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Abstract

Purpose To evaluate predictive factors associated with detectable prostate-specific antigen (PSA) and describe clinical
recurrence (CR) and cancer-specific mortality (CSM) after robot-assisted radical prostatectomy (RARP).

Methods The study included 2500 patients who were treated with RARP at a single institution between 2000 and 2016. All
patients had clinically localized PCa. Patients were divided into two groups according to PSA value at 6 weeks after surgery:
undetectable (n = 2271; PSA < 0.1 ng/dl) and persistently elevated (n = 229; PSA > 0.1 ng/dl). The association between
various covariates and: (1) detectable PSA and (2) CR was evaluated. Kaplan—Meier analyses estimated CR and CSM rates
according to PSA persistence.

Results Inside the group of detectable PSA, 146 men (63.75%) received adjuvant treatments, 44 patients (19.21%) salvages
therapies and 38 men (16.5%) experienced CR. Factors associated with aggressive disease predicted PSA persistence. Within
patients with detectable PSA, pathologic stage > pT3a (HR 2.71; p < 0.029) and to received adjuvant androgen deprivation
therapy (ADT) due to bad prognosis tumors (HR 13.36; p < 0.001) were associated with CR. Overall 14 (0.56%) died of
PCa. 5 and 10-year CSM rates were higher for patients with CR (9.6 and 23.7%, p < 0.001), and Gleason > 8 (5.7 and 6.9%,
p = 0.003).

Conclusions A detectable PSA is affected by factors associated with aggressive prostate cancer. Within men with persistent
PSA, those with higher pathologic stage and who received adjuvant ADT are more likely to have CR. Patients with CR,
Gleason > 8, and those who received adjuvant ADT must have a close monitoring due to the high rate of mortality.
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Introduction

Prostate cancer (PCa) is one of the most frequently diag-
nosed tumors in men, with an increasing incidence due to
the widespread use of prostate-specific antigen (PSA) [1].
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PCa is being diagnosed earlier at lower clinical stage, lower
grade and smaller volumes, with an annual percentage
increase of 9.5% as reported by data from the Surveillance,
Epidemiology, and End Results [2, 3]. Approximately, 90%
of patients newly diagnosed have localized PCa [3]. Radi-
cal prostatectomy (RP) represents a treatment modality for
patients with clinically localized PCa that provides effective
oncological control [4]. About 15-35% of men undergoing
RP will demonstrate biochemical recurrence (BCR) [5] and
the majority occur during the 1st years after RP [6]. In the
last years, there have been many advances in robot-assisted
radical prostatectomy (RARP). Some studies have recently
reported better functional outcomes and comparable onco-
logical results for RARP, compared to open and laparoscopic
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radical prostatectomy (LARP) [7, 8]. BCR-free survival after
RARP has been reported in 84, 86 and 84.9% at 5 years,
respectively [9-11]. However, long-term oncologic out-
comes are still not available for RARP.

After RP, the measurement of any detectable PSA at
6 weeks has been considered as an adverse oncologic sur-
rogate marker because could occult residual disease or dis-
tant systemic disease [12, 13]. The most used definitions of
persistent PSA reported in many series was PSA > 0.1 ng/dl
[13, 14]. There have been reported predictors of detectable
PSA after RP such as preoperative PSA, positive surgical
margin (PSM), pathologic stage, nodal status or pathologic
Gleason [13-16]. Kumar et al. reported that patients with
persistent PSA were more likely to have BCR, but still a
significant proportion of patients with persistent PSA who
remained free of BCR [16]. Recently, it has been reported
that in node-positive patients the assessment of early detect-
able PSA after surgery has an important prognostic role
in the prediction of clinical recurrence (CR) and cancer-
specific mortality (CSM) [17]. This might have important
implications in planning an optimal follow-up, in order to
use unnecessary adjuvant treatments in case of undetect-
able PSA. However, data regarding an association between
detectable PSA and CR, distant metastases or CSM are cur-
rently limited. Therefore, we conducted a study with the aim
of evaluating predictive factors associated with detectable
PSA and assessing CR and CSM according to PSA levels
after RARP.

Materials and methods

Between January 2000 and July 2016, 2500 patients were
treated with RARP at a single institution. All patients in our
cohort had clinically localized PCa. Exclusion criteria were
patients with prior radiation, focal therapy, androgen depri-
vation therapy (ADT) or evidence of distant metastases, and
patients with missing data. None of the patients included in
the study received postoperative treatments before the first
PSA assessment. Our institutional review board (CEPAR:
comité d’evaluation des protocoles et d’aide 4 la recherche)
approved the study, and patients provided informed con-
sent. All patients had completed data, including pathologic
stage, pathologic Gleason score, surgical margin status, ext-
racapsular extension, pathologic node status, percentage of
positive biopsy, status of adjuvant and salvage therapies, and
PSA values at 6 weeks after RARP. Extended pelvic lymph
node dissection (ePLND) was performed if the estimated
risk of lymph node involvement (LNI) exceeded 5% based
on the Briganti nomogram. Before 2012, we used the Partin
tables to predict LNI. Neurovascular bundle sparing (NVB)
was performed in 80.9% of the RARPs (unilateral in 36.6%
and bilateral in 44.3%). PSM was defined as PCa at the inked

margin. Patients were divided into two groups according to
PSA value at 6 weeks after surgery: 2271 patients had unde-
tectable PSA (PSA < 0.1 ng/dl) and 229 (9.16%) patients
had PSA persistently elevated (PSA > 0.1 ng/dl).

Follow-up at our institution was done with clinical visits
and PSA determinations every 3—6 months in the 1st year
after surgery, every 6 months in the following 2nd and 3rd
year, and then annually.

BCR was defined as a confirmed serum PSA level of
> 0.2 ng/dl. CR was defined as positive imaging during
follow-up after the onset of BCR. PCa death was defined
as patients who died with metastasis in an androgen-inde-
pendent setting, and was identified by the attending urolo-
gist or oncologist who followed the patients and or death
certificated. All patients with CR underwent imaging con-
sisted in bone scan and/or computed tomography (CT) and/
or abdominal magnetic resonance imaging and/or 11C-cho-
line positron emission tomography/CT scan. Patients were
stratified in function of CR sites: prostate bed, pelvis lymph
nodes, retroperitoneal lymph nodes and systemic recurrence
(skeletal or visceral).

Adjuvant therapies were initiated within 3 months after
RARP to patients with high-risk pathologic features (patho-
logic Gleason > 8, pathologic stage > pT3a, PSM, or LNI)
and consisted in ADT when > 2 positive lymph nodes were
involved, and adjuvant external-beam radiation therapy
(EBRT) defined as local radiation directed to the prostatic
and seminal vesicle bed, including the pelvic region. EBRT
was given when PSM was detected. Salvage radiotherapy
was administered when there was not systemic recurrence
and the recurrence was affecting pelvic site, and salvage
ADT when systemic recurrence occurred.

Comparison of features by PSA level and type of addi-
tional treatment after surgery were evaluated using Chi
square or ANOVA in categorical variables. Two-sample
T test was used to test for equality of means in continuos
variables. A univariate and multivariable logistic regres-
sion analysis was used to evaluate the significant association
between detectable PSA and covariates, and CR and covari-
ates in detectable PSA group. Covariates consisted of patho-
logic tumor characteristics, surgical node status, PSM status
and age at surgery. Multivariable analyses were performed
analyzing all variables that reached statistical significance
on single variable analysis.

Kaplan—Meier analyses were used to assess CR and CSM
rates according to PSA persistence after surgery. Statistical
analyses were performed using SPSS v. 17 Software (Inc.,
Chicago, IL, USA) with a two-sided significance level set
at p < 0.05.

@ Springer



1006

Clinical and Translational Oncology (2018) 20:1004-1010

Results

Clinical and demographic characteristics for the 2500
patients are shown in Table 1. The median follow-up
was 4.85 years (IQR 0.15-15.4 years). Detectable PSA
patients were significantly older, with higher preopera-
tive PSA. In this group of men, the proportion of patients
with high D’Amico risk score was significantly higher, as

well as the number of bilateral tumors, and the biopsies
with more than 33% of tumor involvement. Patients with
PSA > 0.1 ng/dl had a higher proportion of pathological
Gleason > 8 and pathological tumor stage > pT3a, as well
as higher proportion of PSM and LNI (all p < 0.001).

In the subgroup of patients with PSA > 0.1 ng/dl, 146
men (63.75%) received adjuvant treatments (10.91%
ADT vs 52.83% EBRT/EBRT + ADT), and 44 patients
(19.21%) salvages therapies (8.73% ADT vs 10.48% EBRT/

Table 1 Comparison of clinical

. L Clinical and demographic characteristics PSA < 0.1 ng/dl PSA > 0.1 ng/dl p value
and demographic characteristics N=2271 N =229
by PSA levels after surgery for
2500 men BMI, median (IQR) 25.8 (16.3-35.3) 26.2 (10.9-41.5) 0.5
Preoperative PSA, ng/dl, 7.8 (3.6-11.9) 10.7 (4.5-16.9) < 0.001
median (IQR)
Age, years, median (IQR) 61.6 (55.8-67.4) 62.1 (55.7-68.5) 0.029
Prostate volume n, 52.4 (33-71.8) 53.3(33.4-73.2) 0.81
median (IQR)
Positive biopsy > 33%, 31.5(10.6-52.4) 40.4 (17.3-63.5) 0.013
median (IQR)
Family history PCa 503 (22.1) 45 (19.7%) 0.38
n (%)
Bilateral tumor 1062 (46.9) 127 (56.2) 0.007
n (%)
Biopsy Gleason, n (%) < 0.001
<6 1265 (55.7) 75 (32.8)
3+4 727 (32) 81 (35.4)
4+3 210 (9.2) 56 (24.5)
>38 69 (3) 17 (7.4)
Clinical stage, n (%) < 0.001
<Tlc 1505 (66.3) 123 (53.7)
T2a-T2c 756 (33.3) 102 (44.5)
>T3a 9 (0.4%) 4(1.7)
D’Amico group, 1 (%) < 0.001
Low 1021 (45) 47 (20.5)
Intermediate 1085 (47.8) 135 (59)
High 165 (7.3) 47 (20.5)
PLND, n (%) 392 (17.3) 93 (40.6) < 0.001
Pathologic stage, n (%) < 0.001
<pTlc 3(0.1) 1(0.4)
pT2a—pT2c 1647 (72.7) 5.4 41)
> pT3a 615 (27.2) 134 (58.5)
Pathologic Gleason, n (%) < 0.001
<6 525 (23.1) 24 (10.5)
3+4 1144 (50.4) 70 (30.6)
443 555 (24.4) 115 (50.2)
>8 46 (2) 20 (8.7)
Positive LNI, n (%) 14 (0.6) 18 (7.9) < 0.001
Multifocal tumor, n (%) 891 (41.3) 85 (40.1) 0.74
Extracapsular extension, n (%) 584 (25.9) 126 (55.3) < 0.001
Positive surgical margin, n (%) 466 (20.6) 101 (44.1) < 0.001

PSA prostate-specific antigen, LN/ lymph node invasion, BMI body mass index, PLND pelvic lymph node

dissection
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EBRT + ADT). As expected, the majority of patients with
low-risk PCa, pT2 stage, and the lack of extracapsular
extension and PSM did not receive any adjuvant therapy.
Conversely, high-risk PCa patients with PSA > 10, > pT3a
stage, LNI, extracapsular extension and PSM were treated
mostly with EBRT alone or with ADT (all p < 0.001)
(Table 2). Regarding salvage treatments, there were no
differences between therapies and patient characteristics
(Online Resource Table 1).

At univariable logistic regression, preoperative PSA,
D’Amico risk score, percentage of positive biopsy, patho-
logic Gleason, pathologic stage, extension extracapsu-
lar, PSM and LNI were significantly associated with an
increased risk of detectable PSA (all p < 0.001). The vari-
ables that remained after backward elimination in multivari-
able analysis were preoperative PSA (p = 0.002), patho-
logic Gleason (p < 0.001), pathologic stage (p = 0.008),
PSM (p = 0.006) and LNI (p = 0.005). Predictors of CR in
patients with detectable PSA are high D’Amico score (HR
3.41; 95% CI 1.02-11.9), pathologic Gleason 4 + 3 (HR

2.1;95% CI 1.04-4.46), pathological stage (HR 3.1; 95% CI
1.35-7.11), LNI (HR 3.2; 95% CI 1.07-9.51) and to receive
ADT in bad prognosis tumors (HR 14.7; 95% CI 5.8-57.2);
(Online Resource Table 2). Multivariable analysis showed
only pathologic stage (p = 0.02) and to receive adjuvant
ADT (p < 0.001) to be associated with CR.

Inside the group of patients with detectable PSA, 38 men
(16.5%) experienced CR. After stratifying patients accord-
ing to the clinical characteristics, CR-free survival (CRFS)
rates at 5-7 and 10 years follow-up were significantly higher
in men with PSA < 10 ng/dl, low-risk D’Amico score, pT2
stage, pathologic Gleason < 3 + 4, and lack of extracapsu-
lar extension (Online Resource Fig. 1A, 1B, 1C). Men with
PSA < 10 ng/dl had at 5- and 10-year follow-up CRFS rates
of 84.3 and 84.8% vs 70.4 and 60.2% for PSA > 10 ng/dl
(p = 0.015). Patients with pathologic stage > T3 showed
at 10-year follow-up CRFS rates of 61.2 vs 90.8% for pT2
patients (p = 0.001). Those men with extracapsular exten-
sion had at 5- and 10-year after surgery lower CRFS rates
regarding negative extracapsular extension (72.3 and 64.1%

Table 2 Patient characteristics

g Clinical and demographic  Surveillance, ADT, EBRT/EBRT + ADT, p value
by type of .adJuvar}t treatment characteristic n (%) n (%) n (%)
among patients with detectable
PSA after surgery Age at surgery (year) 0.103
<65 58 (69.04) 15 (60.0) 63 (52.0)
> 65 26 (30.9) 10 (40.0) 46 (38.01)
Preoperative PSA, ng/dl < 0.001
< 10 ng/dl 63 (75.0) 9 (36.0) 63 (52.1)
> 10 ng/dl 21 (25.0) 16 (64.0) 58 (47.9)
Pathologic Gleason < 0.001
<6 21 (25) 1(4) 3(2.5)
3+4 36 (42.9) 2 (8) 32 (26.4)
4+3 26 (31) 15 (60) 74 (61.2)
<8 1(1.2) 7 (28) 12 (9.9)
D’Amico score < 0.001
Low 32 (38.0) 0 16 (13.2)
Intermediate 48 (57.1) 16 (64.0) 71 (58.6)
High 44.7) 9 (36.0) 34 (28.0)
pT stage < 0.001
pT2a—pT2c 59 (70.2) 6 (24.0) 31 (25.6)
>pT3a 25(29.1) 19 (76.0) 90 (74.3)
LNI 0.025
Positive (pN +) 0 5(27.7) 13 (21.6)
Negative (pN —) 15 (100) 13(72.2) 47 (78.3)
Extension extracapsular < 0.001
Positive 22 (26.1) 16 (64.0) 88 (73.5)
Negative 62 (73.8) 9 (36.0) 32 (26.4)
Surgical margin < 0.001
Negative 61 (72.6) 16 (64.0) 52 (42.0)
Positive 23 (27.3) 9 (36.0) 69 (57.0)

PSA prostate-specific antigen, LNI lymph node invasion
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vs 84.2 and 82.1% p = 0.023). Among patients with detect-
able PSA, those who have LNI showed lower CRFS rates
at 5 year (41.2 vs 72.3% for negative LNI; p = 0.003), and
those who received adjuvant ADT showed at 5-year follow-
up CREFS rates of 34.2% (81.2% EBRT/EBRT + ADT vs
92.1 surveillance; p < 0.001).

Regarding the relationship between D’Amico categories
stratified by the type of adjuvant treatment with clinical
recurrence, we can say that clinical recurrence-free survival
is lower in patients receiving adjuvant therapies than those
who do not receive subsequent treatments, in all D’Amico
risk groups (Online Resource Fig. 3).

Overall 14 (0.56%) died of PCa. CSM-free survival
(CSMEFS) rates at 5-8 and 10 years follow-up were signifi-
cantly lower in patients with pathologic Gleason > 8 and
those who received adjuvant ADT (p = 0.003 and p = 0.03,
respectively) (Online Resource Fig. 2A, 2B). No differences
were found regarding PSA levels after surgery (p = 0.23).
The 5-and 10 years CSMES rates were significantly lower in
men who experienced CR compared with those who did not
develop CR (90.4 vs 100% and 76.5 vs 99.6%, respectively;
p =0.001) (Online Resource Fig. 2C). No differences were
found in terms of salvage therapies (p = 0.75).

The first site of relapse was local, pelvis lymph nodes, ret-
roperitoneal lymph nodes and skeletal and/or visceral in 3.7,
37.03, 18.51 and 40.7%, respectively, of patients with CR.

Discussion

Serum PSA is expected to reach an undetectable level within
21-30 days after RP, due to its half-life of 3.15 days [18].
Therefore, detectable PSA at 6 weeks after surgery has been
considered as an adverse oncologic outcome [12, 13, 19].
Many definitions for clinically significant persistently ele-
vated PSA have been reported (from > 0.03 to > 0.1) [5, 13,
14, 20]. In the present study, 9.16% of the population-based
cohort had detectable PSA after surgery that is similar than
previous studies. Rogers et al. reported that 8.36% patients
developed PSA > 0.1 ng/dl after RP, with 47% of these
patients developed distant metastasis, at a mean follow-up of
5.3 years [21]. Another study reported by Naselli et al. that
persistent PSA was found in 10.3% patients, having 72.7%
of these men BCR at a median follow-up of 6 months [22].
The study of Kumar et al. reported lower rates of PSA > 0.1
(3.07% patients), while Audenet et al. showed 34.58% men
with detectable PSA after RP [13, 16].

In the present study, pathologic Gleason > 3 + 4, patho-
logic stage > T3a, preoperative PSA, PSM and LNI were
significantly associated with PSA persistence and they are
in agreement with studies previously published [16, 17, 22].
Nevertheless, it has to underline that not all men with detect-
able PSA experienced CR; patients with LNI, pathologic

@ Springer

stage > T3a and those who receive adjuvant ADT were asso-
ciated with CR. In this study, only 16.5% of these patients
experienced CR, as compared with the 80% of the study of
Bianchi et al. [17]. The reason is that our patients are not
only men with LNI and high-risk PCa. That study reported
that adverse pathologic characteristics did not impact on the
rates of CR and CSM after stratifying by PSA levels after
surgery. Taking into account our results, we were able to
identify patients at high risk of developing CR, and treat
them earlier than those patients with detectable PSA without
risk factors. When evaluating the first site of recurrence, up
to 40.7% of men harbored systemic metastases, compared
with the 50% of other investigation [17].

In this study, CSMFS rates were lower in patients with
Gleason > 8, those who received adjuvant ADT and men
who experienced CR. Patients who were treated with EBRT/
EBRT + ADT had higher CSMFS; however, no differences
were found regarding early PSA levels after surgery. We
observed that patients with detectable PSA who received
early adjuvant EBRT/EBRT + ADT after RP had lower
incidence of CR and CSM than those treated only with
ADT. The reason for these results may be due to the fact
that patients who received ADT had a higher proportion of
high-risk tumors compared to EBRT/EBRT + ADT. It is
not that the therapy contributed to a poor prognosis being a
predictor itself, but an indication of ADT was more likely to
be used for worse tumors. This is in the line with the find-
ings from Stish et al. who published that pre-radiotherapy
PSA level adjusting for well-validated risk factors (Gleason,
pathologic stage and preoperative PSA) is independently
associated with the risk of metastasis in long-term follow-
up, worsening CSM [23]. In the present study, we have been
able to show that CRFS is higher in detectable PSA patients
with favorable pathologic features who were monitored.
Subsequently, this information can be used for counseling
of these patients explaining what subset of men is likely to
remain free of CR and need for adjuvant therapies.

To our knowledge, this is the second study to report the
rates of detectable PSA after RP, in men with LNI. In this
cohort, 56.2% men from the total of 32 pN + patients expe-
rienced PSA > 0.1 ng/dl, and 44.4% of those men devel-
oped CR. No patient with undetectable PSA developed
CR. Bianchi et al. reported rates of detectable PSA in LNI
patients of 25% that support the role of extensive local treat-
ment in patients with LNI [17]. Men with detectable PSA
after ePLND can have either residual PCa in the prostatic
bed/nodal pelvic areas or occult distant metastases at the
time of RP. Although there is high level of evidence sup-
porting the role of early ADT after RP [24], we suggest that
some patients with pN + PCa and favorable pathologic char-
acteristics (low Gleason, low number of LNI) may be man-
aged expectantly in the presence of undetectable PSA after
surgery that is in the line with the findings from Schumacher
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et al. [25], although prospective studies are needed to vali-
date it.

The strength of this study is the large RARP cohort being
up to our knowledge the first to report detectable PSA after
surgery. However, certain limitations need to be considered.
First, our analyses are limited by their retrospective nature.
Second, the extent of extracapsular extension and the extent
and site of PSM have not been deeply assessed. And third,
as the study covered a long time, diagnostic, grading, and
therapeutic changes that occurred during that time might
have influenced our outcomes (heterogeneity in lymphad-
enectomy techniques).

Conclusions

In an RARP cohort, factors associated with aggressive dis-
ease predict detectable PSA. Within patients with persistent
PSA, those with higher pathologic stage and who received
adjuvant ADT because of bad prognosis tumors are more
likely to have CR. Patients with higher pathologic Glea-
son and CR showed less favorable survival rates over time.
These subsets may benefit the most from more extensive and
earlier multimodal treatments.
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