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Abstract

Background: Salvage radical prostatectomy (sRP) yields poor functional outcomes and
relatively high complication rates. Gleason score (GS) 6 prostate cancer (PCa) has genetic
and clinical features showing little, if not absent, metastatic potential. However, the
behavior of GS 6 PCa recurring after previous PCa treatment including radiotherapy
and/or ablation has not been investigated.
Objective: To evaluate the oncological outcomes of sRP for radio- and/or ablation-
recurrent GS 6 PCa.
Design, setting, and participants: Retrospective data of sRP for recurrent PCa after local
nonsurgical treatment were collected from 14 tertiary referral centers from 2000 to
2021.
Intervention: Prostate biopsy before sRP and sRP.
Outcome measurements and statistical analysis: A survival analysis was performed for
pre-sRP biopsy and sRP-proven GS 6. Concordance between PCa at pre-sRP biopsy and
sRP histology was assessed.
lsevier B.V. on behalf of European Association of Urology. This is an open access article
org/licenses/by/4.0/).
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Results and limitations: We included GS 6 recurrent PCa at pre-sRP biopsy (n = 142) and at
sRP (n = 50), as two cohorts. The majority had primary radiotherapy and/or brachytherapy
(83.8% of GS 6 patients at pre-sRP biopsy; 78% of GS 6 patients at sRP) and whole-gland
treatments (91% biopsy; 85.1% sRP). Biopsy GS 6 10-yr metastasis, cancer-specific survival
(CSS), and overall survival (OS) were 79% (95% confidence interval [CI] 61–89%), 98% (95–
99%), and 89% (78–95%), respectively. Upgrading at sRP was 69%, 35.5% had a pT3 stage,
and 13.4% had positive nodes. The sRP GS 6 10-yr metastasis-free survival, CSS, and OS
were 100%, 100%, and 90% (95% CI 58–98%) respectively; pT3 and pN1 disease were found
in 12% and 0%, respectively. Overall complications, high-grade complications, and severe
incontinence were experienced by >50%, >10%, and >15% of men, respectively (in both
the biopsy and the sRP cohorts). Limitations include the retrospective nature of the study
and absence of a centralized pathological review.
Conclusions: GS 6 sRP–proven PCa recurring after nonsurgical primary treatment has
almost no metastatic potential, while patients experience relevant morbidity of the pro-
cedure. However, a significant proportion of GS 6 cases at pre-sRP biopsy are upgraded at
sRP. In the idea not to overtreat, efforts should be made to improve the diagnostic accu-
racy of pre-sRP biopsy.
Patient summary: We investigated the oncological results of salvage radical prostatec-
tomy for recurrent prostate cancer of Gleason score (GS) 6 category. We found a very
low malignant potential of GS 6 confirmed at salvage radical prostatectomy despite sur-
gical complications being relatively high. Nonetheless, biopsy GS 6 was frequently
upgraded and had less optimal oncological control. Overtreatment for recurrent GS 6
after nonsurgical first-line treatment should be avoided, and efforts should be made to
increase the diagnostic accuracy of biopsies for recurrent disease.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Approximately one in four men with newly diagnosed local-
ized prostate cancer (PCa) will undergo nonsurgical primary
treatment [1]. In case of primary radiotherapy up to two in
three men will have biochemical recurrence (BCR) within
10 yr [2–4]. The number of recurrences after nonsurgical
primary treatment is likely to grow further in the coming
years due to the expansion of whole-gland and focal abla-
tive strategies [5]. It is hence of primary importance for
the urologist to appropriately deal with and manage
radio- and ablation-recurrent patients.

While up to 90% of radiorecurrent men used to indiscrim-
inately undergo androgen deprivation therapy [1,6], renewed
interests have been recorded in the field of salvage treatments
as approximately half of recurrences in case of imaging per-
formed at low prostate-specific antigen (PSA) thresholds are
localized to the prostate and may thus achieve cancer-free
status [1,6–8]. Salvage radical prostatectomy (sRP) has gained
attention as outcomes in the past decade improved compared
with historical series [9], making salvage surgery a concrete
option for appropriately informed patients. Salvage focal
treatments also bear promising outcomes [8,10] and may
allow a midground option in selected men, further decreasing
the morbidity of salvage therapies [11].

Gleason score (GS) 6 radio- or ablation-recurrent disease is
not frequent, but still constitutes 5–10% of cases at final sRP
pathology in contemporary series [9]. Currently, European
Association of Urology (EAU) guidelines and expert consensus
include GS 6 among those who are more likely to benefit from
salvage treatments. Weak recommendations allowing moni-
toring for recurrent disease deemed at low risk according to
PSA kinetics and pathology are also present [12,13].
In a first-line setting, active treatment of GS 6 PCa is now
strongly discouraged. Long-term outcomes of active surveil-
lance yield excellent results [12,13]. In addition, a low, if not
absent, metastatic potential has been shown by a large
cohort analysis [14–16] and is further confirmed by the
markedly different genetic expressions between low- and
high-grade PCa [17,18]. Debate is ongoing, with some
groups suggesting that GS 6 should not be labeled as ‘‘can-
cer’’ anymore [19].

Currently, evidence on radio- or ablation-recurrent PCa
is low, not clearly allowing conclusions on whether it mir-
rors or not untreated primary GS 6, or, on the contrary, pre-
vious treatment resulted in resistant and more aggressive
disease, possibly benefitting from active removal.

In the attempt to improve patients’ quality of life, out-
comes of GS 6 recurrent PCa are of paramount importance
to confirm not only whether these patients may benefit
from treatment, but also, as per primary PCa, whether they
may even be spared (over)treatment. This holds even more
true in a salvage context, as morbidities, despite recent
improvements, are still relevant [9].

Thus, we performed a multicenter study to detail the
oncological outcomes of radio- or ablation-recurrent GS 6
PCa patients who underwent sRP.
2. Patients and methods

2.1. Data collection and study criteria

We retrospectively collected data of 1265 men undergoing sRP for recur-

rent PCa after radiotherapy and/or ablation at 14 tertiary referral centers

(from February 2000 to January 2021). We excluded men with pre-sRP

castration-resistant prostate cancer (CRPC), metastatic disease before

sRP, a follow-up shorter than 6 mo, or insufficient data on sRP pathology.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Fig. 1 – Study inclusion flowchart. The Venn diagram in the lower part shows the overlap between the two cohorts included. cM1 = metastatic prostate cancer
at pre-sRP imaging; CRPC = castration-resistant prostate cancer; GS 6 = Gleason score 6; sRP = salvage radical prostatectomy.
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The study flowchart is provided in Figure 1. Internal review board

approval was obtained according to each institution’s policy. Data qual-

ity review was performed independently by two physicians (G.C. and F.

C.). In case of uncertainty or missing information, centers were recon-

tacted for data revision.

2.2. Variable categorization

The following definitions were adopted in terms of oncological out-

comes: (1) BCR: postoperative PSA >0.2 ng/ml; (2) CRPC: three consecu-

tive rises in PSA 1 wk apart resulting in two 50% increases over the nadir,

and a PSA value of >2 ng/m despite castrate serum testosterone; (3) sys-

temic progression: disease visible on nodal and/or metastatic imaging

not present at pre-sRP staging; and (4) persistent PCa was defined as

PSA never being below 0.2 ng/ml following sRP [20].

Continence was categorized according to the number of pads used

per day: (1) full continence (no pads), (2) mild (one pad per day), (3)

moderate (two pads per day), and (4) severe incontinence (three or more

pads per day). Erectile function was grouped into (1) spontaneous or
phosphodiesterase-5 inhibitors–assisted erections, (2) prostaglandin-E

or vacuum-assisted erections, (3) penile prosthesis, and (4) no erections.

Both continence and erectile function were evaluated 12 mo following

sRP. In case of missing 12-mo values, the 6-mo results were used, if

available [21].

Complications were graded using the Clavien-Dindo classification

and adhering to the EAU guidelines on reporting complications, consid-

ering those with a Clavien grade �3 as major complications [22]. Preop-

erative comorbidity status was recorded using the American Society of

Anesthesiologists score, Charlson Comorbidity Index, and Eastern Coop-

erative Oncology Group performance status.
2.3. Study outcomes

For the purpose of the study, we evaluated two groups of patients: (1)

those having a pre-sRP biopsy GS 6 (sRP-biopsy) and (2) those having

an sRP pathology GS 6 (sRP-pathology), which was considered the refer-

ence standard (true GS 6).



Table 1 – Baseline features of men with pre–salvage radical
prostatectomy biopsy Gleason score 6a

First-line treatment
iPSA (ng/ml), median (IQR) 6.3 (4.5–10)
Gleason score at diagnosis, n (%)
�6 93 (78.2)
7 23 (19.3)
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The primary outcome was the rate of systemic progression of GS 6 at

sRP pathology. Secondary outcomes included systemic progression for

those with GS 6 at sRP-biopsy and other oncological endpoints for both

groups (BCR, cancer-specific survival [CSS], and overall survival [OS]).

Pathology concordance, upgrading and downgrading of original biopsy

at first PCa diagnosis, sRP-biopsy, and sRP-pathology were also assessed.
8 3 (2.5)
Clinical stage at diagnosis, n (%)
cT1 58(60.4)
cT2 32(33.3)
cT3 6 (6.3)

Type, n (%)
Radiotherapy 84 (59.2)
Brachytherapy 31 (21.8)
Cryotherapy 6 (4.2)
HIFU 7 (4.9)
IRE/LIIT 6 (4.2)
Other 4 (2.8)
2.4. Statistical analysis

Comparisons were performed using the Wilcoxon chi-square and Mann-

Whitney U tests, when appropriate. Kaplan-Meier analyses were plotted

for survival and differences assessed through the log rank test. Logistic

regression and Cox regression were performed to investigate possible

significant regressors. Missing data were treated with pairwise deletion.

A statistical analysis was conducted using SPSS version 28.0.1 (IBM SPSS,

Armonk, NY, USA).

EBRT + BT 4 (2.8)

Extension, n (%)
Whole gland 121 (91.0)
Focal 12 (9.0)

Salvage radical prostatectomy
Age (yr), median (IQR) 65 (60.5–69.0)
Pre-sRP PSA (ng/ml), median (IQR) 4.8 (2.5–7.1)
First line to sRP interval (mo), median (IQR) 48.7 (30.0–83.5)
ASA score, n (%)
1 28 (21.9)
3. Results

We included 142 sRP-biopsy and 50 sRP-pathology
patients; 38 patients, being diagnosed with GS6 PCa both
at pre-sRP biopsy and at sRP definitive pathology, were
counted in both groups (Fig. 1).
2 62 (48.4)
3 38 (29.7)

Date, n (%)
�2004 23 (16.1)
2005–2012 84 (59.1)
2013–2020 35 (24.8)

Surgical approach, n (%)
Open sRP 107 (75.4)
Laparoscopic sRP 1 (0.7)
Robotic sRP 34 (23.9)

Nerve sparing, n (%)
Not performed 70 (68.0)
Unilateral 11 (10.7)
Bilateral 22 (21.4)

Operation time (min), median (IQR) 180 (150–238)
Pathological features (sRP)
Gleason score, n (%)
Not evaluable 5 (3.5)
6 39 (27.4)
7 86 (60.6)
�8 12 (8.5)

pT stage, n (%)
pT0 1 (0.7)
pT2 90 (63.8)
pT3 50 (35.5)

pN stage, n (%)
pN0 106 (74.6)
pN1 19 (13.4)
pNx 17 (12)

Positive surgical margins, n (%) 21 (15)

ASA score = American Society of Anesthesiology score; cT stage = clinical
tumor stage; EBRT + BT = external beam radiotherapy + brachytherapy;
First-line to sRP = time to salvage radical prostatectomy from first-line
treatment; HIFU = high-intensity focused ultrasound; iPSA = initial PSA;
IQR = interquartile range; IRE/LIIT = irreversible electroporation/laser-
induced interstitial thermotherapy; pN stage = pathological nodal stage;
PSA = prostate-specific antigen; pT stage = pathological tumor stage;
3.1. Salvage RP-biopsy GS 6

Features of men with sRP-biopsy GS 6 are shown in Table 1.
The median follow-up was 60 mo (interquartile range [IQR]:
26–121). GS at first-line biopsy was �7 in 21.8% (n = 26).
The majority had radiotherapy and/or brachytherapy
(83.8%) and whole-gland treatments (91%). Only four
(2.9%) had cN1 disease before sRP. The median time from
first-line treatment to sRP was 48.7 (IQR: 30–83.5) mo. At
final pathology GS concordance was low (27.4% confirmed
GS 6), while 60.6% were upgraded to GS 7 and 8.5% to GS
�8; 35.5% had a pT3 stage and 13.4% pathologically positive
nodes. Survival analyses are shown in Figure 2 and reported
in Supplementary Table 1 with functional outcomes and
complications. Ten-year metastasis, CSS, and OS were 79%
(95% confidence interval [CI] 61–89%), 98% (95–99%), and
89% (78–95%), respectively. Overall and high-grade compli-
cations were experienced by 52.1% and 14.6%, respectively.
Severe incontinence was experienced by 18.9%.

Differences among those upgraded and not upgraded at
final pathology are detailed in Supplementary Table 2 and
Supplementary Figure 1. Among preoperative variables, no
predictors of upgrading were found and pre-sRP PSA was
the sole significant regressor for metastasis-free survival
(p = 0.02, data not shown). Those with upgrading at final
pathology had higher pT stage (p < 0.001) and pN stage,
but not positive margins (p = 0.11).
sRP = salvage radical prostatectomy.
a Missing data were treated with pairwise deletion.
3.2. Salvage RP pathology GS 6

Table 2 displays features of patients with sRP GS 6. The
median follow-up was 60 (IQR: 24–96) mo. At initial PCa
diagnosis, 31% had GS >6, while pre-sRP biopsy detailed
17.4% having GS >6; the majority had radiotherapy and/or
brachytherapy as primary treatment (78%) and whole-
gland treatment (85.1%). Pathological extracapsular exten-
sion was present in 13%. None had pN+ disease.
Survival and complications are detailed in Supplemen-
tary Table 3, while Figure 2 shows the Kaplan-Meyer sur-
vival analysis. Ten-year metastasis-free survival and CSS
were 100%. Ten-year OS and PSA relapse–free survival were
90% (95% CI 58–98%) and 83% (60–93%), respectively. Severe
incontinence was experienced by 16.3%, complications by
54.2%, and major complications by 10.6%.



Fig. 2 – Kaplan-Meier survival curves for (A–C) sRP-biopsy and (D–F) sRP-pathology Gleason score 6 patients for metastasis-free, cancer-specific, and overall
survival. sRP-biopsy = pre-sRP biopsy Gleason score 6; sRP-pathology = sRP pathology Gleason score 6; sRP = salvage radical prostatectomy.
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4. Discussion

In the current study, we report the results of GS 6 radio- or
ablation-recurrent PCa treated with sRP. The outcomes of
the entire sRP cohort (all GSs) have previously been pub-
lished [20]. To our knowledge, this study details the largest
cohort focusing on GS 6 following primary nonsurgical
treatment. We believe that several findings are of interest.

First, true GS 6, when confirmed at sRP pathology,
showed no malignant potential. No metastatic progression
was recorded at a median of a 5-yr follow-up compared
with an average of 20–30% metastatic progression at 5 yr



Table 2 – Baseline features of men with Gleason score 6 at salvage
radical prostatectomya

Baseline features at first-line treatment
iPSA (ng/ml), median (IQR) 5.60 (4.35–8.54)
Gleason score at diagnosis, n (%)
�6 29 (69.0)
7 12 (28.6)
8 2 (2.4)

Clinical stage at diagnosis, n (%)
cT1 21 (60.0)
cT2 12 (34.3)
cT3 2 (5.7)

Type, n (%)
Radiotherapy 27 (54.0)
Brachytherapy 10 (20.0)
Cryotherapy 4 (8.0)
HIFU 3 (6.0)
Photodynamic therapy 1 (2.0)
IRE/LIIT 3 (6.0)
EBRT + BT 2 (4.0)

Extension, n (%)
Whole gland 40 (85.1)
Focal 7 (14.9)

Salvage radical prostatectomy
Age (yr), median (IQR) 62.0 (58.8—68.0)
Pre-sRP PSA (ng/ml), median (IQR) 3.98 (2.28–6.30)
Pre-sRP biopsy Gleason score, n (%)
�6 38 (82.6)
7 7 (15.2)
8 1 (2.2)

First line to sRP interval (mo), median (IQR) 40 (23.5–62.5)
ASA score, n (%)
1 13 (27.0)
2 24 (50.0)
3 11 (22.9)

Date, n (%)
�2004 5 (10.0)
2005–2012 35 (68.0)
2013–2020 12 (22.0)

Surgical approach, n (%)
Open sRP 37 (74.0)
Robotic sRP 13 (26.0)

Nerve sparing, n (%)
Not performed 22 (68.5)
Bilateral NS 12 (31.5)

Operation time (min), median (IQR) 160.0 (133.0–210.0)
Pathological features
pT stage, n (%)
pT2 44 (88.0)
pT3 6 (12.0)

pN stage, n (%)
pN0 45 (90.0)
pNx 5 (10.0)

Positive surgical margins, n (%) 4 (8.0)

ASA score = American Society of Anesthesiology score; cT stage = clinical
tumor stage; EBRT + BT = external beam radiotherapy + brachytherapy;
HIFU = high-intensity focused ultrasound; iPSA = initial PSA; IQR = in-
terquartile range; IRE/LIIT = irreversible electroporation/laser-induced
interstitial thermotherapy; NS = nerve sparing; pN stage = pathological
nodal stage; PSA = prostate-specific antigen; pT stage = pathological
tumor stage; sRP = salvage radical prostatectomy.
a Missing data were treated with pairwise deletion.
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for sRP patients overall [9]. Accordingly, no cancer-related
deaths were described. Although our series has a relatively
low number of patients, it mirrors the outcomes of
treatment-naïve GS 6, where cohorts of over 10 000 men
show almost no lymphatic or hematic dissemination ability
[14–16].

Second, when GS 6 is found at pre-sRP biopsy, the results
are also promising with good medium-term oncological
control. However, more than half of the patients reveal a
higher grade at final sRP pathology, including a non-
negligible proportion of high-risk disease. Not surprisingly,
all progressions were detailed in the upgraded cohort only.
An important limitation of our work is indeed the low avail-
ability of pre-sRP biopsy information. The poor concordance
partially reflects the well-known limitation of systematic
biopsies, as a significant proportion of cases were per-
formed in the pre–multiparametric MRI (pre-mpMRI) era,
together with increased difficulty in interpreting the
pathology of non–treatment-naïve cases. Furthermore,
recent evidence from the FORECAST study also suggests a
relatively low negative predictive value and accuracy of
mpMRI in a radiorecurrent setting, which may also partially
explain our findings [11].

Third, the incidence of true GS 6 is low, as <5% of men in
our sRP multi-institutional cohort revealed GS 6 at final
pathology. This is in line with the studies published by
others and with the biology of radioresistant PCa, which is
generally an aggressive disease [9,23]. Nonetheless, radiore-
current PCa currently represents the fourth urological
malignancy in terms of absolute numbers [6]. An increase
in the incidence of GS 6 recurrent disease is also to be
expected with the growth of ablation focal and/or whole-
gland ablative strategies. Thus, GS 6 is not infrequent, and
deserves appropriate attention and optimization of disease
understanding and management.

Fourth, salvage radical prostatectomy remains a proce-
dure with significant morbidity, as half of the patients expe-
rienced at least one complication, one in ten a major
complication, and almost one in two urinary incontinence.
Improvements in procedural outcomes compared with his-
torical series make sRP a feasible option to be proposed to
selected patients instead of palliative androgen deprivation
therapy. On the one hand, the side effects of sRP need to be
weighted carefully for those who may not benefit due to
high-risk aggressive disease, which will likely not achieve
a curative outcome. On the other hand, the same principle
of avoiding unnecessary morbidity applies to those who
may require no treatment at all, due to a low likelihood of
disease progression, as for GS 6 patients.

From a clinical perspective, we provide evidence ques-
tioning the appropriateness of sRP for GS 6 radio- or
ablation-recurrent PCa due to an overtreatment issue. Fur-
thermore, the benefit-risk ratio seems much worse than a
first-line setting; while disease control may be equivalent
to treatment-naïve cases, where radical treatment is no
longer recommended, surgery in a recurrence setting is
more challenging and morbidity is significantly higher.
However, although leaving untreated and observing recur-
rent PCa should be considered initial management, it may
not be that straightforward in all cases as bioptic accuracy
before sRP seems still far from accurate, as also shown by
others [24,25].

From a research perspective, we add evidence claiming
the need for improving the criteria to select and treat dis-
ease recurring after radiotherapy and/or ablation. While
mpMRI has some limitations, prostate-specific membrane
antigen (PSMA) positron emission tomography may play
an important role in improving pre-sRP biopsy accuracy
and potentially complementing mpMRI as detailed in a pri-
mary setting [26]. Approximately one in four to five men
has prostate-localized PSMA uptake, which could be used
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for targeted biopsy. Another interesting use of PSMA could
be as a triage test, if it was proved that negative or GS 6
recurrences would constitute the majority of PSMA-
negative biopsied patient [7,27]. While evidence on PSMA-
uptake patterns when radiation recurrence is suspected is
increasing, these studies still lack pathological confirma-
tion, which is indeed essential for changing clinical practice
[7,27]. Another compelling argument is the understanding
of recurrent PCa biology. The presence of disease after pri-
mary radiation generally relates to aggressive genetically
resistant clones either selected or induced by treatment.
Genetic and epigenetic alterations of recurrent PCa are in
the spectrum of those recorded for metastatic disease
[28,29]. However, a minority of cases, as in our and others’
series, may not bear aggressive features but may more
likely relate to inadequate primary treatment dosage or
coverage, possibly leaving some tissue not altered and later
developing low-risk non–treatment-related disease [9]. This
is certainly the case of focal treatments that leaves volun-
tarily untreated part of the gland. Recurrent PCa genotypic
and phenotypic characterization is far from understood
and claims further investigation [28,29].

Our work is not devoid of limitations. First, no central-
ized pathological review was performed. Nonetheless, ter-
tiary referral centers and experienced pathologists were
involved. The retrospective nature may have affected data
quality and resulted in the exclusion of some cases; in par-
ticular, pre-sRP MRI and detailed biopsy data (eg, number of
cores, and targeted or systematic approach) were scarcely
available (around one out of five included patients) and
were not included in our analysis. In this regard, the accrual
time window of our cohort trades off a lower MRI use for a
longer follow-up. Multiple primary treatments were
included, in terms of both treatment type (eg, radiotherapy,
brachytherapy, and high-intensity focused ultrasound) and
extension (ie, whole- or partial-gland treatment). However,
a majority were whole-gland radio- or brachytherapy
patients, and thus our cohort is a good representative of this
category. Furthermore, it also accounts for the increasing
interests in focal energies and thus reflects the trends of
recurrences that PCa practitioners have to deal with in the
present era [5]. All cases of sRP were carried out by high-
volume surgeons, and the results achieved may not fully
reflect practice at lower-volume institutions; also, it is
known that sRP series are prone to a selection bias, and
patient characteristics may not mirror those of all patients
recurring after a primary treatment [30]. We acknowledge
that, despite having analyzed the largest published sRP
cohort, the number of included GS6 patients is limited
and may decrease the strength of our conclusions. However,
sRP use will likely remain uncommon for low-risk recur-
rences, due to the associated toxicity and also in light of
our results, and larger contemporary series are not expected
shortly; this may increase the relevance of our findings.

Outcomes of other and possibly larger series of men
recurring after primary nonsurgical treatment and having
GS 6 would be of value. However, we feel that the use of
sRP for these men should be questioned and other less inva-
sive research methodologies should be preferred to investi-
gate the outcomes of GS 6 recurrent PCa.
5. Conclusions

GS 6 recurrent PCa after nonsurgical treatment showed no
metastatic potential in our series. Salvage radical prostatec-
tomy yields significant complications and poor functional
outcomes. Nonetheless, a significant proportion of GS 6
cases at pre-sRP biopsy may be upgraded at final sRP
pathology. Overtreatment for recurrent GS 6 after nonsurgi-
cal treatment should be avoided, especially considering sRP
morbidity. In the idea not to overtreat, efforts should be
made to improve diagnostic accuracy of pre-sRP biopsy
and to refine the selection criteria for salvage surgical treat-
ment. Further studies are urgently awaited to confirm our
findings and to increase pre-sRP biopsy accuracy.
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