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Abstract Our aim was to evaluate factors associated with
persistently elevated prostate-specific antigen (PSA) and
biochemical recurrence following robotic-assisted radical
prostatectomy (RARP). The study population (N = 5300)
consisted of consecutive patients who underwent RARP for
localized prostate cancer by a single surgeon (VP) from
January 2008 through July 2013. A query of our Institutional
Review Board-approved registry identified 162 men with
persistently elevated PSA (group A), defined as PSA level
>0.1 ng/ml at 6 weeks after surgery, who were compared
with rest of the cohort group having undetectable PSA, group
B (<0.1 ng/ml). A univariate and multivariate logistic
regression analysis was used to evaluate the significant
association between various variables and the following: (1)
persistently elevated PSA, (2) BCR (PSA value >0.2 ng/ml)
on follow-up in the persistent PSA group. On multivariate
analysis, only the following parameters were significantly
associated with persistent PSA after RARP—preoperative
[PSA >10 ng/ml (p = 0.01), Gleason Score >8 (p = 0.001)
and clinical stage(p = 0.001)]; postoperative [pathologic
stage (p = 0.001), extraprostatic extension (EPE,
p = 0.01), lymph node positivity (p = 0.001), positive
surgical margin (PSM, p = 0.02), Gleason score (p = 0.01)
and tumor volume percent (p < 0.001)]. The mean follow-
up was 38.1 months. The BCR was significantly higher in
group A as compared to group B(52.47 vs 7.9 %) respec-
tively; p = 0.01). The mean time to BCR was significantly
lesser in group A as compared to group B(8.9 vs 21.1 months
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respectively; p = 0.01). The BCR-free survival rates at
1 year and 3 years were significantly lower statistically in
the persistent PSA group in comparison to other groups (69.7
vs 97.3 % and 48.5 vs 92.1 %, respectively; p = 0.01). On
multivariate logistic regression analysis in patients with
persistent PSA on follow-up, preoperative PSA >10 ng/ml,
postoperative Gleason score >8, postoperative stage >pT3,
positive pelvic lymph nodes, PSM >3 mm and post-RARP
PSA doubling time (DT) <10 months (p < 0.001) were
significantly associated with BCR. In patients after RARP,
factors associated with aggressive disease (high preoperative
PSA, Gleason score >8, stage >T3, PSM, high tumor vol-
ume percent and EPE) predict PSA persistence. Although
these patients with persistent PSA after RARP are more
likely to have BCR and that too earlier than those patients
with undetectable PSA after RARP, a significant proportion
of these patients (47.53 %) remain free of BCR. This subset
of patients is associated with these favorable parameters
(preoperative PSA <10 ng/ml, post-RARP PSA
DT >10 months, postoperative Gleason score <8, patho-
logic stage <pT3, PSM <3 mm and no lymph node
involvement), thus potentially not requiring any adjuvant
treatment.

Keywords Prostatectomy - Robotic-assisted radical
prostatectomy - Prostate-specific antigen - Predictive
factors - Oncologic outcome

Introduction
With the use of prostate-specific antigen (PSA) screening
and increased public awareness of prostate cancer, the

number of cases being diagnosed yearly has been
increasing in the United States of America (USA) [1-3].
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According to the American Cancer Society in 2014,
approximately 233,000 cases of prostate cancer will be
diagnosed [4]. Every year, younger and healthier men are
being diagnosed with localized prostate cancer, with an
annual percentage increase of approximately 9.5 %, as
evidenced by data from the Surveillance, Epidemiology
and End Results (SEER) registry [4]. Approximately, 90 %
of patients are being diagnosed with localized prostate
cancer [4]. Radical prostatectomy (RP) is a standard of care
for localized prostate cancer, with goals of providing good
oncologic and functional outcomes. However, despite
various advances in surgical technology, biochemical
recurrence (BCR) has been reported in approximately
25-35 % patients after RP within 10 years of surgery and
even more so in intermediate—high risk prostate cancer
patients (38-51 %) [5-8].

There has been an evolution from open RP through
laparoscopic to robot-assisted radical prostatectomy
(RARP) [9, 10]. With advances in robotic techniques and
increasing experience using the robotic platform, RARP
has yielded improved functional outcomes and at least
comparable oncological outcomes as compared to open and
laparoscopic radical prostatectomy [11, 12]. Long-term
oncologic outcomes are still not available for RARP, and
thus intermediate-term BCR is often taken as a surrogate
marker of oncologic efficacy of RARP [13-17]. PSA has
been used as an effective tool to detect the earliest evidence
of disease recurrence after RARP. Postoperative PSA val-
ues of >0.2 ng/ml within 3 months with a second confir-
matory value >0.2 ng/ml define BCR [18]. Biochemical
recurrence-free survival after RARP has been reported in
around 88-98 % at 1-2 years in most of the series [13—17],
with only very few studies reporting 86.4 % at 5 years [17]
and 81-84.5 % at 7 years [15, 16]. The mean time from
BCR until progression to metastases has been reported as
5-8 years in previously reported series; therefore detection
of postoperative PSA (>0.2 ng/ml) gives a lead time, in
which adjuvant treatments like radiotherapy and hormonal
therapy can be started, although these regimens may alter
the progression of disease [19-21].

Following radical excision of the prostate, the PSA
should become undetectable within 4 weeks of surgery, as
the half-life of PSA is approximately 3 days. It follows that
measurement of any detectable PSA at 6 weeks after sur-
gery has been taken as an adverse oncologic surrogate
marker, in various published series [22-26]. There are
many definitions of persistent PSA in these series; how-
ever, PSA >0.1 ng/ml has been used in numerous series
[21, 23, 27]. The possible causes of persistent PSA have
been reported as either undetected vascular systemic
micrometastases at the time of surgery, or the presence of
residual cancer (in the region of positive surgical margins,
PSM), or benign prostate glandular tissue left in situ (apical
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region due to difficult anatomy and inadequate dissection;
posterolateral region due to overzealous preservation of
neurovascular bundles resulting in capsular incision at the
base region, or in bladder neck preservation surgery)
[22-26, 28-30]. Thus, persistent PSA has been reported as
a surrogate marker of future BCR (as >50 % but not all of
these patients will develop BCR) in these series on RP
[21-26]. The various predictors of persistent PSA have
been reported after RP ranging from preoperative PSA,
PSM, pathologic stage, nodal status, seminal vesicle
invasion to postoperative Gleason score [22-26]. However,
still quite a significant proportion of these patients do not
develop BCR. There are no published factors which can
predict BCR in these subset of patients, to avoid unnec-
essary adjuvant treatment and their side effects in those
who are unlikely to develop BCR There are no published
series so far, to the best of our knowledge, addressing the
predictors and oncologic outcome of persistent PSA after
RARP. Therefore, we performed this study to evaluate the
predictors and oncologic outcome of persistently elevated
PSA after RARP. Our study includes one of the largest
cohorts of persistently elevated PSA patients, performed by
a single surgeon with experience of more than 8000 cases
of RARP, from a high volume tertiary care referral center.

Patients and methods
Study population

From February 2008 through July 2013, 5300 consecutive
patients underwent RARP for localized prostate cancer by
a single surgeon at our institution, a tertiary referral center.
Patients receiving prior radiation, focal therapy for prostate
cancer, androgen deprivation therapy or undergoing sal-
vage therapy for failed other localized treatment were
excluded from the study. A query of our Institutional
Review Board-approved registry identified 162 men with
persistently elevated PSA (group A), defined as PSA
level >0.1 ng/ml at 6 weeks after surgery, who were
compared with the rest of the cohort group (N = 5138)
having undetectable PSA (<0.1 ng/ml) at 6 weeks after
surgery. Our patients had preoperative staging bone scans
as well as CT/MRI of abdomen and pelvis whenever
required.

Surgical technique

All procedures were performed using a transperitoneal, six-
port technique previously described [31]. The periurethral
suspension stitch, modified transverse plication for bladder
neck reconstruction and modified posterior reconstruction of
the rhabdosphincter were performed in all patients [32—34].
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Nerve sparing was performed, if appropriate, by athermal
early retrograde release of neurovascular bundles using the
landmark prostate artery with minimized traction [32]. A
standard pelvic lymphadenectomy was performed removing
the obturator and external iliac lymph nodes. The urethral
catheter was removed 4-5 days after the procedure.

Data collection and management

Perioperative data were collected retrospectively and
entered into the IRB-approved Integrated Robotic Assisted
Urological Surgery Outcomes Database. Data collected
from the patient’s clinical record included patient clinical
history, positive biopsy results, PSA level, clinical staging,
Gleason score and digital rectal examination. Follow-up
information was obtained including final histopathology
and entered into the follow-up component of the database.

Since our institute is a tertiary referral center in which
most of the patients are referred from outside, the biopsy
technique and number of cores were not standardized.
However, a dedicated uropathologist from our institute
reviewed all the slides. Parameters including primary and
secondary Gleason grade and the total number and percent-
age of positive cores in biopsy were recorded. Postoperative
specimen pathologic analyses were performed at our insti-
tution, and specimens were processed according to the rec-
ommendations of the American Society of Clinical
Pathologists. The apex and bladder neck cones were ampu-
tated and sectioned in the sagittal plane. The remaining
specimen was sectioned transversely at intervals of 4 mm.
Positive surgical margins (PSM) were defined as the pres-
ence of tumor tissue on the inked surface of the specimen.
The PSM were recorded as apex, base, posterolateral and
multifocal. Pathologic staging was performed according to
the 2002 TNM system.

Follow-up data (including prostate-specific antigen) were
collected at 6 weeks, 3 months, 6 months, 9 months,
12 months, 18 months and 1 year intervals to assess onco-
logic outcomes. Intraoperative complications were classified
using the Dindo modification of the Clavien Grading System.
Biochemical recurrence was defined as a prostate-specific
antigen (PSA) level >0.2 ng/ml postoperatively, with a
second confirmatory value of PSA >0.2 ng/ml. The PSA
doubling time (PSADT) was calculated for each patient
using the natural log of 2 (In2 = 0.693) divided by the gra-
dient of the plot of the log of PSA (y plot) at each sequential
PSA measurement (x plot).

Statistical analysis
Demographic and clinical data are presented as frequency

distribution and simple percentages. Values of continuous
variables are expressed as mean =+ the standard deviation

and median. Univariate analysis of selected perioperative
discrete variables was accomplished by the Chi-square test
with the appropriate degrees of freedom or the Fisher’s
exact test to assess the equality of proportions. Two-sample
t tests were used to test for the equality of means in con-
tinuous variables.

Univariate and multivariate logistic regression analyses
were used to identify the association between various fol-
lowing parameters and persistently elevated PSA, thus
finding possible predictive factors for (1) persistently ele-
vated PSA and (2) BCR on follow-up, in the persistent PSA
group. For the multivariate exploration, our preoperative
variables included: age, body mass index (BMI), prostate-
specific antigen (PSA), clinical stage, American Urological
Association (AUA) score, prostate weight, biopsy Gleason
grade, and number and percentage of positive cores.
Intraoperative variables included: nerve sparing (unilateral,
bilateral, none), median lobe and intraoperative complica-
tions. Finally, postoperative variables included: stage,
Gleason score, tumor volume %, perineural invasion (PNI),
extraprostatic extension (EPE), lymphovascular invasion
(LVI), seminal vesicle involvement (SVI) and PSADT
(only for BCR). The BCR-free survival was calculated
according to the method of Kaplan—Meier using time O as
the date of operation and the date of biochemical recur-
rence of disease (BCR) as the end point. The equality of
event-free distribution was tested with the log-rank algo-
rithm in the two groups.

All p values reported are two sided and were not
adjusted for multiple testing. A value of p < 0.050 was
considered to indicate significant differences between
measurements. Quantitative and qualitative analyses were
performed with Number Cruncher Statistical Systems
software (version 9, NCSS, Kaysville, UT).

Results

The demographics of the overall cohort are summarized
(Table 1). The majority of patients had clinical stage <T2
(81.6 %), a preoperative Gleason score <7 (82.2 %) and
were of D’Amico low—intermediate risk classification
(76.2 %).

The univariate logistic regression analysis for persistent
PSA is provided (Table 2a, b). Regarding preoperative
characteristics, the persistent PSA group had statistically
significant higher recordings for BMI (p = 0.02), preop-
erative PSA (p = 0.01), clinical stage >T3 (p = 0.01) and
Gleason score >8 (p = 0.01). The intraoperative variables
including extent of nerve sparing and median lobe were
comparable in the two groups (p = 0.51 and 0.67,
respectively). In postoperative variables, the persistent PSA
group had statistically significant higher EPE (p = 0.01),
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Table 1 Overall patients demographics

Variable N
Total patients 5300
Age (years) 61.79 £ 7.7
Body mass index (BMI, kg/mz) 28.34 + 4.37
Mean PSA 731 +£72
Prostate weight (gm) 69.3 £ 16.7
Preoperative Gleason score (%)

6 51.3

7 30.9

>8 17.8
D’ Amico risk classification (%)

Low 21.3

Intermediate 54.9

High 23.8
Clinical stage (%)

Tlc 38.1

T2 43.5

>T3 18.4

PSM (p =0.04), LN involvement (p = 0.01), LVI
(p = 0.04), tumor volume percent (p < 0.001), pathologic
stage >T3 (p > 0.001) and Gleason score >8 (p < 0.001)
in comparison to the undetectable PSA group. However,
PSM location did not affect the persistent PSA status.
Multifocal PSMs were most commonly recorded. If uni-
focal, the most common location was the apex, followed by
the posterolateral area and then the base .

In our multivariate logistic regression analysis, the
persistent PSA was significantly associated with preoper-
ative PSA (p < 0.001), clinical stage (p < 0.001), preop-
erative Gleason score (p < 0.001), PSM (p < 0.001), EPE
(p = 0.001), LN positivity (p < 0.001), postoperative
Gleason score (p < 0.001) and tumor volume percent
(p < 0.001), which are all surrogate markers of high vol-
ume aggressive disease (Table 3).

The follow-up results are summarized (Table 4). At the
mean follow-up of 38.1 months, BCR was significantly
higher and mean time to BCR was significantly shorter in
the persistent PSA group in comparison to other groups
(5247 vs 79 %, p=0.01 and 8.9 vs 21.1 months,
p = 0.01, respectively). In the remaining 77 patients of the
persistent PSA group, who did not have BCR on follow-up,
41 (53.25 %) patients showed stable PSA, 25 showed
decrease in PSA (32.47 %) and the remaining 11 (14.28 %)
showed a slowly increasing PSA, which did not reach the
0.2 threshold value we place on BCR. The BCR-free sur-
vival rates at 1 and 3 years were significantly lower sta-
tistically in the persistent PSA group versus the comparator
group (69.7 vs 97.3 % and 48.5 vs 92.1 %, respectively;
p = 0.01).The Kaplan—Meier curve for BCR-free survival
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also highlighted statistically favorable outcomes in the
undetectable PSA group in comparison to the persistent
PSA group (log rank p = 0.01) (Fig. 1). Adjuvant radio-
therapy and hormonal therapy were also required in a
significantly higher number of patients in the persistent
PSA group (p = 0.02 and 0.03, respectively).

On multivariate logistic regression analysis of variables
affecting BCR in the persistent PSA group, the following
parameters were found to have statistically significant
association with BCR: preoperative PSA >10 ng/ml (HR:
2.35; 95 % CI: 1.93-5.31; p < 0.001), PSM >3 mm (HR:
1.76, 95 % CI: 1.54-2.67; p < 0.001), PSADT <10 -
months (HR: 3.17, 95 % CI: 2.89-4.75; p < 0.001), lymph
node involvement (HR: 2.73, 95 % CI. 1.41-4.67,
p < 0.001) and postoperative Gleason score >8 (HR: 3.93,
95 % CI: 2.21-6.65; p < 0.001) (Table 5).

Discussion

Prostate cancer is the most common noncutaneous malig-
nancies in men in the USA [1-3]. With advances in robotic
techniques and the increase in the experience using the
robotic platform, RARP has shown improved functional
outcomes and at least comparable oncological outcomes as
compared to open and laparoscopic radical prostatectomy
[9-12]. Biochemical recurrence is an important surrogate
marker of oncologic outcome of RARP. However, despite
an era of prostate screening and advancements in robotic
techniques, BCR has been reported in 15-20 % patients at
5-7 years RARP [13, 16, 17]. Due to the association of
BCR with disease progression, adjuvant treatment, meta-
static potential and cancer-specific mortality, various pre-
dictors have been published including preoperative PSA,
PSM, pathologic stage, pathologic Gleason score, lower
surgical volume and persistently elevated PSA at 6 weeks
after surgery. These factors have been used for preopera-
tive patients counseling and appropriate selection timing of
adjuvant treatments [19-21].

After surgical resection of the prostate, the PSA should
become undetectable within 4 weeks. Therefore,
detectable PSA at 6 weeks after surgery has been consid-
ered as an adverse oncologic outcome [19-21]. The pos-
sible explanation of this persistent PSA is as follows. First,
there could be systemic micrometastases in blood circula-
tion, undetected at the time of surgery. These tumor cells
are postulated to gain activity and are thus a potential
source of PSA [22-25]. Second, there could be residual
prostate tumor in the region of positive surgical margins, as
a result of iatrogenic capsular incision in localized disease
and tumor burden in locally advanced disease [26, 27, 35].
Third, the benign prostate glands left in situ during surgery
at various locations could be a potential source of PSA
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Table 2 Logistic regression
univariate analysis for persistent
PSA Variable Postoperative PSA p value
Persistently
Elevated (Group A) Undetectable (Group B)
Preoperative
Age 612 £ 6.5 62.1 £7.1 0.43
BMI 334 +£23 279+ 1.5 0.02
Prostate weight (g) 60.3 £6.9 613 +£78 0.57
Preoperative PSA 13.11 £ 6.1 72+£59 0.01
AUA score 0.21
1-7 11.7 12.3
8-19 82.1 81.7
20-35 6.2 7
D’ Amico risk classification 0.01
Low 15.3 27.1
Intermediate 524 53.5
High 323 19.4
Clinical stage (%) 0.001
Tlc 16.2 414
T2 51.7 423
T3 32.1 16.3
Clinical Gleason score(%) 0.01
6 235 314
7 46.1 553
>8 294 13.3
b
Variable Postoperative PSA p value
Persistently
Elevated (Group A) Undetectable (Group B)
Intraoperative
Nerve sparing (%) 0.51
Bilateral 76.1 75.3
Unilateral 12.3 11.5
None 11.6 13.2
Median lobe (%) 22.3 24.5 0.67
Postoperative (%)
Extraprostatic extension(EPE) 14.1 6.9 0.01
Positive surgical margins(PSM) 17.1 9.4 0.04
PSM site 0.67
Apex 23.7 27.1
Posterolateral 19.3 19.5
Base 4.7 43
Multifocal 52.3 49.1
LN involvement 8.1 33 0.01
Lymphovascular invasion (LVI) 69.4 38.5 0.04
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Table 2 continued

b
Variable Postoperative PSA p value
Persistently
Elevated (Group A) Undetectable (Group B)
Tumor volume percent 37.6 £ 25.5 16.5 £ 11.8 <0.001
Mean £+ SD
Pathologic stage
<T2 37.1 61.7 <0.001
>T3 62.9 383
Postoperative Gleason score <0.001
<8 64.3 83.1
>8 35.7 16.9

Table 3 Multivariate analysis for persistent PSA

Variable OR (95 % CI) p value
Preoperative Gleason score 2.23 (1.76-5.34) <0.001
Preoperative PSA 2.78 (1.37-3.56) <0.001
Clinical stage 479 (3.18-6.31) <0.001
PSM 1.76 (1.54-2.67) <0.001
Pathologic stage 4.93 (3.21-6.65) <0.001
LN positivity 3.17 (2.89-4.75) <0.001
EPE 1.63 (1.4-2.7) 0.001
Postoperative Gleason score 3.93 (2.21-6.65) <0.001
Tumor volume percent 3.71 (1.93-5.67) <0.001

[28-30]. In the apical region, inadequate dissection due to
difficult anatomy and efforts in leaving a longer intrapelvic
urethral stump could be possible causes. In the bladder
neck area, bladder neck preservation and dissection too
close to the prostate lead to capsular incision, leaving
benign prostate tissue in situ. In the posterolateral region,
in patients with low tumor burden with attempts of com-
plete bilateral nerve sparing, iatrogenic capsular incision
can result in the same outcome. The presence of benign
prostate tissue in situ also might suggest that principles of
radical surgery have been compromised, leading to more

chances of disease recurrence. Paul et al. reported residual
benign prostate glands in 73.6 % patients, mostly in the
apical region [30]. However, it failed to affect oncologic
outcome in those patients. Kohl et al. reported benign
prostate glands at the surgical margins in 54 % patients,
mainly in the apical region [28]. However, the presence of
such tissue did not affect the BCR outcomes of these
patients.

Many definitions for clinically significant persistently
elevated PSA have been reported (ranging from >0.03
to >0.1 ng/ml) [19-27]. These series have reported sig-
nificantly higher BCR, disease progression, need for
adjuvant radiotherapy/hormonal therapy, metastases and
cancer-specific mortality after RP in this subset of patients
[19-27]. Audenet et al. reported persistently elevated PSA
(=0.1 ng/ml) in 34.58 % patients, in a cohort of 240
patients after RP [23]. Biochemical recurrence was found
in 51.8 % patients at a median follow-up of 44 months. In
a study by Rogers et al., 8.36 % patients developed per-
sistently elevated PSA (>0.1 ng/ml) after RP. At a mean
follow-up of 5.3 years, 47 % of these patients developed
distant metastases with cancer-specific mortality in 21 %
patients. However, 38 % of these patients remained free of
distant metastases up to a follow-up of 7 years [21]. In
another study reported by Moreira et al., persistently

Table 4 Follow-up results

Variable Group A (persistent PSA)  Group B (undetectable PSA)  p value
Mean follow-up (months) 38.10 38.30 0.47
BCR (%) 85 (52.47) 41 (7.90) 0.01
Mean time to BCR (months) 8.90 21.10 0.01
BCR-free survival (%) 0.01

1 year 69.70 97.30

3 year 48.50 92.10
Adjuvant radiotherapy (%) 9.70 4.31 0.02
Adjuvant hormonal therapy (%) 5.31 1.50 0.03
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Fig. 1 Comparison of Kaplan—Meier curves for BCR-free survival in
two groups

Table 5 Multivariate analysis for BCR in the persistent PSA group

Variable OR (95 % CI) p value
Preoperative PSA (ng/ml)

<4 1*

4-10 0.81 (0.37-1.41) 0.27

>10 2.35 (1.93-5.31) <0.001
PSM

Negative 1* -

<1 mm 0.89 (0.43-3.97) 0.43

1-3 mm 0.78 (0.35-3.17) 0.37

>3 mm 1.76 (1.54-2.67) <0.001
Pathologic stage

<pT2 1* -

pT2 0.93 (0.21-6.65) 0.43

>pT3 2.76 (1.79-4.19) <0.001
PSADT (months)

>10 1*

<10 3.17 (2.89-4.75) <0.001
Lymph nodes involvement

Negative 1*

Positive 2.73 (1.41-4.67) <0.001
Postoperative Gleason score

6 1*

7 0.67 (0.37-1.53) 0.67

>8 3.93 (2.21-6.65) <0.001

elevated PSA (>0.03 ng/ml) was found in 26 % of patients
after RP. Following a multivariate analysis, independent
predictors of persistent PSA were higher preoperative PSA,
body mass index and high biopsy Gleason score. These
patients were four times more likely to have BCR in
comparison to the other group [22]. Similarly, Eisenberg
et al. reported detectable ultrasensitive PSA (>0.05) in
13 % of patients after RP. The BCR at 5 years was sig-
nificantly lower in this subset in comparison to the other
group (67 vs 86 %, p <0.01) [26]. In another study

reported by Naselli et al., persistent PSA (>0.1 ng/ml) was
found in 10.3 % patients after RP. Biochemical recurrence
was found in 72.7 % of these patients at a median follow-
up of 6 months, needing a second treatment. On multi-
variate analysis, preoperative PSA, pathologic stage and
nodal status were significant independent predictors of
persistent PSA [25]. Importantly, to the best of our
knowledge, there are no previously published series
investigating the predictors of persistently elevated PSA
following RARP or the oncological sequelae of this
scenario.

In our study of 5300 patients of RARP, 3.07 % patients
(162) had persistently elevated PSA (>0.1 ng/ml). On
univariate and multivariate logistic regression analysis, we
found the following variables as predictors of the persistent
PSA—preoperative PSA (p < 0.001), clinical stage
(p < 0.001), preoperative Gleason score (p < 0.001), PSM
(p < 0.001), EPE (p = 0.001), LN positivity (p < 0.001),
postoperative Gleason score (p < 0.001) and tumor volume
percent (p < 0.001). Notably, these characteristics are all
surrogate markers of high volume aggressive disease,
similar to previously reported series of RP. The location of
PSM (s) did not affect the presence of persistent PSA
status.

At a mean follow-up of 38.1 months, the BCR was
significantly higher and mean time to BCR was signifi-
cantly shorter in the persistent PSA group in comparison to
the other group (52.47 vs 7.9 %, p = 0.01 and 8.9 vs
21.1 months, p = 0.01, respectively).The BCR-free sur-
vival rates at 1 year and 3 years were significantly lower
statistically in the persistent PSA group in comparison to
the other group (69.7 vs 97.3 % and 48.5 vs 92.1 %,
respectively; p = 0.01). The Kaplan—-Meier curve for
BCR-free survival also highlighted statistically significant
favorable outcomes in the undetectable PSA group in
comparison to the persistent PSA group (log rank
p = 0.01) (Fig. 1). Adjuvant radiotherapy and hormonal
therapy were also required in a significantly higher number
of patients in the persistent PSA group (p = 0.02 and 0.03,
respectively). Notwithstanding, 47.53 % (73/162) of
patients with persistent PSA remained free of BCR at a
mean follow-up of 38.1 months. On further analysis of this
subset of patients, 41 (53.25 %) showed stable PSA, while
25 showed a decrease in PSA (32.47 %) and the remaining
11 (14.28 %) showed a slow increase in PSA which did not
reach our BCR threshold. We performed a multivariate
logistic regression analysis of variables affecting BCR in
the persistent PSA group and found that the following
parameters were found to have statistically significant
association with BCR—preoperative PSA >10 ng/ml
(p <0.001), PSM >3 mm (p <0.001), PSADT <10 -
months  (p < 0.001), lymph node involvement
(p < 0.001), >pT3 (p < 0.001) and postoperative Gleason
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score >8 (p < 0.001). Thus, patients in the persistent PSA
group with markers of less aggressive disease (preoperative
PSA <10 ng/ml, PSM <3 mm, postoperative Gleason
score <8, pathologic stage <T3, no pelvic lymph node
involvement and PSADT >10 months) are less likely to
develop BCR and need adjuvant treatment. However, this
could also be attributed to benign prostate glands present
in situ producing a slow stable PSA. Furthermore, the use
of cautery at the prostate margins during RARP induces
tissue ischemia, promotes the formation of postoperative
granulation tissue and thus may decrease the capacity of
tissue to produce PSA.

This preoperative ‘intelligence’ might be used for
comprehensive patients counseling first preoperatively,
highlighting which patients are more likely to develop
persistent PSA after RARP. Subsequently, postoperatively
also, this information can be utilized for counseling of
these patients explaining what subset of patients are likely
to remain free of BCR and need for adjuvant treatment
(27, 36). It is hoped that this may go some way in meeting
patients’ expectations and guide clinicians in judiciously
utilizing secondary treatment in these patients.

Our study has some limitations. First, this is a retro-
spective analysis and is prone to bias associated with ret-
rospective analyses including recall bias. However, this
study is strengthened by the large patient numbers and is
therefore statistically powered. Secondly, our preoperative
biopsy technique was not standardized and most of our
patients were referred to our tertiary care referral center.
However, all pathological specimen slides were reviewed
by our dedicated uropathologist. Third, in our series, all the
cases were performed by a single surgeon. Therefore, these
results may not be applicable to series with low volume
RARP cases; however, this series offers data with homo-
geneity in surgical technique and practice. Fourth, our
follow-up was limited to 38.1 months; therefore, long-term
oncologic outcomes including cancer-specific mortality
could not be evaluated. However, this is the first series of
RARP addressing the issue of predictors and oncologic
outcome of persistently elevated PSA. Moreover, these
results need external validation by large multicenter
prospective randomized controlled trials.

Conclusions

In patients after RARP, factors associated with aggres-
sive disease (high preoperative PSA, Gleason score >8,
stage >T3, PSM, high tumor volume percent and EPE)
predict PSA persistence. Patients with persistent PSA
after RARP are more likely to have BCR and that too
earlier than those patients with undetectable PSA after
RARP. However, there are a significant proportion of
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these patients (47.53 %) who remain free of BCR. This
subset of patients is associated with favorable parameters
(preoperative  PSA <10 ng/ml, post RARP PSA
DT >10 months, postoperative  Gleason  Score <8,
pathologic stage <pT3, PSM <3 mm and no lymph node
involvement). This subset might potentially avoid adju-
vant treatment.
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