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Background: The aim of this study was to evaluate the risk factors for prostate-specific antigen (PSA) persistence in pathological
stage T3aNO prostate cancer (PCa) after robot-assisted laparoscopic radical prostatectomy (RALP).

Methods: A retrospective study was performed on 326 patients with pT3aNO PCa who underwent RALP between March 2020 and
February 2022. PSA persistence was defined as nadir PSA of >0.1 ng/mL after RALP, and the risk factors for PSA persistence were
evaluated using logistic regression analysis.

Results: Among 326 patients, 61 (18.71%) had PSA persistence and 265 (81.29%) had PSA of <0.1 ng/mL after RALP (successful rad-
ical prostatectomy [RP] group). In the PSA persistence group, 51 patients (83.61%) received adjuvant treatment. Biochemical recur-
rence occurred in 27 patients (10.19%) in the successful RP group during the mean follow-up period of 15.22 months. Multivariate
analysis showed that the risk factors for PSA persistence were large prostate volume (hazard ratio [HR], 1.017; 95% confidence inter-
val [Cl], 1.002-1.036; p=0.046), lymphovascular invasion (LVI) (HR, 2.605; 95% Cl, 1.022-6.643; p=0.045), and surgical margin in-
volvement (HR, 2.220; 95% Cl, 1.110-4.438; p=0.024).

Conclusion: Adjuvant treatment may be needed for improved prognosis in patients with pT3aNO PCa after RALP with a large prostate

size, LVI, or surgical margin involvement.
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Introduction

Recently, active surveillance has been recommended as a treat-
ment for early prostate cancer (PCa), owing to the increasing early
detection rate of PCa. The development of diagnostic tools for
PCa, such as prostate-specific antigen (PSA), prostate health in-
dex, and prostate multiparametric magnetic resonance imaging

(mpMRI), has led to increased detection of PCa at an early stage

[1,2]. However, approximately 10% of patients with PCa are ini-
tially diagnosed at an advanced stage [3]. Unlike localized PCa, ad-
vanced PCa is a life-threatening condition requiring multimodal
treatment [4].

Previously, radical prostatectomy (RP) was not performed for
advanced PCa, and palliative treatments such as androgen depriva-
tion therapy (ADT) or radiation therapy were performed in most

cases. However, the effectiveness of RP as a treatment for advanced
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PCa has only recently been reported [ S]. Many reports have been
published on the effectiveness of RP for the treatment of locally
advanced T3 PCa [6,7]. Koo et al. [8] reported that treating ad-
vanced PCa with RP produced a lower cancer-specific mortality
rate than with radiation and ADT combined treatment. Recently,
RP has been suggested as an initial treatment option for advanced
PCa[9].

Although biochemical recurrence (BCR) may occur, the effica-
cy of robot-assisted laparoscopic radical prostatectomy (RALP) in
patients with T3aNO PCa can be defined as successful RP when
the PSA drops below 0.1 ng/mL after surgery. Adjuvant or early
salvage radiotherapy is recommended for persistent PSA. Al-
though there is no clear definition of PSA persistence, it is general-
ly defined as PSA of > 0.1 ng/mL at 6 to 8 weeks after RP. Howev-
er, there are many cases where the nadir PSA value is lowered even
without clinically specific treatment.

Therefore, in this study, the characteristics of patients with per-
sistent PSA and the risk factors for PSA persistence were evaluated.
Early adjuvant or salvage treatment may be determined through

patient selection.

Methods

Ethical statements: This study was performed in accordance
with applicable laws and regulations, good clinical practice,
and ethical principles, as described in the Declaration of Hel-
sinki. The Institutional Review Board (IRB) of Samsung
Medical Center approved this study (IRB No: 2022-08-002).
The IRB waived the requirement for informed patient con-
sent owing to the retrospective nature of this study. Registered
patient information was extracted only from Samsung Medi-
cal Center, Seoul, Korea. All data were analyzed after ano-
nymization and were collected every month.

‘We performed a retrospective analysis of 362 patients with patho-
logical stage T3a PCa among 1,789 patients who underwent
RALP between March 2020 and February 2022. Among the 362
patients, those who received neoadjuvant treatment, those with
confirmed lymph node involvement, and those who received adju-
vant treatment without PSA follow-up after surgery were excluded
from the analysis.

PSA persistence was defined as a nadir PSA level of >0.1 ng/
mL after RALP. BCR was defined as a case in which the PSA level
was <0.1 ng/mL and then >0.2 ng/mL twice consecutively during
follow-up. Furthermore, a nadir PSA level after RP of < 0.1 ng/mL
defined a successful RP group.

All the patients underwent mpMRI, computed tomography, and
whole-body bone scanning before RALP. To evaluate the patients'
baseline characteristics, age, body mass index, serum PSA levels,
prostate volume (measured by transrectal ultrasonography or mag-
netic resonance imaging), PSA density, results of preoperative bi-
opsy (including Gleason score, positive core percentage, and high-
est tumor volume percentage in core), and clinical stage were eval-
uated. Peri- and post-operative outcomes, including operative
time, estimated blood loss, pathological outcomes, pathological
stages, nadir PSA value, adjuvant treatment, and follow-up period,
were also assessed.

A 4-Arm da Vinci Robotic System (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA) was used for the surgery, and the transab-
dominal approach was performed using six ports. A 12-mm cam-
era port, three 8-mm robot ports, and an additional two 12-mm as-
sist ports were used above the umbilicus. The surgery was per-
formed according to the general surgical method. The physician
decided whether lymph node (LN) dissection and neurovascular
bundle (NVB) preservation were performed. LN dissection was
performed in the pelvic cavity. Seven experienced urologists per-
formed the surgeries.

In this study, Student ¢-tests were used to compare continuous
variables, and the chi-square tests were used to compare categorical
variables. Risk factors for PSA persistence were analyzed using lo-
gistic regression analysis. IBM SPSS ver. 21.0 for Windows (IBM
Corp., Armonk, NY, USA) was used as a statistical analysis pro-
gram, and p-values of <0.05 were considered statistically signifi-
cant.

Results

Among the 362 patients with pT'3aNO PCa, the final analysis was
performed on 326 of them, excluding 26 patients who received
neoadjuvant treatment, nine with confirmed LN invasion, and one
who received immediate adjuvant treatment without follow-up af-
ter RALP.

Among the 326 patients, 61 (18.71%) had PSA persistence and
265 (81.29%) had PSA of <0.1 ng/mL after RALP (successful RP
group). In the PSA persistence group, S1 patients (83.61%) re-
ceived adjuvant treatment. BCR occurred in 27 patients (10.19%)
in the successful RP group during the mean follow-up period of
15.22 months (Fig. 1).

The mean age of the group in which the nadir PSA was <0.1
ng/mL (successful RP group) was 67.20 +6.81 years, and the
mean age of the PSA persistence group was 67.75+6.77 years
(p=0.569). The mean preoperative PSA of the successful RP
group was 11.48 +12.17 ng/mL, and that for the PSA persistence
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Fig. 1. Flow chart of this study. PSA, prostate-specific antigen.

Table 1. Baseline characteristics

group was 19.37+13.90 ng/mL (p <0.001). The prostate volume
of the successful RP group was 30.51 +15.25 mL, and that of the
PSA persistence group was 36.23 +19.83 mL (p=0.015). Further-
more, significant differences were confirmed in the International
Society of Urological Pathology grade, clinical T stage, proportion
of positive cores among biopsy cores, Prostate Imaging Reporting
& Data System, and size of the index tumor between the two
groups (p<0.05) (Table 1).

Regarding surgical outcomes, bilateral NVB sparing was fre-
quently performed in the successful RP group (31.70% vs. 9.84%)

Characteristic PSA <0.1 ng/mL PSA persistent p-value
No. of patients 265 61
Age (yr) 67.20+6.81 67.75+£6.77 0.569
Body mass index (kg/m?) 25.11+2.62 25.34+2.49 0.521
Anti-coagulant 86 (32.45) 16 (26.23) 0.345"
ASA classification

[ 31 (11.70) 3(4.92) 0.436”

Il 187 (70.57) 46 (75.41)

I, IV 47 (17.73) 12 (19.67)
Smoking

Smoker 24 (9.06) 5 (8.20) 0.255”

Ex-smoker 153 (57.74) 42 (68.85)
5-Alpha reductase inhibitors 31(11.70) 2(3.28) 0.049”
Familial history 19(7.17) 1(1.64) 0.105”
|IEF-5 10.83+7.04 10.32+7.30 0.621
Erectile function domain 11.56+9.72 10.51+9.36 0.442
PSA (ng/mL) 11.48+12.17 19.37+£13.90 <0.001
Prostate volume (mL) 30.51+15.25 36.23+19.83 0.015
PSA density (ng/mL?) 0.39+0.32 0.62+0.46 <0.001
No. of previous biopsy 0.17£0.51 0.16+£0.52 0.977
Clinical T stage

T1-T2 114 (43.02) 15 (24.59) 0.001”

T3a 140 (52.83) 36 (59.02)

T3b-T4 11 (4.15) 10 (16.39)
ISUP grade

1 33 (12.45) 3(4.92) 0.008”

2 77 (29.06) 9 (14.75)

3 73 (27.55) 21 (34.43)

4 61 (23.02) 25 (40.98)

5 21(7.93) 3(4.92)
Positive cores (%) 48.11+24.40 56.04 +25.52 0.032
Highest tumor rate in core (%) 62.57 +27.06 66.85+26.07 0.254
PI-RADS of index lesion

2 6(2.26) 1(1.64) 0.033?

3 6(2.26) 1(1.64)

4 92 (34.72) 10 (16.39)

5 155 (58.49) 48 (78.69)
Size of index lesion (cm) 1.74+£1.03 2.20+0.84 0.001
No. of PI-RADS 3 to 5 1.39+£0.71 1.26+0.63 0.194

Values are presented as number only, mean *standard deviation, or number (%).

PSA, prostate-specific antigen; ASA, American Society of Anesthesiologists; IIEF, International Index of Erectile Function; ISUP, International Society of
Urological Pathology; PI-RADS, Prostate Imaging Reporting & Data System.
The p-value was analyzed by the Student t-test or “the chi-square test.
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(p<0.001). Lymphovascular invasion (LVI) was 7.93% and
19.67% in the successful RP and PSA persistence groups, respec-
tively (p =0.006). The proportion of cancer volume in the total
prostate volume was 21.98% + 15.48% in the successful RP group
and 32.20% +21.42% in the PSA persistence group (p < 0.001).
The surgical margin involvement rate was 30.57% in the successful
RP group and 50.82% in the PSA persistence group (p=0.003).
Adjuvant or salvage treatment was performed in 7.55% of the pa-
tients in the successful RP group and 83.61% of those in the per-
sistent PSA group (p < 0.001). In 10.19% of patients in the success-
ful RP group, BCR occurred during follow-up (Table 2).

The risk factors for PSA persistence were large prostate volume
(hazard ratio [HR], 1.017; 95% confidence interval [CI], 1.002—-
1.036; p=0.046), LVI (HR, 2.605; 95% CI, 1.022-6.643;
p=0.045), and surgical margin involvement (HR, 2.220; 95% CI,
1.110-4.438; p=0.024) (Table 3).

Discussion

In this study, we evaluated the risk factors of PSA persistence after

Table 2. Surgical and oncological outcomes

Variable PSA <0.1 ng/mL PSA persistent
No. of patients 265 61
Operation time (min) 162.34+40.46 161.92+43.40 0.945
Estimated blood loss (mL) 163.92+85.27 163.11+101.51  0.954
Lymph node dissection

p-value

Unilateral 20 (7.55) 5(820)  <0.001”
Bilateral 22 (8.30) 16 (26.23)
NVB sparing
Unilateral 116 (43.77) 27 (4426)  <0.001”
Bilateral 84 (31.70) 6(9.84)
ISUP grade
1 1(0.38) 0(0) 0.001”
2 107 (40.38) 10 (16.39)
3 97 (36.60) 22 (36.07)
4 28 (10.57) 13 (21.31)
5 32(12.08) 16 (26.23)
Perineural invasion 256 (96.60) 60 (98.36) 0.473”
Lymphovascular invasion 21(7.93) 12 (19.67) 0.006”
Multifocality 135 (50.94) 28 (45.90) 0.445?
Tumor volume (%) 21.98+1548  3220+2142 <0.001
Margin involvement 81 (30.57) 31 (50.82) 0.003”
Biochemical recurrence 27 (10.19) NA
Adjuvant or salvage 20 (7.55) 51(83.61)  <0.001?
treatment
Follow-up period (mo) 15.22+7.02 16.25+7.18 0.313

Values are presented as number only, mean +standard deviation, or
number (%).

PSA, prostate-specific antigen; NVB, neurovascular bundle; ISUP, Inter-
national Society of Urological Pathology; NA, not applicable.

The p-value was analyzed by the Student t-test or Ithe chi-square test.

RALP in patients with pT'3aNO PCa. The statistically significant
factors were large prostate volume, LVI, and surgical margin in-
volvement. This result can be used to help decide post-RALP man-
agement for patients with pT3aNO PCa.

Kliment et al. [ 10] reported a S-year PCa-specific survival rate of
98% and a 10-year survival rate of 76.3% after retroperitoneal RP
in patients with T3b-T4 and NO-1 PCa. It was concluded that RP
is an effective option for multimodal treatments of advanced PCa.
Casey etal. [11] reported that RALP showed favorable treatment
outcomes in 71% of patients with T3 or higher PCa. In addition,
there are few reports on the efficacy of RP for locally advanced
PCa, but it has been suggested as a relatively successful treatment
option [9]. In this study, although BCR occurred in 10.19% of pa-
tients, 81.29% of patients with pT3NO disease were evaluated as
having successful RP.

Hajili et al. [ 12] reported that 82% of patients who received neo-
adjuvant ADT and RP for T4 PCa had a survival duration of 150
months. However, in their study, the final stage was confirmed to
be T2-3 in 95.7% of the patients. Most previous studies were per-
formed based on the clinical stage. The present study could have
clinical significance because the evaluation was performed with
T3aNo as the final pathological stage. However, the PSA per-
sistence group had a higher clinical stage than the non-PSA per-
sistence group. Because a pathologic review was not performed,
the degree of capsular invasion, whether focal or extensive, may
have affected the clinical staging. Extensive capsular invasion may
be associated with an advanced clinical stage and PSA persistence,
and further evaluation should be performed.

PSA persistence after RP has been defined in past studies by sev-
eral criteria, such as a PSA level 0f 0.03, 0.1, or 0.5 ng/mL [13-17].
This study defined PSA persistence after RP as PSA of >0.1 ng/
mL, and 83.61% of the patients with PSA persistence received ad-
juvant or salvage treatment. The median follow-up period of the
remaining 10 patients (16.39%) was relatively short (12.0
months), and additional treatment would be required in the future.
It would be reasonable to define PSA persistence as > 0.1 ng/mL.

PSA persistence is known to increase the risk of metastasis and
adversely affect cancer-specific survival [ 18,19]. However, in previ-
ous studies, PSA persistence was diagnosed 6 to 8 weeks after RP.
In the present study, PSA persistence was defined by the nadir PSA
value, not the PSA value at a specific time point after RALP, and
the time to nadir PSA was a median of 11.86 weeks after RALP. In
addition, among the patients in the successful RP group, 45 out of
245 who did not receive adjuvant or salvage treatment (18.36%)
had PSA levels of > 0.1 ng/mL at 4 to 6 weeks after RP. As a result,
the design of this study may help determine adjuvant or early sal-
vage treatment in real clinical practice rather than using PSA per-
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Table 3. Logistic regression analysis for prostate-specific antigen persistent in pT3a prostate cancer

Univariate analysis

Multivariate analysis

vkl HR (95% Cl) p-value HR (95% Cl) p-value
Age 1.012 (0.971-1.055) 0.568
Body mass index 1.035 (0.929-1.153) 0.531
Anti-coagulant 0.740 (0.396-1.384) 0.346
ASA classification
| Reference
Il 2.542 (0.744-8.681) 0.137
I, IV 2.696 (0.703-10.343) 0.148
Smoking
Smoker 1.310 (0.429-3.999) 0.636
Ex-smoker 1.725 (0.892 3.336) 0.105
5-Alpha reductase inhibitors 0.256 (0.060-1.100) 0.067
Familial history 0.216 (0.028-1.644) 0.139
IIEF-5 0.990 (0.951-1.030) 0.611
EF domain 0.989 (0.959-1.019) 0.451
PSA 1.038 (1.018-1.059) <0.001 1.012 (0.986-1.038) 0.380
Prostate volume 1.018 (1.002-1.034) 0.025 1.017 (1.002-1.036) 0.046
Previous biopsy 0.992 (0.570-1.726) 0.977
Clinical T stage
T1-T2 Reference
T3a 1.954 (1.019-3.748) 0.044 1.071 (0.472-2.431) 0.870
T3b-T4 7.600 (2.717-21.259) <0.001 2.245 (0.562-8.974) 0.253
Gleason score 1.437 (1.015-2.035) 0.041 1.087 (0.692-1.708) 0.717
Positive cores (%) 1.012 (1.001-1.023) 0.031 1.007 (0.992-1.021) 0.372
Highest tumor percentages in core 1.006 (0.995-1.017) 0.263
PI-RADS
2 Reference
3 1.000 (0.050-19.960) >0.999
4 0.652 (0.071-5.977) 0.705
5 1.858 (0.218-15.818) 0.571
Size of index lesion 1.506 (1.081-2.097) 0.015 1.003 (0.677-1.485) 0.990
No. of PI-RADS 3 to 5 0.744 (0.476-1.163) 0.195
Operation time 1.000 (0.993-1.007) 0.943
Estimated blood loss 1.000 (0.997-1.003) 0.948
LN dissection
Unilateral 1.394 (0.495-3.928) 0.530 0.831 (0.227-3.040) 0.779
Bilateral 4.055 (1.961-8.385) <0.001 2.006 (0.759-5.300) 0.160
NVB sparing
Unilateral 0.540 (0.294-0.994) 0.048 0.933 (0.421-2.067) 0.864
Bilateral 0.166 (0.065-0.424) <0.001 0.347 (0.101-1.191) 0.093
Pathologic Gleason score 1.877 (1.338-2.632) <0.001 1.498 (0.928-2.420) 0.098
Perineural invasion 2.109 (0.262-16.970) 0.483 0.588 (0.062-5.553) 0.643
Lymphovascular invasion 2.845(1.314-6.163) 0.008 2.605 (1.022-6.643) 0.045
Multifocality 0.804 (0.460-1.406) 0.445
Tumor volume 1.032 (1.016-1.047) <0.001 1.498 (0.928-2.420) 0.098
Margin involvement 2.347 (1.333-4.134) <0.003 2.220 (1.110-4.438) 0.024

HR, hazard ratio; Cl, confidence interval; ASA, American Society of Anesthesiologists; IIEF, International Index of Erectile Function; EF, erectile function;

PSA, prostate-specific antigen; PI-RADS, Prostate Imaging Reporting & Data System; LN, lymph node; NVB, neurovascular bundle.

sistence at a single time point after RP.

In our results, a larger prostate size affected PSA persistence.
However, in previous studies, smaller prostate size was reported as
arisk factor for poor progression after RP [20,21]. A large prostate
is highly likely to be a remnant of benign prostate tissue after RP,
and the possibility that this caused persistent PSA could not be ex-
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cluded. In addition, most patients with PSA persistence (83.61%)

received adjuvant treatment, and there is a possibility of overtreat-

ment in the case of remnant benign prostate tissue. A clear mecha-
nism between prostate size and PCa prognosis has not yet been
elucidated, and our findings need to be confirmed through a large-
scale study in the future.
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In addition, pathological results showed that LVI and surgical
margin involvement independently affected PSA persistence. LVI
is an adverse pathologic feature, with an incidence between 5.1%
and 46.3% in patients with RP [22]. LVI is associated with a higher
PSA level, higher Gleason score, more advanced stage, higher rate
of LN involvement, and higher risk of BCR [23]. Recently, Jamil et
al. [24] reported that LVI affected overall survival in T3a or higher
PCa, similar to the results of this study.

Moreover, Zhang et al. [25] reported surgical margin involve-
ment as a poor prognostic factor after RP in a systematic review.
Hegemann et al. [26] reported that approximately 75% of patients
with pT'3a PCa with a positive surgical margin after RP required
adjuvant treatment such as radiotherapy or ADT. In addition,
among these patients, 24.46% had persistent PSA, and adjuvant
treatment was performed in 91.30% of them. In the present study,
adjuvant treatment was performed in 28 of 31 patients (90.32%)
with margin involvement in the PSA persistence group. However,
only 11 of 81 patients (13.58%) with margin involvement in the
successful RP group underwent adjuvant treatment. Adjuvant
treatment may be required when LVI or marginal involvement is
accompanied by PSA persistence.

Our results from this study suggest that after RP in patients with
pT'3aNO PCa, if large prostate size, LVI, or surgical margin involve-
ment is present, PSA persistence can continue even after follow-up,
and early additional treatment could improve prognosis. This study
is a retrospective study, and its limitations are the relatively small
number of patients enrolled and the short follow-up period. Fur-
thermore, in most cases of PSA persistence, adjuvant treatment was
performed; therefore, it was not possible to evaluate BCR in this
group. Quantitative analysis of prostate capsular invasion was also
impossible. There may have also been confounding bias in this
study. Seven surgeons performed the surgery using different apical
or bladder neck dissection techniques during RP. To draw concrete
conclusions, a large-scale multicenter study needs to be performed
in the future.

In patients with pT'3aNO disease after RALP, large prostate size,
LV], and surgical margin involvement are risk factors for PSA per-

sistence. These patients may require adjuvant treatment for a better

prognosis.
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