respectively. We associated the difference 
between the median values with the fact that they 
obtained prostate volumes using multiparametric 
magnetic resonance (mpMRI) which is considered 
to be a more accurate measurement tool compared 
to TRUS. Although it is necessary to underline that 
mpMRI may not be suitable for every patient in 
terms of time and cost, its use before prostate 
biopsy is becoming more common today. Wilson 
et al reported that PSAD and mpMRI were 
independent predictors of clinically significant PCa 
at biopsy (15). Furthermore, using PSAD combined 
with mpMRI has been reported to improve the 
negative predictive value of mpMRI, perform 
better than mpMRI alone in predicting clinically 
significant PCa, and is also useful in making a 
biopsy decision in patients with inderterminate 
mpMRI lesions (16-18). Given the results of these 
studies and that mpMRI will be used more widely, 
we hope that the results we found about PSAD 
may be increased in importance by combining 
with mpMRI results.

Consistent with this study, Kobayashi et al. 
(9) reported that PSAD, PV and f/tPSA were 
significantly different for patients aged 70 years 

or older with and without cancer on univariate 
analysis. However, contrary to our study, they 
found on multivariate analysis that only PV was 
an independent predictor for PCa. In the present 
study, PV was not an independent predictor 
for PCa. Furthermore, Erdogan et al. (19) and 
Shigemura et al. (20) reported that PV was an 
independent predictor of PCa. However, any age 
classification was not performed in either study. 
Similar to the study by Kobayashi et al. (9) and the 
current one, Yanai et al. (10) reported that PV was 
significantly different between patients with and 
without cancer, including patients aged 70 years 
or older who also had a PSA level of < 20 ng/
mL, but they did not make an evaluation for PV 
involving a multivariate analysis. When Erdoğan et 
al. (19) evaluated PV for clinically significant cancer, 
they did not achieve a meaningful result similar to 
our study. When all these data are evaluated as a 
whole, PV appears to be a significant parameter 
in predicting PCa but not for clinically significant 
PCa. Similar to our results, there are two studies 
showing that f/tPSA was significant in univariate 
analysis in predicting PCa, but not in multivariate 
analysis. (9, 19). In one of these (9), contrary to 
our study, a significant difference for f/tPSA was 
found between patients with and without clinically 
significant cancer.

The limitations of our study included its 
relatively small sample size and retrospective 
nature. Although we aimed to minimise the errors 
due to sampling by including patients with at least 
12-core biopsies, it is undeniable that in some 
patients, we may have missed PCa. Moreover, 
different biopsy criteria depending on patient 
age may cause selection biases to some degree. 
In this regard, we evaluated clinical parameters 
of biopsied patients in three age groups (70–75 
years, 76–80 years and 81 years or older) and 
the cancer detection rates were not significantly 
different (p= 0.511). Other limitations can be 
considered as potential insufficiencies in the PV 
measurements due to TRUS measurements which 
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may vary depending on the practitioner and in 
the Gleason score assessments due to the lack 
of radical prostatectomy specimens. However, all 
pathology results were reported by experienced 
pathologists since it was a tertiary hospital. The fact 
that our study is one of three studies conducted in 
patients aged 70 years and older and that the cut-
off value of PSAD recommended for predicting 
clinically significant prostate cancers have not 
been investigated before for this age group are 
the strengths of our study.

In conclusion, the results of this study 
demonstrated that PSAD is an effective parameter 
in predicting PCa and clinically significant PCa in 
older patients. Moreover, it was superior to the 
other two parameters (PV and f/tPSA). We suggest 
that patients with a PSAD greater than 0.11 and 
0.199 should be evaluated more carefully for 
PCa and clinically significant PCa, respectively. 
Therefore, PSAD may play an active role in the 
decision-making for prostate biopsy in elderly 
men. Thereby, it was pointed out that unnecessary 
biopsies and possible complications can be 
decreased for elderly patients in accordance with 

our recommendations. On the other hand, these 
recommendations should be confirmed with 
further studies.  
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