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Abstract

Background: Pretreatment assessment of patients diagnosed with localized prostate cancer
(PCal is essential for therapeutic decision-making. Currently available staging systems based
on prostate-specific antigen (PSA), Gleason score, and clinical stage allow for determining the
prognostic characteristics of these patients. Several studies have evaluated the preoperative
use of prostate-specific antigen density (PSAD) as a prognostic factor for further risk
stratification. To date, the role of PSAD in this setting is still an object of debate.

Objectives: The present analysis aimed to assess the predictive potential of PSAD for adverse
oncological outcomes after robot-assisted radical prostatectomy (RARP) and to compare its
accuracy to preoperative PSA (pPSA).

Design and methods: We retrospectively reviewed 427 patients diagnosed with localized

PCa who underwent RARP at a single institution between January 2015 and January 2020.
Generating receiver operator characteristic (ROC) curves, calculating areas under the curves
(AUCs]), and using a linear regression model, we analyzed the association of PSAD and pPSA
with postoperative positive surgical margins (PSM), Gleason score =7, persistent PSA, and
biochemical recurrence (BCR), with a median follow-up of 47 months.

Results: PSAD showed a significant association with PSM (p < 0.0001), PSA persistence
(p<0.0001), and Gleason=7 (p < 0.0001), without being statistically significant in predicting
BCR (p=0.098). The predictive value of PSAD was comparable to pPSA for outcomes of PSA
persistence (AUC 0.727 versus 0.771) and Gleason=7 (AUC 0.683 versus 0.649).

Conclusion: PSAD is a predictive factor for postoperative oncological outcomes of PSM,
Gleason score =7, and persistence of PSA. Despite the need for further studies, PSAD could
be useful as a prognostic parameter in conjunction with established staging systems.

Plain language summary

Oncological outcomes in robot-assisted radical prostatectomy: the value of PSA density
as a preoperative predictive factor

Prostate-specific antigen density (PSAD) has an established role in the diagnostic process
of prostate cancer (PCa). However, controversy remains on the assessment of its value
as a pretreatment prognostic factor. The aim of our study was to evaluate the predictive
ability of PSAD for oncological outcomes in PCa patients treated with robot-assisted
radical prostatectomy (RARP) and to compare with the value of preoperative PSA (pPSA).
The present analysis showed a significant association of PSAD with positive surgical
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margins (PSM], Gleason Score >=7 and prostate-specific antigen (PSA) persistence after
RARP. Moreover, PSAD demonstrated to perform comparably to pPSA in predicting the
outcomes of clinically significant PCa (csPCa) and post-RARP PSA persistence. Therefore,
PSAD is considered a preoperative predictive factor potentially useful in conjunction with
other previously established prognostic criteria and clinical features.

Keywords: oncological outcomes, prostate cancer, prostate-specific antigen, prostate-specific
antigen density, robot-assisted radical prostatectomy
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Introduction

Prostate cancer (PCa) is the second most diag-
nosed cancer in men, with nearly 1.4 million cases
reported in 2020 worldwide, representing the
sixth leading cause of cancer death in the male
population.!-3 Radical prostatectomy (RP) is one
of the mainstays of treatment for localized PCa,
and the robot-assisted procedure has been
adopted as the preferred surgical approach during
the last decade.*> In this setting, entering the era
of precision surgery and individualized medi-
cine,%” pretreatment assessment of the clinical
and pathological features of patients with local-
ized PCa is of paramount importance to deter-
mine their prognosis and design the most optimal
and individualized therapeutic strategy. The cur-
rent established risk stratification system based
on serum prostate-specific antigen (PSA) level,
biopsy Gleason score, and clinical tumor stage
identifies patients with unfavorable preoperative
pathological factors and classifies them in low-,
intermediate,- and high-risk groups according to
pretreatment risk of recurrence.?8 However, PCa
patients constitute a heterogeneous population
regarding oncological outcomes.?° Therefore,
improved tools and additional preoperative
parameters are needed to predict postoperative
outcomes and individual patients’ prognoses
more accurately.

Recently, in an attempt to improve existing pre-
dictive models, some authors analyzed the impact
of pathological findings of prostate biopsy on
oncological outcomes.® In this context, the
National Cancer Center Network Guidelines
included a sub-stratification of the intermediate-
risk group into favorable intermediate-risk group
and unfavorable intermediate-risk group [which
includes patients with International Society of
Urological Pathology (ISUP) 3, and/or >50%

positive biopsy cores and/or =2 intermediate-risk
factors].1® Furthermore, several studies evaluated
the pretreatment use of prostate-specific antigen
density (PSAD) as a predictor of oncological out-
comes. Although PSAD has a significant and
established role in PCa diagnosis,!! its value as a
predictive prognostic factor remains a subject of
debate. Some studies demonstrated a valuable
role of PSAD in predicting adverse pathological
findings or biochemical recurrence (BCR) after
surgical treatment®!2-17 but contradictory results
were also reported.!8-20

The present study aimed to assess PSAD as a
potential predictor of oncological outcomes in
patients undergoing robot-assisted radical prosta-
tectomy (RARP) for clinically localized PCa.
Moreover, a comparison between PSAD and pre-
operative PSA level (pPSA) was performed to
determine their predictive strength.

Materials and methods

Patients and methods

The study population consisted of 427 consecu-
tive patients who underwent RARP for clinically
localized PCa between January 2015 and January
2020 at a single institution. The Institutional
Review Board committee approved the study
design, and all included patients signed the
informed consent prior to surgery.

We retrospectively reviewed the recorded clinical,
pathological, and radiological data. The data pre-
sented in our study were collected in compliance
with the latest version of the World Health
Organization Declaration of Helsinki and
extracted from databases appropriately
anonymized and de-identified before being
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released. Moreover, the reporting of this study
conforms to the Strengthening the Reporting of
Observational Studies in Epidemiology state-
ment.2! PSA was performed between 4 and
6 weeks pre-biopsy and was confirmed with a sec-
ond PSA value. PSAD was determined as a pre-
biopsy PSA value divided by transrectal
ultrasound (TRUS)-estimated prostate volume.
Systematic prostate biopsy was performed
through a  transrectal  ultrasound-guided
approach, and Gleason scoring was defined
according to the 2014 ISUP grading system.22
The clinical stage was determined by pre-biopsy
digital rectal examination, following Tumor,
Node, Metastasis (TNM) classification.323

RARP was performed by four surgeons, using an
anterior intraperitoneal approach. None of the
patients received prior androgen-deprivation
therapy and cases of salvage RARP following
radiation treatment were excluded. A routine
pathological assessment was performed to analyze
prostatectomy specimens. Two specialists of uro-
logic pathology evaluated the histopathology
reporting on histopathological type, Gleason
score according to ISUP grade,?2 tumor volume,
presence of cribriform and/or intraductal carci-
noma, surgical margin status, extraprostatic
extension (location and extent), and tumor
staging.

We analyzed the association of PSAD and pPSA
with post-surgical oncological outcomes in terms
of persistence of PSA after RARP (PSA=0.1ng/
ml), the presence of postoperative positive surgi-
cal margins (PSM), clinically significant PCa
(Gleason score =7), and BCR (PSA=0.2ng/ml).

Statistical analyses

Statistical analysis was performed using SPSS
version 26.0 (IBM SPSS Statistics). Data on con-
tinuous variables are presented as medians with
their respective ranges and analyzed using a
Mann-Whitney U test. Data on qualitative varia-
bles are presented as the absolute value and pro-
portion and analyzed with a chi-squared test.

The performance of PSAD and pPSA in predict-
ing oncological outcomes was determined by gen-
erating receiver-operating characteristic (ROC)
curves and calculating areas under the curves
(AUCs). A comparison between the predictive
value of PSAD and pPSA was performed.
Subsequently, linear regression models were

generated to assess the predictive value of PSAD
and pPSA for oncological outcomes of PSM, PSA
persistence, Gleason score =7, and BCR. All sta-
tistical tests were two-sided with p values <0.05
considered statistically significant.

Results

Table 1 summarizes the clinical and pathological
data of patients included in the study. Prior to
surgery, the median (range) PSA level was 5.82
(0.47-50)ng/ml with a median PSAD of 0.15
(0.01-1.24) ng/ml. Postoperatively, 346 patients
(81%) presented a Gleason score of =7 with
non-clinically significant PCa accounting for 19%
of the entire cohort. The Gleason score upstaging
rate was 26.7% (114 patients). The median
weight of the surgical specimen was 43 (16—
122) g. Persistence of PSA post-RARP was iden-
tified in 29 patients (7.9%), PSM was described
in 185 cases (43.3%) and 41 patients (10.7%)
presented BCR, with a median follow-up of
47months (IQR 22.7-56.2).

To analyze the overall performance of PSAD, we
generated ROC curves according to oncological
outcomes of PSA persistence, BCR, PSM, and
Gleason score=7, and calculated the AUC:s.
PSAD showed a significant predictive value for
PSM (AUC 0.614; 95% CI 0.561-0.667,
$<<0.0001), PSA persistence (AUC 0.727; 95%
CI 0.627-0.827, p<0.0001), and Gleason
score=7 (AUC 0.683; 95% CI 0.623-0.743,
$»<<0.0001), without being statistically significant
in predicting BCR (AUC 0.588; 95% CI 0.496—
0.681, p=0.064). Subsequently, the same analy-
sis was conducted with pPSA. Preoperative PSA
was found to have significant predictive value for
postoperative PSA persistence (AUC 0.771; 95%
CI 0.680-0.862, p<<0.0001), Gleason score=7
(AUC 0.649; 95% CI 0.582-0.716, p<<0.0001),
and BCR (AUC 0.615; 95% CI 0.532-0.698,
p»=0.016). No statistically significant results were
obtained when predicting PSM (AUC 0.548;
95% CI 0.439-0.604, p=0.087). As shown in
Figure 1(a) and (b), the analysis of the AUCs
found the predictive value of PSAD to be compa-
rable to pPSA for outcomes of PSA persistence
(AUC 0.727 versus 0.771) and Gleason score =7
(AUC 0.683 versus 0.649).

To extend these findings, linear regression mod-
els were generated to assess the ability of PSAD
and pPSA to independently predict the reported
oncological outcomes. PSAD showed a
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Table 1. Clinical and pathological characteristics of
the study cohort.

Variable Value

N 427

Median (range):

Age (years) 63.8 (45.12-78.39)
PSA level (ng/ml) 5.82 (0.47-50)
TRUS-prostate volume (cc) 37 (12-185)

PSAD (ng/ml/ml) 0.15(0.01-1.24)

Clinical stage (n, %):

T1 344 (80.5)
T2 79 (18.5)
T3 4(1)

Biopsy Gleason score (n, %]:

6 173 (40.5)
7 161 (37.7)
8 48(11.3)
9 45(10.5)

Pathological Gleason score (n, %):

6 81(18.9)
7 259 (60.6)
8 20 (4.9)

9 67 (15.6)

Nerve-sparing surgery (n, %]:

No 110 (25.7)

Yes 317 (74.3)
Extraprostatic extension (n, %):

No 289 (67.7)

Yes 138 (32.3)
Surgical margins (n, %):

No 242 (56.7)

Yes 185 (43.3)
Seminal vesicle invasion (n, %):

No 389 (91.3)

Yes 37(8.7)
Persistence of PSA (n=366) (n, %):

No 3371(92.1)

Yes 29 (7.9)
Biochemical recurrence (n=384) (n, %):

No 343 (89.3)

Yes 41(10.7)

PSA, prostate-specific antigen; PSAD, prostate-specific antigen
density; TRUS, transrectal ultrasound.

significant association with PSM (coefficient B
0.059, 95% CI 0.089-0.029; p<<0.0001), PSA
persistence (B 0.187, 95% CI 0.126-0.248;
$»<0.0001), and Gleason score=7 (B 0.083,
95% CI0.045-0.121; p<0.0001). Subsequently,
we analyzed the predictive performance of pPSA,
showing a significant association of this preopera-
tive factor with PSM (B 1.363, 95% CI 2.227—
0.499; p=0.002), PSA persistence (B 5.359, 95%
CI 3.633-7.104; p<0.0001), and Gleason
score=7 (B 1.896, 95% CI 0.886-2.907;
$»<<0.0001). No significant association of either
PSAD or pPSA with BCR was demonstrated (B
0.046, 95% CI 0.1-0.008; p=0.098 and B 0.818,
95% CI 2.297-0.660; p=0.277).

The results of analyses for the association
between the value of PSAD and pPSA and post-
operative oncological results are provided in
Tables 2 and 3.

Discussion

Pretreatment risk assessment in patients diag-
nosed with localized PCa is of key importance for
therapeutic decision-making. Defining the treat-
ment strategy is based on staging systems consist-
ing of clinical and pathological factors.32¢4 Based
on this system, adverse features post-surgery and
PSA recurrence rates can be predicted. Therefore,
identifying additional prognostic parameters to
enhance the currently established stratification
systems would allow for better patient selection
and treatment individualization.

In this setting, pretreatment PSAD has been pro-
posed as a potential predictor factor of oncologi-
cal outcomes after surgical treatment of PCa.
Initially, PSAD was introduced by Benson er al.!!
in 1992, to improve the accuracy of PSA in the
diagnosis of PCa by distinguishing PCa from
benign prostatic hypertrophy. The cutoff level of
PSAD for the diagnosis of presumptive PCa was
set at 0.15,%5 remaining to date the most widely
accepted value for differentiating clinically signifi-
cant from non-clinically significant PCa.2¢ Since
that time, PSAD has been extensively evaluated
as a prognostic factor for oncological outcomes
after RP.

Several studies have identified PSAD as a predic-
tor of adverse pathological features in PCa patients
undergoing surgical treatment. Freedland er al.1?
described PSAD as a strong independent predictor
of PSM, seminal vesicle invasion, non-organ
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Figure 1. ROC curves and AUC show the performance of PSAD and pPSA in predicting postoperative
outcomes. (a) Comparison of ROC curves and AUC of PSAD (blue line; AUC 0.727) and pPSA (red line; AUC
0.771) for prediction of PSA persistence and (b) comparison of ROC curves and AUC of PSAD (blue line; AUC
0.683) and pPSA (red line; AUC 0.649) for prediction of Gleason score=7.

AUC, area under the curve; pPSA, preoperative PSA; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density;

ROC, receiver operator characteristic.

confined disease, and BCR after RP. Horiguchi
et al.?” found that PSAD was the most valuable
predictor among the PSA-based parameters for
determining the presence of extraprostatic disease.
Similarly, Kundu er al.l> showed a correlation
between PSAD and higher pathological stage and
tumor aggressiveness, in terms of decreased pro-
gression-free survival rate. Moreover, Sfoungaristos
and Perimenis!? retrospectively analyzed 285 PCa
patients who underwent RP, showing that PSAD
was a significant predictor of PSM, seminal vesicle
invasion, lymph node involvement, and extracap-
sular disease.

Furthermore, the value of PSAD predicting PSA
recurrence was assessed. Multiple retrospective
studies!®15:18:28-30  demonstrated an association
between preoperative PSAD and BCR. Brassell

et al.1® described PSAD as a predictor of BCR,
whether calculated preoperatively (using TRUS-
estimated prostate volume) or postoperatively
(using pathological prostate volume or weight).
PSAD was also found to be an independent pre-
dictor of BCR in the study of Radwan et al.,!°
who reviewed 1327 PCa patients treated with RP.
Moreover, studies conducted by Koie er al.?° and
Yashi ez al.® showed that PSAD is a strong predic-
tor of BCR in patients diagnosed with high-risk
PCa. More recently, however, Tzeng ez al.2° ana-
lyzed a large series of 11,725 patients showing a
lack of association between PSAD and BCR.
Finally, the only prospective study conducted in
this area was presented by Sfoungaristos and
Perimenis3! in 2013, including 244 patients diag-
nosed with localized PCa who underwent RP.
The authors demonstrated an association between

Table 2. Analysis of PSAD predictive performance using a linear regression model.

Postoperative oncological outcomes Coefficient B 95% ClI p Value
PSA persistence 0.187 0.126-0.248 <0.0001
Positive surgical margins 0.059 0.089-0.029 <0.0001
Pathological Gleason score=7 0.083 0.045-0.121 <0.0001
Biochemical recurrence 0.046 0.1-0.008 0.098

PSA, prostate-specific antigen; PSAD, prostate-specific antigen density.

Statistically significant p value <0.05.
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Table 3. Analysis of pPSA predictive performance using a linear regression model.
Postoperative oncological outcomes Coefficient B 95% CI p Value
PSA persistence 5.359 3.633-7.104 <0.0001
Positive surgical margins 1.363 2.227-0.499 0.002
Pathological Gleason score=7 1.896 0.886-2.907 <0.0001
Biochemical recurrence 0.818 2.297-0.660 0.277

pPSA, preoperative PSA; PSA, prostate-specific antigen.
Statistically significant p value <0.05.

PSAD and adverse pathological findings and
identified PSAD as a significant predictor of BCR
(»=0.009).

Nevertheless, in the scenario of comparing pPSA
with PSAD as predictors of oncological outcomes
following RP, different studies have shown incon-
sistent findings. Freedland er al.'? in 2002, found
that PSAD was superior to PSA in determining
BCR. However, in a later publication in 2003,!3
the authors reported no clinically significant dif-
ference between the two predictor factors.
Similarly, Radwan er al.1® determined the superi-
ority of PSAD in predicting BCR, although this
difference was not statistically significant.
However, PSAD correlated more strongly than
pPSA with extracapsular disease, PSM, and semi-
nal vesicle invasion. Conversely, Brassell er al.l8
identified pPSA as the strongest predictor of BCR,
being comparable to PSAD in predicting surgical
margin status and extracapsular extension.

Finally, some recent studies have proposed PSAD
as a predictor of Gleason score upgrading after
RP. Corcoran et al.??> determined PSAD as the
strongest predictor of Gleason score upgrading in
patients with ISUP 1 and 2 confirmed on prostate
biopsy. Moreover, Oh ez al.?? identified PSAD as
a more accurate preoperative predictor of Gleason
score upgrading than pPSA.

The current study adds to previous publications in
the assessment of PSAD as a prognostic factor in
PCa. Our analysis demonstrated that preoperative
PSAD significantly correlates with adverse patho-
logical features in terms of PSM, PSA persistence,
and Gleason score =7. However, the association
of preoperative PSAD and BCR post-RP was not
statistically significant in the analysis of our series.
Furthermore, PSAD was found to be comparable
to pPSA in predicting the persistence of PSA and

Gleason score=7. These results suggest that
PSAD has a role in predicting oncological out-
comes of PCa patients treated with RP, appearing
to be an inexpensive and widely available tool that
can be used in conjunction with the existing risk
stratification nomograms, aiming to improve their
prognostic ability.

There are several limitations to the present
study. First, it is a retrospective study based on
a relatively small patient cohort. In addition, the
use of magnetic resonance imaging (MRI) in the
diagnosis of PCa was introduced at this center
in 2019, meaning preoperative MRI was not
available for all patients included in the study.
Therefore, the prostate volume used to calcu-
late preoperative PSAD was the TRUS-
estimated prostate volume. The accuracy of
TRUS volumes is known to be user dependent,
which interferes with the determination of
PSAD as variations in the measurement of pros-
tate volume mayinfluenceitsvalue. Nevertheless,
some studies reported that prostate volumes
estimated by MRI and TRUS showed an excel-
lent agreement between them and with RP spec-
imens.3* Moreover, the small population size
limited the possibility of establishing a conclu-
sive PSAD cutoff level, preventing the genera-
tion of a logistic regression model and the
development of a multivariate analysis. Finally,
the high rate of PSM described in this series is
remarkable. The data are potentially related to
multiple factors: first, the significant percentage
of patients who underwent neurovascular bun-
dle preservation (74.3%). Second, the consider-
able number of patients presenting extraprostatic
involvement in the series (32.2%). Third, the
description of the pathology report, which
included in several cases minimal intraprostatic
incisions performed intraoperatively as PSM.
Finally, the experience of the surgeon and the
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surgical technique represent key factors related
to PSM rate.

In summary, preoperative PSAD value has shown
a strong predictive potential in patients diagnosed
with PCa undergoing RP. Further studies are
needed to assess its application in conjunction
with validated risk nomograms, aiming to indi-
vidualize the management of PCa patients.

Conclusion

Pretreatment risk stratification of PCa patients is
a key determinant for therapeutic decision-mak-
ing. PSAD was demonstrated to have a role in the
prognostic assessment of these patients, being a
predictor of oncological outcomes in terms of sur-
gical margin status, Gleason score=7, and per-
sistence of PSA after RP. However, in the current
analysis, PSAD was not significantly associated
with postoperative BCR.

Despite the need for further studies, we conclude
preoperative PSAD could be useful to determine
the aggressiveness of PCa and to predict out-
comes after RP and might be used in conjunction
with established staging systems to improve
patient stratification.
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